By David L. Pulver

Edited by Sean Punch and
Susan Pinsonneault
Cover by John Zeleznik
Illustrated by John Hartwell and Dan Smith

GURPS System Design by Steve Jackson
Scott Haring, Managing Editor
Sean Punch, GURPS Line Editor
Page Layout and Typography by Jeff Koke,
Richard Meaden and Bruce Popky
Interior and Color Production by Bruce Popky
Production Assistance by Lillian Butler
Hunter Johnson, GURPS Errata Coordinator
Print Buying by Monica Stephens
Art Direction by Bruce Popky
Woody Eblom, Sales Manager

special thanks to John Nowak and M.A. Lloyd for additional rules material and reality checking,
and to Tim Carroll for tireless playiesiing and enthusiastic support.

Playtesters: Kirby Arinder, Tom Balevre, Sean Barrett, Chuck Bennett, Chuck Birle, Drew Bittner, Richard Blum,
Christopher J. Burke, C.). Carella, Lee Carlsen, Harold Carmer, Tim Carroll, Mark Darrah, John Dees, Julio Diaz. Peter Donald.
Pam Dotson, Geolfrey Fagan, Shawn Fisher, E.J. Ford, Ben Fornshell, Emily Fornshell, Michael Fox, John L. Freiler, David Fross,
Jeff Gaines. Russell Grieshop, Steve Hammond, David Haren, Josh Heitzman, James Jeffers, Hunter Johnson, James Jones.
Spike Y Jones, Troy Leaman, Amelia A. Lewis, M. A, Lloyd, Tim Keating, Chip Mahalak. Scott Paul Maykrantz,

Chris W. McCubbin, Tim McGauhy, Jasper Merendino, Walter Milliken, Clark Moore. John Nowak, Larry MNutt, Glen Owens,
Trey Palmer, John Perault, David Polk, David Pulver Sr., Peggy Pulver, Tim Pulver, Dean Raat, Tracy Ratcliff, Tony Ridlon,

5. John Ross, Michael J. Scott, John Sgammato, Craig Sheeley. Brett Slocum, Blake Sorensen, Lowell Stouder, Christopher B, Thrash,
Dave Van Cleef, Greg Ventura, Michael Wallace, Denniz L. Weight, Bolie Williams TV, Todd A. Woods and Sieven T Zieger,
GURFS and the all-secing pyramid are registersd trademarks of Steve lackson Games Incorporaied. GURPS Viehicles, Pyramid and Muminat Online and the names
of all products published by Steve Jackson Games Incorporaned are repistered trademarks or trademarks of Steve Jackson Games Incorporated, or used under license

GURPS Vekicles is copynght © 1996, 1998 by Steve Tackson Games Incorporated, All rights reserved. Printed in the 1.5, A

[SBM 1-35634-325-6 2345678910

STEVE JACKSON GAMES




Conventions ........... 4

Abvt GURPS iriged

1%_

Part I: Subassemblies
AL Mative ‘iubm,xemhhu 6
B. Flight Subassemblies _ _ .
. Structural

Subsssemblies .. ..., 9

Part 1F: Body Features .. .... 10
A, Water Vehicle

Features , o ooo0oa 10

B. Streamliming .. ... _ .11

C.Slope ..............11

Part 1L Components .. ......12

A Propulsion .. .. ......12

B. Aerostatic Lalt ..., .., 12

C. Built-In Weapanry .12
. Instruments and

Electronics ., ... 13
E. Arm Motors ......... 14
F. Miscellanenus

Components .......14
G, Manned and Unmanned

Yehicles: . ovvinnes dd
H. Power Systems ... . 14
Lo FuEl s s amn  wa 14
J. Access, Cargo and

Empty Space . ...... 14

Part 1V Yolurme and Struciurs © 15
Volume of Body and

Subassemblies ... ... .. 15
Surface Area ..........17
Strchures . ... ....... 18
Hit Points . )
Special Structural

Options. ... .._.....X)

Pant V: Surface Features ... .21
AL Armor ... I |

. ‘ﬂn'alLrpmul':ng and
Serling ; 24

. Other Surface and
External Features . .24

[3. Vision - An Optional
Rule.. O\ 25
Sttisies |, T
AR oo ottt asscinresl 7
Commponent Armaor ... ... 27
Ruggedized Components . 27
amall Details ..........27
Railroad Tracks ... ... .. 7

Fant I Fropulsion Systems ... 28
Harmessed Animal

Propulsion .. ......... 29
Rowing ... ............2%9
BAilE e e e s n

Lightsadls .5 ..o 31

Wheeled. Tracked, Leg and
Flexiboddy Dnverraing . 31

Paddle Wheels, Hydrojets,

Screw Propellars and

MHD Tunnels ........ 32
Aerial Propellers and

Ducted Fans ..., .., .33

Helicopter Drivetrains 33
Crnithopter Drivetrains . 34
Reaction Engines .. .....34
Reactionless Thrusters . . 38
Magnetic Levitation

(Mag-Lev, TLT) ... ..
Stardrives . ..cceinien. 39
Parachronic C‘nnve:,em A4

Part I1; Aerostatic Lift

Systems ... ... RS ||
Lighter-than- .ﬁnr
CGlas (TL5) JRPPRR ||
Lift Fans and
Engines (TL3) ... ... _. 40
Hoverfans (TL7T) _...... 41
Contragray
Crenerators (TL12) .. 41
Levitation (Special) .. .. 41

Weapon ﬁi.i..l_wnrl:*, ........

tw

Communication Sysiems
Communicators (TLG) . .4'T
Headlights and Searchlights . 49

SEMSOS ..o 40
Wisual Avgmentation
Swvstems (VAS) (.. ... i
Extendable Sensor
Penscapes . . .. -

Radar (late TLA) .md
Ladar (TLAY .........51

BT i 4 s z
Thermal and Passive
Electromagnetic
Imaging Sensors . .. 53

Ciher Sensors .. T
Sonobuovs and Other
Remote Sensors .. ... .55

Scientific Sensors , .. .. .. 55
Audiovisual Systems | . . .56
Mavigation Systems P
Targeting Systems ... ... .. 58
Elecironic Countermeasures . .59
Computers .. ....... ... ... Gl
Software . A B .
Menral Interface Swalcm:, e i
Psionic Technology ... . .64

Robot Arms and Arm

BT R 65
Fire Extinguishers ......_.. 6%
Bilge Pumps . . covunceno . B
Lahs and Wirkshops ... 66
Heavy Equipment ........ .. ity
Emergeney and Medical
Equipment . ..__..__..._... i
Entertainment Facilities . ... 68
Vehicle Access ... ..., .. .. BY
Teleport Projectors
CTLABY o i a e sl
Secunty and Dm:, Tru.]n
Egquipment ... _ ... _.__..70
Vehicle Storage ... .. B
Landing Aids ..........T1
Fuel Transter and Prm.i:lmng
Equipment . .. ............ Tl
Screen Generators (TL9y ..., .72
Moclular Sockess ... .
3 mml_
Maneuver Controls .. .
Crew Stations .. ..., '."3
CQecupancy ... .........T5
Crew Requirements ., .75
Accommodaiions .. Th
Environmental Svstems ... 77
Provisions ... et . |
Aruficial Gravity .......7%
Safety Equipment .. ......... 79
Appendiy — Battlesuit
Systems .. ..o oo RO
1. POWER AND £l

Power Systems ... .. B
Jet Engines and [‘n:r'.'-ef .. &l

SV RS T SESIRIAE,

Power Plants ... _.....,.. &2
Muscle Engines . ..., ., .82
Steam Engines .. ... .. 82
Intemal Combustion

Engines __.._. A3
Gias and MHD TUFI."II'II..\ s 2.1
Fuel Cells _...... o i, BY

MNuclear, Anlimatter and
Mass-Comversion
Reactors .. ... 0. ... g5
Exotic Fower Plants . . | | | i
Erergy Bamk= .. ;oo 87
T TR e e |5
Coal, Wiod and
Fuel Bunkers , ........ &8
Fuel Tamks .. .......... B
Types of Liquid Fuel . . ._Ii'il'
Antimatter Fuel Bays .

&m_

Concealment and

Stealth Femtures . .. ... 9]
Defensive Surface

Featwres ... .......... 92
Force Field Grids ..., ... 93

Rams, Wheelblades,
Plows and Bulldozers | 94

Top Decks .. ...... LT
Hardpoints . ..., ..., .. 94
Convertible Top Features 95
Special Tires . ...000 0.4 95
Hitches and Pins: Pulling
Other Vehicles ... .. 95
Sldecars o Soonhan Y6
SolarCells . .oooovvu 0. 96

Mechanical Artillery

........ a7
Real-World Weapany - 97
Expresung [Nee of

Damage .. cing e a7
Statistics for Mechanical
Artillery o000 9%

hrect vs, Indivect Fire .. 98
Whar Bove Size Do |

Nead? .. ... ..., L

How Long fx My Barrel? 49

Che-Shas Batlouns |, . 99
GURPS Space Firepower

Ratings ... .. i

Gun Designe ..., L



Cheap Velicular

Weapams . ......... ({1}
Fine and Very Fing

Weapons ........... ({41}
Amtmndtion in Ceombar 100
Kinetic-Energy-

Class Apmmuniaon .. 100D
Gun Statistics . ........ 103
Explosive-Class

Aptrinition 103
Shaped-Charge-

Class Ammunition . . 104
Bursiing Koumds

CHEM (TLG) 0
Bursiing Rowunds —

More CHEM . ... _. 105
Bursting Rounds - Sub-

munition Warheads . . . 106
Nuclear Weapons ... 108
Tactical asmd Siraregic

FLUTH 7 R R i
Other Ammumbon . . ... LIk
Micromeke Warteads

L . (R 14
Advanced Conventional

Cruns 110
Chpeiomiaed Missile Rulex . 111

Launcher. Torpedo and Missile
DEURIN o & aine i e i 113
Torpedo and Missile

DRIy i sl s 113
Bomby 113
Carryving Bowihs 114
Bevmbing . .. 114
Mines ............... 115
Naval Miresweeping .. 116
Land Mines . 11&
Missile and Torpedo

SEALIBHCE v e vwnsavas 118
Liguid Projector Design . 118
Launcher Design ... .. 120
Statstics for Launchers (121
{inusual Water Cannon

AREME < v a s 122
FTL Beams (TL?) . ... .. 122

Beam Weapon Design ... .. 123
Blue-Green Lasers .. ... 123
Hand-Held Weapons |, 123
SEBNRICE © oo ivvn cmr s 124

Accesiaries for Hand-Held

Weapons

E 7

10 PERFOAMANCE ...

Ground Performance . 128
Water Performaence ... .130
Submerged Performance 132
Aerial Performance .. 133
Mag-Lev Performance . 136
Hovercraft Performance . 136
Space Performance ... .136
Recording Vehicle Statistics (137
Appendix | — Cohe Ronts 138
Appendix |1 - &URPS Space
Defense Factors .. ...0... 138

Roundship (TL3) ... ...139

Jeep (TLA) ERTMES !
Transpon Adrcraft (TL6) . 140
Family Car (TLT) .. .... 144)
Motorboat (TLTY ...... 140)
Motoreyele (TLT)y ... 140

Main Battle Tank (TL7)y. .141
Litility Helicopter (T . 141
VISTOL Fighter-Bomber

1 142

Basic Vehcle Movement ., 143
Vehiole Qperation Skills 143
Advanced Vehicle Movement 144

Moving the Vehicle . .. . 146
Maneuvering ......... 146
Mainrenance, Breabdwns

and Repeirs ... 146
Crromnd Vehicle

Breakdowns .. ... ... 147
Repanring Dameged

Vehioles 147
Conmtrol Rolls | 48

Crew Acrions and Crew

B 1) 148
Vehicle Staitstics .. .. .. E
Abstract Advanced

Movement A i)
Change of Top Speed . 150

G-Forces and Realisee . 151
Comirod Roll Modifiers

= Lt the Ground . ... 151
Bad Visibitiry Control Rell

Madifters . 151

Special Movement Rules ... 152

Movement On the Ground

- Special Rules . .. ... . 152
Canteal Roll Modifiers

—Inthe Water ... ..., 152
Contral Roll Modifiers

- fethe Afr . ... _ 152

Riding Queside Veluclex (153
0, T OO . . |
Movement On or Under

Water — Special Rules © (154

Flying Movement . . . ...155
CLOC Effecty ..o .ooo . 155
Stumiz ... 155
Colligions .. ..........157
The Chicken Coap . .. .. 157
The Narrow Paszage . . 157
Miiscle Power and
Fatigue . ...........158
Sails and Wind .. ... ... 158
Staving on the Ground . (159
The Sound Barrier .. .. 159
Dogtighting Combat .. .. ... 160
Initial Contact . ... .. 1640
High Aliitwdes .. ... el

Variable-Sweep Wings . 160

The Dogfight 1al
Ejecting .. ... _._...16]
Duseing and Toasting ., 163
Spuce Travel ..164
CFrownd-ro-Space
Capability ... | &

Cortirol Rodls for Alrships
and Large Watercraft . 165

Battlesuity at Low Speed |, 163

165

Extreme Environments |

Dumaging Buildings

By
Electronic Sensing ... ...... 16
Expanded SpeediRange
Table .. .. ... 168
F L re ] T R e O RN 16
Approxinugte Size ..o 169

Active Sonar Modifters . . 169
Irifrared and Thermograph
Maodifiers _
Pazsive Rokerr Modifters . 170
Fadar and Imaging Radar
Modifiers .. .. _...... 01T
Lagdar Madifiers
Pazsive Sonar Detection . 172

MAL Medifiers 172
Vision: The Mk, |

Eweball ... ... ... 173
Geophone Modifters 173
Gravscanners ......... 173
Mudiiscanner Modifiers . 174
Force Screens and

Detection . ;. ........174

14 CONgA

Angle of Fire ... ...

475
Gurntner Specializetions . 175

Hit Location . ., ..... .. 177
Velucolar Combay

Modifiers ... .oo00i0 177
Option: Loaders and

Rate of Fire . .. ... .. 178
Smoke from Black

Powder % 178
Broadsides . .......... 178
Indirect Fire 179
Indirecr Fire with

CLGE: covarimmaig 181

Deamage Moedifiers vs. Flesh
S Bk on Larper

Rownds ............ 1%1
Advanced Damage
Syerem ... ... ..0...182
Damage to Wheels with
AL e m et oo 182
Melee Atacks Apamst
Vehicles . . .. . A82
Optional Combar Rules | 182

Defense of Occupants |, 183
Vehicle Critical Hit
Table oo 184

Armuer and Explasive-Type

Damage . ..., ... 184
Fire and Explosion . .. 184
Special Situations . . . . .. IRS
Ground Combat ... ... 185
Anti-Adrcraft and Aerial

Combal .o 185
Maval Combat .. ... _I86
Ammunition Explosions . (186
Anrimairer and

Nucleadr Power

Plan Explosions 186
Space Combat . .....,. 187
Nuclear Weapona RET

Ammunition — Special Rules . (1588

Vehicular Body

Conenbwar Ak
Stprer Strength vs,

Vehicles _1E8
Bursting Clasy - CHEM

Rownds ... .. . 1%
Unguided Missiles .. . .. 192
Gruided Missiles ... ... _192
Bursting Class —

Suhrrnitions 192
Homaing Missiles ..., . .193
Bursting Class - Special

) L R e .-

Unguided Torpedoes .. .196

Beam Weapons - Damage
i~ v | T e R |
Hiwminating Targety .. .19

Exontic Missife Abilities . 197
Dresecting and Shooting ar

Miseiler o000 000 1497
1. VELES I THECAMPRIGN 52225080
Using GURPS Vehicles . . . .. 198
Senstiive and Secret
Technology ... . ... .. 198
Making Lemons L 198
Acquining Vehicles Lo
Black-Market
Weapons ... ... .. 200
Safvage . .. ... : L2000
Building Vehicles ..... 20
Fasigue and Magic 2

GLURPS Robots and GURPS

Vehicles ... . . - 1
Super-Vehicles . ... ... 203
Enchanted Vehicles ... ... .. 03

FPersanal Eguipment ... 203
Vehicle Quality = Cheap, Fine
and Yery Fine Yehicles . . .
Campaign Technology ... ... 204

e NN RS,



|

About GURPS

Sieve Jackson Games is commined o
full support of the GURPS line. Our address
is 5] Games, Box 18957, Austin, TX 75760,
Please include a self-addressed. stamped
envelope (SASE) any time vou write us!
Resources now avadlable include:

Pyramid, Our onling magazne inchodes
new rules and articles for GURPS. [t also
covers all the hobby's top games - ADED,
Traveller, World of Darkness, Call of
Ctinedhn, Shadoswren snd many mone — and
other 51 Games releases like {m Nomine,
INW, Car Wars, Toon, Ogre Miniatures
umd more. And Pyremid subscribers also
have access to playtest files online, to see
(and comment on ) new hooks before they ' re
released,

New supplementy und adventures.
GURPS continues (o grow, and we'll be
happy 10 let you krow what's new, A cur-
rent catalog is available for an SASE. Or
check out our Web site (hebow )

Errata. Everyone makes mislakes,
includiig s — bul we do our best io fix our
errors. Up-to-date errala sheets for all
GURPS releases, including this book, are
always avmlable from 51 Games; be sure to
include an SASE with your request. Or
downlosd them from the Web - see below,

&A. We do our best to answer any
game question accompanied by an SASE,

Ciarmer inpur. We valee your comments.
We will consider them, m only for new
products, but also when we update this book
o Rater printings!

frierner. Wisit us on the World Wide
Web al www AR AMES.com for an online
catakog, errata und updates, and hundreds of
pages of infermation. We also have confer-
ences on Compuserve and America Online
GLEPY has its own Usenel group, loo:
re. games. frp. gurps

GLURPSner. Much of the online discus-
ston of L'RPS happens on this c-mail list
T join, send mal 1o majordomo @ io.com
with “subscribe GURPSnet-L in the body,
or point your Worlkd Wide 'Web hrowser to
www 1o eomd= G LIRP S net wowowe

Page References

Referemees o the G UTRPS Bavic Ser, Thivd
Edition Revised begin with a B - eg., p B121
is page 121 of that ecition

Similarly, CI refers 1o GURPS Com-
pendivm ! Charaeter Creation; HT means
GURPS High-Tech, Second Ed.; 8 means
GEURPS Space, Second Ed ; SU means GURPS
Supers, Second Ld; UT means GURPS Lifra-
Tech, Second £, M refers o GURPS Magic,
Second Ed.,; RO points 1o fURPS Robors; P
signals GURPS Pefomdes and TT wo GERPS
Time Travel,

GURPS Vehicles is a generic consiraction kit for designing almost any type of conveyance,
from rowboats to antimatter-powerad grav tanks. This second edition of GURPS Vehicles offers an
easier-w-use design sequence and many new options, including detailed rules for building spacecraft
and locomatives, as well as a comprehensive weapon design systemn.

CURPS Vehicles is designed to build a vehicle from the ground up, allowing maximum versatil-
ity by not restricting designers o specific hull o vehicle types, While GURES Vehicles will let yioH
design cars and airplanes, it will also let you create very exofic cralt: Want @ combination subma-
rine-helicopter? You can build it . .

CONVENTIONS

The following conventions are used throughout this book;

Abbreviations for Units

The following abbreviations are not stundand,
but are dsed to save space:

“of” (instead of “cu. fr.7) for “cubic foor”

“oy" (instead of “cu. yd. ") for “cubic vard"

“af”" (instead of “sq. fi.") for “square foof”

Metric and Other Canversions
| cubie yard = 27 cubic feet
I cubie foot = 7.481 US gallons = 28.317 liters
| litre = (0264 US gallons
| displacement ton = 35 cubic feet
I tom = 2,000 pounds
| pound = 0.4536 kilograms
I Astromomical Unit { ALY =93 million miles
2 mph = (approx. ) Speed or Move of 1
| kph =0.621 mph
| knot = 1.15 mph
| gravity (g) = 10.7 ydfs/s = 21.9 mph's
| horsepower = 0,746 kilowatts (KW
| kilowatt-hour = 3 600 kilowar-seconds (8Ws) (kilojoules)

Constants and Eguivalents

The following equalities are assumed:
Speed of light in vacuum = 328,000,000 vd's

| inch of um—.[upc'.l hard steel armaor = |}H 'H_,'I ‘h
An“E" poawer cell holds 360,000 kilowat-seconds ar TLE
Calculations

There are 1ot of calculations in the vehicle design rales; 2 caleulator s recommended! Twao
points of order:

Fractions and Revnding: Fractional hit points, DR, PD, DF, S and crew FEUINEMEnts are rounsd-
ed up to the next whole number {eg., DR 7.5 hecomes DR &) values less than (15 are dropped ta 0, In
all other cases, retain fractions — but you can cound them off o two decimal places eg, 20,1234
hecomes 20,12} if desired. Any exceptions to these rounding conventions are noted in the 1ext.

Clebe Roote: A few of the formulas used for watercraft performance require cube roots 1o he cal-
culated, [n the event your calculator or spreadsheet lacks 5 cube root function, we've included a sim-
plified cube root table in the appendis to the Performance chapter (p. 138)

About the Author

David L. Pulver is a writer and game designer based in Kingston. Ontario, He is the author of
GURPS Ultra-Tech, Psionics and Robots, and the “Phoenix Sector” in Space Adlas 4, as well as
many GURFS adventures, He has also written game supplements for other companies, including
Grlory of Rome and The Complete Druid (TSR) and fndiana Jones and the Rising Sun (West End
Games). Besides gaming, David's interests include science fiction, military history and Japanese ani-
I L.
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"Se there § way, " Morgan told Caseidy, “We had fust landed the
Huey owiside the Last City when six Harvier jump jees, well, jumped ws. ™

The 8- vear-old mechanic foaked down his nose ar the intense voung
waorman i cowmburt featigues standing in frons of him,

“f thenaght vou were a pood pifed, ™

“In a helicopter? Against a VIOL fighter?” The former Tst Special
Ciperations Wing captain pave fim a good-natured sneer. “Ger veal We
sucked wp a couple of 25mm shells, lost the engine and had e auto-
rerdate down it the fungle and hoifoor i back, I’y a good thing we ran
tintey thect dost aribe of Amazons, or we'd sl be in the rain foress”

"I worndered ahour thar scar, ™

.Mr.l!’_.'.:{.lﬂ db.l-ﬂ'ﬂl‘l':'l. Brushed back a lock of red hatr. “Gaot i when [
defeated their gueen in hand-io-hand combar. But after T spared her [ife,
their shaman was grateful enough 1o help me get back to Parama, espe-
cialiy after [ told thew what | weas doine, ™

Hoth of them mimed to gaze af the artiface. The man-size obsidian
sieife was resting against the workbench Even in the dim lighs of the
furngar, the thing seemed wrang, itv proportions alien. It wasn 't hard o

lieve there was a Demon Lond locked inside.

“Chthon, one of the Twin Demons,” Morgan said “Locked owt of
time. We foumnd it in the Temple of the Seven Seals. ™

Cassidy said. “Isir. . ."

"Dem"t worey,” Maorgan said, ar if veading fis mind. “It's not
awake. The shaman put g ward on it for me, U5 safe for the momernt, but
varetid this iv over, if doesn's leave my sighe.”

Cassidy tore his gaze away. “The Twin Demons. What abowi its
maite "

Mergan looked away, " Bobby was wounded. We couldn't carry hoth
him and the other statue. We left it buried a mile from the Huey's wreck-
age. If the Sons of the Ourer Dark haven's found it They ondy need ane 1o
complete the Firss Ritwal, and then there'§l be hell 1o pay.”

“Literally, " Carsidy said. Even in the waim New Merico sun, he
shivered. “So Vi WELRE fer @ bk ?"

“We've got fo go back " Morgan said. “The dammed Sons know that

ane of the statwes i siill in the Amazon, and thex'll be combing the jun-
gle looking for Ske of the Seven Eves, ™ Morgan rubbed her sear, and her
eves glinted dangerously. “Bul if I'm going back, damned if 'l do it ina
Huey! That helicopter's been obgolete for 20 vears! "

Cassidy stared ar her, 50"

Merrgan's anger vanished, She cocked her head and smiled sweetly
al the oled mechanic, “So that's where vod come in, supar” She handed
fim a disk. “The CAINCAM inseructions are in heve, But [ need 1o help
vou install the special systems, ™

“¥o thar's why vou came,” Cassidv said slowly. He walked a few
paces forward, looked our of the hanger af the semi-tradler parked right
outside, the two armed guards staneding next to it. The trailer was resting
low on ity wheels. Something g war sitting inside, “You finally got the
parts, "

“Langley finally gpave me access o Warehouse 23, Morgan replied
geeiedly.

“The UFO components, vou mean?”

“Sure. No one was using them. " She shrugged. “They'll pay for the
resi. Black account out of Zurich. After [ showed them iapes of the
Moondark rial. they paid. For any incidental expenses, I've got my
gold card ™

Cassidy wasn't listening; he was staring af the truck. “The Kirmn
Hawk, " he said stowly. “So vou're finally going 1o Balld i7"

Maorgan plunked herself down on o workbench and hooted up
Cassidy's micre-Crav, The computer humened into life. She inserted the
disk. "Wrong. You're gpoing to build it I've finfshed all the design work,
bazfy, "

She stood up, toek off her sunglasses, and stared deep infe Cassidy's
eves, her own blue meeting his,

"D it foor me, Cassigy, For odd rime s soke. "

Cassidy felt himself melting. He made one last pratest. “ 1] ke
i’

“Your've got 72 houry to assemble the protorvee, soldier.”

"Right.”

O )



This book provides a comprehensive metasystem for creating nearly
any type of vehicle, A vehicle is designed by choosing the major sub-
assemblics (like wheels or wings or turrets) it will have, along with any
body feasures like streamlining. Next, components that go into it such as
propulsion systems, weapons, seats and power systems are selected and
placed within the body or subassemblies. Then the volume of the body
and each subassembly s determimed, and the size, weight and cost of the
structure needed o contain and suppont these components is calculared
Surface features like armor are layered over the vehicle. Last of all, the
vihicle's statistics are determmined.

Create vehicles by following the steps outlined in this chapier, and
referring to other chapters as directed, recording all the design features as
they are chosen

E
X
A To demonstrate how the system works, we’ll build
/W Captain Morgan's Kitty Hawk, an “omnimobile” intended
N for a modern-day super agent campaign.
L
E
Tech Level

First, decide whint tech level the vehicle will be built at — this may be
anything from TL 0 {Stone Age) to TLI6 (super science).

The various components and technologies that can be used i a vehi-
cle are rated for the TL at which they first appear,

Cocasiomally, a historical tech level may be prefized with “early,”
referring to the first half of the period covered in the tech level, or “late”
indicating that availability limited to the latter half of that tech level. If no
tech level is listed for a component, it is assumed to be available at any
TL. A vehicle can normally only be built with technologies and compao-
nents from its own or a lower TL, unless some source of higher-TL parts
in wvailable, or the designer has the Gadpeteer advantape,

The Kitty Hawk is built at late TL7, but has a few
TL13 components salvaged from a wrecked UFO,

\\> Concept

MNext, come up with a general concept of the vehicle. What's it for?
What should it look like? The most basic concepls are:

Grownd Vehicle (TLO) A vehicle designed to move in comact with
the groand or another solid surface, such as a car, lecomotive or tank.

Water Vehicle (TLO A watercraft; 4 vehicle designed to float on
waler or another liguid, such as a boat or ship.

Underwater Vehicle (TLS) A watercrafl that can swim while oy
submerged in higuid — a submarine. -

Air Vehicle (TL5): An airceaft; a vehicle designed to fly in an atmeos-
phere, such as a balloon or airplane.

Spece Vehicle (TLT): A spacecrafl; a vehicle designed to fly bevond
an atmosphers,

Heavercraft (TLTE A vehicle thut uses hover fans 10 maintain an air
cushion and achieve ift, and as such is capable of skimming over ground
of water at altitudes of a few feet. Also called an air cushion vehicle
(ACV} or ground-ctfect vehicle (GEY ).

A vehicle can combine one or more of these concepis. For instance,
micwst airplanes are a combination of aircraft and ground vehicles (taxiing
on 4 runwesy ), and seaplanes are combination watercraft and air vehicles.

The Kitty Hawk is a combination aircraft, water vehi-
cle, ground vehicle and submarine: an “omnimobile,”
it"s supposed to resemble an ordinary automobile, but

with special features that enable it to fly and swim in or
under water,

PART |- SUBRSSEMBLIES

Every vehicle has & main bodv. But many vehicles have subassem-
blies attached o their bodies, such as wheels, wings or wrrets. At this
stage, choose which subassemblies, if any, the vehicle has

Subassemblies are broken down into three broad categories: motive
subassemblies (like wheels or legs), flight subassemblies (like wings or
totors) and structures (hke turrets or arms ).

M. MOTIVE SUBRSSEMBLIES

[f the vehicle will have skids, wheels, tracks, halfiracks, skitracks or
legs for moving om the ground. pick one or more of these subassemblies
and refer to the appropriate section below: otherwise skip ahead o B,
Flight Subassemblier, on p. 7. A ground vehicle will normally have a
muotive subassembly; the only way a vehicle can wravel in contact with
the ground without one is to install a flexibody driverrain (covered later,
in the Propulvion and Lift Sysrems chapter) and slither like a snake,

If a motive subassembly is desired, refer to each one’s description
below for s available TLs, capabilities and any other design decisions
that need o be made (e.g., if a wheeled subassembly is chosen, there are
several subtypes available)

The Kitty Hawk will have wheels,
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Skids

Skids are the oldest form of motive system, dating back w prehisto-
ry. They can represent sled, ski or sleigh-style manmers, or aircraft landing
skids. Any vehicle con wse skids to slide along on the ground. although it
will meed some form of external propulsion svstem — like hamessed ani-
mals, sails, propellers or a jet enging — o move under ils own power,
Skids are slower than wheels on normal terrain, but are very effective on
ice or snovw. A single skid subassembly represents alf skids on the vehi-
cle; decide exactly how many skids this represents.

At TLo and wp. skids can be built 10 retract into the vehicle, which is
useful for reducing drog in Might. The only disadvantage is that this will
take up space in the vehicle. If a vehicle with retractable skids will also
have wings, decide whether the skids retract into the body or into the
body and wings.

Wheels

Wheels allow u vehicle to roll along on the ground. If a vehicle has
wheels. decide which of these sub-types it has

Mandard Wheels (TL ) are used by most ground vehicles. They are
designed for use on a road, but have limited cross-country capability.
Those built before TLS lack suspensions and tires, so the ride is very
rough! Surting at lae TLS, wheels are assumed 1o have a sprung suspen-
sion and tires,

Smadl Wheely (TL1} are similar o standard wheels, but are smaller in
proportion w body size. They are mainly wsed as landing gear for air-
craft. They have poor off-rowd capability, especially if the vehicle i3 very
heavily loaded.

Heavy Wheels (TLS} are larger and heavier versions of the standard
wheels. They beef up a vehicle's suspension for transporting heavier
loads. They are commaon on mecks,

Railway Wheels (TLS) are heavy wheels built solely for use on rail-
wity tracks. A vehicle with railway wheels can carry great loads and
move more quickly — as long as it stays on the railroad.

CHf-Road Wheels (TLA) are heavy wheels with high-clearance sus-
pensions and large tives for cross-country usc.

Retractable Wheels (TLA) are small wheels that can retract into the
vehicle. This is useful for reducing drag if the vehicle flies. If a vehicle
with retractable wheels will also have wings (p. 8). the wheels can
refract into either the body alone or the body and wings — decide which.

The entire set of wheels along with its suspension system is 4 single
subassembly. But the exsct nwmber of wheel positions & wheeled sub-
assembly has must be chosen. This may be one. two, three or any even
number past three. Fewer wheels generally makes the vehicle less stable
lhut more mancuverable,

Vehicles with wheels that retract into the body and wings generally
have three wheels or a multiple of three wheels.

The Kitty Hawk will have standard wheels. We
decide it has four wheels.
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Tracked Motive Subassemblies

There are three types of tracked motive subassemblies;

Fracks (TL6) are caterpillar tracks like those of a wank or bulldozer.
They were first used in the early 20th century, on American earth-mov-
ing tractors, and were added to British armored vehicles in the maddle of
World War | to create the first tanks. Tracks are slower than wheels
when on roads, but have far superior cross-country performance, which
is what endears them to the military. The entire trecked motive system,
including the right and left sers of racks plus the nning gear and sus-
pension they are attached to, is a single subassembly: decide whether this
represents b or four sets of racks,

Halftracks (TL6) use caterpillar tracks for propulsion and wheels for
steering. Halftracks were developed during World War 11 for light
armored vehicles. They are a hybrid of fully wacked and wheeled vehicles

somewhar faster than tracks on a road, but not as good cross-country,
The entire halfruck motive system (rear racks and front wheels) is a sin-
gle subassembly; decide whether this represents two or four sets of
tracks.

Skirracks (TL6A): These are halfiracks with the fromt wheels
replaced with skis, They are most popular on light, motoreycle-sized
snowimobiles bot are nsable on larger vehicles. Skitracks are excellant
ar moving over packed snow or ice, bul inefficient on normal terrain.
The entire skitrack motive system {including both the tracks and the
fromt skis) is a single subassembly, decide whether this represents two
or four sets of macks.

These are robotic limbs wsed for walking and running.

Legs are even more mobile in rough terrain than tracks. Their disad-
vantages lie in low speed, poor stability and the greater expense of the
leg motors that operate them

Historically, legged vehicles are not availuble until TLT, and even
then they are only experimental. Optionally, GMs may allow anachronis-
tic vehicles to have legs at earlier TLs.

[f a vehicle has legs, decide how many it has. Unlike other motive
subassemblies, each leg is an individual subassembly. More legs gener-
ally make the vehicle faster and more stable but less manenverable.
Vehicles built at or before TL7 should have at least three legs, but by
TLE, improved stabilizetion systems make two-legged vehicles more
practical.

B. FLIGHT SUBRSSEMBLIES

If the vehicle will have airplane-style wings, helicopter-type rofors,
or bee a fvdvafeil or a hovercraft, consult the appropriate section below;
otherwise, skip ahead to O, Structural Swbassemblies, onp, 9

Adr vehicles intended to fly partly or wholly via aerodynamic lift
reqquire either wings of rotors; & vehicle may have both,

Watercraft intended 1o skim along at high speeds may be pgiven
hyvdrofoil subassemblies.

Hovercraft should have hovercraft subassemblies — either a GEV
(Ground Effect Vehicle) skirt or SEV (Surface Effect Vehicle) side-
walls,

If any of these subassemblies are desired, refer to the sections below
for descriptions and further design options.

There are other means of flying besides acrodynamic lift or hover-
craft; these are dealt with later!
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The Kitty Hawk will have no flight subassemblies -
while we want it to fly, we aren’t going to use wings or
rotors to do it.
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Wings

Wings are a means by which a heavier-than-air vehicle can achieve
fMight. & vehicle with wings must be given s of these subazsemblies; a
pair includes a tail used for stability and stcering. A vehicle that has
wings is called an airplane if it can propel itself once in flight, or a glider
if it canmot,

Wings are used by aircrafl 1o generate Iift aerodynamically, through
the motion of the wings through the air, A wing is curved so that the flow
of air going over the wing travels faster than that passing under it. The
Faster air travels, the lower its pressure, Because the air under the wing is
maving slower and is al 4 higher pressure than the air immediately above
it, the air tries W rise upward — and this resuits in 1ift. The Taster the wing
travels through the air, the greater this pressure difference and so the
more Bift it can produce. If 3 winged vehicle on the ground is moving fast
encugh, its wings' motion through the air will result in encugh lifit w
counter the weight of the airplane, and the aircraft will lift into the air and
enter acrodynamic flight. However, o stay in the air, it must continue to
move af of faster than this speed,

The minimum speed needed for an aircraft’s wing o provide enough
lift for flight is referred 10 in GURPS Vehicles as the aireraft’s sralf
speed. The greater the aircraft's wing area compared to its loaded weight,
the lower its stall speed.

[deally. an aircraft wants a low stall speed, since this means it can
take off or land without requiring a long runway, and can also maneuver
at fairly Jow speeds. However, a low stall speed requires either a light air-
craft or a big wing. The bigger the wing, the more drag the wing pro
duces and the slower the aircraft will be. This can be countered by
streamlining the aircraft (using a thin wing and & sleck body). Also, the
shape of wing is quitc important: some wing designs affect stall speed.

The exact size of the wing will be determined later in the design
process, when we have a betier idea how big and heavy the vehicle will
ﬂ‘ﬂ.”} be, However, the “'i.l'll!l.‘\ .TIthu:' is selected mow. Pick one of these
wing types:

Stanclard Wingy (TL6) are conventional wing and tail structures
curved to generate lift, Whether they are straight or swept back will
depend on the degree of streamlining the vehicle will be given (covered
onp. 11

STOL (Shert Takeoff arnd Landing ] Wings (TL6) are built with addi-
tional lifi-enhancing devices such as large flaps. They are shaped to gen-
erate more lift at the expense of a lower top speed. On aircraft without

e

much streamlining., STOL wings tend 1o be large and mounted high wtop
the body. Highly streamlined STOL designs often use canards |(small
wingletspon the front of the fuselage.

Biplane Wings (TL6) are vwo pairs of wings stacked atop one anoth
er to increase the wing area. They have even higher 1ifi than STOL
wings, but the top speed is even lower,

Triplane Wings (TLE) are three sets of wings stacked atop each
other. They are similar to biplane wings, but the reduction in stall speed
and increase in drag are greater still,

High Apdity Wings (late TLA) are wing and 1] configurations with
fTaps and lift devices that are optimized for superion maneuverality ai
the cost of some erira weight and some loss of speed.

Flarecrafi Wings (late TLT) are a recent “ram wing'” design that
manipulates airflow o create an enhanced ground effect that greatly
boosts Jift while limiting the vehicle to altitudes of only a few feet off the
ground. These small. downward-swepl wings allow a vehicle o achieve
high-speed “flight™ over water or smooth surfaces like ice without the
dangers and difficulties of operating a e aircraft.

Wings are also useful because their large ares allows various prlons
to be attached under them. Flying vehicles that do not rely on wings for
lift are sometimes (tted with a special kind of wing for just this purpose;

Stal Wings (TLTh are small wings designed primarily 1o provide
extra surfaces o which one can attach hardpoints for bambs, missiles,
drop tanks and the like. They also provide a bit of extra Tifl.

Rotors

These are rotating blades, mounted atop the vehicle, whose rapid
rotation functions like a wing, allowing the vehicle w fly as a helicopter
Or dutogyTo.

An autogyro 15 a rotary-wing vehicle whose rotors we unpowered:
like an awrplane, it has & stall speed and can only fly if the vehicle is mov-
ing forward fast enough o create Tifi. s advantages over conventional
wings are that the rotor is lighter and cheaper, and the stafl speed is usu-
ally lower, The dissdvantages are that the autogyro is generally slower
and cannot perform the same kind of high-G maneuvers a winged air
plame can.

A helicopter 15 a vehicle whose rotors are driven via & motor (2 heli-
copter drivetrain). Because the rotor motion is independent of the vehi-
cle's, it can achieve lift while stationary

Select an autogyro roter (TLE) or one of these helicopter rotors:

Top-and-Tail Retor (TTR, late TLA) using a large main rotor for Tif,
A rotor twming in a single direction produces torgue, causing the vehicle
tos spin. To prevent this, a small, side-mounted tail rotor or fan is geared 10
it, and this tail rotor prisduces a lateral threst that counteracts this torgue.

Mulriple Main Rotor (MME, TLO) using two or more big rotors tum-
ing in opposite directions (o cancel torgue, giving added speed and lifi
(compared to TTR) at the expense of agility and weight. Decide how
mamy rodors — af least two — 1t has.
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Coavial Rotors (CAR, TLT7) using a single rotor shaft with twin sets
of blades rotting in opposite directions around it. CAR svslems are
somewhat heavier than TTR systems but offer some perTormance advan-
tages over them in terms of safety

Hydrofoil Subassemblies

Hydrofoils are underwater “airfoils” that enable a water vehicle 1o
skim along over water at hipher speeds than wsual, Hydrofoils were
expenmented with in the early 20th century by numcrous inventors and
are considered TL6. However, they did not enter commercial or military
service unfil the TLT period.

A single hydrofoil subassembly represents all the vehicle's foils
inormally two in front and one in back).

Hovercraft Subassemblies

Hovercraft, or more technically, air cushion vehicles, were invented
in the 19505, They are capable of very low, level flight over ground or
water on a cushiion of air formed by the thrust of downward-directed
fans. A hovercraft does not reguire a hovercraft subassembly - it can
hover with just hoverfans, which are added later in the design process —
but an efficiem hovercraft will use some form of skirt or sidewalls to
contain the air cushion, and should be given one of these two subassem-
blies:

GEV dir (TLT ) This is a semi-rigid skin attached under the body
of a hovercraft to efficiently make use of the air cushion generated by its
fans, A GEVY (Ground Effect Wehicle) skint will more than double the
effectiveness of the vehicle's hoverfans and is usable when the hovercraft
i= moving over land and water. A vehicle can only have one GEV skin
assembly

SEV Sidewalls (TLT): These Surface Effect Vehicle sidewalls (sur-
face meaning “water surface”) are an allernative to GEV skirts, They are
intended for hovercrmaft built solely for over-water travel, The air cushion
is contained by light, semi-rigid walls on either side of the body that dip
into the water while the vehicle is hovering, This provides grester
maneuverability in water since the walls can be used to steer with at the
expense of some drag and shghtly redoced lift. A vehicle can only have
one SEV sidewall subassembly (representing a pair of sidewalls).

C. STRUCTURAL SUBRSSEMBLIES

If the vehicle is 1w have superstructures, open mounts, masts, pods,
turrets, a gashag envelope or arms, consult the appropriate section below;
otherwise, '-klp ahead to Part H: Body Features, on P 11

These gre subsssemblies attached to a vehicle which are not used for
movement or lift, such as turrets or arms. When a structure is installed,
decide where it is located. Structures may be attached to a vehicle body,
ot to other structures. If one structure is attached (o another, like two tur-
rets stacked one atop the other, or a wrret on & superstruciure, the sub-
asgembly nearer to the body is described as “supporting”™ the outer sub
assembly,

Superstrucmures (TLO): These are lixed towers or housings, like the
superstruciure, conning tower or castle on a ship. A vehicle can have sev-
eral superstructures, but most ships have only one or two

Cipen Mouwne {TLU): These are brackets, pedestals or masts used (o
mount equipment — usually sensors or weapons — outside the vehicle's
structure, Examples of open mounts include the machine gun mount atop
a tank’s mrret, an anti-airceaft gun mounted on the deck of a warship, or
a large radar mast. Open mounts must be bought as either fixed, limited
{1807 pivot) or full (3607 pivor) rotation. Aside from the ability of some
open mounts to rotate, they are useful because components placed in
them do not take up space inside the vehicle (reducing the vehicle's size
and thus weight and cost). The disadvantages of an open mount are that it
is nod protecied by the vehicle’s structure and armor, and it 15 not com-
patible with any better than Fair streamlining.

Military ground vehicles from jeeps o tanks usually have one or two
limited- or full-rotation open mounts for ataching external machine guns
or searchlights, Small bombers and torpedo bombers, if they lack real
turrets, oflen use open mounts for the rear gunner’s weapon. Warships
often have many open mouants,

Muses (TL1): These are poles used to hang sails on, If a vehicle is o
use sails for propulsion, it must be given masts. Decide how many masts
the vehicle will have, and how high each mast will be, The more masts,
and the taller they are, the greater the area of sail the vehicle will be ahle
te use and hence the faster it will move. Maximem mast height is 150° at
TL1-4 with wooden masts, or 2007 at TLS+ with metal masts, Average
mast heights are about 20°0-4Y for small sailboats and small TL1-3 ships;
small TLA+ ships ofien have one or two 40-80° masts, whils large TL4+
ships have multiple masts 80-200° tall. The maximum number of masts a
vehicle may have is six or its TL, whichever is less.

Masts impose a certain minimum size on the vehicle: if it has masts.
its Tinal hody volume will have o be at least (tallest mast height in feet/d)
cubed. Reeord this minimum vehicle volume — when caleulating vehicle
volume late in the design process, check to see if the vehicle is big
enough for its masts. If net, simply add exwra cargo or empty space to
incTease its size.

A mast can only be attached atop a superstructure or body. The only
structural subassembly that can be attached atop it is a single open
mownt, and that open mount may ool house componetits whose com-
bined volume in of is greater than half the mast’s height. At TL5+, short
migsts are sometimes built without sails as attachment points for open
MOUNE SCNS0rs of Lookout positions.

Fads (TL1)Y These are housings attached to pylons, like oumggers or
sireraft engine pods. Pods can be attached 1o the body or to wings: decide
where each pod is placed. If pods are attached W wings, each wing must
have the same number of pods, and corresponding pods on either wing
must maich in volume and weight, The main use of pods is in the design
of a vehicle intended to resemble a modem, mulli-engine sircraft whose
engines are attached (0 pods on the wings or body — in this case, give the
vehicle as many pods as the number of engines you intend to later install.
The advantage of using pods is that damage o a pod is much Jess likely
toy affect the rest of the vehicle.

Turrers (TLS) These are rotating supersiructures, like tank or war-
ship turrets, or radar domes, Their main purpose is o allow guns or
eSS o cover a wider are. For each wurret, decide if it has lmited
(1807} or full (360°) mtation. This is the mayimum degree the et
can rotate. A vehicle can have multiple turrets, if desired. Decide how
each turret is placed. Full-rotation turrets can go atop or below the
buody; limited-rotation twrrets can also go on the lefi, right, back and
front sides of the vehicle's bady. Also, turrets can be stacked atop other
turrets or supersiructuras that are above the body, or they can be
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attached to the wnderside of turrets or superstruciures that are under-
neath the body. Tuirels are mostly carred by lanks, naval vessels and
some cormbal airerafi.

Superstructures, open mounts, masts or other turrets mounted on the
same plane as a turet may partially restrict each other’s field of fire ar
vision — imaging two gun omets both atop a vehicle's body, for example.
The GM will have o judge exactly what structures block which marrets
from which angles. This problem s often reduced in warships by stack-
ng trmets atop one ancther or HOP SUPCrSiruciures

Pop Turrets {TL3) These are idenfical to normal turrets except they
can retract info the vehicle, concealing themselves when not in use. A
pop turret is uselul for surprnising an opponent, and has reduced acrody-
namic drag compared o a normal tumel. Pop turmets use up extra space in
the body or subassembly they are antached 1.

Gashag Envelopes (TLS): A balloon or a nonrigid airshap such as a
blimp usually stores lifting gas in a large structure attached o the body,
rather than in the body isell A gasbag envelope is such a structure. If a
vehicle 15 intended to resemble a blimp or a balloon, it should have a
gashag envelope. Mommally a vehicle has only one, but multiples are
pirssible,

Arms [TLT): These are limbs that are not used for walking — instead
they manipulate objects or act as flexible weapon or equipment mounts.
A vehicle can have any number of arms. As with legs, each is a separate
subassembly. Decide where each arm is attached to the body. On
humanoid vehicles such as giant robots, arms are normally attached to
the right or left side; arms can also be attached to the back, like tails, or
directly forward, like trunks, or attached to structures

The Kitty Hawk has a single pop turret with full rota-
tion atop the body. This gives the vehicle a good arc of
fire for any weapons we mount in it without being too
obvious!

PART I1: Booy FERTURES

After subassemblies have been chosen, decide if the vehicle has any
Seatures, These fall into several categories: waler vehicle features,
streambimng arwd slope.

Any vehicle intended as o watercraft or submarnine should have water
vichicle features. Streamlining and slope are optional,

A WATER VEHICLE FERTURES

These featres are required if the vehicle is intended o be a water-
craft or submanne. Ckherwise, jump ahead w B, Streamlining, onp. 11

The Kitty Hawk has water vehicle features.
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Flotation Hulls

This feature is required for all watercraft. In order (o float in water,
the vehicle's volume must be sufticient o support its weight. It will have
a flotation rating in pounds. This is the maximum the vehicle can weigh
and still float. Actual flotation rating is based on the vehicle’s body val-
ume, which will not be determined until a much later stage of the design
process. For now, simply record the flotation as “62.5 lbs., per of ™ Aside
from this weight limit, & vehicke that will float will be somewhal more
eApensive, since it must be waterproofed. Agmn, actual costs will be
determined later i the design process,

VO S

The Kitty Hawk will have a flotation hull,

Submersible Hulls (TL5)

This feature is required for underwater vehicles, Making a vehicle
sutmersible equips it to dive and swim underwater, The hody has con-
rod planes for steering underwaler, a strong inner pressuce hull and an
outer shell containimg ballast tanks and pumps to control buoyancy
While surfaced, the vehicle is under the influence of positive buoyancy,
and floats. When moving submerged, buoyancy becomes neutral by
taking in water W allow the vehicle to stay at the desired depth. To dive
or 1o rest on the bottom, negative buoyancy is achieved by adding
water or diminishing air.

Making 4 vehicle submersible will increase the vehicle's final body
volume by 25% (since room must be made for ballast tanks and the like)
and double structural weight and cost. These elfects ocour later in the
design sequence,

The Kitty Hawk will be submersible.

Hydradynamic Hulls

A craft moving through water encounters strong resistance, which
increases as its speed increases. slowing it down. A vehicle with the flots-
tion hull festure can be given a boat-shaped fvdrodymamic huil shaped to
reduce warter resistance and allow it to achieve higher aquatic speeds.

Most watercrafi and submersibles are built with hvdrodynamic hulls;
exceptions include barges and many amphibicus vehicles, such as swim-
ming tanks amd landing crafl. A vehicle with GEV skiris may noi have a
hydrod ynamic hull.

A hydrodynamic hull is rated for its sleekness, classed as either
Mediocre, Average, Fine or Very Fine lines

A vessel with finer lines will move more swiftly, al the expense of
Tess usable volume, lower stability and a deeper draft. Draft refers to the
mirimum depth of water a vehicle reguires o avoid running aground

Craft with Me
dioere lines gener-
ally have boat-
shaped hulls with
a length-to-beam
{width) ratio of 3
to 321, This is typi-
cal of most sailing
ships, river boats
and modern bulk
carga ships.

Craft  with
Average lines have
somewhat longer,
slecker hulls with
length-to-heam
ratios of 5 to T:1.
This is typical of
power hoats, clip-
per sailing ships.
modern fast cargn
ships and ocean
liners.




Craft with Fine lines have very sleek hulls with length-to-beam ratios
of 8:1 or more; this is typical of ancient oared war galleys, modern war-
ships and sea planes.

Craft with Very Fine lines are similar in length-to-beam ratio o
those with Fine lines, but more care is taken (0 ensure an optimuim
hydrodynamic shape.

Submarine Lines (TLT): Instead of the above hull types, a sub-
mersible vehicle with 3 hydrodynamic hull may be buill with submarine
Imes. This iz a hull with a shape optimized for underwater travel at the
expense of surface speed, a type introduced on many nuclear submerines
beginning in the 1960s. Earlier submarines were generally built with
boat-shaped hulls — which was appropriate, since non-nuclear sub-
marines spent most of the time crising on the surface anyway!

Catariaran or Trimaran Hull: This is a double or miple hydrody-
namic hull, It can be added as an option to a hull with any degree of
hydrodynamic lines, It increases stability ot the expense of greater waste
volume,

Hydrodynamic Hull Effecis on Flotation: A vehicle with a hydro-
dynamic hull {unless the vehicle is submersible) has a slightly
reduced flotation rating. Flotation is 57 Ibs. per cof if t has Mediocre
lines, 52 lhs, per of if its lines are Average, 48 Ibs. per of if Fine or 45
Ibs. per cf if Very Fine. If a vehicle hag a submersible hull, flotation
is automatically 62.3 Ibs. per cf, regardless of the type of hydrody
namic hull,

Since most cars don't have hydrodynamic hulls, we
won't give the Kitty Hawk one. Its flotation is 62.5 Ibs.
per cf due to its submersible hull.
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B. STREAMLINING

Is the vehicle o be sreamlined? IT so. read this section; otherwise,
skip ahead o C. Slepe, below.

Streamlining a vehicle shapes 1t so a8 to reduce the drag it experi-
ences when moving through an atmosphere, increasing its top speed.
Thiz can be thought of a5 the atmosphenc equivalent of hydrodynamic
lines. A wehicle doesn’t have to have streambining. If it does, sclect one
of these levels of streamlining:

Fair (TL1). typical of sports cars, some speed boats and many light
propeller aircraft and helicoplers.

Good (TLS), twpical of race cars and fast propeller aircraft. A ground
vehicle with good or better streamlining is normally shaped like a racing
car, with airdams and spoilers,

Very Good (TL6}, typical of subsonic jet aircrafi and slow but high-
Iy-streamlined craft like aarships.

Superior {TLOY is typical of slow supersonic jet aireraft,

Excellent (TL6) is typical of fast supersomic jet aineraft,

Radical (TL6) is typical of missiles and hypersonic aircraft

Sueamliming does not confer a particular speed, but merely reduces
the effects of drag: a car could have Good streamlining but still be capa-
e of only 20 mph, if its engine were underpowered, It would certainly
ok fast, though!

Wehicles with some types of subassemblies cannot have certain lev-
els of streamlining:

A vehicle with masts cannot have better than Fair streamlining. A
vehicle with skids or wheels (unless retractable), racks, halftracks, ski-
racks, biplane or riplane wings, GEV skins, SEV sidewalls, open
mounts, gashags, rotors, arms of legs cannot have better than Good
streamiining. A vehicle with superstructures or fumets (except pop -
rets) cannot have better than Very Good streamlining. Vehicles with
wings cannol have Superior, Excellent or Radical streamlining before
TLT.

Streamlining affects the shape of wings. While this is factored int
the: performance rules, vehicle desipgners should be aware thar vehicles
with no, Fair or Good streamlining have 1elatively straight wings, while

thise vehicles with Very Good, Superior, Excellent or Radical streamlin-
ing almost always have swept-back. cranked-amow or delta-wing shapes
with less lift and hence higher stall speeds, but greatly reduced drag,

Lifting Body (late TLO): A flying vehicle with Very Good or better
streamlining can be built as a lifting body, like the Space Shuttle or
some “flying wing” designs. A lifting body’s flat belly is specially
designed 1o provide extra 1ift in flight, especially at high speeds, This
emables an aircraft e get by with far smaller wings than vsual (or no
wings), reducing drag s the expense of stall speed and maneuvera-
bality. If normal-size wings are used, this option reduces stall speed via
bl laft,

The Kitty Hawk will have Fair streamlining.
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C. SLop

Will the vehicle's tumrets or body have sloped armor like a mnk's
hull or a battleship’s turrets? IF so. read this section; otherwise skip ahead
to Part I: Components, on p. 12.

A body, turret or superstructure can be shoped, so that when armaor is
added it will be better able to deflect attacks, In game terms, this means
its armor will have a higher PI} and beiter DR, Slope is available s TLS
and up.

The right, left. fromt or back faces of the body, superstructures and
furrets can be given either no slope, a 30° slope or a 607 slope.

Decide at this point what faces on which subassemblies will be
sloped, and how much, il any, slope they will have. The body, turmet and
supersmructure can have different degrees of slope, e.g.. a vehicle's body
might have 60° front and 30° back slope while its trret has M° slope on
its fromt side, but no slope anywhere else.

Mouost tanks and other atmored vehiclkes designed late in World War [1
{mid TL6&) and afterward have slope on their front bodies and turrets (and
sometimes other sides). The turrets on many warships from TLS on are
also sloped,

The dizadvantage of slope is it takes up space that might othe rwise
be used Tor components, which effectively means a body or subassembly
with slope will be somewhat larger, and hence heavier and more expen-
sive. However, if a vehicle is w be heavily armored, slope is usually
worth the trade-off, since it is the only way o get very high Passive
Defense values,
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PART Il COMPONENTS

With the subassemblies and body features selected, we know roughly
what the vehicle looks like. Now we decide what's inside it, which
means choosing the components, These are the parts bualt inte the vehi-
cle. They include things like propulsion syslems, sensors, weapons, scats
and power plants. Most of the design process consists of selecting the
vehicle’s components, determining their characteristics and deciding
whenz to put them.

Each component has several statistics. The first is s basic descrip-
tion, ¢.g., “TLY gasoline engine, 200 kW outpur™ or “TL6 75mm gun,”
The other statistics are location, weight, velume, cost and power require-
ment.

Locenon must be chosen when a component 1s selected. Decide in
what part of the vehicle it will be housed — either in the vehicle's hody or
in a particular subassembly. In general, only the body and the turret,
superstrictire, open mount, pod, leg, wing or amm suhassemblies can
house components. Many components have specific restrictions as w
where they can be placed.

Weight (wi ) is measured in pounds (Ths. ).

Violtieme (vol.} is measured in cubic feet (of).

Cost 15 in dollars,

Power is measured in kilowats. Some components require negligible
(abbreviated “neg.”) amounts of power. This means they function as long
as the vehicle has any kind of working power system. At the GM's
option, a negligible power component can be considered to actually
require (.01 KW power.

Some components may lack weight. volume, cost or power

The various components that a vehicle may need have heen broken
down by category, with each caegory deseribed in & ditferent chapter,
Go through the design sequence below, starting with A, Propedsion,
find what components the vehicle needs, refemng to the chapters they
are described in a8 necessary. When a component 15 chosen. record its
description and work out its statistics. A sugeested format is: “descrip-
fiom (hocation, weight, volume, cost, power consumption).” For instance:

“Propulsion: 1,000 kKW motive power wheeled drivetrain (body,
2040 Ihs,, 40,8 cf, $30,400, 1,000 KW

Ruggedized Components: Any vehicle component that has cost,
weight and volume can be “ruggedized” to make it more resistant to
damage by adding multiple, redundant subsystems. Sce Ruggedized
Components, p, 27.

TEGLA BOLT
GEMERATOR
PLASMA BLAST UNIT —_ FORGE GRIP/ RETRAGTABLE
MICER IMPULSE
PROJECTOR

R. PROPULSION

Almost every vehicle should have o propulsion system; the excep-
tions are vehicles that arc intended only to be towed by other vehicles,
or 10 he released as gliders, as well as such things as balloons and rafis,

If a vehicle is to be self-propelled. refer 1o the Propedsion and Lifi
Syatems chapter {p. 28) and decide what propulsion systems, if any. the
wehicle will use,

The Kitty Hawk needs to be able to propel itself on
land, in and under water, and in the air. We end up
installing a wheeled drivetrain, hydrojets and a jet

engine - see the Propuision chapter for details!

. ReRnsTATIC LIFT

Aerostatic Tift systems allow a vehicle to fly without wings or rotors.

Aerostatic lift is needed w create an air vehicle that lacks wing or
rodor subassemblies. They can also assist 4 wing- or rofor equipped air-
craft's maneuverability and reduce its stall speed, sometimes down to
zero, For example, the Harrier jump jets that shot down Caprain
Morgan's Huey were winged aireraft with additional aerostatie lift using
vectored thrust Iifl engines. To design an aireraft that will use serostatic
lift, refer tv Chapter 2 and install either levitation (p, 41), lifting gas
(TLS. p. 400, lift engines (TL3, p. 400, lift fans (TL7, p. 40}, or contra-
gravity penerators { TLIZ, p. 41),

Aerostatic lift is needed for vehicles with GEV skirt or SEV sidewall
subassemblics: refer to Aerosiatic Lgft in Chapter 2 and install hovercrafi
fams (p. 413,

Vehicles with mag-lev propulsion are automatically capable of a
form of asrostatic lift: they don't need any more . . . but then again, they
don’t really fly, they just foat above a track.

The Kitty Hawk needs an aerostatic lift system,
since it doesn’t have wings or rotors and we want it to
be an air vehicle. We refer to the derostatic Lift section
{p. 40}, and, thanks to that salvaged alien technology
Morgan mentioned, end up installing contragravity gen-
erators. See Chapter 2 for details.

(. BUILT-IN WERPONRY

WVehicles can be armed with a wide variety of built-in ranged
weapons, such as guns, launchers and beam weapons.

Chily permanent or semi-permanent weapon installations built into
the body or subassemblies are chosen at this point in the design
process. External pylons (hardpoins) like those carried by combat air-
craft are not installed at this point, noer are bombs, missiles or other
weapons of hardpoints.

[f the wehicle is to be armed with built-in weapons, refer to the
Armaments chapter (p. 42) and select the vehicle’s weapons frim those
available. For more choice, weapons can be designed from seratch using
the Wespenry chapter (p. 97), Once the weapons have been chosen., fol
low the guidelines below for their installation:

Location: Ranged weapons can be located 1n the body, or in turret,
sUpETsIrICiure, Open mount, wing, arm, leg or pod subassemblies.

Weighs: Each ranged weapon has an empty weight (Ewt) in pounds.
Use this weight when installing the weapon.

Viadume: A ranged weapon takes up ils weight/S0 of in most cases,

However, any weapon can alse be concealed within the vehicle,
without its tube or muzzle protrading, tsking up cmpty weight/20 cf, All
muzzleloaders on gun carriages must be mounted in this fashion, as must
all ranged weapons on a vehicle with Very Good or better streamlining
or located in pop tumets,

Cosi: Use the weapon’s listed cost.
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Facing: Weapons in arms and legs are mounted 50 as w0 fire where
the limb 15 pointed. For a weapon Iocated in the body or any other sub-
assembly, specify whether it points forward, backward. right, lefi. up or
down: this determines the direction it can fire. (f course, a weapon in 4
Iimited or tull rotation teret or open mount can fire in different direc-
tions as the twrret or mount itself mtates,

Weapons acing up are generally only useful for indirect or ani-air-
craft fire, while those facing down are mostly good for attacking sub-
merged vessels or targets the vehiele flies over. A weapon can't be
rraounted G face i the direction that the subassembly is amached 10 the
vichicle —a gun in a tumret on top of a vehicle can't be mounted 1o face
dorwn, for instance.

The Kitty Hawk is to be armed. We go to the
Armaments chapter and read through the weapons avail-
able. We decide a 40mm grenade launcher (p. 43) is just
what Captain Morgan is looking for, but she also wants
the vehicle to have a rapid-fire Gatling gun, like the
20mm cannon on the fighters she flew. The 20mm
Gatling looks too big and heavy for a car-sized craft -
what she really needs is a Gatling gun in smaller caliber,
firing rifle bullets rather than shells. There isn't one in
the weapon table, so we go to the Weaponry chapter
and build one! See the gun design rules there for how
the Kitty Hawk's "minigun’’ was built.

After we built the minigun, we decide that it and the
grenade launcher both go in the pop turret. We record
each weapon’s weight, decide each is concealed (which
they must be, since they are going in a pop turret), and
calculate their volumes as weight/20 ci. Then we record
the costs, and decide that both weapons face forward
out of the turret. The Kitty Hawk’s weaponry is:

Weaponry: 7.62mm minigun, concealed (turret front,
33 Ibs., 1.65 cf, $3,700, 0.55 kW). 40mm grenade
launcher (turret front, 72 Ibs., 3.6 cf, $5,400).

Ammunition

Mechanical artillery, guns and launchers all require ammunition.
Each weapon's stafistics include a weight per shot (WPS), volume per
shot (VES) and eost per shot {CPS) - the weight, volume and cost of a
single round of ammuniton. For each weapon, decide how many shots it
has ready to fire, and if several types of ammunition are available, what
lype or mixture of types it normally has, Weapons in vehicles often carry
a number of shs whose weight is about equal w the empty weapon's
weight, but any amount of ammunition can be carried!

Loearion.: Ready-1o-fire ammunition must normally be located in the
same location as the weapon that fires it If the weapon is in a wirmet, open
mount, superstructure, anm or leg, the ammunition can also be located in
the part of the vehicle that subassembly is supported by.

Weighs, Volume and Cost: Calculate the weight, volume and cost of
each weapon’s ammunition by multiplying the number of shots by its
WS, VPS and CP5.

Ammunition can alse be stored in cargo spaces. This ammunition
canrot be used immediately, but can replace fired “ready™ shots if several
minutes are spent o unpack and replenish ammo. Ammunition can be
stowed in body, superstructure, pods. wrrets, open mounts, arms or legs.

We decide the Kitty Hawk has 400 shots of 7.62mm
solid ammumition for the minigun and 50 shots HEDP for
the grenade launcher. The ammunition will be in the tur-
ret with the weapon, ready to fire. We multiply each
weapon’s WPS, VPS and CPS by the number of shots and
then record:

Ammunition: 400 shots 7.62mm solid (turret, 22 Ibs.,
0.148 ci, $44). 50 shots 40mm HEDP (turret, 60 Ibs., 0.6

cf, $550).
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Weapon Accessories

Weapons can be fitted with additional accessories o improve their
performance. These include links allowing several weapons 1o be fired
simultansously by the same gunner, special mouwntings to increase the
weapon's arc of fire or allow fire at high angles and stabilizers so the
weapon can fire more accurately on the move. IF any of these options
are desired, refer to Weapon Accessories on p. 45 of the Armaments
chapter for details.

We look through the Weapon Accessories section

and give the Kitty Hawk's weaponry full stabilization (p.
45). We record:

Weapon Accessories: Full stabilization for minigun
(turret, 3.3 Ibs., 0.165 cf, $330). Full stabilization for
grenade launcher (turret, 7.2 Ibs., 0.36 cf, $720).

0. INSTRUMENTS AND ELECTRONICS

Wehicles may be equipped with a variety of gadgets, instruments and
electronic systems, including:

Communication Svatems (p. 47) such as carrier pizgeons or mdios for
communicating over a distance

Semsors (p. 49) for detecting things.

AudiodVisual Systems (p. 56) for making recordings.

Navigation Instruments {p. 56) for setting accurate courses and
avolding colliswoms.

Turgeting Sysrems (p. 58) for aiming weapons

Electromic Countermeasires {BCM, p. 59) for detecting and jam-
ming radars, radios and the like.

Compuiers (p. 6} for running programs that control vehicle systems
and manipulating and stonng information,

Newral Intecfaces (p. 64) for directly imerfacing between man and
machine

[f the vehicle is 1o have equipment in these categorics, refer to the
referenced page in the Instriments and Elecironics chapter and select the
compoients b be mstalled,
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Since money is no object, Morgan installs a plethora
of specialized equipment from every category except
Neural Interfaces! See Chapter 4 for details.

E. ARM MOTORS

If the vehicle was given arm subassemblies, it will need arm motors,
one per arm. Refer to Arm Morers on p. 65 of the Miscellaneous
Equipment chapter to design the vehicle’s anm motors.,

F. MISCELLANEDLS COMPONENTS

Vehicles may be fimed with 2 wide vanety of optional equipment 1o
tailor them for their exact roles. If the vehicle is to use any of these fit-
timgs, refer o the appropriate section for its characteristics;

Fire Extinguishers and Bilge Pumps, on pp. 65-06.

Heavy Eguipment such as winches, extendable ladders, cranes, fork-
lifts orud fractor beams, on p. 66,

Emergency and Sick Bay Equipment such ms sirens, stretchers, oper-
ating rooms and freeze capsules, on p. 68

Enfermainment Facilittes such as conference rooms, swimming pools,
movie projectors of holographic recreation rooms, on p, 68,

Latoratories and Workshaps for conducting research or making
repairs, on p. b,

Securiry Systems and Dirty Tricks like burglar alarms, smoke
screens, 0il jets or switchable license plates, on p. 70.

Viehicle Aceess such as mirlocks, cargo ramps and telepont projectors,
on p. 64

The Kitty Hawk has fewer miscellaneous systems
than it has electronics. Morgan decides to check out
what's available in Fire Extinguishers and Security and
Dirty Tricks - see those sections in Chapter 5 for what
was added.
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KITTYHRWK CONTROL PANEL

HAVIGATIONAL./ PERFORMANGE INDICATORS

VEHICLE DESIGN

B MANNED AND UNMANNED VEHICLES

A manned vehicle is one with crew, passengers, or both. An
wnmanned vehicle is one that carmies no crew or passengers. IF the vehi-
cle i= o maneuver or use weapons or other svstems it must either be
manned or have a computer equipped with the robaric option or appro-
priate programs,

An unmanned vehicle that doesn’t do anything on its own won’y
needl a computer: trailers and freighl cars are examples.

If the vehicle is 10 be manned refer to the Crew and Passenpers
chapt-er on p. 73 and install velicle conrrals and .'|_t._'\'-'i_g|'|_ corifrod staffons,
determine the vehicle's accupancy and crew reguirement, and add amy
necessary accommodations and facilities. Then consider snvironmental
avstemns and safely svsTems.

We decide the Kitty Hawk is a manned vehicle. We
refer to the Crew and Passengers chapter (p. 73) and
determine these statistics; see Chapter b for details on
what was installed.

M. POWER SYSTEMS

Any vehiche with components that need power requires @ power gys-
tem o provide energy. [f no components use power, skip this section,
Otherwise. refer to the Power and Fuel chapter on p. 81 and install power
plants, energy banks or both and decide which systems they power.

The Kitty Hawk has several components which

require power. We end up installing a standard gas tur-
hine and advanced batteries to handle it. See the exam-
ples in the Power and Fuel chapter for details.

| FURL

Vehicles with any propulsion system or power plant that consumes
fuel must be provided with fuel.

Refer 1o Fuel Bunkers on p. 88 of Chapter 7 if the vehicle uses coal
or wood fuel,

Refer to Freel Tanks on pp. 88-89 of Chapter 7 if the vehicle uses any
other type of fuel

The fuel tank rules can also be used to install additional water nk-
age for non-fucl purposes (e.g., drinking, water cannons) or 1o design
storage tanks for shipping chemicals.

Fuel Accessories: Yehicles may be equipped with devices for tmans-
feming fuel to other vehicles or colleeting or processing raw materials for
use as fuel. See Fuel Transfer and Processing Eguipment on p, 71

The Kitty Hawk's jet and its gas turbine both use
fuel. We install a 60-gallon, light, seli-sealing tank. See
the Fuelsection (p. 88) in Chapter 7 for details.

J. RCCess, CARGD AND EMPTY SPACE

These are spaces in a vehicle that do not contain other companents.

Access Space

Access space is the space needed to allow maintenance to be per-
formed, either from within or without the vehicle. Access space is
aptional for vehicles that are unmanned or which have onfy batlesuit,
cycle or harness crew stations (see p, 74),
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When powered propulsion systems or power plants are located any
where bul in a pod, access space must be sdded o that same location.
Access space has no weight or cost, but has volume equal to the power or
propulsion svstem’s volume. Exception: if the vehicle is designed for
long occupancy, access space volume is doubled,

The Kitty Hawk's wheeled drivetrain, hydrojet, jet
engine and gas turbine all require access space. Their
total volume adds up to 26.64 cf, so we add access
space equal to that in the same location, listed as
“Access space (body, 26.64 cf).”
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Gargo Space

This 15 storage space inside the vehicle. [t may range from a wunk or
glove compartment to a giant cargoe hold, A vehicle may have several dif-
ferent carpn spaces, Each cargo space is rated for its location in the vehi-
cle and its volume in cubic feet. Cargo space can also be pressed into ser-
vice to carry standing passengers, at 20 of per person.

Cargo spaces can be located in the body, pods. superstructures, tur-
rels, arms, legs, open mounts or wings

Hidden Carga {TL1): If a vehicle has CArgo space, some or all of it
may be divided into one or more concealed secret compartments. If
somenne searches the vehicle, the secret compantment can be foumd on
a roll ws. Holdout skill. Subtract 1k add +1 per 2% of a velacle’s oral
volume that 15 hidden. Hidden cargo costs 520 per of of hidden cargo
SpRce

Open Carga: Some or all of a vehicle’s cargo {except for hidden
cargn) can be designated as “open.” This is a cargo bed whose upper hall
is open to the clements (or covered with a soft fabric). Each cubic foot of
open cargo effectively takes up only one-half of of space in the vehicle
because of ths

Morgan gives the Kitty Hawk a 6-cf cargo space -
the trunk. We record: “6 cf cargo (body, 6 cf).”

Empty Space

Empty space is volume left unused in the vehicle and not set up for
cargo stowage, Empty space can be located in the body, pods, arms, legs,
OpCn maunts, wings, supersiruciures of rrets. 1 has no weight or cost,
only & location and a volume n of,

Leaving empty space in a vehicle con also provide a vehicle with
“growth potential™ ~ that is. om for fure modifications as new egquip-
ment becomes available

Cubic feet of empty space may also be added to the body or a sub-
sssembly while working out its volume (see Volume of Body and
Subassemblies, below). This is done o even out the size of a pearticular
body or subassembly, or simiply to make it larger,

Morgan won't add any empty space yet; we'll wait
until the Kitty Hawk's volume is determined.
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PART IV: VOLUME AND STRUCTURE

With all the components selected, we can now determine how large
the hody and each subassembly actally 15, and what kind of structure the
vehicle will require.

VOLUME OF B0DY AND SUBASSEMBLIES

Find the volume of the body and each subassembly, in the order list-
ed; skip any subassemblies the vehicle doesn’t have,

A. Open Mounts

For each apen ming the vehicle has, add up the volume of all com-
ponents located in il Extra cubic feet of empuy space can also be pdded.
Every open mount must contain at least some volume, even if it is only
empty space! Add up the total volume of components (including any
cargo and empty space) in the moont

Volume of rotsting open mounts is increased: multiply volume by
L1 if limited rotation or 1.2 if foll rotation. The result is the vdliome of
that particular open mount subassembly.

B. Turret Volume

If a vehicle has multiple wrrets stacked one on top of another, calew
late their individual volumes beginming with the outermost turrets and
working inwards, For each individual turrel, acld up the volume of all
compenents located in it along with any additional empty space 1o find
the total component volume,

[f a twrret has slope ils volume will be increased. Add up the total
degrees of slope that werret’s different faces have, and then multiply the
turret’s total component volume Oncluding empty space) as follows; = |
if mo slope, x 1.1 3F 30°, = 125 iF 60°, = 1.4 if 90° = 1.6 if 1207, = 2 if
1o, = 2.5 1 1RO™, = 3.3 0f 210° or = 5 if a total of 240°;
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The sum of component volume (including empty space) multiplicd
by slope, if any, 15 the turret’s real volume, A et mwst have a real vol-
ume at least equal to the combimed volume of all open mounts or other
turrets or superstructures it 1s supporting. [f it doesn’t, add miore empty
spadce to increase its volume.

Every turret has a rotation space, This is effectively a component
which lakes up volume in whatever body or subassembly the turret is
supported by, This rotation space is 0.1 times a limited rotation turret’s
volume, 1.1 times a limited pop turret”s volume, (L2 times a full rotation
turret’s volume, or 1.2 times a full rotation pop turret's volume

We add up the volume of everything in the Kitty
Hawk’s pop turret: that's the minigun, grenade launcher,
stabilization gear, ammunition, thermograph and
periscope. it works out to 7.063 cf, which isn’t aestheti-
cally pleasing, so we add some cf of empty space (tur-
ret, 0.9370 cf) and get it up to an even 8 cf. The turret
doesn't have slope, but as it is a full rotation pop turret
its rotation space is 1.2 8 = 0.6 cf. Since it's attached
to the body, it will take up this space in the body as if it
were a component. We record;

Volumes: Turvet (8 cf) takes up 9.6 cf in body.

C. Arm, Superstructure and Pod Volume

The volume of arms, superstructures and pods 1s calculated in much
the same way as turrets, except they do not take up rotation space, Total
the volumes of all components placed in that particular subassembly,
including cargo space, and then decide if any cxir empty space 1s to be
added. If a superstructure directly supports & tarret, add the turret’s roda-
tion space to s volume. If a superstructure has slope, its volume is mul-
tiplied as for wrrets, above. Pods and arms do not have slope. The sum of
component volume {including empty spaceh multiplied by stope, il any,
i% the subussembly's real volume

A superstructure must have a minimuom volume at least equal io the
combined volume of all open mounts, tumets or SuUperstmictires it is sup-
porting. It its volume is less, add more empty space!

D. Body Volume

Ta find body volume, add up the sum of the volume of all compo-
nents located in the body, im_"ludiul; carge space, As with turrets, cubic
feat of empty space can also be added, If the body is directly supporting
any turrets, add that wimet’s romtion space. This gives the body’s total
component yolome. If the vehicle has masts, the body's wial component
vilume must also be at least (1allest mast height/4) cubed. IF it isn't, add
empty space 1o further increase volume, If trving o duplicate a real-life
ship whose size is known, a good mle of thumb is (0 make the body's
volume equal to about 35 of per displacement ton, adding empty space as
necessary 1o meet this, 5o, a 1L0M-ton ship's body should be approxi-
rately 35,000 of

This volume will be increased if the body has certain features:

Catamaran or Trimaran Hull =13,

.ﬁ'u'.b.l.":'r!r.t.l'.‘}!'r Hugll: =] 25,

Streamdining: %1.1 if Fair, by =1.2 if Good, x1.25 if Very Good,
=13 if Superior, x1.35 if Excellent, or x1 4 if Radical.

Hyalrodynamic Hull: 1.1 if Mediocre lines, =1.2 if Average or
Submanne o x1.3 if Fine or Very Finc.

Stope on Bedy: Add wogether the wtal degrees of slope on the body's
different faces. Multiply by an amount based on that total: =1.1 of 307,
x1.23 if 60°% =14 o WP, <16 if 1207, =2 if 1507, 2.5 if 1807, x3.3 if
2107 or =5 1f 2407,

Retractable Wheels/Skids: Multiply by =<1.075 if the vehicle has
skidds or retractable wheels that retract only into the body. Multiply by
#1025 3f it has skids or retractable wheels that retract it both the body
and the wings.

The sum of component volume (including empty space} multiplied
as shown above is the body's real volume, All multipliers are cumulative,
2. a body with 40 ¢f of components and emply space, a submersihle
hull and Average lines would be 402 1.25 % 1.2 = 6 cf

The real body volume must exceed the combined volume of all tur-
rels, anms, open mounts, superstniciares and pods directly attached o the
body. If it doesn’t, go back and add more empty space.

Flovavion Rating: If the vehicle has the flowton hull feature, multi-
ply the “flotation per of* by the final body velume o get the actual flota-
tion rating in pounds. This is the amount of weight that the hull can sup-
poet without sinking. Exception: for submersible vehicles, multiply flota-
tion by the sum of body, superstructure and turret volumes,
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Al this stage in the design, the flotation rating should ideally be
about twice the weight of the vehicle's components and cargo weight.
This will leave weight for the structure, armor, and so on, If an estimate
of their weight indicates the vehicle is heavier than this, add more empty
space to the body to increase its volume so that it will have a greater
flotation rating!

First we add up the volume of everything in the body.
In the Kitty Hawk, that's everything that didn't go in the
turret and it adds up to 179.315 cf, including the turret's
9.6 cf rotation space. We decide that isn’t neat enough,
so we add some empty space (body, 0.685 cf) to raise it
to a total component volume of 180 cf and leave room
for later options. Next, we multiply by 1.25 for the sub-
mersible hull and 1.1 for Fair streamlining to get a real
body volume of 247.5 cf. This gives it a flotation of
247.5 » 62.5 = 15,468.75 |bs.

At this point we do a quick weight check to make
sure that the contragrav generators can lift the vehicle
- remembering it will get heavier as we add the hull -
and that the flotation hull can support it: yes, the weight
looks fine so far.

E. Wing Volume

To determine a wing's volume, first add up the volumes of all com-
ponents bocated in that wing, including cargo space.

Then, if the vehicle has wheels or skids that retract into both wing
amd body, they count as components, Add 0.025 = ;‘-‘r.u'f:'l. voslume o each
wing for retractable skids or wheels

Cubic feet of empty space can also be added to a wing. A typical
wing's volume should be about (0.1 = of the body volume. (A larger wing
will increase maneuverability and allow shoner takeoffs and landings, @t
the expense of reduced wp speed; a smaller wing has the opposite effect.)
Many wings contain mostly emply space to make up this volume.
Exception: Stub wings, which don’t need o provide lift, are normally
about 0.02 x body volume. A vehicle with a lifting body can also get by
with a wing this small, although it can have a full sive one if desived.

Add up the sum of the volume of all components and empty space in
each wing: this is that wing’s real volume. Each wing must have the
same volume:; if one wing works out larger. add empty space 1o the other
so they match

F. Leg Volume

For cach leg the vehicle has, add up the volume of all components
located in i, Empty space can also be added 1o the leg. Each leg requines
a minimum volume o support the vehicle: 0.4« body volume divided by
the number of legs, Thus, in a vehicle with two legs, each leg must be 0.2
# body volume, while on one with four legs, cach must be 0.1 x body
volume, Each lep must also be the same volume. If the legs don’t have
the required minimum volume or match up, add sdditional cubic feet of
empty space to them

6. Gasbhag Volume

A gasbag envelope’s volume is equal to the volume of the lifting gas
located within it

H. Masts

A mast’'s volume incf is (height in feet cubedy 10,000,

I. Volume of Other Subassemblies

The other subassemblies don't contain components, but do have vol-
ume, which is entirelv 1aken up by their inemal structures and, in some
cises, by steering and suspension systems.

Skids volume s 005 = body volume. Note that this is the combined
volume of all of the skids together, not each individual skid

Wieels volume depends on the type of wheels. It is 003 = body vel-
ume for small or retractable wheels, (L1 body volume for siandard
wheels, or 0.2 x body volume For heavy. off-road or railway wheels. As
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with skids this volume is not per wheel, but includes ol the subissem-
bly's wheels as well as the suspension systems and, at late TLS and up,
the: tires.

Tracks volume is 0.6 = body volume. This is the volume of all racks
together, rather than per track, and also includes suspension and runing
gear.

Halftrack or Stitrack volume s 0.4  body volume, Mote that this is
the volume of all tracks wgether, not per track. [tincludes both the tracks
amd the wheels or skis.

Crround-Effect Skirt volume is (U6 % body volume

SEV Sidewalls volume 15 0.4 % body volume,

Hvdrofeils volume is 0015 = body volume, for a1l foils,

Rotewr volume s (002 = body volume for autopyro, TTR or CAR
rotors, 0002 = body volume per main rotor for MME.

The Kitty Hawk's only other subassembly is its stan-
dard wheels. They take up 0.1 cf - body volume; since
body volume is 247.5 cf, the wheels require 24.75 cf.

mMmroOE==xm

SURFACE ARER

Each bowdy or subsssembly is rated for its surface area (“area™). Area
is an approximation of the body or subassembly™s srew in square feet, and
is also & convenient number wsed 1© help calculate the vehicle™s structural
welght, cost, hit points and other attribures.

Caleulate the surface area individually for the body and then for cach
subassembly. To do so, look up that body or subassembly’s volume in
the Yolume column. and then read the surface area from the Area col-
umn directly to the right of the volume. If a value falls between two num-
bers, use the lower,
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Area Table

Vodume  Area ||’u.'rmw Area)l Volume  Area
icf) [5f1 g icf) (57}
under 0,03 0.5 | a3
003006 1 3244 78] 2500
0070012 L5 45-68 100 E 406.11.1%0  3.000
0030019 2 649-95 125 LLIBL-17.18% 4000
02026 25 iMl : : CILIEE0 5
021403 3 57 24135650
(,4-0.5 d I56-18%  200| 3545148650 K000
060,75 180-268  230] 48,651 f«h..L‘-.'E 101000
0810 ¢ 269-353 300|682 12
L3S 354543 400| B9441-125000 1
IJ 1.5 544750 SO0] 125000192420 20000
.6-1.5 o100 600) 192.421-268.960 25,000
1922 L0 Ly ARG I 4%
2325 11 [9611 30 {1.541-2.150 1,000 353451 4
26-2.8 2 12-17 & [2151-2830 1,200 544, 330-760,610 50,000
29-32 13 18-24 50 [2R31-3,375 1,500 | 760,61 1- 1 000,000 600000
E
X
A The Kitty Hawk's 247.5 cf body has a surface area of
("W 250 si. Its B cf pop turret has a surface area of 24 s, lts
(3 24.75 cf wheels have a surface area of 50 sf.
L
E

For larger surface arens use this formula:
Surface area = [(cube root of volume) squared] - 6.

oo to mearest 10,0000 s§

(If desired, the formula can be wsed mstead for aff volumes, replac-
ing the rounded-off surface arcas given above, )

The surtace area of wing and rotor subassemblies 15 greater than that
shown on the table., Multiply the surface area of each wing of rotor as
follows: standard or flarecraft wings (x1.5), high agility or STOL wings
(%2}, biplane wings (x3), rotors (x3), miplane wings (x4).

Tented eemel Strueteral Surface Area: Once the surface area of the body
and all mounts and subassemblies are known, find the Total Area by
adding together the sum of all their surface aneas. Then. subtract the sur-
face area of masts, open mounts and gasbag subassemblies; record the
remaining surface area as the Strucrural Area. If a vehicle hag neither
open moeunts, masts nor gasbags, simply record the Total Area.

Arms and Areq; Arms will have a Keach (p. B102) in vards of 0.5 x
the square root of their area, rounded to the pearest whole number,

The Kitty Hawk's total surface area is 324 =f. s
structural surface area is the same.

STRUCTURES

After structural surface area is calculoted, the vehicle's internal
skeleton and frame — ils structure — can be designed, A vehicle's struc-
ture can be modified with vanous structural options, which affect the
structure's weight and cost

Choose the vehicle's frame strength and material quality. A vehicle
can also be given a gpecial sircture.

Frame Strengeh; Select one of the following frame strengths for the
vehicle, The heavier the frame strength, the stronger the vehicle, hut the
mere its structure will weigh and cost;

Super-light, typical of balloons. airships and early spacacraft.

Extra-light, typical of chariots. wagons, early biplanes and
simple hoats,

Light, typical of gallevs, sail hoats and speedboats, most cars, light
planes and civilian starships.

Medium. typical of transpon aireraft and Age-of-Sail warships.

Heavy, typical of modern steamships, motoreycles, heavy trucks,
many modern-day commercial ships and most armored vehicles, late
WWIT fighter aircraft and modemn jet hombers,

Extra-heavy, typical of locomotives, modemn jet fighters and most
metal-hulled warships.

Meaverials: Decide what gquality of construction materials were used
in the vehicle's structure. Vehicles are normally built vsing standard
quality materals. Instead, they can use very cheap or cheap materials
which make the vehicle's structure less costly bt heavier. Or they can
use costlier expensive, very expensive or advanced materials that make
the structure lighter without sacrificing any strength. Very expensive
materials are unavailable before TLS, and advanced malerials are not
available before TL6.

Special Structures: These are options Tor any vehicle that meets cer
tain conditions. Unless specifically noted, a vehicle can combine these
opiions.

Rebotie Structure (TLT) — Thas is reguired if the vehicle has a come-
puter with the robot brain option, and 15 unavailable otherwise, [t pro
vides the necessary systems and mternal data highways to enable the
vehicle to be controlled entirely by the robot brain,

Respoviive Seructure (TLE) — This option gives the vehicle a body
that automatically alters its structural shape to best adjust to different
speeds, maneuvening regimes or G-forces. At TLE, this option can only
be added if the vehicle uses advanced or very expensive materials: at
TLY, the vehicle may nit use cheap or very cheap materials, and o
TL1H, any materials are compatible with at.

Biommechanical Strocteee {TLY) — This s a different kind of vehicle
hody, built of a mix of organic and mechamcal paris. A vehicle with a
tomechamcal structure can feel pain and become infected with a dis-
ease, but can also heal isell. A liomechanical structune heals 1 hit point
per day for its body and each subassembly on g successful HT roll.

Living Metal Strwcture (TL13) — This gives the vehicle o structure
built of living metal, a nanotechnological material that is capable of sell-
regencration, The tiny “nanobots™ contained within the living metal
structure will repair damage 1o the vehicle at 1 hit point per hour (as long
as the vehicle isn't utterly destroyed). They alse perform routine mainte-
nance, If the vehicle has damaged or ablated armor, this also regenerates
ai the same rate. A living-metal structure also enables the vehicle o dis-
pense with repular internal and external doors — the vehicle just “opens”
a hiole in the wall to allow access, then seals it afterward. A living-metal
structure cannot be combined with a biomechanical strocture.

Some previous body features or design choices will also affect the
welght and cost of the strocture:
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Submersible Hull: A vehicle given a submersible hull will have a
structure that 1 heavier and more costly due to the need w add a double
bl design, add diving planes, and strengthen the hull and external struc-
tures {turmets, mounts, ete.) o resist the stress of diving and surfacing.

Wingw/Romwrs: A vehicle with wings or ntors must be very carefully
designed to enable it to fly. Even things like wirets and pods will influ-
ence the vehicle's aerodynamics, thus the cost increase is based on the
total surface area. However, if the vehicle has both wings and rotors, the
cost incrense 15 applied only once, not onee for each feare.

Sereamlining: This also increases the overall cost of the vehicle, for
similar reasons to wings and rolors above,

Flexibody Driverrain: If the vehicle has a fMexibody drivetrain, the
structure will be heavier and more expensive due o its unique construc-
Lo,

Reter to the table below to find the structural weight and cost of the
vehicle:

Vehicle Structure Table

Feature Basic Design Weight

Busie Dexign Cost

TLS structure
structure S 10

Ls:ture 3 - 30
TLI structure 2 450

Standard

Expensive 0,75 x2

Biomechanical N LS

Living Metal xl =2
(Mher .l:ﬁ!ﬂ‘_l

if Fair streamlining =~~~ <l == 12
it Good streamlini A x5

In ].1.r1: xI - xS

if R:.u:ll! streambining ] %10

D

Werght: Determine the structural weight as follows: Multiply the
vehicle's structural surface area (that is, the towl surface area minus
musts, open mounts and gasbags) by the basic design weight shown for
the vehicle's TL amnd then by every applicable multiplier in the weighr
column.

Cosr: Determine the structural cost as follows: Multiply the structur-
al surface area by the basic design cost shown for the vehicle's TL and
then by every applicable multiplier in the cost colurmn,

Wenden Sirwctures: Since wood is flammable. its important 1o know
what vehicle structures use it. At TL4- all structures are wooden. At TL3.
super-light, extra-light, light and medium structures and very cheap

®=

Breavy structures are wikklen, At TL6, very cheap super-light, extra-light
and Light structures are wooden, At TL7+, no structures are normally
wonden. If desired, any vehicle can use a lower TL structure — this can
be used to build a less expensive womden bost a1 TLT+.

We decide the Kitty Hawk has a light frame built with
very expensive materials. The fact that it is submersible
and streamlined will also affect its structural weight
and cost. Weight is 6 Ibs. (TL7 structure) > 0.5 (light
frame) < 0.5 (very expensive materials) = 2 (submersible)
» 1 (Fair streamlining) ~ 324 (structural area) = 972 Ibs.
Its cost is $50 = 0.5 (light frame) = 5 (very expensive
materials) : 2 (submersible) = 1.2 (Fair streamlining)
324 = $97,200. We record:

Structure: Light frame, very expensive materials modi-
fied by streamlining and submersible (972 Ibs.,
$97,200).

Option: Different Structures for Subassemblies

Subassemblics may optionally be given different structural strengths,
malterials and specisl structures than the body. The exception is
Responsive Structure, which must be applied to all subassemblies if it is
applied 10 any.

For example. a spaceship might have expensive, medium-strength
materials for the vehicle itself, but standard, extra-light material for pods
that house nothing but fuel or cargo,

If 50, instead of calculating structural weight and cost based on oral
surface arca, calculate it based on the individual body or subassembly’s
area using only those structural options it has. The multiples for features
like streamlinimg. wings'rotors or submersible apply 1o all subassemblies,
however.

mro9Z=m=m

VEHICLE DEsIGN




Weight and Cost of Masts, Open Mounts
and Gashags

Crashags, masts and open mounts do not count against the structural
weight and cost of the vehicle. However, thev do have their own weights
and costs which must be determined.

For sach open mount or mast, multiply its surface area as shown
below to find its weight and cost:

Mast and Open Mount Weight and Cost Table

TL Weighi Ceasit TL Weighi st

b T g v e e |1 B SHillir- & ]
& E 510

] 4 510 12+ | $10

For each gasbag subassembly, multiply its surface area as shown
below to find its weight and cost. This covers the bag aml the cables,
ropes o keel needed to attach it to the vehicle

Gasbag Weight and Cost Table

TL Weight Cersd T Weight Cost
ol e ) $0.003 o YL R )
fy NS S0L005 18] 0002 0,01
7 0006 S0 o 00015 sa0l
H (L0 SO0 124+ (LEKY ] F0.01

HiT PaINTS

Cmee the vehicle's structure has been determined. find the hit poimts
for the vehicle's body and tor each subassembly:
Body  ..oavevainnisniisaiisnivas sy sihebody'sarmax 1.5
Bach Arm ..._...... : the amm's aren x 3
Each Superstructure, Turret or Pod . its area = 1.5,
Eachleg ............ . the leg’s area = 1.
Bk Wi o s m s L s R its ared » .2
Each Kotor ' E - .ils area x 3,
Ground-eftect skint or SEY sidewalls Lits areq » 1.5,
Each Skid ...... skid subassembly area = 1.5 f number of skids,
Each Track (for Tracks, Skitracks or Halftracks) ... .. .. ...,
subassembly area = 1.5/ number of tracks.
Baich Crahag: - oo i s s S e v s its area = 0,01,
Each Masi or Open Mount . ... ... _ ... _.._. . S arem x 2,
Ench Wheel . . the wheel™s ared = 3 ¢ number of wheel positions.
Except for gasbags, masts and open mounts, divide hit points by 10
il a super-light frame, 41 an extra-light frame or by 2 if a light frame, or
multiply hits by 2 if a heavy frame or 4 if an extra-heavy frame. Round
hunt pounts 1o the nearest whole number, with a minimum of 1 hit point.
Optionally. calculate component HPs (p. 183).

L Ln

The Kitty Hawk's body has 250 (surface area) < 1.5/

2 (light frame) = 187.5, rounded up to 188 hit points. Its
turret has 24 (its area) < 1.5/ 2 (light frame) = 18 hit
points. Each of its four wheels have 50 (wheels’ area)
3 / 4 (four wheels) / 2 (light frame) = 18.75 per wheel,
rounded up to 19 hit points per wheel.

SPECIAL STRUCTURAL OPTIONS

These options may be added after the structural weight and cost of
the vehicle have been determined:

Compartmentalization (TL5)

MWost large vehicles are divided into several COMpartments anfomati-
cally. But a vehicle built st TLS or higher can optionally be given Heavy
or Total compartmentalization. This is most common on carefully-
designed warships, but other vessels (such as well-protected space and
ooean linees, batile tanks or ground attack aireraft and almost all sub-
marines) use it as well,

The compartmentalization option gives a vehicle strengthened air-
and water-tight interior walls and extra-strong pressure doors. Tt also cov-
ers careful spacing of fuel and power systems to reduce risk of fire,
tlooding or decompression.

Companmentalization may be added w the body, as well as to wrret
or superstructure subassemblies. Heavy compartmentalization weighs
one-tenth of the vehicle's structural weight divided by the total structural
area of the vehicle and multiplied by the combined surface areas of the
compartmentalized body or subassembly locations. Total compartmental-
ization weighs twice as much, Cost is 81 times the weight of the com-
partmentalization ot TLA-, 55 times it weight at TLT+,

Improved Suspensions (TL7)

Any vehicle with skids, wheels, tracks, legs, halfracks, skitracks or a
flexibody drivetrain can have an improved suspension. An improved sus-
pension increases top ground speed and overall ground maneuverability
and stability, There is no extra weight. The cost is $100 times the surface
area of the motive subassembly (for whesls, racks, ete.) - or for o lexi-
body drivetrain, 550 times the surface area of the body
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The Kitty Hawk has an improved suspension. The
wheels’ surface area is 50, so it costs $5,000.
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Wing and Rotor Options

Folding Wings amd Rorors (late TL6): Any type of wing or rotor may
[ dt.‘.‘iil!n:.‘d: to fold |.|'|r GOl ui{swug{:; Th'i_ij i.‘i common for Cﬂn‘il,:r-
borne aircrafl, so they can better fit into hangars, Folding wings or rivors
weigh 0.05 times the combined wing or rotor area divided by the total
structural area and multiplied by the structural weight (in lbs.), They cost
525 per pound,

Variable Sweep Wings (TL7): Any standard, $STOL or high-agility
wings may have this option. It gives the vehicle “variable geometry™
swing-wings capable of sweeping back for high speed dashes, or ourward
fow preater lift and maneuverability. Swing-wings give a vehicle a lower
still speed (and hence a shorter takeoff and landing) and greater agility
withoul any ncreased drag. The only drawbacks are the extra weight and
cost. Swing-wings may have cither manual or automatic wing sweep
The Fatter is more expensive but more effective. The option weighs 0.1
{combined wing areafiotal structural area) = structural weight (in Ibs.}
and costs 0,25 = {combined wing arcafiotal siructural area) = strucoural
cost. Double cost if automatic sweep! (See also p. 160.)

Controlled Tnsiebiliey (late TLT): This option designs a winged or
rotor-equipped vehicle so that it is teetering on the edge of total instabili-
ty. This makes it wildly agile in flight, but means it requires computer-
1zedd or robotic controls w assist the pilot. If the computers ever fail, the
arrcraft will go out of control and crash! Winged sircraft featuring con-
trolled instability often have somewhal odd wing designs. such as
canards {small wings on the front of the fuselage) or forward-swept
wings. Controlled instability costs $100 tmes the combined wing or
rotor surface area,

Wheel Options

These options can be added 10 any vehicle with wheels:

fmproved Brakes (TLT), such as anti-lock brakes. They add 5 mph's
o =ufe pround deceleration. The cost of improved brakes i1 $20 % the
surfece area of the wheels, The cost halves at TLE and again at TL9+.

All-Wheel Steertng (TLT): This option significantly increases manen-
verability on the ground, as described in the Performance chapier. The
cost of all-wheel steering is 3100 times the surface arca of the wheels,
with & minimum cost of 35,000, Cost and sanimum cost are halved ai
TLE anel again at TL9+.

Smurrtwheels (TLE): This option equips wheels with sensors that
detect road conditions and wheels or tires that change their shape in
response, increasing overall maneuverability. The effect 18 cumulative
with bonuses for all-wheel steering and improved suspension. The cost of
smart wheels is 380 x surface area of the wheels, with a minimum cost of
£4,000, This cost halves at TLY and again at TL10# Smartwheels do not
function iof the vehucle loses power.

The Kitty Hawk has improved brakes (wheel area »
Hsﬂsn $1,000) and all-wheel steering (wheel area ~ $100
= $5,000).

Roll Stabilizers (TL7)

Some modern water vehicles are fitted with these fin-like devices.
which incrense the stbility of the vehicle in the water, A set of roll stabi-
lizers weighs 0.05 « (body area’toial structural area) » structural weight
tin Ibs.) and costs SO0 = (bedy areafiotal structural area) = stroctural
cosl.

PART V- SURFACE FERTURES

Surface featres are lavered atop the vehicle's structure and include
things such as armor and stealth contings

A ARMOR

This is a vehicle's hull. “Armor” includes both ordinary surface
plating — whether it is wood, metal or other material — as well as actual
armaor plate. Almost every vehicle will have armor covering some pant
of its body. Vehicular armor is rated for its Damage Resistance (DR,
the location it covers and the type of armor material. A vehicle with a
flotation hull, submersible hull. slope, streamlining or rotors must have
armor! Other vehicles may have armor. The only type of vehicle not
likely 1o have armor is one where the components are not sheathed hy
the body ‘s hull, such as a motorcyele.

Because the Kitty Hawk is submersible and stream-
lined, it must have armor.

mr =S >>xm

There are several kinds of armor: wood, metal, cormposite, laminate,
ablative, nonrigid and reflex.

Warand (TLOY is just that. Wood is normally available in cheap, stan-
dard or expensive versions. Cheaper wood uses soft woods like pine,
while more expensive wood has better workmanship and harder woeds
such as swamp oak or teak. Wood has a higher weight per point of DR
than other armor types and i3 flammable, but it is inexpensive and is the
standard vehicle armor until late TL3. Wooden armor becomes available
m advanced type st TL 10+, representing new and tougher bicenginesred
forms of wood.

Metal (TLI) is the most common ammor material from late TLS o
TL7 due to its high strength-to-weight ratio. Metals in use include riveted
iron and steel at TLS, cast or welded steel and aluminum at TL6, and slu
minum, steel and titanium alloy at TLT. At TLA+ exotic materials appear
including alloys created in zero-gravity conditions or, later, those built
using nanomachines. No special nles apply w the DR provided by metal
ATTIROT

Composite (TLY) armor built at TL7 is made of materials such as
rigid, resin-bonded Kevlar and carbon-aluminum compasites, while
ultra-tech composite amyor may wse far more exotic materials, It has the
same DR as metal armor and weighs less, but it costs more. However, it
i somewhat less sturdy and provides only half DR against crashes and
collisions

Laminare (TLT) armor has greater DR for its weight than metal
armer, and its complex composition is formuluted to resist shaped-charge
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(HEDP and HEAT) rounds, giving douwbied DR againat therm. An example
is the Chobham armor used on modem, Western tanks: a sandwich of
outer and inner hard steel plates containing layers of ceramic blocks held
within a special resin, the whole sometimes reinforeed with a metallic
mesh, TLE+ laminate armor may be even more exotic; BPC (hiphase car-
bide) from Chgre is an example.

Ablative (TLT) armor is easily chipped or melted away {ablated).
This ablative process carries away part of the energy of the attack, but as
the armor ablates, its DR is reduced. For every 10 points of damage an
attack inflicted (regandless of whether s damage penetrated DR or not)
one point of DR is destroyed afterward! For body, turret or superstruc-
ture armor, this loss only applies o the armor on the face being attacked.
Lost DR can be replaced on the same basis as HF of damage are
repaired. Al extra expense, Fireproof Ablanve material is also available.

Ablative armor built at TLT is usually derived from glass-reinforced
plastics such as fiberglass, while fireproof armor may use a ceramic coat-
ing. At TLR and up. more sophisticated plastic-composite materials come
into use — if o vehicle designer doesn’t mind the fact that the armor can
be blasted away, this makes ablative armor a very good cheice, since 1t
has an even lower weight per pomt of DR than laminate. The plastic
armor wsed w protect Car Wars autes is TLE expensive ablative armor.

Monrigid (TLOY armor 15 made of very light, Mexible matenal, It gets
only one-quarier its normal DR va, colhsions or crashes. TLS- nonngid
armor uses bark, leather or cloth and is flammable. TLA nonngid amor
uses synthetic matenials like nylon, TLT armor uses Kevlar, TLE-9 uses
monoerystalline fibers while TLI0+ uses nanotechnological materials
such as “hioplas.”

If an explosion, crushing or cutting attack hits a nonrigid anmored
vehicle, any roll on the damage dice of 5-6 (at TL7-) or & (at TLE4)
inflicts | hit that is pot absorhed by nonrigid DR TL? nonnigid armor
gets only DR 1 s, impaling amtacks and TLE-9 nonrigid armor has a
maximum DR 2 vi impaling attacks, TL 104+ nonngid armor has full DR
vi. impaling damage and can also ““heal™ itself w repair any rips or lears.

Reflex Armor {TL1D) 15 electncally-active bioplastic armor with
built-in sensors that tum it hand g5 steel just before suffering an impact.

Armor Table

MNormally it i treated as nonngid armor, but its DR deowbles and it peo-
tects like metal armor if its sensors detect the incoming aack in time. It
automatically detects melee or thrown weapons, crashes or collisions,
anel low-velocity projectiles such as arrows. Most gun projectiles, mis-
siles and somic beams are detected on a roll of 14 or less on 3d.
Electromag or gravitic gun rounds are detected on a 12 or less, Laser,
blaster or other beam weapons are too fast o detect in time, Reflex
armor’s DR (before doubling) is limited to 5 = TL.

Selecting Armor

There are two ways to build armor: Overall Armor or Location
Armor, Overall Armor is simplest. selecting a single DR snd tvpe of
armar for the entire vehicle. Location Armor is more complex but per-
mits the creation of wehicles that have thicker armor on some locations
tharn on others, like modern tanks or battleships.,

i the vehicle has slope, the location armor method muost be used.

Overall Armor

Many vehicle designs have the same armor evervichers, A majority
of civilian vehicles and many military ones (such as most aireraft) fit into
this category, This allows a “quick armor design™ procedure. Here's how
o do it

First, examine the Armor Fable and pick a type and quality of armor
(eg., TLT cheap metal) from those svailable.

Then determine the weight per point of DR by multiplying the vela-
cle's srmacheral surface area by the weight modifier on the Araor Table
tor the chosen ammer, Decide on the vehicle’s DR. Multiply it by the
weight per point of DR 10 get the actual anmor weight.

Find the armor’s cost by muliiplying its weight by the cost modifier
shown on the Arsmor Table for the chosen armor’s tvpe and quality, If the
armaor is ablative, it can be freéprood at double the cost.

Armor built this way gives the vehicle the sume DR everywhere b
open mounts and gas bags, which are DE 0. For a more complex way of
handling armor, see Location Arecer,

Weight Modifier Const

Tvpe TL4- LS TLs TL? TLR
Wirond

TLY TLig

L TLi2 TL13 Madfier

EXPENSIVE : E
advanced fa* e s wa i
Metal

expem-.
advanced
Ablative

Expensive
advanced

it 2 ;
advanced na n'a n'a 015 1
Jll'll

exsiw: nfa “nfa n'a
advanced na nfa nfa n1s ol

# M indicotes o Kind of armor not available at that T1L.

06 n4 03 0.2 $1

0025 0015 001 $50

0025 nas 0ol

(imeigity 00 <24



Location Armor

A vehiele can have more armor on some locations than on others,
Use the same mules as overall armor design. except that each body or sub-
assembly has its weight and cost based on 15 individual surface area
rather than the vehicle's structural area. Each location's DR and even
armor material may vary

An open mount subassembly may not be piven armor, Gasbag sub-
assemblies may be armored, but it 12 uswally unwise 1o mive them more
than & few points of DR due to their very large area® Rotors must have al
least DR 5

Armar by Facing = Bavic Oprion: Some vehicles, such as tanks, have
body, superstructure or turret armor that varies in thickness, For instance,
the front armer may be wougher than the back o top armor

A body has six different “faces” = Froni (F), back (B), right (R), left
Ly, top (T), underside (U'y. Each trret or superstructure has five differ
ent faces: the same as the body, excluding whatever face (nseally under
sideh connects the wrret or supersiructure with the body or subassembly
supporting it.

T vary o body™s DR by face, mulboply the body DR by six and then
divide it among the vehicle’s faces, To vary a superstructure's or el s
DR by face, multiply the murret DR by five and divide it among the tur-
ret’s faces. DR can be distributed any way desired; maost vehicle bodies
have at least some DR on every face (except, perhaps. the woph. If the
vehicle is submersible, sealed or has Good or betier streamlining, every
body, turret and superstructure fuce muest have DR,

Armar by Facing — Complex Oprion: For even more detal. armaor
can be bought for individual body or turret Faces rather than for the entire
location. This allows differem ammor gquality and matenials to be used on
ditferent faces. Use the rules for overall armor, but assume each body
face has one-sixth the surface area of the entire body and each turret face
has one-fifth the area of the entire et

Slope Effects: I 2 body facing, turretl facing or superstructurs facing
has 30° slope, multiply its final DR by 1.5, If it has 607 slope, double its
DR, The attack must both penetrate through a greater thickness of armor
and 15 more likely to be deflected.

Record the DR of the body and each subassembly. If necessary,
record separate DR values for different faces, After DR is determined,
the: passive defense (FD) can also be determined for each location that
has DHE.

We decide the Kitty Hawk will have TL7 advanced
laminate on the body with DR 24: it weighs [250 sf (body
surface area) ~ 24 (DR) = 0.15 (TLT advanced laminate]] =
800 Ibs. Its cost is 900 ~ $100 = $90,000,

The wheels will have the same armor, but only DR 10,
so their weight is [10 (DR) < 50 (wheel area) = 0.15 (TL7
advanced laminate)] = 75 Ibs. and cost is 75« $100 =
$7,500.

The pop turret will also have advanced laminate. We
give it DR 14 laminate which weighs 14 - 0.15 < 24 =
50.4 Ibs., while its cost is $5,040, We decide to vary the
DR by face. We multiply the DR by five to DR 70 and then
distribute these 70 points as follows: F22, R12, L12, T12,
B12. Note that the underside of the turret has no armor.

Typical DRs

astumped as to what DR to use? A wseful guideline is frame strength
tsee p. 18): DR 1-2 for super-light or extra-light, 3-6 for light, 4-8 for
medivm, 5= for heavy and 1040 for extra-heavy. Submersibles have
several times this DR, while reentry vehicles should have DR 100+

Wehicles desipned o stand up W heavy direct fire, such as tanks,
ground-attack sircraft and large, TLS-6 warships, will typically have DR
capable of withstanding their own main guns or beams over their most
vulnerable locations, Por tanks, this is the from of the vehicle's body and
rret, while for warships it is often the sides (and any vital trets or
superstruciures)

Combat craft whose main anmaments are missiles, bombs or indirect
fare weapons often have little DR, relying on ECMs, agility or escon hy
ather vehicles to avoid anack.

Armor Optienal Rules

These rules add more complexity, but they are usaful for designing
certain types of vehicles:

Gun Shiglds

Open mounts cannol have all-around armor, but the front of an P
mouint can be armored — this is usually known as a gun shield. Build a
gun shield”s armor using one-fitth the surface area of the open mount

Wheslguards and Armored Skirts

While it's possible to completely armor wheels, tracks. halfiracks,
skitracks, SEV skins and GEV skirt subassemblies, they can also be
given armored guards that cover only their upper half, either instead of or
ax well as more complete coverage.

Build these like ordinary subassembly armor, using only felf the
subassembly’s aren. Thess skirts or guards don’t protect ai all against
attacks from below, such as spikes or mines, and only proteet on o roll of
I-4 on | die vs attacks coming from other directions, They can be com-
bined with more complete coverage, e.g., a tank has DR 20 on its tracks
and then is built with an sdditonal DR 80 skin, so it has DR 100 on a
rall of 1- 4, but otherwise only DR 20

Open Frame Armor

Any kind of armor except reflex or nonrigid can be an open frame-
work, much like a roll cage. It protects normally vs. collisions, falls, rolls
or swinging meles attacks, but has only a 2-in-6 chance of protecting vs.
thrusting amacks, beams, armrows, bullets, or other small missiles, It has nio
effect at all apainst flamer or flamethrower attacks or explosive concus-
sion damage. Open-frame armor has one-fifth normal weight; since cost
is based on weight, this effectively makes it one-fifth as expensive.

Open frame armor cannot be used as overall or body armor on a
vehicle with a flotation hull, or anywhere on vehicles that are stream-
lined, submersible or sealed {except on their open mounts.
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Compound Armor

It s possible o layver a body, subassembly or armor location with dif-
ferent types of amor: for example, a vehicle could have metal armor
with an additional layer of ablative armor undemeath. Lavered armor DR
i added wgether, but keep track of the individual DRs of each layer
because of their special characteristics. For example, if DR 25 laminate
armor 15 layered over DE 20 metal armor, the laminate DR 15 doubled
against shaped-charge attacks, but the metal armor’s DR is not.

If ahlative armor is layered under other armor and is desiroyed. the
armor atop it will also be destroyed!

What Armor Doesn’t Protect

A vehicle’s armor doesn’t protect a character in an exposed seat or
space against an attack from an angle above the vehicle and has only a
30% of protecting against an attack from any side except below. The
same applies o anything in a cargo space designated as open cargo. It
does not protect a character in an external scat or space at all, although a
shot may hit the vehicle instead of the character!

Amor on o wheeled or halftrack subassembly protects the whesl but
nod the tire, which 15 still vulnerable to damage.

Armor PD

Py is determined by the DR of the outer layer of armor, 1f the armos
varies by face, PD may also vary. Armor PD is determined using DR,
according 1o the following 1able:

PD Table
DR I 24 5.
i 2 gl i R

Monrigid ammor can have a maximum PD 2; ar TLT+, nonrigid
armar has only PO T vs, impaling attacks. PD 3 s the maximum PD for
wooden amaor

Stope amed PO As well as possibly increasing PD by boosting DR,
slope will funher increase Passive Defense on the sloped faces, provided
that armar is either metal, cormposite or lanmnate. PID 15 increased as fol
lovws:

3 slope adds +1 1o PD on the face that 1 sloped.

6 slope adds 42 to PD on the face that is 2loped.

The Kitty Hawk’s body has DR 24, so it is PD 4. So is
the front of its turret. The back, right, |eft and top of its
turret have DR 12, and so are only PD 3. lts wheels, with
DR 10, are also PD 3.

H. WATERPRODFING AND SERLING

A wehicle with a Notation hull must be sealed or waterproof. A vehi-
cle with an NBC ki, limited life system, or full life support must be
sealed, as must any h-cuiy or -\.'.lhihhcr'lﬁfi_'r' (except a i_1";|,=,[\ag:| that holds lif-
ing gas.

Wehicles with the sobmersible option are automatically sealed and
waterproofed for free

Warerproaf (TLDY: Waterproofing a vehicle insures that it will ms
leak if floating or suffer corrosion from sall water, but does not protect it
from the effects of comosive aimosphetes or extreme pressures. A vehi-
cle with 4 submersible holl or one that is sealed is waterproof for free.

Sealed (TLS): The vehicle has its components protected against cor-
rosion and the effects of sudden pressure changes, or high or low tempes-
atures. Vehicles with submersible hulls are already sealed at no extra
cost. A sealed vehicle must have DR | or more over its entire body
(exeluding gas bags and open mounts): open frame armor does ol cound
toward this DE.

Waterproofing and Sealing Table

IL JIIL'FI' Lot
G G i
5-7 Sealed H40
L Sealed A0

Multiply cost by the vehicle's structural surface area. (While only the
by of a watercraft is directly in the water, the rest of it is waterproofed
to prevent cormosion from spray.)

The Kitty Hawk is submersihle, so it is sealed and
waterproof for free.
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L. DTHER SURFACE AND EXTERNL FERTURES

The Surface and Exernal Features chapler (p. %17 covers a variery
of miscellaneous features that can be added to the exierior of a vehicle,
These include:

Concealment and Stealth Fearrires (p. 913, to make the vehicle hard-
erto detect.

Defenyive Surface Features (p. 92), including radistion shields, spe-
cial defenses against beam weapons, shaped-charge warheads aml elecin-
fied vehicle surfaces.
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Force Field Grids (p. 93), which surmound the vehicle with defensive
deflector fields or force scresns

Rams, Wheelblades, Plows and Bulldozers (p. 94), which can be
e tex the front of many vehicles,

Fop Becks (p. 94, 10 give the vehicle a flat surface for cargo or the
like, plus Deck Fearres (p. 94) such as Might decks for aircraft or cov-
ered decks

Hardpwinis {p. 94}, such as pylons that can be atached under the
body or wings, to which jetisonable siores such as bombs, missiles or
drop tanks are attsched

Comversible Top Features (p, 95), covening hardiops and ragtops for
vehicles with seuls.

Special Tires (p. 95), for wheeled vehicles, such as racing, snow or
punciure-resistant models.

Hitches and Pins (p, 95), to enable the vehicle w pull ancther vehicle,
or be pulled by one.

Stdecars (p. 90). to add to two-wheeled vehicles.

Sedar Celly (p. 96). for providing extra energy or recharging energy

banks

The Kitty Hawk will have Concealment and Stealth
features (see p. 91) and Special Tires (p. 95). We end up
adding basic stealth (648 Ibs., $97,200, see p. 92) and
giving its four wheels puncture-resistant tires (51,000,
see p. 95).

0. ViSION - AN OPrionAL Aot

Knowing how well the crew and passengers can see owt of the vehi-
cle is important.

Fur each hody or subassembly that contains seats, spaces or quarters,
decide whether its occupants have a Good, Fair, Peor or No view out any
canopy or windows, Exposed or external seats or spaces always have a
Good view,

“Good™ means 4 wide ficld of view - and also that shots can easily
hit a poorly-armored canopy, windscreen or window! This is tvpical of
autos and airplane cockpits, Any “window™ critical hit in an area of the
vehicle with Good view will strike a transparent arca, ignoring some or
all vehicle armor,

“Fair” means the occupants have 4 moderate field of view. This is
typical of many aireralt and some commercial vehicles, Whoever mans
the maneuver controls will be able to see forward and to the sides, but the
view backwand requires an exiernal mirmor, The GM can impose -1 on
Vision rolls 1o spot things, especially if they are on the edge of the field
of view. If a “window™ critical hit is rolled and the occupams would be
hit, roll 1d. O a 1-3, the person is protected by vehicle DR

“Poor™ means the ocoupants must sse a tiny porthole, vision slit or
viewing scope, or have no view at all. The person munning maneuver
controls can :In]:r' see forwand, I“l'.j_\.'i“P a Poor view means the TN S
cin’t be hit by “window™ eritical hits, bat all Vision rolls should be made
at 4 -2 or worse penalty, and the occupants will have a blind SpOt — peo-
ple who are nght next o or standing upon the vehicle can casily move
out of the crew’s ficld of view,

Mo view is obvious. The occupants cannor see out, bat then again,
“window” critical hits can be ignored.

Vision can always be improved by opening a door, airlock or hatch
and peering out, provided the outside environment allows it (Tt's wicky
or impassible at high speeds, or in a submarine. for instance!) OF course,
this leaves the observer valnerable to attacks. Even so, a tank commander
will often ride with the top hatch “unbutioned” so that he can get a good
view. This is often Fatal to tank commanders — but then 5o is not being
able to see the encmy.

Crew stations with visual augmentation systems (low-light TV, etc,)
or line-of-sight sensors can avoid the penalties for fair, poor of no view
by using these systems instead

In the event that a “window™ critical hit does occur and u canopy,
window, purthole or the like is actually hit, it offers po DR ar TLS-. Ar
TLE+, uansparencies are assumed to have one-half the P and DR of the
location they look out of, rounding down, with o maximum of DR 10 a
TL& or DR 15 at TL7+. A window that is rolled down or 2 canopy that is
apen provides no DR

We decide the Kitty Hawk has Good vision out its

body. If a shot goes through a window into the hody, the
normal PD 4, DR 24 will be reduced PD 2, DR 12, as it
hits armored glass.
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STRTISTICS

Everything that the vehicle needs is now installed or sttached. Now
we find our what it can dio!

Weight and Mass Statistics

Empry Weipht: Farst, add up the weight of all vehicle components,
structures and features, except for fuel, ammunition, provisions, any car-
ricd wehicles and TLS- guns that require cardages. The resulting sum s
the vehicle’s empry weight,

Llspal {nternal Paylod: Decide on the normal weight of occupants
and carge the vehicle carries. This is the “usual internal payload,”

For most vehicles, we suggest a “generic™ usual payioad of 200 Ths
per crew member and passenger be provided for: this is the average
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weight of a human. plus an extra third to cover wom or carmied gear and
welght vanations, Then add 20 1bs. per of of cargo space to represent a
normal load of cargo.

If a vehicle is specifically built for someone, or designed w haul very
heavy loads (like & railway car) feel free o allow up 1w 100 Ibs, weight
per of of carge space or customize the payload 1o the crew and passen-
gers” exact weights (incleding wom or carried equipment).

Loaded Weight: The sum of empty weight, useal internal payload
and the weight of all fuel, ammunition, provisions, any carried vehicles
and TL3- guns that require camages 15 the loaded welght

If the vehicle has hardpoings, also record a “weight with hardpoints
lraled™ eqquial o the loaded weight plus the maximum load of the hard-
poanits, When performance calculations call for loaded weight, calculate
two vitlues: one with and one without the hardpoints loaded.

Deesign Check! If the vehicle has a maximum lift or flotation cating,
make sure the loaded weight does not exceed these valoes. IF it does,
redesign the vehicle tw reduce its weight, This can often be done simply
by converting cargo space o empty space to reduce the usual payloud, o
eliminaling Some armuor,

Lovtded Maxs m Tons: IF the weight checks out. find the loaded miass
in fons. This is used in some performance calculations. Divide the loaded
weight by 2000 10 gey it (If the vehicle has hardpoints, caleulate two
loaded masses. ) Round fractional loadad masses 1o two decimal places,

The empty weight of the Kitty Hawk is 5,976.9 Ibs.
without fuel and ammunition. We decide to use the stan-
dard guidelines for internal payload, so by using 200
Ibs. per person and 20 Ibs. per cf of cargo, we get an
internal payload of 520 Ibs. The loaded weight (adding
472 Ibs. of fuel and ammunition and 520 Ibs. of internal
payload to the empty weight) is 6,968.9 Ibs. The loaded
mass in tons is 3.48 tons.

Dther Statistics

Vehicle Valume and Size Modifier; Add up the volumes of the hody
and all subassemblies. This is the vehicle volume. Compare the vehicle
wolume to the table to find the Size Modifier (see p. B116). The vehicle's
volume will probably fall between two entries on the table; use the high-
er one 10 find Size Modifier.
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Size Modifier Table

Viorltirme Mewdifier Volwme Modifier
o ey s L) ol | R e e 3 TN
0.3 -3 10K +3

j e b Ih e ; 30,000 CE R =

3 1 1M CHO) +h

[ B R R ST ND0a: 40

£l - +1 | WO, CHD + 1k
K +3 ILIREL RN Y +12
N e R R ete.

The vehicle volume of the Kitty Hawk is 280.25 cf.
The Size Modifier is thus +3.
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Submerged Weight and Masy: This only applies o submersible ves-
sels. It is their weight in pounds and their mass when they have flooded
their hallast tanks and are operating under water, Submerged weight is
equal to loaded \'i.-‘t.‘i.ghl or 62,5 Ibs, = total volume, whichever is greater,
Submerged mass in tons is submerged weight/ 2,000,

The submerged weight is 62.5 Ibs. < 280,25 cf =
17,515.625 Ibs., or 8.76 tons.

Price: Add up the total cost of everything built into the vehicle
except for ammunition and fuel o find out how much it costs. This is its
price when purchased new. Buying a used vehicle or building one from
salvaged parts can reduce the price. This is detailed in the Vehicles i the
Campotigen chapler

The sticker price is $760.975, although the contra-
grav systems are technically priceless.

Health: This measures structural robustness. The heavier a vehicle is
comparcd o its structural sirength, the mone stmin it puts on i systems
(especially wheels, wings and the like) and so the lower its HT will be, A
vehicle can have a low Health bat many hit points. Structural HT is cal-
culated as follows:

Structural HT = {200 ~ BHP/Lwt.) + 5.

BHF = body hit points. Lwt. = loewded weight.

(1f the wehicle has hardpoinis, always use the weight with handpoints
Ioaded - do not calculate two different values. ),

The maximum allowed structural HT is 12 or the vehicle's TL.
whichever is greater. Round HT to the nedrest whols number.

The Kitty Hawk’s loaded weight is 6968.9 Ibs. and its
body hit points are 188. So the structural HT is (188 -
200 / 5968.9) + 5 = 10.39 rounded to HT 10.
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Evaluating

If the vehicle looks good and doesn™ need any more modification,
refer o the Performance chapter to calculate the velicle's performance
statistics,

Performance

We'll find out what the Kitty Hawk can do in the
Performance chapter (p. 128).
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HPPENDIX

This appendix covers a few “meta-options” that fall outside the ordi
nary design sequaence

COMPONENT ARMOR

A component with both weight and volume can be armaored: this is
useful only if playing with the advanced damage system. Use the compo-
nent’s volume to compute its surface arca and add armor normally, T
gives no PO, but subtracts its DR from any damage to the component; in
thie case of crew stations or gecommaodations, it protects the user,

RUGGEDIZED COMPONENTS

Any compoment with hoth weight and volume may be “ruggedized "
Such a component is less likely to be disabled, at the expense of greater
weight and cost. Ordinary military equipment is not usually ruggedized
in this sense; examples of ruggedized components in real vehicles
include the engines of the A-10 Thunderbolt and the armored search-
lights used on modern tanks. A ruggedized component is +30%
weight, volume and cost,

[T using the advanced damage system, double the Hit Points of 2
rupgedized component. If using the basic damape system, a ruggedized
component is not necessarily disabled when the area it is located in is
disabled; instead, roll against vehicle HT {at -1 per multiple of basic HP
that the area is below 00, and if successtul, the component still works, A
ruggedized component is still destroyed if the aren containing it is
destroyed

SMALL DETAILS

Vehicles come with a variety of “free” equipment

Bilge Pumps: Large (100 of or larger) watercraft are assumed to have
bil ge pumps appropriate to their TL at no extra cost (see p. 66).

Dacrs and Hatches: All vehicles large enough to need them are
assumed to come with nommal doors or hatches. On sealed vehicles, these
are assumed to be artight. Actual airlocks and large cargo ramps are
exceplions — they count as accessories. Vehicles will vsually not have
mote than one door per 25 st or fraction of body, tume or supersirueture
surface area, and will ofien have fewer. The GM should probibat any
designs that abuse this.

Headiights: All TLS+ vehicles with power systems are assumed 1o
have headlights amd other running lights, free of charge,

Frvemal Inteveoms: At TL5+, any vehicle big enough to need it is
assurned to have some kind of internal communication system, This may
involve voice tubes at TLS or intercoms at TLA+.

Lacks and Kevs: At TLS+, people stant adding locks wo vehicle doors.
Al TL6, the familiar 1gnitiom key (s standard on civilian vehicles with
internal combustion power plants. They become available halfway
through TL6 (with self-staning engines) and are standard st TL7+, They
will probably continue in some form into TLE+ with a key or code used
t lock the power plant on vebicles that don't require igmition, [t should
be noted that turning on the power plants of military ground vehicles
fand most aireraft and ship engines) doesn’t require an ignition key —
they just have starter knobs.

Merearological Instnonents: Any TLI+ watercrafl that is 3000 ¢f or
larger in size, and any TLé+ aircraft that is SO0 of or larger in size, can be
assumed to have wind vines, wind socks, thermometers, ele., appropriate
v its TL, at no exua charge. See p. 55 for details,

Safery Belrs: Safety straps or belts can be assumed 10 he “free” with
seats af TLO+, although not all vehicles have them.

RAILAOAD TRACKS

A wvehicle with railway wheels muns on railroad tracks. These first
become available around 1800, with the modem design (“1-rail”) final-
ized about 1850, Rail costs $88, 000 and weighs 352,000 1bs. per mile at
TL5, Cost doubles at TLG and is multiplied by 5 at TLT+.

Muost tracks and railway wheels in a region will be designed 1o a stan-
dardized gauge (width). but some may be namower or wider. preventing
some vehicles from using them. This fact sometimes hinders imemational
railway lines, and also means that if one nation invades another, they may
find their rolling stock is incompatible with their victims®

Electrified Rails (TL6): A vehicle using electric contset power (p,
B7) has its wheeled drivetrain's power requirement met by clectricity
from the rack. As long as the rails are provided with current, the vehicle
will operate. A mile of clectrified rails is four imes as cxpensive as nor-
mial track.
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PART I: PROPULSION SYSTEMS

Maost vehicles will have one or more propulsion systems. The
exceptions are vehicles built 10 be towed or launched by others, such as
trailers or gliders,

The Propulsion Sysems table below lists the available propulsion

systems, the TL at which each system first appears. what subassemblies

If any — @re required to wse i, the function of the system. and the page
it i3 described on.

Propulsion Systems Table

Svaten TL  Subassembly  Function Ft-'J:!

Sails
Acrial sitils

IMaEs1s

Hydrojets ¥ none W 32
Paddle wheels 5 MIE W 32
LTI T ToT oo | A -\-5_ S & ¥k =
J]'Iﬂliu.i.r]:llv::r drivetrain f rotors A 33
Jer engine 6 MAMe

Magnetic kevitation ? e
Urion engine TN

Bl e in "@‘,m iliiiiiﬂl_l

L _:r e
Flexibody drivetrain B rlulk
RL 411.!10!112'% thru ster 9 None

1 :ﬂl ; W ::'.

r@mm 16 nome
Parachromc conveyer 7 Mone

I is the tech level at which thar form of propulsion first became
possible,

Subassembly shows what subassemblies, if any. are absolutely
reguired in order to install that propulsion system.

Function indicates what the system is usable for:

A means the system is usable for aerial vehicle propulsion. Even if
ne subassembly is listed as required, a vehicle lacking wings, rotors or a
lifting hody must also later install an serostatic it system

O miarks the system as usable for ground vehicle propulsion,

¥ An astenisk means that ground propulsion 15 only possible if the
vehicle has cither a wheels or skids subassembly,

& means it is usable for space vehicle propulsion. Stardrives wsually
require 4 secondary propulsion system for slower-than-light travel as
wiell.

W means the system is usable for water vehicle propulsion, provid-
ed the vehicle has the flotation feature, and for wheeled drivetrains only,
off-road wheels, Tracked, wheeled and leg drivetrains are inferior com-
parel o other systems; if installed they are often supplemented by other
waler '|1111]:IH|:~G|:'|I1

L' means the system is usable for underwater vehicle propulsion,
provided the vehicle has the submersible feature, Leg drivetrains are
inferior to other svstems

Fage 15 the page where the sysiem 15 descrbed in detail

Choose a propulsion system or systems that suit the vehicle's con-
cept, and design their capabilities and statiseics,

Mote that a vehicle can generally have multiple propulsion systems,
and that systems with the same function can combine their propulsive
power.

Morgan wants the Kitty Hawk to be able to operate

on the ground, in the air, in the water and underwater.
We go through the list, check the descriptions, and
select three propulsion systems: A wheeled drivetrain
usable on the ground, a jet engine for air propulsion
(also usable on the ground and on water); and a hydro-
jet for water and underwater propulsion.
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The rest of this section provides dewailed descriptions and statistics
of the various propulsion systems a vehicle can use,

Hamessed animals, rowing, sails and lightsails are categorized as
“unpowered” systems, while all others are “powered” systems,

This division will have some effect later on when determining the
vehicle's crew requirements and statistics.

HARNESSED ANIMAL PROPULSION

Probably the first harnessed animals were humans pulling sleds.
Sometime afterward, it must have occurred to someone that attaching a
group of trusty dogs to do the pulling was a lot less work, With the
dosmestication of larger animals like oxen and horses, and the invention
of the wheel, harnessed animals pulling wheeled or skid-equipped vehi
cles became the major means of heavy land transport until the invention
of the steam engine resulied in the “horseless carmiage” and the railroad

Animals: Decide what species of beast of burden, and how many of
them, will be hamessed to the vehicle. The significant attributes of any
harnessed animal are its Strength (5T), Move and Size in hexes, and
whether it moves on land. swims or can Fy, Use of swimming or flying
animatls 15 not hisgorical, bat is poasible 1f such animals are available and
tramahble.

Adtributes of animals that can be used o pull vehicles can be found
on pp. B141-144. See any of the GURPS Bestiary series books for other
options,

A beast intended to pull a vehicle must be wainable. However, GMs
of fantasy campaigns should feel free o allow chanots drawn by tigers,
bears, giant lizards, mice, wolves, animated golems or other Fantastic
creatures - especially if the drver can speak with or magically control
them. Zombies (human or animal) are very useful! In science fiction
campaigns, alien animals or robats may be used, and cybernctic
implants or lelepathy may control normally unirainable creatures.

All amimal-drawn vehicles most have a harmess. This imcludes not
Jjust the actual harmess, but also the pole or shafts and reins. A hamess is

an animal-drawn vehicle's “drive trin,” converting the power from the
ammals inte vehicle movement. A hamess is rated Tor its type, which
determines its efficiency, and the type and maximum nember of hexes
of animals that can be hamessed 1o it. Decide what kind of harmess will
be used, determine its weight and cost (hamesses have no significant
volume) based on the tolal hexes of animals harnessed w i, and record
its efficiency, Types of harmess include;

Er:_r:lr“' Harness {]",!'_fj‘j_ This hamess is a rope connecting the vehicle
uy the cloth, leather or synthetic collars of the pulling animals, While il
14 the: least efficient of the harnesses, it is cheap and light,

Yobe-and-Pole Harness (TLE-2): This was the traditional harness
for most of antiguity, including classical Greek and Roman civilization.
Ezch animal pulled the wagon by a long pole attached 1o a voke around
the neck secured by a flesible throat hamess, A yoke and pole are betler
thian & rope harness, but not nearly as efficient as later designs.

Shaft-and-Collar Harness (TL3): This began to replace the yoke
and pole in Europe sometime around the tenth century. Shafis ran beside
the ammal, lower than the yoke, amd o <iff collar was substituted for the
Mexible throat hamess. This had three advantages: the collar ook pres-
sure off the animal's windpipe, it allowed the animal’s shoulders 1o bear
the load, and the low shafts equalized the pull on cither side, resulting in
A steadier motion,

Whifffetree Harness (T0.5+4): This is 2 still more modern design,
attaching the hurmess traces o a pivoted horizontal crossbar attached o
the vehicle o improve efficiency and handling

.flamess Table

1 ype ) Censr Efficiency
Rope Hatzness . FEEEOT T
Yukc-;md-_Pulu T:Tm_T_n:.xH g 5400 0]

: mess CR100 001sT

Whiffletree Hamess 5 10 $150 [

Location: A hamess has no volume, so location is imelevant. 1t con-
nects the vehicla"s body with the animals.

Weight, Valeme and Cosr: Multiply the W1, on the table by the
hexes of hamessed animals to find the hamess' weight. Multiply the
Cost on the table by the hexes of harmessed smimals to find the hamess'
cost. The hamess hus no volume or power requirement,

Motive Power: Hamessed land animals are rated for the “motive
power” they can generafe to pull the vehicle. Add the combined ST of
all hamessed land animals together and multiply by the efficiency on the
table. This determines the team’s effective motive power in KW the
higher the motive power in relation to vehicle weight, the faster the
wehicle will move. Bul regardless of motive power, the ultimate 1op
spead will be limited to the siowest Move among its hamessed animals,

Muorive Thruse: Swimming or flying animals are rated for the pounds
of modive thrust they can generate i propel the vehicle in water (swim-
ming animals) or the air flying amimals), Calculate as motive power but
mudtiply by 20 if swimming, 2 if flying to gel pounds of motive thruse

It animals are injured or stop pulling, or the vehicle has fewer than
itz maximum number of amimals, motive power or thrust will drop pro-
portionately, reducing performance.

ROWING

Perbiaps the earliest formn of effective man-made vehicle is the row-
boat or galley, using one or more rowers working paddles or oars 1o pro-
pel a vehicle through water,

The origin of paddles is lost in prehistory: the first depictions of
large vared vessels are Egyplien carvings dating back as carly as 2900
B.C. Oared EJHC‘:FH dominated naval warfare and coastal trade in the
narrow waters of the Mediterranean from the Bronze Ape o the
Renmssance period,

An cared vessel is generally not as fast as one powered by sails
(which appear ai TL1); however, it is also not at the mercy of the wind!
The big disadvantage of oars s that a large ship requires TEATY FOWELS,
A big ship like a Greek or Renuissance galley often required 50 1o 200
carsmen 10 reach a wseful speed. On pirate amd war vessels, rowers ofien
doubled as soldiers, or vice versa; slave rowers are & mostly cinematic
invention
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Design: Decide how many rowers the vehicle will use. The vehicle
will need seats or crew spaces for that many rowers. On larper vessels,
seats may be arranged so several rowers may use a single oar; as a
result, the cost of oars and oarholes s per rower, not per oar.

Location: Rowing positions must be located in the body or in pods
attached to the body,

Weight, Vidurme and Cost per rowing position is shown below, This
includes paddies, or oars and oarlocks, and the space 1o use them but not
weight, volume and cost of the seats, which will be covered under Crew
and Passengers,

Rowing Positions Table

TL Wi Viduwaree Ciost

[ S SRS T T I S SR 1| e e L e | S
S i) i) 530

Metive Thiust: Rowers are rated for the motive thrust they can gen
erate. Add the combined Strength of all the rowers (normal men will
average ST 10} and multiply by (L5, This gives the effective motive
thrust of the rowers in pounds. If using TL3+ rowing positions. multiply
by (0.6 instead of 0.5, reflecting the development of more efficient mod-
em oars and oarlocks,

If rowers are injured or stop rowing, ot the vehicle has less than ity
maximum number of rowers, motive thrust will deop, reducing perfor-
mance. Alse, a sideswipe collision against a rowing vehicle will damage
the actual cars or paddles and mjure rowers: ezch 10 points of collision
damage will disable one rowing position and do 2d crushing damage o
the rower (starling with those nearest the collision} @0 & maximum of
half the vessel™s rowers, A disabled rowing position or rower can’t con-
tribute to motive thrust,

SALS

Sails use the wind for propulsion, While usaally used by watercraft,
sails can alzo propel a craft on land. For obvious reasons, sails only
work in an environmen! where there is moving air, although there is no
need for it to be breathable!

Sails first appeared in the third millennium B.C. Vessels powered
primarily by sails dominated commerce from early antigquity until the
beginning of the 1%th century, The simple reason was their cargo -
ity: they were capable of carrying enough rations o allow their small
crews 1o make intercontinental journeys. Sailing ships made possible the
great Age of Discovery and opened up the MNew World,

Sails can only be used if a vehicle has mast subassemblies, and may
not be used on vehicles with Good or better streamllining,

The arrangement of sails on o mast 18 1ts rigging. A vehicle can have
one of three basic types: a square ng, a forc-and-aft rig. or a full rig. Full
rigs are only available if the vehicle has two or more masis,

A sguare rig (TL1) is a single broad, square sail facing wward the
tront of the crafi, like the sail on a Greek galley or Viking longship, The
sail is supporied by a honzonmal yardarm. Any vehicle can have a sijuare
rig

A fore-and-aft rig (TL2) is a tnangular sail of the son seen on mod-
erm 2ail boats with the sail running parallel w the hull, For simplicity, we
also include triangular lateen-rigped sails here. Tt hes the advantage that
it can sail more closely to the wind, allowing much higher speeds in
adverse wind conditions.

A full rip (TL4) can only be wsed if the vehicle has more than one
mast, It consists of both riangular and square sails, the later with multi-
ple horizontal vardarms one above the other, each vardarm with its own
independently manewverable sails controlled by a complicated network
of ropes and rigging, with small outrigger sails (jibs and stavs) attached
in front of and behind the main sails. A full rg has more soil ares, and
thus pets more speed than any other kind of rig provided the wind is
right, but is not as fast if the wind is coming from a less-than-optimum
direction.

Next, determine the sail area in square feet, Sail area equals (aver
age mast height) squared times half the number of masis. I the vehicle
has a fore-aml-afl Hig or square rig multiply total area of sail by 08 to
get the actual ares,

Decide whether the sails use cloth (TL1), synthetic {TLT) or bioplas
{TLLD material. Bioplas sails can regenerate rips and tears, and can
function even in corrosive annospheres. They regenerate | hit per 100 sf
or fraction of area per six hours.

Weigit and Cost: This is | Ib, and 51 per sf of cloth sail, 005 [hs.
and %10 per sf of synthetic sail or .25 Ibs, and $100 per st of hioplas
sail. Sails dono add volume.

Meuive Thrast: This depends on there being a wind! [t s 0.4 |bs. x
area of sail = wimd force, where the wind force is rated according 1o the
Beautort scale: (0 is calm, 1 is light air, 2 95 a light breeze, 3 is pentle
breeze, 4 1% a4 moderate breeze, 5 15 a fresh breeze, s a strong brecze, 7
and up are gale force winds, If wind exceeds scale 6 (scale 7 if bioplas
suils), the sails should be furled or damage may ocour — see Sarly and
Wiend on p. |58, For purposes of caleulating typical speed of 4 vessel
under sail, use u fresh breeze, piving 2 lbs. thrust * area of sail, If more
detail is desired, feel free to calculate motive thrust {and later. perfor-
mances ) ar different wind scales.

Aerial Sails (TL3)

These are sails designed for use by wingless flving vehicles such as
airships, or contragravity flyers. A flying vehicle lacks a keel in the
waler whose resistance keeps It from drifting in the direction of the
wind, so normal sails are wseless, Instead, if a vehicle intended 1o fly is
to rely on sails, it must use a three-dimensional arrangement of outrigges
sails and fins combined with ballast tanks for steering and trim contral,

Acrial =ails are built exactly ke an ondimary fore-and-aft or full rig,
but have 1.5 nimes the ares and weight of sail, and twice the cost. They
are also usable as normal sails for land or water propulsion, but excess
miasts and sail that would get in the way must fiest be removed and
stowed. This takes | man-hour per 1000 sf of sail, and reduces the sail
area and motive thrust by a third.
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LIGHTSILS

A lightsail 15 a low-thrust spacedrive that
uses the pressure of light, uswally sunlight.
for propulsion. [1s main advantage is that
it requires no fuel. A hghtsal 15 essen-
tially a very large, ultra-thin stecrable
mirror, Unlike nommal sails, it docs
nol require @ mast subassembly

Light pressure is very skigh
and varies inversely with the
siquare of the distance from the
system s star. As such, a light-
sail is most wseful within the
INner part of 1 star sysiem. A
lightsail can mancuver and
propel the vessel im any direc
tion, by tilting the sail and
using stellar gravity Lo assist
i changing course,

Lightsails are very fragile,
A ship with an unfurled lightsail
cannot uge any other form of
thrust without damaging the sail,
nor can it come within 2000 miles of
any world with an atmosphere.
Furling or unfurling a lightsail is a diffi-
cult maneuver requiring one hour to
accomplish, A successful Piloting {Lighisml)
rexdl will cun this time 10 15 minutes.

Decide how big the sal 15 in square miles. The
maximum size is 1.6 square miles at late TLT, 36 at TLS o
360,000 at TLS+. Then calculate ity weight, cost and throst using the
table below:

Lightsail Table

TL and Tope Weipht Comst Thrust
TLT Lightsail 28,000 87.000,000 464
'['I._.-‘l Lightsail 6,500 $3 250,000 3.03
TLY+ Lightsail 400 S200,000° 1 5.26

Locaricr: When stowed. in body, pod or supersiructure; when
deployed. treat as sails.

Wieight amd Cost: The table shows the weight (lbs.) and cost per
square mile of lightsail.

Vaodwee: The lightsm]’s volume is its weight/200 cf

Thruse: This s the pounds of thrust of the sail, per square mile of
areq, at 2 distance of one astronomical unit from a star of the same lumi-
nosity as our sun, (One AL is the average distance from the Earth to the
Sun.) This is modified by the sguare of the distance: At a distance of 2
AU the thrust is ene-fourth as much, at 3 AL it is one-ninth as much,
and so on; similarly, at 0.5 ALT 2 15 four times as great and at 0.1 AU
wolld be 10K imes greater. Around a star other than the sun, the thrust
should be mulaplied by that star’s relative luminosicy

WHEELED, TRACKED, LEG AND FLEXIBODY DRIVETRAINS

These are transmissions or electric motors that conven power o
movement of wheels, tracks, legs or body segments

Wheeled Driverrain (TL5): Any vehicle with a wheeled subassem-
hlf. TTHRY have a wheeled drivetrain to enable it o use '|'|¢w.'|_'r|_'d wheels
for propulsion, Bicyeles, locomotives, automobiles, trucks and motorcy-
cles are all examples of vehicles that have wheeled drivetrains. Not all
wheeled vehicles have wheeled dnvetrains, of course; those with other
propulsion systems — such as hamessed animals, propellers, or et
engines — can do without them!

If a TL6+ vehicle has a wheeled drivetrain, decide whether or not it
also has all-wheel drive. This increases weight and cost, but improves
the ability o travel off-road. as described under Growed Pressure and
CHE-Roed Speed, p. 130,

Tracked Driverrain (TL6): Any vehicle with a tracked,
halftracked or skitracked subassembly must have this
kind of drvetrain to transfer power 1o the run-
ning gear that works the tracks.

Lee Deiverrgin (TLT): A vehicle with
legs requires a leg drivetrain, The drive-
train represenis the eleciric motors,

hydravlic gears or myomer fiber
pseudo-muscles that move the

legs,

Flexibody Drivetrain (TLAY:
Ahypathetical wechnology with
ECArS Of MYOMEr Motors

which transmil power o indi-

vidusal body segments on the
vehicle. This lets it move in
an  wndulating  fashion,

enabling it to slither like a

worm or snake, or swim like a

fish, A flexibody is slower {on

land) than legs, but even betier
able to cross very rough terrain!

All drivetrains are rated for
motive power i kilowsans, This is

hoth the power requirement and a
measure of how much power is trans-
mitted from the vehicle's power svstem
o moeving the vehicle's wheels, racks,
leps or body sepments. The more motive
porwer the vehicle has in relation o whatever its
final weight is, the faster it will move, Some suggest-
ed motive powers ane

Utider TO KW e omeecs s s carly steam carriage, battlesui
T30 KW e motorcycle, primitive automobile, motorseooter
31-60 kW

OBV carly awto or light truck, acing bike
BI-120kW ........... ceeeeeee e MOdETN A0t OF var. eoarly h:-.v..'}' mack

IZ1-2500W Giani B madern sports car, light truck or light tank
251-500 KW ..o early locomotive, medium tank, semi-truck
SOT-02000 KW ..o, race car, locomotive, main hattle tank
1200 -5, 000 KW L omadern diesel locomotive, oltra-tech tank
S0 -TOO000 KW e sressiens 3 o {ipre-erm L:_l.'hc:r]:.nk

After determining the motive power, work out the drivetrain’s
weight, volume, cost and power requirement using the table below:

Ground Drivetrain Table
Weight in [hs. when Morive Pawer s . . |

TL Ty, nnder 5 EW F kW ar muore Corst

TLS- Wheeled ~  20xkW [ xkWj+80 52
TLE Whesled 0 IOxEW . (2 kW) 440 $4

all-wheel drive 15 < kW (3 % K'W) + 60 T

TL? Whuc[!;d T8 = kW (1.5 x kW) + 30 S0
o oll-wheel drive 10 % KW (2= kW) +30 £20.
TLE+ Wheeled iAW T = kKW + 20 SHy:
all-wheel deave 7.5 = kW (1.5 = kWy+ 30 b

TL6 Tracked 2 kW (6 = KW+ 120 210
TLY.  Tracked: LD W A KW+ RO 520
TL3+ Tracked 1S xEW £33 kW + 60 520
TLT Leg B0 = kKW (& = kW) + 360 50
TLH 1.::5 Al = kKW 6w kWY + 270 50
TLY: “hep S W (4 KW + 180 £50
TLIO: Eeg 30 = KW I xEWi+ 135 850
TLI11 Leg 20 = kW (2 = KW+ 00 550
;Eulfbeg 15w kW (1 = kW) + 70 £50
Hﬂﬂbﬁl}' dy o RO oW T8 =KWy + 360 5200

Tia: Flexibody Bl kW 6= KW+ 270 §200
TLIO Flexibhody 400 = KW (4= KW+ 180 $200
TLI1 Flexibody 30 W (3 =kWy+ 133 $ 20
TLI2+Flexibady S AW 12 kWh+ 90 5200
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Location: Wheeled, tracked and flexibody drivetrains must go in the
body, Leg drivetrains go in the legs.

Weiphe: The weight as a function of motive power is shown on the
table above.

Volume: The volume is weight/50 of. Leg drivetrain components are
divided into individual leg motors, Divide the volume egually among
the vehicle's legs.

Cost: The cost of dovetrains 18 based on their weight multoplied by
the number shown in the Cost column on the able. Leg drivetrain costs
assume four or more legs. Double the cost for three legs and quadruple
cost for two legs doe to the extra stabilization and control systems
needed.

Power Requirermeni - This is equal to the molive power

The Kitty Hawk resembles a sports car, so we give it
a 200 kW motive power wheeled drivetrain (about 268
horsepower) with all-wheel drive for better off-road per-
formance. We have to put the drivetrain in the body. It
weighs (2 = kW) + 40 Ibs, or 440 Ibs. Its volume is
weight/50 cf, or 8.8 cf. It costs $20 » weight, or
$8,800. Its power requirement is 200 kW.

PADDLE WHEELS, HYDRDJETS
SCREW PROPELLERS AND MHD TUNNELS

The invention of a reliable steam engine made possible mechanical
propulsion that did not require either moscle or wind power. One of the
first beneficianes of this was watercraft, with the invention of the paddie
wheel and hydroger,

Paddle Wheels: (TLS): In service by | BN, these were the first suc-
cessful mesns of powered water propulsion, extensively otilized by
steam-powercd watereraft prior 1o the invention of the screw propeller.
By the 18205, paddle-wheel steamers were found on rivers all aroumd
the world, and soon afterwards competed with sailing ships for oceanic
trade. By 1850 paddle wheels began to disappear, bul some paddle-
wheel nver boats remained in use in iseloed regions well into the 2ith
century, Paddle wheels are heavy and bulky, but are the most effective

meoIEDx»m

propulsion system available until 1837, A vehicle may have one or more
paddle wheels: odd numbers of paddle wheels are wsually installed in
the stern of the vehicle (“serm wheels”™), while pairs are attached on
either side (“side wheels™). Paddle wheels may not be used on vehicles
with hydrofoils.

fAydrojers (TL3Y. These suck in water and expel it in high-speed
jets. They are also called “agquajets™ or “pumpjet propulsors.” Hydroje
propulsion requires bulky pumps and is less efficient than a convention-
gl propeller. Hydrojets were experimented with as early as 1790, and
actually pre-date paddle wheels, but until the TL7 period, few were used
on production watercraft. The main advantage of o hydrojet is that it can
be considerably guieter than a propeller, making it of interest for mili-
tary and covert operations. At TLE+, completely silent magneto-hydro-
dynamic pumpjets become gvailable for use in salt water. A vehicle can
have any number of hvdrojets,

Screw Propellers (late TL3) are rear-mounted underwater pris-
pedlers. Screws were introduced in 1837, and within a few decades had
displaced paddle wheels as the primary propulsion system for water-
craft. Few vehicles have more than four screw propellers.,

hcted Propellers (late TLY) are advanced screw propellers, They
are somcewhat quicter and more efficient than ordinary screw propellers,
bart are also more expensive.

Select the type of aguatic pmpulmun and assign its power reguire-
ment im KW, The higher the power requirement in relation to the vehi-
cle™s weight, the more motive thrust the vehicle will have, and the faster
it will move. Some suggested ranges for motive powers are:

10300 kW . i . dinghy or inflatable boat
31-10ud }-.w ; \mull |.m-'r\-t'|!1u..|1 or small riverboat
LO1-300) k"-"r spu’.db-mt w_'l'n Ih-cenmuiry gunboal or riverboat
301-1.000 k'ﬁ-’ ...... . patrol boat. 19th-century freighter or destrover
LO0T-3,000 kW . L o ramp freighter sub, or 19th-century cruiser
3001-100000 KW ... ... destroyer. freighter or | Hh-century ironclad
I0001-30,000 kW .. ..... light cruiser, modern frigate or nuclear sub

001-T00000 KW . hvy. cruiser, modern destroyer or big freighter
100,001-400,000 kW . ....... baltlecruiser, supertanker or cruise ship
400,001 or more kKW ... ... carrier, fast battleship or fast ocean liner

Vessels with motive power over 30,000 kW wsually divide the
power among two or three screws or paddles

Calculate the weight, volume, cost and mative thrust for each
propulsion system using the table below

Powered Aguatic Propulsion Table

Weighr in its. when Aguatic
Mative Power is Maorive
TL Tvpe wnder 5 KW 3 o more EW Thrusi
54 Paddle Wheel 125 = kW (25 = KW + 500 R
5 SerewPropefler  SOXKW | (I0XKW)4200 10
6+ Screw Propeller 25 = KW (3 kW) + 100 15

T+ nght Screw l"mml]-.r 5% kW (1% kW) + 20 |2

56 Hydrojet G
7 Hydrajet (2% kW) + 40 12
B+ Hydrujet or (1% kWi+ 20 Ml

MMHD Tunnel

Lewceation: Paddle wheels must go in the body. Propellers and MHD
funnels (see p. $4) may go in either the body or pods, Hydrogets may go
in the body, pods, hvdrofoils or legs,

Weight: Caleulare the weight based on the chosen motive power, as
shown on the table.

Varltime ! The volume is weight/30 of.

Cogi: The cost 18 54 per pound for paddle wheels, $10 per pound for
screw propellers, $20 per pound for ducted propellers and $40 per
pound for hydrojers.

Aguaatic Motive Thrust; This is the motive thrust of the system per
KW of motive power when used to propel the vehicle through or under
water, Mone of the aguatic propulsion sysiems can produce motive
thrust in the air or on the ground.
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We don’t envision the Kitty Hawk being as fast in
the water as on land, so we use a lower motive power: a
40 kW hydrojet. We place the hydrojet in the body. It
weighs (2 > kW) + 40 Ibs, or 120 Ibs. Its volume is
weight/50 cf or 2.4 cf. It costs $40 - weight, or $4,800.
Its power requirement is 40 kW, and it has an aquatic
mative thrust of 12 Ibs. - motive power, or 480 Ibs.

HERIAL PROPELLERS AND DUCTED FANS

These systems (collectively called airscrews) use powered pro-
pellers or ducted fan blades to produce thrust.

An aircraft or hovercraft can use airscrews for acrial propulsion.
These can also propel a vehicle with skid or wheels subassemblies along
the ground, and can propel any vehicle over water. They only work in
an atmosphere, although oxygen in not required. They aren't useful for
underwater propulsion

Aerial Propelfers (late TLS) are just that. They are the standard
means of propelling TL6 aircraft and remain i wide vse through TL7
and beyond. More advanced propellers use superior blade designs 1o
generate more thrust. Aerial propellers also include turboprops - the lat-
ter are simply aenal propellers attached to vehicles using gas turbine
power plants. rather than the more common gasoline engines,

Ducted Fans (TLT) are advanced acrial propellers in which the
hlades are entirely shrouded within a cowhng. They are heavier, but also
quieter and slightly more efficient. They otherwise function just like
acrial propellers. They often propel hovercralt, but have also seen some
use on experimental aircraft.

Motive Power: Select the power used by the propeller or fan. The
higher the power in proportion o the vehicle's final weight, the more
thrust it will generate and the faster the vehicle will go. No single prop
or fan may have a motive power greater than 1000 KW % (TL-4); e.p., a
TLT airscrew would be limited o 3,000 kW, A vehicle can have any
number of props or fans; when pairs of props are mounted one per wing,
each should have the same power reguirement. Some typical airscrew
craft:

Early TL6 (WW 1) fighter or any TL6 light plane:

e one 50-150 kW propeller
one or two TO0- 1400 kW propellers
Late TLG (WW 11 bomber or transpor:
......................... oty toy Four S00- 1,000 kW propellers
TLY light cabin plane: oo me or two 75150 kW propellers
TLY turboprop transport: Sour 2,500-3,000 KW propellers

After motive power is chosen, calculare the other statistics for each
propeller or ducted fan as shown below

Airscrew Table
Wetghi in ths, when the

Mative Power H:-'r;m‘wm:'n.r is!
Ti Type Thrnst  weder 3 W 5 or more kW
Late 6 Aerial Propeller 3 4= kW (0.4 = kW) + 18
T+ Acrial Propeller 3.5 4xkW. | (04 xkW)+ 18
¥ Ducted Fan L B kW (0.6 kW) + 27
B+ DuctedPan CAXEW O (0AXKWY 418

Momive Theuge: To find the pounds of thrust generated sudtiply the
mitive power by the number shown in the motive thrust colummn.

Locaron: Airscrews may be housed in either the body or pods;
Cucted fans may also o in wings,

Weight: The table shows the weight of the propulsion system based
on its power requirement,

Violwme: Volume of propellers is negligible since most of the vol-
ume is outside the vehicle, For fans, divide '\w.:_-]ghl h}- 100t get vol-
e,

Cost: The cost is 35 per pound for TLS and TL6 aerial propellers,
$20 per pound for TL7# aerial propeliers, and $40 per pound for ducted
fans

FPower Reguiremernt: This is equal to motive power.

HELICOPTER DRIVETRAINS

A helicopter drivetrain is needed if the vehicle has rolors and (s to
fly like a helicopter, using powered rotors mounted above the vehicle o
provide hift and thrust. Only a vehicle with a wp-and-tail rowr (TTR),
coaxial rotor (CAR) or muliple main rotor {(MMR) subassembly (p. %)
may wse a helicopter drivetrain,

If a vehicle is to use # helicopter drivetrain, the number of drive-
trains reguired depends on the tvpe and number of rotors. A vehicle with
4 top and wil rotor (TTR) or coaxial rotor (CAR) arrangement requires
one drivetrain. One with multiple main rotors (MMR) configuration
requires ene drivetratn per rovor. Helicoprer drivelrains muost match the
rotor type: a vehicle with TTR rotors requires a TTR drivetrain, for
inslance.

To design a helicopter drivetrmin, first sclect s Aelicopter motive
power. This is the amount of power the drivetrain will use and ransform
into fift and thrust. The higher the motive power. the faster the heli-
copter will move and the more it will be able wo Lift. If a vehicle has mul
tiple helicopter drivetrains, their motive powers are added together, but
each drivetrain must have identical statistics. Some typical helicopter
miotive powers {per rotor):

Light or scout helicopter: . . .. . 200500 kKW (TTR)
Linlity or atvack helicoprer: .1 000-2,500 kKW (CAR or TTR)
Maval, transpost or heavy 1ift helicopter: ... .. ... . 3 0006, 000 kW

(CAR, MMR or TTR)
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The motive power determines the rotor's helicopter lift. This 15 the
maximum weight the vehicle con corry and sull iy, although serostatc
lift from other sources (such as lifting gas or contragravity) are cumula-
tive with helicopter lifi. When desigming the vehicle, be sure to keep a
running total of component and other weights, 1o ensure that the final
helicopter desipn can Bift itself! Helicopter 1ift 15 10 [hs, times helicopter
motive power if the vehicle has TTR or CAR roiors, 12 Ibs. = combined
mative power if MME rotors.

The helicopter motive power also determings motive throst. Motive
thrust is 1.6 pounds per kW of motive power. Once motive power, lift
amnd thrust are determined, work out each helicopter drivetrain’s weight,
wvolume, cost and power requirement as shown below:

Helicopter Drivetrain Table
Weight if Motive povier is

]'L T-,m ungder 5 KW is 5 kW or mrore!

(0.6 % kW) + 27

B kW

AXEW (04 x kWH 11-:

Location: Dovetrains can go in the body, or any turret or super-
structure atop the body, IF using MME rotors, helicopeer drivetrains may
alzo be placed in pods, at a maximum of one per pod.

Weight: The weight of the drivetrain per kW of motive power is
shown on the table above,

Verdume : The volume is weight/50 cf.

Cease: The cost 15 525 = weight for TTR or MMR rotor drivetrains,
or 550« weight for CAR rotor drivetraing.

Forwer Reguirement: This is the same as motive power.

Tilt-Rotors (late TL7)

A tilt-rotor 1= 8 winged helicopter that mounts its rotor blades in piv-
oting pods on its wings, so that when the vehicle 15 going fast enough it
can swivel the pods {(sometimes the whole wing as well) so they func-
tion like large propellers

A vehicle with multiple main rotors and standard, high-agility or
STOL wings and one pod attached 1o each wing and two helicopter dri-
vetrains can be o tlt-rotor aircraft. An example of a tilt-rotor craft is the
expenmental V-22 Osprey tilt-rotor, which uses two 4.593 KW MMR
drivetrains,

Add 50% to the weight, volume and cost of the MMR helicopter
driverraing for the tilting mechanism. The rotor drivetrains must be
Iocared in the wing pod subassemblics, one per pad.

A tilt-rotor’s performance is calculated as if it were a helicopter.
However, the vehicle can also fly like an airplane, When its rolors ane
tilted forward, recalculate its performance as if its helicopter dnvetrains
were nol helicopter drvetrains but aerial propellers, giving no lift but
giving a thrust equal to 3.5 times their motive power rather than 1.6
Limes molive power,

The vehicle can switch mode im flight, but can only change from
airplane o helicopter mode if flying below 300 mph, and can only
switch from helicopter (o arplane mode if flying at greater than the pro-
peller mode’s stall speed. Switching modes mkes two seconds, during
which the vehicle is treated as being in the previous mode. While
switching mode, it is -5 to Dodge or hazard control rolls, and may not
accelerate, decelerate or maneuver.

URNITHOPTER ORIVETRAINS

An ornithopter drivetrain allows an aircraft to use birdlike or insec-

toid flapping wings for lift and propulsion. Only & vehicle with a pair of

wings may use an ormithopter drivetrain, At present. ornithopters remain
largely experimental vehicles, but it is possible they may be developed
in the future,

Omithopters are theoretically better at low-speed manesuvenng and
short takeoffs than aireraft arc and faster than helicopters, but their high
weight and cost limit their umlicy.

The omithopter drivetrain represents the modors or preudo-muscles
embedded in the wings that enable it to flap.

Maive Power: 5Select the ormithopter drivetrain’s KW of motive
Pl'!'uh'l..'!'.

Oymithoprer Lifr: Like helicopters, ornithopters are rated for 1ift they
can produce, Unlike a helicopter, an omithopler’s 1ift does not have to
excead its weight to fly. However, if the omithoprer 1ift exceeds the
vehicle's final loaded weight. the vehicle can bover m md air like a
hummingbird. Otherwise, it will simply contmbute w allowimg the craft
to 1y at slower speeds without stalling (Talling out of the air) and reduce
the length of take off and landing runs. Omithopter lift is twice thrust at
TLT, 2.5 « thrust at TLE+,

Metive Thewst: Find the pounds of motive thrust the drvetmin pro-
duces by multiplyving motive power by 2.

A vehicle can only use one ornithopter drivetrain at a time, The
weight and volume of the drivetrain are divided evenly between the two
wings,

Ornithopter Drivetrain Table

Weoghe i Motive power is
i 5 kW or mine:

amrf.v.r 1] k'l.l-

Lawation: Urnithopter drvetrains may only go in wings.

Weight: The weight per kW of motive power is shown on the table
above.

Velume: The volume is weight/50 cf. Divide the volume of the
ormithopter drivetraimn between the two wings,

Cont: The cost 15 5100 < dnvetrain weight,

Power Reguired - This is equal to the motive power,

REACTION ENGINES

Reaction engines include jet and rockel engines s well as some
more exotic spacedrves. They are called reaction engines because they
expel a reaction mass — wsually a hot exhavst produced by burming fuel
— to produce thrust. Reaction engines are rated for pounds of motive
thrust, rather than for motive power,

Reaction engines are normally used mainly for aireraft and space-
craft, but they can be used to propel watercraft or wheeled or skid-
equipped ground vehicles, Their main disadvantages are that they use a
frar of fuel and aren’t very quict!

Any vehicle intended to flv without wings or rofors usmng reaction
engines tor thrust should have a thrust equal to or greater than its estimat-
ed final weight! This doesn't apply for vehicles that will use contmgravity
or lighter-than-air gas (o cancel their weight, though — they can get by
with very Dittle thrust, often less than a tenth whal a convenbional craft
needs!
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Jet Engines

Jet engines are air-breathing reaction engines; all but the fusion air-
ram require an ammosphere containing oxygen. They can be used for
propulsion by aircraft or watercraft, as well as by ground vehicles that
are equipped with skid or wheels subassemblies. There are several types
of jet engines;

Turhojets (late TLA): A turbojer uses a turbine to suck air ko the
engine, combines it with jet fuel (kerosene), compresses it to the igni-
tion point and then expels the hot gases 1o the rear of the engine
produce thrust. Turbojers only work in atmospheres with breathable
levels of oxygen. The first turbojet was built in Britain in 1938, bt
Germany pul the first jel arcraft into service (Me 262 fighter-bomber)
in 1444,

Turbofons {late TLT): These engines are similar to furbojets, but use
large fans to suck in and compress additional air which bypasses the
combustion chamber and is expelled “cold” to increase thrust withou
using additivmal fuel. Turbofans are somewhat heavier than wrbojets,
but much more fuel-efficient. Turbofans first came into widespread vse
in the 1970s,

Ramjers (TLT: A ramijet is a simple form of jet engine that does not
use & turbine. It only functions at high speeds (above about 375 mph at
sea level) making some other form of propulsion necessary 10 enable the
vehicle to reach that speed. A ramjet requires oxygen, but can operate in
very thin atmospheres. TLE+ ramjets may be scramjets (supersonic
combustion ramjets, designed to operate at very high speads).

Turbir-Ramyjets (late TLT): These are turbojets with variable peome-
try inlets allowing them o function a5 ramjets once the vehicle is mov-
ing faster than sound, considerably increasing their thrust, TLE+ turbo-
ramjets include turbo-scramjets (supersonic combustion ramjets,
designed to operate at very high speeds).

Hyperfans (TL¥): These are advanced, hydrogen-burning turbafans
They may become common in times or places where petroleum-based
jet fucl is unavailable or toD expensive.

Afterburner (TL7): This is a device that augments the thrust of a jet
engine by squirting raw fuel into the exhaust, It can be added o any
kind of pet except a fusion air-ram. When turned on (“1it"™), an afterbum-
er adds 10 thrust but greatly increases fuel consumption. If an engine has
an afterburner, list two thrust and fuel consumption values for it — one
with and one without afterburner, Afterburners are mostly used in air-
craft intended to be supersonic,

Fusion Air-Rams (TL103: These are fusion rockets that suck in adr,
heat it using a fusion reaction, then expel it as reaction mass. They oper-
ate for 2.5 years on an intermal fuel supply, and while they only work in
an atmosphers, its type or density (beyond a mere trace atmosphers) is
irelevant, The weight of the sir-ram includes a high-efficiency fusion
reactor that serves only 1o power the engine.,

Jet engines are rated for their pounds of motive thrust. The more
thrust in proportion 1o the vehicle’s drag (determined by 11s final size
and shape ), the faster it will move.

Vehicles may have more than one jet engine. Each engine is built
individually, and while having a single huge engine 15 a bit lighter anc
cheaper, using multiple engines offers a margin of safery in case one
malfunctions or 15 disabled!

Decide what type of engine the vehicle will use, how many it will
have, and what esch engine’s motive thrust will be. Some typical jet air-
craft motive thrusts:

Late TL6 fighter: .. .........one or two 1,500-2,000 1b. wibojets

Early TL? fighter: .. ... one or twa 5.000- 15000 b, wrbojets*
Late TLY fighter: one or two 200000-25 000 1k, turbofans*
TLT amack bomber: . ... rwo 8000 10000 turbojets or turbofans*
TLT strategic bomber: ... .. up o eight 15000-20,000 mrbafans
TLT executive jet: .. ... - oome o7 two 3000-5, 000 1b, mrbojers
TLT aidiner: ..... oo two to Four TO00-15 000 . wrbofans

TLT superliner or transpaort:
R R TR AR L wo to four 40 000-50,000 1. turbofans
¥ Includes afterbumer; thrust is with afterburner lii.
For cach engine the vehicle has, decide where it is located and cal-
culate its statistics as shown below:

Jet Engine Table
_I.L _'-"T;Jz'. -

Weight (it |

B 0 (03 xthmus) 4500
T+ Turbo RIS thrust) + 150
T Turbofan (0.2 > thrust) + 200
& Turbafan (0,1 = thrust) + 100

3 R

8  Tubo-Ramjet
O Hyperfan

] --%;mfumeﬁm :
{0,125 = thrust) + 250
(0.1 3 thrusr) + 50 0.2H

005 x fhous) + 30 o 25y

Location: The engine may be placed in the body, or 4 wing, pod,
supersimcturne or leg.

Weight: The table shows the weight of the vehicle's propulsion sys-
tem depending on motive thrust and type.

Vidume: To find the volume. divide the weight by 50,

Cast: To find the cost of the propulsion system, multiply the weight
by %50 for most jets or 51040 for l'n'll'l'ljl':T.-i. Hi!’hﬂ—r._uﬂjl;h ot Tusion ar-
rams,

Fuel Consumpiion - This is the fuel consumption in gallons per hour
igph) per pound of motive thrust. J indicates the fuel used is jer fucl,
while H is hydrogen. The fusion air-ram runs for 2.5 vears on intemal
fusel,

A note on fuel consumption: The figures for jet engines reflect an
average cruising figure; operated at full output, these jets would use
more fuel, but rather than requiring the calculation of multiple consump-
tion figures, this averaged level has been used, An exception is noted for
atterburners (below ).

Power: Jets have no power requirement — the power is provided by
burning fuel or (for the fusion air-ram) by a dedicated reactor optimized
1o do nothing else except heat the reaction mass,

Afierburner: An afterburner can be added to any jet engine except a
fusion air-ram; this increases the engine’s weight and volume by 10%
and cost by 50%. When “lil,” an afterburmer on a wrbofan or hyperfan
increases rated thrust by 653% but multiplies listed fuel consumption by
4; on a wrbojet, ramjet or twrbo-ramiet, it increases raled thruse by 50%
but multiplies listed fuel consuomption by 3.5,
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The Kitty Hawk has a jet engine. We consider
adding two engines for safety, but decide on only one
to save space. We use a TL7 turbofan with a mere 500
Ibs. of motive thrust. Why not use more? Because we've
decided the vehicle will use contragravity to lift it, so
we don"t need much thrust. We put the turbofan in the
body. It weighs (0.2 < thrust) + 200 Ibs., or 300 Ibs. Its
volume is weight/50 cf, or 6 ci. It costs $50  weight,
or $15,000. It has no power requirement, but uses 0.03
gph jet fuel < 500 Ibs. thrust = 15 gph.

Rocket Engines and Spacedrives

Eockel engines are reaction engines that do not require air or oxy-
gen o operate. They can be used for propulsion by aircraft, spacecrafl,
watercrafl or underwater vehicles, as well as by ground vehicles that are
equipped with skid or wheels subassemblies.

There are numerows ivpes of rockel engines, from simple solid fuel
rockets to antimatter drives. Like jet engines, they are rated for pounds
of mative thrust. A veticle can have multiple rocket engines, and can
use mone than one type. Many of the TL%+ rocket engimes are unlikely
i be: wsed if reactionless thrusters are available (p. 38); they are includ-
ed for cultures or backgrounds where this technology does not exist,

The types include

Solid Fuel Chemical Rockers (TL3): These are the simplest and ear-
ligst type of chemical rockets, in which the fuel s & solid (or putry) al
ordinary temperatures, Such rockets have no need for fuel tanks or mov-
ing poarts becanse the casing that holds the fuel s also the combustion
chamber; a solid fuel rocket can be stored with fuel, and launched on &
moment’s motice. However, once a solid fuel rocket is started (unlike all
other types of rocket), it cannol be shut down. A sobd fuel rocket cannot
be quickly refuelled — replacement of the solid fuel core tmkes several
hours at a specialized repuir shop, and costs 20% of the rocket’s cost.
This means that on manned vehicles, solid fuel rockets are best wsed as
“hoosters”’ rather than as the mam propulsion system.

Liguid-Fuel Chemical Rockets (TLG): These are rocket engines that
burn a mixture of fuel and oxidizer, and cxpel the resulting hot gas
exhaust to create thrust. Liguid-fuel rocket engines are guite light-
weight, but they are extremely
fuel-thirsty.

Metal Ovide Rockeiy
(MOX) I TLR): bum a slarry of
metal powder in liguid oxy-
ren. The performance is sub-
stanbially lower than other
types but they are some-
times used because fucl
can be obiamed by pro-
cessing asteroids or
lunir rocks.

fon Drives (lae
TLT): Theze are very
low thrust electn-
cal-acceleration
propulsion sys-
tems that convert
reaction mass
into a stream of
ion: {charged
Alems of
molecules),
which acts as a high
velocity exhaust. An ion
drive 15 extremely fuel-cfficient,
bui huge amounts of power are needed
toy generate high thrust Ton drives are not
practical for taking off from a planet that has any sig-
nificant gravity, but are better than chemical rockets for
lonig, slow interplanetary voyages
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Fiszion Rockers (late TLT) These utilize a balt-in fission reactor
opiimized to heat regction mass and expel it to produce thrust. They are
heavy and expensive, but offer more thrust than ien drives. Their
exhaust 15 somewhat radioactive.

Fusicn Rockets (TL9): These rockets incorporate an integral Tusion
reactor that heats reaction mass and expels i o produce thrust. The dis-
advaniage is 2 very hbot (and somewhat radioactive) exhaust, The apti-
mized fusion rocket is designed for fuel efficiency at the expense of
preater weght,

Antimarcer Dhermal Rocker (TLY): This rocket mizes minute quanti-
ties of antimatter with far larger amounts of normad fuel (0 generste heat
and produce an exiremely energetic exhawst, The antimatter rocket s Tar
cwsier W build (even at low TLs) than an antimatter power plant — the
only lmiation s that antimatter is exremely expensive at TLS, See
Antimatrer Fuel Bays (p. 90) for mles covering antimatter storage and
failsafes.

Antimarter Pion Rockers (TLY): A much more sophisticated space
drive, this system mixes an egual quantity of matter and antimatier
whose mutual annihilatnon generates energy. Part of thes is i the form
of pion particles, which are directed by magnetic fields rearward 1o pro-
vide thrust. The antimatter drive’s main advantage is that it reguines
very little fuel and as such can accelerate for a long time, gradually
building up to a very high velocity. Tts disadvantage is that the exhaust
i5 an intense plume of gamma rays and other radiation thousands of
miles long! Antimatier pion rockets usually have some form of sec-
ondary drive for use when maneuvering in elose proximity to other
ships or space stations.

Eocket engines are rated for their pounds of motive thrust, The
maore thrust a vehicle has, the faster it will move and accelerate. As with
et engines, vehicles may have more than one rocket engine for added
safety; each is built individually, but their thrust will add together.

Decide what type of engine the vehicle will use, how many it will
harve, and what each engine’s moftive thrust will ke, For cach engine the
vehicle has, decwde on its location and calculate its statistics as shown
below. Exceprion: for solid fuel rockets, see p. 37,

Rocket Engines Table

TL.  Type 5 Weighi Fuel Usage Power

1= 1J1ru.~1
0,025 = thrust

%ﬁiﬁu .

(0.325 % thrust) + 4,000
(15 = thrusth + 1,000

L Lj;:llid-lfuul-uckm 0.0
B4+ M[}}C_ Rocket

7

0.5W
01w 0

Fission Rocket
] Fission Rocket

g, L e 1 e
0.04H 0
(0025 x thrusth + 25 LYY il
Antimatter Thermmal (002 = thrust) + 100 LOSW/AM O
a Antimatter Pion 01000 2 thy, )+ 20,000 MSAM 0

104 Antimatter Pion - (200 thrusty + 4000 MAM 0

Lovation: The engine may be placed in the body, wing, pod, super-
simuciure, or |r__s.l,.

Weighr: The table shows the weight of the propulsion svstem (in
pounds) depending on motive thrust and type.

Volume: To find the volume, divide the weight T 50

Cost: To find the cost of the propulsion svstem, multiply the
weight by 525 if liguid fuel rocket, or by 5100 {any other
VRIS,

FPower: This is the power consumption per pound of thrust, Systems
with 1 power consumption usually convert thewr fuel imto energy, or in
the case of a fission or fusion systems, are self-contained reactors opti-
miaed for propulsion.




Fuel Consunipiinn. Most réaction engines are rated for fuel and
reaction mass consumption. Multiply the “fuel” number on the table by
the chosen motive thrust to find the consumption in gallens per hour
{gph). Fuel types are abbreviated as follows: R is rocket fuel, W is
water, H is hyvdrogen, MOX is metaldiguid oxygzen, C is cadminm. AM
is antimatter: antimattar thermmal rockets also consome DU grams
of antimatter {generally anti-hydrogen) per hour per pound of thrust
MYAM 15 matterfantimatter: pion rockets consume 0,004 grams of anti-
matter and (LS gallons of hydrogen per howr per pound of thruse.

Solid Fuel Rockets

Solid fuel rockets differ from more advanced models of chemical
rockel in that the fuel is part of the rocket engine, As well as choosing a
motive thrust, select a furm time (in minutes), This is the tme the engine
can fire for. A typical bum time is 1 0 3 minuies for a spaceship boos-
er, or & couple of seconds for a booster intended for a car or aircraft.

Afiter the rocket fuel has bumed away, the rocket is useless, The
remaining weight of the rocket casing is 15% of the fuelled rocket.

Solid Rocket Table

TL Weighr Cost
TR TR R e e
5 (135 i
T I e e R R TS S

7 (21

BRI

Location: The engine may go in body, wings, pods or legs,

Weight in pounds is the chosen thrust (Ibs.) times the bum time
(minutes) times the weight shown on the table,

Velume 15 weight divided by 100,

Cast is weight multiplied by the number shown Tor cost,

e IR S P

Orion Engines

This is an cxotic TLT reaction engine designed for space travel.
Cirion is the ultimate in brute-foree engines: it uses the detonation of a
nucledr bomb to generate thrust. The system consists of a large hemi-
sphetical pusher plate fitted to shock absorbers and a system for sening
off nuclear explosions al the center point of the hemisphere. The Orion
engine takes its name from Project Orion, an abortive |19%60s-era space
program which originated the design, Orion engines are also sometimes
known as nuclear pulse engines

Decide the system’s pulse rate (the detonation rate in bombs per
second, or BPS); pulse rales may be fractional. BPS must be at least 0.1,
Select the size of the nuclear bombs used (measured in kilotons, or ki,

Movive Thruse: This is equal 1o 400,000 Ths. % bomb size (kilotons)
= pulse rate.

Then use the table below to determine the weight, volume and cost
of the engine:

Orion Engine Weight Table

Location: In body

Weipht: This s calculated as shown above, based on TL, kilotons
ikt) of bomb size and pulse rate {BPS) in bombs per second,

Volume: This is weight/100 of

Cogr: This s weight = (square root of BPS),

The Orion engine will nead (o carry 2 certain number of nuclear
bombs (“thrust bombs™) to serve as fuel. The number of thrust hamhbs
reguired is the amount of time the engine can thrust for times its detona-
ton rate in BFS. The weight, volume and cost of thrust bombs depend
on TL:

Weisht {3]‘ Thirease Hc_'.u!ub.i

20 Ibs. + (1 Ib./kiloton)

0.25 Ib./kiloton

Lovarion: Thrust bombs must be stored in the body,
Weight is shown on the table.

Volume 15 weight/50,

Cadr is weight = 51,000
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REACTIONLESS THRUSTERS

Keactionless thrusters directly transtorm energy into thrst through
means imexplicable to 2(th-century science, bypassing the need for reac-
tion mass. In game terms, they function much the same way that rocket
engines do, except that they do not need fuel. GMs of ngorously “hard
science”” campaigns should feel free to omit reactionless thrusters!

TLY reactionless thrusters produce considerable waste heat dis
charge, as much as any rocket of equivalent thrust. TL10 thrusters pro-
duce somme waste heat discharge, similar to a jet engine. TL1 1+ thrusters
produce no waste heat and are invisible and silent. Most “grav” vehicles
use TL11+ reactionless throsters for propulsion and anti-gravity for lift;
perhaps UFOs do also,

Feactionless thrusters built at TL1O and wp come in both “standard™
and “super” versions - the lanter have more thrust for a given thruster
weight, but are more expensive. At TL13+. ultra-powerful “mega
thrusiers™ may be available. Not all universes will have them — GM's
oplion.

Reactionless thrusters can be used for propulsion by arcraft, space-
craft, watercraft or underwater vehicles, and by ground vehicles
equipped with skid or whesled subassemblies.

Keactionless thrusters are rated for their pounds of motive thrust,
Use the same suggested thrusts for reaction engines if you wani fast
vehicles with jet-aircraft speeds! However, at TL1 2+, many contragray
vehicles use reactionless engines, Combined with contragmav, a typical
flight pack wormn by a person would only need about 20 Ibs. thrust, while
o car might use aboutl 208 s, and a grav truck or tank abowt 2,000 [bs.

The mwore thrust a vehicle has, the fasier it will move and acceleraie
As with rocket engines, vehicles may have more than one thruster for
added safery; each 15 buill individually, but they combine their thrusts.
Decide what type of engine the vehicle will use, how many it will have,
and what each engine’s motive thrust will be. For each engine the vehi-
cle has, decide on its locaton and calculate 1ts statistics as shown below:
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Reactionless Thrusters Table

TL Type ; Weipht Closst
9 Standard Throster - 1 thrust AT
§iﬂ 7 Standard Thruster {}wa 520
10 Super Thruster 0.2 % thrust S100
11+ Sta ndal'd T]'H‘u'uit.r 0.03 » thrust r.'ll.[!_'i 520

O 02 % thrust | S100

ot ]

A thruster may be placed in the body, or o wing. pod,
superstructure or leg.

Weigie: The table shows the weight of the vehicle's propulsion sys-
tem in pounds, depending on motive thrust and type.

Volume: To Nind the volume, divide the weight (after any modifiers)
by 50.

Coxt: To find the cost of the propulsion system, multiply the weight
by the number shown, Minimum cost is $300 per thruster,

Powwer: This 1 the power consumption per pound of thrust,

MAGNETIC LEVITATION (MA6-LEv, TL7)

Magnetic levitation uses powerful electromagnets to suspend a
wheelless vehicle above a metal rail. The vehicle is propelled by “surf-
ing” the magnetic flux generated between the magnets in the vehicle and
the rail. Since there is no direct contact between the vehicle and the rail,
the only limitation on speed becomes air drag: velocities of 300 mph or
hestteer are commion,

The main disadvantage of mag-lev propulsion 15 the relatively high
gtart-up cost of constructing the specialized mag-leyv rail. But because the
train never actoally contacts the rail. it does not regquire & much in the
way of costly maintenance as conventional high-speed railway tracks do,

Histoneally, mag-lev was invented in the United States, but so far
the technelogy has only seen serious commercial development in Japan
and Germany, where mag-ley vehicles are in limited commercial ser-
vice. By TLSR, more mature mag-lev technology may offer successful
competition to ralway and air travel.

Mag-Lev Lifiers: A mag-lev vehicle requires this component, repre-
senting the conventional or superconducting 1ift and propulsion magnets
built inte the vehicle. It is rated for pounds of magnetic hift; through
magnetic interaction with the track, the mag-lev lifter also provides
propulsive thrust. The vehicle will not be able to move if its final loaded
weight is greater than the mag-lev lift of the drivetriin. As a result, keep
a runming total of weight when designing the vehicle! To allow for a
heavy payload, it is wise to make sure the final design weight of the
vehicle is only sbout 10-209 of the rated magnetic Nift.

Linlike raing, where a single locomotive may pull several unpow-
ered railway cars, all mag-lev cars must have mag-lev lifters. Caleulate
the lifter's statistics s shown below:

Mag-Lev Lift Table

Location.

TL _ Weighr Vialurne Caosr Power
b £ ._<:.::. o m wf i :m_e_ M‘
g8 .02 (10004 58 0.01

Location: In body.

Werght, Volume, Cost and Power are per pound of mag-lev lifi
Mote that the power reguirement cin be met by an energy bank or power
plant, or by the rail nself (see Electric Contact Power, p. 57).

Mag-Lev Kail Line: A mag-lev vehicle must run on a conductive
rail line, To minimize the accelerarions felt by passengers al high
speeds, il must be kept relatively flat, with fairly pentle curves; there-
fore, it is generally elevated on pylons to easily clear pround contours. It
must also be connected to a power grid. Power requirement is equal o
the total mag-lev ift power requirements of all mag-lev vehicles nsing
the track at the time: if the rail is also providing contact power, be sure
to add this power requirement as well, Cost s SS0000 per mile of
teeck at TL7, halved at TLE and agun a1 TL94, At ten tmes cost, the
mag-lev rail may be designed (o run in an evacuated tnnel = this allows
higher maximum speeds, but requires (for instance ) airlocks built into
the vehicle for passenger ermbarkation.




STARDRIVES

Stardrives are propulsion systems that enahle spacecraft to trovel
faster than light over mterstellar distances. The three most common
GURPS Space stardrives are included here for GMs who wish o
design spacecraft for Space campaigns vsing the more detailed GURPS
Vehicles system. In many campaigns. only one — or none — of these
stardrives will be available! The performance fizures are based on the
default values in GURPS Space, with some changes o betier reflect
the changes in scale and detail between the Space and Vehkicles design
systems

Depending on the campaign, stardrives may have vanous special
advantages or limitations., These are discussed fully in GURPS Space
(pp. 22-26) In general, most stardrives only operate well beyond the
reach of a planet’s atmosphere or gravity, so ships will also require nor-
mal reaction drives or reactionless thrusters 1o get (o the point the
stardrive will take over. The three types of stardrive are:

Hyperdrive: This is the default TL1O faster-than-light drive, A
hyperdrive hos a “hypershunt™ capacity. rated in rons of mass. This is
the amount of mass it can shun! inte hyperspace. a non-Einsteinian
dimension whose physics permit faster-than-light travel. In hyperspace
the FIL speed is x parsces per day (x is set by the GM; the default is
0.2} tiertes the hypershunt rating divided by the shap’s mass in tons, GMs
who want 1o disallow small “hyperspace worpedoes” and “hyperspace
cars’ can require a minimwm hypershunt rating of 100 tons,

Jump Drive: This drive is used if space contams “jump points” con-
nected 10 one another, A jump drive allows a ship w0 ke advantage of
such “weak points” or "wormholes™ in space, moving from one to
another without crossing the space i between. Jump drive travel is usu-
ally instantaneous (although this may vary in some campaigns), but
Jurmip points themselves are often located some distance away from plan-
ets or stars, requiring normal propulsion systems. Jump drives are rated
for the mass they can carry with them into jump, If the ship masses
muore that, the drive won't work, In GURPS Space, jump drives are bail
n “engines,” cach capable of carrying 500 tons of mass into jump, The
GM may require that all jump drives be rated for ot least 500 tons, and
that jump drives be built in such 500-ton increments.

Warp Drtve: This is the most advanced form of FTL drive. [t allows
the ship to travel and maneuver ot faster-than-light speeds while still
interacting with the normal universe. The exact mechanism is up to the
GM: perhaps it surmounds the ship & is mounted on in an energy field,
suich a8 a bubble of hyperspace, or maybe the drive moves the ship for-

ward via teleportation, in a seres of rapid “microjumps.” Warp engines
are rated for the “warp thrus” they produce, using “warp thrust factors™
{WTF). One WTF propels one ton of mass at v parsecs/day. X is set by
the GM: the default is one peiday (about 220,000,000 miles per second),
A warp drive-equipped ship has a speed in parsecs per day equal to its
warp thrust factor divided by its loaded mass in tons.

If a vehicle has a stardrive, choose the drive’s “hypershunt capaci-
ty,” “jump capacity” or “warp thrust” in tons. Then decide the location
of the drive, and ealculate its weight, volume, cost and power require-
MAenLs:

Stardrive Table

TL T"pr - Werght

e e funve : e H P! E HE
12+ Hyperdnve [A] 540
Jump Drive & $140

: b ki PRI $14 %
Warp Dirive 4,000 + (100 = WTEF) $500

Warp Drive 2000 + (50 x WTF} $300

20004 (0XWIR) 80

Location; Tn body, wings, pod, wreet, superstructure or legs.

Weight is as shown on the table per warp thrust factor (WTF) or per
ron of hypershunt or jump capacity.

Valume 15 weight/50 cf,

Cast is a5 shown on the 1able per on of hypershunt or jump capaci-
ty, ar per WTF, In addition, warp drives require an extra 520000 a
TLI0-11 or $2, 008 at TL 12+,

Fower requirement depends on the kind of drive:

A hyperdrive requires 360,000 kKW of energy per ton of hypershunt
capacity to enter hyperspace, and continues to draw 10 kW per ton of
capacity to remain there. A hypership will usually have an energy bank
(p. &7} for the mitial requirement, and a power plant (p. 82) o cover the
continuing drain.

A Jump drive requires 3600000 kWs of energy per ton of jump
capacity to “open” a jump point. This is vsually provided by an energy
bank, rather than by a 3.6-gipawatt power plant!

A warp drive consumes 100 kW x WTF. This constant drain is usu-
ally met by a power plant,
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Teleportation Drives

This TLI6 {or possibly magical) device is similar to a jump drive,
except that it can be used anywhere, even on a planet! h warps space
arcund the vehicle, creating a gquantum bridge between its own location
and the intended destination — the vehicle vanishes and reappears
instantly at its destination without erossing the intervening space. Iis
range is up do the G it could even be infinite.

Obviously, such u vehicle could unbalance & campaign. It is includ-
ed because certain SF vehicles de have such an ultimate capability. One
suggested limitation is to limit the range it can jump. Another limitation
is 1o require Piloting (Teleportation) mlls, with a hefty minus (e.g., -1
for destinations never visited belore; failure results in losing the vehicle
and buming vut the teleportation drive for several hours or days, while
crifical farlure causes wtal destruction of the teleport drive or strands the
vehicle in an entirely different dimension. The drive may also require a
few howrs {or longer) to “reset” after a single jump, preventing instant
getaways,

A teleportation drive has twice the weight and volume and 10 times
the cost and power requirement of 4 TLEC jump drive.

An the GM's discretion. a further doubling in weight, volume and
cost could allow the eleportation drive-equipped vehicle to travel
through time or parallel worlds as well as space, with whatever limita-
tions the GM sets (see GURPS Time Travel).

PARACHAONIC CONVEYERS

A “parachronic generator” does not move an object in space or fime
instead it shifts it “sideways” inlo a parallel or “slternate timeline.™
Rules for parschronic generators are described in the Infinite Worlds
background in GURPS Time Travel (p. TT%1), That background’s
Infinity Patrol outfits all manner of vehicles with parachronic genera-
tors, creating “mobile conveyers” — cars, tanks, planes or ships capable
of traveling between adjacent parallel worlds. These vehicles may look
like anything from any TL, but always contain & metal structure, In the
Infinity Patrol background these generators are TLE; in other back-
grounds, they may be any desired TL,

A standard “subguantum conveyer” gencrator can jump between
very close aliermale imelines, Some conveyers are “hardwired™ to limit
them to specific destinations. All can transport a weight of 200 Tbs, for
every pound the pencrator weighs, take up weight/50 cf, and cosi
iweight times %4,000). Power requirement is negligible.

A “quantum conveyer” is identical except that it costs 50% more, Tt
has one special ability: it can travel between relatively distane altermare
tirmelines if it is boosted with the help of a stanonary, audiforium-sized
“parachronic projecior” installation.

A “two-quantum conveyer” has three times the weight and volume
and eight times the cost of a subgquantum conveyer. It has the same abili-
ties as the other two types, but is also capable of even longer-ranged
jumps into very distant alternate timelines if hoosted with the help of a
massive, city-sized projector installation,

PART [1: RERDSTATIC LIFT SYSTEMS

This section covers technologies that enable a vehicle 1o penerate
lift @erostatically - that is, without needing motion of an airfoil, such
as wings or rotor blades. The main advantage of acrostatic 1ift is that i
enables the vehicle to stop in mid-air, hover, or ake ofl and land verti-
cally,

Acrostatic lift systems may be used on their own, or they may be
added 1o supplement wings or rofors. All are rated for their lift in
pounds. A vehicle's final loaded weight must be less than the combined
lift from all lift systems in order for the vehicle to flv or hover using
them alone. However, even if lift 15 insufficient, they can also improve
the short takeofT and landing performance of a rotary-wing or fixed-
wing vehicle.

Since the vehicle's final weight won't be determined until it is fully-
constructed amnd loaded. keep a running ally of the weight of compo-

nents as they are installed, and if necessary, backirack and delete com-
poments (or increase the 1ift capabilities) if their combined weight looks
like it will exceed rhe Jifi.

The Kitty Hawk has aerostatic lift, and we decide

the final vehicle might weigh as much as 10,000 Ibs.,
loaded. So that's how much lift we'll give it. We've
already decided to use contragravity (p. 41).

LIGHTER-THAN-FIR GAs (TL5)

In the 18th century, it was discovered that a vehicle carrying enough
lighter-thun-air gas will also be lighter than air, and will rise up. This
fact led to the first successful manned flights, in balloons, and later in
self-propelied airships.

By 1800, hot-air and hydrogen balloons were common enough that
adventurers would have no trouble finding someone tw sell or build
them onc. Hydrogen fell oul of faver for lifting gas afier a series of dis-
asters (the last of which was the Hindeaburg | just before World War 11,

Lighter-than-air gas is a cheap, low-tech way to get a vehicle to stay
airbome. But it only works in an aumosphere heavier than the gas, and a
very large volume of lighter-than-air gas is required to produce lift

The choices for lifting gases are hot air (TLS), hydrogen (TLS) or
helium (TL&),

Hor Air (TL3): When air 18 beated, it becomes lighter and rises. This
fact was harmnessed for flight in 1783 when the first manned hot-sir bal-
loon was flown; by 1800, hot-air balloons were everywhere. Hot air has
little lifting power but is safe and cheup.

Hydrogen (TLS): The lightest of all gases, hydrogen is the most
effective lifting agent but s also flammable. Historically, hydrogen was
being used within a few months of hot air. It was favored for airships
until a series of dramatic disasters in the 1930s led 1o is retirement.

Heltwm (TLA): This gas has somewhat less litting power than hydro-
zen, but isn't flammable. It & expensive, Helium is light enough that it
escapes from the Barth’s atmospherc, with the only significant amounts
being found underground. Historically, helivm mining was a byproduct
of the United States” natural-gas industry and was an American monop-
oly and strategic resource. At TL6, multiply helium prices by 10 inside
the U5, and by 100 puiside it. The U5, government's reluctance to
approve cxport of helium to Nazi Germany led to the Zeppeling using
hydrogen for lifting gas, with disastrous CONSEUCNCES,

Select the type of lifting gas, Decide the useful lift (in pounds) the gas
will have (this is the lift produced afier subracting the weight of the gas
itself), Then calculate the volume and cost of the lifting gas using the table
b ooy

Lifting Gas T.
ik

Type

Locarion: Lifting gas can go in a gashag subassembly outside the
vehicle, or in a sealed body or pod. “Rigid” airships like Zeppelins usu-
ally fill weost of the body with gas; nonrigid crafi like blimps or halloons
store it in a separae gashag,

Valume: Multiply the useful siatic Jift by the volume shown on the
table (what's needed 1o generate 1 b, of lift) to find the volume of gas
required.

Cost: Multiply the volume required by the cost shown on the table
1o find the cost of the lifting gas. (Hot-air costs are actually for bumer
fuel.} The lifting-gas cost is charged for each Mlight or per week of con-
tinuous operation, 0 eplace used gas and ballas.

Lift Fans and Engines (TL3)

Lift fans or engines simply involve installing fans or reaction
engines (such as jets or rockets) to point downward, so that the thrus
counterbalances some or all of the vehicle's weight.
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Amy ducted fan (p. 33), jet engine (p. 35), mocker enging (p. 36),
orion engine (p, 37) or reactionless thruster (p. 38) can be built as a lift
fan or engine, by mounting it to point downwards Instead of producing
thrust, it produces pounds of lift. Lift engines and fans must be howsed
in the vehicle’s body, wings or pods.

The disadvantage of using [ift fans or engines for lift is that their
thrust cannot then be used for propulsion: a second propulsion system is
then necessary. An aliemative solution is vectored thruse:

Vecrared Thruse: Rather than buying a whole new 1ift engine or fan,
an existing ducted fan, jet engine, rocket engine or reactionless thruster
can be modified with the vectored thrust option. This enables the fan.
engine or the engine’s exhaust o tili, vectoring a portion of the thrast
downward. It can then divide thrust between lift and forward thrust,
MNormally the vehicle will allocate just enough lift w0 equal the vehicles's
loaded weight. and use the rest for thrust. I the vehicle s also winged, 18
will then accelerate 1o a speed where its wings can prowvide all the lift,
and a1 that point switch all lift w forward thrust, increasing its specd.
Making a fan, engine or thruster “vectoresd thrust™ multiplies its weight,
violume and cost by 1.5,

Vertival Takeoff With Normal Engines: Even without lift engines or
vectored thrust, a vehicle whose combined air thrust exceeds its loaded
weight can lift off vertically if it is launched from a special gantry or
lwunch pad, It just won't be able to land vertically, or to stop and hover
in mid=air . .

Hoverfans (TL7)

These lift fans rely on the air cushion principle to produce additional
lift in prosamity to the pround
Any ducted fan buill imo the velcle’s body can be designated as a
hoverfan. A hoverfan’s gffecsive lift is doobled when the vehicle is with-
in a few feet of the ground.
If the vehicle has a GEV skirt or SEV sidewalls, instead of being
doubled, the lift is multiplied by 4 (zidewalls) or 3 (GEV skirt).

Contragrav Generators (TL12)

Comtragravity is a means of artificially “screening™ the vehicle
against g planet’s gravity field, effectively negating some or all of its
weight. Contragray technology violates known physics; as such, GMs of
“hard science” campaigns may opt to ban contragravity. On the other
hand, this alse means that a breakthrough in gravitic technology could
allow contragrav to appear earfier than TL12 = say, at TLY, TLI0 or
TLIL, The choice of TL12 is merely a default for the standard GURPS
Space background,

If the vehicle has contragravity, decide how many pounds of 1ift the
contragrav generator provides. In order to fly, the lift should exceed the
vehicle's expected final weight, MNote that contragravity does not propel
the vehicle, it only lifts it. A vehicle with contragrav usually uses a
TLI11+ reactionless thruster (p. 38) for in-flight propulsion, but may use
any form of throst, such as a propeller or jet engime, The weight, volume
and cost of & contragrav generator depend on TL:

Contragravity Table
TL |-‘r'ﬂi,!.,=.fu_ Casr
wﬁ% z = :_:-:.' ! LAY 3 ] Belift ¥ 4
13+ {1ifef2,000 + 10

Power
P

AL =

L0 + $2.500. 0 Lifi/1,000 kW
S02000 + 5500 Lift/ 1,000 kW
Location: Contragray generators may go in the body or in pods.

Weight, Cost and Power are based on the gencrator’s pounds of Hift,

Volume is weight/50 cf.

The Kitty Hawk is built with a TL13 contragrav gen-
erator. We install a generator with 10,000 Ibs. lift. it
welghs (1ift/2,000) + 10, or 15 Ibs., takes up 15/50, or
0.3 cf and costs (lift/200) + $500 = $550. It requires
lift/1,000 kW, or 10 kW power.

Levitation (Special)

This is 4 supernatural or super-scientific form of contragravity in
which the vehicle's body is made of or coated with an exotic material
that enables it w defly gravity, Some possible means of levitation are:

Mapic Levitation (TLOY: A vehicle body ¢an be enchanted with the
Levitation spell, using the same method that is used to create flying car
pets (see p. M70). The energy cost is a flat 700 encrgy per 250 pounds
of 1ift {or fraction thereof).

Anti-Crravity Coating (TL1): The body can be made or panelled
with a nuturally-occurring antigravity material. How common or rare
thit material is, and whether it is animal, vegetable or mineral, is up
the GM. The coating simply neutralizes all of the vehicle s weight, auto-
matically producing life that is equal to the vehicle s current weight. The
cost is determined at the end of the design process and is based on the
surface areq of the vehicle, If the material is uncommon but not rare, a
suggested cost is $10 times surface area in square feet,

Superscience (TLS): As above, except the body is couted with a
miaterial that does not naturally occur, but was instead invented from
rare and unlikely ingredients (e.g.. an antigravity paste made from a
mixmure of rare earths bombarded by X-rays). Assuming the inventor
parts with the secret, the cost is likely to be higher: perhaps $100 times
surface area in square feet.

A levitating vehicle will simply drift in the wind like a balloon
unless it s given a propulsion system,

Singe the levitation is vsually a property of the body. loss of body
hit points resuliz in diminishment of flight capability. Normally, a levi-
TAOr's operalor can cause it 1o gain or lose up to 2 yards of altitude per
second. When it loses ane-quarter or more of its body hits, this changes:
it can only gain | yard, but it can lose up 10 3 yards. When it loses one-
half or more of its body hits, it cannot take off or gain altitude, but may
drop up to 4 yvards per second. When it loses three-quarters or more of
its hit points, it mus lose anywhere from 1 to § yards of altiede per
turm. When the vehicle loses all hit points, it will fall.
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This section describes a wide variety of weapons built using the
design rules in Chapter 9, the technology behind these weapony 15
explaincd there as well. The weapons described here are merely a sam-
pling, and only scratch the surface of the wide armay of armament that
can be mounted on vehicles; virtually anyv weapon can be designed
using the Weaponry chapier.

Weapon Descriptions

The Armarrent Tabies on pp. 43-44 give the information needed 1o
mount esch weaspon in a vehicle, in a format similar to that used in the
Baszic Set. An explanation of the headings on the ahles:

Narme: This always incluodes the bore size (the diameter of projec-
tite it fires} so that the mules in the Weaponry chapter can be used o
give the weapon other types of ammunition. Otherwise, names are
descriptive only; eg, a *120mm tank gun” doesn’t have o po in a tank
— it can be mounted in any Kind of vehicle.

Malf: The malfunction chance. It 15 used with the optional mal-
function rules described in High-Tech. “Crit” means a mallanction
occurs on a critical failure. “Ver." means a malfonction is very rare — if
a critical failure oceurs, reroll; only on a second critical failure doss a
malfunction occur. A number means a malfunction aceurs on that roll
or higher; thus, 16 means a 16, 17 or 18 is a malfunction. In general, &
malfunction means the weapon can't be fured until the problem is fixed
Time to fix & malfunction ix one tum for a weapon with RoF | or more;
this also requires an Armoury skill roll, If RoF s below 1, time to fix a
malfunction is equal to the time to load and fire one shot; e.g., if RoF is
1715, one roll is allowed every 15 seconds. Exceprion: No skill roll is
required to fix a revolver malfunction, and only one tum.

Type: This is the same as in the Basic Sef, with one new type:

“Exp.” indicates the weapon's attack inflicts explogive concussion
damage (see p. BI121) over an area.

Damage. The damage the weapon inflicts. A number in parenthesis
tollowing damage is an armor divisor: DR is divided by that number
against the attack, In the case of AP-type projectiles, damage is also
divided by two afier the armor is penetrated. See also the specialized
Lamtage Divisor males, p. |88, A number in brackets following damage
is the fragmentation damage (see p. BI21) of an explosion, “Spel.” is
“special” = see the weapon description.

55 and Ace: The Snap Shot and Accuracy numbers work the same
way as in the Basic Set.

120 The range beyvond which the weapon does one-half normal
damage. After 1/2D range, Acc nommally drops to 0. Weapons doing
Exp. damage do not have damage halved past the 1/2D range, but do
lose Accuracy. Some weapons don’t have a 12D range.

M The maximum range of the weapon.

RolF: Rate of fire. A RoF with an *NR" after it (c.g.. “"1NR™)
means the weapon is not easily relosded — reloading must be done our-
side the vehicle. I a weapon has 2 RoF like 2:5 or 3:6, it is a single-
shot weapon with multiple barrels: it can fire & number of shots (all o
once of in succession) egual 1o the number before the colon, and it then
takes the number of turns shown afier the colon w reload sack barrel,

Wi The weight of the weapon i pounds, without ammunition.
Ulse this weight when installing it in the vehicle. Weight is also used 1w
derive volume, which is nof on the table. Volume depends on how (he
weapon s mounted, and is normally weight/50 cf, A weapon may be
cancealed in the vehiele — buried entirely inside it — bur in this case, i
tukes up more space: volume is weight/20 cf,

WES: The weight per shot — the weight in pounds of a single shot,
including propellent, projectile and casing.

VP& The volume of a single shot in of.

CFS8: The cost of a single shot.

Ldrs_: The number of crew members required to load the weapon

Porwe: The power (in KW) required 1o fire the weapon at its full rare
of fire.

These additional combat statistics apply only o missiles and
torpedoes:

Rarng: & launcher can fire any missile or torpedo of its diameter
whaose weight does not exceed its ranng. Aside from RoF and 55, com-
bat stats will depend on what is loaded.

Min: The mimimum range of the weapon., Arillery cannot shoot at
targets closer than this: missiles fired af targets under minimum range
do not receive an Accuracy bonus, and guidance systems will not acti-
vite.

Spdis a missile’s of torpedo’s speed in vards per second.

Enel is the number of seconds & missile or torpedo can travel before
running cul of fuel and crashing,

Grutel. 15 the gmdance system used by a missile or torpedo. See the
Combar chamer for an explanation of how the different guidance sys-
terns work m play.

Skl rares the sophistication of guidance systems, How it is used in
described in the Combat chapter,

No “Shots™ statistic is given, as it depends on how many rounds are
carricd aboard (see WPS, VPS and CPS) “Rel” amd “5T7 are also omil-
ted; they don’t apply to vehicle-mounted weapons.
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Mechanical Artillery and Guns
This table provides statistics for catapults and guns. These statistics may vary considerably from those for similar weapons in GURPS High-
Tech. This is 1o bring them in line with the weapon and armor miles in this book, which consider several factors that High-Tech neglects, Where the
two supplements disagree, assume that GURPS Vehieles takes precedence.
Abbreviations Used In Table: HMG = “Heavy Machine Gun,” GPMG = “General-Purpese Machine Gun,” GL = “Grenade Launcher.”
Chher Notes: 7.62mm = 0.30 caliber. 12.7mm = 0.50 caliber, RoF for 37mm rotary cannon is (DX + Skillyd. Any weapon mounted to use indi-
rect fire can do so at 2.5 times the listed Max range.

Mechanical Artillery and Guns Table

Name Malf Tvpe
TL2 Catapults

Ballista Crit. Imp
Onager Cnit. Cr
TL4 Naval GGuns

Shmm Swivel B Cr
12-pounder 14 r
i2-pounder 14 Cr
TLS Guns

37mm Rotary 16 Cr

10Smm MNav. Gunil) 16 Cr
254mm Nav, Gunil) 16 Cr
TLé Guns

1.62mm MG Crit. Cr
12, 7mm HMG Crit. Cr
20mm Cannon Crit, Cr
4lmm Cannomn(2) Crit. Cr

T5mm Tank Gun(3) Crit. Cr
EBmm Tank Gun(3) B, | AR

105mm Hownzer4) Crit. Exp
12%mm Nav, Gun(2) Crit. Cr
TLT Guns

7.62mm MG Crit. Cr
20mm Giatling(2) Ver. Cr
25mm Gatling(2) Ver. Cr
Ahmm Chamguni 5 Ver. Exp
4fmm GLI5) Crit. Exp
Tomm Maval Guni6) Crit. Exp
#imm Mortar(4) Crit. Exp

105mm Tank Guni(7)  Crit. Cr

120mm Tank Gum(8)  Crit, Cr

TELS Guns

15mm Chaingun{3) Ver.(Crit.) Cr

45mm Raillguni#) Yer Cr

TLY (runx

10mm Gauss Gur %) Ver. Cr

B0mm Mortar5) Ver, Exp
[6]

Foothiones!

Damage

B2
13d

15d
il ey
fud 8

17dx]
BelxR(0.5)
B ] HO.5)

Td

13d+ 1
Fud=T
Bubatl(0.5)
B2}
Bl 12).
kD [ 10:]
Bt | 30.5)

Td
AdT(0.5)
Gddd0.5)
2d+1{5}[2d]
JdiF[4d]
B [ad)
56
Geba22(2)
A=A

l6dx=142)
Gl 7 2(1)

6dxd(2)
k20 5)

55

0
30

20
30
30

20
30
30

17
20
20
25
25
30
30
11

17
20
20
20
20
30
1]
30
30

20
L

0
20

= e ]

12
13
15

13
14
14
15
15
13
14
14

13
15
15
14
9
16
10
15
15

i4
20

15
it

1120

430
240

Rl H
Fa0
(% 11]

560
950
1.500

T00
|, 100
L4010
1,600
[0
1600
[ 100
|30

THO
1.500
LT
1010

1 80
2,500
460

2800

3.200

| 300
18,0

2,700
aBO

Max

540
300

[
2,400
2,700

3400
4,600
&, 100

3,900
S,100
5,900
6,400
6,100
6,400
5,100
5,600

4,100
6,100
6010
4,800
L.R0O0
8,500
3,000
11,000
1100

5,600
35,000

10,000
4,50

fof

1135
1/50

1760
160
180

War,

A

1142

10
4]
10

14
14
115

16

100

12
/5
L5
L6

o

3

Wi Cost
200 35200
2,000 $8,800
200 SR
4,400 $9,200
8,200 517,000
350 1,400
3,000 $8,000
12,000 531,000
20 £300
73 51,100
180 51,900
10 55,100
2,000 11,000
2R00 515,000
24000 313,000
3500 F18,000
16 £1.200
300 F19,000
3300 320,000
250 H17.000
72 L5, 400
4,300 $110.000
98 55,900
3,300 588 000
4300 590,000
5 H11,0000
6100 %2.5 mil.
34 20,000
350 $17.000

WEs

‘1.6

]

1.5
19
40

2.8

43
Q20

(.055
0.31
.6

a7

27
43
43
T

0055
04
0.8
1.1
1:1
19

1
49

4u

(.26
2.3

0.033
4.7

VPs

0.032
0.2

(L0
013
0.33

0.019
043
fi.l

0.0037
0.002
LLEL {5
0.027
0.18
0.29
(.43
0.77

0.00037
(004
0.008
0.011
0.012
0.19

0.1

0.49
.49

(.00 7
00z3

CPS  Ldrs
332 2
55 3
0.3 0
$31.8 5
9.8 ]
056 0
v R
$180 6
$0.028 0
016 0
$0.3 (1]
$42 0
542 1
866
Lhd 1
£120 1
il 0
524 0
M3 0
F10 0
$11 ]
280 O
560 1
§750 1
35300 1
53 i)
$324 L]

0.00033 52 0

(L0486

F84 0

Gun ammunition is Solid unless noted. Exceptions: (1) SAPLE, (2) SAPHE, (3) AP or APC. {4) HE, (SIHEDP, (6) HEPE, i7) APDS. (#) APFS-

S0 and (99 APS.

SAPLE or SAPHE explodes for extra damage after doing Cr. damage, doing the following: TLS 105mm: Exp. 6dx3[10d], TL3254mm: Exp.
=641 2d ). TLE 127mm: Exp. fel=16]10d]. TL6 40mm: Exp. 3d[4d]. TL7 20mm: Exp, 1d-2[2d].TL7 25mm; Exp. 1d]2d).
Power requirement is () for all weapons save 3mm chaingun (1.4 kW), 20mm Gatling (6 kW), 25mm Gatling(<.8 kW), 15mm chaingun (1
KWL 10mm Gauss gun 1000 KW, 45mm raalgun (20,400 kW)
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Launchers, Missiles and Torpedoes

These tables cover a few typical torpedo and guided missile weapon systems. For rules on how these weapons are used, see the Combat chapter,
For descriptions of guidance systems, see the Weaponry chapter.

Abbrevigtions: IR = “Infrared,” IRH = “Infrarcd Homing,” WG = "Wire-Guided,” SAM = “Surface-to-Adr Missile,” ATGM = “Ant-Tank Guided
Missile.” OH = “Optical Homing,” BPEH = “Brilliant Passive Electromagnetic Homing,” SRGM = “Shon-Range Guoided Missile,” Lt = light.

Launcher Table

Name 58 RoF Wr. Cost Ldrs. Rating

152mm Tube Launcher 20 T S0 s o0 s
Ultra=Teck Launchers

TLIO 100mm Sprint Launcher o 108 2: - 54

Torpedo and Missile Table
Name Malfl Guid  Type  Damage Sped End Max Min Skl WPS VES crs

152mm ATGM(3) Cedx10(10)

Lltra-Tech Missiles

Crit.  BPEH

TLIO 100mm Sprint(3, ) p.  Gad=25(10) 17 54 I HTON0
Footnomies:

i1} HEC warhead. {21 HEPF warhead. (3) HEAT warhead. (4) Lt. SRGM can pop up. (3) Sprint missile separates into three warheads hefore
amacking, each of which mlls o hit separately; damage is per warhead.

The 533mm torpedo mbe uses 333mm torpedoes. The 127mm SAM launcher uses the 127mm TR homing missile, The 152mm tube launcher
uses the 152mm ATGM, which is operator- guided (see the Weaponry chapter). The 80mm min launcher uses Lt SRGMs,
Torpedoes and missiles can be attached 1o hardpoinis insiead of being loaded into launchers, as long as the hardpoint has enough rated load.

Torpedoes and missiles on hardpoints are 55 30, RoF IMNR. Hardpomts (p. 94) are surface features, added near the end of vehicle design,

Beam Weapons

A short selection of beam weapons 15 given below. To design more, see the Weaponry chapter,

Beam Weapons Table

Name

TLY Gatling Laser(2) Ver. ) 2 : 14,400

TLY Space Combal Laser{3] Ver ) : 00 . s 93112
TL12 Heavy Fusion Gun(b) Ver.  Spel. : i 5000 BLOODOO0 3,240,000
Fonmares;

Beam type is: (1} laser, (2) rainbow laser, (3) ultraviolet laser, () neutral particle beam, (5) x-ray laser, (6} fusion beam,
Lasers and X-ray lasers with RoF 4+ use the laser autofire rules described under Damage from a Burst on p. B120,
Beam weapon ranges increase drastically in vacuum - see the Cembar chapter,
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WERPDN ACCESSORIES

A weapon can be equipped with one or more accessories to link it
to other weapons, adjust its arc of fire, or stabilize the weapon against
vehicle moverment.

The Kitty Hawk will have stabilized weapons.

Links

A group of weapons can be linked together, enabling one gunner to
wim wnd fire some or all of the weapons in the group with the wuch of a
single button — that is, a single Aim or Attack maneuver. Guns that
require [oaders, as well as missiles or torpedoes that are wire or com-
municator-guided, may aof be linked.

Linked weapons should all face in the same directhon, but do not
have 10 be in the same location; however, weapons in a particular open
mount can only be linked with other weapons in the same mount, In
addition, launchers can only be linked with other launchers, Weapons
may be cross-linked o allow different combinatons of wespons o be
fired.

Links are available at TL3 and up for launchers, or at TLG and up
for guns; they cost 550 per set of weapons in the link,

Stabilization Gear

A weapon stabilizer can be added to any vehicular weapon. It gyro-
scopically stabilizes the weapon, keeping o pointed n the same direc-
tion, regardless of the movement of the vehicle, The effect is o reduce
the penalries suffered when firing while the vehicle 15 moving. There
are two kinds of stabilization gear:

Partial Stabilization (fate TLA): The weapon is stabilized in eleva-
ton only. Partial stabilization redoces movement penalties by 1

Full Stabifizaiion (TL7): The weapon is stabilized in all planes.
Full stabilizaton reduces movement penalties by 3,

Stabilization Gear Table

Tk Type Weight Verlumme Cerst
f Partinl Stabilizstion. 0 005 0 005 s

7 Full Stabilization 0.1 .1
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The weight (lbs.) and volume (cf) are found by multiplying the
weapon's emply weight and volume by the numbers shown on the
table. The cost is found by multiplying the weapon's cpty weight Ty
the number shown for cost.

Loceetion: The stabilization gear is howsed in the same part of the
vehicle as the weapon.

The Kitty Hawk's 7.62mm minigun and 40mm grenade
launcher both have full stabilization. The stabilization
gear goes in the turret with the weapons. The minigun

and grenade launcher weigh 33 Ibs. and 72 Ibs. respec-
tively when empty, so the stabilization weighs 3.3 Ibs.
and 7.2 Ibs. Their respective volumes are 1.65 and 3.6
cf, so the stabilization volume is 0.165 and 0.36 cf.
Cost is $10 times weight: $330 for the minigun and
$720 for the grenade launcher.

Special Mountings

Momally, a wedpon fires in the direction it is facing, with a limited
arc of fire of aboutl 157 w either side. This can be increased by giving
the weapon a special mounting.

Special mountings are not available for muzzleloaders on gun car-
riages. The options include:

High-Angle Mowniing {TL5): This is the standard mounting for
indirect-fire artillery such as mortars, howitzers and antillery rockets, as
well for anti-aircraft guns or missiles thal don't use universal mounts, It
allows a weapon o elevate between 457 and 90°, It can use mdirect fire
(sec pp. 1791811, but cannot be used in direct fire against targets tha
are at less than 45° elevation above the vehicle. A weapon can have
this option if located in a body, or a superstructure, open mount of tur-
ret attached above the body. A high-angle mounting has no exira cost,
weight or volume, but it is incompatible with universal, cyberslave or
casemate mounts. Triped-mounted weapons may also have high-angle
Mouns.

Universal Moy (TL5): A wniversal mount can be added to any
forward, rear, back or front-facing weapon that is built into a wrret,
superstructute or open mount subassembly. It increases the vertical are
of fire to 907,
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It the subassembly is above the vehicle's body, the arc is 90 above
the vehicle, allowing it to fire straight up.

If the subassembly is below the vehicle's body, the arc is 90°
below the vehicle, allowing it to fire straight down.

If the subassembly is on the side of the vehicle, it can fire 45° up or
down.

Cayemate Mount [TLS); This swivel system can be added to any
weapon that will be installed in a body or superstructure. It increases
the horizontal arc over which the weapon can fire o 90° (usually 45°
each 1o right and left)

Dipor Mownt (TL3): Only available for weapons concealed in a
body or superstructure that face either right, left or back, The weapon
is mounted on a pedestal next w0 a door in the vehicle, When the door
is open, the weapon can be fired out of it with a 45° horizontal and
457 vertical arc of fire, but the weapon and gunner can be attacked

o R S R e

without henafit of vehicle armor. When the door is closed. the
weapon and gunner are protecied. A vehicle with Very Good or better
streamlining may not have a door mount. .

Cyhersiave (TLA): Similar 1o a casemate mount, but fitted with
high-speed hydraulics - it halves the 85 number of any weapon so
equipped. It can be installed in o turret, body, open mount or super-
struciure. Most weapons on Car Wars automobiles use cyvberslaves.

E."'_F:lf _TL Weighr Vil urne Casr
Casemate Mount 5 : 05 %1
5 S T R (AT | ST - SR | 1|
Cyberslave ] 1 | 550

I'he weight (Ibs.) and volume (of) of the accessory is found by mul-
nplying the modified \H-L‘"d.‘FK'lﬂ'.*: cmpty ‘A.-'l.:lghl amd volume |:'|:. the nume-
bers shown on the table. For all mounts, cost is found by multiplying
the weapon’s emply weight by the number shown for cose.

Lecation; Mounts must be located in the same pant of the vehicle as
the weapons they equip.

Weapon Bays (TL6)

This 1= 80 internal bay with racks and underside doors for slowing
and releasing weapons such as bombs, A weapon bay contains “intemnal
hardpoints™ that can be used 1o carry a certain weight of bombs, mines
and missiles. These hardpoints function exacily like other hardpoints
{p. 94}, except they do not induce drag in aiccrafi.

A weapom bay is rated for the maximom load its internal hardpoings
can carry. It weighs 0,05 |bs., takes up 0.03 cf and costs 30,1 per pound
of internal hardpomt joad

A weapon bay may only be used if the vehicle is flving, or is in or
under water, Opening or closing the doors takes 2 seconds; while the
doors are open, any “Body™ hit from below the vehicle has a 1-in-6
chance of ignoring body DR and penetrating the bay. If the weapon bay
15 20 cf or larger, it may be built to be accessible from inside the vehi-
cle, and is usable a5 an emergency entrance or exil

Anti-Blast Magazines (TL7)

Ammunition explosions are a danger ro any military vehacle that
uses larpe-caliber (20mm or more) conventional or electrothermal
ammunition, or which carrics any missile or torpedio,

This option stores the ammunition in a special compartment
designed to vector the blast away harmlessly should it explode, An
anti-blast magazine 15 25 |bs, and 5250 per of {or fraction thercof) of
ammumition stored in it: there is no extra volume.
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This chaprer describes a wide variety of electronic and optical
equipment,

Lawatton: All systems described in this chapter can be placed in the
body, superstructures, pods, turrets, arms, wings, open mounts or legs,
A few sensors and targening systems hove additional restrictions, which
will be poted in their own descriptions.

COMMUNICATION SYSTEMS

Most military and many civilian vehicles have some form of com-
munication system, which may range in sophistication from a signal flag
to @ laser communication array.

Pre-Radio Communications

These depend on viswal or sudible signals. In the noise and smoke
of a battle mvolving firearms, they aren’t very effective!

Semaphore aned Signal Haoises (TL1): This involves raising or lower-
ing different combinations of flags or flashing signal lights; smoke sig-
nals are also possible, but aren’t very safe on a vehicle!

Hand flags can be read at up to three miles away with a telescope,
wedther and terrain permitting. At night, lanterns and torches can be
used. If the vehicle has masts or a superstructure, the tange can be
extended: use the Horizon rules on p. 168, A simple prearranged signal
takes no skill to read, but may require a Vision roll.

More complex messages require the Semaphore skill, and both par-
ties must be using the same known code. This is 2 Menal/Easy skill
similar 1o Telegraphy (p. B35}, but it takes more time 1o manipulate sig-
nalg than Lo press a key: maximum rate is one word per minute per point
of skill. Halve the rate for night messages, as lanterns and torches are
harder w use. Onee electric lights appear. a flashlight or searchlight can
be flashed a two words per minute times skill. Speed is based on the
lower of the receiver's or sender’s skill: if the sender is going faster, the
message will still be sent, but the receiver won't caich all of it! Cost and
weight of signal hoists can be ignored: most vehicles have flags or lights
anyway, or can easily improvise them.

Musical Instrwmenrs (TL1): Homns, drums and the like can be used
o send simple. prearranged signals audible over a few miles. They
won't be much use in any battle involving firearms, though!

Cuarrier Pigeons (TL4): Homing pigeons instinctively return to the
place where they were raised. A message can be strapped 1o o pigeon's
leg, making it a swift, long-distance messenger that can be camied by
and released from a vehicle 1o send reports back home. A pigeon costs
gbout 335, and can carry a message S0 miles per day, Roll 34 0 see if
thie bird succeeds: on any roll of 16-18, it has met some misadventure on
the way, On an 18, the message has fallen into the hands of someone
who shouldn’t get it. Homing pigeons were not widely used until TL4,
but in theory could be used in any cultare where writing and ink exist. A
cage for a homing pigeon, sans pigeon, is 20 1bs,, 2 of and 10,

COMmuNicATORs (TLE)

Mormal communicators are radios, sending signals by modulating
the imensity, frequency or phase of long-wavelength electromagnetic
radiation. Radios can send code. voice. text. video or dats iransmissions:
to display text. video or dais signals, install a computer terminal (p. 62).
They are broadcast systems, and anyone with a radio tuned to the proper
frequency can listen in on a radio signal; radio transmissions can also be
Jammed

Range can be extended on a successful Electronics Operation
(Communications) roll, at -1 per extra 10% added 10 range, to a maxi-
mumn extension of 100%, Unless noted, communicalors can't penatrate
water and (except FTL) ger 10: ranpge in space,

Communications are normally limited 1o the speed of lighe (156,000
miles per second). For planctary communications, this is effectively
instantaneous, but in space, a lag between sending a message and
receiving a reply may be niticeable.

A conumunicator can be given several options o modify its effec-
tiveness. Unless explicitly noted, most options are nor compatible with
other options,

Option - Receive Only: The communicator can only receive rans-
missions, not send. This greatly reduces weight and cost! This option
can be combined with any other option.

Option - Tight-Beam Radic {TL7): This is an ultra-high-frequency
directional signal or an actual microwave beam. Only receivers within a
20" cone can pick up the signal. Tight-beam signals are often sent up 10
satellites and then relayed down again,

Oprion — VLF Radie (TLT): This options means the communicator
uses very low frequencies which can travel underwater (bul counting
cach mile of water penetrated as 100 miles of range). Transmission rate
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is slow: text must be sent, instead of voice, at only a few characters a
second, Transmission rate is normal when not transmitting underwater.

Optiont — Cellwlar Phone (late TLT): This 15 a radio-telephone
designed o connect 1o the local cellular telephone system, after which it
can make regular phone calls. The extra phone bill costs at leasi
§2(ymonth. At TLE+, this option 15 free for radios.

Options — Sensitive (TLA) and Very Sensitive (TLT) These options
give the communicator a large or very large antenna array that can pick
up signals at 10 (sensitive) or 100 {very sensitive) times the normal
range of the transmitting communicator. This does not improve their
ahility 1 transmit signals of their own! A communicator can’t be bath
sensitive and very sensitive, but this option can be combined with other
Uplll'll'll‘.:.

Opidern — Radie Jammer (TLAY A Jammer is an uniuned eadio rans-
mitter that projects a blanket of powerful “noise” to drown signals in
static. [0 prevents reception of radio signals within its range, mcluding
by the jamming vehicle. Radio reception is only possible if (distance to
the transmitterftransmitter range) is less than (distance to the
jammerfjammer range), Even then, radio reception requires an
Electromics Operation {Communications) skill roll and is resolved at -5,

Opgion — ELF Recedver (TLT): This allows the radio 1o receive (not
send) extremely low frequency radio signals. These can penstrate any
depth of water, making them very useful for communication with sub-
marines. However, the transmitters require vast acres of antenna grids,
ELF transmitters are not used on vehicles — only the receivers are. 1F this
option is taken, the radio cannot be used w transmit nommal messages
The radio consists of the receiver and a long antenna released to trail
hehind the vehicle; retracting or extending the antenna takes ahou 30
seconds. ELF transmission speed is very slow — only a few characters
per minute, Therefore, voice reception is impossible, and only text or
code can be received,

Cption = Laver (late TLT): Taking this option means the commni-
cator uses a modulated laser beam instead of radie waves, Its signal can
only be picked up by another laser communicator. The laser beam s
extremely narrow = more 5o than tight-beam radio. The user muost pre-
cisely aim the communication beam at the receiver, which must be in a
direct and unobstructed line of sight. Communication over the horizon is

only possible using relays of communicators, Because of the narrow
beam, i laser communicator cannot cavesdrop on another laser transmis-
sion unless directly in the path of the beam - which would prevent it
reaching its intended recipient anyway.

Option — Newtring (TL10): This is a tight-beam ¢communicator using
midulated pulses of anti-neutrinos instead of radio. Like newtrinos, anti-
neutrinos are particles that can penetrate almost anything, but are slight-
ly easier to detect and receive, hence their usefulness in 2 communica-
tion system. A newirino communicator can reach underwater without
penalty, and unlike other tight-beam communicators, it can penetrate
solid objects and is not blocked by the honzon, lts signal can be picked
up only by other neutring communicators,

Option — Gravity Ripple (TL12Y: This is a broadceast communicator
that uses modulated contragravity waves instead of radio waves. It uses
the same rules as TL10+ radios, but is not vulnerable to systems or cone
ditions that jam or detect radio. Gravity ripples have longer range than
radio waves, and can reach underwater or through objects, At the GM's
option, proximity to intense gravity sources (e.g., neutron stars, pulsars,
black holes) may disrupt gravity ripple communications.

Oprion — FTL (TLY): Faster-than-light communications systems
may be possible in some campaigns, See p. $27-29 for a discussion of
the effects such “FTL radio” can have on a campaign. It a default FTL
radio is needed, assume that it functions like an ordinary radio, excem
that speed increases from the speed of light to 0.1 parsec per day
(although GMs may wish to make this slower, faster, or even instanta-
neous) and range is measured in parsecs instead of miles, At the GM's
option, this option can be combined with any other option {c.g., an FTL
analogue to laser rather than radio).

If & communicator is desired, choose its type, range (short, mediwm,
long, very long or extreme), and decide what options, it any, it will
have. Then derermine its statistics as shown below:

#mnnfmtnr Table

- Weight Covst Pawer

Sensitive

"A-“e Sensitive w100 =10

VLF Radio <10 %10 Xl %1
ELF Receiver

| .[]{I

r“'*’“.'r' xl wl -
Hi ol xlmil.  «0.0002* 1 mil

Multiply weighi, cost, power and range as shown for the options on
the table. Volume is equal to weight/30 of. If power consumption works
ot to (L0 KW or less, treat 11 as neghgible,

* Range of FTL radio is measured in parsecs, not miles.

®+ No exira cost if communicator can be used only as a cellular
phone and cannot also function as a radio, or at TLE+, Otherwise, =2
cost.

#%% For neutrino at TL1T+, halve weight, volume and cost, and add
50% to range. At TL1I+, quarter weight, volume and cost, and add
100%: to range.
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We decide the Kitty Hawk has a communicator with
the medium range and celiular phone options. It goes in
the body. At TL7, a communicator is 2 Ibs. ~ 1 (medium
range) = 2 (cellular phone) = 4 Ibs., takes up 4 Ibs./50 =
0.08 cf, costs $400 « 1 (medium range) < 2 [cellular
phone also usable as radio) = $800, has a range of 30
miles = 1 (medium range] ~ 1 {cellular phone) = 30
miles, and uses 0.01 < 1 (medium range) = 1 (cellular
phone) = 0.01 kW, a negligible amount of power.

Scramblers

For extra cost, any commumicator can be equipped with a scrambler
system, This makes the ransmission signal difficult o detect (using fre-
quency agility ) and/for encrypds ot [F both sender and receiver use seram-
blers with the same settings, a message will be gibberish w anyone else
listening in. A computer can be used © decode some or all of a seram-
bled messape — see the Crypramefyvsis skill on p. B245.

A scrambler system is 32,000 at TL6, $1,000 at TLT, $500 at TLE,
$250 at TLY or $125 a1t TLI(k. The scrambler option simply adds to the
cost of the communicator and is not a separate device. Scramblers are
generally unnecessary on laser or newtring communicators, since the
bewms wre very hard toointercept.

The Kitty Hawk has a scrambler for its radio that
costs $1,000

HEADLIGHTS AND SERRCHLIGHTS

Most modern vehicles use lights as a simple. cheap form of night
Vision.

Headlights (late TLS4): All powered vehicles built by late TLS are
assumed 1o have lights (for “free”™) that clearly illuminate an area in
fromt of the vehicle for sbout (TL = 5) vards and thar can be seen at 20
times that distance. These are sufficient for normal nighttime travel. A
TLT+, the lights alse cut fog penalties by half,

Searchiights (late TLS): These project a bright beam of visible light,
illuminating a 2-vard radius per mile of range. The beam itself can he
spotted @l twice ils range. Aiming a searchlight 15 a combat action, A
vehicle or object caught in the beam can be attacked with no penalty for
darkness. A searchlight can be used to blind a single, sighted individual
who is exposed or looking out 2 window or canopy for as long as the
searchlight 15 aimed at him. This is a ranged attack; & roll o hit {give the
light 58 20 and Accuracy 150 is required each turn. The subject is blind-
ed for as long as he faces the light (phes, at night, 1d more seconds on a
failed HT roll).

infrared Searchlights (late TL6): Sometimes called “active
infrared,” these searchlights project beams of infrared light that are
invisible to normal vision. The infrared searchlight includes its own
image converter that can detect objects illuminated by the scarchlight's
beam by day or night. Passive infrared, thermograph and PESA sensors
[see . 50) can detect its beam out to twice its normal range. IR search-
lights are ineffective underwarer. They are historically available circa
1943 to the U8, povernment, and generally available by TLT.

Eeam\‘lﬁyht Table

TL  Type Weight b r.:-m.r.ur. Cost Prm er
,ﬁ» i Searchlight = AT R80T
Searchlight 20 04 100 I
& R Sewchligh 3006 0 1

.'+ Searchlight 10 0.2 H500

IR Searchlight 15 03

I/ y
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Weighs, Volume, Cost and Power are per mile of searchlight range,
up toa maximum of (TL) miles; however. a searchlight beam is limited
to direct line of sight, and cannot illuminate targets past the visual
hewrizon,

The Kitty Hawk has headlights; there is no extra
weight, volume or cost.

R T R A O
SENSORS

Sensors enable a vehicle operator o detect distant or hidden ohjects,
The different types of sensors are described individually, bue fall into
three general caregories:

Visug! Augmentation Sensors, which enhance the user's vision —
telescopes, light amplification and low-light TV,

Line-of-5ighi (LOS) Semsors, which need an unblocked line of sight
to the object being detected, but which have high enough resolution to
be used mstead of normal vision when making atuacks or maneuvering.,
LOS sensors include mdar, ladar, active sonar, passive infrared, thermo-
graph, passive radar and PESA (see p. 50).

frdirect Sensory that are not precise enough o replace vision when
attacking or navigating, but which don't require any line of sight. They
include passive sonars, geophones, sound detectors, MADS (see p. 54),
gravscanners and multiscanners,

Direction: Only indirect sensors are omnidirectional. Otherwise,
decide which side of the vehicle the sensor will look out of front, hack,
right, left, top or bottom. A sensor can only detect objects it is facing.
For universal coverage, either install several sensors or install them in
rolating open mounts or urrets,

Rules for using sensors are covered in the Sighting and Derecition

chapter.




VistaL AUGMENTATION SYSTEMS (VAS)

These are optical and electro-optical sensors that augment human
vision, Long-distance viewing is limired 1o an unblocked line of sighr,

Telescopes (TLAY A elescope uses optical lenses to enhance human
diswnce vision. It essemtially does two things: it gathers light over a
larger area of space, allowing detection of fainter objects, and it
improves resolution, allowing detection of finer detail. Because the field
of view decreases as the magmfication increases, a telescope 15 most
effective when identifying objects already defected by other sensors, o
where hours or davs can be spent searching, as in astronomy. In dark-
ness, felescopes can only spot objects that emit light, such as stars or
lighted buildings, or are illuminated by other light sources. like the
mpon of an object silhouetted against a light or source of reflected light.
Telescopes are mted for their maximum magnification.

Light Amplification {TLTY: This 15 a simple “starlight™ scope that
electromically amplifies light levels. It does do not have any magnifica-
ton ability, and 50 has no vision bonus. Tt does give a person looking
through it effective but color-blind Night Vision, as per the advantage
(p. B22) allowing the user 1o see in anything but ol darkness without
penalty, It may not be used with a telescope, but see low-fighs TV below.

Lew-Light TV {LLTV, late TL.T): This TV camera with telescopic
optigs s downlinked to a view screen inside the vehicle, It functions
exactly like a felescope, bul incorporates a hght-amplification system as
well. It still can’t see through smoke, fog, mist, foliage or clouds, how-
ever, making it of limited use in any kind of adverse weather.

Passive Electromagnetic Sensor Array (PESA, TLR) See p. 53,
These multi-purpose sensors also inclede a low-light TV functon. IF 2
PESA is going to be installed, a low-light TV is wsually unecessary
except s o cheaper backup,

Flluﬂﬂugmfm‘m System Table

Ty “f .r-':g.‘!! W m’ ke Cowi

neg. $100
0025 31000

Weight, Vodume, Cost and Power: Light amplifiers use the weight,
volume, cost and power shown on the wble. For telescopes, select the
optical magmfication and muluply weight, volume and cost by magnifi-
cation. For low-light TV, select the optical magnification and multiply
weight, volume and cost by magnification; treat any magnification of
less than x5 as x5 when calculating cost (not weight or volume). If a
telescope or LLTV weighs under 25 lbs., ot 15 also available in hand-held
form: divide weight, volume and cost by 5 as it doesn't need the con-
trols and mountings a vehicular svatem requines!

We decide the Kitty Hawk has a TL7 light
amplification system in the turret, facing forward
(2 Ibs., 0.04 cf, $400).

mr-<o=Z>Mm

Vivion Bownus: Telescopes and LLTV with magnifications greater
than =1 have Vision bonuses, These add 1w Vision rolls to detect objects
at long ranges.

Magnification to Vision Bonus Table

Power
iy

) Bnm,r_l.'

Find the magnification of the telescope. low-light TV or PESA in
the Power columi if the actual magnification is between two values,
usg the lower. The number in the adjascent Bonus column is the VAS
Wiston bonus,

Mote that  split bonus is usually given: the second and higher nume-
ber only applies when anempting to get a better view of objects that
have already been detected visually or by another sensor. This is
because high-magnification sensors drastically reduce the field of view,
which increases the ditficulry of the search or requires the use of a lower
magnification setting. Al TL&+ telescopes and LLTY cameras are
assumed to be able to “zoom™ from x1 to thelr maximuwn magnification.
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EXTENDABLE SENSOR PERISCOPES

An exiendable sensor periscope is a fube and viewer containing an
arrangement of mirors of prisms w0 permit observation from outside a
direct line of sight. e.g., while underwater or behind a ridge line. A
periscope can be extended or retracted in 2 secomds.

Periscopes that do not extend out of the vehicle, such as those used
by tank crewmen o see out, need not be purchased — like headlights and
windows, they are subsumed into the vehicle's bagic equipment

A peniscope may be up to 60 feet long, A periscope on a naval sub-
marine is normally between 30 and 60 feet long ithis is “periscope
depth™) 10 allow observation from well below the waves, Those mouni-
ed on ground vehicles rarely exceed 6 feet, Periscopes on helicopters
(*mast-mounted sights”) may be built to protrude ahove the rotor nssem-
bly; this penerally requires at least 3 feer,

To build a periscope. decide which telescopes or other sensors can
he usedd to see through it The periscope’s weight, volume and cost are
10% of the weight, volume and cost of the sensors it can use per foot of
length {or fraction thereof). The periscope must be housed in the same
pitrt of the vehicle as the system it is equipped with,

To build a visual periscope that is a simple viewer with no magnifi-
cation, fitit with a telescope or LLTY builr at =1 magnification,

We decide the Kitty Hawk's thermograph (see p. 54)
is in a sensor periscope with an 8’ extension, installed
in the turret. The periscope’s weight, volume and cost
are 10% = 8" = 80% of the thermograph's 15 Ibs., 0.3 cf
and $48,000, or 12 lbs., 0.24 cf and $38,400,

AROAR (LATE TLG) AND LADAR (TLB)

Radar ("RAdio Detecting And Ranging™) emits pulses of radio or
microwave energy. These pulses are scattered back when they hit solid
objects, The sensor collects and analyzes these reflections, measuring
the time between the pulse and return in order to determine the object’s
position, range and speed. Targets spotied by radar are normally just
blips on & screen, with their exact shape {unless they are the size of large
buildings) a mystery. Radars are blocked by solid objects and cannot
normally see over the horizon. They do not work inderwater, but fog,
smcke or darkness have no effect on them. Radar 15 an active sensor -
its beam can be detected by radar detector or locator systems at twice its
actual range.

A radar can be modified with a variety of options. From TL6 to
early TLT all radars must have either the air search or ground search
options; at late TL7+ this restriction is removed, representing the devel-
opment of advanced multi-mode and pulse-doppler radars.

A radar can be used o “arget” objects, providing a +2 bonus to hit
with vehicle-mounted weapons, This bonus 1s not cumulative with that
provided by laser rangefinders. A TL6 or early TLT radar can only rar-
pet one object at o time, and when it does, advanced radar detectors (p.
59 will be wamned that a radar has “locked on™ and is targeting them.
Muore sophisticated sensors use a “track while scanning” svstem and do
ot provide this warming,.

Chptiort — N Targeting (TLO): A radar-type sensor with this option
lacks precise ranging amnd target-tracking capabilities, It cannot be usad
o aim weapons in eu of visual sighting, or o guide semi-active hom-
ing weapons. This option 14 taken by most radars used by civilian vehi-
cles, and by radars intended mainly for long-range searches.

Option — Surface Search (TL6): This optimizes the sensor for
detecting targets on water of ground, reducing its cost, Tt is at -5 to
detect targets silhouetted aganst the sky or space. A radar may not have
both the surface-search and sir-search oprions!

Option — Adr Search (TL6): This optimizes the sensor for detecting
airborne targets, reducing its cost, It 1s at -3 1o detect any target silhouet-
ted against ground or waler,

Crptron — Low-Res fmaging Radar (late TLT7 ) This is a radar modi-
fied For much higher resolution, enabling it to determine a target's gen-

eral shape and size. It is incompatible with high-res imaging radar, ladar
or AESA options,

Oprion — Hiph-Res Imaging Radar {late TLT): This option uses mil-
hmetric rader frequencies, allowing resolutions approaching human
vision to be achieved. Flat details (like writing) and cobor still cannet be
resolved. High-res imaging radar is not compatible with the low-res
imaging, ladar or AESA options.

Cprion — Ladar (TLR): Tuking this option means that the radar is
actually a ladar (LAser Detecting And Ranging), sensor. A ladar, some-
times also ealled LIDAR (Laser Imaging, Detecting And Ranging),
functions much like an imaging radar but is harder to detect or confuse
with conventional electronic warfare systems such as radar detectors or
jammers, Its disadvantage is that it is incffective in smoke. fog or heavy
rain, or in exotic Prism and Blackoul smoke clowds, Ladar works under-
water at 5% of its normal range (which gives -8 Scan). Ladar is not
compatible with either the imaging radar or AESA oplions,

Oprion — Active Electromagneric Sensor Array (AESA, TLA): This
option gives the “radar” the ability to swiltch between search radar
mode, low-res imaging radar mode, high-res imaging radar mode and
ladar mode. When in low-res imaging radar or ladar mode, range 15
halved (which gives -2 Scan). When in high-res imaging radar mode,
range 15 1/50 normal (each mile of range is treated as 35 vards; also
recaleulate Scan). Switching can be done at the start of any wm. It is
incompatible with either imaging radar or ladar options,

Option — FTL Radar (TL?y: Owdinary radars and ladars are limited
to the speed of light. If some form of faster-than-light drive echnology
cxists, the GM may rule that FTL sensors were also developed, This
“FTL radar” opion may work in whatever way the G wants — perhaps
it uses “subspace” or “hyperspace” waves. In any case, it enables the
sensor 1o reach maximum range and return at Faster-than-light speeds,
detecting objects in much less than a second. FTL radar is usually sub-
jeet to whatever restrictions the GM has decided affect warp drive, ez,
if a nearby planet’s gravity distorts warp drive, this would prevent FTL
radar being used by vehicles on a planet or in orbir

I a raddar is desired, select the maximum range in miles for an ordi-
nary radar or light-seconds (each 186 000 miles, minimom one light sec-
ond) for an FTL radar, and decide what options, if any, it has. Then cal-
culate its statistics as shown below
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NnTargﬂl {5
Low-Res Imagi

AESA (TLR) =1.5 ®1.5 =3 x1
FTL Radar (TL. 7 w2 ) =10 wl

* x| cost modifier for late TL6 or early TLT radars.

Multiply the range of the sensor in miles by the numbers shown on
the table to find its weight, volume, cost and power requirement.
Exception: If a sensor has over 125 miles range, its cost is the number
shown on the table multiplied by [100+ (1/5 its range ]

If the radar has any opions, multiply its weight, volume, cost and
power as shown on the table. All multipliers are cumulative, Then cal-
culate the radar's Scan rating, which iz added to detection rolls when
using the detection rules in Chapter 13, Scan depends on range, as
shown below:

Range to Scan Table

Kange Scan Range Scan Ranpe

1]

1000 mi, 29
I,SD{}mi. 30 45,000 mi. 39

W0mi. 20
45mi. 21

1 mile 1§
1.5 miles |2

... with each factor of L0 increasing Scan by +6; e, range 70,000
15 10 tmes greater than range 7000, s0 Scan 15 34 + 6 = 40,

Find the range of the sensor i miles in the Range column; if it falls
between two values, use the lower. The number in the adjacent Scan
column i3 the sensor’s Scan. Approximate Scan ratings for FTL radars
(p. 510 can be found by reading the whle in light-seconds instead of
miles and adding 32. Thus, 10 light-second range is Scan 49, In space,
non-FTL radars, Jadars and AESAs get 106 range {und thus +6 Scan).

For use in air combat and navigation, we
decide the Kitty Hawk has a late TL7 radar with
a 10-mile range. We put it in the body, facing
forward. Multiplying the numbers on the table
by 10, we find it weighs 50 Ibs., takes up 1 cf,
costs $40,000 and requires 2.5 kW power, With
a 10-mile range, it has Scan 17.

SONAR

Sonar (SOund Navigation And Ranging) uses sound waves for
detection. It is available in three main types: active, passive (also called
a hydrophone) and active/passive.

Active Sonar {TLE): This system detects objects by bouncing o beam
of sound off the warget and measuring the time it takes for the echo to
return. Also called an ccho sounder, it was historically developed in the
1920s. Active sonar detection provides the range, size and direction of an
object; repeated pulses can determine course and speed of 2 moving object,
and get a very rough idea of its shape. Since sound travels much betier
underwater than in air, sonar is best wsed for underwater detection; in air,
its range is 109 of nommal and Scan is -6. I is ineffective in vacuum.

Besides spotting moving objects such as submarines or schools of
fish, active sonat can find the depth of water by measuring the distance
tor the bottom (useful to avoid muening aground) and locate stationary,
silent ohjects like wrecks or terrin features on the ocean tloor, Active
sonars with less than 1-mile range are often used by civilian vessels for
navigation, oceanographic research and archaeology. Naval vessels usu-
ally have powerful active sonars with 2-20-mile ranges for use in detect-
ing quiet-running submarines, but are often shy about using them, since
the sonar pulse gives away the vessel's position to any craft equipped
with hydrophones (helow), out to twice the rangs of the active sonar,

Actlive sonar can also be used for targeting weapons fire, Feeding
ranging information 1o a gunner. This allows a vehicle to attack targets
that cannod be seen visually

Passive Sonar (TLAR A passive sonar, or hydrophone, is a very sen-
sitive underwater sound detector. A passive sonar can only detect ohjects
that are making noisc in water, and only if both the sonar and the object
are in water, ot does not require any line of sight. A passive sonar can-
not determine the exact location of an object well enough to be used io
aim a direct-fire weapon, nor can it discern an object’s size or shape. It
can find the approximate distance, course and speed of an objecr, and
most importantly. can classify ohjects by their scoustic signature, Naval
sonar operators become familior with the different noises underwater
objects produce, and can tell the difference between a school of whales
and a ship’s or submarine's propeller on a successtul skill roll.

At TLY+, ships with passive sonars normally use transmission pro-
filing software {p. 63), which allows very exact identification of familiar
targets — for instance, “We picked up the propeller noise of a British
Trafalgar-class nuclear submarine running al 20 knots. Hmm, Sounds
like someone just dropped a wrench aboard. Wast, Now they 're flooding
their torpedo bes . . .7

Active/Passive (late TLEY: Added to an active sonar, this allows it o
swilch to passive maode, functioning as a passive sonar ar tvice ils active
ranges (giving +2 to Scan).

Cption — Depth Finding (TLT): Commercial vessels ofien mount
very limited active sonars sodely useful for finding the depth to the bot-
tom, Build these by taking this option, Except in very deep water, a
range of (.1 miles is usually suitable. Depth finding sonar can be sct o
sound an alarm if the depth goes below a preset limit. Using this sysiem
or an ordinary active sonar gives a +1 bonus o Navigation if the GM
requires skill rolls to pilot a vessel close to shore or shoals.
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Opiion = Lipping Sorar (TLT Any type of sonar must be in the
water to detect anything underwater. To allow aircraft to use sonar, “dip-
ping somar was developed. This mounis the sonar on a cable which is
dipped into the water. The aircrafl must be hovering or moving slowly
(under 20 mph) within 100 feet of the water, which basically restricts i
o helicopers, airships, grav vehicles or the like, It takes 30 seconds
extend or retract the sonar; if the craft excesds 20 mph or maneuvers vio-
lenily {over 2 g) without first retracting it, the sonar will be destroyed.

Option — Towed Array (TLT): Moving wasercraft {including sub-
marines) may nol use passive sonars o detect targets that are in an arc
heiind them due to the noise of their propulsion systems. To solve this
problem {and also allow use of a larger antenna) they trail a hydrophone
array on & long cable, This is called a wwed amay. A deployved trailing
passive sonar gives a -1 o watercraft control rolls, but allows detection
behind the craft. Extending or retracting it takes one minute.

Cdpticn — No Targertng (TLA): The sonar cannot be used for target-
ing weapons fire,

If a sonar i desired, select the type, opnons (if any) and range in
miles {minimum (1.1 milel; range may be up to TL x 3 miles for active
sonar of TL x & miles for passive somar (< 20 if towed array). Then
determine the other statistics as shown below:

Sonar Table
TL Type Weight  Vaolume
g = i ey

B+ I A.::ri'-'e Sonar N

Early & Passive Sonar 1 500

Late t_’: P-élh_:\]'i’l.‘:' S!:Jnu_l [EH]
| Pass

s

Towed Array*®
Mo Targeting® x| *1
¥ Active sonar only. ** Passive sonar only.

The table shows the hasic weight (1bs.). volume (cf), cost and
power consumption of sonar per mile of range. If the sonar has any
options, multiply these statistics as shown on the whle. All multipliers
are cumulative. Then calcolate the Scan rating using the Range 1o
Fean table on p. 52,

Locarion Resiriciion: T the sonar is intended to be usad in water, it
should be either & dipping sonar or go in a location that will be sub-
merged - an underside turret, not a fopside turret, for instance,

The radar is useless underwater, so we

decide the Kitty Hawk will have a late-TL7 active
sonar with active/passive option and a 0.5-mile
range. It goes in the body, facing forward.
Multiplying by 0.5 for range, and then applying
the multipliers for the active/passive option, we
find it weighs 37.5 Ibs., takes up 0.75 cf, costs
$6,000 and requires 1.25 kW power. With a 0.5-
mile range, we find it has Scan 8. Since it has
the active/passive option, it cam also be used as
a passive sonar with double range.

THERMEL AND PRSSIVE ELECTROMAGNETIC IMAGING SENSORS

These sensors allow a user to see beyond the visual range of the
electromagnetic spectrum. They generally work in the infrared (TR)
range, detecting the heat an object emits and companng to the hack-
ground. Since an object is rarely the exact same emperature a5 its back-
ground, [R wsually gives o reasonably good idea of an object’s shape.
However, details the same temperature as the rest of the object (e.g.,
writingh are never visible, Infrared sensors cannot see over the visual
horizon, bur they can penetrate darkness and normal smoke or fog,
Howewer, their vision is degraded by falling snow, rain or hot smoke
(.2, from burning white phosphorous) to the same degree as human
vision would be. They can be blinded by very hot objects, such as flares
or fires, Special IR Cloaking (p. 91 systems can reduce an object’s
infraned emissions, making it harder to spot.

There are two main kinds of infrared sensor: passive [R and thermo-
eraph.

Passive Infrared (TLT): This sensor gives the user the equivalent
of the Infravision sdvantage (p. B237), Passive infrared sensors wene
developed experimentally in late TLA, but did not become widely
available until the middle of TLT. Pa_‘.-il‘.-'-;‘: infrared sensors cam bc
enhanced by the use of the infrared searchlights (“active infrared™
described on p. 49,

Thermagraph (late TL7): This is an advanced, high-resolution
infrared sensor. Thermographs (also called thermal imagers) use a spe-
cially-cooled heat sensor to increase their sensitivity, and electronically
enhance the infrared emissions imto a television-style visual image.
Treat a thermograph as Infravision (p. B237) but there is no -1 penalty
for night combat and an extra 41 1o Tracking bonus. Alse, its resolution
i sensitive enough to be able 1o see heat shapes concealed behind brush
or through thin walls, although this requires a roll at a penalty equal to
the wall’s (HT + DR). Thermographs are very uscful for espionage
aperations and urban combat!

FPassive Radar (TLE): This is a passive millimetric-band sensor. All
ohjects radiate millimetre wave electromagnetic signals much like they
do heat. A passive radar assembles these signals into a picture in much
the same way as a thermograph, Passive mdar is used 1o supplement or
replace thermographs at higher TLs, a2 it is less vulaerable 1o certain
COUNTENMENsUres.

FPassive Eleciromagnedic Sensor Areay (TLE): A PESA or “radiation
imager” combines passive radar and thermograph sensors into a single
unit, and often adds some ultraviolet imaging capability. It can also be
set 1o function in the visible light range, working much like a low-light
TV with magnification equal o its maximum effective range in miles.
(IF it effective range is less than | mile, it has =1 magnification.) For a
PESA’s Vigion bonus, refer 1o the Magndffcation to Vision Bonus table
on p. 50 = or simply subtract 10 from its Scan for the higher bonus and
then halve that for the lower honus,

All infrared. thermograph, passive radar and PESA sensors are rated
for their meirm cffective rarge in miles (for PESAs, this is the range
using thermal imaging). Decide whar the sensor’s maximum effective
range is (minimum 0.25 miles; st TLT, thermographs may not have a
maxirmum effective range greater than 25 miles, but there is no other
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restriction ). Then use the table below 1o work out weight, volume and
cosl. Since sensors cannol see over the horizon, those intended for use
on ground vehicles rarely require a range greater than 5 miles!

Without an atmosphere (o diffuse and absorb the target’s emissions,
these sensors ane far more effective. Treat them as having 10 = their
usual maximum effective range {giving +6 Scan) in a vacuwm.

Thermal and Passive Electromagnetic Sensors Table

TL Type Weight it Power

51'-"{: ;
I+ Passive IR 1

Tnph
10+ 'Trmugh

I+  Passive Radar 0.5
8 PESA

i1+  PESA

o

Multiply the range of the sensor in miles by the nombers shown on
the table to find its weight, volume and cost. Exceprion: If a sensor has o
range of over 125 miles, its cost is the number shown on the table muln-
plied by [0+ { 1/5 its range}].

Then calculate the sensor's Scan rating wsing the Range to Scan
tahle on p. 52.

The Kitty Hawk has a thermagraph with a 3-mile
range mounted in the turret (turret, 15 Ibs., 0.3 cf,
$48,000, Scan 14).

(ITHER SENSORS

More specialized sensors are also aveilable;

Geaphone (TLT): This is a seismic detector used to sense ground
vibrations. It can normally only detect objects that are moving on the
ground, It does not require a line of sight, and can work through walls,
other sofid objects or over the horizon. It can determine the approximate
distance, direction, mass and speed of a moving object, but cannot deter-
mine the exact location well enough to be used to aim a direct-fire
weapon, nor to detect an object's size or shape.

Magneric Anomaly Derector (MAD, TLT: A MAD detects the tlue-
tuations in the Earth’s magnetic field caused by the movement of larpe
fermous obpects, and can locate the position of such objects and classify
them by their mass and speed, although not their shape. At TL7, MAD
is mainly used to detect submarines or shipwrecks. I also detects the
magnetic ficlds produced by mag-lev, MHD technology, operating
fusion or antimatter devices and any discharge of a particle beam,
flamer or electromag weapon at five mes its nocmal range, Use of a
MAD does not require line of sight. It works in any dircction, and can
scan through walls, solid objecis or over the homeon,

Multiscanner (TL9): This is a multi-function energy scanner that
can be used in three modes to detect and classify matter or energy. Used
as & hicscanner, il can deteet life forms and can locate particular species
— or even specific people, if penetic “fingerprints” are on file. As a
chemycanmer, it can scan for manerals, metals and chemical compounds,
and can be used to detect or analyze explosives or drugs. or even deter-
ming the DR of an object. As a redscoanser, it can detect energy sources
of all kinds and can be set 1o scan for specific types of radiaton {gamma
ray, radio, neutrino, radar, etc.) and can also detect the scanning radia-
tion used by chem and bioscanners.

Note that chemscanners, radscanners and bioscanners can also he
bought separately. They have half the cost, weight and volume of an equiv-
alent multiscanner. (The multisconner gets an overall break in cost and
wieight because many of the components can be used i all three modes_ )

Gravscanner (TL11): Also known as 1 gravitic snomaly detecior or
grador (GRAvity Detecting And Ranging), this is a sophisticated sensor
that can detect objects and classify them by their mass and speed. It can
detect the use of gravity-manipulation devices like artificial gravity or
contragravity, gravity beams, pravitic guns and tractor beams ar up o
five times its normal range.

Il a geophone, MAD, multiscanner or gravscanner s desired, select
its normeal range in miles, and determine ity statistics a5 shown below:

Weighr Volume

e,

Cost  Power

10,000
$10,000

9 Chem-, Rad- or Bioscanmer 5 1.1
_ Chem-, Rad- or Bioscanner  1.25  (LOIS

§5,000  neg.
31,250 nep.

12 Gravscanmer 20 (.4 S0 neg
13+ Gravscanner 10 0.2 $10.000 neg.

The table shows the basic weight (1hs.), volume {cf.), cost and
power consumption of the sensor per mile of range. Exceprion. if a sen-
sor has a range of over 25 miles, ils cost is the number shown on the
table multiplied by [20 + (1/5 its range)].

Decide where the sensor is located — geophones must be located in
the body or legs, or in an arm that can tuch the ground. Then caleulate
the sensor’s Scan rating using the Range to Scan table on p. 52,

Sound Detectors

These are scnsitive microphone arrays used for detection in atmos-
phere (as opposed o underwater). Sound detectors are available starting
in late TLA.
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A sound detector may be etther "ranging” or “survelllance,”

A ranging sound detector (TLE) simply locates the position of 4
loud noise but does not allow the wser to “listen™ w i Tt is mainly used
for locating firing artillery batteries.

A surveillance sound detector (TLY) can locate and then “zoom ™
on a sound, allowing the wser o lter out backpround noisc and hear
distant conversations or the like.

For both types, a successful skill roll against Electromies Cperation
{Sensors) may be required at the GM's discretion.

A sound detector’s sensitivity 15 rated in levels, up to a maximum of
(TL+ T levels. Decide how many levels the sensor has, and caloulate its
weight, volume and cost using the table below

Sound Detector Table

TL Weight Valurme ot

T e oL, 001 G

R nz 0.0k F 100

9 0.1 0.002 350 neg
W0 0028 00005 RIS e

Weight, volume and cost are per level. Multiply cost by ten for sur-
velllance sound detectors

The table below shows how far away a user can be from various
sounds and still locate and understand them with the same clanty as nor-
mal conversation ene yard away.

Each level of sound detector doubles the range (move down one
range line) at which a sound can be located (ranging) or Incated and
understond (surverllance ). For instance, 20 decibel sound (a whispered
conversation) can only be heard and understood ar 1,2 vard normally. A
person using a level 10 surveillance sound detector can locate and
uncberstand a whisper at 512 vards

Sound Intensity Table

Sound level Example Range
fdecibels | yards)
it .:=_1.'=_::'-- ) B

172 (4}
I (8
3 (16)
4432y
B i6d)
gine 16 {128)
e
“ﬁﬂi? £
128 (1024)
256 (2048)

Ak L
e

artillery fire
Jet engine

The number in parentheses on the table is the maximum range a
which the sound can be heard but its location and ornigin ao clearly dis-
timguished.

Sound baffling om a vehicle will subtract (TL-4) = 10 decibels if
basic, or TL = 10 if radical from its engine o propeller nodse,

SONOBUDYS AND OTHER REMOTE SENSORS

Modern submarine-hunting aircraft often carry hydrophones or
somars built intoe small buoys,

These are dropped into the water by the aircraft (from a weapon
bay) 1o relay data back to it. Other types of vehicles may also use this
type of sensor — spacecraft may carmmy remote sensor buoys that can be
dropped to survey certain areas, and so on,

This sort of remote sensor is wsually built as an immaobile “vehicle™
consisting of a sensor, 4 communicator with Datalink, a vehicular para-
chote (p. 71) and an encrgy bank. Then give it a body (make it big
enough o float), s few poines of DR and (for sonobouys ) waterproofing,
and the device is ready to use.

SCIENTIFIC SENsORs

These systems are used for surveying and scientific research. Spuce
probes, [aboratory ships and scout ships will usually carry some or all of
these scientific sensors.

Mercorelogical Instraments (TL1): Instruments that can measure
temperature, humidity. wind speed, etc., outside the vehicle are free for
any vehicle with navigational or survey mstruments, Quality varies with
TL: ar TL3+, add TL-2 1o Meteorolagy skill,

Astronomical Telescopes (TL4) are built as telescopes or low-light
TWs (p. 500, Instruments intended for serious modern astronomy
should be at least 200 magnification and carefully stabilized — use the
rules for Weapon Stabilizarion, p. 45, Without stabilization,
Astronomy skill rolls are made at a -4 penalty, Ten days and o suc-
cessful Astronomy skill roll would enable a user to map a star svstem
{lecate planets and moons and calculate their orbits) with the help of &
computer with a Cartography or Astronomy program, Doing the same
Job by hiand would take vears.

Astronomical Instrements (TLTY: This is the sont of seasor armay
typically used by survey spacecrafl or satellites for the careful detection
and study of stellar objects, dust elowds, ete. It includes an array of
infrared. ultraviolet, high-energy and radio telescopes, as well as field
and particle sensors. Build the system as if it were a low-light TV with
200 or beter magnification and full stabilization (see p. 500, then mol-
tiply the cost by ten. In a pinch, it can function as an infrared sensor (or,
at 100 times range, as a radio receiver) but as it is optimized for use in
astronomy rather than tactical search, only one detection roll is allowed
per hour. It can also give a (TL-6) bonus to skill when making
Astrogation rolls to locate a ship's position in interstellar space, or to
Physics rolls made (o anelyze unuswal astronomical objecis.

Pianetary Survey Array (TLT): This basic tool of remote orbital or
aerial surveying consists of an ammay of specialized comeras, radiometers
sensitive 10 various bands of the electromagnetic spectrum, etc. To
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extract data about a region requires at least one low orbital pass or air
overflight and a roll against an appropriate skill (usually Planetology or
Meteorology, depending on whether the surface or atmosphere 15 being
studied). All kinds of useful data can be found: atmosphenc composi-
tion, meteorological conditions, soil temperature and moisture, snow
boundaries, ice floe movement. surface mineral composition, species
and health of plants, sediment and biological loads of ocean waters, etc,
They are available in low-, medium- and high-resolution systems.
Medium-res systems give +1 to skill; high-res give +2 to skill,

Scientific Sensors Table
TL  System
Planetary .‘il_.l.rve%- a'\:__f_af:__;_e_

Power

Weight  Volume Cost

Weight, volume and cost are halved one TL after the sensor firsi
appears, and are halved again after two or more TLs

RUDIOVISURL SYSTEMS

These devices are used for recording and storing information, such
as pictures or sound. They are often used for military photo-reconnais-
sance, science, news gathering or flm making.

Senernd Syitem or Flight Recorder (TLAT: A sound system is an audio
playerfrecorder. Tn addition to its use as a entertainment sysiem, this can
also be used as the tape recorderplayback system needed for electronic
intelligence vessels, Use the same stats for cockpit flight recorders
("black boxes™) like those installed in airliners, The svsiem cannot play
back recordings unless removed from the vehicle, but is tough enough o
survive crash, explosion or fire.

Vehicle Camera (TLA): This is a elephow camera designed o film
auteenatically once activated {make only one Photography roll; anything
but a critical fadlure means it"s not professional quality, but the pictore is
still taken). At TL6, it can take one hour of black-and-white footage or
several thousand still photos. TLT models use color film. Late TLY to
TLY models use digital data storage {no developing requined) and typ-
cally hold one computer disk's worth of information and can transmit
live feed (or upload to & computer somewhere using & communicator
capable of data transmission), &1 TL 10+, it takes holographic pictures.
Military aircraft often mount a vehicle camera adjacent to a main
weapon, (o take pictures of whatever is attacked.,

Recon Camera {TLE): As above, but this is a nulitary reconmas-
sance model, with supenor telephoto or electro-optical lenses enabling 1
o produce very sharp images from high altdes. A TLT model could
read o license plate from several miles up (if licenze plates were on the
roifs of cars ) and ligher-TL models are better.

Infrared and Low-Light Cameray (TL7) A normal or recon camera
can he modified with infrared andfor low-light capability at extra cost

INSTRUMENTS AND ELECTRONICS >

Infrared cameras take pictures using infrared film. Low-light cameras
use electronic light amplification, allowing them 1o ke pictures in any-
thing but absolute darkness,

No Meed for Cameras? Any vehicle with a PESA or low-light TV
and a computer (p. 600 can function as a digital camera, capturing
images and storing them in compuier memaory.

AV System Table

TL  Twpe :

oo

Cameras
Vehicle Camera
Recon Camarn

‘eight Volume Cosr

A
|}

L
h.-.
% iy (ke
7 Infrared Camera
T Low-Light Camera
Weight, volume and cost of TL7+ systems are halved one TL after
they first appear and are halved again two or more TLs after they first
appear, Power i1s negligible.

The Kitty Hawk will have a sound system
(body, 20 Ibs., 1 cf, $400).
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NAVIGATION SYSTEMS

Vehicles intendedd 1o truvel long distances, especially at sea, at night,
over truckless wastes or a1 high alticudes, should be given navigation
equipment o help them remain on course and avoid collisions,

Navigation Instrumenis: These permit navigation out of sight of
familiar landmarks through the use of charts and instruments. The effect
of instruments depends on TL;

At TL3, the magnetic compass allows lecation of magnetic north;
otherwise, the only method of fixing et position is by dead reckoning

that is, keeping an accurate, continuows record of how far and in what
direction the vehicle has traveled and comparing 1o available charts, if
dny. Without proper timekeeping and measoning instruments, this is
very difficulr.

At TLA, the astrolabe or sextant lets the navigator find latitade
{position north or south of the equator) by measuring stellar position,
Longimde still requires dead reckoning. TL4 instruments give a +1
bonus on Mavigation skill.




Al TLS, precise chronometers give a +2 bonus when using dead
reckoning and much more importantly. allow you to keep a reference
time that solves the problem of longitude,

Al TLS, gyroscopic compasses and better star-tracking devices give
4 +3 bonus to all Navigation rolls. More importantly, navigation mstru-
ments can now process information from o network of ground stations,
which can provide the vehicle with information on its approximate posi-
tion. When combined with a radio (p. 47) capable of contacting such a
station, radio-triangulanon (available histoncally circa 1920) allows fix-
ing the vehicle's position accurate to 1 mile. At TLT and up, many vehi-
cles may still be equipped with TLO instruments, rather than paying the
extra cost for TLT hardware,

Al TLT+, instruments give a +3 to skill when using dead reckoning,
and with radio assistance are accurate to within 100 yards., With the
addinon of a GPY or inertial navigation system (lare TLT, see below),
exceedingly precise navigation is possible without the need to rely on
ground stations.

At five times cost, any TL4+ navigation instruments may be avail-
ahle as “precision” instruments with an additional +1 bonus,

Navigarional! Radars (late TLA): Radar is often used to help a vehi-
cle navigate in low visibility, ot night or while flying at low altitudes, or
tor detect weather conditions. A typical navigational radar is built as a
radar with a range of 5-10 miles and the “no targeling™ option; see
Radar, p. 51. Versions with ranges of 0.1 to .25 miles are used on ships
and ground vehicles. This “anti-col lision radar™ warns the drver if he’s
likely o collide with an obstacle, halving the penaliies for driving at
night or through fog. In addition. if the vehicle has ejection seats, a force
SCreen of @ stasis web, it may activate that safety system auromarioally
in the event of & high-speed collision - the precise speed 15 w21 by the
CWET,

Awuiopilod (TLH): This is a simple mechamcal or electronic device
that, once set, keeps a watercrafl or aircrafl on a steady course at a con-
stant speed. It is impractical on land, except when traveling in a straght
line over flat and featureless terrmn, Most late TL& aircraft and motor-
bouts have one. IF the vehicle is 10 do anything more complex than move
om # fixed heading, Yehicle Operation software is needed instead.

{FF (TL&): This stands for “identify friend or foe” It 1s a special-
ized transmitter and receiver unil used o identily vehicles that have
been detecied but whose identity is in question. A military TFF is pro-
grammed with an identification code and a list of current “friendly"
codes. The [FF can be triggered o “interrogate” a vehicle that has been
detected, sending an encoded communicator pulse. If the target has an
IFF or ransponder of its own, and the incoming pulse is from an IFF
code that if has been programmed o recogmze, o will automatically
send back a coded reply. If that reply matches the current list of friendly
codes the interrogating IFF was programmed with, the imerrogating IFF
classes the mrget as “friend.” If there is no reply, or 1t is an incormect
conde, the IFF reads the target as “foe.” For obvious reasons, a military
will change its IFF codes on a regular basis!

Civilian aircraft {and in future. maybe other vehicles) may be legal-
ly required to wse a version of IFF known as a transponder,
Transponders allow air traffic control systems (and the miliary) to iden-
tify the civilian vehicle. Instead of being a secret code, a civilian
transponder’s signal is normally just the vehicle's flight number or serial
number. A transponder cannot interrogate other vehicles' 1FF,
Falsifying a signal or turning a transponder off 15 a serious offense!

Inv either case, range is equal 1o that of a radie of the same TL with
the long range option.

Inertial Navigation System (INS, TL7): This sophisticated system
can calculate the vehicle’s exact location and heading without using
satellite assistance. It uses gyroscopic systems, occasionally updated by
geo-magnetic, GPS or star tracking, to continuously fix the vehicle's
position relative 10 known map coordinates. This can be vital if GPS-
type systems are unavailable or cannot be relied wpon (e.g.. if the enemy
can shoot down satellites). An IN5 is useful for precise “blind™ naviga-
tien at night, or across water or trackless wastes.

An garly TLT INS s accurste to about | yard per mile. A late TL7+
INS is accurate to of feast one foot per ten miles, In conjunction with
good maps (physical or electronic), an INS adds +5 o0 Navigation skill
{+] per TL over T} and effectively gives the vehicle operator Absolute

Direction. This bonus is not cumulative with TLS- navigational instru-
ments, and TL6 navigational instruments only get a further +1 bonus
from (NS,

Gilabal Positioning System (GPS, late TLY): This links the velicle
e an orbital navigation satellite network (or a friendly spacecraft),
enabling the operator to always know his exact position if he then con-
sults a properly-scaled map. The vehicle operator effectively has
Absolute Direction (accurate to about 25 yvards for civilian systems, 5
yards for military systems) as long as it is in communications contact
with a “constellation™ of friendly navigation satellites (or spacecraft).
A GPS systemn alone is much less expensive than a full TLT navigation
suite, bul — provided navigation satellites are available — is at least as
accurale.

A GP3 system can store the coondinates of a location it has visited
tcalled a “way point™) in memory. It can then later direct the user to that
way point or (if the vehicle's communication systems have a digital
datalink) transmit that way-point data w other GPS SysLEms

At present, military and commercially-available civilian GPS sys-
tzms use the same satellites but (for example) the United Swates govern-
ment can command the sarellites so that — in times of crisis — only mili-
tary GPS sers receive extremely detailed informmation. It is possible that
other government or corporate satellite systems installed in the furare
miy have similar restrictions installed by thedr masters,

CGFS systems are often used in conjunction with computers or dedi-
cates] computers {p. 61) using navigation programs (p. 63), allowing the
vehicle’s location o be displayed on a map as it moves.

Terrain-Following Radar (TFR, late TL7): Used by aircraft, this is a
downwand-looking navigational radar that relays insiructions to the air-
cralt’s flight controls, allowing automatic, trouble-free, contour-hugging
navigation at very low altitudes at full speed by night and in any weath-
er. The aircratt automatically maintains a constant preset altitude above
the fighese terrain feamre — trees, houses, hills, or whatever — that is
below the aircraft. While TFR is engaged, the pilot cannot climb or
dive: altitude control is handled by the radar. Tts use increases the ease
of low-level flight, and is a necessity for the treetop-hugging. under-the-
enemy 's-radar antacks that characterize TLT+ wir-to-ground combat. The
minimum altitude 4t which TFR can operate is 304 TL-6) vards, (A ter-
rain-following radar’s emissions can be sensed by a radar detector as if
it were a radar pointing downward with a range of 100 yards_)
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Navigation S:rstm Table

TL 'i ystem

V m’irmr FPower
- lteshihen

Weight

—
M

Navigarinn Imstruments

Mavigation Instruments 1.

51,000 neg.

_”

Inertial N-ilh;igl.llli;ﬂ H}:'.l;l.l:nv;
Incrtial Navigation System

9+
T+

(:I-u'hal Posttmmng h}“stem 0. 'J'i .
Ml_lil:d.r}'_(_ll"ﬁ

Terrain 'ull::lwing Raular
T:rr.un .'r_ulll::-wlng Radar

* Halve cost, weight and volume for a transponder.
For anti-collision and navigation radar, see Radar on p. 51.

The Kitty Hawk will have a Military GPS in the body:
4 |bs., 0.08 cf, $3,000.

TARGETING SYSTEMS

A targeting system assists in aiming or targeting weapons. Ordinary
optical or electro-optical sights and rangefinders are not included in tar-
peting systems - they are parnt of the weapon itself, and give the weapon
its basic Accuracy bonos.

Bombsigh (TL6)R A bombsight is needed if the vehicle is o drop
bombs with anv accuracy (see Bombing, p. 114), They come in three
types: optical (TLS), improved optical (late TLG} and advanced (TLT).
A vehicle wathout o bombsight is ol -4 to hit when dropping bombs.
An improved optical bombsight
gives a +2 bonus to hil. An
advanced bombsight pives a bonus
of +4 to hit. Only one bombsight can
be used at a time, and using it
requires an Aim maneuver,

Fire Direction Center (FDC, late
TL5}): This consists of an array of
plotting tables and map displays
{electronic al TL7+) used to assist in
the indirect Nire of batteries of
artillery or naval puns. In a TL5-6
warship, the FDC is ofien installed
high in an armored superstructure;
TLT+ FIXCs are usually in the bowels
of the ship. A given FDC can give a
honus te hit against a single tarcet
when indirect fire is used; +2 at TLS,
+3 at TLO, +4 at TLT+. This applics
to all gunners of indirect-fire
weapins in communication with the
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FIM, These bonuses are not cumulatnve with those of other FD(Cs, but
are cumualative with those from fire-direction software (p. 62). A FDC
requires o crew of two — and at least one cCOMMUNICHor — per Iwo gun-
ners or forward observers 1t will direct. Unlike wargeting sensors and
computers, a FDC cannot assist in direct fire,

AUDWAC (laste TLT): A HUDWAC is a Heads-Up Display
Weapon Aiming Compurer, It ties the vehicle's weapons systems into
an integrated targeting display which is then projected in front of the
wser's cyes (of if he has a newral interface, ino his brain), This allows
rapid engagement of targets. A TL7-8 HUD reduces the weapons® 55
number by 2. A TL9% HUD reduces S8 number by 5 One user needs
one HUDWAC, if a vehicle has multiple gunners, get multiple
HUDWACs,

Any HUDWAC may be fitted with a pupil scanner at extra cost,
This uses a laser to scan the user’s eyeballs, and trains weapons and sen-
sors wherever the user looks. This reduces the 55 of any weapon mount-
ed in an arm. turret, open mount, or casemate mount by a furrher 2
poinis.

Laser Rangefinder {late TLTY: A laser rangefinder is a relatively
incxpensive alternative th using a targeting radar or ladar. It allows a
gunner o precisely estimate distances using a laser beam, It adds +2 o
weapon Accuracy when aiming at an object in line-of-sight and within
the laser rangefinder’s range, A single laser rangefinder can only be
used o aim at one object per tum, [f a vehicle locks multiple laser
ranpgefinders andfor targeting ladars or radars onto the same target, use
only the highest single bonus,

Laser Designaror (late TLT): A laser designator is designed o illu-
mingte (“paint’y a target with a laser beam. The beam is coded so that
friendly, semi-active laser homing missiles and laser-puided bombs will
be able (o sense the beam and home inoon it Each laser designator can
paint only one target af & tme. To illuminate a target, the designator
mast be in line of sight of the target, and the operator must take continu-
ous Aim maneuvers until the munitions hit, At TLA-, a laser designator
cannot work through smoke, thick fog, snowstorms or water. At TL®, a
lager desipnator is not affected by smoke or fog. only by special, anfi-
laser prismatic smoke. Al TL10+, even prismatic smoke does not affect
it A Jaser designator beam is normally invisible, However, a targel with
a radar/Taser detector (p. 59) may be able 1o sense both the beam and the
location of the vehicle using the designator.

Unless it has the “no targeting™ option, any ladar can function exact-
Iy like a laser designator with the same range.

Lazer Spor Tracker (TL7): This is a sensitive optical device that
allows the operator to automatically spot any target in front of and in
line of sight of the tracker {which must be mounted to face in a partico-
lar direction) that has been illumimated by a friendly laser designanor. Tt
is usually mounted on strke aireraft o allow the gunner to know how
and when to fire laser-guided bombs and missiles without noeding to be
in direct communication with the ground forces or other craft who may
be designating arpers.

Fargeting Computer (late TLS):
Vehicles often incorporated com-
puters (p. 607 that have besn given
the dedicaved option and designed
to run only targeting programs (p.
631, Bonuses from multple target-
ing computers are not cumulative,

Targeting Radar ov Ladaer (late
TLAY: Vehicle radars and ladars can
be wsed 1o provide bonuses to hit, If
a target 15 being tracked by radar,
imaging radar or ladar, or by an
AESA. and the sensor does not have
the “no fargeting” option, then there
15 a +2 bonus 1o hit. A sonar can
work the same way, but only gives a
+1 bonus. These bonuses are never
cumulative with each other, or with
multiple systems, and are not cumu-
lative with laser rangefinders. They
are comulative with targeting com-
putets,




7% Advanced Bombsight
9  Advanced Bombsig

Fire Direction Center
Fire Direction Center

HUDWAC 2.
7+ Pupil Scanner for HUDWAC  neg. w4

Laser Spot Tracker 52500 neg

* Per 5 miles of runge.

Location Restrictions: HUDWACs and pupil scanners must go in
the same body or subassembly as the gunner(s) who will use them; a fire
direction center must go in the same body or subassembly as those who
willl man it,

The Kitty Hawk has a HUDWAC with pupil scanner in
the body: 10 Ibs., 0.2 cf, $20,000. This will reduce 55
by 4. Hs radar can also provide a +2 bonus to hit.

mro9S=>axm

ELECTRONIC COUNTERMERSURES

This class of devices (abbreviated ECM) is used to detect. locate,
jam or confuse electronic emissions such as radio or radar. While they
are mainly military devices, BCM systems are carmied even by civilian
vehicles in some junisdictions — the ublquitous radar detecior is a good
cxample.

Radar Deteceor (late TLG): This is a sensor that automatically wams
the user of radar emissions {usually with a beeping tone), Tt is some-
times known as a “radar warning receiver.” A detector can detect a radar
or area radar jammer that is wmed on, in line of sight (e, not behind a
hill or over the horizon), and emitting in the vehicle’s direction at out to
twice o radar’s or 20 times a jammer's usual range,

Advanced Radar Detecior {TLT): This is the same as a radar detec-
tor, excapt it also gives a range and bearing to the radar, and can also
inform the user if 4 radar is operating in targeting mode (providing a
bonus to hit or guiding missiles). If the vehicle has a computer with the
Transmussion Profiling program (p. 63), it can distinguish berween dif-
ferent, unigue models of radar (“That sounds like a Rossian High-Lark
radar: it must be a MiG-23 fighter). Any multiscanner (p. 54) can also
function as an advanced radar detector when in radscanner mode,

Laser Sensor (late TLT): A laser sensor detects any laser {weapon,
communicator, rangefinder, designator, ladar, etc.) which is in ose, in
range and directly aimed at the vehicle. Note that this is less effective
than a rudar detector; this is because laser beams are much narrower.
The laser sensor is an interesting example of technology outracing the
author's imagination: in Ultre-Tech, they were pepred as TLY devices,
while oday you can buy laser sensors for your carl

LageriRadar Detector (late TLT): A combination radar detector and
laser sensor. Like a radar detector, it is availsble in an “advanced”
muslel that also functions as an advanced radar detector,

Radio Direction Finder (TLAY: This device imercepts and pinpoints
radio broadcasts, A radio direction finder can receive radio transmis-
sions on any normal, police or military frequency. It can also locate the
point of origin of these wansmissions, though doing so takes at least (en
seconds. Locating a broadeast requires the direction finder 1o be within
the broadcasting radio’™s range. A Contest of Electronics Operation
(Communications) skill with the radio operator is needed to get a fix on
it, if the operator is trying to make it difficult; use an ordinary skill roll
otherwise. Each additional radio direction finder, set at least 100 yards
apart, gives a +1 to skill due to triangulation. A successful mall reveals
the general distance and direchion; success by 5 or more gives an exact
location. On a failure, the GM may allow tepeated rolls to succeed,
rolling every minule or so. Any multiscanner {p. 34) can also function as
a radio direction finder when in radscanner mode.

Radie Sammer {TLEY Sec radios, p. 48,

Area Radar Jammer (late TLE): This device projects a signal that
mierferes with radio transmission and radar. 1t has a “Jammer” rating
that subtracts from all rolls for radio communication or radar (but not
ladar) detection, by friend or foc. within its range, It is only effective
against radars of equal or lower TL. The jamming field has a radiug
equal to five miles tmes the jamming bonus. The location of the jam-
ming field itself (but not what is in it} is detected automatically by any
radar within 20 times the jammer’s range.

Deceprive Radar Jammer (D), TLT): Deceptive jammers are
designed to confuse sensors, Unlike area jammers, which use brute
force, a deceptive jammer relies on electronic trickery: it generally
detects an incoming sensor pulse, then fools the sensor by mimicking
the signal and sending it back in an altered form, Those built at TL7-9
are only effective against radar, but TL 10+ deceptive jammers wse “dis-
tortion field” technology (similar o that used by the distortion helt
described in GURPS Space and Ultra-Teek) 1o confuse meny other
types of sensods.

The effects of deceptive jammers are described in the Sighting and
Derecrion chapter. Essentially, they have a “Jammer” rating, which is used
to trick — “spoof™ in military jargon - a sensor into secing multiphe targets
instead of the correct one, of giving incorrect range readings. This throws
homing weapons off course and makes targeting the vehicle difficult.

fifrared fammer (IR, late TLT): Sometimes referred o as a “heat-
ed brick,” this system emits thermal radiation (and, at higher TLs, other
radiaticn) to distract and confuse infrared-homing (IRH) missiles of the
same or lower TL. It has no effect on sensors, The effects are similar to
a deceptive jammer (above), but are instead effective against IRH mis-
siles. At TL104+, infrared jammers are rendered obsolete by the
advanced “distortion field” deceptive jammer,

Drisehargers {late TLS): A discharger 5 2 mortar or launcher box for
various decoys. Dischargers are the most basic anti-detection and anti-
missile conntermeasures. They are normally used on warships snd mili-
tary aircrafi, bul sometimes on other vehicles as well. Each discharger
holds one decoy; vehicles sometimes mount 20 or more dischargers. A
TL7+ radar or luser detector or locator can be el 1w automatically trig-
ger a discharger.

Diischargers on aircraft and submarines are wsually mounted io fire
behind and below the craft, while those on a surface vehicle fire upward at
i paint about M0 yards in front of it (although dischargers in & et or open
moune can rotate and fire in whatever the direction the mount is facing).

There are several kinds of decoys that can be loaded into and
lnunched from a standard discharger. For technological descriptions, see
the Weaponry chapter sidchars. For effects, see the sidebars in Chapers
13 and 14, Types include:

Chaff (TL6), used to jam radar and, at TL8+, ladar.

Smroke (TL6), used to create a thick smoke screen.

Flares (TLT), used 10 jam infrared-homing missiles, and also some-
what effective against passive radar homing missiles,

Semar Decoys (TLT) release bubbles or emit false noises 1o fool
sonar-homing torpedoes.

Haot Smake (late TLT) is smoke that is slso effective against infrared
and thermographs.
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Prizim (TLA) 15 a cloud of laser-reflecting crystals, which jam ladar,
Iaser targeting, lasercoms and laser weapons.

Blgckout Gas (TLE) combines much of the effect of prism and
hot smoke.

The "burst radius.” or radius of the area of effect, is about 100 vards
for chaff or sonar decoyvs and 20 yands for other types

Any or &l of a vehicle's dischargers may be fired cach tum. Fining a
discharger is not a combal maneuver; it can be combined with Dodging.
If & crew station controls multiple types of discharger, it may use one of
each in a single tam,

Rodar Reflector (TLA): This is o cadar reflecting device that makes a
wehicle ook farger w0 radar when it is set up. It can up to quadruple the
apparent size of a vehicle on a radar screen, effectively adding +1 1o +4
to the Size Modifier (user’s choice) for the purpose of radar detection. Tt
has no effect on imaging radar or ladar. It is normally used by the mili-
tary 1o trick other vehicles {making a destrover look like a hul1||:_~.;h'pp1 for
instance). On a eritical success by a radar operator detecting the vehicle,
the fact that there is “something odd™ about the radar retum is guessed,
Otherwise, the sensor operator will be deceived. A reflector akes ten
minutes o set up or readjust. half that o ke down; if mounted on an
arrcraft, 1t can’t be removed or adjusted unnl after the craft lands.

lip Enfancer (TLTY: This 15 an electronic device that does the
same thing as a radar reflector, but can be twmed on or off instantly.
Blip enhancers are available 1o deceive radar at TLY, infrared detection
and MAD= st TLH, ladar and imaging radar at TL 10 and gravscanners al
TL12+.

TEMPEST {Transient Electromagnelic Pulse Surveillance
Techmalogy) Eguipment (late TLT): This sensor can read the dats dis-
played on & computer monitor as it is wped in, by picking up its radio
frequency emissions at a distance. Thus, a vehicle parked or hovering
outside conld esvesdrop on a compuier user. It has a range of 100 yards
and requires an Electromics Operation (Computers) skill roll o properly
use, It cannot read data on hardened systems.

Electronic Warfare Table

TL  Type Weight Volume Cosr

& Radar e w»;m

T 0 RaderDebector - T oD 100

W Fadar Detector (.5 .01 230

&t “Advanced” Version =20 ®2H) x20 o
By LaserSensor o 0 08 BOE 550 nep
T Fadar/Laser Detecto 1.5 00 150

i+ Radar/lazer Detecior 075 0015 375

T+ CAdvanced” Vemion  x20 . x30 w20

6+ Radio Direction Finder ~  * % = &

] Area Jamimer 100 t S20,0004 SO0
7 Area Jamimer 40 {8t 58,000 206

.o 20F DAt 840001 1004
T 02 S2000t . sO0%
5% o1 51 0K 25%
| 0¥ T S100 KN LH
40t OBF SA00T 4t

: : lammer 20t 04t o 2
10 Deceptive Jammer 10+ 0.2+ S10.0004 1+
11+  Deceptive Jammer 5% 0.1t 55,006 .57

i;lfra.mél.j ATMET .!":.Hijmt I=‘.'. f}

ko

Gt 254
£t Decoy Discharg F10M 0
varss bad o
6+ RadarR it fiffles i g
T Blip Enhancer T80 () 10

] - _Bl:i_p- Enhancer 515 00K} 5

S50000  neg
525 () neg,

20
10

TEMPEST Eguipment
+ TEMPEST Egupment

* Built as a radio (p. 47), often but not always with “receive only,”
at 5 = normal radio cost

** See descriptions of decoy types for availability by TL. Cost of all
reloads is 320, except ordinary smoke (510}, blackowu gas (5300 and
sonar decoys (S500).

t For a jammer rating of 2. Maximum rating is (TL-3)x2 or 20,
whichever is less. Select the desired jammer rating and mulriply weighe,
volume, power and cost s shown:

3 x1.5 iz =5 9:x15 12 x50 15: x150 1&: x450
4; =32 T2 7 10 20 3: w T 16z = 2000 19 =T
a3 2 =10 11: %30 14 » 100 17 =300 20 ] 00K

T Mot a permanent vehicle fixture, Add it after the vehicle is
designed. attached o a deck or open cargo arca on a pround or water
vehicle, or attached to a hardpoint if the vehicle flies. Weight and cost
are 0.1 b, and $1 x vehicle's tota] surface area. Storage volume (as
cargo) is werght 20 of.

Morgan would love to load the vehicle down with =
countermeasures, hut she's worried about weight. She B
settles for a TL7 advanced radar/laser detector (body, |
30 Ibs., 0.6 cf, $3,000, neg. power), and a TL7 decoy [
discharger (body, 20 Ibs., 1 cf, $100) with four chaff, [
four flare and two sonar decoy reloads (body, 100 Ibs., [0
5 ct, $260). E

OMPUTERS

Vehicles may have computers installed in them to run software,
dllowing them o assist or replace human crew members.

l'.'l.':lmpulr:r'. have a € cmplexiiy rating, which povemns the twpe of
sofiware they can run and how fast they can run it. Each jump of +1
Complexity marks an order of magnitude performance increase.
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Frograms are also rated for their Complexity. A computer cannot run
pragrams of higher TLs or Complexity than its own, The number of pro-
grams that can be run concurrently is based on Complexity: a computer
can run two programs of its own Complexity, or 20 programs of one
lower Complexity. and so on. This can be combined, e.g., a computer
could run one program of its own Complexity and ten programs of one
lower Complexity level,

Running or switching a program takes one second. Maximum mem-
ory storape (For databases) is 100 gigs = Complexity at TLE+, 10 gigs =
Complexity at TLT.

Several options may be added to any computer 1o alter its capabili-
tes. For strict sccuracy, all computers up to late TL6 should be built
with the “dedicated” option, representing simple mechanical or electro-
mechanical analog computers,

Compact (TLA); The computer is substantially reduced in size and
weight, but is much more expensive as a resull.

Lredicared {TL3): A dedicated computer can only nun a single soft-
ware program, frequently a Targeting or Vehicle Operation program.
Historically, all computers up to late TL6 should be built as dedicaied
L'l]lli‘]]l.llbl'.‘i.

Dy (TLT7): The computer is bess sophisticated than usual. This
subtracts | from Complexity but makes it much cheaper.

Crentus (TLTE The computer uses state-of-the-art processing tech-
nology. This adds | 1o its Complexity, but greatly increases price.

Hardened (TLT); The computer is built with optical systems, or
more sophisticated forms of hardening at higher TLs, in order to resist
attacks such as electromagnetic pulses or paralysis beams that do special
tnmage o computers, a5 well as computer surveillance systems such as
TEMPEST,

High Capacity (TLTk: The capacity of a system can be enhanced by
% (o three programs of its own Complexity, etc.) for a 50% price
Increase.

Newral-Net (TLR): The computer is built to simulate the way an ani-
mial (such as human) brain structure works, This makes il sell-program-
ming. The “Megacomputer” described in Space and Lilfra-Tech s a
TLY macroframe with the neural-net option. A neural-net's main advan-
tage is its ability to leamn programs on its own, gaining skills in much
the same way as a human with Eidetic Memory 2.

By itsclf, the neural-net option gives an effective [ of Complexity
+ 4 for lesmning purposes, but no DX; the computer cannet leam DX-
based skills, Combined with a robot brain, this option makes the com-
puter semi-sentient, with limited self-initiative: however, it has no mter-
esl in anything beyond following its uset’s orders — it is not “sclf-
aware.” Treat this like a normal robot brain, but one that can fearn. It
has its usual DX, but its effective 1Q) 15 Complexiny + 4

Robol Brain (Late TLT): The computer has a brain optimized to
contrel the vehicle as a robot, This option gives it a buile-in operating
system that allows it to move, control its limbs (if any), tun built-in
equipment, process information from its sensors, and understand orders
to the limit of its 10}, The vehicle has an effective DX of (Complexin2)
+ Hand 1) of Complexiry + 3. 1t is programmed o obey its owner and
will follow commands literally. The disadvantage of this option is that it

halves the number of programs a robot can run (one program of its own
Complexity, ten of one Complexity level lower, etc.). For full details of
robot brains, see pp. R57-65.

Senment (TLI0Y: Any computer with a Complexity of 6 or higher
tafter options ) can be built to be sentient. A sentient computer is a fully
self-wware “Amificial Intelligence,” or “AL"™ with the same capabilities
a5 a neural-net but with an IQ equal to Complexity + 5. The robot brain
option is still required to give the computer & DX and enable it to leam
I -hased skills.

Select the computer from the table below (small to macroframe),
decide which options it has, and work out and record its statistics:

Computer Table

Pype of Comprater Wi, Val, Coxt Pow. Complecity

Microframe 200 4 $40000 0.0 TL4
Minicompuae. 08  $15000 neg.  TL-5
S R B T S e T 5

TL Modifier

%1 -
®12 w| 2 =1 -

c U e T

o ‘I"%" a3

Meural-MNet
Robot Brain 1 | %] 1

Seenient T R

Weight: This is the weight of the computer, If the computer has
multiple modifiers or options that affect weight, then all mulstipliers that
affect weight are applied in succession.

Vidlwme: Just as with weight. if a compuier has TL modifiers or
options that affect volume, multiply volume by each modifier in narn.

Cese: Just as with weight, if a computer has TL modifiers or options
that affect cost, multiply the cost by each in turmn,

* For small computers, “genius” multiplies cost by 20 instesd of 7,
and “dumb” multiplies cost by 1/20 instead of 1/5. For mainframe and
macroframe computers, “genius’” multiplies cost by 20 as well, "dumb”
versions still cost only 1/5 as much.

Complexiry: The computer's Complexity is based on its type and
TL, modified by the options chosen. For example. a TL 10 minicomputer
with genius option has TL10 - 5 + | = Complexity 6.

** Penalty does not apply if computer has “dedicated” option,
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i Morgan installs a TL7 minicomputer (40 Ibs., 0.8 cf,
M $15,000, Complexity 2, neg. power) and modifies it with
p the genius option (increases cost to $105,000 and
L Complexity to 3). She puts it in the body.
E

Terminals

All computers but dedicated ones require at least one terminal if
they are to be used by humans, Each terminal allows one person te use
the computer. Mot that erminals do sor come with computers. Unless
the computer is intended strictly for an unmanned vehicle or banlesuir,
or a5 a backup, it should have ar least one terminal’

A single terminal can be connected o multiple computers, giving a
single user access to them all; however, the user is still restricted to
working with one computer at a time, and it takes one second to switch
a lerminal between compulers,

Adding a terminal (o0 a computer does nod increase its capacity in
any way, If multiple users try to exceed 1ts capacity (e.g., by running
more programs of a given complexity than the computer can handle),
then they will simply be unable to do so,

Terminals are assumed 1o have a keyboard and moniter; at high
TLs, they may use holographics. TLE+ terminals for Complexity 3 or
higher computers come with a sound synthesizer, enabling them to con-
vey information through speech, play music, etc

Terminal Table

TL Weight Vol Cosr Power
T-8 40 2

- B e R | ¢ IS e T

[0+ 10 (1.5

Weight, volume, cost and power are for typical vehicle terminals
suitable for use in control stations, Personal terminals (e.g., on laptops)
may be cheaper, smaller and lighter.

See newrad inferface (p. 64) for a high-tech alternative (o terminals.

She adds two TL7 terminals in the body for a total of
BO Ibs., 4 cf and $2,000.

mrro==>xm
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SOFTWARE

Software is computer programs. The cost listed i for an original
copy of the program with documentation. Programs are rated for
Complexity, as described under Comipurers (p. 600%; a computer can only
run a program of Complexity less than or equal 1o its own

Some programs, such as Guoner or Targeting, provide bonuses to
operator skill, or have built-in skill levels. More eapensive and sophisti-
cated versions of these programs may be purchased: for every +1 skill
over and above this, double the cost and increase the program’s
Coumgplexity by one. (This is a expansion of the Expert System rules in
Ultra-Tech and Spaee, replacing the previous rules for sutomatic skill
bonuses at imcreasing TLs.) This does not apply o skl programs for
robot brams, which provide character points toward 2 skill rather than a
level or bonus.

Merte that bonuses to the same skill from multiple programs are not
cumulative,

Software doesn’t have to be determined when the vehicle is
designed — programs can be installed later, The exception is for dedicat-
ed computers, which must have one picee of software built into them.

We'll add the Kitty Hawk's software later, Morgan
will probably write her own or pirate it anyway . . .

mres=»xm

Types of Software

Fire Direction (TLE): This is used 1o calculate trajectories for indi-
rect fire weapons, enabling more accurate aiming of artillery barrages or
naval gunfire. A Complexity 1 systern adds +2 (o the attack chance in
indirect fire.

Dgtabase (TL7): Holds basic information. Normal cost is about
51,000 per gigabyte for sensitive or technical information. Database
access is considered a Complexiny | task, Some useful vehicular data-
hases:

Lengthy movel . ... o oon.o, 000 gig
Complete national road atdas ... ... . ..o oL D pip
Navigation chants of entire ocean or country . AR S XA R 11
Detailed global naviganonchants ... ..o 0L DD EE
Yehicle recognition manual ., .. b A oy e e e 16 1 gig*
Flans of 100 simple or ten complex vehicles ... .............1 gig
Hydrophonic database for passive sonar (p. 52) JE——— Y (1
Public or school library ... ... .. : 100 gig
City or community college library A e - L0 gig
Big city or umiversity library .. ...ooooooooaon L IO gig
Large university or copyright library e i e e 00000 mig
Everything ever printed . — NG T

* Allows sensors o recogmize “known' vehicles; buy separate ones
for pround vehicles, aircrafl, spacecrafl and watercrafi.




Cartography (TL7): This is a mapping package that enables a radar-
or planetary-survey-array-cquipped aircraft to map areas it flies over, T
also allows spaceships or satellites to produce entire planetary maps if
orbiting within sensor range, provided they make enough orbits.
(Making such a map of the Earth would reguire about 600 hours at TLT,
or only a few hours by late TLR.) To really capture detail, or look For
features that are nol obvious, the vehicle will need a planstary survey
array (p. 55} rather than a simple radar.

Cowpater Navigation (TLT): This software allows a computer (o
determing its position by comparing input from 3 high-resolution sensor
with a map datsbase of the region, It requires 8 LLTVY, radar, ladar,
AESA, thermograph or PESA (if underwater, a ladar or active sonar)
and an accurate map database of the local terrain. Combined with @
risbot braiin, this allows the vehicle to pilot itself to a specified location
om the map automatically, Some croise missiles do this at Jate TLT!

Dhatlink (TL7): This enables a computer link o be established by
communicator with another electronic device, such a8 & radar or com-
puter, displaying its data on its screen, vsing its information for targeting
purpises, and so on, Datalink is very useful for military vehicles, since
it allows several computers on different vehicles w share sensor, rarget-
img and navigation information. Furthermore, text communications are
less likely o be misunderstood in the confusion of battle,

Targeting (TLT): This is & computer program that performs ballistic
calculations (o correct a weapon's aim, accounts for variables such as
wind, movement, elevation, ammunition type, wear-and-1ear on the har-
rel, and so on. A Complexity | targeting program gives a +2 honus,
Each weapon or set of linked weapons to be assisted requires a separate
copy of the program. This bonus can be added to the skill of a robot skill
program, but is not cumulative with 4 Gunner program.

Fransmission Profiling (TLY): This program takes input from a
communications receiver, radar detector, or multiscanner in radscanner
mode and compares it with a database in an effort to tell you what sort
of equipment produced the signal. This can be fairly detailed — ez, “Tt
is & Hunter Industries 500 kW Air Search Radar, one from a lot with
model numbers beginning with XJ2K4, and it isn't using the frequency-
shift pattern used by the Federation Marines, which means it is probably
one of the four sold w the Chulan Space Guard | | " Of course, infonma-
tion is critically dependent on the database!

Crunner (late TLT): This is a sophisheated, inelligent target-engage-
ment program, designed to operate autonomously. IU lets the computer
program act as a gunner with a skill of 12, and reduces 85 as of it were
equipped with a HUD of its TL. If a human punner or robot brain skill
program (see below) has a higher skill, it gives a 42 to hit. A single
Gunner program can control one weapon or set of linked weapons, To
use a Gunner program, the vehicle must have radar, ladar, active sonar,
LLTV, infrared or PESA. The program’s skill and bonuses replace those
of the prerequisite Targeting program — they are not cumulative with it
Vehicles with robot brains can fire without Gunner programs, but if a
Gunner program is running. a robot hrain can control one additional
weapon or sel of linked weapons, enabling 1t o make mulriple attacks.
CIWS and point-defense systems are often controlled by Gunner pro-
prams. This allows rapid reaction times, bot only limited judgement
ahout vahid targets,

Damage Conral (TLE): This software must be used with a database
for the vehicle (which should be updated whenever the craft is refitted).
Any amtempt at damage control fepairs 15 made at +2 1f this program is
running and in communication with the crew or damage control robots.

FPersenality Simulation (TLR): This program enables the vehicle
computer @ simulate emotions, quirks, etc,, and nse highly idiomaric

speech, The “limited"” version gives the computer a simple personality
(up o five quirks and a single mental disadvantage are appropriate . The
“full” version gives the computer a simulation of a real or made-up per-
somality with same behavior (and quirks and mental disasdvantages) as
the personage it simulates.

Robor Skl Progeams (TLE): These can only be run by computers
with the robot brain, newral-net or sentient options. Each skill program
grants the compuler & number of character points in a specific skill. In
theary, any skill can be bought as a skill program, but to properly use
many of them will require the vehicle to have limbs or buili-in equip-
ment, and tasks that require true creativity or empathy (GM's option)
arc impossible unless the computer is sentient, Mote that neural-nets and
sentient computers can only learn [Q-hased skills. Use the table on p,
B44 1o determine the skill level. The more points the program prants,
the higher the Complexity:

Points Complexity
Vi

Each 8 exira skill points (or fraction thereof) increases Complexity
by +1. Mental skill programs cost $2,000 per character point, while
physical skills cost 34,000 per point, For programs granting more than
eight character points to a skill, multiply cost by 2.5: for more than 20
points, multiply by 5. AUTLS, halve the cost: at TL 1, quarter the cost.

Skill points placed in mental skills count quadruple; regardless of
skill points. no robot skill program’s skill level can excead that of the
programimer (as set by the GM). Multiply character points after calculat-
ing the Complexity ared cost of the program.

Routine Vehicle Operation (TL8): This program enables the com-
puter io conirol the vehicle. It has skill 12 in a single vehicle operation
skill such as Drriving or Piloting. This does not cover combat operations
— the vehicle will steer around obstacles but not perform dangerous
maneuvers, “push the edge” or Dodge.

Eguw!ar Programs Table
i

Program LT

‘Damage Control
Dratalink

e e AL
Persomality Simulation;

Robot Skill P‘mgams '
Routine Vehicle Operation:
2

st
$8.000 3

7 Targeting
7 Transmission Profiling

The cost of all TLG-8 programs is halved at TLY and halved again o
TLAD, Each ineresse of +1 1w Complexity doubles cost.
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NEURRL INTERFACE SYSTEMS

A neural interface systemn allows a crew member to control the vehi-
cle mentally, as if it were part of his body. A neural-imerface system can
only be added to & vehicle that already has computerized controls, Tt
allows the user 10 connect with any of the vehicle's computers as it
using u terminal, bur without actually needing a terminal. The user can
then maneuver the vehicle and control any of its weapons or electronic
systems that are not being operated by other interface or computer ter-
minal users,

In addition, neural interface gives a +4 to the user’s skill with vehi-
cle operation (Piloting, Driving, etc.) skills, as well as all vehicle-
mounted weapons (except those in open mounis), sensors and other
electronic equipment,

Cinemaric (prion: A neural interface with a vehicle thar is “species
compatible” gives the driver, pilot or helmsman a further +1 bonus o
the vehicle operation skill. Species-compatible vehicles are those that
closely resemble the user’'s own form, regardless of their zize. For a
human, this means a vehicle with two arms and two legs (a turret (o act
as & head is optional).

Meural interface systems are rated for the number of vsers they can
handle. In theory, a single person with neural interface can rn every-
thing in a vehicle, but in practice, a large vehicle with many systems
usmally has several interfaces

Surgical Newral fnterface (TLE): The user's nervous system is sur-
gically linked to the vehicle controls, He can't come out! “Installing”
each user takes major surgery, which requires a week of recovery. Cost
and timee to detach the wser from the vehicle are half that required to
install him.

Interface Web (TL9): To use an interface web, the user must ¢limb
inte: a special “rank,” remove his clothing, attach interface wires with
electrode dizks to all areas of s body and don a special crown ar hel-
met; this takes 15 seconds. His body is then “put to sleep”™ and his brain
ardl nervous systern are synchronized with the vehicle; this takes another
three seconds. He is then ready to control the vehicle. To leave the web
takes the same amount of time; three seconds to shut down the interface
and for the user’s body to “awaken,” and 15 seconds to remove the con-
mections (they can be ripped out, damaging the machine. in only five
seconds).

Auwro-futerfzce Web (TLO: As above, but autemated: the user strips
and crawls into the web, and then the cybemetic cables whip about the
user like snakes, automaticilly amaching themselves. This takes only
three seconds. As a result, the user can be ready to control the vehicle
only 6 seconds after entering i, The detachment procedure is similarly
Swill.

Socket Interface (TLLO): The vehicle comes with an miterface jack
with a fiber-optic cable built into the control panel (or replacing manual
controls, if desingd ), The user takes two seconds w plug the cable jack
into either a neoral interface helmet he is wearing, or a neural interface

implant socket that 15 surgically implanted ino his body. In theory, only
one jack s needed to control the vehicle and all its equipment. A socket
interface costs only S300 for the vehicle, but the cost to fit a person with
an implant jock is $6,000; a neural interface helmet = 10,000 and
weighs 3 Ths. This weight and the cost of the implant jack or helmet is
for the user, and should not be included in the vehicle s statistics,

Newral Induction Field (TL10}: An expensive system in which the
control scat is within a powerful mduction Feld, The user simply sits
dowen, fips a switch, und he's interfaced as above, No surgery, implants
or control wires are needed.

Neural Interface Table
&

L. T Weight

All figures are per user. At the GM’s option, some or all of these
systems may appear at TLE in a “cyberpunk™ campaign. Halve cost one
TL after the system appears, and quarter it twa or more TLs after it
appears.

PSIONIC TECHNOLOGY

Psionic technology uses electronics or biotechnology o augment the
powers of the mind - or protect against them.

Psionic shielding for vehicles is covered on p. 92, and is normally
addded fater in the design process, after armor is installed. Numerous
other forms of psi-tech device exist, but for reasons of space, designers
are referred to GURFS Psiomics. Here's how 1o convert devices
described in Psionics into statistics usable in GURPS Vehicles:

Wedghs and Cose: As listed, One 1on = 2000 [bs,

Volume: Use weight/S0 of for most systems, weight/100 for PK bat-
teries. If a volume in cy is listed, multiply by 27 1o get the volume in cf,

FPower: Most power drains can be considered negligible, with the
following exceptions: thanatos field (400 kW), web central processor or
jump beacon (100 kW), mind probe (0,9 KW), sensory deprivation tank
(1.3 kW) and amplifier throoe (0.1 KW,

Energy Storage: A PE battery E cell stores (TL-67 5 180000 K'We
Divide this by 10 for D cells, by 100 for C cells, and so on.

Twao devices require special notes:

Piberpias (p. PO9) can be used as a vehucle armor, Trean it as TL1O
monrigid armor, but at double the cost. A vehicle ocoupant can “tweak™
the psiberplas to alter its color or texture as described on . PAD.

Telepathic switches (p. PO1) can be fitted to a vehicle with comput-
erized comtrols (p. T3). They cost SLOUNK per computer terminal, of ten
times that for a “secure’ sysiem.
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This chapter descnbes other equipment that can be installed in or
on vehicles.

0BT ARMS AND ARM MaTORs

Yehicles need one arm motor for every arm subassembly they have.
A normal arm o motor is designed to control a jointed arm ending in a
manipulator equivalent to a human band, The arm will be able o da
everything that a human arm and hand of the same strength can do. Each
arm motor 15 rated for strength (5T). A vehicle with more than one arm
may have arms of different ST. An arm motor can also have a varety of
options which will affect the capabilines of the arm it is installed in,

Bad Grip: The arm lacks the dl.‘.:-.h‘l"ﬂ}' of & normal amm — imstead of
an actual hand, it has a simple gripper, This makes the arm motor moch
cheaper, since it doesn’t need fine motor control, The vehicle operator
will be -4 to DX {or -4 on skilly when using the arm for any lask reguir-
ing fine manipulation. This penalty docs not apply 1o tasks involving
gadgets or weapons built into the arm 1tself!

Poor Coordination: The arm has an innate lack of coordination -
perhaps it is o simple hydraulic arm, for instance. It is used at -4 to DX
(mcluding DX-based skills)

Cheap: An arm can be buili using less-advanced technology. This
makes it heavier and more bulky, but less cosily,

Entenduble. This allows the arm to double its length, either by actu-
ally telescoping out, or by actually siretching — perhaps using a thin,
optical cable.

Steiker: IF the arm motor 15 given this option, its anm will not incor-
porale a hand or equivalent manipulator. This makes the arm motor
cheaper and lighter. The arm can stll push or strike blows (hence its
name} but has no mampulatory abibity, Weapons and tools built into the
arm can s0ill be used, however,

Realistically. all armes built at TLY should have one of these options:
bad grip, striker, or poor coordination.

For each individual arm the vehicle has, pick any options, then
design its arm motor by choosing that arm’s ST and working out the
arm maotor's statistics 4s shown on the table below;

Weight, Volume and Cost: This is per point of ST, Calculate them
individually for each arm the vehicle has,

Power Requirement; Each arm requires ST/200 kW of power,

Lawcation: Must be housed in arms.

FIRE EXTINGUISHERS

Many vehicles carry extinguishers to help put out fires, The effecis
of fire extinguishers are described in the rules for Fire and Explosion, p.
184. Fires can also be put out manwally, using buckets, hand-held extin-
guishers, and so on.

Fire Extinguisher System (TLAY: An array of extinguishers or hoses
mounted inside the vehicle. 150 [bs., 3 of, $300. Av TLB+, it is automatic.

Full Fire Suppression Symem (TLTE An improved, fully-sutomatic
version of the above, nsing inert gases to put out fires in milliseconds,
200 [bs., 4 of, 55,000

Compact Fire Suppression Sysiem (TLT1: This performs nearly as
well as a full fire suppression system, bot is smaller and cheaper, It is 50
Ibs,, 1 cf, 3500

Weight, volume and cost remain constant at higher TLs, although
effectiveness increases. A single extinguisher array will do for most
vehicles, but very large craft may have many such systems.
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Locarion: Fire extinguishers are housed in the body. The system is
assumed 10 have outlets in various paris of the vehicle.

The Kitty Hawk has a compact fire suppression sys-
tem: (body, 50 Ibs., 1 ci, $500).

mrTo=>»m

BILGE PUMPS

Watercraft often spring leaks, and should be given one or more sels
of pumps 1o remove the water that comes through them. Pumps are 200
Ibs., 10 cf and $500 each, and can remove 10 Ihs. = TL of waler every
minute. Those of TLA or less must be worked by one crewman each;
TL7+ hilge pumps consume 1 kW of power each while operating,

Larpe water vehicles (over 100 cf) can be assumed to have hilge
pumps automatically = one per 1000 cf or fraction of vehicle size.
There is no weighl, volume or cost for this (although TLY+ pumps sull
require 1 kW/pump). Thus, bilge pumps need only be purchased for
vehicles the designer believes will be relatively small — and even then,
they are optional

Locarion: Bilge pumps are housad in the body.

We expect the Kitty Hawk will have one bilge pump
- no weight, volume or cost, but it will require 1 kW,

mrH~TO=Daxm

LABS AND WORKSHOPS

Large vehicles can have laboratonies or workshops built into them.

Waorkehap (TLS): This is an elaborate portable repair shop for
Mechanic, Engineering, Electronics, or Armoury skill. Each tvpe must
be installed separately, or a “complete workshop™ encompassing all
types may be installed s some overall saving in weight and cost. A
workshop has many tools and a wide range of peneric “spares” that can
be tooled 1o specific requirements. Up to three people can work in a
workshop at once, or one person in a mini-workshop. Large vehicles
{eg., ships) may have several workshops, Using a workshop to make
repairs of modifications. adds +2 to usec’s skill. Using the wrong type of
shop is better than nothing, allowing work at a -1 penalty (-2 for a mini-

workshop) instead of +2 bonus. Workshops do not improve at higher
TLs, but a workshop tfrom the same ot higher TL as the device that is
being worked on is required: using a workshop of ome TL lower is pos-
sible, but at -3 instead of +2.
Science Lab (TL3): This is an equipment-filled laboratory built into
the vehicle: a lab is designed for a specific Scientific Skill (see pp. B39
2} A science lab gives a +2 skill bonus in situations where using lab
cquipment would be a benelit, provided (GM's option) the lab's TL is
up to handling the task ar hand. The GM can also rule that a lab is a pre-
requisite: the lab gives no bonus, but work is impossible without it. Each
lab can only work on onc task at a time.

Labs and Workshops Table

; J'L I'}'p('_ Werpht

Peorwer

b st ] gt 8 |
7+ Science Lab 20000 1000 S1,000,000 3%
3+ Workshop 100, 4K} H15, 0 1
?}i-f\. ) B ) 24 3,-*-;»!'-:;;:."2
3+ Mi shop . . 2000f . 135% B4000f 05
5+ Complete Mimi-Workshop 10,500 513 19000 05

* Multiply power requirement by 100 for a physics lab.

T For electronics shops, cost is ®1.75, weight is x0.5 and volume is
wlLE.

Lovation: May be housed in the body, superstructure, urmets or
pivls

HEAVY EQUIPMENT

This section describes equipment used for “heavy™ tasks such as
construction, combat engineering, and loading or launching vehicles,

Extendable Ladder (TL5): This 13 a ladder of the sort used by fire-
fighting vehicles; other vehicles may also carry them, of course

Crane (TLS): Cranes are used to elevate and move heavy loads, A
small crane is often wsed on tow trucks, and can substitute for a tow
hook when hauling trailers or other vehicles. A big crane on a high
superstructure is often used in construction. Using the crane requires
one person to operate it (this may be the vehicle s drver, if he isn't dri-
ving the vehicle at the time) and 5 a long action; roll vs. Professional
5kill (Crane Operation) to perform delicate tasks, grab people, =0,
Asgide from their obvious uses in construction, cranes are oflen mounted
on ships to hoist small boats or seaplanes onto deck.

A crane may be equipped with 4 hook or a bucket. At TLO+, it can
be equipped with an electromagner instead, which doubles the power
requirement to 2 kW per ton of lifting capacity,

Winch (TLS): This is a revolving-drom towing device with attached
hamess or hook, normally installed next to a door or over a floor hatch.
A built-in mator draws the cable back to the reel, allowing the vehicle to
pull something that weighs less than it toward it or allowing the vehicle
1o pull itself toward the object, if the object 13 immobile or heavier than
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the vehicle. Winches are rated for their lifring capacity in pounds.
Winch speed is four yards per tum (half-speed if pulling more than half
its maximum weight). If towing something horizontally across a
smooth, level surface, halve the effective weight, or divide effective
weight by 200 if the object has wheels (e.g.. if towing a car or trailer).
Multiple winches may also be used o lift very heavy objects,

FPower Shovel (TLA: A powered scoop or shovel designed for dig-
ging amed moving earth. It can dig and move earth like 4 man with a
shovel and pick with ns rated 8T (see pp. BO0-91), Digging requires the
attention of the operator (usually the driver). He cannot fire weapons or
maneuver while operating the shovel.

Wrecking Crane {TLG): This is a crane with a wrecking ball instead
of 4 hook. This prevents it from lifting thingzs but allows it to do 6d cr.
damage per ton an ordinary crane of the same size can lift, Roll vs,
Professional Skill (Crane Operation)-3 1o hit, as a combat action. Cne
attack may be made every three ms.

Forklift (TL&): A pair of hydraulic lifting blades for lifting and mov-
ing ohjects, mounted on the front of the vehicle, A forklift is mted for
the weight it can lift. In a frontal ram or collision with a forklift-
equipped vehicle with lowered blades, the forklift inflicts +1d demage,
The blades have DR 10 and 20 hit points. and will absorb this damage
before it is applied to the vehicle

Venicular Bridge (TL6Y: This is 2 folding bridge with hydraulic
emplacing equipment to allow it to be rapidly installed over a river,
gorge or stream, It s rated for its length in yards. The bridge iself has
DR B0 and 100 hie points, with a breach capacity (see Dumaging
Buildings on p. 166) of 3 per yard of length. The bridge can support up
to 10,000 Ibs. To suppon more, multiply the weight and cost by desined
load/ 10,000 1bs. Emplacing it is a long sction that requires | minute per
vard of bridge length, and is dene by hydraulics from inside the vehicle.
The GM may require a Driving {Censtruction Equipment) roll to do so
successully; failure wastes time and requires another try; critical failure
dumps the bridge into the river or gorge,

Lawnch Catapult (TLA): A launch catapult can be nstalled in the
body of any vehicle thet is intended to launch aircraft (such as an air-
craft carrier). A catapult may be hydraulic (TL&), steam (TL7) or ¢lec-
tromagnetic (TLE+) [t adds (500 mph/sAoaded mass of aircralt in tons)
tr seceleration for the first second of aircraft twkeoff at TLG, (1000
miphysloaded mass) at TLT. or (1,500 mph/soaded mass) at TL8+, with
an upper limit of 20 mph's x (TL-5) added to scceleration, regardless of
craft weight,

Skyhook (TL7): A skyhook is an extraction system designed 1o
cnable a moving airplane to pick up someone or something on the
ground that has been equipped with a propedy-rigged sbyhook harness
(see p. 2040, It is a Veshaped “hook"” attached 1o the nose of a flying
vehicle, along with winching equipment and muodified doors. The vehi-
cle must also have the cargo ramp (p. 69) accessory, facing the rear,

The procedure is as follows:

The pilot looks for a balloon, which is tethered by a long cable 1o
the hamness-equipped cargo, He then maneuvers to snag the cable with
the skyhook. To de so, be must fly no higher than 300 yards above the
ground and should slow 1o about B0 mph (if his aircraft can go that
slowly without stalling). Success takes a Piloting roll (the GM may
modify this for bad weather, poor visibility or the like). A failed roll
means he misses the cable, and must circle around for a second try - the
time this takes depends on the nireraft’s tuming capabilities and speed.
A critical failure hits the cable or halloon with a wing, destroying it,
knocking down the man on the ground, and preventing extraction,
Success means the balloon and cable have been snagged. The harmessed
person is jerked off his feet and into the air, and the catcher’s winch
begins to reel him in (this usually takes about 30 seconds), IF the aircrafi
wis moving too fust, the sudden jerk may be dangerous. The subject
takes [d-2 damage at B0-99 mph, 2d-4 at 100-119 mph, and so on,

Bore (TL7)% A bore is a powerful wnneling svstem that enables a
vehicle to burnow through the ground. A bore may be attached o any
vehicle designed for ground movement. A bore 15 rated for the cubic
feet per hour of hard reck through which it can wnnel. The vehicle's
subterranean speed in yards per hour can be determined by dividing the
bore™s tunneling speed by the vehicle's (surface area/100. It can bore
through soft rock at double speed, through clay at triple speed, or ordi-
nary soil or sand at quadruple speed.

Super-Bore (TLE): This is a “cinematic” bore design that can tunnel
at far faster rates, using ultra-tech gadgetry like monomolecular drills,
plasma beams, and so on, A super-bore is more expensive than an ordi-
nary bore, but its drilling capacity is measured in of per minute rather
than per hour!

Subtcrranean navigation can be wicky, unless using an inertial navi-
gation system or some sort of rock-penetrating sensor, Geology rolls
may be needed to avoid getting lost. Deep-drilling bore vehicles may be
subject 1o intense heat and pressure, and should be armored and
equipped with life-support systams.

Energy Qrell {TLR): This is u powerful drill used by ultra-tech min-
ing, engineering and rescue vehicles, Energy drills are bought as laser,
plasma beam or disintegrator weapons, bul cost only half as much. They
cait be used as weapons, but are -3 1o Acc and +5 1o 55, since they lack
proper sights,

Tractor Beam (TL11): A tractor beam is a focused gravitic force
beam that can pull its mrget wwand the beam generator, Tractor beams
are the eranes and extension ladders of TLI 1+ societies: they are used
for cargo handling, construction, or rescue. A tractor beam is rated for
ST, and can exert relatively gross force on objects, pulling them wwards
the beam generator. Strength of the beam is halved every 10X yards
idouble this distance every TL over | 1), Operating any ractor beam
requires a combat action, and wses the professional skill of Tractor
Beam/TL (Physical/Easy), defaulting to Gunoner {beam weapon)-2 or
DX-d. Rofls should be required when delicate manipulation is called for,
or when trying to grab a moving target, Treat this as a ranged amack,
with a beam having 55 20, Acc 15.

A pressor beam (TLI2+) is like a tractor beam but pushes instead of
pulls. Combination beams are also available at TL12+.

Heavy Equipment Table

TL  Type Weighi

Power

'.rbieuue Cuost

St - Bnerey Dedl
11+ Tmmoreum

Weighe, Valwme, Cost and Power:

For extendable ladders. crames and wrecking cranes, this is per 6
teet of height. Lifting capacity of a crane is one ton per 6 feet of height;
damage done by & wrecking crane is 64 per 6 fect of height. Double the
power requirement for a crane equipped with an elecromagnet,

For power shovels, winehes and forkiifis, this is per ST 10 (200 [ba).
of digging, hauling or lifting capacity. Cable length of a winch is 5T
yards.

For vehicular bridges, this is per yard of bridge length for a bridge
supporting 10K Ibs, To support heavier loads, also multiply by the
desired weight/ 10,000 |bs.

For launch catapilrs and skyhorsks, a flat figure is given.
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For bores, this is per cubic foot (00037 cy) per hour of tunneling
ability. If a super-bore, multiply the weight, cosr, volume and power
requirement of an ordinary bore as shown.

® For fractor, pressor and combinaiton beams, add 200 |bs., 4 of,
$200 and 100 kW for every 100 5T the beam can excr,

1 Energy drills are built as beam weapons, but at half cost,

Lovarion: Forklifts, launch catapults, winches, skyhook systems and
bores must be housed in the bodv, Yehicular bridges must be housed in
a superstructure. Cranes and wrecking eranes must be housed in a turret
or superstructure. Power shovels may be housed in the body, turret or
superstructure. Crther systems on this table may be housed in the body,
pod, turrer, superstructure, arm, wing or leg.

EMERGENCY AND MEDICAL EQUIPMENT

Moedical equipment 1% used to save lives. It is commonly mounted on
ambulance or hospital vehicles, and in larpe ships that will be at sca or
in space for long perods of time. We also cover policesambulance sirens
in this section.

The types of cguipment available include:

Operating Reom (TLSYE This consists of one or more operating
tables on which one person can lie, plus associated equipment (anaes-
thelic pumps, wash-up, surgical wols, lights, etc.). It includes all neces-
sary gear o perform surgery with no penalty. and gives a 421 bonus to
First Aid skill. At higher TLs, it provides no additional bonus, but ful-
fills all eguipment requirements of that tech level’s Surgery and First
Aid skills. It's hard o perform surgery if a vehicle is jerking about:
apply the same penalties that apply w firing from a moving vehicle w
Surgery rolls. If desired, “Weapon Stabilization™ (p. 43) can be pur-
chased for an operating room.

Stretcher Palles (TLAYR A stretcher-bed for one person, equipped with
safery straps and suitable for use in an ambulance or medevec arcrafi.

Haospiral Bed (TL1): Buy hospital beds exactly like bunks or quar-
ters {p. Th.

Emergency Support Unir (TLE): The ESU is a portable life-support
system. If an injured patient is hooked vp to it, the ESU maintains the
patient's biodogical functions even if his organs are not functioning. In

game terms, the ESL can kesp alive someone who has failed a HT ol
and “died,” as long as he is not at or below -3 = HT, and has not been
“dead™ for more than five minutes. Anaching the ESU's life-support
svstem fakes (20-TL} seconds and requires the wechnician to make a
Physician roll {at -1 for every multiple of negative HT the patient is at
below 0 HT, and o -2 per fmled attempt). Success means the person is in
a coma rather than dead, but will die if taken off life suppon: critical
failure means the patient 15 dead. Revival from the coma is possible if
the patient s ever healed back to above fully-negative HT, The ESU can
also perform less critical tasks, such as blood transfusions (it includes
enough generic blood substinne for two whole-blood ransfusions) and
revival of persons in suspended animation.

Energency Lighis and Siren (TLO): This is a siren and flashing
light, as used by police cars, ambulances, fire engines, etc. It is useful
for clearing the road (when operating, it adds +4 to Vision rolls and +8
tor Hearing rolls o detect the vehicle). Tuming the lights and siren on or
off is a combat action, The siren and lights are assumed 1o be mountexd
ot top of the vehicle, and take up no space inside it

Cryonie { “Freeze” ) Capsule (TL9): Holds one person in suspended
anmimation, during which time he will neither age nor decay, and requires
no life support. Suspended animation is more fully described on p. 566.
Cryonic capsules have a back-up E cell which powers them for six
maoanths if vehicle power 15 lost.

Antemed (TL9): An automed is a robotic diagnosis and repair bed
for one person. It is described fully on pp. 570 and UT%4. An automed
can also function as an ESU (see above).

Duagnosis Talle (TLS: A computerized table with a full range of
biological and medical scanners, the readings from which are projecied
on an overhead sereen. Adds 45 to Diagnosis skall ac TLY, +6 ar TL10+.
Used as a cheaper altemnative to automeds,

Emergency and Medical Equipment Table
o

Weight Violume st Pew

..... —
$30.000

|3

4  StecherPallt S0 40
&  Emergency Support Unit 100 5

0 0 $50 neg.

4 Erru:lgr:ncy L.Lgts :m Eurem
d | O S0 555,060 0.2

9 Cryonic {Freeze) Capsule

F50,000 N
O+ Diagnosis Tahle 250 20 F12000 nep
* Per operating table.

11+ Automed 400 50

Locarion: May be housed in the body, turmets, superstmictures or
el

ENTERTAINMENT FRCILITIE

These are normally seen on large passenger vessels like ocean lin-
ers, river boats, sirships and airdiners,

Stage (TL1): This is a stage arcs wsable for dancing, plays, nighiclub
acts and so on. At TL6 and up, it includes increasingly sophisticated
electric lights and sound systems,

Hall, Bar or Conference Room (TL1): A large room with tables,
Usable as o restaurant, bar, conference room, etc. [ can comfortably
accommadate ten people per 100 sguare feet. Weight and cost include
furnishings.

Swimming Pool (TLT) Larpe commercial ships often have swim-
ming pocls. Build a swimming peol like a hall (above) and then design
the pool by adding a water tank (see Fued Tanks on p, 88) of cquivalent
volume (about & gallons per of of hall volume).

Movie Screen and Projector {TLAY: This is a screen for displaving
metion pictures plus a projector. Such systems are common on TLY pas-
senger ships and aircraft. By adding several passenger seats (p. 76) and

MISCELLANEDUS EQUIPMENT >



a crew station (p. 73) for a projectionist, a separate movie theater can be
created. Aliernatively, the sereen can be mounted where passenger seats
can see it, in which case only the space for the screen and projector are
required, The “small screen™ is about the size of typical airliner movie
screens; the “big screen™ is a theater-sized screen, likely to be found
only in ocean liners of large passenger spacecraf.

Huolfaventwre Zone (TL9): This is an entertainment arca which uses
sophisticated holographic projectors 1o create special effects, including
cloaking actors isometimes robois) and props in different, seemingly-
realistic guises. Besides playing pames. a holoventure zone may be used
for more serious affairs, such as mission rehearsals. The zone requires a
Complexity T+ computer and holoveniure program {cost $10,0004) to
run. Scenarios can be supervised by the computer operator or wholly
computer-generated. TL 13+ holoventure computer systems may be able
o “ereate” seemingly-real objects by using gravitic force ficlds and/or
tractor/pressor beams and clothing them with holograms,

Newral Interface Entervainment (TL varies): A vehicle equipped
with & neural interface (see p. 64} and a Complexity 5+ computer (p. 6()
can run “dream game” enledainment programs. These are more fully
described in GURPS Ultra-Tech, but offer the ultimate virtual reality
experience. The more sophisticated programs cost about $4,000; a com-
mercial vessel may provide the service free to crew and paying passen-
gers, or charge for it, typically at 82 per minute, Luxury craft at high
TLs may have lounges or cabins equipped with newral induction helmets
or fields for those passengers who don't have their own interface
implants.

Entertainment Facilities Table

TL  Type Weight Volume Ciot  Fower

Movie Screen and PmtnT:
i+ with small screen 1041 (LK

TO00* SS00*
1.200% $100,000%

'
600"

” Hall or Conference
9+ Holoventure Zone

* Per 10 square feet of stage, pool or hall area. Price of a holoven-
fure gone is halved at TL1IO and again ot TL1 1+,

Location: May be housed in the body, turrets, superstructures or
pods,

VEHICLE ACCESS

These are means of geing into or out of a vehicle.

Doy and Hatehes (TLL ) Ordinary doors and hatches are free,

Cargo Ramp (TL1): A vehicle with 50 cf or more of cargo space (or
B4+ passengers) may also have o large hack or front drop ramp at no
extra cost, if the designer wishes. Width of the ramp is roughly proper-
tiomal to the size of the cargo bay. This leads into the cargo or passenger
compartment, and allows speedy loading or unloading. Raising or low-
ering the ramp takes 2 seconds. When the ramp is down, any attack
which is aimed at the ramp side and scores a body hit has a 50% chance
(roll 1-3 on Ld) of ignosng PD and DR. Tf a vehicle has a lowered Cargo
ramp, another vehicle up o hall the size of the cargo companment may
drive in or out. (Vehicles with wings or rotors must have the folding
wing or folding rotor option to do this, while vehicles with sails or gas-
bags must furl their sails or deflate their gasbags. ).

Afrlock (TL6): Any vehicle with a life system or NBC kit may have
airlocks, enabling entry or exit into a hostile environment without conta-
minating the vehicle. Airlocks on different vehicles may be built o a
standard design so that velicles can mate airlocks directly. An airlock is
rated for the number of people it can hold; each person can be replaced
by 10 ¢f of cargo, Cycling an airlock takes (16-TL) seconds = the pres-
sure difference (in atmospheres) between the two sides.

Membirane Airfock (TL10): These are cell-like “curtain’ membranes
made of bioplastic that are selectively permeable to atmosphere, They
work like normal airlocks but ke only 2 seconds 1o cycle.

Foreefock (TL11): These are “doors” that use an ulira-tech deflecior
field to maintain a pressure differential without impeding the passage of
solid objects. The field is PD 4, DR 0, and can be adjusted 10 cover a 3
il % 1 yd. portal: multiple units can be used o cover larger openings. A
forcelock does not need 1o cycle and has no chamber — it's simply a hole
sealed by a specialized Force ficld, (IF the vehicle loses POWET, G Bllo-
matic door hatch slides shut 1o prevent pressure loss, )

Passage Tube (TLT): This is a flexible whe that connects the air-
locks of wo chips in space. |t holds pressure, permitting occupants to
move between the vessels withowt space suits. A standard wbe is 100
feet long and 8 feet in diameter, and hooks 1o generic fittings around
extemnal airlocks. It nomally takes an hour or 0 o rig in free fall (30
minutes with two or more people working) — this requires a Mechanic
{Starships) roll. The tube has PR 3, DR 12; an “armored” tube with DR
20 is also available.

Fow

Cast

S2000  neg.*
$3.000 2

10+ Membrane Airlock, per person 50 0 25
11+ Fm'oe]k 25 25

* Can be released manually if power is lost, unsealing the vehicle,

Location: May be housed in the body, turrets, superstructures, pods,
or {rarely) arms or legs. Should normally go where cango. PASSENEETs Or
crew will be located.

TELEPORT PROJECTORS (TLIE)

These are two-way Ieleportation devices that can “beam”™ someone
or something somewhere, Conservation of energy isn't a problem: an
orbiting space ship can teleport someone up from a planet below, if it
has proper coordinates, They dumnp the excess energy into hyperspace or
otherwise deal with ir,
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CiMs should rule on whether teleport projectors exist: they can
easily unbalance a campaign by making it too easy to get people out of
danger. They can also releport bombs, Reality stabilizers — and, at the
GiM"s option, force screens — cannot be penetrated by 1eleport
projeciors,

A standard teleport projecior is a platform [ yard across. The controls
are set for specific destination coordinates within is range and it is act-
vated. Anything standing on the projector platform is teleported o the
destination — and anything occupying the destination point 15 elepornted
back to the plaform. Normally, this is just air (or pothing. i eleporting
intoy space) but pant of a solid object can also be transported. 1f a person
were teleported nto solid rock, be'd be alive (but conrombed and soffocat-
ingl and a block of stone would be sitting on the teleport platform.
Projector rooms are sealed and include systems to quickly remove water
or gasses produced by releporting underwater or into alien atmospherss.

Range of a projector is 10,000 miles. Using it takes 10 seconds and
a skill roll vs. Electronics Operation (Teleportation), with a -1 per 1,000
miles. Add +4 if teleporting to a cooperating projector platform. Farlure
medans o near miss, critical failure means a disaster (perhaps the victim is
trapped underground und then the teleporter breaks).

A teleport projector is 4,000 Lhs, 80 of, 55 000,000 and 10,000 kW
per hex of teleportation capacity. It is TLL6, but at the GM's option may

be available in lower-TL campuaigns.

T RS T IS
SECURITY AND DIRTY TRICKS EQUIPMENT

These syaterns are designed to protect the vehicle from intruders or
to prowvide defensive “dirty tricks™ like spraying oil slicks.,

frigs and Resirainis (TL1): Any crew or passenger seat can be
equipped with manacles (and bars or wire mesh arcas separating them
from other compartments ), while gquarters can be built with barred doors
and sturdy locks. This costs an extra 105 of seat or quaners cost, and is
usefl for brigs, prison vans, slave ships, gallevs with slave rowers, etc.
At TL114+, foree fields can be assumed to replace conventional locks or
bars (power requirement ihen becomes negligible).

Burglar Alarm (TL6): An electronic burglar alarm sets off a siren
and locks the vehicle's igmition system 1t the vehicle’s locks are tam-
pered with. Breaking into a vehicle without setting off the alarm
reguires o Contest of Skills vs. the alarm’s skill of 13, using Electronics
Operation (Security System ) TL or Traps/TL, with modifiers as per
Lockpicking skill, {p. B6T), If the roll fails, the alarm sounds a siren or
flashes the vehicle's lights, A TLT+ burglar alarm may also lock the
vehicle's ignition systems and other controls, or send a signal to a pager
or radio carmed by the owner. Alarms may also be built o rgger booby
traps or even self-destruct systems, at the designer’s option — see electri-
Sied surface on p. 93 for one possibility.

High-Security Alarm (TLT): As above, except the alarm s skill is 20.

fntruder Defenses: Manual or computer-controlled weapons and
sensors can be built inside a vehicle as well as outside. A ranged
weapon inside @ vehicle takes up weight20 of and is assumed o come
with a swivelling mount to aim and fire. Field of fire is limited 1o a sin-
gle room or corridor. See alse pp. UTSE-G0.

Mutabde License Plage (TLTy This set of hicense plates can change
its designation at the toech of a button. At TL7 the license plate rotates,
revealing a new side. At TLE+ 1t may use high-tech electmically-active
materials to change its numbers and letters to any desired designation.
Of course, at high TLs, physical license plates on road vehicles may be
replaced by electronic transponders,

(Hl Spraver (TLG): This produces a 5 yd. = 2 yd. oil slick behind a
vehicle. Driving into the slick requires a Driving roll an -3 (as a Hazard)
to avoid losing control. The sprayer contains enough oil for 25 slicks
armd costs 55 wo refill.

FPaint Sprayer (TL7k: This produces a § wd. % 2 yd. cloud of paint
behind the vehicle that persists for | second before falling to the ground.
Anyone firing through the paint cloud suffers the normal penaltes for
blind fire (although the clowd doesn’t block non-visual sensors). A vehi-
cle entering the cloud will be coated with paint, This blocks windows,

causing a -2 on Vision and vehicle control rolls. and also effectively
neutralizes Chameleon systems, uniil the paint is cleaned ofl. & paint
sprayer has 25 shots and costs $25 1o refill

Self-Destruct (TL3): Vehicles may have built-in explosives, either as
a self-destruct system or to tum the vehicle into a kamikaze weapon. For
weight, volume and cost. treat the self-destruct as a bomb (p. 113) of the
given TL, but with half the normal weight and cost. All types of explo-
sive warhead are available. The cost includes fusing, which may be set
for contact, operator control, timed fuse or {at TL6+) detonation upon
Teceiving a communication signal. Explosives may even be set to deto-
nate if the vehicle s burglar alarm (above) goes off,

Muclear and antimatter power plants may also be set w sell-destruc
— sz the Nuclear Power Plam Explosions sidebar on p. 186,

Smiokesereen (TLS): This produces a 5 yd. = 2 yd, cloud of smoke.
Anyone firing through the smoke suffers the normal penalties for blind
fire unless using non-visual imaging or active sensors like infrared or
radar. The screen remains in the air for 300 seconds/wind speed in mph
(max, 300 seconds). A smokescreen hus L0 shots and costs $25 o refill.
A smoke screen can also spray any of the specialized smokes or pases
described under CHEM warheads in the sidebars of Chaprer 9.

Spike Dropper (TL3): This device drops caltrops — tetrahedral
spikes — behind a vehicle. The caltrops fall to the ground over o 2 yd, »
Iy, area. Any tracked, legged, or wheeled vehicle driving through the
ared may be damaged: roll 1d for each track, tire or leg: on a 1-4 it takes
2d damage to the motive subassembly (wheels will 1ake damage to
tiresp. A spike dropper has encugh spikes for ten uses: refills cost $200,

Security and Dirly Tricks Equipment Table

TL  Type Weipht  Vodume  Cost

Fiower

7+  Burglar Alarm neg. neg.

600 neg
T+ High-Secunty Alarm neg ’

$S none.
H05(0 none

6 Cnl Spraver ' 75
7 N Pa'mt Sr _ 75

ik

Spj pr!] . 75 1.5 .‘h‘ﬁ'r nene

Laocation: May be housed in the body, turrets, superstructures, pods,
arms or legs. License plates normally go on the body: brigs and
restraints go with seats or sccommodations,

Morgan doesn’t want anyone stealing the Kitty

Hawk, so she adds a high-security alarm (body, $3,000,
neg.). A mutable license plate sounds like a good idea
as well (body, 1 1b., 0.3 cf, $500). Finally she adds a
smokescreen (body, 75 Ibs., 1.5 cf,. $350).

mraOS=mm

VEHICLE STORAGE

A vehicle can contain hangar space for other vehicles. Vehicle
stowage 15 rated for the cubic feet of vehicle that can be stored, nl:lhc:ugh
the actual volume required is often greater,

Vehivle Bay (TL3k A vehicle bay holds a single speeific auxiliary
vehicle very snugly. To enter the craft one steps through a door (or a
slide or whatever) that leads directly into the craft. The craft then leaves
through a set of small hangar doors, Opening or closing the doors akes
o secomnds.

Hanger Bay {TL5): A vehicle can be given a large bay in which
other, smaller vehicles can be stored, ready for instant launch, Craft ina
hanger bay can refuel from the vehicle's fuel tnk iprovided they use the
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same fuel) or recharge from its energy
bunk. Unlike a vehicle bay, a hanger
bay is not specific o a single vehicle
type; any vehicle can be camied in it
The weight of a hanger bay includes
ANy NeCessary clevators or ramps o
carry vehicles onto a flight deck.

Dry Dock (TLS): This 1s a flood-
able hangar. It enables watercrafl to
dock inside a larger vehicle, Pumping
water in or out takes | second per of of
hungar volume.

Space Dock (TLe): This s an air-
lock hangar bay; it is treated as a
hanger bay, except that it can be totally
evacuated or filled with ar

External Cradle (TL1): Ships often
amtach smaller craft, such as hifeboats, to
their decks or sides; a few enormous air-
crift (such az blimps) have also used
this system 10 carry other aircraft. The
smaller vehicle is carried outside the
vehicle's hull, and is not protected by
armor, hife support, ete, If a flying vehi-
cle is cammying vehicles in external cra-

Vehicular Parachure {TLG): These
are often installed on aircraft and race
cars. When deploved by a vebicle that
weighs no more than the parachuie’s
rated load, the chute provides an addi-
tional 18 mph/s of deceleration. The
deceleration continues unnil the chute is
jettisoned, If deployed while the vehi-
cle is in the air, this slows its fall. If
deployed while on the ground, this
decelerates it. If the vehicle weighs
more than the rated weight of the chute,
the deceleration is only 18 mph/s =
(rated weightloaded weight of vehi-
cle). Up to a maximum of three chutes
can be used at once: rather than adding
their deceleration together, treat them
as a single chute with their combined
rated weighes. Parachures only work in
“Thin™ or denser atmospheres,

Parachutes must be replaced after
use. Control rolls made while a vehicle
is using a braking chute, except for
rulls ko handle rapid deceleration, are at
-4, Once deployed, the chute can be

dles, add their acrodynamic drag o the
vehicle's when caleulating aerodynamic drag (p. 134). The cradie
includes a winch or boom for releasing and recovering the vehicle. This
generally takes at least a minute and (if the vehicles are moving) requires
maching velocities. For flving vehicles, this son of rendezvous is general-
Iy only possible in zero-G, or if one of the two vehicles has no stall speed.
In bad conditions {rushed docking, high winds, rough seas, low visibility,
ete, | GMs may optionally require vehicle control rolls to avoid one vehi-
cle crashing into the other.

Hardpoint Lawnch (TLS): Air- and spacecraft with hardpoints under
the wing or the body (p. 94) can launch small vehicles from them, just
as if they were dropping bombs or fining tockets, Since hardpoinis are
designed for launching such objects, there 15 no extra cost for this; all
that is meeded is a crafi light enough to be carried by that hardpoint!
Reattaching the vehicle to the hardpoint after launch may require a
minute or more of careful mancuvering — use the zame procedure as for
cradles, above.

Vehicle Storage Table

Tvpe _ Weighs Velume {"ru.‘.r
e R
Hanger Bay S R 1 'i' ‘E"‘r-
Dry Dock f‘*“:'ﬁ'-?:ﬂh’:::“ AR

Space Dock 2t
WWW Bl 1 - ”‘“‘*‘}W

* Per of of craft to be carried in the bay, Weight and cost will not
cxceed 1,000 1hs. and $3.000, regardless of volume.

+ Per total of of craft that can be stored. Weight and cost will no
exceed 200 Tha. and 55,000, regardiess of volume

¥ Per pound aof weight of craft that can be launched andfor recovered
by the cradle.

Locarion. May be placed in the body. superstructure, turrets, pods,
or (rarely) wings, arms or legs,

LANDING AiDs

This equipment is normally used o help a vehicle that is flying o
land safelv, Vehicular parachutes are also sometimes used for decelern-
tion by high-speed pround vehicles.

Arrestor Hook (TLAY: An arrestor hook is a retractable hook used 1o
snag an arrestor wire on a fight deck (p. 94). providing 80-mph/s decel-
eration. [T this does not stop the vehicle, the wire snaps. [t 35 recom-
mended for winged vehicles lacking vectored thrust that are intended 1o
land on aircrafl carmiers.

deliberately attacked at +4 to hit, but
only concussion damage from nearby explosions (a shell will go right
through), flamethrowers of fusion beams can do any damage. Damage
of 50 hit poims or more disables the chute,

Landing Aids Table
TL  Type Weight  Volume Cost  Power

T+  Vehicular Parachue 10+ 04*

* Per 1000 [bs, of rated weight.

Location; &rrestor hooks must go in the body, Vehicular parachutes
may be placed in the body. or in any supersiructure, turrets or pods atop
the body.

P e Eag s
FUEL TRANSFER AND PROCESSING EQUIPMENT

These accessonies are used to process or ransfer fuel. I 315 usually
best 1o wait until the vehicle®s power plant type has been decided upon
before installing fuel accessories.

Refuelling Probe (TLT): A refuelling probe allows a vehicle to
aceept fuel transters from tankers or other vehicles fitted with refuelling
drogues, greatly extending its potential range. The procedure and rans-
fer takes a few minutes, and reguires mating the probe with the re-
Juelling dropue (s22 below). It can be done while on the move, even by
flying aircraft. However, both vehicles must have tanks that use the
same fuel type. Many TL7 combal aircraft have refuelling probes.
Spacceraft may also have them! Note that the drogue and probe must be
designed to be compatible — those used by non-allicd nations are unlike-
Iy to be, for example.

Refuelling Drogue (TLTE: A maneuverable fuel hose mounted in a
tanker vehicle that is steered to mate with the refuelling probe. When
deployed, the drogue is about 30 yards long, wailing behind the tanker,
Fuel can be transferred at & rate of 190 gallons per minute.

Fuel Electrolvsis System (TLT): This device converts water (as
pumped in from an ocean or melted ice) oo lgoid hydrogen (H) and
oxygen (LOX). Decide on the number of gallons of water processed per
hour {gph): this will determine the weight, cost and volume as <hown on
the tuble below. For every gallon of water “cracked.” 1,58 gallons of
Liguid hydrogen and 0,76 gallons of liguid oxygen are produced

<D= V(£ NE0US EQUPMENT



Hydrogen Fuel Scoops {TLE): Spacecraft often use hydrogen for
power plants or reaction drives, Hydrogen can be refined from water
using a fuel electrolysis system, but bodies with liguid or froeen water
may he rare. A more commaen “free” source of hydrogen is the atmos-
phere of gas giants: a ship equipped with fuel scoops can dive into such
an atmosphere and scoop hydrogen into its tanks, Fuel scoops are com-
bination gas tanks and compressorfintake systems powered by the speed
of airflow through the atmosphere, Their statistics are not worked oul
uritil after fuel tanks are installed (p. B8): weight, cost and volume are
equal o the square root of the fuel tank’s weight, cost and volume.
Scoops must be located in the body or wings. Note that fuel gathered
this way is raw gas, and cannot be used until processed (see below).

Aimosphere Processer (TLAY This purifies gas giant atmosphers
intar fuel. It is rated for the number of gallons of gas glant amosphere
that can be purified into fuel per hour. For every gallon of tankage filled
with raw gas giant atmosphere, 0L002 gallons of usable fuel are pro-
duoced.

Fuel Accessory Table

L Twpe Werght  Volume Cost Power

0, $100

1+

A+ lmn!ipi::.n: Processor
* Per gallon of water or raw atmosphere processed per hour.

Weight. cost and vofuwme are halved one TL after the device first
appears, and halved again two TLs after it first appears. Power remains
the same,

Location: A refuelling probe or drogue poes in the by, o pod, or a
wing. A fuel electrolysis system or atmosphene processor may go in the
body, a superstructure, a turret or a pod.

SCREEN GENERATORS (TL9)

These systems generate energy fields that blanket a large area, pro-
viding speciabized forms of projection.

Nuclear Dampers (TL15)

& nuclear damper projects a field that prevents the uncontrolled
release of nuclear energy. While a nuclear damper is operating, no
nuchear warhead can explode within its radius of effect. [t does not inter-
fere with the controlled release of nuclear energy (for example, in a
power plant). A nuclear explosion ouside the radius can sll cause con-
cussion or radiation damage to those inside the field. Tuming a nuclear
damper on or off 15 a combal action.

Nuclear Dampers Table

TL - W'th! _ Violume C st B Power
bSO T O SRR0U000 1 17 10006
16 250 5 F125,000) 1,000

Waight. volume, cost and power are for a damper field covering a 5-
mile radius. Each addifional 5 miles of radius dowdies weight, volume,
wost and power requirement,

Location: May be housed in the body, superstructure, murmets, open
mounts, pods, wings, srms or legs.

Reality Stabilizers (TL16)

A reality stabilizer, also known as a Space And Time Anomaly
Neutralizer, or SATAN field, sirengrhens the fabric of local space-time
within an area of effect centered on the field generator, negating the
effects of certain devices that rely on warping or manipulating space,
timme or gravity. These include all FTL technologies (drives, semsors and
communications), displacer and tachyon beams, feleporiation, stasis
devices, tme and dimensional travel, force screens. deflectors, nuckear
dampers and all gravity-manipulation technologics fcontragravity, grav-
ity ripple communicators, artificial gravity and gravitc guns). Any
device that uses these technologies simply ceases to work while within
the field. A reality stabilizer is available in small {5-mile radius), medi-
um (20-mile radius) and heavy (100-mile radius) versions. The radius
can be made as small as desired by the operator, but the ficld is always
centered on the device,

Reality Stabilizer Table
I e

Weight Volume Cogt Power

$£250.000 250

16 Medium Reality Stabilizer 500 10

Weighe, volume and cost are halved one TL after the item first
appears, and halved again two or more TLs after the item first appears.

Lovation; May be housed in the body, superstructure, turrets, pods,
wings, arms or legs.

Force Screens and Deflectors (TL11+)

These types of force fields protect & vehicle much like armor does,
giving it DR and PD. They are sdded late in the design process, aficr the
size of vehicle that is 10 be protected has been determined (see Fopce
Field Crrady om p. 93)
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MODULAR SOCKETS

A modular socket is o space in the vehicle designed to accept differ-
ent components, It is rated for the exact volume of the module it can
accept — for example, a socket rated tor (L4 of can accept any module of
exactly that size and weight. A moduolar socket has no weightl. lis vol-
ume is equal o the volume of the socket, 1t costs $300 per of of volume.

A module 15 something that can be inserted into a particular modulas
socket in & vehicle, It must be either a weapon or an accessory, A mod-
ule's volume must be exactly equal 1o the socket’s rated volume,
{Adjust the loaded weight of the craft if it carries modules of differing
weight). A module can contain multiple components, and “waste™
welght and volume can be added to it. A module’s cost 15 equal to the
sutn of the cost of all components in i, plus 200,

For the sake of convenience, it a module contains & power-using
component, then that component can be given its own power cell, buil
into the mesdule. That way, the vehicle's endurance won't change when
a module is changed. Realistically, though, modular sockets will include
power conduits, and modules that require power can run off of the vehi-
cle's power plant if sufficient power is available.

When inserted into the vehicle, a moedule adds its weight to the vehi-
cle’s wsual loaded weight. Its velume isn't added, since that's already
allowed for in the socket. Removing a module takes 3 seconds, unless
the module is so heavy that it requires several people or a crang to lifi.
Inserting a moduole takes twice as long.
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This chapter covers requirements and components specific to vehi-
cles with crew or passengers,

MANEUVER CONTROLS

These are the controls wsed 1 mancuver, accelerate and decelerate
the vehicle, A vehicle automatically has one set of maneuver controls if
it has a propulsion system, wings, rotors or some form of aerostatic fift,
Decide what types of contriols it uses:

FPrimitive (TLOY: These are rudimentary at best, with no instrumen-
tation, A vehicle cannot have pnimitive controls if it is a submersible,
has a powered propulsion system requiring more than 10 kW of power,
has any jet engine, rocket engine o spacedrive except a solid fuel mock-
el, or has any reactionless thruseer,

Mechanical {TL5): These are mechanical or electro-mechanical
controls plus analog instrumentation such as gauges and dials,
Mechanical contrels are the default controls vehicles are assumed 1o
have if they cannot use primitive controls and superior electromic or
computerized controls are not installed.

Efectronic (TLTh: These are sensitive “fly by wire” {or “drive by
wire”) controls that replace normal mechanical or hydraolic control
lines with electronics or fiber optics. A vehicle with electronic controls
has improved maneuverability, but at somewhat greater expense. At
TLT, they cost 55,000 or 10% of the combined cost of all powered
propulsion systems, whichever is greater. At TLE+, electronic controls
cost only $300, regardless of propulsion system cosl.

Computerized (late TLT7): Computerized controls can only be
installed in a vehicle that has a computer and one or more computer ter-
mimals or o battlesuit. Computerized comtrols are electrome controls
augmented by digital databuses which link all systems together through
the vehicle computer and report on vehicle readiness, damage, engine
conditions and so on. Data is presented on muli-function display com-
puter menus rather than normal diafs and gaupes. At TLT, computerized
controls cost STOHN or 20% of the combined cost of all powered
propulsion systems in the vehicle, whichever is greater. At TLE+, com-
puterized controls cost §1.000 (free if battlesuil).

Weight, Velume and Location: Maneuver contrals have no extra
weight or volume, but they should be assigned a location - usually in
the body of the vehicle

The Kitty Hawk requires controls. We decide they
will be computerized: it has a computer and terminals,
and expense is no object! Since the vehicle is TL7, the
cost is 20% of combined propulsion system cost or
$10,000, whichever is greater. The combined cost of all
of the Kitty Hawk's propuision systems is $28,600: 20%
of that is only $5,720, so the minimum cost of $10,000
is used instead.
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Duplivate Manewver Comtrods (TLO): Normally a vehicle needs only
one set of maneuver controls. But at TL6 and up, extra sets of mechani-
cal, electromic or computenized controls can, optionally, be added: this
will allow a second crew member 10 have his own maneuver controls,
which can be useful as a backup system in the event of damage or
injury. or to allow an instructor to train & student. The duplicate controls
must be located in the body, a superstructure, turret or pod.

Durplicate mechanical controls weigh 50 Ibs, and take up 1 of. They
cost $100 or [0 of the cost of the vehicle's powered propulsion sys-
tems, whichever is greater,

Duplicate electronic controls weigh 50 Tbs. and wke up 1 cf. They
cost half what the vehicle®s electronic controls originally cost.

Duplicste computerized controls weigh 25 Ibs., take up 0,5 of, and
cost half what the vehicle's computerized controls originally cost. The
vehicle cannot have more sets of maneuver controls than it has compun-
er terminals or newral interface systems.

The Kitty Hawk has one set of maneuver controls.
We don't install duplicate controls.

Diving Controls

Diving controls are wsed by a submarine crew member 1o manipu-
late diving planes and change depth, A manned vehicle automatically
has one set of diving controls if it has & submersible hull. Treat as
maneuver conmols for weight, volume and location.

A vehicle can have exira sets of diving controls; the weight and vol-
ume are the same as for duplicate maneuver controls (abovel, The cost is
F100if the vehicle has mechanical controls, 55,000 if it has TLT electron-
ic controls, 5500 if it has TLE+ electronic controls, $10,000 if it has TL7
computerized controls and S1.000if it has TLA+ computerized controls.

The Kitty Hawk has a submersible hull, so it needs
diving controls, We decide not to include duplicate
controls. Computerized diving controls cost $10,000.

mreTDS>Mm

CREW STRTIONS

A crew station (sometimes called a “workspace™ or a “station™) is a
position manned by a single crew member. It controls one or more vehi-
cle systems, and includes a seat or workspace to operate those controls,
Each crew station is permanently assigned control of certain vehicular
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components, such as maneuver controls, diving controls, weapons or
electronics, and these systems can only be controlled from that station,

Determine how many crew stations the vehicle needs and what they
control. This depends on TL and on how many different types of pad-
gets are built nto the vehicle.

A crew station must be assigned o each of these components: each
set of mancuver controls, each set of diving conirols, cach ranged
weapon, and each communicator, navigation aid, sensor, targeting sys-
lem, countermessure, computer werminal or neural interface,

On vehicles built before TL&, each of these components must have
ity own crew station: one o maneuver the vehicle, one for each WEApOT,
and soon,

At TL6+ and up, a crew station can be assigned 1o control multiple
systems. The only restrictions are that duplicate maneuver or diving
controls be assigned to different control stations, and no starion conrrols
a componeni assigned ro another, differenr starion, Having multiple
components operated by a single station reduces the crew requirement,
but also increases workload for the crew member who will man thar sia-
fhon!

At late TL7 and up, a vehicle with computerized controls can further
streamline this procedure. Instead of assigning individual components 1o
different crew stations, assign computer terminals or neural interfaces,
The person manning that crew station can then use it= termanal or newral
interface 1o access and control any of the vehicle's systems,

Decide how many crew stations the vehicle reguires, give cach a
name, and decide what components each one controls. Crew station
names arc up to the designer: they should describe the main function of
the person who mans the station. For instance, a crew station in an auto-
mabile with maneuver controls would probably be named “driver,”
while one in a modern tank that controlled the radio and sensors might
be titled “commander.”

The Kitty Hawk has computerized controls. It has
two computer terminals, so it could have up to two
crew stations. We decide to install only one crew sta-
tion. We allocate the maneuver contrals, the diving
controls and both computer terminals to it. We name
the crew station “pilot.”

The Kitty Hawk was easy — that's another advantage
of computerized controls. Let’s try something more dif-
ficult - a 1960s-era TL7 tank built with mechanical con-
trols. It has maneuver controls, a radio, two machine
guns, an infrared searchlight and a 90mm gun. Since
the vehicle has manual controls, each of these systems
must be assigned to crew stations. We could give the
vehicle as many as six crew stations - and if it were
built at TLS or less, we'd have to do that. Instead, we
give it only three: we name the first “driver” and decide
to assign it the maneuver controls. We name the sec-
ond “commander” and assign it control of the radio
and oneé machine gun. We name the third “gunner” and
assign it the main gun, infrared searchlight and the
other machine gun. The tank will probably need a fourth
crew member to load the gun, but he doesn’t require a
crew station.
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Cmee the number, names and functions of crew stations on the vehi
cle have been determined. decide what itype of crew siations the vehicle
uses:

Cramped Crew Stasion (CCSi: This is a seat or workspace with very
little room. Cramped stations are typical of vehicles like submarines,
race cars of Russian tanks, where space is either at a premium or the
designer 1sn'l too concemed about crew comfort.

Normal Crew Station (WCS)- This has somewhat more elbow room
and is more comfortable to work at. Normal crew stations are typical of
miost military ground vehicles and some civilian crafi.

Raomy Crew Station (RCS), Roomy crew stations are typical of
vehicles built for comfort, like civilian automobiles, or those with a
great deal of room. like surface ships,

Exposed Cramped (XCUCS), Normal (XNCS) or Roomy (XRCS)
Crew Starion: This is the same as any of the above crew stations, but is
open o the elements, with no side or top protection. It is typical of crew
stations in vehicles like wagons, chariots, jeeps. convertibles, open boats
or carly aircrafl. An exposed crew station takes up less volume, sinca
the operator is not entirely in the vehicle,

Cycle Crew Station: A compact control panel and scat entirely out-
site the vehicle, Tt is vsed on small vehicles like motorcycles or ulira-
light aircrafil. Tt can only be used on vehicles that require only one crew
station, do not have streamlining of any zort, and which, at this stage in
the design process, have less than 20 of of components. The occopant of
& cycle crew station is nol protected by vehicle armor,

Harress or Sirap-On Crew Station: This is used of the CCCUpant
“wears” the vehicle hke a jetpack or rides it like skis. If the vehicle is
powered, controls and displays are usually on 2 belt, arm, backpack or
helmet. A strap-on crew station can only be used on vehicles that
require a single crew station and do not have streamlining or hydrody-
namic lines. “Hemoving™ the vehicle akes a second; “attaching™ it takes
about ten seconds, When designing the vehicle, the total weight should
be kept tva weight thar the person wearing it can camy!

Barttiesuir Syrrem; See p. 80,

Bridge Access Space: Optionally, large craft may group imporant
crew stations together as a “bridge.” These often have extra access
space, enabling officers to easily move about, supervising subordinates,
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Each crew station is a component. Determine its location in the
vehicle and its weight, volume and cost:

Crew Station Table

Verlume

S100
_ x|

Eri.rl;_;.;.t At.u:‘il,.":-pn;; - I x} e exi

Lowation: Cycle and hamess crew stations are placed in the body,
Cramped, normal or roomy crew stations may be placed in the body or
in superstructures, turrets, open mounts, pods, arms, legs or wings.
However, there are some restrictions based on what systems the station
comtreds: stations controlling TLS- weapons must be in the same loca-
tion as the weapon. Crew stations with computer terminals or interfaces
must be in the same location as that terminal or interface.

Battlesuil crew stabions use special rules — see p, 80,

We decide the Kitty Hawk’s one crew station is nor-
mal. We put it in the body. It is 30 Ibs., 30 cf and costs
$100.

DCCUPANCY

Decide whether the vehicle is designed for short
DECHINERCY OF [0RE e Cupancy.

A short occupancy vehicle is only comforiable for
4 few hours at a time, after which its occupants will
want Lo exit to rest, eal, relieve themselves and
stretch, Vehicles with cycle, hamess or battlesuit
crew stations must be shom occupancy,

A vehicle intended for long occupancy is habit-
able for days, weeks or months but requires additional
yuarters, exirn access space (see po 14) and possibly
exira cnew 1o p-:f[lm duties such as maintenance or
cooking.

The Kitty Hawk is designed for short
occupancy.

CREW REQUIREMENTS

A wehicle with a cycle, strap-on or battlesuit crew station can only
have one crew member, Otherwise, requirements depend on what com-
ponents it has and what kind of mission it must perform:

Crew Stations, A& vehicle should have one crew member for each
crew station it has, although a vehicle can operate with fewer crew sim-
ply by manning only some of the crew stations. It won't be ahle o do
everything, but as long as the mancover controls are manned (for
instance) it can still be steered. Each crew station crew member is nor-
mally given the title of the crew siation as his job tife.

Rowers: Vehicles that use rowers require one rower per rowing
position.

Louders: Vehicles whose weapons need loaders require one or more
loaders per weapon that needs loading. Sometimes a losder also mans a
crew station; if s0, he can’t operate the crew station and load at the same
Eurmee.

Sails: If the vehicle has sails, it may require sailors to man them. A
vehicle with TL7+ sails and electronic or computerized controls does
not require any sailors, therwise, the number of sailors is fsquire rool
of sum of all mast heights), divided by five if fore-and-aft rig, four oth-
erwisc. Sailors do not require crew stations: they are out working on
deck, clambering around amidst the ngging, and so on.

Lifitng Cras: If the vehicle uses lifting gas, it may reguire riggers
tend the gas cells. If the vehicle has electronic or computerized controls,
no Aggers are required, as electronic sensors perform this job. Otherwise
one rigger is needed per full 200,000 of of lifting gas the vehicle has, The
rgger's duties are much like those of a sailor, clambering about amidst
the various lifting pas cells to continually monitor their pressure, check
for and patch leaks, and control the release of ballast. On a vehicle with
less than 200,000 of of lifung gas, the person manning whatever control
station controls maneaver controls handles this tsk. As with sailors, rig-
gers do not have crow statioms — their jobs have them roving abour inside
and sometimes outside the vehicle's body instead.

Mechanics: Mechanics perform routine maintenance within a vehi-
cle. They are needed if repairs or maintenance are 1o be performed on
power, lift or propulsion systems during a journey, Any vehicle may
carry mechanics “just in case.” Some vehicles may reguire mechanics:
it the vehicle is designed for long eccupancy andfor was built at TLS or
less, add up the total KW of power requirement for all power-using
propulsion systems and all power-using aerostatic lift systems aboard,
ingluding those in auxiliary vehicles such as ship’s boats or shuttlecrafiL
Then divide by 250 if TL5-, 500 if TL6, 1.000 if TL7, 5,000 if TLE,
S0O,000 of TLS, 250000 if TLAG, S00000 if TLI1, 1,000,000 if TLI2-
13, or 5,000,000 if TLi4+. (If the vehicle has a hyperdrive, count only
the lower power
reguirement needed
to keep it in hyper-
space, not the greater
power needed (o enter
hyperspace!) Find the
square root of the gqueoe
tient (round down), The
result is the number of
crew required for rou-
line maintenance,
stoking, monitoring
engines and so on,
Mechanics do not
require crew stations,
as their jobs ke them
throughout the entire
vehicle, but usually
require workshops
{see p. 6O

Srokers: Yehicles
that burn coal or
woind require siokers,
Stokers are treated
exactly like mechan-
ics {above), and are already included in the uswal compliment of
mechanics required by a long-occupancy vehicle. However, stokers are
always required for coal or wood-burning vehicles: even short-occupan-
<y vehicles will have to carry them,

Paying Passengers: If the vehicle is to carry paying passengers, it
will peed one passenger attendant (styled as a “steward.” “conductor,”
“porter” or “flight attendant™) per 100 stecrage passengers, 30 second-
class, 20} first-class or four luxury passengers. Decide how many passen-
gers of each class the vehicle normally carries, and select that many pas-
senger anendants.

Anciliary Vehicles: If the vehicle carries other vehicles, calculate their
crew requirements as well, and add them to the tolal crew requirements!
However, if the auxiliary vehicle will not be wsed very often, it does nat
need 1 dedicated auxiliary crew — the crew will man it on an ad hoe hasis,
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Labwratories; A vehicle with laboratories may carry scientisis 1o
man them, Alternatively, the regular crew may also do lab work, but
they can't fulfill other duties while they are domng so.

Medical Eguipmens: If the vehicle has sickbays, stretchers or operat-
ing tables, it will usually carry at least one medic. At least one medic is
neaded per operating table intended to be used smultaneously, If the
vehicle is built for long occupancy, at least one medic should be carmied
per 50 (TL4Y 100 (TL5-) or 200 (TL8+) people on board, although
automeds can substitue for human medics if necessary,

Service Crew: I vehicle is built for long occupancy and has over 20
other occupants, it requires at least one service crew member (c.g., a
cook]) per 200 occupants, or fraction thereof. Service crew are assisted
by other crew on a rotational basis,

Milirary Craft: These often carry many times the normal required
number of mechanics, loaders or sailors (o replace losses and perform
damage control duties.

A military vehicle with more than one crew member, or any vehicle
with over a dozen crew, should have one designated “captain™ or “come-
mander." The captain often has a crew station assigned o him as well,
but sometimes may have no other duties besides command.

In a commercial or military vehicle, about one crew member in
eight will be an officer or senior enlisted man. although this ratio may
vary. In terms of vehicle design, the ondy real distinction is that officers
are sometimes given better quarters,

Crew Size: Add up the number of crew positions 10 get the crew
sige, Vehicles built for long occupancy and intended to operate continu-
ously often have two (sometimes thres) shifts; simply double or riple
the crew size. The second captain is normally called a “first officer” or
“execulive officer.”

The Kitty Hawk requires only one crew member, to
man the pilot crew station - in other words, a pilot.
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ACCOMMODATIONS

If the vehicle 1 built for shomt occupancy, it requires either a sear or
standing room (see below) for every crew member who lacks a crew
station, except sailors or lifting gas riggers, Unless the vehicle was buoilt
with a battlesuit or strap-on crew station, it can then be given additional
seals or standing room to carry passengers as well.

A vehicle designed for long occupancy requires quarters (below) for
every crew member. Additional quarnters may be carried for passengers.

The Kitty Hawk already has a crew station for its
ane crew member. We decide to add an additional seat

for a single passenger.

Seats and Standing Room

Seads are just that - seats inside the vehicle. They are further divided
into roomy,. normal or cramped seats, much like crew stations. Roomy
seats are typical of most front seats in comfortable cars, or seats in air-
liners, normal seats are like fromt seats in small cars and back seats in
large ones, while cramped seats are typical of back seats in mid-size or
compact cars, commuter buses, or armored personnel carriers.

Standing Room 15 reom for a person to stand, wswally with a hand-
hold, Like a seat, standing room is classed as cramped. normal or
momy. It is common instead of seats in animal-draswn vehicles, small
boats, ships and balloons - anv craft where swift accelerations and vio-
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lemt mancuvers are rare. Also. buses and commuter trains ofien have
extra cramped standing room equal to their number of seats,

Expoged Seats or Standing Room are just like ordinary seats or
standing room, excepl the occupant is partly outside the vehicle's struc-
ture. Chariots, wagons, jeeps, open boats, convertibles and many early
airplanes often use then.

Cyvele Sears: I the vehicle has a cycle crew station, passengers anc
normally also in cycle scats.

The table shows the weight, volume and cost of a single seat or
standing room

Seats and Standing Room Table
Weighi

Type Vialteme

neil Seat’
Roomy Seat
Cramped Standing Room

E pu:e-.:,ﬂ

Cycle seat

-H“ S50

Standing room has no weight or cost: the volume required is the
same, since the extra space that was occupied by the seat is countered by
the fact that standing people ke up more space

Location: Seats or standing room may go in the body, superstruc-
ture, turrets, pods, arms, leps or wings as desired. Seats or standing
room for rowers must be located with the rewing position, Scats or
standing room for loaders must be in the same location as either the
weapon or the ammunition being loaded.

The Kitty Hawk has one seat (other than its crew
station’s). We decide it is nermal and in the body (30
Ibs., 30 cf, $100).
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Quarters

Quarters consist of bunks and cabins. Any vehicle with bunks or
cabins is assumed to include access (passages, ladders or elevators) and
cooking, laundry and waste disposal facilitics commensurate with the

CREW AND PASSENGERS 0>



number and gquality of it accommodations. Additional “common living
space” can be ndded to make a more spacious vehicle, if desired. This
hos no cost in and of iself (reat it as “empty space™), bot it will make
the vetucle larger and ultmately more costly

A bunk is a bunk or hammock for a single person, usually in a
cramped alcove or in 4 room with other bunks, It incledes a locker or
space for stoning personal possessions. Note that it is common in vehi-
cles with bunks to also give each crew member a fixed allowance of
cargo space for stowing personal possessions,

A cahin is a Twmished room. It can house one or two people. A “lux-
ury” cabin is a larger cabin with supenor fittings. Optionally, twa or
more cabing may be combined into a suite,

Crew members may be housed cither in bunks or cabins,
Traditionally, ordinary crew each have a bunk, officers are housed rwo
to a cabin, and the captain has a private cabin. If the vehicle has multiple
shifts and the crewmen are willing to wlerate some discomfort, two or
three crew members who work different shifis may share the same
bunk,

Mon-paying passengers can be housed as crew. For paving passen
gers, steerage (“third-class™) passengers each require a bunk. Second-
class passengers require ome cabin for every two passengers, rounding
up. First-class passengers each require their own cabin, Luxury passen-
gers each reguire their own luxury cabin,

Aside from crowding, quality of life in quarters depends on whether
or nit the vehicle has an environmental control systemn (see below) and
how pood the food 15! Late TLS and up cabins in vehicles with environ-
mental control or life systems are assumed to have modern conve-
mences such as air conditioning and mnning water.

Quarters Table

Type Weight Visluere®
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Bunk 2000 TEl)

Luxury Cabin 4 000 IRCNTA] 10,0000

* Mote that although cost and weight are fixed, more volume can
always be added for spacious vehicles: the volumes given here are min
imims.,

Locarion: Quarters can be located in the body. or in supersiraciurss,
turrets, pods, arms, legs or wings

Bunky and Short O HPGRCY Vehicles: Vehicles intended manly for
shorl occupancy sometimes cary a few bunks as well w improve com-
forl. Also, a pair of roomy seats that occupy the same location in the
vehicle can be built so that both the semis can be folded up to form o sin-
gle bunk. This adds 50% to the combined seats’ weight and cost, but
does not increase their volume. A small galley for cooking on short-
occupancy vehicles s avinlable at half the cost, weight and volume of a
bunk.

ENVIRONMENTAL SYSTEMS

These systems become available at TL3+ and are designed o pro-
vide comforl and life support to a vehicle's occupants. They include
environmental control, NBC kits and life systems. Environmental con-
ol is wsed 10 enhance occupant comfort. NBC kis are wsed 1o allow a
vehicle to survive in a toxic but otherwise breathable environment,
Limited or full life systems are needed if the vehicle is to provide
breathable air for its occupants. Submannes, spacecraft, aircraft flying at
high altitude and any vehicle operating in an area withowut a hreathable
atmosphere should have a life system.

Emvironmental Congrol (late TLS): This is a basic light, heat, mr
conditioning and ventilation system for the vehicle. If added, it
improves the guality of life and allows occupants to operate at up to
120°F or down to -30FF without penalty or fatigue (see p. B30 meat
higher or lower temperatunes as if they were 407 closer to optimum.

NBC (Nuclear-Biological-Chemical | Kit (TLT): This is an environ-
mental control system, plus sensors 1o detect contaminants, filters, and
#n overpressure system (the interior i kept at higher air pressure than
outside) to keep impure air out. Tt defends against nuclear fallowt, germs
or chemicals such as pollution or poison gas. Only people entirely inside
the vehicle may benefit from an NBC kit, and the vehicle must be
sealed. Filters must be changed periodically (depending on the degree of
contamination, but usually at least once every 2 days) at a cost of 1% of
the system cost. Spare filters have 5% of the weight and volume of the
system, At TLHM, self-regenerating filters are available (no extra cost)
that do not have to be cleaned.

Limited Life System (lae TLS5); This functions as an environmental
control system. above, and alse provides additional “bottled” oxygen
and water for as long as power and supplies last. This is the most com-
mon kind of life system on aireraft, space shuttles and non-nuclear sub
marines. s endurance is measured in man-days, i.e, 100 man-days of
endurance sustains one man for 100 days, two for 50 days, three for 33.3
days, ete. Life support can be tumed on or off; a submarine cruising on
the surface could m off life support o conserve air supplies. A limited
life: system may also be given a hall or quarter man-day of life suppon
at fractional weight. volume and cost, The minimum man-days (o pro-
vide basic environmental control ) 15 (.25 man-days per person the vehi-
cle is designed w carry. The life system will provide wir for days equal
to the number of man-days divided by the number of people using the
systerm. Any limited life system with an air supply of 240 man-hours o
more 15 assumed o have the ability to replenish aself by converting
ofdinary air into bottled oxygen

Full Life System (TLT): This is a self-regenerating oxygen and water
purification plant of the type found on nuclear submarines or long-range
spacecrafl. 1t works indefinitely, Statistics depend on the number of pec-
ple supported and the tech lovel, At TL11+, these systems are mosily
I.‘E';?llﬂ.{‘f‘d by vEry small full life systerms u:;inH miolecular recycling tech-
nology similar to the cybersuit (p. UTT6 or S63),

e —
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Environmental Systems Table
TL  Type Weight

Volume Cost  Power

T+ Environmental Control . . 0.1 o Sﬁﬂ' 025
7 NH{‘ Kt i _ _25 —— 0.5 S5, 00 U 25- =

L |mat4::l Life ';'py'm:m
Limited Life System

9  Limiied Life System w0 2 S50 05
[+ Limited Life Svstem = 0.5

- 'Jll I.t't‘._}"-.llfm
plu:, Per person

m [uIII ife System a0 5 ss0m0 -

plus, per persor

Location.: Environmental svstems should be located mn a location
that also howses crew stations or accommodations.

Environmental control and NBC Kit weight, volume, cost and
power are multiplied by the number of people the vehicle 15 desipned to
Carry.

For limited life systems, muluply the weight, volume and cost by
the number of man-days the vehicle provides support for, with 2 mini-
mum of one-guarter man-dey per person the vehicle carries. Power 15
per person rather than per man-day.

A full life system has a basic flat weight, volume and cost, plus an
extra weight, volume, cost and power requirement per person the vehi-
cle camies.

A Cootal™ life system that produces food as well, and so does nom
require provisions, is =2 weight and cost, =4 volume.

The Kitty Hawk is designed to be submersible, 50 we
need a life system. The vehicle carries two people. We
give it a limited life system with one man-day of sup-
port, which functions as environmental control, and
which will give each person 12 hours of air. We place
the life system in the body: it is 200 Ibs., 4 cf and
$1,000, Since power is based on the total people car-
ried rather than man-days, it requires 1 kW power.

CAEW AND PASSENGERS >

PROVISIONS

Provisions — including food and drink, plus storge facilities — e 12
pounds, 0,24 of and %6 per man-day, and should be camed as cargo. At
TLO-4, provisions will tend to spoil after a month or so. At TL5+, can-
ning and preservation techniques eliminate this problem, allowing
increasingly better food to be carried on long nps. Vehicles with hife
systems have lower requirements: 2 pounds, 0.04 ¢f and 56 per man-day.

HRTIFICIAL GRAVITY

Since space is a zero-gravity environment, spacecraft are often
ﬂqmm'ﬁd with some fiorm of artificial pravity o simulate the effects of
living in a gravity field. Working in zero-gravity or microgravily is
tricky, and once a character s used to it readjusting to gravity can take
days or weeks, As well, while humans can live in zero-gravity for weeks
of months, there is some evidence that long-lerm eXposure o feto Fravi-
ty is unhealthy. So far, this has no been conclusively proven one way or
another. See p. 573 for detsiled rules on zero-gravity and microgravity,

Mo manmed spacecrafl has 1o have 1o have artificial gravity, but
gravity will improve crew and passenger comfort! Perhaps more impor-
tantly, antificial gravity frees the occupants of the need o re-acclimate
themselves 1o gravity when they disembark on a planet, This is nice for
passengers and can be of crucial imporance for soldiers who have to
fight on planet!

Artificial Gravity Units (TL10)

These “grav units” are available only 1t the GM rules that gravity
manpulation echiology exists in the campaign; they are an early form
of contragrav. They are special penerator plates that use super science (o
artificially generate a gravity field.

If a vehicle has grav units, decide how many cubic feet of vehicle
they cover. Normally this is the living and working space: the combined
volume of all seats, standing room and quarters in the vehicle, plus the
volume of any rooms such as sickbays, workshops, [zboratonies or con-
ference rooms

Ome grav unit is needed if the volume to be covered is 27000 cf or
less. If the volume 1o be affected is greater, multiple units are nesded,
one per extra 27,000 ef or fraction thereof. Weight, volume, cost and
power of a grav unit depend on TL:

EI"SII’ Unit Table

Weight Vel st Power
WW iR T B R B R 000 1,000
11+ 2,000 27 S0 1000

A sinple pravity unit is adjustable from microgravity to three gravi-
fes (3 G Multiple units can be bought and “stacked™ in the same area
of effect w propomionately increase the apper limit on G two stacked
umits could provide up to b G, and soon.




Lovation: Grav units must be placed in a body, tumet. superstruc-
ture, pod, arm or leg, somewhers that is within the area they are provid-
ing artificial pravity for.

SHFETY EQUIPMENT

Safety equipment such as seat belts or ejection seats can optionally
be added 1o protect crew and passengers. AL TL6-, many vehicles are
built without safery equipment, but at TL+, it is very commaon

All crew stations and seats can be assumed to come with safety belis
or straps, if these ane desired

Ejection (TL7) This vption may be added to any crew station or
sedl, An ejection seat uses a rocket to fire the occupant out of the vehi-
cle, then deploys a parachute to land him safely. For ejection rules, see
Ejecting on p. 161 in Chapter 12.

Crew Escape Capsule (TLI): A single bdy or subassembly can be
equipped with a jettisonable escape capsule insread of separate ejection
sents for the crew. Find the cost, weight and volume to buy a separate
gjection seat for every crew member in that body or subassembly, then
donble it. Capsule release is dealt with under the Ejecting rules (p, 161);
note that all crew members are ejected at once. The capsule is sealed if
the vehicle is (in which case it can also float), and any unpowered envi-
rommental system in the same location as the capsule can be defined as
keing part of the capsule as well. Ejecting the capsule automatically dis-
ables the vehicle, but this is uswally the only way (o safely eject from a
spacecraft or hypersonic aircraft. The capsule release controls must be
assigned o a speciiic crew station during the design process,

Airbags and Crashwebs (TL7): Airbags are used at TL7, while
crashwebs are their ultra-tech equivalents, using advanced technology
related to tangler weapons. They reduce the damage from a crash, as
described in the Vehicle Actien chapter. Airbags and crashwebs may
protect crew stations or seats.

F-Sear (TL7): Any crew station or seat may have this option — 8
sharply-raked seat back and careful ergonomic design that makes high-
G maneuvening more comfortable. This reduces the G-force feli by the
pecupant during high-G maneuvers (sees p. 153), although it has no
effect on the acruad G-force of the maneuver.

Wismb Tank (TL8): This is an option that may be added to any crew
station, seat or standing room that is not “exposed,” and may also be
added to quarters. It is a gel-filled fluid bath that provides superior pro-
tection against shocks and acceleration, and has double the effect of
crash webs against any crash-induced whiplash and collision damage.
Getting in or out takes 30 seconds, however,

Grravity Web (TLI12): These are strong conmragrav penerutors that
protect a crew station or seat if the vehicle undergoes high acceleration.
I'me etfect is to reduce the G-forces experienced by the occupant by 2 G
at TL1Z, 4 G at TL13. 8 G at TL14, 16 G at TLIA, and 32 G oat TL16,
Also, treat collision speeds as 20 mph slower per G of compensation
when ealculating whiplash and concussion damage for the occupant. For
instance, a 100-mph collision speed would be fel by a TLI3 grav com-
pensator-cquipped person as only a 2emph collision, These reductions
are cumulative with the effects of seatbelts, crashwebs and sirbags. The
web is disabled if the vehicle loses power.

Safety Systems Table
TL T}-{_;._-:‘ . _1-'Ir_"1j'r' ghi .

Crashweh
(G=-Sent

® Weight is 10 Ibs, per f of volume of seat, standing room or quar-
ters 5o equipped. Volume is weight/50. Cost $50 per pound it weighs,

Lacation: Safety systems must be placed in the same location as the
crew station, seat, standing room or quarters they are protecting. Decide
which station, seat, etc. the system protects!

Weight, Vodume, Cost and Power: This is per person so equipped.

We equip the vehicle with two ejection seats (for
the crew station and passenger seat). We also add
two airbags.
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Grav Compensators (TL12)

A grav compensator is a specialized form of contragravity field
that “cancels”™ the effect of high-G accelerations, This reduces siress
om the vehicle and the G-foree experienced by the occupants, but i
does not make maneuvers any less difficult. A grav compensator can
reduce experienced G forces by (4,000,000 = number of compen-
sators)fvehicle loaded weight, Maximom reduction, regardless of the
number of compensators, is 2 G, so if the vehicle weight is equal or
less than 2,000,000 Ibs. »* number of compensators, don’t bother
using the formula: the G reduction is always 2 G. Effectiveness and
maamum G reduction are doubled for every TL above TLI12, e.g., a
TL14 grav compensator would reduce experienced G by (16,000,000
= number of compensators floaded weight, w0 a maximum of & G.

Each grav compensator weighs 2,000 ibs,, takes up 40 of, costs
200000 and reguires 1000 kW,

HPPENDIX - BRTTLESUIT SYSTEMS

A battlesuit is a sult of powered armor worn by a living operator,
controlled by kinesthetic feedback (for example, the wearer tries o
move his arm, amd pressure sensors in the suit sense the movement
and signal motors o move the suit's arm). A vehicle can be a battle-
suil if it has the same basic shape as the intended wenrer, uses elec-
tromic or computenized controls. and substitutes a “battlesuit system™
for an ordinary crew station (see Crew Stations on p. 73). For
humans, a battlesuit has a turret on top of the body, two arms and two
begs. The suit fits the wearer like a glove; only skintight outfits or
nothing can be worn inside the suil, unless the suit has no armor, or
anly apen frame ammaor, in which case normal clothing can be wormn.

A bartlesuir should be custom-fitted to an individual or given size
and weight of person. For simplicity decide what weight of person
the suit will fit and assume it can (it anyone up to 209 lighter than
that weight, This is the “plot weight”

The battlesut systern — controls and pilot — counts as a compo-
nent, just like a crew station. It enables the pilot 1o control all systems
on the vehicle. In a form-fitting swit, the battbesuit svstem has wtal-
ple locations spread acrozs the vehicle’s amms, legs, tarret and body.
The system takes up (pilot weight/100h cf in the body, (pilot
weighy 4001 of n one trret, (pilon weight/1,0000 of in each of twao
arms, and {pilot weightO0) of in each of two leps. Alternatively, a
non-form fitting suit is possible with the pilot placed entirely within a
body or head, taking up (pilot weight/50) f,

The battlesuit system weighs 0.2 1hs. = pilot weight exclieding the
weight of the pilot, The cost is 53,000 + (pilof weight = 520) At TLY,
halve the cost; quarter it at TL 10+

In combat, treat & bantlesuit as a vehicle. IF part of the soit con-
taiming the pilot is reduced below 0 hit points, apply half the excess
damage 1o whatever part of the pilot was in that location. For exam
ple, if the twrret were reduced oo -17 hit points, the pilot®s head would
take 8 hits of damage if the suit were form-fiming, If the swit were not
form-fitting, the pilot would only take damage if the battlesuil system
cocupied the trret; in this case, the damage would be applied w a
random hit locanon.

A battlesuit is opersted vsing Battfesuvit skill (p. B4%)., When
making DX rolls, use the lower of DX or Battesuit skill; when mak-
ing DX-based skill rolls, use the lower of the pilot's skill-1 or his
Battlesuit skill-1. Putting on a suil takes aboul four minutes; remow
ing 1t takes half that. For an extra 3500, a suit can be designed for
“gquick access,” taking only (30-Battlesunt skill) seconds to don, or
half that to remove.

An exoskeleton is a lightly-srmored battlesuit, not generally used
for combal. If a battlesuit has less than DR 30 armor and no intemal
weapons except tools (e.g., energy drills, welding torches). it fune-
tions the same way as a battlesuit but is operated using the
Exoskeleton skill. as described on p. B247,

If a battlesuit or exoskeleton is 50 of or larger in size, substtute
Dwiving (Mecha) skill instead. The operation remains the same,
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This chapter describes means of powening vehicles and the fuels and
fuel tanks used by power plants snd reaction engines.

POWER SYSTEMS

A vehicle requires a power systern if it has any power requirements,
measured in kW. Add up the power requirements of all sysiems in the
vehicle to find out how much power is needed. These power require
ments can be met by draining energy from an energy bank or through
the output of a power plant.

A power plamt. like a gasoline engine or 2 nuclear reactor, produces
power comstantly (as long as it is fuelledy. A power plant is rated for a
power output in Kilowatts, which can be used to fulfil the vehicle's
POWET TEGUIrerments

An energy bank (such as a hattery or power cell) stores a finite
amount of energy, which is drained as it is used, It is rated for the nom-
ber of kilowatt-seconds (kWs) of energy it stores. One kWs provides
one kW of power for one second

Power plants are generally better for the long haul, while energy
banks permit greater power outputs for much shorter periods. Power
plants often require oxvgen o operaie (and those that do not are often
very expensive). Energy banks are cheap and work anywhere,

A wehicle will often have both a power plant and an energy bank,
combining their henefits, IF the vehicle has a system that reguires short
bursts of power (e g., a hyperdrive, jump drive, electromag or gravitic
gun, or beam weapon) adding an energy bank solely for the purpose of
supplying that system is a good idea, while the power plant handles all
routine power requirements. Submarines with air-breathing power plams
often rely on encrgy banks when submerged, but use a power plant to
recharge the “hanks when surfaced.

If & vehicle is to have & power system, decide whether it will have a
power plant (see below), an energy bank (see p. 87) or bath, Jet engines
also function as power plants - if a vehicle has one, see Jer Engines amd
Power, below, to determine how much auxiliary power the
engine generates.

When a power plant or energy bank is instalied, indicate what power-
using systems it powers. Sometimes this is obvious — 2 single power
plant or energy bank will run everything — but not always, For insance,
if a vehicle has a radio using 0.1 kW and a drivetrain that uses 100 kW,
it s more elegant to build a 100 kW power plant amd then install a small
energy barnk to run the radio when 1t s in use. So, the power plant would
be indicated as rnning “drivetrain” with other systems lefi w0 the ener-
gy bank. Also, some systems that use power can be desipnated ss not
running at the same time as others; this will reduce the total power
requirement, since not everything needs be powered at once

Adding up the power requirements of all systems,
Morgan finds that Kitty Hawk has all systems, a total
power requirement of 255.75 kW if it ran everything at
once. However, on the ground, the hydrojet isn't used
{the bilge pump and sonar probably won't be, but we
might pump water out or do sonar scans while on the
ground, so we count it in), so that's only 215.75 kW. In
the air, the wheeled drivetrain, sonar, bilge pump and
hydrojet aren’t any use, so that’s only 13.5 kW. On
water, the wheeled drivetrain isn't used, so that's only
55.75 kW. And underwater, only the hydrojet, bilge
pump, sonar and lifesystem will be used, so that's only
43.25 kW. Based on this, it looks like a power system
capable of providing about 216 kW is

a good idea.
JET ENGINES AND POWER

et emgines can produce power as well as thrust, This is how jet air
craft operate lights, radios. radars and other accessories. Assume a jet
engine will produce enough excess power (via simple wrbine-pump
generator included with the engine) to operate systems reguining “negli
gible™ power, It will penerate a further power output in kilowatts equal
to (thrust in Ibs./100). This extra power may only be used 0 operate
equipment or weapons, or recharge energy banks. If more power is
nocded. the vehicle will have o install an energy bank or a power plant,
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The jet engine on Kitty Hawk generates 5 kW of
power when it's running. Since we don’t expect to run
the jet all the time, we'll leave this as an “‘auxiliary”
power system and not count it toward the 216 kW power
requirement we need.

mreTEEIE=xxm

POWER PLANTS

Power plants are rated for output, in kilowatts (kW), This is the
amount of power they produce, which can be used to power systems
built into the vehicle or to recharge energy banks,

Chaice af Output and Allacation of Power: Unless the vehicle also
has an energy bank, the power plant’s output should be enough o meet
all the power requirements of vehicle's systems. If the vehicle 15 going
tor have an energy bank as well, or if # has more than one power plant,
indicate exactly what power-using systems each power plant normally
POWeETS.

Muliple Power Planis: A wehicle will sometimes have multiple
power plants of the same or different type. These can cither add their
output together, or be ;l:ﬂignsund. as an auxsilar}-‘ power system that only
works (and uses fuel!) when the main system is shut down or our of
action.

Choesing a Power Plan:: There are many types of power planis
available. They fall into several broad categories, each of which are
treated separately: muscle engines (TL1); steam engines (TL3); intemal
combustion engines (late TLS and up); fuel cells (TL7); gas and MHD
turbines {TL7-8); nuclear, antimatier and mass-energy conversion TL7
and wp) and exotic (TL varies). Examine the various systems available
ai the vehicle's TL, especially their weight per kW, fuel consumption
and cost. The choice comes down to selecting the best tradeoff between
weight (the lower the weight per kW, the bemer), cost (the cheaper, the
better), and fuel economy (the less fuel bumed, the better) since lighter-
weight plants are usvally more expensive or bum more fuel. Another
important consideration is whether or not the power plant works withowt
oxygen: ideally, space vehicles and submarines should have power
plants that don’t need air to function, although submarines often rely on
an energy bank when underwater.

Examining what's available at TL7, we decide on a

gas turbine as the primary power source (p. 84) to pro-
vide the 216 kW we need on the ground. However, we
will also install an energy bank, which we use to power
the vehicle in other regimes, allowing us to turn off the
power plant and save fuel.

A Note on Fuel Consumption

In this chapter, the fuel consumption figure listed for a power plant
that consumes fuel is lower than it would be if the engine were operat-
ing at full power output. This is becawse power plants rarely do that!
Rather than require a complicated set of Tuel consumption and fuel effi-
ciency figures at different power outputs — and require performance o
vary — a somewhat lower consumption figure has been used, based on a
more average rale of power cutput and wsage.

Mljilll[ ENGINES

muscle engine 15 a muscle-powered “power plant.” It uses pedals,
levers, lum cranks or treadmills (o pencrate power that may be used 10
provide energy for vehicle systems, just like any other power plant,

A muscle engine is rated for the maxioum output of the enging, in
kW. The actual output of a muscle engine is equal 1o 0,02 kW = com-
bined ST of the operators using it, up to the maximum output.
Suggested maximum output for an ordinary bicycle-type engine is 0.4
kW. Each operator must be given a crew station in the same part of the
vehicle as the engine.

A vehicle can have multiple muscle engines, if desired.

Muscle Engine Table
7L

Weight Valunie

Location: Muscle engines can go in the body, pods or wings. They
cin alse go in turrets, superstructures, arms or legs, but rarely do.
Weight, volime and cost are per KW of maximum cutpur.

STERM ENGINES

Steam engines burn fuel to heal waler, turning it into stcam. The
steam is held under pressure in a boiler, and vented into an engine where
it works a cylinder to drive a piston. The vertical motion of the piston is
usually converted into a more useful rotary motion by the vehicle's
propulsion system. The weight, volume and cost of all sicam engines
include boiler, water tanks and engine.

All steam engines require a thin or denser atmosphere that contains
oxvgen in order to function,

Early Stearm Engines (TL5) first become available circa 1600, but
these were low-pressure systems. Models generating sufficient power 1o
be wseful on vehicles become available around 1800,

Farced-Drajft Steam Engines (late TL3) begin to replace early steam
engines around 1850, They use higher working pressures tov obtain mone
efficiency,

Triple-Expansion Steam Engines (late TLS) come into use around
1885, They uses a high-pressure boiler and an engine with three cylin-
ders warking in mm instead of one or two, giving a smoother and more
powertul action.

Steam Turbines (TL6) were Oirst wsed in 189, A jet of steam s used
to tum the vanes of a rotor, further increasing efficiency. They can bum
coal or (by mid-TL6) diesel fuel — decide which the particulsr engine
uses. Coal is heavier, but its advantage over diesel is that its cost per KW
peer hour 15 somnewhat less.

All stearm engines take a long time to start, since they muost build up
a head of steam within the boiler. A TL3- engine starts in 5§ minutes,
plus one minute per 10 kKW of outpul. A TLA6+ steam turbine takes only
half as long 1o stan.
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Steam Engine Table

TL Type Weight if owimu is Cast  Fuel Used
under 3EW SEW or more

5 EarlySteam = 200&W (100<kW)+3 1%, ALAWdD

5 Forced-Draft  1500k'W (75xkW+375 A 0.06CH,24Wd

E 5:;.'.I._ "_.':": _-.--..__:.; ) ,.... i ._..- X ol :.= :_: g::"q € e o

B Steam Turhum? 'ixlg“’h 500

: 0.04C/0.06D _

Lovatien; Steam engines must 2o in the body,

Weight: Calculate the weight of the power plant as shown on the
table above, based on output. There are two columns, one for power
plants with outputs under 5 k'W, the other for larger power plants.

Velume : Divide weight by 50 1o find volume in cf.

Cast: This is the cost per pound of power plant weight.

Fuel Usage: This is the fuel consumption, per kW of output, in cf
per hoor (cff) of coal (C) or wood (Wd), or gallons per hour (gph) of
diese] fuel (D). If two types are listed, it can use either, Assume that
witer is replenished when fuel is taken on.

INTERNAL COMBUSTION ENGINES

These power plants bumn fucl and air inside the engine, rather than
using an external boiler like a steam engine. They are sometimes
referred to as “reciprocating” engines because of the motion of the pis-
tons used to compress the fuel in many engines of this type. They
regquire oxygen al sbout Earth-normal pressure o work; thus, they do
not function underwater, in vacuum, or in any atmosphere other than
oxygen-nitrogen with pressure hetween “thin™ and “dense.”

Crasoline Engines (TLE) are the most common engines of the 20th
century. They bum a mixiure of gasoline fuel and air. The expansion of
the heated gasses normally works pistons that drive a shaft, providing
the rotary action needed to tum wheels, propellers, or the like. Gasoline
engines come in standard and high-power (HP) models. HP engines are
highly-tuncd engines of the son used in aircraft, race cars or expensive
sports cars. They include rotary engines such as the Wankel. Turbo or

superchargers are available for standard and HP engines. They increase
power output (in game terms, by reducing the weight per kW) by pre-
compressing the air pulled into the engine. A turbocharger uses the
exhaust stream to drive an air compressor, a supercharger uses the drive
shaft to do the same thing, while a wrbo-supercharger is a combination
system used mainly by aircraft. For game purposes they are identical.

Diesel Engines (TL6): Diesels are similar to gasoline engines but
have a different fuel ignition system. Where gasoline engines use an
eleciric spark for ignition. diesels compress the fuel to ignite it Diesels
are generzlly heavier per kKW of output than gaseline engines but have
iwo big advantages: diesel fuel is cheaper and less flammable than gaso-
line. Economy and safety make diesels the engine of choice for modemn
commercial and military applications where high performance is not
essential, Dicsels are also common on airships, As with gasoline
engines, dicsels come in standard and high-power models with or with-
oul turbocharging. They are also available in “marine™ versions — these
are heavy but cheap water-cooled diesels typically used by ships.

Ceramic Engines (TLB) are advanced rotary or diesel engines made
of lightweight materials and capable of using most types of fuel, They
are similar in function to gasoline engines and usually burn diesel fuel,
although they can use gasoline or alcohol as well, They are available in
standard, high-power and turbocharged modeals,

Hydragen Combustion Engites (TLE) bum hydrogen and air to pro-
duce hot gasses that spin a turbine or power a rotary engine,

Internal combustion engines designed before about 1930 (early
TL6} don’t have a handy electrical ignition, They require hand-cranking
1o seart. This takes a roll against Driving or Mechanic and ten seconds
per attempt, with penaltics up 1o -4 in cold weather; critical fuilure does
Id damage to the cranker's arm. Late TLé engines start using a key or
knob in 4 seconds, while TL7+ engines start in about two seconds.
Double these times for diesals!

Internal Combustion Engine Table

T‘_,_-Ju}‘r

Werght if outpiat is Cost  Fuel
SEW KW ar more
ARy (W

= AR

Ll

B.5<kW (4.56kW3+20 $4  0.0456
fkW i3<kW)+ 15 $8 D05Av

if furhao ur :eurg:d .
TL& HP Gasoline

,, ol s L
o B ey : S St R R Y
if turbo or supercharged BxkwW (4x<kWi+ 20 510 004G
TL? HF Gasoline SxkW (25kWi4125 330 0045Av
TL6 Mane AW (BaW ra) 5 00D
TL6 Standard Diesel 2EW (1WA 52 DD
TL& HP Diesel I0=kW  (AxkW)+ 20 %6 0045D
S LY

2 iy

if wrbocharged
TLT HF Diiese

TR - S . i
12=kW  (6:KW) + 30 36
BxkW  (4kW)+ 20 10

-

0.035D
0.04D

if turbo or supercharged 4=kW (2=kEWH+ 10 812
TL&+ HP Ceramic Engine  4xkW  {1.5xkW)+ 12.5 $20
s S --“Jf _..-"'_ '- ST

AR

Location: Internal combustion engnes can go in the body, pods or
wings

Weighi: Calculate the weight of the power plant as shown on the
table above, based on output. Note that there are two columns, one for
power plants with outpuis under 5 kW, the other for larger power plants,

Velume: Divide weight by 50 to find volume in cof,

Cast: This is the cost per pound of power plant weight.

Fuel: This is the fuel consumption in gallons per hour (gph) of fuel
per kKW of output. The letter next to consumption indicates the fuel type:
G {gasoline), H (hydrogen), D (diesel oil), M {multi-fuel, USINg gaso-
line, diesel, alcohol or aviation gas). Av (aviation gasoline). A multifuel
engine will meed 1.2 % as much fuel if burning aloohol,
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Option — Nitrous Oxide Booster

A pasoline, diesel or ceramic engine on a vehicle with a wheeled
drivetrnin, ducted fan or aerial propeller system may use a nitrous oxide
booster, A ank of nitrous oxide adds 20% of the power plani’s outpui to
the effective motive power or motive thrust: recalculate accoleration and
top speed based on this. The effects last 5 seconds and then the tank 15
used up, Each tank must be placed in the same location as the engine,
and is 0,1 lbs., (L0075 of and $2.5 per kKW of power required. Multiple
tanks can increase the length of the boost, but otherwise the effect is not
cumulative. Each time a tank is used, rofl 1d. On a roll of 6, the power
plant stants o complain (cough, cough). There is no immediate effect —
but if nitrous oxide is used again without cleaning the engine, the power
plant will break down!

Snorkels

The invention of the snorkel (late TL6) made prolonged underwater
cruising possible for vehicles with air-breathing engines. Essentially a
long breathing tube, a snorkel allows a submarine (or a vehicle driving
along the bottom) 1o use an sir-breathing engine while submerged.
Maximum depth at which a snorkel can be used s about 11} vards.

A snorkel has a weight, cost and volume equal o 15 of the weight,
cost and volume of an air-breathing power plant. A snorkel has a size
meulifier of € for spotting purposes, It can go anywhere in the vehicle,
usually in a top superstruciure or mwnet,

Alcohol and Propane Fuel Conversions

Alcohol and propane fuels are not listed on the power plam table
above, but vehicle engines may be built to use them.

Any TL6-8 gasoline or diesel power plant that wses gasoling or
diesel fuel (but not aviation gas’) can be purchased in an alcohol-bum-
ing version instesd. The fuel consumption rale remains the same, but
effective engine power output drops by 15%.

Converting an existing TL6 or carly TL? plant to alcohol burning
coats 10% of the plant’s cost. At late TLY, the use of fuel injection, pol-
lution control gear and engine electronics prevents the conversion,
although engines can still be purchased specifically as alcohol or
propans bumers,

Any power plant that uses gasoline fuel {(no? aviation gas) can be
maodified to use propane fuel instead. A propane engine’s weight, cost
and volume is 10% greater than gasoline for the same power output, and
fuel consumption is 3% greater,

The advantages of propane fuel conversion are mainly in conserva-
tion of petroleum resources, price economy (f gasoline becomes scarce,
propane can be cheaper) and pollution control.

BAS AND MHD TURBINES

Gias turbines (TLY) are derived from jet engine technology. They
burn foel and air, but unlike a reciprocating engine the expanding passes
spin a turbine blade rather than working a piston. This gives o simpler,
srmoother action and generally makes the power plant lighter per kW of
output. On the dvwn side, turbines are more expensive (o manofaciure
and have a higher average fuel consumption. Gas terbines were first
nsed on aircraft to power aerigl propellers (“turboprops™). They have
since become quite pepular on helicopters, hovercraft and high-perfor-
mance ships, and are now coming into use on armored fighting vehicles.
Unless specially modified, gas turhines do not work underwater or with-
in vacuum, trace of very thin ammospheres. Gas turbines come in stan-
dard, high power (HF) and more fuel-efficient “optimized” versions.
Standard and HF wirbines are the most common types used on miliary
aircraft.

Magneto-fovdrodviaic Tarbines (MHD turbine, TLE) are hyidrogen
burning turbine engines that are coupled 1o a MHD generator. They use
magnetic fields and an wmzed plasma rather than gas as their working
medium, which gives them a very high operating temperature and sote-
what greater efficiency than pas turhines. MHID twrbines normally
require free oxvgen like gas turbines, but can be very easily modified 1o
use a “closed cycle™ oxygen supply to function without external air.
MHD turbines may replace the zas tarbine in futuristic vehicles.

Gas and MHD turhines take one second 1o st

Gas and MHD Turbines Table

L Twpe Weight if outpur iy Cost Fuel
wnder SEW SEW or more Used

{ras Turbines

{1k W) + 15
AW (kW) + 25

us Turbine
Optirmized Gas Turbane

7
H+

MHD Turbines
o s

9 Standard MHD Turbine
4a i-l_P'w-“IH[l‘urhmc

mxkW
kW

(XKW +35 320 (.18H
4xw;+:tl &H:J* 0.2H

Location: These power planis can go i the body, pods or wings.

Weight: Calculate the weight of the power plamt as shown on the
table above, based on output.

Vidume: Divide weight by 50 to find volume in cf.

Cost; This is the cost per pound of power plant weight, An asierisk
indicates the power plant has a8 minimum cost of 3500, regardiess of
welght,

Fuel Usage: This is the fuel consumption in gallons per hour {gph)
of fuel per kW of output, The letter next o consumption indicates the
fuel type: M (multi-fuel, using gasoline, diesel. alcohol, aviation pas or
jei fuely, J (et fuel). A multifuel engine will need 1.2 times as muoch fuel
1f burning alcohol. H indicates the engine uses hydrogen fuel,

Cleted-Cyele Opevation. Gas Turbine and MHD power plants can
be designed as closed-cycle engines that operate in the absence of oxy-
e,

For closed-cvele gas turbines, add 509 1o the weight, volume and
cost of the engine. Add an additonal fuel consumption of 2.35 gph of
oxygen (LOX) per gph of other fuel consumed,

PONER AND FUEL T



For closed-cycle MHD turbines, there is no increase in cost, weight
or volume, Just add an oxygen (LOX) fuel consumption of 0.5 gph per
gph of hydrogen consumption.

We give Kitty Hawk a 216 kW standard gas turbine,
which meets almost all of its normal power require-
ments. We put it in the body. it weighs (2 < kW) + 40
Ibs, or 472 |bs. It takes up weight/50 ci, or 9.44 cf. It
costs weight < $20, or $9,440. It guzzies 0.06 = 216 kW
= 12.96 gallons per hour of gascline, diesel, aviation
gas or jet fuel. However, it only works in atmosphere!

FUEL CELLS

Fuel cells (TLY) wre electric power plants that generate encrgy
chemically, using oxygen and hydrogen as fuel. They also produce
waler, usually released as water vapor, Mormally, fuel is hydrogen, with
the necessary oxygen extracted from the atmosphere, but a vehicle can
also carry an oxygen supply o allow it 1o function in environments lack-
ing free oxygen. Fuel cells are guiet and non-polluting, making them
popular ameng the environmentally conscious, or in areas where fossil
fuels are mostly exhausted!

Fuel cells take | minute to start at TLT, but only two seconds (o stan
at TLE+.

Snorkels {p. #4) are also available for fuel cells,

Fuel Cell Table

L Type Weighe if onrpnr 15 Cost Fuel Used
wnder EJ.“" _'T.t_ W o e

o B = ¢

s . (L)
8 Fuel Cell 10k W

o CUIOKW (W25 S8 BLISH

Locatton. These power planis can go in the bdy, pods, or wings.

Weight: Calculate the weight of the power plant as shown on the
table above, based on output. Mote that there are two columns, one for
power plants with outputs 5 kW or less, the other for larger power
plants.

Vilume : Divide weight by 30 to find volume in cf

Cosr: This is the cost per pound of power plant weight. There is a
minimum cost of 5500, regardless of weight.

Fuel Ulsage: This 1s the consumption in gallons per hour {gph) of
hydrogen per kW of outpur.

Closed Cyele Qperasion. Fuel cells can be easily modilied w oper-
ate in the shsence of oxygen (e.g., underwater or in space). This adds a
liguid oxygen (LOX) fuel consumption equal to half the hydrogen
COMSUMpLiom,

l[ il

NUCLERR, ANTIMATTER AND MAss-CONVERSION RERCTORS

These power plants use radicactive decay, nuclear fission, nuclear
fuston or the annihilation of matter and/or antimatter o generate power.
They are most effective when vast amounts of power or operating durs-
tions measured in months or vears are requined

Fission (TLY) plants produce power by splitting aloms, The heat
this produces either vaporizes a working medium like water 1o create
steam which spins a turbine or, ai TLS+, generates eleciricity directly
through thermoeleciric materials. One uranium fuel rod is needed per
LOOO W (per 100000 KW at TL9+). Each costs $80,000, and lasts for 2
years. The weight and volume of rods in use are included in the reac-
ior's weight and volume.

Radiothermal Generators (RTG) (lme TLAY nse a thermoelectric
system to convert the heat produced by a decaying radicisotope o ener-
gy. They have no moving parts and do not use fuel: the radioisolope is
good for several years, after which the power plant itself should be
removed and replaced with another, While heavy and expensive, they
are very uscful in situations where a power plant is required that can
operate untended and continuously for a decade or more. TL7 radiother
mal pensrators are typrcally used in deep-space I\[nk\cs and orbital satel-
lites.

Nuctear Power Units (NPU) (TLR) are high-performance radiother-
mal generators wsing more volatle isotopes, At TLI0 and up, they can
also represent exotic “cold fusion™ technology if the GM decides that
such systems exist in the campaign

Fusion (TLY) power plants generate energy by fusing hydrogen into
helium through a thermonuclear reaction, No refuelling is necessary: the
power plant’s intemal hydrogen fusl tank lasts for 200 vears,

Antimarter (TL11) plams produce energy through the mutual annihi-
lation of matter and antimatter. A gram of antihydrogen powers a 1,000
kW plant for 2.5 years and costs $1,000. Ar TL12+, each gram runs the
power plant for 5 yvears. See Antimanter Fuel Bays (p. 90) for nules cov-
ering antimatter storage and failsafes

Totad Comversion (TL14) power plamts produce power by total con-
version of mass into energy with 100% efficiency. They use trivial
amounds of any kind of matter as fuel.

Coumie (TL16) power plants produce power through means unex-
plainable by modern science. For example, a cosmic power plant may
draw energy from another antimatter dimension, or even a magical uni-
verse, They provide power indefinitely,

All of these power plants normally run continuously until their fuel
is exhausted. hence they are given an endurance in years rather than a
fucl consumption. Radiothermal generators cannot be shut down.
Otherwise, turming on {or shutting down) one of these power plants
takes af feast two minutes at TLT, one minute at TLE-9, 10 seconds a
TLID-13 or | sccond at TL14+.

POWER AND FuEL



Nuclear, Antimatter and Mass-Energy Conversion Power Table

TL  Type Weight if ourpur is Cosr Years
under kW 5EW or more

Fission Reaciors

9 Fission Reactor L T5)

{1k W) + 10X
100+ Fission Reactor o (1= W+ 1,000 320 2

Radiothermad Cenerators

(10<kW) + 200 S50 14
(5xkW)+75 S50 14

SlhckW
206k W

Huc.!mrw.’l':f.lz B
i NPU {SxkW) + 200 200 05

00 1

9 NPU (24K W) + 50

(0. 2k W) + 9

(0.23kW) + 2,000 $25 200

I1+Fusion Reactor
Antimatter Reactors

13 Antimatter Reactor  no
Total Conversion

Lacaiion: These power planis can go in the body, pods, or wings.

Weight: Calculate the weight of the power plant as shown on the
table above, based on cutput, Note that there are two columns, one for
power plants with outpuis under 5 kW, the other for larger power plants.
A *no” in the under 5 KW colomn means a power plant canmnot be built
with less than 5 KW output.

Vorfiamie - Divide weight by 500 to find volume in of except for WFUs
or BTCs; for those, divide the weight by 100,

Cast: This is the cost per pound of power plant weight. Some power
plants have minimum or extra costs. There is an extra cost for the reac-
tor core of some systems: TL7 fission (3400,000), TLE fission
($200,000), TLY fission (40,000, TLY fusion (51,000,000), TL IO
fusion (3200,000), TLI1 fusion ($100,000); TLI11 antimatter
(H200.0000, TL12 antimatter (5 100U00). There 15 also a minimum cost:
all systems except RTGs have a minimum cost of $20000: RTGs have a
minimurn cost of $2 000,

Years. This is the number of vears the power plant can operate for
wsing its ntermal built-in fuel supply. Total conversion power plants
have a negligible el requirement and can operate indefinitely on
minuie gmounts of matter.

EXITIC POWER PLANTS

These power plants are primarily intended for use in fantasy, science
fantasy, supers or homor games.

Bioconvertors are hin-mechanical machines living inside the vehi-
cle, eating food and producing bioelectrical or mechanical energy. They
generate encrgy using food and atmosphence oxygen, and have a
“mouth” into which water and food (anything biological) must be
placed, All hioconvertors regquire 1 gallon of water per kW of output per
dav. Herbivore bisconvertors also cal ten pounds per day of any plant
material per kW, Camivore bioconvertors require two pounds of meat
per day per kW, Omnivore bioconveniors require either meat or plam
matarial. Finally, the Vampire bioconvertor requires 1 gallon of blood
per KW per day. (An average human body has 1.5 gallons of blood.) It
wonld require TLHY genetic engineering to build them, but wizards or
alien coltures with advanced biotechnology might create them at muoch
lower TLs, perhaps by breeding exotic animals.

Soulhurner is g penenc term for a necromantic machine Fuelled by
life-force, It does not use normal fuel. lnstead, an intelligent, senticnt
being must be placed within it. A soulbumer’s victim loses HT every 11
hours equal o the power outpot of the soulburner in kKW, For example, a
person placed within a 30 kKW soulburmer loses 30 HT every 1) hours,
or 3 HT per hour. When o victim dies, he must be replaced if the power
plant is to continue operation. Soulhumers do not function in no-mana
areas. A vehicular soulburner can be created by a TL1+ mapge who
knows the Enchant, Summon Demon and Steal HT spells; the
Soulburner requires 600 encrgy to create per KW of power oulput.
Damage caused by a soulburper heals at the normal healing rate.
Regeneration, medicine or Healing spells do not speed recovery.

Air-Golems (p. M70) can be used to drive muscle engines (p. 82).
Each air golem is the equivalent of a 8T 15 person, thus generating 0.3
kW of power.

Elemental Furnaces (also called “infemal combustion engmes™ are
magical steam engines using bound fire and air (for combustion) ele-
mentals. An elemental furnzce functions like a TLS steam engine,
except that it can be built by any TL4 blacksmith working with a mage
and requires no fuel, It requires a mage with the Fireproof, Air Golem,
Control and Summon Fire Elemental and Control and Summon Air
Elernenital spells to create ir, costing 300 energy per kW of power out-
put. Also, any ordinary, TL3+ steam engine may be “elemental-
enhanced” with a bound fire elemental o provide extra control, The air
spells are not needed and energy cost is halved: elemental enhancement
adds 10 1o the engine’s power output.

Mana Engines are technomagic devices that gather ambient magical
energy (in the same Way a mana organ does ina magical creature) and
transform it into electrical power, They do not require fuel, but do not
function in no-mana zones, To create a mana engine requires 8 varant
of the Powerstone spell cast on a rune-carved copper or silver metal
sphere or block, which then produces a controllable amount of electrical
power, The energy cost is 100 per kW of power output. The spell’s pre-
requigite is the Power spell.
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Exotic Power Plants Table

Weight if outpur is Cost
under SEW

TL Type
SEW or more

8+
1-4

Mana En gine
Soulburner no

(1xkWi+ 5
tZXkWI-n-_'i[I{}

Elemental Furnace
Bioronvertors

(12<kW) + 65
(HxkW) + 40

i 5'1m*1 i
F00 %

25kW
Lk W

s (nlmc I
10 Wampire

Locarion, These power plants can go in the body, pods, or wings.

Weight: Calculate the weight of the power plant as shown on the
table above, based on output, Note that there are two columns, one for
power plants with outputs under 5 kW, the other for larger power plants.
A “no” in the “under 5 kW™ column means a power plant cannot be
built with less than 5 kKW output.

Viodume Divide weight by 50 to find volume in cf,

Cast; This is the cost per pound of power plant weight. Some power
plants have minimum costs. They are:

* Minimum cost is $1,000, regardless of weight,

** Minimuwm cost is 34,000, regardless of weight.

The costs listed for magical power plants do not include the costs of
the various enchantments. since these will vary depending on how com-
mon magic is, In a “common magic” setting (see GURPS Magie), add
an additional 325 per energy point to the cost of the power plant,

Fuel Usage: Most exotic power plants do not require fuel,
Bioconvertors devour water and solid food, while soulburners devour
life force.

Electric Contact Power (TL6)

Rather than having an internal power plant, a vehicle with a wheeled
drivetrain may be buill to draw power from an elecirified railway track
(if it has railway wheels) or from an overhead wire (any wheeled vehi-
cled. A vehicle with a mag-lev lifter can also be given this option, but
“contact” with a mag-lev track is electromagnetic. not physical. The var-
ipus power pick-ups and transformers needed for this are treated exacily
as if they were a power plant.

Electric Contact Power Table =—
TL Wi

Cosf

7 5 S8
9+ 1 58

Lovarion: These power plants must go in the body: power plants
drawing power from an overhead wire may go in top-mounted turrets,
superstructures or open mounts instead of the body.

Weighe: Weight is per kW of power it can draw from the rail,

Vilme is weight/50 of,

Crge: 15 multiphed by weight to get the actual cost.

Beamed Power (TL8)

Beamed power involves beaming energy using a transmitter (usually
amicrowaye beam or laser) from a power station o a receiver. It is gen-
erally used 1o allow a vehicle that lacks a power plant (o receive power
from a larger, stationary ground station. However, some large vchicles
(e.g., wircraft carriers) might vse beamed power to power smaller craft.
Beamed power is most practical for aircraft, since they can easily main-
tain a line of sight to the power beam.

A beamed power transmitter (TLR) is built exacily like a continu-
ous-beam maser or laser beam weapon (p. 123) except that after design-
ing it, the transmitter’s 55 is 5 higher and its damage when used as a

4

L

weapon is halved. Tt transmits 1 kW of power 10 the receiver per kJ of
beam output, halved at half damage range. To operate, the power frans-
mitter must be hooked up to a power plant or energy bank of some sort.
The transmitter beam requires line of sight 1o the receiver (so the beam
is blocked by hills. other vehicles, etc.). If anything except the receiver
gets in the way of the power beam, it will take damage as if the beam
had been used as a weapon.

4 beamed power transmitter should normally be mounted in a rota-
ing turret to allow it wo track the power receiver.

A beamed power receiver (TLE) functions like a power plant as
long as it is receiving power from a beamed transmitter. A power
receiver can be designed to receive efther laser or maser beamed power,
not both. It may be installed in any vehicle at a lase cost of $1.000 plus
a weight, volume and cost that depends on the maximum amount of
power that can be received: 5 lbs., 0.1 ¢f and 51 per kW of transmission
beam power. If a more powerful beam is used than the receiver can han-
die, it will be destroved, and the vehicle housing it will take damage,

ENERGY BANKS

An energy bank stores electrical power. A vehicle may have one
instead of or as well as a power plant. If the vehicle's power plant ou-
put does not match the power requirements of all simulaneously -operas-
ing systems, then the vehicle must have an energy bank. Note that it is a
good idea o install an energy bank if a deflector or force screen is to be
used, unless you have added some sparc power capacity (o your power
plant, because ficlds are added as surface features late in the design
process, after the power plant has already gone in, and produce addition-
al power demands.

Energy stored in #n energy bank is measured in kilowatl-seconds
(kWs) — one kilowatt of power for one second. Each kKWs of stored
power provides the same power as a 1-k'W power plant — but only for a
second. Or it conld provide 0.5 KW for 2 seconds, 00001 kKW for 1,000
seconds, and so on, Then the energy bank is drained of power until it is
recharged,
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Thus, a vehicle whose systems require | kW of power would drain 1
kWs every second, or 60 KWs every minue, or 3600 K'Ws every hour.
Similarly, if it had an enerpy weapon that used |80 kWs of energy every
shot and it fired five shots, it would dram 900 kK Ws.

An energy bank is useful if the vehicle has a power plant, since 1t
can make up any shortfall when power requirements exceed power plant
output. As long as the vehicle has an energy bank, the actual power
requirement doesn't have to be known to the last kilowatt while the
vehicle 15 being designed. For instance, consider a vehicle with both a
power plant and an energy bank; if the power plant generates 100 k'W
but the vehicle needs 105 kW to operate several systems at once, the
vehicle will still function perfectly well: the power plant provides 100
kW, and the remaining 5 kKW are provided by the energy bank, which
wolld be drained at a rate of 5 K'Ws per second { 18,000 per hour),

To design an encrgy bank, decide how many kWs of power it will
store. For companson purposes, a typical car battery stores about 2 (00
k'Ws, while a large ultra-tech power cell {an “E cell,” at 20 Ibs. and
£2,000) stores about (TL-6) = 180,000 kWs. Then select the type of
energy bank: clockwork, batteries, flywheels, rechargeable power cells
or non-rechargeable power cells.

Clockwork (TLA) also represents springs, giant rubber bands, e1c. T
is the simplest method of storing encrey.

Lead-Acid Barterfes (late TL5) are early battery designs. TL6 lead-
acid batteries remain in use through TLY, as a cheaper alternative (o
advanced batteries,

Advanced Barteries (TLT) represent various contemporary and pro-
jected banery technologies.

Flywheels (TLA) store energy in a rapidly-rotating wheel,

Neom-Rechargeable Power Cells (TLE); These are volatile electro-
chemical or nuclcar-thermal batteries using exotic fuels (e.g.. califomni-
um, metastable helium). They can’t be reused once drained — remove
the cells and install new ones at full cost. A power cell storing 180,000
kWs = (TL-6) is the same as an “E cell” from GURPS Ultra-Tech. It s
20 Ibs., 0.2 cf and 32,000,

Rechargeable Power Cells (TLH): Thesze are either sophisticated
photomc or superconductor loops. They can be recharged. A power cell
storing 200000 kKWs x (TL-6) is the equivalent of a rechargeable “E cell”
from GURPS Space. Itis 20 lbs., 0.2 of and 52,000,

Then find the weight, volume and cost using the following able:

Energy Bank Design Table

L Tupe

Welght Cosr

Lead-Acid Baticry 0.025
Lesd-Acid Battery (il

Power Cell
Recharpeable Power Cell

Power Cell 0.00001 1

Location: Energy banks can go in the body, or in wumrets, supersiruc-
tires, pods, wings, sTms, or legs,

Weighs: Multiply the weight given on the table by the energy stored
(in k'Wsh ro find the weight (Ths. ).

Viodume: To find volume, divide weight by 200 if a lesd-acid bat-
tery. by 100 if a TL7 advanced battery or any power cell, or by 50 if
clockwork, flywheel or TLE+ advanced batiery,

Clast: Multiply weight by the number shown under Cose to find the
#crual cost.

Recharging: Batteries, flywheels and rechargeable power celis can
be recharped by plugging into any power plant. Every second that | kKW
is channelled into the power cell restores 1 kWs of power, Clockwork
must be physically rewound, taking 50 seconds per kWs of stored
power, divided by winder's ST. A power plant can be used to rewind the
clockwork instead: the gear differential adds 5% w0 the clockwork's

weight, cost and volume, and the effective 5T of the motor is 50 x kW,
Other power cells canndt be recharged,

We want to install an energy bank capable of power-
ing Kitty Hawk underwater, where the gas turbine can't
breath. We decide fo use TL7 advanced batteries. We've
already seen that only 43.25 kW of power is needed to
run Kitty Hawk underwater. Morgan would like Kitty
Hawk to be able to cruise underwater for at least an
hour. This is 3,600 seconds, so that means that 43.25
3,600 = 157,700 kWs are needed. Using advanced hat-
teries, that is 778.5 Ibs., 7.785 cf and 57,785.
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FUEL

Amy vehicle with a power plant, jet or rocket engine that has a rated
fuel consumption requires fuel plus either Tuel bunkers (for coal or
wood, see below) or fuel tanks (for other types of fuel, see p. 893

Kitty Hawk’s jet engine burns jet fuel; its gas turhine
can use several types of fuel, but we decide it normally
burns jet fuel too, so they can share the same tank.

COAL, WO0D AND FUEL BUNKERS

Coal and wood are both solid hydrocarbon materials that can be
burned in steam engines. Coal has more energy, but wood is almost
always cheaper and easier o find. If the vehicle’s power plant bums
conl or wood fuel, it must have a fuel bunker.

A bunker is rated for the cubic feet of coal or wood it can store. Tts
empty weighl, volume and cost is 6 Ibs., 1.2 cf, and $1 per cf of fuel
storaze.

To decide how big a bunker is needed, multiply the cubic feet per
hour of coal or wood the vehicle's power plant consumes by the number
of hours for which it is to power the vehicle before requiring refuelling,
Giround vehicles like steam locomotives are normally designed with less
than & day s fuel, while sieam boats and ships often camry fuel to last for
several days.

Locarion: Fuel bunkers can go in the body, wings, pods, turrets,
superstructures, open mounis, arms or legs,

Weight & Cost of Solid Fuel: Coal iz 50 Ibs. and $1 per of. wood is
30 Ibs. and $0.2 per cf,

FIUEL TNKS

Vehicles that have reaction engines or power plants with a fuel
requirement measured in gallons per hour must install a fuel tank. If a

power plant or engine that needs fuel is not provided with fuel, it does
nol function.

mr-ToZDMxm
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Fuel tanks may have various options, which will affect weight and
cosi:

Light (TL5) fuel tanks are built using more costly but lighter-weight
materials. They are fairly common on aircraft and racing vehicles, but
are somewhat more likely to catch fire.

Liltradight (TL6) fuel tanks use very expensive, very light materials,
but dre more valnerable to catching fire. They are used where weight is
absolutely crucial, eg., on spacecraft. A tank cannot be both light and
ultralight.

Self-sealing (TL6) fuel tanks will seal after being damaged. As a
result, they do not leak, are less likely to catch fire, and limit the demage
from fuel tank explosions. See pp. 183-184 for the benefits of sclf-seal-
ing tanks in combat. They are heavier and more expensive. A light or
ultralight tank can also be self-sealing.

To install & tank in the vehicle. decide on its capacity in gallons,
whether or not it 15 has any options, and the tvpe of fuel it holds.

A pood way 1o select the capacity is to mulriply the gallons per hour
of fue] the power plant or engine consumes by the number of hours of
endurance between refuellings. Fuel for aircraft and ground vehicles is
usually between one and twelve hours, while ocean-going ships often
carry several days’ fuel,

If the vehicle requires two different kinds of fuel (e.g.. one for a
reaction engine and one for a power plant) install two separate tanks.
Separste tanks can be installed in different locations in the vehicle. The
table below shows the cost, weight and volume of the fuel nk per gal-
lon of fuel. The “fire” column is the modifier w the chance of the 1ank
catching fire (if it contains a flammable liguid or gas),

Fuel Tank Table

TL Type Weight Vil s Fire

Standard Tank 1 0.5 $5 0
#+ Standard Tank 0.5 0.15 $5 2
P :

Sel r'-m:alig ; w2 %1 X2 -1

Location: Fuel tanks can go in the body, wings, pods, turrets, super-
siruciures, open mounts, armms or legs.

Weight, volume and cost are per gallon. The zctual weight of the
fuel iself is not incleded.

Fire: Some fuel types have a “Fire” number. The type of tank will
modify that mumber as shown above,

After the fuel tank is installed, refer to the Reaction Mass and Fuel
Table on p, 90 to find out how much a full tank of fuel weighs and costs.
The fuel in the mnk will increase the loaded weight of the vehicle, but
mot its emply weight.

The gas turhine uses 12.96 gph of jet fuel, diesel,
gasaline or aviation gas; the jet engine uses 15 gph jet
fuel. We decide on a 60-gallon tank, with the light and

self-sealing options. This works out to 60 lbs., 9 ¢f,
$1,200 and Fire +0.
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TYPES OF Liounn FueL

The perfect fuel should be naturally abundant or cheap o refing, be
safe and easy to handle, and store a lot of potential energy that can be
easily released by the power plant or engine. No one has come up with a
fuel that does all that at once, so there are a lot of choices!

Water 1sn't a fuel as such. but is used in steam engines and as a
reaction mass in many space drives, especially fusion rockets.

Crazowine 15 a hydrocarbon petrolewm distillate with a high thermal ener-
gy, It is the comimonest type of fuel for TLA-T ground vehicles. Prior io the
twenticth cenmury. pasoline was o largely usebess waste product produced
while refining lamp oil. However, gasoling proved to be the ideal fuel for
internal combustion power plants, and by the middle of the TL& period it
had become vital wo the twentieth-century economy. [t is flammabie.

Diexel tuels are similar to gasoline, but cheaper o produce. They
can only be used in special diesel or multi-fuel engines. Aside from
economy, they are less likely to casch fire than gasoline, muking them
useful for military vehicles. Due to diesel’s cheapness, diesel-fuelled
Engines are Very common in cargo trucks, ocean vessels and constrec-
tion machinery.

Aviation Gas is higher-octane gasoline, wsed in high-performance
power plants like aircraft engines. Tt is more costly and flammable than
regular gasoline.

Jer Fuel 18 basically kerosene, and is heavier and more expensive
than gasoline, Different gprades of jet fuel exist for different engines, but
in game termis the effecis are the same, although the GM may decide
that, for instance, a TLE high-performance turbofan will lose a small
percentage of its thrust if run on the same fuel s a TLT basic rbofan.
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Propane and Liguified Mowral Gas are flammable pases. siored as
cryogenic liquids, They are available at late TLY, Propane-burning
engines are less powerful but more fuel-efficient than gasoline-burmning
OIS,

Alcehol fuels may be ethanol (gram alcohol) or methano! (wood
alcohol). They are much less efficient than gasoline, but can be distilled
from fermented vepetable matter, which makes thern wseful in areas that
lack petroleum. In any place lacking accessible petroleum reserves
(maybe Earth, in the future), many intemal combustion engines will run
on alcohol fuels instead of gasoline.

Hyelrogen 15 liquified hydrogen. As the most ahundant element in
the universe, it 15 cheap and can easily be refined from water or, in
space, from the atmospheres of gas giants like Jupiter. It is combined
with atmospheric oxygen and used in fuel cells, bumned with oxvgen in
hydrogen engines or hyperfan jet engines, and serves s reaction mass
for numerous space drives.

Liguid Ceygen ("LOXT) is a2 common oxidizer for closed-cvele
engines. It 15 most often used with hydrogen to allow fuel cells to func-
tion in the absence of oxygen. Drawbacks include the fact that it 15 a
cryogenic material, and that it evaporates in storage.

Codmiun s the reaction mass of choice for high-performance on
rockets, It is ionized and expelled as a high-energy particle beam to pro-
pel the vehicle, Cadmium is extremely toxic, so any workers handling it
need protective suis.

MetallL.OX iz a cryogenic slumy of 2 metal powder in Hguid oxy-
gen. The exact metal may vary, but aluminum and magnesium are com-
mon in rock, and perform about equally. Lt is a tricky fuel to burm,
requiring tougher pumps and engine parts to resist abrasion from both
the metal powder and the exhaust, which is essennally hot, fine sand.
The advantage of Metal/LOX is that it can be produced from lunar
materials or powdered asteroid, making it more available in space

Rocket fuel represents various non-cryogenic, biguid rocket propel-
lantz that either combine fuel and oxidizer in a single liquid compound
(monopropellant) or as a pair of miscible lguids (multi-propellant).
Almost all rocket fuels are woxic, cormosive and likely to ignite. Old,
impure or improperly-stored rocket fuels have a disturbing tendency to
explode spomtaneously, Rockets fuels are often poisonous, cofmosive or
give off toxic vapors, The GM may require any TL& vehicle with a tank
of rocket tuel to make a Fire roll whenever it takes any hard jolt or
impact, including aircraft landings. This may be extended to any TL7
fuel tank that has besn revsed without careful cleaning and inspection,
or which has been contaminated.

Weight and cost of fuel per gallon are shown below, along with the
base chance that the fuel will ignite if the tank is damages:

Reaction Mass and Foel Table
Fuel i

Cadmium

Dicsel fr
Gasoline ... =~ 6
Rocker Fuel 10 ;
Water 8.5 = -
Crvogenic Fuels & Reaction Masses

dvogen 5 e IR S0 R : By
ST i el b T [ ]
Oxygen (LOX) 9.6 HOh 1 13+
Propane/LNG 42 $00.5 13

Weipht is the weight per gallon of fuel or reaction miass.

Clerst is the cost per gallon of fuel at TL7+. Divide cost by 5 at TLG-
. I some backgrounds, fuel costs may be much higher for instance, in
@ world where fossil Tuels have been exhausted, exorbitant prices may
be charged for any remaining stocks of gasoline, diesel, aviation gas
and jet feel, B

Fire: Some fuel types have a “Fire” number, This or less is the
chance on 3d that the fuel will catch fire under the conditions described
in the Comibal chapler (e g, damage).

* LOX itself does not burn, but almost anvihing that is flammable will
be ignited by a spark, or even moderate heat, in the presence of pure oxy-
gen! For this reason, LOX has an effective Fire number of 13: treat this as
8 if the vehicle and its comtents are fotally fireproof (GMs option)

Sixty gallons of jet fuel is 390 Ibs., Fire 13 and fuels
the turbofan for 4 hours or the gas turbine for 4.62
hours, or both at ence for 2.145 hours. If Kitly Hawk
can’t get jet fuel, she can top off at a normal gas pump
with diesel or gasoline, but that can only be used to run
the turbine, not the more fastidious turbofan.

ANTIMATTER FUEL BAYS

A vehicle with an antimatter reacior or reaction engine must store
antimarter fuel in an antimatter fuel bay, or “trap.” The weights and
costs below include a dedicated, internal RTG or MPU for power; an
antimatter fuel bay has no power requirement, and containment will be
maintained even if the vehicle loses power.

Antimatter Storage Table

TL Type Weight

mroSDaxm

Violune Cost

$2.000

Weight, Vialume and Cosr are per gram of antimatter stored.

Failsafe systems can be added. These backups make a damaged trap
less likely to explode. Add 100% to weight, volume and cost for each -1
penalty to the chance of an explosion occurming. If desired, failsafes can
also be added to an antimanter reactor or engine, vsing the same rules.

Antimatter

Antmatier (usually in the form of antihydrogen) is unavailable in
any significant amount until TLE, and is not used in engines or reactors
until TL9. The cost of a gram of antimatter is S 000,000 at TLD, $ 10,000
ab TLAG, 31,000 at TL11, $500 at TL12 and $250 at TL13+,
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This chapter covers a variety of miscellansous features that can be
added 1o the exterior of a vehicle,

CONCERLMENT AND STERLTH FERTURES

These features are designed to make the vehicle harder to detect.

Camouflage Paine (TLOY: A good paint job can make a vehicle hard-
er to spot. Appropriate camowflage (e.g.. black paint at night, desert
camo in the desert, dazrle camouflage designed o confuse the eve at
seq, etc.) gives a -2 w Viswon rolls to spot the vehicle, A neutral color
scheme gives no modifier. A contrasting camouflage job (e.g., jungle
camouflage in the arctich, or an especially bright paint job, makes the
vehicle easier to see — +2 to Vision rolls. The first pajﬂt Iil;_ll',l comes with
the vehicle. Repainting a vehicle can take a day or so — more for large
ships or intricate schemes. A new paint job takes 1 minuie times surface
area i spray on. Divide this by the number of people painting, If using
rolbers and brushes rather than spray paint. multiply time by §.

Infrared Cloaking (late TLT): This makes the vehicle harder 1o spot
with infrared, thermograph or @ PESA using thermograph mode, and
more difficult for heat-seeking (mfrared, or [R-homing) missiles or pro-
Jectiles to track it Two levels are available, basic and radical cloaking.
IR cloaking subtracts the system’s (TL-4) if basic or (TL-4) = 2 if radi-
cal from rolls to attack or spot the vehicle with these sensors, or to track
the vehicle with infrared homing missiles.

Emizsion Cloaking (TLE): This is like IR cloaking, but also masks
the vehicle's noise, magnetic, millimetric and (ar high TLs) gravitic
emissions as well,

Sound Baffling (TLT): A vehicle with sound baffling is Jess noisy -
submarines, sub-hunting warships and combat helicopiers often have
sound baffling to make them harder to detect, but it can also reduce
nowse pollution! Sound baffling represents a variety of internal and sur-
face measures to reduce the vehicle's noise level. Care is taken 1o mask
sounds emitted from the vehicle, especially those of propellers and
engines. Equipment is carefully mounted so its vibrations are reduced. A
vehicle with sound baffling may have cither basic or radical levels,
Radical sound baffling is even more obsessive in is guest for noiseless-
ness: the vehicle's surface may be covered with special tiles designed 1o
degrade sonar detection. At higher TLs, the vehicle surface may actually
alter its shape to sbsorb sound. Basic sound baffling subtracts its TL-4

from rolls to hear the vehicle or detect it with any form of microphone,
sound detector or passive sonar. Radical sound baffling is twice as
effective: -2 x (TL-4); it also subtracts TL-4 from attempts at active
SOMUE SeNsing.

Stealth (late TLTY: A wvehicle can be constructed uging special mats-
rials and shapes 1o make it harder w be detected by radar or imaging
radar. AL TL7, this invelves the use of “rador absorbent materials”
(RAM) such as iron ferrite paints and carbon composites with special
electrical properties. Radar can be further degraded by altering the
design of the body, reducing the number of vertical surfaces and replac-
ing sharp angles with curves or carefully-faceted shapes. Ar TLE+,
stealth progresses to the extent that the outer skin of the vehicle may be
embedded with phased arrays of smart, microscopic active transmitiers
thist automatically blend the vehicle's electromagnetic signature into the
local enwironment.

There are two levels of siealth, basic and radical, Radical stealth
cannol be combined with basic stealth, nor can it be added to vehicles
with open mount, biplane wing, tmplane wing or mast subassemblies, or
with exposed or cyele seats. Either kind of stealth loses its effectivenssy
iff the vehicle has loaded hardpoints (though unloaded hardpoints are
fine. and the vehicle will become stealthy again after dropping its load).

Basic stealth subtracts its TL-4 from radar detection; radical stealth
subtracts (TL-4) = 2. At TLA+, stealth is also effective against Jadar, A
vehicle with basic stealth normally has some smooth contours, but can
pass as an ordinary vehicle. One with radical stealth slways looks
stealthy — think of the B-2 bomber or F-1 17 strike fighter's appearinee.,

Ligutd Crystal Skin (TLBY: A simple system that allows the vehicle
to assume any paint job or camouflage pattern. The paticrn must be
manually locked in, and takes five seconds to select.

Chamelecn Systenis {TLR): These systems give the vehicle sensor-
cquipped skin that automatically alters its appearance to blend in with
any background. This reduces the chance of visually spotting the vehi-
cle, or of hitting it

A TLE hasic chameleon system system s -3 (-1 if moving) to be
visually spotted or hit, or detected by ladar.

A TLY instant chameleon system is -6 (-3 if moy mngi to be visually
spotied or hit, or detected by ladar,

A TLI0 intrwder chameleon system makes the vehicle nearly invisi-
ble: -10 (-6 if moving) o be visually spotted or hit, or detected by ladar,

INFRACLOAKING
TEST COMPLETE
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The automatic camouflage feature can also be med off, allowing
the vehicle to electronically “paint™ itself with whatever color scheme or
mirkings are desired, o give iself a silvery skin ideatical to a reflective
surface,

Psi-Shieldieng (TLE): This generates a psychic harmer identical to a
telepathic Mind Shield. The shield subtracts 6 from the skill of any use
of Telepathy, friendly or hostile, against or by the occupants of the vehi-

cle, exacily as of it were a Mind Shield used by a telepath with a skill of

3 and a Power of 6. The shield circoits automatically wam the vehicle
crew when a telepath fails wo penetrate the shields, but provide no wam-
ing if a telepath succeeds. Psi-shielding is available at TLE: at each TL
after its introduction. the Power of a psi shield increases by 2.

ﬂmuman! and Stealth Features Table
4 Weight _

SLOOOD
$300)

Radical Sound P-ﬂfll'l.g
Basic Stealth Z

Instant L’.‘hsulmn L
I.f]f Intruder Chameleon 0.6

Multiply weight and cost by the total surface area of the vehicle.
Excepiion: For sound baffling. ignore arca of skids, masts and pas baps.

Except for camouflage, weight and cosi are halved one TL afier
the svstem's introduction, and halved again two or more TLs after
intreduction.

We decide that the Kitty Hawk will have basic
stealth. Weight and cost are based on the 324 sf sur-
face area. It weighs 2 Ibs. = 324 sf = 648 Ibs. and costs
$300 x 324 sf = $97,200.
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DEFENSIVE SURFACE FERTURES

This subset of armor includes features designed 1o protect the vehi-
cle from special dangers (Like radiation or laser beams),

Radiation Shielding (TL7): This protects the vehicle and ils occu-
pants against radiation. It is measured in prodection factors (FF). Divide
the rads of received radiation by the PF of the shielding. PF is 10 at
TLT, 10K} ot TLR, 1,00D0 a0 TLS-10, 10,000 at TLI11-12, 100,000 at
TL.1 3+, Radiation shielding alone will not pridect the occupants against
airborme comntamination, such as a radioactive clowd, dust or bomb debris

for that, a sealed vehicle with a life svsten or NBC kit 15 also needed,

Vehicles with heavy armor (DR 100+ laminate or metal) or a force
screen may omit radiation shielding, since such armor and force screens
already provide significant incidental protection (see p. 167). Two or
more layers of shielding can also be used. adding their PF together; each
layer has the full cost and weight given on the table. Likewise, the PF
fromm armor or force screens is added to the PF from radiation shielding.

Keflective Surface (TLT): This gives the vehicle PD 6, or +1 o PD
(whichever is better, enabling the vehicle o have up to PD 7) vs. laser
beams (but ni x-ray or graser beams). However, it adds +2 to the
chance of being detected by radar. It cannot be added 1w a vehicle with
chameleon or stealth systems.

Kewro-Reflecrive Coating (TLY); As above, but covered with an
array of tiny mirrors désigned 1o bounce any laser beam (but not X-ray
laser or praser beams) hack af the aitacker! This occurs if the coating's
FD bonus makes the difference on a Dodge roll vs. the incoming attack.,

SURFACE AND EXTERNAL FERTURES D>

A rerro-reflective coating adds +4 1o the chance of a vehicle being
detected by radar, It cannot be added to a vehicle with chameleon or
stealth systems,

Thermal Superconductor Armor (TL11Y: This coating may only be
added over armor. [t doubles armor DR against shaped-charge (HEAT
and HEDP) explosive warheads, dls:‘uplaﬁ., lasers, x-ray lasers, grasers,
flamers and fusion guns,

Defensive Surface Featores Table

Tt Type Weight Cost

T Renﬂﬂl'ﬂ: Surf 4] 30

b e 2l al o S T S R
i1 Thcrmal 9ur~.m1-|1du-.,|m Armor 0.25 £250

Multiply weight and cost by the surface areas of the body andfor
subassemblies being protected by the features.,

Weight and cost are halved one TL afier the system’s introduction,
and halved again two or more TLs after introduction,

Reactive Armor (late TL7)

Reactive armor is & special type of armor that con be applicd 10 a
vehicle over regular armor. It is normally used by armored vehicles such
as tanks, Reactive armor was introduced on 1anks by the lsrach Defense
Force in the early 1980s. It 15 now also used on Russian and U.S.
Marine Corps tanks.

Reactive armor plates (RAP) are cinder block-sized explosive tiles
intended 1o protect against the deadly shaped-charge (HEAT or HEDF)
amrmunition used by many cannon and missile warheads.

As o shaped-charge warhead hits a RAP, the explosive in the RAP
detonates and blasts the metal plate forward, disrupting the formation of
the jet of molten metal that the shaped-charge warhead relies on for pen-
etraticn,

RAPs may be attached to any body, turret or superstruciure that has
DR 50 or better. Keep track of the number of shaped-charge hits on each
sihe of any location firted with RAP, since as individual plates are used
up, the coverage they provide declines. When a shaped-charge warhesd




hits a location fitted with RAP, roll 2d. Subtract 1 for every prior hit by
a shaped-charge warhead on that same location. If the result is O or less,
an arc that is not covered by a RAFP is hit and no extra protection is
provided, Otherwise, the RAP destroys the shaped-charge warhead
harmiessly.

Reactive Armor Flates can be detonated harmiessly by hits from
non-shaped-charge attacks. Any attack that does 100 or more poinis of
damage (before subtracting DR!) also counts as a “prior hit by a shaped
charge” for purposes of determining whether or not RAPS successfully
stop shaped-charge hits, If a non-shaped-charge weapon doing explosive
(exp.) damage or a vehicle collision occurs against o vehicle aguipped
with BAPs, it counts as one hut per 100 points of concussion or collision
damage inflicied

When a EAP detonates (for any reason) it inflicts 6dx2 explosive
concussion damage, At TLE+, RAPs can be deliberately detonated by
the vehicle operator from withun the vehicle — this can be useful for
removing nearby hostile infantry, for instance. Each defonation counis
as 4 “prior hit.”

RAP protection weighs 8 Ths, and costs $20, both multiplied by the
surface arca of the location being protected. RAP arrays can be repaired
for 2% of the original cost per “hit” they have taken.

Electrified Surfaces (TL7)

This feature is sometimes given o anti-riof vehicles, to discourage
rivters climbing up on them. [t is also useful for keeping animals away,
and discouraging people from wampering with the vehicle!

Conductive wires are embedded in the vehicle surface. The System
can be set for “stun”™ or “kill” When tumed on. any grounded object
wuching o ouched by the outside of the vehicle will take 2d damage (if
set o stun”) or 10d damage (if set on “kill™). Totally metal armor pro-
tects with only DR 1. A HT roll is also required if any damage pene-
trates IR andd the characier is still conscious: failure means the character
passes oul for 25-HT turns, (If a vehicle has arms, a wouch will alse
carry a shock.} Turning an electrified body on or off is a combat action.
It is disabled if the vehicle loses power. An electrified surface may be
designed o activate if a burglar alarm detects tampering with the locks.

An electrified surface weighs 0.2 lbs. and cost 510, both multiplied
by the surfoce areas of those purts of the vehicle that are electrified. The
vehicle must have either a power plant with 20 KW or more outpul (in
which case the scmal power requirement is relatively negligible), or an
energy bank. If it has an energy bank, 20 k'Ws will be drained when the
systemn zaps someone on the “kill” setting, or 4 k'Ws on the “smun™ sel-
tng.

FORCE FIELD GRIDS

Deflector ficlds and foree screens come under the category of force
field grids, These systems allow the vehicle w generale one or more
types of protective force field around L.

Deflector Field (TL1L): This is a force field generator grid derived
from gravity manipulation technology. It adds w0 a vehicle's passive
defense, bending space to deflect energy beams and physical projectiles.
It does not increase DR at all (sce Force Screen, below). The deflector
fichd is visible as a faint shimmer around the vehicle. A deflector field
can also be wned o keep out rain, wind and atmospheric contaminants.
An operating deflector field gives the vehicle an overall PFD 8. If pan or
all of the vehicle has PD 8 or betler already, the field adds +1 o that
location's PD instead.

Force Screen (TL11E: This is a different class of force held geners-
tor from a deflector, Force screens protect the vehicle from any direction
by absorbing the encrgy of attacks, providing damage resistance (TR)
much like armor, bul not increasing PD. They may be used in conjunc-
tion with deflectors and armor — always subtract force screen DR befors
armor DR. Force screens do not hamper the vehicle's own fire.

A force screen can be overloaded by a powerful attack. If the dam-
ape from 4 single hit (or total burst damape from an automatic fire
lasery exceeds aglf the force screen’s DR, the force screen gaims an
“energy level” If the damage exceedy the force screen’s DR, it gains
two energy levels instead. After gaining one energy level, the force
screen glows red. After gaining two levels, it glows orange, then yvel-
low (three levels), green (four levels), blue (five levels), indigo (six

levels), and violet (seven levels). Upon gaining eight levels, it over-
loads, and the generator melts and is destroyed.

A force screen sheds one energy level every 10 seconds, radiating
energy in the form of neutrinos and visible light. A force screen camnmm
be safely turmed off undl i has shed all accumulaed energy levels, If
tumed off premarurely, the shield generator overloads and is totally
destroved.

Force screens do not block slow-moving objects (under a fow yards
per second). IT a vehicle's door 15 open, an active force screen won'y
keep out intreders. Force screens cannet be penetrated by aetive sensors
isonar, radar, ladar, chemscanners, bioscanners), though the presence of
the field nself can be detected.

Variabie Force Screens (TL12Z) These work exactly like normal
force screens, except that the vehicle operator can opt o “reinforce” a
single facing. This doubles the DR of the screen on that facing, but
halves its DR on the opposite facing, Thus, if the captain of & ship
ordered “reinforce front screens,” the sereen’s DR would double against
attacks on the vehiele's front. while attacks on its back would encounter
UI'IE.j' half the screen’s DR, ('hjnt:lng the FEI-.,'.l,‘. I'l;_‘mrl.l;;_'l_'qI, (&1} |1-_-.l,'|;-r|i;r:jl_ [Th]
full coverape. can be done al the start of the vehicle operator’s turm,
Warnable foree screens cost twice as much as regular ones.

Force Field Grid Table
it ipe

%ﬂgﬁ D or Field

13+  Deflector Field

_ll Force Screen

ﬁr i el MRS
14 Force Screen 0,001

15+ Force Screen 0.0005

$0.625 0.1

Multiply weight, cost and power requirement by the vehicle's total
surface area, For force screens, alse multiply weight, cost and power by
the desired damage resistance of the screen, Thus, a screen with DR
1000 has 1000 times the listed weight, cost and power requirement per
square foot, Mimimum force screen DR is 100,
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RS, WHEELBLADES, PLOWS AND BULLDOZERS

These are modifications to the front of the vehicle. They use a vara-
tion of the Armer rules, and can only be pdded afier the surface arca of
the vehicle has been determined.

Kum (TL1) A ram s a beak-like, metal-shod ramming prow mouni-
ed in front of the vehicle. Rams were histoncally used on ships, but
there is no reason why ground vehicles can't use them. However, rams
may nol attached 1o vehicles with hamessed animals! A mm increases
thie damape inflicted by the ram-equipped vehicle in a frontal collision,
adding +1 per die to damage. It also reduces coifision damage which
strikes the front of the vehicle by 1 point per die of damage. A ram is |
Ib. = body area and costs $2 = body area.

Wheelblades (TL1): A vehacle with wheels can be given scythe
blades attached to them. Wheelblades allow the vehicle to do cuming
collision darmage if it sideswipes someone, but if it fails o penetrate DR,
the blades snap off at the base. Wheelblades weigh 0.1 Ibs, per sf of
wheel area for blades on either side of the vehicle, half that for a single
side. Cost is 3100 x weight. Retractable blades are available at TL7+:
they cost and weigh twice as much, and take one turn to retrac
or extend.

Butldozer Blades and Plows (TL1): These are earthmoving blades
attached (o the front of a vehicle. They can be added w any vehicle with
railway, standard or off-road wheels, tracks, halfiracks, skitracks or
contragravity. They can clear or plow a path as wide as the vehicle. In a
fromtal collision, they function as rams bul only adding or subtracting +1
per rwo dice of damage, e.g., a 204d collision would do 20d+10,
Bulldozer blades or plows weigh 2 lbs. x body area and cost
%4 = body arca,

[0p Decks

A top deck s a flat area on top of the vehicle’s body, often (bt not
always) with a siding or radl. Ships usually have a top deck to enable the
vehicle occupants o get up on it and walk around. A top deck may also
be used to stow cargo, although the cargo will be exposed w the ele-

ments and hosile fire. Pick-up and flatbed trucks are examples of land
vehicles with wp decks designed for cargo: container ships are an exam-
ple of watercraft with open cargo decks,

A top deck 1s rated for its deck area in square feet. To find the area of
a top deck, ke 1/3 the area of the vehicle body. subtract 1/5 the ares of
any turrets or superstrctures anached o the body and 1710 the volume of
any open cargn in the body. Divide the remainder by 2 if the vehicle has
musts, gas bags, or streamlining of pood or beter. The result is the area of
the top deck. If the result is less than zem, the vehicle has no top deck,

Wehicles with 4 superstructure may have a top deck on the superstruc-
ture as well as or instead of on the body. Calculate as above, substituting
“superstruciure” for “body™ and superstracture arca’ for body areaf3.

Several features can be added o any vehicle with a op deck:

Covered Deck: Vehicles with open decks may cover a portion of
that deck space with a fabric frame: this is typical of cargo wucks, cov-
ered wagons, galleys, ete. Vehicles with sails may only cover 20% of
deck space, due to the need for room o work the sails; aircrafi may not
land on a covered flight deck. Setting up or removing the cover takes |
second per sf. divided by the number of people doing the work (mini-
mum 10 seconds). A vehicle with a covered deck will catch fire on a roll
of 1) or less {8 or less at TLT+) if a flame attack (see p. 1847 hits the
body. A covered deck is 503 and 0,05 Ib, per sf of deck space coversd,

Flight Deck (TLA): A vehicle with a wop deck may use all or part of
it as a flight deck — a runway for aireraft. The length of the flight deck in
teet is equal to three times the square root of Might deck area.

Vehicles may be stowed on deck. Each takes up surface arca/d sf. or
surface areaf2 of if they are winged or rotary winged aiteraft amd fack

folding wings or retars

A flying vehicle with no stall speed can land on a flight deck if thens
is room. Landing an aircraft with a stall speed (like a normal airplane) is
trickier. At least half the deck must be clear of parked vehicles. The air-
craft uses normal landing rules (see p. 156) and enters one end of the
flight deck. For a perfect landing, it must able 1o decelerate o 0 speed
before running out of fMight deck. (If 80 mph or less speed is left, an
arrestor wire and safety net barrier can catch it — otherwise il poes off
the end of the deck.) The rell w land a vehicle with a stall speed on a
flight deck is ai -1 for every full 200 mph of stall speed. Add +4 if using
an arrestor hook. See Routine Travel (p. 143) for the necessity for land-
ing rolls, and effects of fmilure. A vehicle thar fails to land will normally
crash (stalling off the deck) unless it can accelerate back up 1o its stall
speed before hitting the ground

Each sf of flight deck area costs §1 and masses 0.1 |b., which
includes a hardened deck with safety nets and arrestor wires (o caich
landing airplanes. Normally, one aircraft with a stall speed can land or
take off every minute,

Various options are available Tor flight decks:

Landing Pads: If the flight deck is designed solely for vertical ake-
off and landing aircraft {craft with no stall speed, like helicopiersh. it can
be a simple “landing pad.” Weight and cost are halved

Angled Flight Decks {TLT): This angles the deck so that one landing
and one takeoff can be performed al the same time, speeding up opers-
tions. Add 504 w0 cost

HHIH]FI]IHIS

gradpoints are reinforced points on the underside of a vehicle's
hody or wings 1o which external, jettisonable stores such as bombs, mis-
siles or equipment pods can be attached, Some anthropomorphic vehi-
cles also mount them on arms,

Only bodies, wings and arms can have hardpoints: however, hard-
points may not be added to a vehicle's body if it has o hydrodynamic
hull, GEV or SEV subassemblics, tracks, halfiracks or skitracks, railway
wheels or a flexibody driverrain

Each hardpoint is rated for the maximum weight it can carry — its
load capacity. Within these weight limits, a single hardpoint can be
loaded with one equipment pod (see below), or one or more missiles,
torpedoes, hombs or mines, If multiple weapons are clustered togeiher, a
special adaptor s required: this is assumed o be included with the
weapons, bat all clustered weapons must be identical. A single hard-
point typically carries no more than three weapons of the same size, but
real combat aircraft occasionally use adaptors that allow four, six or
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more smaller weapons to be carried on one hardpoint. Links (p. 45)
must be purchased to allow clustered weapons to be fired selectively;
otherwise, they are all dropped or fired at once, Items carried on a hard
point are collectively referred (o as “external stores ™

If a vehicle will have hardpoints, decide how many the hody, each
wing and cach arm has. Then determine what the load capacity {in
pounds) of each hardpoint is. The number and capacity of hardpoints on
each wing should he the same.

Control of all a vehicle's hardpoints {which includes firing
weapons ) must be assigned to one of the vehicle's erew stations, usually
the same one that handles maneuver controls.

A gingle arm, wing or body may have a number of hardpoints whose
tofal load capacity is no greater than 20 Ibs. = its hit points. Fach hard-
point weighs 0.05 Ibs, and costs $0.1 per pound of load capacity.
Hardpoints are assumed to be “tapped,” allowing the vehicle to draw
fuel from drop tanks and provide power to pods containing electronics,
An untapped hardpoint, only capable of carrying and dropping unpow-
ered weapons, costs half as much.

Equipment Pods

While some stores, such as bombs, are directly attached to hard-
points, other items attached to hardpoinis are enclosed in external
“equipmeni pods.” These are detachable and are not the same as pod
subassemblies permanently attached to the vehicle.

A hardpoint can carry an equipment pod instead of missiles or
bombs, provided the pod is within the hardpoint's weight limil. Pods
usually carry fuel (drop tanks), sensors, slectronic countermeasures, tar-
Eeling systems o7 weapons, bul passenger or cargo pods (for instance)
are possible, If a weapon in a pod requires ammunition, the ammunition
must also be placed in the pod, as must any loaders required.

An equipment pod is built as if it were a vehicle bady containing the
equipment held in the pod, except that it has no subassemblies, propul-
sion system or crew. The only thing it actually requires is hull struciural
material, though most pods will also have armor. It may need a power
system (usually an energy bank) if it has power-uzing components,
Aside from its hit points, DR and PD, design weight, loaded weight and
cost, its statistics can be ignored; it has no performance statistics, for
instance. Like other hardpoint loads, an equipment pod can be jettisoned
by the vehicle operator,

Boaster Rockets: Solid fuel rockets (only} can be placed in equip-
ment pods, to serve as rocket boosters,

CONVERTIBLE TOP FERTURES

These can be added to any vehicle with seats.
Convertible Hardiop: A vehicle with six or fewer seats, excluding
exposed seals, may have a detachable hardtop. The vehicle may not

have top-mounted superstructures or turrets. Treat the seats as exposed
whien the hardiop is removed, giving a better all-round view but reduc
ing protection against attacks or the elements, and (if the vehicle is
sealed) unsealing it. It takes 10 seconds to attach or remiove the tog. This
couts 5100 per seal.

Convertible Ragtap: A vehicle with exposed seats may have a fabric
top. When in use, the top restricts overhead vision, but protects against
weather conditions. At TLS- the top must be manually removed (takes
10 seconds per seaty. At TLA+, the wp is designed to fold up automati-
cally. Add 5 Ibs. and $30 per open seat.

SPECIAL TIRES

Normal tires are included in the cost of TL5+ wheeled subassem-
blies. Howewver, more expensive tires are available, Cost is based on the
number of wheel positions in the vehicle’s wheeled subassembly
Available types include;

Snew Tives (TL&) add +2 to Driver skill — but only 1o cancel the
penalty for driving a wheeled vehicle on snow! They cost an extra $100
per wheel (5200 per wheel if the wheeled subassembly's surface area is
200 5F or larger).

Racing Tires (TLT) improve maneuverability, but only on a smooth-
surfaced race track. On normal roads, they take 1 hit of damage per hour
(per minute off-road). They cost an extra S250 per tire ($500 per tire if
the vehicle's wheeled subassembly is 200 sf in ares or larger}. They add
+.25 to gpME.

Puncture-Resistamt (PR) Tires (TL7} give tires a DR of (TL-4)
instead of DR2. They cost an extra $250 per tire ($500 per tire if the
wheeled subassembly is 200 sf in area or larger). They regenerate dum-
age (to the tire, not the wheel) at 1 hit per .

The Kitty Hawk has puncture-resistant tires. They
cost $1,000.

MY E>xm

HITCHES AND PiNs: PULLING OTHER VEHIcLEs

A vehicle can be equipped to tow another vehicle, or 10 be wwed
itself. Nommally, only vehicles that float or those equipped with wheels
or skids are built to be towed, but this is not an absolute requiremen!

Hiteh: This is a hook, “fifth wheel” or other device that enables a
vehicle to pull another vehicle. A hitch weighs 0.1 Ibs. and coses $0.1,
both times the vehicle's body hit points, A hitch enables it to tow a

<= 1/1¢ 7D EXTERNAL FERTURES



vehicle weighing up to (50 = the wowing vehicle's body hit points) Ihs,
Attaching or detaching & hiiched vehicle takes at least 10 seconds and
requires exiting the vehicle, At TL6+, a remote-controlled hitch that
can be detached from inside a towing vehicle is available for
double cost.

Pin: A wehicle that is designed to be towed reguires a pin. A pin
weighs 0.1 Ib. and costs $0.05, both multiplied by the vehicle’s body hit
points. At TLE+, an ecplosive pin is available for five tmes the cost
This allows the towed vehicle to be released instantly as a combat
action, either from within the towing vehicle or the towed vehicle
(designer’s chodce). A vehicle can have both a pin and a hitch.

A vehicle with non-railway wheels, tracks, halftracks, skitracks or
skids can be hitched behind and towed by any vehicle with a ground
performance. Calculate the top speed. acceleration and deceleration of
the combination as if it were a new vehicle with the combined loaded
weight of both vehicles and the motive systerm of the towing vehicle,
gMR and gSE are based on the combined body volume of both vehicles,
the motive system of the towing vehicle, and if both vehicles have
wheels, the combined number of wheels; the combination’s gME cannot
exceed (L.25 G, Ground pressure and off-road speed are calculated indi-
vidually for each vehicle, and then the lowest off-road speed is used.

Vehicles with railway wheels can ww or push one or more vehicles
that alse have ruilway wheels along a railway track. Caloulate the com-
bination's performance as 1§ the vehicles were a single vehicle with a
combined loaded weight equal to all of those in the train, Note that
hitches must bear the weight of aff the vehicles behind them, More than
one vehicle i the tram can provide motive power to push o pull il

A vehicle that floats can tow other floating vehicles. Caleulate the
hydrodynamic drag, top speed and acceleration of the combination as if
it were o new vehicls with the combined loaded weight of all vehicles
being pulled. wDecel, wSE and wMR are based on the lowest from
among all the vehicles towing or being towed, and whME may never be
higher than 0.25 G,

& vehicle that is moving on the ground alongside a watercourse can
tow a flosting vehicle, Use the ground vehicle s performance normally,
but recalculate its top speed and acceleration, increasing its effective
loaded weight by the hydrodynamic drag of the vehicle in the water,
Oither statistics are normal, except that gME cannot exceed 0025 G

A vehicle that is moving on the ground can tow a flying vehicle,
Caleulate the ground vehicle's performance normally, but recalculate its
top speed and acceleration, increasing its effective loaded weight by the
aerodynamic drag of the flving vehicle. The new top speed must exceed
the stall speed of the aircraft, or it will not take off. Other statisics ane
normal, except that gMR cannot exceed (.25 G.

A flying vehicle can tow another flying vehicle. Calculate the acno-
dynamic drag, top specd and acceleration of the combination as if it
were 4 new vehicle with the combined Ioaded weight of all vehicles
being pulled. The aDecel, aSR and aMR are based on the lowest from
among all the vehicles towing or being wowed, and aME may never be
higher than (.25 G,

SIDECARS

A vehicle with standard, heavy or off-road wheels that has two
wheels may be desipned to accept a sidecar. The anachment costs %1
times the vehicle's body hit points. A sidecar is built with a standard,
heavy or off-road wheeled subassembly with one wheel and must have
berween 30% and 150K of the volume of the vehicle it is atached to. Tt
tust have the same type of wheeled subassembly as the vehicle it is
attached to.

The combination is treated exact’y like one vehicle with three
wheels and the combined weight and volume. Recalculate performance
accordingly, Detaching a sidecar takes 30 seconds. An optional “quick
release” system allowing release in one second is available for 5100, A
sidecar that is released while its vehicle s moving will crash, unless i
has a propulsion system of its own.

SOLAR CeLLs (TLT)

Amny vehicle can be covered with photoelectric collectors (solar
cells). These convert light (vsually sunlight) into electric power. They
generally serve as a backup power supply or a means of recharging
energy banks, but some vehicles may be entirely solar-powered.
Beoause the power outpuat is penerally very low {and subject o intermep
tion i something blocks light) they are vsually used in conjunction with
recharpeable energy banks (p. 087). The energy banks can then rake
over if the solar power 15 interrupted, and the solar collectors can
rechirge the energy banks.

The towal area that can be covered is (hody + superstructure + turret
+ wing area)f2. A vehicle with stealth, infrared cloaking, a chameleon
system or liguid crystal skin cannot use solar cells unless they are built
at TL11+, or are mounted on panels (see below), At TLI0+, gashag and
sail area can also be used for solar cells, and should be added in the for-
mula above, Solar cells cannot be placed on other subassemblies.

To determine the weight (Ibs.), cost and power output (kW) of a
solar cell armay, decide how many square feet it covers and multiply by
the values on the following table:

Solar Cell Table
L

Wetphi Cost kW

Panels: Solar cells can also be mounted on panels extending from
the vehicle. Determine the weight and cost of the panel by sclecting an
area, then mulbtplying by the entries on the Veluele Structre Table on
p. 19 (most panels are extra-light or super-light), Add panel area o the

formula above and calculate solar cell weight, cost and output nor-
mally. A panel’s hit points equal its area x 0.2, modified by the
strength selected. A vehicle with an extended panel is automatically
unstreamilined, and counts the panel area for computing asrodynamic
drag. For double weight and cost, the panel can be refractable. A
retracted panel occupies (weight of panel plus solar cells)yS0 of, and
produces no power, but it does not impair streamlining and is not
easily damaged. Retracting a panel takes 10 seconds, during which

it is considened extended, but provides no power,
The output assumes Earth-normal sunlight. Around anodher
star, multiply output by the relative lominosity of the star. At a
distance other than one astronomical umit (AL - the average dis-
tance from Earth to the sun — from a star, divide the output by the
distance i AL squarcd. In artificial light. solar cells will generally
provide about 1% of power, though this varies. In any environment
dark encugh to provide a -1 or worse vision penalty, solar cells provide

negligible power.
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This chapter presents four detailed weapon design systems: Mechanical Arriliery, covering cat-
apults, ballistas and similar weapons, Gun Pesign, covering guns; Lasncher Desien, for missiles,
rockets and torpedoes and Beam Weapaon Design, for energy weapons, There are also detailed side-
bars on Bowes, Mines and Liguid Projecior Desivn.

As an allermative o designing a weapon from scraich, the Armaments chapter (p. 42) features a
selection of “generic” weapons ready to be installed in a vehicle,

e T S O e A M AP
MECHANICAL ARTILLERY

These are mechanical bolt or stone throwing devices, similar to giant crossbows or slings. To
build 2 mechanical artillery piece follow the design sequence below:

Stone or Bolt Thrower?

Decide whether the weapon is a stong thrower, balt thrower or repeating bolt thrower.

Stone Throwers {TL1} normally fire stones in a ballistic arc. but a sufficicntly big stone throw-
er can toss practically anything, from hve sheep to nuclear bombs.

Balr Thrawers {TL1) project large arrows, like giant crossbow bolts, They fire their missiles
with & flaner trajectory and are more sccurate than stone throwers. However, the bow mechanism
is also heavier and somawhat mone expensive,

Repearing Bolt Throwers (TL2) are identical 1o bolt throwers, but use a gravity-fed magazine
and/or urn-crank W increase rate of fire, Historically, they were only built in China.

Set the tech level the weapon is built at. Then decide whether the weapon is spring (TL1). tor-
sion (TL2h or counterweight-powered (TL3). Only stone throwers can be counterweight engines.

Spring-Powered weapons use the elasticity of a wood or metal bow or board o propel projec-
tiles, They are the cheapest type, but also the least efficient. Giant crossbows like the scorpion and
SO0 earlv catapults were spring-powered,

Forsion-Powered weapons use the polential energy siored in a wound-up skein of fiber {(ofien
the hair of local women from whatever wown was building the engine) o power the weapon, The
ballista, onager and catapult are examples of torsion-powered WEAIS.

Capnrerweight weapons use a long sling amm counterbalanced by a heavy weighted box and
held back by cords. When these are released, the box falls, the arm snaps up, and the projectile
goes flying. They are quite heavy and slow-firing. and are only useful for indirect fire (pp. 1749-
141} An example of a counterweight weapon is the medieval trebuchet.

Strength

Select the Strength (ST) of the weapon. This determines how powerful it is, in much the same
way as it 15 set for a crossbow,

For bolt throwers, maximum practical 8T is 75 if spring-powered or 150 if torsion-powered,
For repeating bolt throwers, ST may not exceed the bolt thrower's TL x 5,

For stone throwers, one-tenth 5T is the weight of projectile it will throw. Thus, the chosen 5T
should be ten times the intended projectile weight in pounds. The maximum 5T allowed for Spring
engines is 50, and for torsion engines is 3005 there is a0 maximum ST for counterweight engines.

w ¥ (8
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Real-World Weapons

The statistics generated by this design
ayatem give o fairly good approximation of
reality, However, they shstract many factors
thut can alter weapon performance, For
instance, a GLURPS TL generally represents a
period of 30 or more vears, While the niles
lumip & weapon balt a1 1900 and one built at
1945 ogether into TL6A, obviously manufac-
turing and design techniques will have
advanced considerably throughout the period,

For these reasons, a weapon built using
thie chapter may vary somewhat from any
one particular “real-life” example, If this hap-
pens, vou can either declare that this s sim-
ply a different model of weapon, ar YOU CAn
adjust the statistics o maich those from the
source material = feel free to do either. This
15 quite realistic, a3 no one gun is going o be
the same as another, Altering reliability hy
one step, adding or subtracting 1 w0 3 from
Accuracy and 55, or adjusting statistics like
Damage, 1/2D range, Max range, RoF, the
Rcl and ST of hand-held weapons, and all
weights and costs by up to +-20% will uswal-
Iy suffice. and shouldn't affect gane balance
mich — prowvided, of course, it is the GM who
does the adjusting!

Expressing Dice of Damage

The formulae that are used o determine a
weapon's dice of damage sometimes gives
fractional or unwicldy results.

The GM should feel free to pound frac-
tions off 1o whobs numbers as desired - in the
Armaments chapter, for instance, damages
have been rounded 5o as 1o best conform with
similar weapons in Basic Set and High-
Teck.

When creating new types, these rules of
thumb are suggested:

For frectional damages of less than 1d, a
fraction of less tham 0.1 is no damage, 0.1 10
0.2 is 1d-4 damage, (.21 1o 0.4 iz 14-3, one
of 0.41-0.6 05 1d-2, one of (L6] to (L8 is 1d-1,
while one of (L8] 10 0.99 s 1d.

For fructional damage between 1d and
244, the damoge is often rounded up to the
nearest whobe number. However, at the GM s
option, & fraction of (,21-0.4 can be read as a
+1 dumage bonus, one of 041 w 06 as a +2
damage bonus. one of 0L6] to (LK can be
rounded up to next die with a -1 penalty,
while (LE1 or more i rounded fo the next die.
Thus, 2.2 would be 2d, 2.4 would be 2d+1,
2.5 would be 2042, 2.7 would be 3d-1 whils
285 would be 3d,

Continued on next page |
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Expressing Dice of Damage
(Continued)

For damage of 24d o more, GURPS usu
ally expresses damage in the form 6d = = To
gel a, divide damage dice by 6 and round to
the nearest whole number or two digits. Thus,
142d would round  6d x 24, One may use
whatever multiplier happens 10 be convenient
- ¢.g., 315 of damage might be writien as 3d
w 105, 5d = 63, 7d = 45 or 9d = 35 — but the
il spread is the most sttistically pleasing.
and the number of dice chosen should fall
berween 4 and B whenever possible.

Direct vs. Indirect Fire

Direct fire is normal GURPS ranged
combat, It takes place when the gunner can
see the target and fires the progectile more-or-
less straight at il.

Indivect five is used to send a projectile on
a high ballistic arc, like sn ortillery shell. Tt
allows firing over obstacles and at much
longer ranges, but is far less accurate,
Indirect fire is most effective with explosive
ammunition, since indirect-fired projectiles
often lack the velocity to :as.il],' penetrate
armaor. Indirect fire requires special rules —
see fndirect Fire on pp. 179-181 of the
Combat chapter,

What Bore Size Do | Need?

Light machine gun; T.62mm (.30 caliber”}

Heavy mechine gun; 12, Tmm .50 caliber™).

Aircraft Autocannon: 20mm, also 23mm,
25mm, 27mm, 30mm.

Shipboard Anti-Adrcraft Guns: 20mm,
3Tmm. 40mm, 5Tmm.

WWI and Early WWIl-era Tank Guns:
3Pmm. 50mm. 57mm, 75mm,

Late WWII Tank Guns: Témm, 85mm,
AEmm, Wmm, 128mm.

Modern NATOWestern tank guns: | 05mm,
1 20,

Modern Russian tank guns: 100mm, | 15mm,
1 23 mim,

Howitzers: T5mm, [0%mm, 122mm, 152mm,
155mim, 203mm.

Mortars: 60mm, Y0mm, 105mm, |2 mm.

Grenade Launchers: 30mm (Russian), 40mm
1 Western ).

Ape of Sail Cannon: S0mom- 200mm .,

Big TL5 to TL7 naval guns: 152mm,
203mm, F0vmm, H0mm,

Magazine Capacily

Tf the weapon is a repeating bolt thrower, it is fed by a magazine attached to the weapon: select
the magazine capacity (normally between five and 50 shois)

Ammunition

Select the types of ammumition the weapon will use.

Bolt throwers and repeating bolt throwers fire fodis.

Stone throwers fire srones

A stone thrower can also fling bomdis of stires. Design them normally using the Bembs (p. 113}
or Mines (p. 115) rules. Favored types at low tech levels are low-explosive and vanous chemical
fillers, such as Greek fire. The maximum weight of bomb or mine that can be flung is 1/10 the 5T
of the engine.

Onher ammunition can also be wssed by a stone thrower, provided it weighs no more than 1/10
engine 5T, A favorite choice for sieges are rotting carcasses or the severed heads of enemy soldiers,
i order to spread disesse and demorabization.

STATISTICS FOR MECHRNICAL ARTILLERY

Baszed on the other characteristics of the weapon, calculate each of the combat stutistics
described below:

Malfunction (Malf.)

Thas s the weapon’s Malfunction number. If an antack roll i5 cqual to or higher than Malf, the
weapon has malfunctioned and 1s disabled until repaired — a cord snapped, for example.
Malfunction number is Crit. for all engines except repeating bolt throwers, indicating a malfunction
occurs only on a critical miss. Malf, i1s 16 for repeating bolt throwers,

This depends on the ammunition: crushing (cr.) for stones, impaling (imp.) for bolts and special
{spcl.) for chemical.

Damage (DAM)

This 1% the damage the weapon inflicts. Damage is based on the weapon's ST, rather than the
user’s, much like a crossbow. Refer wo the Super-Sirengrh table on p. B248 if necessary.

For siones, damage is the swinging damage for the 5T of the weapon. If the weapon is a coun-
terweight stone thrower, add +1 to damage per die. Thus, 12d swing damage becomes 1 2d+12.

For bolts, demage is based on the frusting damage for the weapon's 5T, Add +4 if 5T 20 or
less, sdd 1d if ST 21 or more,

For bombs or mines, the effect depends on the mine or bomb desipn. The effect of special “hio-
logical” ammunition like severed heads or dead horses is up to the GM; a direct hit will do half the
damage of a sione.

Half Damage Range (1/20)

This is the range beyond which damage is halved and Accuracy drops o (1

For boll throwers or repeating bolt throwers of 8T 20 or less, 1720 s 8T« 20 yards. For those
of ST 21+, 112D 15 380 + 5T yards.

For stone throwers of ST 20 or less, 12D is 8T x 10 vards. For those of ST 21+, 120 15 190 +
(ST/2) yards. I a counterweight engine, multiply range by 0.75.

Darpage for mines or bombs 15 unaffected by 1/2D range, but accuracy will still drop to zero
beyond 1t

Maximum Range (Max)

This is the weapon’s maximum range. [t is 1.25 = 172D range.
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Minimum Range (Min)

Counterweight stone throwers have a mimmum range equal to 25% of their maximum TP
Because they fling stones in a high, ballistic arc, they cannot hit targets closer than their minimum
TENge,

Accuracy (Acc)
The weapon's Accuracy is 6 for a bolt thrower, 5 for a repeating bolt thrower, 2 for a stone
thrower, subtract 1 from Accuracy for counterweight engines,

Weight (Wt.)
This is the weight of the weapon without ammunition. [t is found using this formula;
Wt. of bolt thrower = 8T = 8T« P < T = 0.1.
Wi. of repeating bolt thrower = 8T = 5T <P« T = M = 0.1.
Wt. of stone thrower = ST « ST« P < T « 0,25,
Where:
5T is the 5T of the engine.
£is | for sprimg, (L8 for torsion, 0.5 for counterweight,
M is 1 plus 0005 per ready shot, ez, if 10 ready shots, M would be 1.5
Tis | ot TLA-, 075 at TLS, 0.6 at TLA, 0.5 at TL7+.

Snap Shot (SS)
ﬂ?ﬂ.\ is the weapon's Soap Shot number. Tt depends mainly on the weapon's w eighi:
If under 15 Ibs., 55 12,
If 15-25 Ibs, 55 15,
IF 26-3400 Ths, 55 is 20,
If 4011 Ibs, or more, 88 is 25
il 5 to 55 for all stone throwers. All counterweight weapons have s minimum S5 25, regarnd-
less of weight.

Rate of Fire (RoF)

For belt throwers or stone throwers, the time to load and fire is 10 rimes the square root of ST
for counterweight engines, or five times the square root of ST for torsion or spring engines,

For repeating bolt throwers, the time to load and fire is twice the sguare root of ST,

Round the load-and-fire time to the nearest whole number, then express it as a fraction (e.g.,
time of 20 is /207 w get RoF,

Cost

This i the basic cost of the weapon, If weight is under [0} Ibs,, use the formula:
Cost = 525 ~ Wt. < M =< P.
If weight 15 100 or more bs., use the formula:

Cost = ($2,400 + $1 < WL.) < M = P.

Whiere:

Wi s the unloaded weight

M is 1 if spring engine, 2 if torsion or counterweight engine.
£ s 1 if stone or bolt thrower, 2 if repeating bolt thrower,

)

How Long Is My Barrel?

Real gun barrels are sometimes measured
m their length in calibers, each caliber being
i multiple of bore size, Thus a 20mm, $0-cal-
iber gun is actually 800mm long, or 40 times
its b sze.

While GURPS Yelicles uses a e
abstract measurement, here are some mebes of
thumb: an ewremely short barrel is under 10
calibers, a very shord Barrel 15 1019 calibers,
a short barrel 15 around 20-3% calibers, a
medium barmel is 40-59 calibers, a fong barrel
is 6d)-T4 calibers, a very lomg barrel is 80-100
calibers. and an exremely Tong bamel is Ally-
thing longer. If electromag or grav puns, dou-
ble the resulting barrel lengih if low powered
or quadruple if normal powered,

One-Shot Railguns

A 20mm or larger electromag gun can be
designed so that its rails collapse as it fires,
burmning the weapon oul in one powerful shot.
Design such a weapon like an electromag
hreechioader, then hafve the final cosi,
weight amd volume of the weapon, Decide on
its ammunition tvpe and Ioad it with one shot
of that amma, Kinetic energy damage is
increased by S0%. The weapon's Bof statis-
tic becomes “1NR” {one shet, non-reload-
ablep, and the entire weapon must be reploced
after finng

GURPS Space
Firepower Ratings

GMs using Vehdcles w0 design spacecrafi
may wish to use the abstract combat system
m RPS Space 1o resolve bictles. This con-
version system abstracts many weapan chur-
gcteristics, but gives playable results;

FF is based on the dice of damage the
weapon inflicts. Only weapons that can fune-
tion in vacuum can be used for space combat.

FP is :!I.|_l.:i.-| 10 dice of damage/ 100 for
guns and non-nuclear missiles, For nuclear
and antimatter missiles, it is assumed 1he
explosion is a proximiry blagt occurting some
distance from the target. Thus, FP is equal o
the warhead vield in kilotons = 100

If &n attack has an armor divisor, muoli ply
dice of darmage by thal divisor when calculat-
ing FPe.g., 20d(2) is treated as #d,

For automatic fire lasers multiply FP by
RoF. Otherwise, multiply FP by the square
oM of RoF (first converting fractional RoFs
to decimals, eg,, 14 5 0.25)

It is up to the GM whether (o bother with
results that give fractional FPs, or i simply
round 1o the nearest wholbe number,

Range of weapons does nol affect fire-
power, However, the GM, based on the com
bust situation, should nile on whether a partic-
ular weapon has sufficient range to engage a
larpel.

< e |



Cheap Vehicular Weapons

Any mechanical artillery piece, gun,
lawncher, hiquid projector or beam weapon
can be buill with less than the wsual attention
to quality control. This increases Mali, by
one step, subtracts | from Accuracy, and culs
the actal cost in half, The same can be done
with ammunition; cffects are cumulative,

When Malf. is increased by a step, Ver.
becomes Crit., Crit. becomes 16, and if Malf.
is 1t or less, one is subiracied from it —e g.. a
Malf of 14 would become 13

Example. A Russian 125mm gun 15 buili
a8 @ “'cheap” weapon, I would get a Malf. of
a 16 mstead of Cat. and would be -1 Ace, but
costs half as much, which is a good thing if
you have several thousand tanks to equip . . .

Fine and Very Fine Weapons

At TLS+, any weapon can be custom
huili by hand instead of mass-produced, with
special attention being paid to quality. This
requires. enormous effort and expenditure for
a very small guin. Normally, this is only done
for special-purpose, hand-held smallarms
(target pistols, sniper ritles, ec.), but it is (in
principle) alsa possible for vehicular
weaponry. Fine and Very Fine weapons cost
5 and 30 tmes the design price respectively.
A weapon can be Fine or Yery Fine
(Accurate], or Fine (Reliable). A weapon
cannot be Very Fine (Reliable). nor can i1 be
both Accurate and Reliable. A Fine
{Accurate) weapon geis +1 Acc; a Very Fine
one gets +2. A Fine (Reliable) weapon has its
Malf. increased by one siep, o a maxiniwm
of Ver. (Crit. ).

Ammunition in Combat

All special rules for using vanous types
of ammunition are described in the
Armenirion — Special Rules section on p.
188 of the Cowibas chapter. These sidehars
|:|:r'.r||.||.'. nrtes on the I1.*1.'|.'II'|':'I|~'|;:} and effec-
tveness of the ammunition.

Kinetic-Energy-Class
Ammunition

These ammunition types inflict damage
through the kinetic energy of their impact,
Unless noted otherwise, their effects are
iHi,:l,l‘I‘EH“il.Il.:i' into the Wedpon dﬂnigl] rules,

Sodid (TL3): A nonexplosive projectile.
Solid ammunition includes ordinary lead bul-
lets, and all ron-caplosive cannon shells that
are not specially-hardened to pierce armaor,

Chainshet (TL3): This consists of two
solid rounds with a lenpth of chain strelched
between them. I was often used in the Age
of Sail to destroy masts and rigging, but
modem “bolo™ rounds have also been devel-
oped wsing & similar principle.

Continibied off Hex! paee | .

Weight Per Shot (WPS)

This is the weight in pounds of each shot. If a stone thrower, weight per shot is squal to STSID
Ik, If & bolt thrower or repeating bolt thrower, use the following formula:
WPS = ST = STAG00

For mines or bambs, it is whatever the projectile weighs.

Volume Per Shot (VPS)

This is the cubic feet of space each shot takes up, including storage room. It is equal w WPS/50
cf.

Cost Per Shot (CPS)

For bolts, this is equal to the WPS = 82 or 52, whichever 15 larger, For siones, CFS is WPS «
$0.5. For mines or bombs, it is whatever the projectile cost,

Shots

This is the number of shots the weapon has ready 1o fire. Bolt throwers and stone throwers have
one ready shot, For repeating bolt throwers, this is their magasine capacity.

Crew

If the weapion's ST does not exceed the gunner's ST by more than four, then onfy a gunner is
required — e can ready the weapon on his own, without reguiring any loaders,

If the weapon’s 5T does exceed the gunner's by more than four, a minimum of one loader will
be required W assist him. A counterweight engine will require a total crew size of ST/20, while a
orsion or spring engine will require a total crew size of STAD. In both cases, the minimum crew
size for such a weapon is two regardless of 8T: one gunner and at least one loader.

BUN DESIGN

Guns use a chemical propellant or energy impulse we fire a solid projectile out a barrel.
Historically, the first “gunnes” appeared in the late Middle Ages (TL3). The earliest puns were
more dangerous to their firers than their wreeis, bul weapon development was rapid. By the 17th
cenfury (TL4), saling ships carried banks of ship-killing cannon. while on the bantleficld, puns
eclipsed swords, bows and pikes. From TLS on into the far future, continuing advances in weapon
and ammunition design keep guns in use as velicular weapons,

This system i3 designed to build TL3 o TL16 guns from cannon and machine guns to gravitic
railguns. Decide on the tech level of the weapon and then follow the steps below,

We decide to build a TLT gun for the Kitty Hawk.

Mmoo sxm

Bore Size

The bore size of a
weapon is the diameter of
the projectile it fires, mea-
aured in milhmeters
(mum). The larger the bore
size, the heavier the
weapon, but the greater
the damage and range.

The minimum bore
gize 1% 10mm at TL3-5,
Smm at TL6, 3mm at TLY
and lmm at TLE+. These
rules impose Bo maximuom
bore size but 1t 18 suggest-
ed guns not be built much
larger than S,

Smallarms and Caraen: These miles sometimes refer 10 guns as either smallarms or cannon, A
smallarm is a gun with a bore size below 20mim; a cannon 15 a gun of 20mm or greater bore,

Mode that for high-tech saboted and superwire ammumition, the diameter of round that a given
bore size fires includes a peel-away sabot; the actual penetrator is considerably narrower.

Inches and Founds: Historically, some puns were measured in units other than mm. Bore size
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in inches is easy to convert: multiply by 25.4 to get mm. Many puns were also rated as *# pounder™
tor Ibr.}, where # was the (nominal) weight in pounds of the projectile, excleding propellant or
shell casing. The conversion of Ibr, to mm is less exact, but a su ggested bore size is the cube root
of (lbr. x 125,000} for TL4- and early TLS guns, or cube root of (lbr. x 37,000} for more modern
weapons. Feel free to adjust the result by +/- 10% to reflect individual guns.

We give the gun a bore size of 7.62mm, making it a smallarm.

mreo9=2==xm

Gun Technology

Lecide whether the gun uses conventional smoothbore, conventional rifled, electromag or
gravitic technelogy.

Cimventional Smoathhore (TL3) guns use the expanding gasses produced by chemical propel-
lants such as gunpowder to propel a round down a smooth barrel. Ar the very end of TLS, early
black powder propellants are replaced by modemn “nitro” or “smokeless” propellants,

Kinetic-Energy-Class
Ammunition (Continued)
AP, Armar Piercing (TL6): These are

specially-hardened or shaped bullets
designed o penetrate armor. They do less
damage than solid rodnds against flesh, so
they are most often loaded when the enemy is
likely 1o be & vehicle or someone in body
armor. (The standard cannon AP round varies
by tech level, but ig usually APC.)

APC, Armor Piercing Capped (TLA):
This 15 & solid metal cannon shell with a
hardened steel cap or tip to greatly improve
armor penetration over solid rounds, Tt was
the standand anti-armor kinetic round for tank
canmon unfil the mid- | 9,

APY. Armor Prercimg i endiary {TLA):
Identical v APC, except the round contains
some incendiary marerial o improve the
chance of starting a fire

which remain in use through TLT.

Convenrional Riffed (TLATLS) guns are similar to conventional smorthbores, but
fire a projectile along a grooved barrel. The grooves spin the fired projeciile, stabilizing
it in flight and making it much more accurate, Rifled projectiles are generally conical in
shape. Rifling the barrel slows the projectile slightly, so when firing solid projectiles, a
slightly larger bore size is needed to give the same range and punch as an cquivalent
smoothbore. Rifled guns are available as late TL4 smallarms, bt aot until lste TLS for
cANNoN.

Electromag (TLE) guns, called Gauss guns, railguns, coil guns or massdrivers, use
electromagnetic rails or rings in the barrel to accelerate a ferrous or conductor-sheathed
projectile o very high velocities, Ammunition is quite light, as it does not Tequire prope k-
|t

Gravitie (TL11} or “grav” guns use a gravitic pressor-beam impulse for propulsion and contra-
eravity technology for recoil compensation. Their advantages and disadvantages are otherwise
much the same as electromag guns

We decide the gun is a conventional rifled weapon.
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Design Options

Guns can opiionally be piven any of these features;

Lo and Extra-Low-Pewered: This option means the weapon is somewhat underpowered in
proportion 1o other weapons of the same bore size, type and TL, The gun {and ammunition, for a
conventional gun) can be made much lighter as a result, but range suffers, as does damage from
non-explosive rounds, Examples of “low-powered” guns include mortars, heavy grenade launch-
ers, recoilless rifles, shotguns, pistols and submachine guns. Light grenade launchers are examples
of guns that are “extra-low-powered” in proportion to their hore size.

Recoilless (late TL6): Any extra-low- or low-powered gun can be given this option. Recoil is
cancelled by ejecting a counter-mass such as backward-vented hot propellant gases (TLG) or harm
less plastic Makes or cold gas (late TL.7). Recoilless ammunition is heavier and more expensive, but
the weapon 15 lighter as there is no need for a heavy recoil-absorbing mechanism. A recoilless fun
that ejects hot propellant gases creates a lethal back-blast in a cone behind it of bore size/ii) yards
length, inflicting 4d fire damage. A gun with a lethal back-blast can only be housed in a pod oF
exlemal mount,

GiuniLauncher (TLT): Guns can be built as combination gun and missile launchers, capable of
firing either gun ammunition or missiles. After building the weapon as a gun, refer 1o the Launcher
section to add the missile launcher system,

We give the gun no special options.

mrTo9s>>xm

APCR, Armor Piercing Composite Rigid
{late TL&): This cannon ammunition was
developed mid-way through World War 11 Tt
consists of a light outer casing with a very
dense lungsten or very hard fungsten carbide
penetrator embedded in it It has a higher
velocity than APC and hence does more dam-
age, but is mote expensive

AFDS, Armor Prercing Disearding Sabai
(TL7): The next step aller APCR, this
shieaths the dense tungsten penetrator in a
light sabot (pronounced sav-how), When the
shoi leaves the barrel, the sabot falls away.
The lighter sub-caliber penetrator continues
on, with a much higher velocity and flatter
trajectory, making it better able 1o po through
armaor and giving it superior range, APDS
rounds were introduced late in World War 11
but mot perfected until TL7: weat late WWII
APDS as APCR instesd,

APFEDS, Armor Pierving Fin Srabilized
Discarding Saket (TLT): This replaced
AFDS on many puns in the mid-1970s. lis
penersior s a “long md” - a hardened tung-
sten dort some 15 o 20 tmes as long as it is
wide that can easily bite into armor and
which retains greater kinetic energy, The
length of the penetrator means it must be fin-
stabilized to avoid it tumbling in flight, rather
than using nfting. This makes it slightly less
effective when fired from conventional rifled
guns, since a special mechanism has 10 be
used to cancel its spin.

APS, Armor Piercing Sahated (late TLTY:
This is an APDS or APFSDS round designed
for nse by smallarms,

Comttnued on next pege .
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Kinetic-Energy-Class
Ammunition (Continved)

DU (Depleved Uranipm) (late TLY )
APDU, APDSDU and APFSDEDU ammuni-
tion are identical to APCR, APDS and
AFFSDS except they use depleted wranium
rather than tungstcn as a penctrator. Depleted
uranium is spent fisston reactor fuel, and 15
only mildly radinactive, but is used because it
is extremely dense, giving it excellent anmor
miercing capability {reflected by a higher
armor divisor). I also has incendiary quali-
ties, When a target is hit by DU, there is usu-
ally a brilliamt flash of white light, This is an
ordinary chemical reaction caused by the ura-
nium penerator smking a hard iarget, noi a
nuclear effect. Fuel and explosive ammuni-
o are very Dikely to catch fire,

“HE" (Hyper-Denze) (TL11E APHD,
APSHD, APDSHD, APFSDSHD rounds are
like APCE, APS, APDS and APFSDS except
they use a superior penetrator made of hyper-
dense “collapsed” matter produced using
advanced materials technology.

Superwire {TLY+): Superconductor-
sheathed, memory-metal, monowire projec-
tiles fired from electromagnetic or gravitic
guns, They are stored as ong coils of wire,
amd are snipped off into shon lengths, mming
rigid within the accelerator barrel

HP, Holiow Poine (TLA): An expanding
or hollow pomnt smallarms bullet with better
damage againsi flesh but poor armor penetra-
fiowm,

Meedle (TLR): Very small caliber (2mm
or less) smallarms fire needles thar do imipal-
ing damage, instead of bullets,

Plastic Bullets (TL6): These are mubber or
plastic bullets used for not suppression.

Baton (TLO): These are large rubber or
plastic shells specially-designad for reduced
lethaliry,

Statshel! (TL3) A multiple-peller small-
arms load, usually used in shotguns, blunder-
busses, etc. The pellets begin 1o spread
immediately afier the round is fired, giving a
very shor range but deadly effect,

Canisier (TLAY, A shotgun ound for can-
non shells,

Strapne! (TL5): This is a higher-tech
form of canmisier: a thin-cased shell filbed with
bullets, with a small timed charge (o burst i
at the desired distance.

Beehive (TLT): This i3 & shiapnel round
loaded with finned darts (known as
flecheattes) instead of pellets. It has superior
range and inflicts impaling damage

Barrel Length

Select the barrel length; The
longer the barrel, the greater the
range and accuracy. Barrel
length increases damage when
firing non-explosive ammumni-
tion like cannonballs or armor-
piercing shot. A longer barrel
also makes the gun heavier and
more expensive, and allows it o
safely fire more powerful
ammunition.

Select one of these barrel
lengths for the gun. If two TLs
are listed. the first is for small-
arms, the second for cannon.

Extremely Shors (TL3), such as most pre-1 Tth century cannon, modemn grenade launchers, and
snub-rose pistols.

Very Short (TLA) such as 16th-18th century cannon, modem montars and most pisiols.

Short (TLA) such as modem howitzers and shomer-barrelled tank guns, most | 2th cenmury naval
guns, and the majorty of shotguns, short-barrelled muskets and submachine guns.

Meaiwr (TLA4/5) such as the majorty of moedemn naval and tank cannon, longer-barrelled mus-
kets, and modem carbines.

Lonpg (TL5/6), such as long-barrelled tank and naval guns. most autocannon, and many modemn
machine guns and rifles

Very long (TL6), such as heavy machine guns, long-barrelled autocannon, and some sniper
rifles.

Extremely long (TLG), such as railway guns designed for long-range bombardment and some
ultra-tech electromag railgons.

The barrel length 1s rated in proportion fo the bore size. While a howitzer has a barrel many
times longer than a submachine gun's, both are “short™ since both have a similar length relative o
the diameter of the projectile they fire.

We decide the gun has a long barrel,

mrraZs=xm

Loading Mechanism

The loading mechanism affects how quickly the gun can fire, how reliable it is, and how many
shots it will hold ready,

Cannon may be given either nvzzleloader {TL3 ) breechloader (TL3), slow autcloader (TLA),
fast autoloader (TLAO). heavy automatic (TLT) or electric Gatling (TL7) loading mechanisms
Revolver (TLS) and mechanical Gatling {TL3 loading mechanisms are also options.

Smallarms may be piven either muzzleloader (TL3), breschloader (TL3), revolver (TLS), man-
ual repeater {TL3 ), mechanical Gatling (TLS), fast autoloader (TL&), hight awtomatic {TL6G), heavy
suiomatic {TLA) or electric Gatling (TLT) mechanisms.

Muzzleloader (TL3 ) The weapon is reloaded by dropping or ramming the ammumtion down
the mouth of the barrel. Rate of fire 15 slow, and with larpe weapons, extra loaders may be required
to assist. Muzzleloading is not obsolete even at high TLs, as it allows a simpler and lighter weapon,
Rifle grenade launchers and hight monars are examples of modem muzzleloaders

COme disadvantage of early muzzleloaders was that large guns could not be easily reloaded whan
installed om a vehicle; the barrel was right next (o the gun port, or protruded over the edpe of the
deck, and someone had to be able 1o reach the barrel to ram powder and shot down its mowth. The
solution was v mount the gun on a sliding or wheeled carviage which would recoil back when fired
and could then be hauled back into place after reloading using ropes. TL3 to early TLS muzzleload-
ers over Blmm {1 20mm if low- or very-low-powered) reguire o carmage.

freechfoader (TL3): The weapon is reloaded after each shot is fired by inserting the ammuni-
tion through an opening (breech) in the back of the weapon, which s faster than muzzleloading. In
large weapons, one or more loaders may be required to assist. Breechloaders only become reliable
in late TLS. Earlier, difficulties in scaling the breech against the escape of propellant gas make
themn very malfunction-promne.

Manal Repeater (TL5)1: These require the gunner to work a lever, bolt, pump, slide or crank to
load a new round from the magazine im0 the chamber, and then a separate trigger pull w fire,
Hounds are normally stored intemnally in a clip or tube, but TLA+ manual repeaters can optionally
be bailt 1o use box magazines; while magazine weight increases, so does RoF.
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Revolver {TLS): This uses a rotating cylinder to store rounds, TLS revolvers are single action
and require re-cocking after each shot; TL6 are double action, allowing more rapid fire, The main
limit on & revolver is the small number of rounds that can be carried in it. The revolver mechanism
is mainly used for pistols. but some modemn grenade launchers use it as well. A revolver weapon
can be loaded with different ammunition in each chamber, permitting the gunner to select the type
of round to be fired by rotating the cylinder (a Ready maneuver). If the weapon 15 a revolver, select
the number of chambers in its cylinder (a: least three): this will determine the shots it can fire
before reloading and will also affect the weapon's weight

Mechanical Gatling {TL3): This is a mechanical, repeating weapon using multiple barrels (the
exact number need not be specified in the design — it was uswally a half-dozen or so0), where the
mechanism is wmed by some form of hand-crank or lever, This type includes American Gatling
guns as well a5 the operstionally similar Mordenfeldt and Hotchkiss rotary cannon.

Slaw and Fast Auroloader {TL6): The gun taps the gas, recoil or electrical power of the firing
weapon 10 load itself after firing, or uses a mechanical loading mechanism to do the same. Slow
autoloading weapons have lower rates of fire than fast autoloaders,

Light and Heavy Airomatic (TLO): The gun wses a mechanism that taps the gas or recoil pro-
duced by firing to reload a new shot and eject the old casing so that shots continue to fire as long as
the trigger is held down. Heavy automatic weapons use belts, drums or cassettes of ammunition
Light automatic weapons use a less rugged barmrel and mechanism, fire shorter bursts and use
detachable box magazines rather than belts,

At TL+, any autoleader or automatic mechanism may be eleciric, This means it uses an elec-
tric motor rather than gas or recoil action. This is sometimes called a chafn gun acton, It gives
superior reliability, but there is a power requirement. Electromag or gravitic guns with light or
heavy automatic actions are afways eleciric, wpping a portien of the electrical power used 1o propel
their rounds to work their mechanism.

Eleceric Geatling (TLT): This is an electnic automatic weapon with multiple barrels. This weapon
uses the “Gatling” principle to fire. After each shot is fired, ancther barrel rotates inte place and the
next shot 15 fired threugh it This allows each bamel to cool between shows, allowing very high rates
of fire. Decide how many barrels (up to seven) the weapon has = more barrels means a better rate of
fire but greater weight — and record it as “six-barrel electric Gatling™ or the like,

We decide the gun is a six-barrel electric Gatling.

Option - Extra Barrels

A muzzleloading or breechloading gun can be bailt with multiple fixed barrels, The most com-
mon uses of this are double-barrelled shotguns and multi-barrel heavy mortars for firing spreads of
depth charges against submarines. The rate of fire of a weapon with extra barrels will be slower
than that of a true Gutling gun. but the weapon can fire each barrel singly or in combination.
Record the number of barrels using the format “nb” where n is the number of barrels, e.g., &b,

GUN STATISTICS
Malfunction (Malf.)

The weapon’'s malfunction number. If the die roll to hit 15 equal or greater than this, the
weapon malfunctions and ceases w work. Determine Malf. using this table:

Malfunction Table

Explasive-Class Ammunition

This ammunition inflicts damage primari-
Iy through a chemical explosive filler.

LE, Low Explosive {TL5): A pre-20th
cenfury black powder-hased explosive with a
casing designed to split into sharp fragments

HE, High Explosive (TL6): A modern
explosive round using TNT or a more
advineed filler, such as Composition B, inside
a vasing designed 10 splic o multiple sharp
fragments, HE is very effective sgainst stric-
fures or unammored people, but less so against
armared vehicles, Ulra-tech rounds use much
miore ady anced explosive materials,

HEC, High-FExplagive Coneussion {late
TL6)x: This i simply o high-explogive round
without a heavy fragmenting case but with
mere explosive filler.

SAPLE (TL3) or SAPHE (TL6), Semi-
Armor-Pigrcing Explosive. A semi-armor
piercing round is a LE or HE warhead with a
delay-impaet fuse so it does not detonate
immediately upon striking acmor, mstead pen-
etrating {doing crushing damage) and then
exploding, This mukes it much more effective
against armor, SAPLE and SAPHE are the
standard rounds fired by TL5-TL6 warships
and are often used by arcraft cannen.

APEX, Armor-Piercing Explosive (TL7):
This is a hardened round with a smaller
explosive charge than SAPHE b betrer pen-
etration against anmor,

HEDC, High-Explosive Depth Charge
(TLA): This i« an HE warhead with ither a
timer or pressure-sensitive fuse that will only
explode after being fired into ligoid and drop-
ping 10 a pre-set depth. They are normally
used to attack submarines,

HEPF, HE Proximity-Fused (lote TL6):
These rounds are ordinary HE rounds with
one excepiion: they have a tiny radar (or for
lute TL7+ systems, sometimes a laser) that
armis the fuse an instant after firing and deto-
mates when the round comes within a set dis-
tunce of the target o the ground. They are
very effective aganst aircraft and are com-
monly used by anti-aircraft guns and in war-
heads on air-ro-air and surface-to-air missiles.

HESH, High-Explosive Squash Heod
{TL7): This 15 also called High Explosive
Flastic (HEF. It 15 an explosive “shaped plas-
tic” anti-armor round thet i different in prin-
ciple from HEAT. A HESH round hits anmor,
fanens out and explodes: the shock wave of
the explosion is transmited through the
ammor, which shakes things loose and causes
hits of armor and

TL Malf.

* A breechloading caanon built w TL4
of less is more likely o malfunction,
Reduce Malf. by 3. e.g., 13 becomes 1.

“Cnt.” means it only malfunctions on a
critical failure. Crit. improves to “Ver™
("werify”} if the gun has an electric loading
mechamism, or caseless or liquid propellant,

or a reputation for guality (see below). This
means the weapon is very reliable: on a critical failure, roll against unmodified weapon skill to ver-
ify the critical failure, with only a failure meaning a malfunction occurs. Otherwise, it is jost a

equipment  to fly
arcund, injuring the
crew and infliciing
damage. Taday,
HESH are mainly
used by the British
army (they were used
extensively in the
fighting n Irag) and
by those who buy
British weapons. As
tank armor conlinues
10 improve, ey may
hecome maore popular,
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Shaped-Charge-Class
Ammunition

HEAT, High-Explogive Anti-Tank (late
Fi6): A HEAT warkead 15 a specially-con-
structed and shaped explosive charge. It con-
sists of a cone-shaped charge of high explo-
sive which, detonated momenis before
impact by means of a fuse or probe on the tip
of the round, will explode in such a way that
it transforms the metal liner of the round mio
a pencil-thin jet of hyper velocity metal trav-
elling at up to 25 times the speed of sound.
The kinctic energy of this jet enables it o
pencirate deecp into YETY Inugh AT,
Although the penctrating jet's digmeler is
very smiall, it is lethal by virtue of seiting fire
1o fuel or ammunition. boring through vital
compaonents, of killing crew members, HEAT
warheads were first developed in 1942 and
were used by a variety of World War 11 anti-
tank weapons such as the famous Bazooka
rocket. Today, HEAT is the standard war
head used by anti-tank rockets, missiles and
many cannon shells,

HEDP, H'fll;Fr }'.'_l:_llrfr.l wive Daal .f"'urp.'.l_te'
(TL7): This is a HEAT round with a heavy
fragmenting case bul somewhat reduced
armor penetration. It is & compromise round
between HE and HEAT. Modemn tanks often
carry a mix of HEDP, for use vs, sofler tar-
gets like infantry and light vehicles, and
APFSDSDL, for other tanks,

Bursting Rounds -
CHEM (TL6)

These contain chemicals of one sort or
another. They are rated for a burst radiug in
yanrds, and cover that area with gas or liguid
The exact filler should be specified, and
somee will increase the round’s cost bevond
that of an ordinary chem round. The fillers
they may be given nclude

Smoke (TLA): Covers an area with dense
chemical smoke. i impairs vision, the wse of
YAS sensors such as low-light TV, and laser
or laser-based devices, bui is easily seen
through by other sensors, like infrared or
radar,

WP, White Phosphorows Smoke (TLBY: A
combinatioh anti-personnel incendiary and
smoke screen, CWilly-Pete” rounds explode,
scattering burning white phosphorous frag-
ments and creating an instant
smoke sereen, Double the cost,

Frismatic Smoke (TL8); This is
wlentical w normal smoke, cxeept
the cloud forms immediately, and
it impairs lasers, Double the cost

Hor smcke (late TL7) is much
the same as ordinary smoke but
torms istantly, incorporates parts-
cles tha block infrared and ther-
mograph sensors, and only lasts
half as long. It costs twice as much
as mormal

Blackowt Gas (TLE ) Crestes a
nearly opague cloud of thick, inky
black smoke in the area of cffcct
that totally blocks vision and
lasers, amd impairs infrared-1ype
sensors, Triple the cost.

WERPONRY

miss. Crit. improves w “Ver, (Crit.)” if the gun has two or more of the three traits listed above
Treat this exactly as Ver., except that the second =kill roll must be a crineal failure for a malfunce
LiEH 10 OO,

Gun'Launcher: T the weapon is a gunflauncher, its malfunction chance remains the same as
any other gun. But any time & round is fired and the number is one fess than the normal  Malf,
chance (e.g., 16, if 2 malfunction is on a critical) the vibration from firing has damaged the missile
launch system electronics. This prevents a guided missile being launched. but has no effect on the
faunch of unguided missiles

Reépurarion for Qualiry: The GM may designate some types of weapons as especially reliable,
These are well known for their service reliability (eg_, the M1%11 Colr .45 or the M2 .50 Browning
machine gun). Such a weapon is not necessarily heavier or more expensive, but it is one level more
reliable than usual.

Malf. is normally critical (Crit.) at TL6+, but since the weapon has an elec-

lt:hi: h;llng loading mechanism, its Malf. becomes Ver. The gun is very unlikely
am

Type and Damage (DAM)

IF the weapon will fire solid Kinetic-energy type projectiles, caleulate the basic crushing dam-
ape it does when firing a solid round. This will then be used to derive the damage of all other, more
advaneced forms of kinetic energy ammunition.

KEDAM =B <L« B« TxP.

£ 15 bore size in mm

L depends on burrel length, and is 0.3 if extemely short, 045 if very short, 06 00 short, 0,75 if
medium, 0.9 if long, 1.05 if very long or 1.2 if extremely long,

7 is 1 if a conventional gun, 4 if electromag, 6 if gravitic.

Tis 1if TLE+, 0.75 if any TLS gun except muzzleloaders, (L666 if TLS muzzleloader or TL4- gun

P is 0.25 if extra-low-powersd gun, 1.5 if low-powered, 1 otherwise,

We multiply B (7.62) < L (0.9, long barrel) < & (1, conventional gun) = T (1,
TL7+ gum) = P (1) = 6,858 dice of damage. We decide to round this to 7d dam-
age to match other GURPS 7.62mm ammunition.

mrees>»m

Often, the damage formula will give awkward numbers, like 97.5 dice of dumage. The sidebar,
Eapressing Dice of Damage (p.97) explains how o handle this.

Damage of Other Ammunition

This can be determined after the weapon is actually designed, depending on the vpe of ammu-
mition it is loaded with: the damage of explosive ammunition is solely based on bore size and TL,
while that of non-explosive rounds is derived from that of solid KE Damage. See the Amnerition
Tableonp, 112,




Half-Damage Range (1/2D)

This is the range beyond which accuracy
drops 1o 0, and furthermore, at which the crush-
ing or impaling damage iz halved. {Rounds
doing Exp, or Spel. damage are unaffected.) To
determine a gun's 1,20 range (in yvards) wse
this formula:

1/20 = (square root of B) < S =B« L =P«
T.

B is bore size inomm.

5 is 375 if bore size is 6mm or more, 250 if
below Gmm.

7 is 1 if conventional gun, 4 1f clectromag
gun, & if gravitic gun.

L depends on barme! length and is 0,13 if extremely shor, 0,27 if very short, 0.33 if short, 005 if
medium, 0.75 if long, 0.9 if very long, 1.2 if extremely long,

Fis 025 il extra-low-powered gun, (03 if low-powered gun, 1 otherwise.

Tis 1 T TL74, 0.9 if TL&, 0.75 if late TLS rifled gun, 0.5 if other TLS- gun.

IT caleulwed 112D range is 1.000 yards or more, round to the nearest 100 yards {nearest 1,(KK)
il 10N yards or more). IF 1/20 range is greater than 100 yards but less than 1,000 yards, round to
the nearest 10 yards, Otherwise round o nearest vard.

To find the 1/20 range we multiply B (square root of the 7.62mm bare size,
or 2.76) = 5 (375) « & (1, conventional gun) = L (0.75, long barrel) < P (1) = T (1,
TL7+ gun) = 776.37, which we round to 780 yards.
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Maximum Range (Max)

This is the gun’s maximum range, assuming a moderately flat trajectory. The maximum mange
15 determined as follows:

Max = [(square root of 1/2D range] < R] + 1/2D range,
K is 80 for TLA- smoothbore guns, 120 otherwise.
If Max range is 1LOOO yards or more, round to the nearest 100 yards (nearest 1000 3F 10,000
vards of morel. If range is greater than 100 yards but less than 1,000 yards, round to the nearest 10
vards. (nherwise round to the nearest yard,

Max range is calculated as (square root of 780) = 120 (“otherwise™)
+ 780 = 4,131.4. We round to 4,100.

fadivect Fire Range: If the round is fired indirectly on a high ballistic arc, its range is 2.5 times
the May range. However, indirect fire (pp. 179-181) rules will apply, which always resulis in a siz-
able penalty 1o hit.

Accuracy (Acc)

This is the gun’s Accuracy. It depends on the 172D range in yards:

Gun Accuracy Table
12D Range Ace _ 1120 Rang

~Are -

10001499 14

2,000-2,999

N-449

These modifiers affect accuracy:
If conventional smoothbore gun; Halve Ace at TL3-5, rounding down; -2 Acc at TLA+.
Loading mechanism: -1 if conventional smallarm (bore size under 20mm) thar is autoloading
or light automatic,
CLEGP: These use special rules — see CLGP sidebar on p. 181

Bursting Rounds -
More CHEM

These CHEM warheads can also contain
offensive chemical weapon apents. GURPS
measures poisons and drugs in “doses,” The
cost of these “doses™ is added 1w the CPS for
a CHEM round as determined from the
Ammunition Table on p. 112, The number of
“doses” required Tor a CHEM round is;

Doses=R = (R-1)/3

Where B is the burst radins of the CHEM
rounid. The minimum number of “doses"™ is [,

Tear Gias (TLA): See BI32. Cost is $0.5
per dose

Mustard Gas (TLo): See B132. Cost is $1
per dose.

Nerve Gas {late TL6}: This lethal gas
causes the nervous system to malfunction,
resulting in death. 1t 15 actually a fine liguid
aerosol spray rather than a trse gas; only a
fully-sealed suit or veliucle is effective against
it It dissipates within minutes. Cost is $5 per
dose,

Persistent Nerve Glas (laie TLaY: This is
nerve gas ihat will not dissipate for several
days! Cost is 55 per dose,

Pesticides and Herbicides (TLAY: Thesse
are wseful for spraying crops, killing insects
or defoliating vegetation, Exact effects are up
in the GM. Some are harmless; others will
have the same effect as lear gas or even nerve
gas on anyone in the cloud! Cost 15 $00.5 per
o,
Sleep Gas (TLE): A high-tech respratory
agent that will knock out anyone in the cloud
who is not wearing a pas mask. Cosi is 35 per
dose,

Bioagents (TLG): These are discase
spores, Exact effect depends on the discase
they are designed to spread, Bioagents are
considercd “weapons of mass destruction™
because they can spread uncontrollably
infect wide areas. Cost is normally $10 per
dose, but may vary.

Nartechnologioal Agents (TLY+): These
spread clouds of nanomachines. Effects vary
from destruction o mutation; see p. ROT0-71
Tor details,

Other Agents: The GM should feel free to
come up with more exotic chemical war-
heads. For some examples, see p. RU26,
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Bursting Rounds -
Submunition Warheads

These scatter numercus, small, grenade-
like projectiles over their burst radins. They
can only be fired indirectly 0 attack surfuce
targets — they arc gencrally used by artillery
1o kill concentrations of encmy soldiers or
vehicles,

See Bursting Class — Submunifions on p.
192 for details of their combat effects

TCM (TLT): Thus stands for “improved
conventional munitions” or “cluster muni-
tions" and refers to their superior effect over
ordinary artillery HE. ICM burst overhead,
seatiering grensde-sized bomblets with dual-
purpose shaped-charge and high-explosive
warheads. The ferm “pink mast” was comned
tir describe the effect of a clusier munition
attack on people.

SICM (TLRY, “Smar ICM™ consists of a
round filled with a smaller number of submu-
nitions than ICM, but each one has its own
homing warhead and target secker. These
“skeets” spiral down on parachutes or seed-
like Foils lookimg for largets, and when they
find one, they explode in mid-air. The explo-
sive shapes the submunition’s metal into
something known as an explosively forped
fragment (EFP). The EFP is a chunk of dense
meetal that shoots downward ol an extremely
high velocity, hopefully penetrating the roof
ol the targel vehicle, It they fail o explode
but hit the ground, they remain as land
mines!|

SATNUC (TL9): This stands for
SATuration MUeclear Cluster. SATHUC are
much like SICM, except that instead of an
EFP warhead, each submunition is armed
with tiny smart-nuke with a shaped charge
effect! *Pink mist” does not begin o describe
the effect These weapons are the standard
indirect-fire nuclear weapons used in the

game (igre,

Comtinied on next page .

WEAPONRY

The Accuracy number for 1/2D range of 780 is 13, and there are no
applicable modifiers.

Weight (Wt.)

Ihis is the weight of the unloaded weapon, without any ammunition,
Conventional Gunx: To find the weight of a conventional smoothbore or rifled gun, use this

formula:
Ewt.=B«B=<LxPx8xTxR.

# is bore suee momam.,

L is 0.1 if the barrel is extremely short, 0.2 if very short, 0.3 if short, (L5 if medium, 0.75 if lomg, 1
if very long or 1.25 if extremely long

£ 15 0.25 if extra-low-power, (L5 if low-power, | otherwise, unless weapon is light or heavy auio
matic; then, P is 0.5 if extra-low-power, 08 if low-power. | otherwise,

5 depends on bore size.* It is 025 if up to 23mm, 0.375 if 26mm-40mm, 0.5 if 41-50mm, 0.75 if
S1-60mm, | if over 60mm.

Tis25a1 TL3, 2at TLA, 1.5 ar TLS, 1.2 at TL6, | at TLT, 06 at TLA+

R is 0.4 if muzzleloader (0.8 if it requires a carmiage): 0.6 if breechloader; 0.6 + (0,05 per chamber)
if revolver; .75 if manual repeater or slow autoloader: 1 if fast autoloader or light avtomatic; 1.5 if
heavy automatic or mechanical Gatling: 1.2+ (0.3 per barrel) if elecic Graling.

Extra barrels: If a non-Gatling weapon has exira barrels, multiply weight by (L7 + ({03 per barrel),

* AbTLA+, trest bore size as half its acual diameter if low-power or 174 dismeter if extra-low-power,

Round off weight to two digits,

The gun’s weight is calculated using the formula given above. It warks out
to: B (7.62) = B (7.62) = L (0.75) = P (1) = § (0.25) = T (1) < R (3, since it has six
barrels) = 32.661225 Ibs. We round off to 33 Ibs.

Electromag and Gravitic Guns: To find the weight (W) of one of these weapons use this formula:
Ewt.=B=xBxL«<BxP=«TxR.

B is bore size in mm.

L is 0.1 f the barrel is extremely short, 0,25 if very short, 0.6 if shont, 1 if medium, 1.5 if long, 2 if
very long or 3 if extremely long.

ris 1 if electromag, 1.2 if gravitic,

P is 0.05 if extra-low-power, (.25 if bow-power, | otherwise.

Tis | 3t TLE, 0.6 at TLY, 0.4 at TL10+.

R 15 (04 if muzzleloader (0.8 if il requires a carriage): 0.6 if breechloader: 0.6 (+ (L08 per chamber)
if revolver; 0.75 if manual repeater or slow autoloader; 1 if fast autoloader or Iight autematic: 1.5 if
heavy automatic or mechanical Gatling; 1.2 + (0.3 per barrel) if electric Gatling.

Extra barreis: If a non-Gatling weapon has exira barrels, multiply weight by 0.7 + (0.3 per barrel).




Snap Shot (5S)

This is the gun's Snap Shot number. The base 55 depends on the weapon s
unloaded weight {Ewt):

Under 2.5 [bs., 85 11

25w 10 1bs, 55 12,

10-14 Ihs,, 55 14

15-25 Ibs., 55 is 1 7.

20-4000 Ibs. 55 is 20

401 -2 0008 1hs., 58 is 25,

For larger weapons, 55 is 30,

Crun/Lannchers: Put off calculating 55 number until the launcher pant of
the weapon is designed, as it may increase Ewt.

The $5 number is simple: the weapon weighs 33 Ibs., s0 5S is 20.

Rate of Fire (RoF)

This 15 the number of shots the gun can fire in a ‘|.|r'g[~|_" second. It rrm]nl}r depends on the load-
ing mechanism and bore size, with some element of choice. Note that many guns are often buili
with a lower RoF than the theoretical maximum allowed for their mechanism and bore size 10 con-
serve ammunition and (for unconventional guns) conserve power

If & weapon has multiple barrels, this will further increase BoF — wee below, When calculating
RoF swutistics, always round fractional RoFs of | or more to the nearest whole number; if BoF is
less than |, round loading rime o the nearest whole number before finding RoF.

Muzzleloader: If bore size is under 120mm, RoF is 1590 ar TL3, 1460 at TL4, 120 at TLS, 1/8
at TL&+, Exception: if weapon is low- or extre-low-powered, RoF doubles, .g,, 1/8 would become
Lf4. If bore size is over 120mm, find the seconds required o loed and fire by dividing bore size by
L33 ar TL3, 2 at TL4, 6 at TLS, or 15 at TL6+. Convert this load-and-fire time into a fracion to
get RoF, e.g.. 6 seconds becomes RoF 106, Again, double the RoF if weapon is extra-low- or low
powered.

Breechloader TF bore size is up to 60vman, RoF s 1440 a0 TL3, 1520 ar TL4, 1/5 a1 TLS, or 1/3
al TL+, Otherwise, find the seconds needed 1o foad and fire by dividing bore size by 1,5 at TL3, 3
at TL4, 12 at TL3, or 20 ai TL6+ and convert the time into a fraction o get the scwal RoF, e.g., 4
hecomes 14,

Kevolver: If bore is under 60mm, RoF is | if TLS or 3~ if TL&+. IF larger, RoF is 1/2 a1 TLS, |
at TLE+,

Manual Repeater: RoF is 1/2 unless
weapon uses box magazine (RoF 1) or is
low- or extra-low-powercd (RoF becomes
3]

Mechanical (Gatling: RoF s
(DX+5Kil 2 up to 60mm bore size,
{DX+5kill Y3 otherwise.

Mow Autoloader: RoF 1z | f bore size is
up to 3mm, If bore size is over 20mm, {ind the scconds required to load and fire the wespon by
dividing bore size by 20. Then turn the time to load-and-fire into a fraction to get the actual RoF,
¢.&.. 2 becomes 1/2.

Fast Autoloader. If bore size less than 20mm, RoF is 3~ If 20.1mm up to Mmam, RoF is 2-, If
31-60mm, RoF is 1, Otherwise, find the seconds required to load and fire the weapon by dividing
bore size by 40 Then m the time 1o load-and-fire into 2 fraction to get the actual RoF, eg., 3
becomes 173,

Light Awtomaiic: If bore size is up w 10mm, choose a BoF from 3 10 16, If bore size is preater,
the Rol may be up o 16/bore sizel,

Heavy Antomaric. If bore size 15 up to 20mm, pick any RoF from 3 to 20, If bore size is over
20mm, pick a RoF up to (400/bore siee ),

Edectric Gading: If bore size is up o0 20mm, pick a RoF up 10 (16,67 = number of barrels). 17
bore siee 15 over 20mm pick a RoF up 1o (334/haore size) x number of barrels.

Extra Barrels for Muzzleloaders and Breechloaders: 1f one of these weapons has extra barrels,
it can fire a number of shots equal o the number of barrels, singly or simultanemsly, but will take
the nomal time 1o reload each barrel after firing, Record this as two numbers separated by a colon.
The first is the number of barrels, the second is the turns it takes to reload a single barrel. Thus a
weapon with RoF 1/4 with three barrels would be written as RoF 3:4, This mcans it can fire three
<hots but takes four turns W reload per barrel after firing.

Bursting Rounds -
Submunition Warheads
(Continued)

Bursting Rounds — Other Types

Chaff (TL&Y bursts into a cloud of con
ductive strips cut to lengihs d;mﬂm:d b
reflect radar signals, which produces a huge,
diffuse target that can distract incoming mis-
stles or give the vehicle something to hide
bebund., TL6& chaff was aluminum Fnil; md-
ern chafl is wsually aluminized glass Fiber or
silvered nylon. Ultru-tech chaff may be much
more complex, and also affects ladar: one
possibility is chaff that alters ity shape as it
falls to better reflect particular wavelengths
of redar or ladar; ultra-tech chaff may also
absorb energy instead of reflecting it. For
burst radius, weight, volume and cost, reat i
as a2 CHEM round, but burst radius is five
tirmes normal,

Searsnell (TLAY Also called |jl|_|1'|1'in-.'3l::ing
or flare rounds, these are million-candiepow-
cr ]'lﬂri'.'ll.‘l'lu'll.‘ Hares. Ta tunciion ||[|;;||:||:1'|:,',
they must be fired high into the air whers
they float, supported by a balloon, parachuie
o the like. For burst radivs, weight, volume
and cosi. treat it as a CHEM round, but “burst
radius™ {1.e., the area illuminated) is 100
Tutes normal,

FASCAM (Field Artiltery Scatterable
Mimes) (TLI): This Jispr_'n-e-:s a cluster of
pressure-sensitive anti-ammor mines over the
ared of effect.

Napalm (late TLE) 15 an incendiary chem-
ical agent, Mapalm shells and firebombs con-
tain a mix of 23% gasoline, 25% benzene,
and 509 powdeted aluminum or polvsiyrens,
Mapalm uses phosphorous as an iEmiter: when
the casing is cracked, the phosphorous ignites
spoatanenusly on contsct with air, which sets
off the napalm. A1 high TLs, napalm iz still
used, liIL:llgii the av i|i.|<'|:|1i|';[:.' of sealed, air-
tight armor at TLE+ makes it less useful
against soldiers, It is very effective versus
lightly-armored guerrillas, anti-corporate
demensirators, ete. For burst radius, weigh,
volume and cost, treat i &5 a CHEM round.

Super-Mapaim (TLY) 15 like napalm but
much more effective. 11 s also twice as cosl-
Iy,

Tarngler (TLEE This anti-personnel burst-
ing ammunition type is normally fired from
conveniional, very-shon-barmelled, 40mm,
extra-low-power guns, but it can be used in
any kind of round. It expands oat into a net of
sticky capture strands thal can immobilize
anyones within the area of effect! For burst
radius. cost, etc., inear as CHEM.
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Nuclear Weapons

Muclear weapons were first developed in
the United States during World War 1, amd
used to end that war in 1945 by devastating
Hiroshima and Nagasaki in Japan.

A muclear explosion occurs when atoms
are violently split apart (fission, as in an
atowmic homb) or fused together (fusion, as in
a hydrogen bomb). A simular effect can resalt
from the direct conversion of maiter inio
energy (inan antimatter bomb),

Any fission, fusion or antimatier explo-
sion produces an immediaie blinding flash of
bluish-white light and ultraviolet radiation.
Adr is heated to abou 18 0000%, creating
an expanding fireball and wave of heal. This
is followed by a concussion, and in aomos-
phere, by a secondary blast of hurricane-
force winds produced by the heated air. 1F the
weapon exploded near the pround, dust and
debriz will be sucked into the air, formung a
mushroom-shaped cloud. Some of the debris
in this cloud is radicactive, and when it falls
o earth will contaminate an area downwind
with “nuclear fallou”

There are several types of nuclear
WEAIOI.

A fiszion {or “atomic bomb™) warhead
consists of a radipactive, newtron-emitting
material {plutonium or wranium 2351 in a
neuiron-reflective case surrounded by a
shaped, high-explosive detonaror. When that
explodes, it collapses the bomb material into
a supercrtical mass which undergoes rapid
nuclear fission.

A classic fusion {or “hydrogen bomb™y
warhead is a "double stage™ weapon: it con-
sists of o hydrogen 1sotope core surrounded
by a shell of fission bomb moterial. The fis-
sion homb 15 triggered, and the heat and pres-
sure causes the hydrogen isotopes in the core
to undergo a more powerful fusion reaction,
releasing much more energy. Many fusion
bombs are designed with a “third stage” —a
second shell of normally inert wranium
around the fission bomb material, The inztial
explosions release high energy newtrons, set-
ting off the outer uranium shell in a second
fission reaction. The result 15 & much mors
powertul “fission-fosion-fission™ blast.

Higher-TL hydrogen bombs may use
more sophisticated laser fusion tripgers — see
Micromuke Warkeads on p. |10 The main
advantage of this s that the fusion explosion
can be tnggered withouwt the need for a fis-
sion explosion. This means that smaller
explosions are possible, and also “cleaner”
explogions, sinee il is the fssion blast that
reaponsible for most of the fallout.

Antimatter Bombs hold antimatier in a
maghetic or gravite “bottle” o keep it from
touching nommal maner. When the warhead is
triggered, the bottle collapses, bringing it into
contact with the normal matter in the war-
head casing. The antimatter and an equal
amount of matter instantly annihilate each
other, releasing tremendous energy. Due o
the cost of producing antimatter, thess bombs
are very rare uniil TL 10+, when fusion
power allows cheaper production of antimat-
ter. However, given encugh antimatter, the
bomb itsell 15 a relatively simple device: anti-
matter can be produced and contamed today.

The weapon is an electric Gatling and the 7.62mm bore size is less than
20mm so RoF can be up to 16.7 < 6 {(number of barrels) = 100, We select RoF 100.

Weight Per Shot (WPS)

This is the weight of a single round of ammunition including both the projectile and propellan!
charge (1f any}). To find WPS use the appropriate formula;

TL5- smoothbore gun: WPS = (B cubed/125,000) > P« L.

Other conventional gun; WPS = B cubed <D = P L,

Electromag or grav gun: WPS =B cubed < D « P,

Where:

B 15 bore size inomm.

I is D.OD003TS if cannon, 000005 if small-
anm.

F s 0.2 of extra-low-powered, 0.5 if low-
powered, | (therwise,

L depends on barre] length:

If smallarm, 3 if barrel is very long or
eatremely long, 2.5 if medium or long. 1.5 oth-
Erwise,

If cannor, 2 it barrel is very or extremely
long, 1.7 if medium or long, 1.5 otherwise,

Chher Modifiers: Muluply weight of all
recoilless or rocket-assisted ammunition by 1.3,

The weapon is “any other gun” so we calculate WPS as B (7.62mm) cubed »
D (0.00005 since it is a smallarm} < P (1) < L (2.5 for long barrel on a smallarm),
or 0.05530 Ibs. We round to two places and record a WPS of 0.055 Ibs.
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Volume Per Shot (VPS)

Gun ammunition requires WPS/150 cf.

WPS 0.055/150 = 0.000366, which we round to a VPS of 0.00037.

Cost Per Shot (CPS)

The cost per shot is the cost of a single round of gun aimmunition, including propellant. Find
the cost of one round vsing the formula:

CPS = WPS < CI/TI.
Where:
WS is weight per shot,

Cl1 s 88 if electromag or gravitic gun, $2 otherwise.
Tiis 100af TLA-, 4 if TL6., 1 if TL7+.
Eound CPS off 1o two places,

The minigun’s GPS is WPS (0.055) = CI ($2) < TL (1) = $0.11.
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Power

This only epplies for weapons that are
electromag or gravitic guns, or weapons
with clectric automatic or electric Gatling
loading mechanizms.

Conventional gun with electric auto-
matic or electric Gatling loading mecha-
nism:

Pow. = 0.1 kW = WPS = RoF.

Electromag gun with or withom elec-
tric mechanizm:

Pow. = 5,000 kW < WPS <L =P =

RoF.

Gravitic gun with or without electric
micchanism:

Pow. = 500 kW = WP3S = L = P  RoF.

Where:

WPS is the weight per shot,

L depends on barrel length: 0.1 if extremely short, 0.2 if very short, 0.4 if short, 006 3 medium,
08 il long, 1 if very long, 1.2 if extremely long.

# depends on gun power: (L6235 if extra low, 0,25 if low, 1 otherwise,

Rof is the Rae of Fire.

The gun is a conventional gun with electric Gatling loading mechanism and
RoF 100, so power = 0.1 kW » 0.055 (WPS) < 100 = 0.55 kW.
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Loaders (Ldrs.)

Some weapons may require 4 erew of one or more loaders to assist the gunner in reloading the
weapon or working the mechanism. Only muzzleloading, breechloading, revolver or manual
repeater weapons over bbmm may require loaders. Number of loaders required (Ldrs.) is equal to;

Ldrs. = [(B/6)-1] <C = T.
B is bore size.

Tis 4 at TL3, 3 an TL4-5, 2 at late TL5, or 1 at TL&+.
€ is | unless weapon is & muzzleloader that requires a gun carmiage, then C is 2,
Rewnd all fractions up! A result of 0.1 would stll mean one loader is requined

No loaders are required.

Cost

This is the weapon’s price. It depends on empry weight and other factors. (If building a
gunflauncher, put off calculating gun cost until after the launcher pan of the weapon is designed,
since the weapon's full weight will not be known until then.

Cost is based on weight (W) using the formula below:

If Wi, is under 10 Ihs. cosi = ($50 x Wi} + $250

It Wi is 10 1o 100 [bs, cost = 575 = Wi,

It WL 15 over 100 [bs., costis (325 x W) + 35,000,

Some features modify the final cost of the gun. All are cumulative:

Ceonventional Gun: Divide cost by 10 if TL3-5, by 5 if TLG, by 2 if TL9, and by 4 if TL10+.
Multiply cost by (LB if gun is smoothbore, Multiply cost by 1.5 if gun uses cither an electric or
electric Gatling loading mechanism,.

Elecirowmag Gun: Multiply cost by 16 at TLE, by 8 at TL9, or by 4 at TL10+.

Giravitie Cun: Multiply cost byl 6at TL1L, by 8 at TL12, or by 4 at TL13+.

Ay GuniLauncher: Double coat in addition to other modifiers!

Round off cost to two places,

=&

Tactical and Strategic Nukes

Muclear weapon yield is normally mea-
sured in kilotons (kL. explosive force equal o
& thowsand tons of TNT} or megatons (M.,
%qtl-ili in explosive foree (o a million tons of

WT).

The division between o tactical and sirate-
gic nuclear weapon is tenuous — the Cold
War joke was thal a tactical nuclear weapon
was one that landed on Germany, In general,
tactical muclear weapons have yields under
tett kilotons and are intended for smushing
armies and supply sites, Strategic nukes are
of ten or more kilotons vield and are used o
destroy cities and “hand™ wrgets like under-
eround missile silos or command posts.

Use of nuclear WEAPONE 0 Of abowe an
inhabited world is often restrained due to
political, humanitarian and environmental
considerations. Hevond a planet’s orhit, there
is lexs to damage: nukes of all sizes are
attractive weapons for space missiles

4 kileror: Concussion damage is 12d =
2,000,000, For every 128 yards from the
impact sile, gquarter concussion damage.
Minimum hore size 1o fre is 129mm a TLT,
[0rmm at TLE, T5mm at TL9, 50mm at
TLIG and 25mm at TL11+. Cost is the same
as a weapon with a HEAT warhead, plus
36,000,

10 kiloton. A small sirategic or large tac-
tical weapon, similar in yield w the bomh
dropped on Hiroshima, Concussion damage
is 12d x 20,000,000, For every 256 yards
from the impact site, guarter damage,
Mimmum bhore size to fire 15 150mm ar TL7T,
| 25mm at TLE, 1{mm at TLY, 75mm ar
TL1G, and S0mm st TL11+. Cost is the same
as a weapon with a HEAT warhead, plus
42000,

J00 Giloton: A “sirategic™ weapen able to
totally destroy a city, It does 12d =
200,000,000 concussion damage. For every
512 yards from the impact point, quarter the
damage. Minimum size o fire is 200mm at
TLT, 175mm at TLE, 15 0mm at TLY, 125mm
ar TLO, and 100mm at TL1 1+ Cost is the
samc a3 a weapon with a HEAT warhead,
plhus S48 000,

Continuwed on eyt page .
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Tactical and Strategic Nukes
(Continued)

[ megaton: A large “strategic” bomb,
capable of wrecking everything within a five
mile radius and causing serious damage oul
1o about 9 mibes. It does 12d = 2 000,000,000
concussion damage, For every 1024 yards
from the impact point, quarter the damage.
Minimum size to fire is 250mm at TLT,
225mm a1 TLE, 200mm at TLY, [ 75mm at
TLAD and 130mm at TL.1 1+, Cost is the same
a8 a weapon with a HEAT warhead, plus
Sl D,

Extra cost of nuclear weapons 1s halved at
TLO-14 and halved sgain at TL15+.

Micronuke Warheads (TL9)

A micronuke b5 usually a laser-iriggered
deuteriuvm fusion warbead, although antimeat-
rer warheads are also used. Unlike earlier
multi-stage Ossion-fusion-hssion bombe, the
iden of a micronuke 15 to create a small
explosion — one that permits a truly tactical
nuclear weapon, packing the punch of no
maore than a ton or so of conventional explo-
sive in o projectile the stee of o prenade.

Micronukes can be used in any gun or
lakincher warhead., Minimsm weapon sipe s
A0mm at TL?, 30mm at TLI{D, 20mm at
TLIL, 1 5mim at TL12, 12mm at TL13, 10mm
at TLI4, T5mm at TL15, Smm at TL16. CPS
15 equal to the cost of a round with & HEAT
warhead, with an extra cost shown below;

00008 kilovar; 12d x 204} concussion
damage. For every & yards from impact
point, quarter the damage. Extra cost is
56,000

O Eitoron: 124 x 2000 concussion
damage. For every 16 vards from impac
point, gquarter the damage. Extra cost is
50, [0

L kileter: 12d ® 20,0600 concussion
damage. For every 3! yards from in'.'pul:'l
point, guarter the damege. Extra cost iz
$12.000,

0.1 kilevon: 12d = 200,000 concussion
damage. For every 64 vards from the impoct
point, quarter the damage. Extra cost 18
H15, 0D

Halve eatra cost at TL1 5+,

Advanced Gonventional Guns

Conventional guns of sufficient TL may
optionally have one of these special options,
If so, design the weapon and ammunition
normally, then afier the design is finished,
make 1he indicated modifications as
described below.

Plastic-Cased Ammunition
(late TL7)

Plastic-cased ammunition uses a light-
weight plastic case rather than a conventional
brass or other metal cose. Untl TLE, this is
not available for light or heavy automatic or
eleciric Gatling guns. Divide WP5S and VPS5
by 1.5, but double CPS.

Conttnned on next page . ..

The minigun’s cost is based on its 33 Ib. weight: weight - $75, or $2,475.
Then, because it is a conventional gun and has an electric loading mechanism,
we multiply that cost by 1.5 to $3,712.5. Again, we round off to two places,
leaving a final cost of $3,700.

MeO=X>xm

Shots

This is the number of shots ready to be fired without someone having o physically insert
another round of ammunition or a magazine into the weapon

For muzzleloading or breechloading weapons, Shots equals the number of barrels (normally
one). For revolvers, Shots equals the number of chambers. Otherwise, record “var,,” indicating that

the number of shots varies depending on how muech resdy ammunition 1s camed aboard the vehi-
cle, ready to be fed into the weapon.

We're now done — the gun is ready to be installed in a vehicle! Come up with o name for the
gun and record the statistics in an easy to use format. For instance:

“Minigun; T.6Zmm conventional, ritled, G-barrel eleciric Gatling gun. (W 33 |bs,, 53,700,
Solid ammo: WES 0.055 Lbs., VPS (L,00037, CPS 80,11, Pow. 055 KW. )"

Malf. Type Damage 55 Ace 120D Max  RoF Shors
762w Mirmigun Vear, Cr. Td 20 13 TRO 4,100 100 var,

(THER AMMUNITION

I'he basic wespon statistics prn‘;ld.{‘ the combat statistics for a weapon that uses mdm;u:,- solid
rounds, Obviously, weapons will not always use this simplest of projectiles! Select the basic types
of ammunition that the weapon wses, This will determine the effect the round has when it strikes its
target. For detailed descriptions, refer to the sidebars of this chaprer.

Ammunition comes in several main cate gories:

Kinetic-energy rounds do their main damage through the kinetic energy of their impact, gener-
ally doing crushing damage.

Explogive rounds are filled with explosive filler. They do explosive concussion damage, and
sometunes scatter lethal fragments about as well

Kinetic energylexplosive ounds are fused to penetrate into armor before exploding. They mflici
both crushing and explosive damage.

Shaped-charge rounds use a specially-shaped hollow explosive charge that can penetrate deep
AT PTTRET .

Multiple profectile rounds contain many small pellets or darts.

Bursting rounds burst over an ares, scattenng bomblets, mines, flares, or chemicals such as gas
ar smoke.

Decide what ammunition the pun eses, Most guns can use dozens of different tvpes of ammuni-
tion. Jusi pick the ammunition iypes you want to work out the gun’s combai siatistics for,




Ammunition Types by Class and TL
TL Cliass

AP — an armor-piercing bullet,
APC — an armor-piercing cannon routd.

HF — hollow poin Het designed to expand in flash,
asth: ~ :.st.i o l‘LLr bullet,

APS - armor-piercing, saboted bullet,
APDU — improved APCR with d

Needle ~ a sliver-like projec

APDSHD - ultra-tech APDS with hyper-dense core.
1* APFSDSHD — hypervelocity, fin-stabilized APDSHD dan,
Explosive

HEC — HE Concussion, with big blast, little fragmentation.
HEDC — HE Depth Charge round for Icing submarines.

Nuglear or Micronuke — BOOM! See sidebars, pp. 108 to 110.
Kineric/Explo

APEX — armor piercing explosive cannon round,

Mucltiple Projectile
Shotshell — multiple shotgun pellets.

Beehive — high-tech shrapnel using anti-personnel daris.
Bursting

T+ ICM ~ cluster mumitions that scatter grenades over an S

&1 SICM — "Sman™ ICM that home in on mﬁ

t Omly available for smallarms of greater than 2mm bore size,

t Only available for smallarms of 2mm or less bore size. Superwire is only usable in electromag
or gravitic guns.

* Only available for cannon.

** Minimum bore size is 60mm; nuclear rounds may have other restrictions (see sidebars, pp.
108-110).

1 Minimum bore size is | 20mm ot TL7-, #0mm ar TLE+.

§ Minimum bore size is 10mm, except HEAT, HEDP, HESH whose minimum hore size is
20mm at TLG-7, 15mim at TLA, [0inm at TL9+,

See the ammunition sidebars for descriptions of cach tvpe!

We decide the gun fires solid ammunition.

mMrro=s=xm

Advanced Conventional Guns
(Continved)
Caseless (TLB)

Caseless weapons embed the projectile in
& “cake™ of solid propellant. This means the
weapon has no carridge ejection port,
enabling the mechanism to be betier protect-
ed from din. etc, Reduce the chance of mal-
Function by one siep (eg.. “Crit.” becomes
“Wer."). to 8 minimum of “Ver. (Crit.),"
Algo, caseless rounds are lighter and more
compact, 50 WPS and VP8 are halved.
However, the extra complexity doubles the
pun's Cost.

Inztead of using salid propellant, the
weapon injects high-energy liquid propellants
{stored with the projectiles) into the chamber
of the weapoen just before firfing, using a com-
puter to select the exact amount of propellant
needed to send the round the desired distance.,
They are treated exactly like caseless guns,
except thal cost 1s wripled rather than doubled.

By varying the amount of propellant used,
the gunner may choose o fire normal, low, or
hyper velocity shots. Hyper velocity adds +1
o Acc and multiplies KE damage, and 172D
and Max ranges by 1.5 Low-velocity shots
have -2 Ace and half KE damage, 120 and
Max, but the gun is effectively silent. and
recail is alan halved. Normal shots are

unchanged.
Electrothermal (TL8)

These guns use an electric charge 1o
vaporize 2 propellant into steam or plasma,
which expands ind smoothly accelerates the
round down the barrel ar high velocity, Unlike
conventional guns, they alse require a power
supply. They get +1 Accuracy, and multiply
KE damage and 172D and Max ranges by 1.5,
Their WPS, CPS and VPS are divided by 2.5,
but weapon cost guadruples, They also
require power. Calculate the power require-
meni as if the weapen were an electromag
zun, then divide by 10. For hand weapons,
add power cells using the rules for electromag
funs.
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Optional Missile Rules
These rules allow missiles to be cus-
tomized for special applications:

Submarine-Launched Missiles

Missiles with inertial guidance or inertal
guidance with some form of terminal homing
can be lounched from an underwater vehicle.
The missile will fse out of the water, and
then proceed normally (o ils target as directed
by its puidance system.

To launch successfully, the submarine
should be no desper underwater than | yard
per 2 miles of missile direci-fire range.

Missiles Carrying Torpedoes

A TLI+ missile muy curry a torpedo as a
warhead {this is often called a “stand off tor-
pede™), The missile must be given an inertial
guidance svstem. The missile is fired at a par-
ticular map reference. When it reaches the
desstination, 1t breaks up and releases the lorpe-
dir foften by parachute), which then plunges
it the water and ums on s gundance sys-
tem. It will seek out the neancst vehicle within
range and home in on il

Design the missile normally, but use the
torpedo weight as the warbiead weight (W),

Space-Combat Missiles

A rocket or missile intended for
spacelshipl-to-spaceiship) combat has differ-
enl characteristics than one intendsd for use
on & planet. A weapon launched in space
can’t use fins for guidance, atmospheric drag
doesn't limit its speed, it needn’t be stream-
hined, ond so on.

Ideally, a space-combal missile should be
built @s an wnmanned vehicle with & comput-
er for control and a self-destruct device (see
. 700, and its performance calculated as if it
were any other vehicle. In particular, this is
suggresied for building long-range, reaction-
less drive or FTL missiles which, with an
appropriate power plant, could cruise for
days or weeks, smee they require no fusl!

However, ordinary missiles, provided
they do not have sonar or wire guidance, can
be easily modified for use in space combat.
When desigring the motor, specily an socel-
erution in ¢ rather than a speed n yards per
second, Then record the G for speed — it 15
the missile’s sAccel rating — and calculate
Endurance as follows:

END = (MWt/WPS) ~ (P/G).

Where:

MW B the motor weighL.

WS is the weight per shot of the missile.

F is 260 at TL4-, 455 al TL5, 665 at TLG,
QR at TLT, 1120 ar TLR-10, and 1750
TLL1+

i iz the desired acceleration in gravinies,

END is the number of seconds of acceler-
ation of the missile at that G. 1M the formula
results i END under 0.3 seconds, the massile
design is not feasible. Alter speed and try
again!

B AR TR 2 T

Cannon-Lawnehed Guided Prajectiles (CLGP, late TLT): A projectle may be given a terminal
guidance system to help hit targets when fired indirectly (see sidebar, pp. 179-181). The minimum
size round that can sccept a CLGP system s 70mm an TLT, 40mm ar TLE, 20mm at TLY, 10mm a
TLI0, and Smm at TLE 14+ SICM and SATNUC do not require CLGP — they already use a form of it

Rocket Aszist (TLT): Gun ammunition of 20mm or larger bore size may be given a rocket
booster. This increases range but also ammunition weight and cost.

Ammunition Statistics

Tupe is the type of damage the ammunition inflicts.

Damage 1s the formula vsed to calculate the weapon's damage. A number in parenthesis such
as {2) is an armor divisor: armor DR is divided by that number vs. a direct hit. Mote that a ((.5)
divisor actually dowbles the protection of anmor DR, For bursting-class rounds (CHEM, FASCAM,
ICM, SICM and SATNLUIC), “damage” is the burst radius in yards,

Damage for kinetic energy rounds often has a x1.33 or %166 multiplier. 1f the round does 6d =
n KE damage, a <1.33 multiplier can be added by changing darmage 1o 8d = n and a =166 multipli-
eris 10d x n.

Rng is the multiple (or divisor) applied to the weapon's 1/20 and Max ranges when firing that
ammunition. - indicates range is unchangped.

WPS of “=" indicates the ammunition has the normal weight per shor, Otherwise, multiply or
divide WFS as shown, e.g., /1.5 means thal ammunition’s weight 15 divided by 1.5,

CP§ of "7 indicates the ammunition has the normal cost per shot. Otherwise multiply CPS as

shown for this ammunition type, e.g., >3 means that ammunition's CPS is triple normal.
Aee is the modifier to Accurscy when fimng that smmunition,

Ammunition Table

Ammunition Typre

Diamage

LISxKE(Z) #5
1.33%KE(3) 2 o =

APDU cr. =
166xKE(3) 5 1.5

025K E( 10)
1.33<KE(3)

CxX/16,000

BacSacH 10

(2.7xKE)/B
Id

Spel, 0.0075xBxB K. 10 &
Spel, 0.0075:BxB /1.5

E.nc assist



KE is the base kinetic energy damage of the weapon — the crushing damage it does with a solid
shot.

f is the bore size in mm.

15 the bore size cubed - B x B = B, Exception: If under 20mm, C is 400 = B,

Xis 0375 TLS-, 0.75if TLG, 1 if TLT, 3 if TLS8, 4.5 if TLO+

5 depends on bore size, and is 0.2 if 4dmm or less, (L3 if 45-4%mm, 0.5 if 50-54 mm, 0.7 if 55
o 59 mm, and 1 if 60mm or greater,

His 0251 TL6, 03754 TLT, 1 if TLS, 1.5 if TL9+.

* Also inflicts fragmentation damage as described on p. B121-122 if bore size is 20mm or larg-
er: [2d] for 20-34 mm rounds, [4d] for 35-59 mm, [6d] for 60-%4mm, [ 10d] for 95-160 mm. | 12d]
for larger warkeads, Fragment damage is recorded in square brackets after the explosive damage,
e, Gd= 100 10d].

 Damage multiplier is 1,84 = KE instead of 2 x KE if weapon is a rifled gun, A damage of 6d
* 0 becomes | 1d = n.

Special Cases

For CLGP, add 51,000 at TLT, S500 at TLE, $200 at TL? or 5100 at TL10+ For SICM, mini-
mum CPS is 1,008 at TLE, S300 at TL9, $200 at TL10 or $100 at TL1 1+ If SATNUC, minimum
CPS is $5,000 ar TL9, $2,500 at TL10+. For nuclear warhead cost, refer to the nuclear WO
sidebar (p. 109). HEAT/HEDP damage only applies to direct hits, calculate damage for near misses
as if an HE warhead.

LAUNCHER, TORPEDD AND MiSSILE DEsIGN

Launchers fire self-propelled projectiles, such as rockets, guided missiles and worpedoes. At
TL& and up, these projectiles can be guided. Becawse the projectiles are self-propelled, 4 launcher
i much lighter than an equivalent-sized gun: it doesn’t need strong, reinforced barrels or a recoil
carmiage. On the other hand, the ammunition — individual missiles and torpedoes - is heavier wnd
maore costly than most bullets or shells. As a result, launchers usunally have fewer shots than guns,

The same launcher can fire both torpedoes and missiles.

ORPEDD AND MISSILE DESIG

The ammunition for a launcher should be designed before the Tauncher itself. Missile and o
pede design is more complex than design of gun projectiles, because each missile or torpedo i
really a tiny self-propelled vehicle of its own!

F'o design a missile or torpedo, follow these steps:

Missile or Torpedo?

Decide if the round s a missile (TL3) or a torpedo (late TL3),

Missiles are self-propelled MMying projecriles with their own rocket engine, jet engine or reac-
tionless thruster, such as rockets or guided missiles.

Torpedoes are sell-propelled aquatic projectiles, wsually propelled by their own hydrojet, pro-
peller of reactionless thruster, and powered by steam, compressed air, a battery or u power cell,

Bombs

The first aerial hombs were hand
grenades dropped from a spotter plane by the
observer sifting behind the pilot, Basic air-
crifl bombs — known as “iron bombs” 1o dis-
finguizh them from other types — are metal
camisters falled with high explosive {ust like
an HE shell) and fitted with stabilizing fins,
Since they don't have 1o withstand the same
firing stresses as shells, a larger percentage of
the weight of an aerial bomb can be explo-
sive, making them more powerful than o sim-
ilar-sized shell,

Following the Firs World War, the tech-
nology of destruction progressed rapidly. The
Spanish Civil War demonstrated the power of
serial bombardment. At the start of WWIL,
HE bombs weighed between 100 and 2,000
Ibs. By the end of the war, strategic hombers
had aceess o bombs weighing up o 22,000
Ibs. Tor special purposes (like destroying
hardened submarine pens) as well as vanous
exotic lypes, and ultimately, the atomic
bamb.

Building Bombs

fron Bombs is the name wsually given (o
ordinary unguided bombs, They are buili
exactly like missiles or torpedoes except they
have no moter or guidance: just a warhead,
They can be built at any T, bl are rare until
TLé& when both fuses and flying mochines
become reliable.

Retarded Bomby (TLG) are iron bombs
that use a drogue parachute o slow their Fall,
allowing on aircraft to drop bombs at lower
alfitudes without being caught in their blass
the effecis of retarded bombs are further
described in the Bombing rules on p, 114,
Add 20% o the CPS of the bomib.

Smart Bombs (TLH) were experimented
with in World War T1, but were first widely
used near the end of the Viemam War, Smart
bombs are buill as guided missiles, except
they lack a motor, They usually have TV
guidance or semi-active laser homing, but
may have any guidance system

Diameter

This is the diam-
eter of the missile or
torpedo in millime-
ters, and governs
both how powerful a
warhead it has as
well a5 limiting its
maximum range, The
minimum diameter is
[Omm. Maximum
suggested dinmeter is
EELLL TN

Maost hatilefield
rockets and missiles
have a diameter of
60-360mm, while
ship-killing torpe-
does are in the 300-
fmm range.

except inertial, wire-gnided or bril-
liant, They are unpowered, using
their fins (o steer themselves as they
drop toward their largets, and — as
Desert Storm demonstrated — are
VETy accursle,

Special Warhead = Fuel-Air
Explosive (FAE] (TL7); This war-
head is a special tvpe, often used in
retarded or smart bombs. Minimum
size is 2(Mmm at TL7?, 150mm ai
TLE, or 100mm a1 TL%+. When an
FAE explodes, it first produces a
cloud of volanle gas and then ipnites
the gas, producing & huge firehall
andd concussion wave, Treat it exact-
Iy like an HEC warhead, but the
bomb inflicis 5 = pormal damage.
The warhead costs ten limes as
much as a normal HEC warhead.

Confinued on nexr page
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Bombs
(Continued)

Statistics

Most bombs do normal damage using the
rules for missiles. When working out the
crushing damage from bombs with kinetic-
enerey warheads, use a speed of 80 (a typical
terminal velocity = about |60 mph — for a
falling hamb},

Self-Destruct Systems

Vehicles may be fitted with built-in
bombs as explosive devices — this may be a
self-destruct svstem (sce p. T0). or can be
used 1o create kamikaze craft or robol mis-
siles. They may be detonated by operator

command ar by computer control.

Carrying Bombs

Bombs are treated as ammunition rather
than weapons; as such, they aren't included
a5 part of vehicle design itself, Instead, a cer-
tain weight of bombs can be attached to a
vehicle that has been designed with external
hardpoints {p. 94) or a weapon bay (p. 46).
The total load of bombs that can be carried is
limited by the capacity of the weapon bay, or
by the number of hardpoints and the maxi-
mum load they can carry.

Bombing

Bombing depends on the skill of the
crew, the equipment, and the altitude and
speed of the aircraft at the time of the drop.
Femember to count altitude when calculating
the speed/range modifier (when working out
diagonal distances, 1 yard of vertical and |
yard of horizontal distance count as 1.5
vards). If multiple bombs are dropped, the
GM should distribute the bombs in a “foot-
print” within the area they actually hir, using
dramatic license where appropriate. Sec p.
113 for bomb types and damage.

The aircraft must be flying siraight at the
target: it can't otherwise maneuver on the
turn it is bombing, Make a roll against
Gunner (Bombs -9, Apply normal combat
modifiers for targer size and speed/range.
Dion't forget modifiers for darkness, Subtract
4 if not wsing a bombsight, add +2 if using an
improved optical bombsight or +4 if using an
advanced bombsight, and add anv bonuses
for Targeting or Cunner (Bombs) software,
Treat any hombsipht bonuses as the bomhb's
Ace; it takes one tum of Aiming to gain
them. Due (o the adtomatic -9 penalty to
skill, almost any bombing roll will be o miss

use the Scartering rules on p. 176 lo deter-
mine by how far! A critical failure only
occurs on a roll of 18: the bomb bay door
jams, the bombs land on friendly roops, or
somveone set the fuses wrong and the bombs”
warheads don't go off {this happened during
the Falklands War).

Bombs should be dropped at reasomably
high altitude - normally 300 yards is consid-
ered =afe with most non-nuckear bombs, At
low altitudes, fragments from the bomb may
damage the aircraft!

Contisied on fext page . . .
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The warhead is the business end of the miksile or torpedo

First decide if the warhead is smalf, modese, normal, big or huge. A larger warhead generally
means more explesive damage but a considerably heavier and more expensive round,

Mext, select the type of warhead from one of the types available a1 the weapon's TL:

TL3+: Solid*, LE.

TL&+: AP*, APT*, CHEM, HE, HEAT, HEC, HEDC, HEPF, SAPHE®.

TL7+: HEDF, HESH, Hollow Point*, APDU*, APEX®, Nuclear, Bechive®, FASCAM®*, [CM*,

TLE+: SICM*

TLY9+: Micronuke, SATNUCE,

TLA1+: APHLDY,

¥ These warheads zre unavailable for wrpedoes.

See the sidebars for explanations of what each type does,

Warhead weight (Wwi ) Caleulate the warhead weight in pounds as follows:
Wwt. = (D cubed/125,000) = W.
Where [ 15 the diameter in mm, and W is 025 if small, 0.5 if modest, 1 if normal, 1.5 if big or
2 if huge. Round weight to two digits.

Warhead cost (Weosth: Caleulare the warhead cost, This is equal to warhead weight multiplied
a5 shown below:

=810 if Solid.

»«520 if LE, CHEM, HE, HEC, HEDC, Hollow Point, SAPHE.

=330 it AP, APDU, HEAT, HEDP.

#3400 if APHD, API, Bechive, HESH.

=350 if AFEX, HEPF.

4100 it FASCAM, ICM.

=$1,000 if SICM.

=% 1,500 if Micronuke.

»x$2.000 if SATNUC.

Davide the warhead cost by 10 at TLS-, and by 4 at TL6. Cost is unchanged at TL7T+.
Guidance

Missiles or torpedoes buili ai TL6+ may optionslly be equipped with a guidance system 1o
imprave the chance of hitting. The mindimum size for guided projectiles is 140mm at TL&, 70mm at
TLT. 40mrmn at TLE, 20mm at TLY and 10mm at TL14, If guided, select o punidance system from
the options below.

drertial Guidance (1G, TLG): The weapon is programmed to travel o a particular map-refer-
BACE point, staying on course with a gyroscope or other inertial navigation system. This guidance
system or brilliant guidance is used for very-long-range missiles, and are the only types usable with
indirect fire.

FPassive Sonar-Heming (PSH, late TL6): The weapon uses an acoustic sensor to find its target,
a method first used in World War 1. Sonar homing is usable only for torpedoes, not for missiles,

Active Sorar-Homing (ASH, late TLE): The weapon uses a small active sonar to find its target.
This is more effective than PSH, but has the disadvamage that the sonar's noise can be detectad by
the target, warning of impending doom.

Wire-Cowided (WG, Tate TLE): A punner steers the missile or torpedo like o remote-control air-
plane. The weapon receives signals from a wire that trails between it and its launcher, The gunner
sieers the missile via a joystick while keeping his sight aimed ar the targer, or by late TL7, simply
trains the sight on the target while the misgile steers itself. A distraction (like maneuvering or dodg-
ing enemy fire) will result in loss of control, Since they are connected 1w the launcher by a wire,
thess missiles cannot be very fast or long-ranged. TLE+ systems use an optical fiber rather than a
wire, but are otherwise identical,

Communicator-Gded (CG, TLO): This is like wire-guided, except that signals are sent to the
missile or torpedo through a radio (RCG), laser (LOG) or neutring (NCG) communicator. This
allows a greater range than wine guidance and can be used from a moving vehicle, but is valnerable
to any countermeasures that would jam the communicator signal, The vehicle must also have a
commumicator with range at least equal to the missile’s or torpedo’s range to transmil guidance
instructions. RCG systems are noi usable on tompedoes or bus missiles (p. 117).
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TV-fiuided {TVG, TLT): The missile has an electro-optical sensor — 2 television camera — in its
nosc that transmits a picture 1o the gunner's monitor. Tt is then steered by its operator to the targer.
The gunner does not have w keep the target in sight, The punner must have a communicator with
range at least equal to the missile’s or torpedo’s range, and also requires & computer terminal. Like
communicator guidance, TVG comes in radio (RTVG), laser (LTVG) or nestnino (NTVG)L. TVG is
not available for bus missiles (p. 117).

Wire-Guided/Active Sonar-Homing (WGSH, TL7): The weapon is nommally treated as using
wire guidance, but can also swilch to active sonar and use it instead of the wires, This Syslem is
common on modern submarine torpedoes, It is not usable for missiles.

Infrared Homing (TRH, TL7): A “heat-seeking” sensor on the weapon homes in on infrared
radiation. Early-TLT “rear-aspect” IRH is only sensitive enough to track very hot objects: the
exhaust pipes of engines, fires, or (by accident) the sun. Due to this lack of sensitivity, early-TL7
IRH missiles are generally only effective against aircraft, and only when fired at the rear where
they can easily lock onto the super-hot metal of the engine exhaust pipes. Late-TLT “all-aspect™
IRH weapons use an improved sensor that can detcct the warm metal of a vehicle's surface as well
a3 the engine, enabling them w attack targets from any angle. TRH is not usable on torpedoes.

faging lnfrared Homing (1IRH, late TLT): These are advanced thermal imaging seekers that
lock onto an actual image of the target rather than simply its heat contrast. IRH is not usable on
torpedoes.

Anti-Radiation Missile Homing (ARM, TL7): The missile has a sensor that detects operating
radars, radios and active radar jammers, and homes in on them. ARM guidance missiles are ofien
launched in advance of 4 major air or missile attack to suppress hostile air search and S AM-guid-
ance radars, forcing the enemy to turn off their systems or lose them to missile strikes. Then, with
the enemy blinded, the main wave of attacking aircraft or missiles strikes. It is not usable on torpe-
does,

Semi-Active Radar Horng (SARH, TLT): The missile flies toward the target that is being
“illuminated” by an external radar. The missile uses a secker to sense these radar reflections and
home in on them. The illuminating radar is often on the firing vehicle, but may be elsewhere. It
must continually track the target for the missile w hit. SARH guidance is usually used for TL7,
bong-range air-to-air and surface-to-air missiles. 1t not usable on torpedoes.

Semi-Active Laser Homing (SALH, TLT): This works the same way as SARH except that a
laser designator or ladar must be used instead of a radar. Although more vulnerable 10 ammospheric
problems (e.g., clouds, fog), laser designator equipment is harder to jam and is usually more
porable than radars, so that even individual infantrymen can carry it, SALH weapons are also
known as “laser-guided.” The clever and smart missiles in Ulirg-Tech are examples of SALH
WCAPONS.

Active Rudar Homng (ARH, late TLT): The missile flies in the direction the target was last
seen, then when it gets close, it tums on its own small radar set to search for the target. ARH guid-
ance is not usable for torpedoes,

Active Ladar Homing (ALH, TL8): The missile flies in the direction the targetr was last seen,
then when it gets close it turms on its own small ladar set (0 search for the target. ALH guidance is
not usable for torpedoes.

Optical Homing {OH, TLE): The missile has a computer capable of recognizing vehicle silhou-
ettes and an optical sensor. It is rather ineffective when used on torpedoes.

Possive Electromagnetic Homing (PEH, TLE): This is a guidance system that can be set for
either IRH, ARM, PRH or OH before firing. It is not usable on torpedoes.

Passive Radar Homing (PRH. TLE): This uses a passive sensor that homes in on the contrast
between the target’s millimetric radiation emissions and the sumounding environment. In effect it
is very similar to [RH, but countermeasures can be more difficuls. PRH is not usable on torpedoes.

Multiscarner Homing (MH, TL10): Uses a multiscanner {p. 54) to home in on emissions from
the target.

Newrring Homing (NH, TLI0): The sensor homes in on neutrino emissions from nuclear power
units, radiothermal generators, operating force screens and fission, antimatter or fusion power
plants. {(Neutring communicator beams are too narrow 1o be homed in on.) Unless the user wishes
lo attack a star, this guidance system is mainly useful for engaging ultra-tech vehicles, but it is very
hard to jam or confuse,

Option — Brillians (Late TLT): The weapon is programmed to travel to a pre-set distance and
then activate a second, “terminal homing™ guidance system to seek out and destroy any targets it
spots, The advantage of this is that the weapon can be launched without a target being detected.

Bombing
(Continued)

The target range muost be within 505-
150% of altimde. iz, a bomb dropped from
1000 wards up may only be simed at o (arper
within 500 to 1,500 vards. At TLT+, retarded
bombs become available, which can use o
parachuie to slow their fall. These reduce the
parameters to within 10%- 1530% of altitude,

Bombs cannot be dropped from an air-
crafl that is rolling!

Dive-bombing (TL6|: Some planes can
deliver bombs in a flal, accurate trajectony y
divimg at the tacget. A plane must have an
aDecel of 20 mph/s (and thus aMR 5+ or
mere o do this. It must dedicate ot least 50
percent of its speed o diving (see p. 155) for
cach tum of the dive. Each consecutive tum
of diving reduces the - bombing penalty by
L, wmil ir i5 canceled out afler nine seconds of
diving. The pilot may Aim normally during
the dive. The bomb must be carried on a
hardpaint, limiting Gunner skill to Piloting-3
(=ee p. 1770 All benefits of diving are lost if
the pilot loses sight of the target, Range to
targel is determined al the end of the dive.
Relative speed between plane and targer will
be 0, making the dive-bomber o target itself!

Smmart Bombs (TLTE A “smart bomb™ is
normally an ordinary bomb with fins and a
puidance pockige clipped to it. Treat smart
bombs as mizsiles (p. 113) with (normally)
TVG or laser puidance. The bomb moves at a
speed equal to the aircraft’s speed, and most
lose 10K of its altitude every turm.

Mines
Mines are explosive booby traps that wail
for someone o approach before detonation.
Some tequire contact; others are proximity
sensor-equipped 10 attack anyong close by, or
oily cerain types of fangets.

Naval Mines (TL5)

These may be simple moared or floating
mines, of more sophisticated systems
equipped with magnetic or acoustic sensors.
They can be dropped by any naval vessel,
carried by an amrcraft and dropped from its
wizapon bay or hardpoints, or launched from
i lsunch tube. The earliest mines were free-
fMoating, and were used during the 1%t cen-
mry. Maval mines can be categorized as con-
tacy mines, which the vessel must bump inio
in order o detonate, and prosimity mines,
which detonate when a vessel simply passes
close by, At TLT and up, artack mines that
launch torpedocs or missibes exist. These are
best designed as water vehicles with an
unstreamlined, unpowered hull, a torpedo
iube, sensors, and @ compiter.

The GM should decide how large an area
a mincfield covers. A single mine’s “danger
area” is ome square mile. Typically, ne more
than one 10 six mines will be in each area, so
once these have been set off or spotted, that
ared is (probably) safe. Roll 3d per mile spent
travelling throigh the danger area of a mine
fiekd For the mine’s “aack.” If the mines are
contact-detonated, a roll of 3 indicates the
shiup has encountered o mine. If the mines are
proximily-detonated, the chance of encoun-
tering a mine iz the vessel’s Size Modifier +
ITL-6) or 3, whichever is preater.

Continued on nest page
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Mines
(Continued)

If & mine is encountered, its assumed thar
it will hit the vessel unless it is spotied first -
make Wision rolls or sensor rodls at -5, A spot-
ted mine can either be destroved by gunfire or
eviuded.

Building Naval Mines: Build individual
naval mines like torpedoes, but withouwr 4
motor, Contact mines have no puidance sys-
tem. Proximity mines are treated as having
sonar-homing guidance systems, but al one-
half cost. Some sophisticated TLT+ naval
mines are really robots = build them as under-
water vehicles with no propulsion system, but
with their pwn sensors, computer and wrpedo
Lo hers.

Effecis: When o mine explodes, damage o
the vessel s below the waterline.

Carrying Mines

Maval mines can be carried in weapon
bays (p. 46). on hardpoints (p. 94} or in launch
tubes (p, 1200 that can fit a weapon of the
same diameter and weight as the mine. Like
bombs, mines are considered ammunition,
Moval mines can also be carmied as cargo and
laid by rofling them overboernd.

Naval Minesweeping

Minesweeping involves moving slowly
through a suspected minefield, and hoping o
spot and remove the mine before it hits the
ship, The basic way to do so is to try toe spot
the mine visually or with sensors, then mark
is POSENN OF use weapons (o destroy i

Against TLS-T mines, two vessels may
work together, stringing a cable between them
to set off any moored or drifiing mines
encountered; the cable is ofien electnfied to
sel off magnefic mines. This is only possible
in good weather, and lowers speed to 10 mph,
but adds +2 1o the chance of encountering all
TL3-T mines and +4 va, TL6 proximity
mines, IF the mine is encountered, it wall hat
the cable and explode harmlessly on a roll of
1-4 on 1d. At TL74, helicopters can tow spe-
cial minesweeping sleds trailing below them
11,200 lba., 60 cf, $25,000), adding 3 to the
chance of encountering mines of their TL or
less; il a mine is encountered, it is harmlessly
detonated,

Land Mines

Land vehicle underside and motive sys-
tems are often poorly armored: a few mines
can he a5 effective as an armored company in
stopping an advance or in cutting a supply
line. Land mines are bt like missiles, but
may noi have kinetic-energy-class warheads.
Instead of & guidance system or motor, they
have o “rigger.”

Confineed on next page . . .

The terminal guidance system must also be chosen. The options are active sonar homing (BASH),
passive somar homing (BPSH), active radar homing (BARH), semi-active ladar homing (BSALH),
active ladar homing (BALH), anti-radar missile homing (BARM), infrared homing (BTRH), imag-
ing infrared homing (BHRH), optical homing (BOH), multiscanner homing ( BMH}, neutring hom-
ing (BNH), passive radar homing (BPRH) and passive electromagnetic homing (BPEH), BASH
wnd BPSH guidance are only usable for torpedoes; BNH, BSALH, BALH and BOH are usable with
torpedocs of missiles; the other types are usable with missiles.

Ciprion = Mid-Course Updere {MU) (TL7): This can be given 1o a brilliunt or inertial guidance
weapon. It allows the weapon to have its targeting information reprogrammed at same point durimg
the weapon's flight, provided the weapon has not travelled any farther than half its maximum range
and the weapon is in range of the gunner’s communicator. Brilliant weapons cannot be repro-
grammed after they have wmed on their terminal homing, A weapon with MU may also be ordered
by the gunner Lo self-destruct at any point in its fight,

Option = Pap-Uip (PU) (late TLT): This can be given 1o a guided missile (except one using iner-
tial guidance) intended for use against ground or water targets. Tt allows the weapon o pop up and
attack the top of the vehicle rather than the side it was facing,

Skitf: This represents the effectiveness of the guidance system. An "0G” indicates the sysiem is
operator-guided, requiring a gunner to steer the weapon toward its target.

Giidince Weighi: Calculate the guidance system weight (Gwi) using the table below, based on
the TL of the system and the type of weapon, For brilliant weapons, add the weight of a brilliant
guidance system to the weight of the chosen terminal guidance system. If a weapon has two types of
puidance {e.g., Wire-Guided/Active Sonar-Homing ), add the weights of the two systems wgether.,

1' Th‘.' } L? - TLS _ TLe TLi0  TLii+ Cost Skl

ASH 20 10 5 T v 3000 TLt6

+{1.25 +.1 +5 10,000

A larger puidance system can be added to improve skill, For each +2 to skill, double weight;
£.2., +0 skill would be & * weight. Or, a "compact™ guidance system with half the normal weight
can be taken in returmn for a -2 penalty to skill. In addition to these options, a “cheap” guidance sys-
tem can be used that leaves weight unaffected, is -1 w skill bt reduces cost (see below),

Crudedance System Cost: Caleulate the guidance system's cost (Geost) as equal o the cost shown
on the table multiplied by the guidance system’s weight: Geost = Gwi % Cost. Treat weight as one-
half what it actually is for a “cheap™ system.

*For brilliant systems, add the costs of brilliant guidance and terminal homing systems together
and multiply by the sum of the brilliant guidance and terminal homing system weights

MU/ and PU. After all other calculations, multiply the cost of the puidance system by 1.2 if
capeble of mid-course update (ML, by 1,25 if pop-up (PU) capable, or by 1.5 if capable of both.
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Payloads

Determine the payload weight of the missile or torpedo. Payload weight (Pwi.) equals the sum
of warhead and guidance system weights:

Pwt. = Gwt. + Wwt.
Determine the payload cost of the missile or torpedo. This is equal o the guidance and war-
head costs
Pecost = Geost + Weost.

Hus Missiles (late-TLT): Missiles can be fined with multiple warhesds. Such a “bus™ missile
separates the warhesds somewhal before impact (or if fired indirectly, as the round tops its ballistic
curve). Each warhead anacks the target separately, if the weapon is guided, each can also maneu-
ver 1o attack different targets al a distance from the point of separation no greater than 110
weapon’s makimum range. For a bus missile, decide how many warheads it carries (up o a sug-
gested maximum of [0 and multply the Pwi. and Peost by that number to get their setual values,

Motors

Decide on the speed of the missile or torpedo in yards per second. Maximum speed for torpe-
does is TL = 10. Maximum speed for missiles is TL 1200, but wire-guided or sonar-homing
weapons may not excesd 300 yards per second. Missiles with speeds over 360 are SUPErsOmic.
Those with speedds over 800 are hypersonic. Faster orpedocs and missiles have a somewhat shorter
range than slower ones. Minimum missile speed is 75,

Space missiles can be built as well — see sidebar on p, 112 for changes 1o motor rules.

Nexl, whether the weapon is a missile or wrpedo, specify its momor weighs (Mwt,) in pouds,
This is the combined weight of the system’s motor, power system, propellant, streamlining, ani-
tude jets, etc. The higher the motor weight compared to the pavioad weight and w speed, the longer
the missile’s range.

Motor weight (Mwl,) may be set at any weight up to eleven times the sctual payload weight. A
weight of from 1 to 3 times payload weight is normal for subsonic missiles or torpedoes, from 4 1o
10 ames Pwt. is typical of supersonic or hypersonic missiles. Big (over 300mm) weapons tend
toward the lower end of these ratios, whibe small (150mm or less) weapons lean foward the high
end of them. Space missile motors have no upper limit on weight,

Motor Cest: Determine the motor cost (Meost). For guided weapons, it costs $10 = Mwi at
TLS-, 320 = Mwit at TL6, $100 = Mwi. at TL7-8, or $30 x Mwt at TL9+. For unguided weapons it
costs 31 2 Mwt at TLS-, 32 % Mwi at TL6, $20 % Muwt. at TL7-8, or 10 x Mwit at TL9+

Stealth

AL late TLY and up, any missile or torpedo can be sfealihy, making it harder 1o detect with sen-
sors. At TLT, missiles with speeds over 800 cannot be stealthy, This restriction does not apply at
TLA+.

Stealth on a missile has the same effect a5 the basic stealth vehicular surface feature (p. 91),
Stealth on a torpedo has the sume effect as the basic sound baffling surface feature (p. 91).
Stealth will greatly increase the weapon's cost,

Weight Per Shot

WPS is the complete weight of the missile or torpedo. WPS is the sum of the weapon’s motor
weight and payload weight:
WPS = Mwt. + Pwt.
Volume Per Shot

VPS5 is the storage volume of the weapon. It is equal to WPS/S0 cf,

Land Mines
(Continued)

Presswre Trigger (TILG6): This is a trigper
that sets off the mine when someone or some-
thing moves onto it 1 is set for a specific
weight. (Mote that since the tngger sticks o
of the ground, the entire weight of a vehicle
driving over it is bearing on il nol just the
vehicle's ground pressure!) Pressure mines
wre normally set for 8 minimoem weight that
will sei them off, so (for instance } they can be
tailored 1o go off when driven ever by vehi-
cles, but not by people, A pressure trigger is
0.5 Ihs. at TLO, (.25 lbs. at TL7, neg, weight
af TLA4+. It costs $10 at all TLs.

Command Triggee (TLS): The mine is
detonated h_‘, remote contral, Treat it as &
wire guidance (for command wires) or com-
municator guidance system for 8 missile, in
all usuel varietics, but with one-tenth the
Casl.

Smart Trigger {TLT): The mine is irig-
gered by buili-in acoustic sensors, and can he
set to explode il someone or something
comes within 5 yirds of the mine, or 10 wail
for comtsct. Sman mines are programmed o
differentiate hetween vibrations caused by
different types of vehicles, enabling them o
be set o only attack or ignore particular
mofive systems (e.g., “tracked” versus
“wheeled™) or specifie loaded weight ranges
eg., 20 3 ton vehicles). If the characteris-
tice of enemy wvehicles are known, and they
are different from those on one's own side,
this can be very useful! Smart mines weigh
the same as other mines, but add 100% 1w
cosl. The chance of them going off is the tar-
get’s Size Modifier + (mine TL-3), rolled on
Jd. Treat the guidance svstem as a sonar-
homing system [or purposes of installation,
bt with half weight and cost,

FParachurte Mines (TL6): Mines can be
dropped out of aircraft on parachutes. Add
10% 10 the weight and cost of the mine for
the chute.

Continued on mer pape
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Land Mines
(Continued)

Carrying Mines

Mines can be camied in weapon bays (p
463, on hardpoints (p. %4 or in launch twhes
(p. 1200 that can fit a weapon of the same
diameter and weight as the mine. Like
bombs, mines are considered ammunition,
Mines can also be carried as cargo and
emplaced by hamnd. Placing 2 mine manually
fakes about 5 seconds, or it con be dropped.
Actually hiding a mine (burying and carnou-
flaging ith takes a minute in normal soil (10
seconds in sand, snow, etc.), but makes the
mine harder {-2) to spot,

Spotting and Removing
Land Mines

Explosives and bulldozer blades are often
used 10 detonate mines in a vehicle's path. A
Vision of Traps roll is required to spot a
mine before hitting it — don’t forget 1o apply
the penaltics for smoke or darkness! Metal
detectors can find TLA mines within 2 yards
on a successful Electronic Operations
{Sensors or Security Systems) roll. Hand-
held chemical sniffers and TL9+ multiscan-
ners on chemscanner mode are effective at
detecting the chemical eaplosives used in
mines on a successful Electromics Operation
{Sensors or Security Systems) roll, but high-
tech mines use explosives that are hander o
detect: -3 per TL after TL6, Most TLT anti-
tank mines can be safely rernoved by anyone
who spots them. TLE+ maes may detonate
if touched - an Explosive Ordnance Disposal
roll at -4 will be neaded to safely disarm
them.

Dff-Route and Robot Mines

Some sdvanced “off-rouwte™ or “robhot™
mirnes can actually lie in wait and then fire
torpedoes, missiles or even energy beams at
targets they detect. In GURPS Vehicles,
these should be built as unmanned vehicles
containing & computer, sensors, and a
WELPOT]

Liguid Projector Design

Liguid projectors are pumps that sguirt
high-pressure jets of water or burning fuel
They include water cannon and Namethrow-
2rs.

Liquid projectors are available beginmng
at TLZ, although the techniques of making
workable flamethrowers may be secret
Historically, only the Byzantine empire, with
its Greek fire, and medweval China were able
(o develop an effective formula for “liguid
fire” that could be used in low-tech
flamethrowers.

To design o hguid projector, first decide
whether it is a flamethrower or waler cannon.
Then decide if it is a light, medium or heavy
weapon, and select the number of shots its
Inguid tenk holds,

Covirinmed an mexs page .

Cost Per Shot

CPS is the cost of the missile or torpedo, Use this formula:
CPS = Pcost. + Mcost.
Where:
Frost, is the payload cost, Meast. is the motor cost. If the weapon is stealthy, increase the CPS
by WS < $2000 at TLT, $1.000 at TLS or $300 ar TL9+, Round final cost o mwo digits,

MISSILE AND TORPEDD STATISTICS

Mow that the basic design decisions have been made. we can calculate the statistics of the
weapon; because missiles and torpedoes are self-propelled, their combat statistics have litle o do
with their launcher.

Malf.

The weapon’s malfunction {Malf.) chance, If the die roll 1o hit is equal o or greater than 1he
Malf. chance. the weapon malfunctions and coases to work. This depends on TL:

Malfunction Tabls

TL 2 i-'m: dﬁf 'du{.f _ Gulded Mﬁ:l’f

WW&WW%‘%@H&—#%

Crit.

mﬁ&&#ﬁ L!nlm

8+ Cri Crit.

*Crit." means it only malfunctions on a critical failure
For most TLT guided missiles and torpedoes, Malf. is Crit; however, Malf. 16 is applied to
early TL7 weapons using guidance systems other than wire j!uldl.lnCI: sonar or infrared homing,

Guid.

This is the guidance system used. Record the abbreviation for the chosen guidance system here
{e.g., IRH for infrared homing), adding MU if the weapon has mid-course update, Record “no” if
unguided.

Type
This statistic depends on the type of warhead:
Solid, HP, AP, API, APDU and APHD is Cr. icrushing) damage.
Bechive is Imp. (impaling).
LE, HE, HEC, HESH, HEDC, HEPF, nuclear and micronuke is Exp. (explosive).
HEAT and HEDP ammumition is Exp. (explosive).
APEX and SAPHE ammunition 1s Cr. (crushing).
For other rounds, record Spel. {special).

Damage (Dam.)

This is the dice of damage the weapon inflicts. Exception: for bursting-class weapons, it is the
burst radius in yards. As with gun damage, damages over 20d are normally expressed as “6d » n,”
where i is (dice of damage/6), but other convenient dice spreads may be used if desired,

DAM depends on the class of ammunition as follows:

Kinetic Energy (Crushing or impaling) Damage
Missiles with Cr. or Imp. damage have their dice of damage (DAM) calculated using this formula:
DAM=D =V <AxW.

Where:

[ 1 the missile’s digmeter in mm,

¥ is 1/800 the missile’s speed in yands per second, e.g. if Spd is 400, ¥ would be 0.5,
A depends on warhead type: 0.25 if beehive, | otherwise.

W is warhewsd size: small 0.5, modest 0,625, normal 0L8, big 0.9, huge 1.
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Armor Divisor; Some types of kinetic-energy ammunition have armar divisors which affect
their ability 10 penetrate armor: AP (2), API (2), APEX (23, APDU (3}, APHD (5), When struck,
effective armor DR is divided by the armor divisor,

Kinetre Damage from Missiles ar Close Range: Missile ammunition takes a small amount of
tme 1o accelerate. It does hall kinetic damage at a range of | yard, 2/3 damage at a range of 2
vards, and full damage thereafier.

Missiles with SAPHE and APEX warheads also do explosive damage.

Explosive Damage

For missiles and torpedoes with Exp. type damage, cxcept for HEAT and HEDP types. the dice
of explosive damage (Dam.) is caleulated using the Armunition Table on p. 112, weating the mis-
sile's or lorpedo’s diameter as if it were a gun's bore size, then multiplving the resulting damage
depending on warhead size: 0.5 if small, 1 if modest, 2 if normal, 3 if big or 4 if huge.

Shaped-Charge Damage. For HEDP and HEAT warheads, use the same procedure, but multi-
ply effective diameter by 1 if small, 1.25 if modest, 1.6 if normal, 1.8 if big or 2 if huge. If weapon
has the pop-up feature, divide DAM by 1.5,

Be sure to record the armor divisor and fragmentation damage from the table as well, if applic-
able

Special Damage

Ammunition doing “special” damage includes CHEM, ICM., SICM, FASCAM and SATNUC.
Instead of damage dice, a burst radius in yards is recorded; the exact effect on anyone within the
area i5 described in the sidebar. The radius is calculated using the Ammunirion Table (p. 1123,
using the missile's or orpedo’s diameter as if it were a gun’s bore size, then multiplying the result-
ing radius depending on warhead sire: | if small, 1.4 if modest, 2 if normal, 2.4 if big or 2.8 if
huge.

Snap Shot (SS)

This depends on the launcher. See Launcher Desizn, p. 120

Speed (Spd)

This is the missile's or torpedo’s speed in yards per second. Record the Spd that was decided
upon when designing the motor.
For space missiles (see sidebar, p. 112), record the G.

Skill

Record the guidance system’s skill rating here. If the weapon has multiple guidance systems,
record them in the order they are listed under Guid., separated by a slash.

Endurance (End)

This is the number of seconds the missile or torpedo can travel. In a torpedo, the motor runs the
entire time. In missiles, the motor often bums out part way through the flight, and the weapon
glides for the rest of its flight. Use this formula to determine the basic endurance for a missile or

torpedo:
End = (Mwt. / WPS) » E x (T / V).

M. is motor weight,

WPS 15 weight per shot.

E s Mwt/10, with a minimum of (1.1 and no maximum.

T depends on the motor’s TL: 100 ar TL3-5, 30 at TL6, 60 at TLT, 120 a0 TLE. 240 at TLY9, 360
at TL10, 480 at TL11+.

¥ is (speed/100 squared for & torpedo. For a missile with speed of 400 or less, V is (speed/110)
squared. E.g., if o missile speed of 400, V is 16. For a missile with speed over 400, V is

[{speed/2000+2] squared. Round ¥ o two digits.

Liquid Projector Design
(Continued)
Crew Requirements

TL4- flamethrowers and water cannon are
manvally pumped. In addition 10 the punner,
a TL4- water cannon or flamethrower
requires an extra crew of one if medium or
Lwar if heavy

Combat Statistics

AL this point, everything NEBCEESATY T
install the liquid projector in a vehicle 1s
known. To find the combat statistics, follow
this procedure:

Malf

This is 14 at TL3-, 15 ar TL4. 16 ar TLS,
and Crit, at TL6+. On a critical failure with a
Mamethrower, roll 3 dice: % or less means
non-ignitton — the targei is spraved but thers
is no flame. 6-17 means no fuel is sprayed.
I is a backfire; the weapon is destroyed and
doecs the equivalent of one <hot of damnage to
the firer's hex and all adjacent hexes.

Type

Record Spel. (“Special™) on the record
sheet, Use these rules when firing such a
WSRO

Water cannon project o high-speed jet of
water (see the sidebar on p. 122 for other
aptions), Damage from a water cannon is
only knockback (1 hex of knockback per &
points of damage for an adult human; for
nen-humans, a good rule of thumb is 1o
divide their weight by 20 1o find the damage
required to inflict one hex of knockback), If
a person is knocked back into something
solid, assess 1d damage for every 2.5 hexes
of knockback. Water cannon can also he
used to put out fires.

Continued on next page
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Liquid Projector Design
(Continved)

Flamethrowers fire a high-pressure
stream of Greek fire (TL4-5), napalm (TL6-
B) or super-napalm (TL9+). As with lasers,
damage from multiple hits in @ burst is added
together before sulMracting DR. Only sealed
armor protects fully; non-sealed armor
{including non-sealed robots or vehicles) gets
only one-fifth DR, Once it hits, the fire sticks
and continues o bum for 10d tums, doing 1d
damage per second (armor protecting as
above). Only total immersion i water or the
like will extinguish il. Flame damage has
almost mo pencirating ahlity againsi cover,
donble the PD of the target against a
flamethrower,

(DAM) L
Consull the damage table below o find
the dice of damage inflicied:

Liquid Projector Damage Table
Weanon Ti4- TLS TLa-8 TL9+
PG 18 < ST s

L)
Waber cannon 2 Ad ad dd

Snap Shot (S5)

All TL3-3 weapons have S8 100 Al
TLA+ weapons have 55 5

‘Eﬂ‘ﬂﬂﬂf

Accuracy is equal o TL {maximum %}.
Add 1 to Acc for & medium or 2 for a heavy
prajector.

120

This is TL = 5 for a light projector, TL x
7 for a medium projector and TL = 10 for a
heavy projector, Divide by 2 for manoalliy-
pumped (TLA-) weapons.

Max

This TL = 7 for a light projector or TL =
11} for a medium projector and TL = 15 for a
heavy projector. Divide by 2 for manually-
pumped (TL4-} weapons.

‘ortiRed o :
Continued on nexi page

Pre-calculated W for common missile speeds: Vs 1if 100, 4 if 200, 9 if 300, 16 if 400, 20,25 if
SO0, 25 3f 600, 36 1 8O0, 49 4 1000, 64 if 1,200, &1 if 1,400, 100 if 1 600,

Pre-calculated V for common torpedo speeds: Vs 1af 10, 2.254F 15, 4 if 20, 6.25 if 25, 9 1f 30,
16if 40, 25 if 5.

1f End is under (1.5, lower Spd and my again! Otherwise, record Sped and Enal,

Space Missiles: These use a different formula: see sidebar, p. 112

Maximum Range (Max)

This is the maximum range in yards the missile or worpedo can ravel. It is equal w0 Endurance
times Speed.

However, if the missile or torpedo 15 wire-goided, range cannot exceed 5 miles if a missile or
20 miles if a rorpedo.

Indirect Fire Range: A missile with no guidance, or one with either inertial or brlliant guid-
ance, may be fired indirectly on an arching, ballistic trajectory against a stetionary target arca, The
effective range will be multiplied by five,

Space Missiles: Maximum range is inapplicable, except for WG missiles

1/20 Range (1/2D)
Torpedoes and guided missiles have no 12D range. Unguided missiles have a 1/2D range equal
o their (Endurance or 1.66, whichever is less) multiplied by their Speed in yards per second.
Unguided space missiles (Space-Combar Missiles sidebar, p. 112) multiply /2D range by
{Endurance squared, or 2.75, whichever is less) times their GG,

Minimum Range (Min)
This i5 the minimum range at which the weapon can be used. Only missiles and torpedoes with
HEFF warheads, wire puidance, communicator guidance or TV guidances have a minimum range
Min. is 200 yards if TLA or early TLT, 100 yards a late TLT, 30 yards at TLR+, or halt maxi-
mium range, whichever is less

Accuracy (Acc)

Accuracy depends on whether the weapon is guided or unguided.

Linguided Missile or Torpede. Accuracy for torpedoes is non-applicable: record =", Accuracy
for missiles is based on the speed of the missile and its maximum range. Find Acc by looking up
the fower of maximum range or rdee Speed on the table below:

Unguided Missile Accuracy Table
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Cruigled Missite or Torpede: Accuracy is not applicable, since the weapon is guided to its target,
Record a ™-".

LAUNCHER DEslcN

Mow that the missile or wrpedo s designed, decide on the tvpe of launcher that can fire 1L

The same launcher may be loaded with very different missiles or torpedoes from the ones it
was designed to use, provided the weight and diameter parameters are met. For example, “torpedo
fubes™ on modern nuclesr submarines are often loaded with a mix of wrpedoes and surface-to-sur-
face missiles.

Hardpoint: Instead of having a launcher. a weapon may be directly attached 1o a hardpoint
under a vehicle's body or wings, or carried within an internal weapon bay, The hardpoints them-
selves are pan of the vehicle, rather than weapons, and are deseribed later in the design process {p.
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94). Hardpoinis are rated for the maximum weight they can carry, and can launch any missile or
torpedo whose weight s ne greater than that maximum and no less than one-tenth that maximum,
MNote that on real-world sircraft, a wing-tip hardpoint is often called a “rail” instead.

Launch Tube: This is & hollow tube containing a missile. A lawnch mbe must be given bath a
dizmeter in millimeters and a meaximum doad < these set the diameter and the maximum weight of
weapon it can fire. This maximum load is normally equal to the weight of the missile or wrpedo it
is intended to launch. A launch twbe can also fire o smaller rownd, as lomg as its diameter is no less
than BO% of the wbe diameter and its weight is no less than half the whe's rated load. Launch
tubes installed in open mounts may actually be tewech raily or lannch ganiries.

Afer choosing its diameter and maximum load, decide whether the tube is disposable (TL3),
muzzleloading (TL3), breechloading {TL3), slow autoloading (TL6), fast autoloading (TLA). man-
ual repeater (TLS), revolver (TLS), light awomatic {TLG) or heavy automatic (TL6). Disposable
tubes are very light, but are desmoyed once fired. Other types work like loading mechanisms for
guns, Launch tubes intended to fire torpedoes may not be muzzleloading!

CundLawncher: At TLY orup, a gun (see Gun Design. p. 100) with a muzzleloader, autcloader,
manual repeater or reechloader loading mechanism can be modified to function as a launch wbe,
Select the maximum weight of missile it can fire. It can only fire missiles the same diameter as its
bore size. The weight and cost of the gunflauncher will be increased, as described helow,
GunfTaunchers may not fire wire-guided missiles (including TLA+ fiber optic versions and wire-
guided/active sonar-homing weapons).

Multiple Tubes

Launch tubes with disposable, muzzleloader or breechloader mechanisms can be built with
miwe than one tube for a higher rate of fire. Record the number using the format “m"” where n is the
number of tubes, e.g.. 6. Some, none or all wbes can be fired at once.

STATISTICS FOR LAUNCHERS

Most of a launcher's combat statistics are based solely on the missile or torpedo it fires. The
exceplions are:

Weight (Wt.)

This is the empty weight of the launcher withour any missiles or torpedoes, Do not calculate

this for hardpoints.
Launch Tube Wt. = (R-T) «« mWPS = M.
Gun/Launcher Wt. = mWPS + Gwt.
Where:

mWFS is the rated maximum load of the tube.

A depends on the tube’s loading mechanism: | of disposable, 1.5 if muzzleloading, 2 if
breechloading, 2.5 if manual repeater or slow avtoloader, 1.9 (plus 0.1 per chamber) if revolver, 3
if fast autoloader. 3.5 if light automatic, 4.5 if heavy automatic

Tis (b at TL7-, (0.5 at TLE+.

Ciwy, is the weight of the gun before being modified as a gun/launcher.

M is always | if the weapon has one whe. If weapon has multiple wbes, M iz | plus (04 per
exira tuhe

Snap Shot (S5)
The base Snap Shot number depends on the launcher’s weight. For hardpoints, use §5 20.
Under 2.5 Ihs., 85 11,
2510 10 Jbs., 55 12.
10-14 Ihs., 55 14,
1525 1bs., 5518 17.
26-400 Ibs. 55 15 20,
A00-2 (N fhs., 85 s 25,
For larger weapons, 55 15 30
Cron!Lagerschiers: This is based on the gun, not the launcher.

Liquid Projector Design
(Continued)
Weight (Wt.)

This is the weipht of a liquid projector,
without ammunition, at a given TL. Use this

formula:
W =L=W=T+(T=5.

L is 160 if water cannon or 200 if a
flamethrower.,

W is 2 if heavw, 1 if medium or 0.5 if
light.

¥is 1,25 if TLS-, 0.754f T8, 0.5 if TL7,
0.251f TLE+,

5 is the number of shots the WEAPON Can
fire from its Lank.

Rate of Fire (RoF)

This depends on TL and whether
the weapon is a flamethrower or & water can-
non:

Liquid Projector RoF Table

I'vpe TLS- TLA TL?+

This is weight = 85 at TLO-, weight x $25
at TL7+.

Weight and Cost Per Shot

Weight per shod (WPS) is 3 Lbhs. for a
flamethrower or 4.25 b=, for 8 waler cannon.
Cost per shot (CPS) 1z 30.5 of a lamethrower,
free if water cannon, Yolume is not consid-
ered, since the shots ocoupy space within the
weapon’s tank, If a water cannon is being
used to fire something other than warer {see
below], then use the WPS and CPS given for
that substance. These rules assume that one
st is about half a galion of Tiguid.

Shots

As already determined, A waler cannon
can aleo be hooked up to 3 water main o
hydrant to give it “unlimited ammo,”

WERPONRY



Players will want to load their water can-
non with all manner of strange and wonderful
thirgzs. Here are two examples;

Acid (TL5)

Industrial-strength acid (ke hydrochloric
or sulphuric acid) spraved from a water can-
non is treated as water, except CPS is 80.5
and it does 1d-1 damage. DR protects nor-
mally, If it hits an unprotecied face (or pene-
trates armor on the face), the victim must
make a HT roll to avoid getting acid in his
eyes, Il the eyes were targeted and hit, this
occurs automatically. If acid splashes it the
cyes, more than 2 points of damage causes
blindness. Use the rules for crippling injuries
on . B129 to determine if this 15 permanent
of temporary. The mam problem with load-
ing acid is that the acid will eat through the
reserviolr within minules. A CoOrmosion-resis-
tant weapon that can shoot acid costs double,

Fire Extinguisher Foam (TL5)

Usable from water cannon, each shot puts
out & fire in a hex on a 1-4 on 1d. CPS i3
0.5 WES is 4.25 lbs. Foam does knockback
ws pesr @ water cannon, except that a hit to the
expised [ace will stun and blind the target if
a HT-3 roll is failed: roll against HT-3 each
um o recover.

FTL Beams (TL?)

If warp drive technology exists, it may be
possible (and mecessary?) 1o have faster-than-
hght energy beams. This option can be added
tov any cnergy heam except a stunner or
screamer. It jackets the beam or bolt inside a
spacewarp tunnel or bubble, enabling it (o
travel oul io ils maximum range instanta-
neously. or nearly so. regardless of the dis-
tance, An FTL beam weapon has doubled
weight (and thus cost) and doubled power
requiremeni. Ii also has an additienal +4
bonus o ils Accuracy.

If FTL beams are available, FTL commu-
nications and sensors will usually be avail-
ahle as well,

Loaders

A tube launcher that is
muzzleloading, breechloading,
revolver or manual repeater may
require @ crew of loaders. The
number of loaders reguired is
{rube diameter/2507-1, Round
number of loaders to the neanest
whole number. Hardpoints
require no loaders,

Rate of Fire

Rate of Fire is the number of
shots that can be fired per sec-
ond, and depends on the
weapon's loading mechanism.
Lsze the formulae below to
determine KoF., When calculat-
ing RoF statistics, always mound
fractional RoFs to the neares:
whole number.

For hardpoines and disposable tube launchers, record “INR™ as RoF, indj.;-n[jng they get onc
shot and then are not reloadable in combat. For other tube launchers. this depends on the weapon's
loading mechanism:

Muzzieloader: If missile diameter 15 under 120mm, RoF is 1/45 at TL3, 130 at TL4, 1/10 a
TL5. 1/6 at TLé+. If mizsile diameter is 120mm or over, [ind the seconds required to load and fire
by dividing diameter by 2.66 at TL3, 4 at TL4, 12 at TLS, or 20 st TL6+. Conven this losd-and-fire
time into a fraction o get RoF, e g., 6 seconds becomes RoF 16

Breechloader: 11 missile diameter is up to 60mm, RoF s 1/20 a0 TL3, 110 at TL4, 1/5 at TLS,
ar 1/2 at TL6+, Otherwise, find the seconds needed to load and fire by dividing missile diameer by
3at TL3, 6 a1 TL4, 12 at TLS, or 30 at TL6+, Then convert the Llime to load-and-fire into a fraction
o pet the actual RoF, e.g.. 4 becomes 114,

Reveolver: If missile diameter is under 40mm, RoF is 1 if TLS or 3~ if TL6+. If a larger
weapon, RoF is 1/2 at TLS, 1 at TLG+.

Manual Repearer: RoF is | at TLS or 2~ at TL6+,

Fast Awoloader: 1f missile diameter less than 15mm, RoF is 3~ If 15.1mm up to 20mm, RoF
is 2~ If A-60mm, RoF is 1. Otherwise, find the seconds required o load and fire the weapon by
dividing missike diameter by 60. Then tum the time to load-and-fire into a fraction to get the actual
RoF, e.g., 3 becomes 1/3.

Stow Awroloader: RoF is | if missile diameter up to 20mm. If missile diameter over 40mm, find
the seconds required o boad and fire the weapon by dividing missile diameter by 40, Then tum the
time to load-and-fire into a fraction to get the actual RoF, e.g., 2 becomes 1/2

Light Automatic: RoF may be up to (160/messile diameter),

Heavy Automaric: If missile diameter is up to 20mm, pick any RoF from 3 to 20, If missile
diameter is over 20mm, pick a RoF up to (400fmissile diameter)

Extra Tubes for Disposable Launchers, Muzzleloaders and Breechioaders: IF one of these
wedpons has exira tubes, it can fire a number of shots equal to the number of tubes, singly or simul-
tanecusly, but it will take the normal time 1o reload eqch tube after firing. Record this as two nuim-
bers separated by a colon. The first is the number of tubes, the second is wrms it akes o reload, or
NR if disposable. Thus, a launcher with RoF 1/ and three tubes would be written as RoF 3:4, This
means gach of three tubes can fire once but it takes four trns to reload per tube afier firing,

Shots

This is the number of shots that the lavncher can fire before it needs to be manually reloaded.

Hardpoints have one shot, For muzzleloading, disposable or breechloading weapons, Shots is
equal to the number of twbes, For revolvers, Shots is equal to the number of cylinders, Ditherwise,
record “var.,” indicating that the number of shots simply depends on how much ready ammunition
15 camied on the vehicle. '

Cost

This depends on the launcher’s weight. Do not caleulate cost for hardpoints,

For gunflaunchers, caleulate the cost of the weapon as if it were 4 gun, bearing in mind the
additional weight of the launcher system.

For tube launchers, cost is based on weight (W) using the formula below:

IF Wi is under 10 |bs., cost = (350 = W) + S250.

I Wi as 1o 100 [bs., cost =575 < Wi

IF W is over 100 Lbs., cost is ($25 = W) + 55000,

Divide cost by 10 if TL3-5, by 5 if TL6, by 2 if TL9, and by 4 if TL104. Double cost if the
launcher is automatic, divide by 10 if disposable,
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This system is used to design energy beam weapons, like lasers or particle beams, To design a
bream weapon, foellow the steps in the order given below.

Beam Type and TL

Select a beam type and the TL. The beam types are described below. The Combar chaper
describes how the special effects of each beam type work in play.

Lager (TL8): Laser stands For Light Amplification by Stimulated Emission of Radiation. Laser
weapons fire a high-energy beam of coherent light, but are degraded by rain, fog or smoke. The
beam is silent and invisible in vacuum. In atmosphere, weapons-grade lasers ionize the air, leaving
a line of tiny sparks and making an avdible “Crack!™ as air rushes into the vacuum left in the
beam's wake. Most lasers are assumed to use visible light beams. However, 8 laser may insiead he
an infrared (IR) laser or an wliraviolet (UIV) laser, IR laser beams are much harder to spot, but the
weapons have a slightly shorter range. UV lasers have longer ranges in a vacuum (such as space)
but are less effective in atmosphere, At TL9+, lasers may (at increased expense) be “rainbow
lasers™ which can alter their frequency from infrared to visible light to ultraviolet, selecting the best
wivelength for the environment, This also gives them a much better ability to penetrate anti-laser
countermensures,

Disruptors (TLE): These weapons are microwave-frequency lasers, or “masers.” Disruptors are
more effective against unarmored targets than lasers, because the beam cooks and disrupts internal
organs, Microwaves also interfere with electronics. However, disruptor beams are likely 10 bounce
off metal and laminate armor, as this reflects microwaves.

Charged Particle Beam (TLR): These are a family of similar weapons that magnetically accel-
erate ions or subatomic particles to relarivistic speeds, creating a charged particle beamn that resem-
bles a coherent Lightning bolt. The radiation produced can also disable electronics, Charged particle
beams have one problem: in vacuum or trace ammospheres, the perticles repel each other and the
beam breaks apart harmlessly, making them entirely useless as # space weapon. Charged particle
beams are often referred to as “blasters.”

Neutral Particle Beam (TL8): These weapons use a more complex accelerator arrangement (o
generate beams of neutral particles, A neutral particle beam can be used in vacuum or trace amos-
pheres without degrading, making it a useful weapon for space combar. At the flip of a switch, the
accelerator can be reconfigured to fire charged particle beams instead. allowing the weapon 1o
function as a normal blaster. Neutral particle beam weapons are somewhal heavier and more
expensive than charged particle beams.

Flamer (TLY): A flamer projects a stream of star-hot ionized plasma that can melr armor right
off the target. Flamers are also known as plasma puns. A flamer beam can be used much like a
flamethrower, attacking more than one target.

Screamter (TLY): These weapons generate a bearmn of concentrated sound, the vibrations of
which can shatter solids and cause horrible damage to organic beings. They are ineffective in the
absence of atmosphere, but will work underwater.

Faunner (TL9): This is a sonic wespon desipned 1o disable without killing, Instead of damage,
it has a "HT modifier” thar affects the roll to resist it.

FParalysis Beam (TL 10} These weapons fire an electromagnetic beam that scrambles electron-
ics and also affects the nervous system of living things, causing instant paralysis. Like stunners,
they have a HT modifier. They are ingffective vs, targets in sealed armaor.

Military Paralysis Beam (TL10): This is a more expensive paralysis bearn weapon that can
affect shiclded robots, and organic beings behind sealed armor,

K-ray Laser (TL10): These advanced laser weapons fire beams of coherent x-rays; they are
also called x-lasers or xasers. They have superior armor penetration and damage,

Fusion Beam (TL12): These weapons heat plasma to fusion temperatures and then releass it as
a high velocity bolt rather than as a stream. Sometimes the fusion beam is “jacketed” in a force
field mbe. Fusion beams may also be used to represent “encrgy torpedoes” or “plasma torpedoes,”

Blue-Green Lasers

Lasers {but not UV or TR lasers) can be
optimized for underwater roles by designing
them Lo use blue-green beams. A blue-green
laser's 12D and Max ranges are halved, bot
it has the same range underwater as it does in
atmosphere. After the laser iz designed, add
+2(F% o its final cost. Rainbow lasers can
already be tuned to fire blue-green beams -
they don't need this aption,

Hand-Held Weapons

While this chapter in GURPS Vehicles is
designed mainly for vehicular weapons, the
rules for creating holt throwers, guns, beam
weapons, launchers and liquid projectors are
applicable 1o hand-held weapons, Some vehi-
cles (like giant robots) even carry huge hand-
held weapons! Hand-held anti-armor
wenpons such as anti-tank missiles and rock-
els are an imporant factor in vehicular com-
bat,

Any vehicular weapon can be modified 1o
be hund-held if the expected user is strong
enough o carry it and its anumunition, As &
general mule, weapons intendesd o bhe carded
by o single person shouldn’t weigh more than
about twice their 5T, Larper weapons can he
bailt, but they will usually have 1o be tripod-
moumnted,

Design a hand-held weapon exactly like &
vehicular weapon and calculate its combat
statistics normally.

A hand-held weapon requires a grip of
some sor. Select either a pistol grip, shoulder
stock o shoubder stock with bipod, with the
option of adding a tripod to any of these
Erips.

Fistol Grip: The weapon has a simple pis-
tol grip. Unless also fitted with a tripod
{below), the weapon is less accurate than a
vehicular weapon, but it is more handy,

Showlder Stock: The weapon has a rifle-
like stock (and possibly a pisiol grip as well),
allowing it to be braced two-handed agains:
the shoulder for greater sccuracy. However, it
is atill less accurate than a vehicle-mounted
WEIPOIL

Showlder Stock with Bipod: As above,
plus the weapon has a folding or fixed rest,
allowing stahle fire from a prone position
which cancels the accuracy penalties of a
shoulder stock. If fired while the user is
prone, add +1 to Accuracy.

Tripads: In addition 1o one of the above
grips, a hand-held weapon may be given a tri-
pod mount, It takes 3 seconds (o 51 a weapon
up on its tripod. When set up, the gunner
must be prone or kneeling to fire @t but ST
minimums are ignored and Acc is incrensed
to cancel any penalty for a pistol grip or
shoulder stock. The tripod can also be
detuched or attached in about 4 seconds and
carried separately. A mipod weighs the same
as the weapon's emply weight and costs $10
per pound of tripod weight

Continued o next e |
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Hand-Held Wi
fﬂﬂﬂﬂﬂﬁm
Empty Weight

For puns, launchers, liquid projectors or
beamns, multiply this by 1.2 if a shoulder
stock and by 1.5 it a shoulder stock/bipod.

For hand-held bolt-throwers, multply this
by (L5 if pastol grip, 0.6 if a shoulder stock
amd by 0.75 1if & shoulder stockbipod.

Combat Statistics

A hand-held weapon's statistics are iden-
tical io the vehicular weapon's statistics,
excep i follows:

AN and Acc

If & gun of mechanical artillery piece has
only & pistol grip, subtract 2 from 35 and 3
from Acc. If a gun or mechanical artillery
piece has a shoulder stock or shoulder
stockhipod, subtract 2 from Ace, IF it also
has a tnpod, there 15 no Acc penalty while the
weapon is being fired from the tripod.

If a lavncher fires unguided missiles or
torpedoes, real it as a gun above, If it fires
guided missiles, Acc is irrelevant.

If a beam weapon has a pistol grip, sub-
tract 2 from 55 and 5 from Acc. If a beam
weapon has o shoulder stock or shoulder
stock/bipod, subtract 1 from Ace. Maximum
Acc for a hand-held beam weapon {unless on
iripod) is 15; 1f it is higher, reduce it to 15,

RoF

RoF is unchanged for guns, beams or
launchers. For hand-held stone or bolt throw-
ers, the BoF now depends on the user’s 5T,
in the same wav as a crossbow (see p. B1 14
Hand-held repeating bolt-throwers take the
same time o cock, but there 1= no need ©
drww: and place o bolt, shaving two seconds
off the time required for readying.

Shaty

While a vehicle weapon may have “var.’
shots, this is not true of a hand-held weapon.
Weapons with “var.” shots must be assigned
a number of Shots, and muost be designated as
using cither magazines or belted ammunition,
as follows:

Comttnued on next page . .

Crravity Beam (TL12): These weapons are offshoots of TL12 contragrav and tractor beam tech-
nology. Unlike graveuns, which simply use pravity echnology 1o sccelerste projectiles, gravity
beams acteally project focused “coherent gravity” as an oscillating tractorpressor beam. Damage is
low, but this setting can reach inside all but the thickest armor, cavsing the inside of a warget — or
part of the argel — to vibrate to pieces! Gravity beams can also be used as non-lethal weapons,
focusing a high-impact “force beam”™ of gravity on a single target. A non-lethal “kinetic stunner”
gravity hbeam can be bought that can only project a force beam, if desired.

Amriparticle Beam (TL12)%: These are high-energy particle accelerators thai gencrate a beam of
antimatter particles, In GURPS Ultra-Tech, these weapons are known as “pulsars.” They produce
kinetic damage, explosive effects much like fusion beams and also deliver radiation damage.

Ceraser (TL14): These weapons are extremely high-energy lasers firing coherent gamma-ray
beams. They function like lasers, except DR protects s one-fifth normal value! Like x-ray lasers,
atmospheric conditions and countermeasures have no effect.

Disimtegrator (TL15): The ultimate beam weapon, projecting a field that disrupts the neclear
forces that bind atoms together, There is no beam per s = the disintegrator weapon simply destroys
maiter at a specific point. The weapon’s sights allow for normal direct fire, but indirect fire is possi-
ble (using the indirect fire rules) to “shoot through™ walls, hills, etc. Armor is largely ineffective.

Displacer (TLLG): Also called a “tachyon shotgun™ or “vortex beam,” this weapon rips a hole
in the fabric of spaceftinee. Everything in the area of effect will be sucked in and warped off 1o
some random location in the universe.

Beam O,

Select the weapon's beam output, measured in kilojoules (kJ). This is the energy the beam
emits, and will determine damage, weight and other performance characteristics. It is also used to
describe the weapon: 2 *1,200 kY laser” for example.

See Damage (p. 125) for how beam output translates into damage, Smallarm beam weapons
usully have beam outputs below 1,600 kI, weapons equivalent to light beam cannon have outputs
in the 1600-160,000 kI range, while heavy beam cannon tend o have outpuis over 160,008 kI,
Some weapons have minimum outputs. Minimum outpat for most beam weapons is aboet 60 k1.
For particle beams built at TLE or antiparticle beams built at TL12 (bur not TLO+ particle or TLI 3+
antiparticle beams) minimum ouwtpat is 10,000 kI Minimumn owtpot for displacess is 24,000 kJ,

Cyclic Rate

Select the number of shots per second that the weapon can fire: this may be 1/2, 1, or any num-
ber greater than one up e & maximum of 20, Weapons with RoF 4 or more use automatic fire,
Auromatic fire lasers, x-ray lasers and grasers are particularly effective. Displacers cannot be built
with RoF 4 or more.

Options

Beam weapons may have any of these oplions. None are reguined

Lamg, Very Long or Extreme Range: These options give the weapon 3 larger-than-usual beam-
focusing apparatus, extending its range compared o that of other weapons at the expense of addi-
tiomal weight and cost. Very long and extreme range weapons are recommended for space combar.

Clease Range: This option (not compatible with the above options] gives the weapon a smaller-
than-usual beam-focusing apparatus, reducing its range,

Compacy: This option substitutes compact. high-tech components for more routine systems,
reducing the weapon's weight and volume bot increasing cosL.

STATISTICS
Malfunction (Malf.)

The malfunction chance of the weapon. This is normally Yer., indicating the weapon is very reli-
able, with these exceptions: disruptor and pamicle beams built at TLE-9, as well as all disintegrators
and displacers, are Crit., while laser weapons become Ver. (Crit. ) one TL after the type is introduced,
Reputation for Quafisy: Certain

WERPONRY

weapons known for their reliabilivy (or lack
thereol) may, al the GM's discretion. have
their Malf, raised or lowered by one level,
o & maximum of Yer. (Crit.).

Type

Lasers, charged and neutral particle
beams. x-ray lasers, gravity beams and
grisers do Imp. (impaling) damage.

Disruptors, amers, screamers, stun-
ners, paralysis beams, fusion beams,
antiparticle beams, disintegrators and dis-
placers do Spel. (special) damage.




Damage (Dam.)
Caleulate damage for all beamn weapons using this formula:
Damage = (square root of 0*) < B = T.

() is the beam’s output in kI

= If output 15 under 1,000 k), multiply & by (.03 instead of finding its square oo

B depends on beam type and is 0,066 For displacer, (L04 for gravity, 0.4 for stunner, 0.36 for
disintegrator, (L3 for laser, X-ray laser, or graser, 1.6 for particle or disruptor, 0.3 for paralysis, 2
for antiparticle, flamer, 2.5 for screamer, and 4 for fusion.

T depends on TL, and is 1 for the TL where the beam is first introduced, 1,2857 for the first TL
after, 1.5714 for the second TL after and 18571 for all subsequent TLs, Note: Particle beams undar
LK K, and all rainbow lasers, are TLS: antiparticle beams ander 10,000 k] are TL13.

For most weapons, this formula yvields the dice of damage (DAM). There are three EXCetions:

Stunmers; The formula instead yields the HT penalty (i.e., a negative number), equal in
absolute value fo the dice of damage; =.g., 2 dice of damage becomes a -2 HT modifier.

Paralysis Beans.! Use the same procedure as stunners, then add 4 to the final result wrdess the
wegpon is o military paralysis beam: thus, 4 dice of damage yields a 0 HT modifier, while 3 dice
vields a +1 modifier.

Displacers: The dice of damage instead becomes the radius of effect. Thus, 2 dice of damage is
a 2 yard radius,

Armar Divisors: X-ray lasers, gravity beams, antipasticle beams. grasers and disintegrators are
better at penetrating DR than their raw damage suggests. Record an Armor Divisor in parenthesis
following their dice of damage. The divisors are;

Hand-Held Weapons
(Continued)

Manual repeater, autoloading or light
autematic weapons use either a fixed intemal
magazine {TL5+) or detachable box (TL6+)
magazine, Decide how many shots it holds
The number for internal magazines or box
magazines infended to fit within a pisiol grip
may nod excesd one-gquarter the empry weight
of the weapon divided by the weight per shot
of ifs ammuninlon,

Heavy automatic or Gatling weapons use
ammunition belts (somelimes housed in a
cassetie), Decide how many Shots & normal
belt of ammunition has. Usuaally this is from
30 1o 500 shots, depending on how much
weight the expected user is 1o corry,

Electric. electrothermal, electromag,
gravitic and beam weapons also require
power cells 1o provide energy for cach show
Determine the number of C cells reguired
using the formula;

Required number of C cells =

Tvpe Divisor
o I

(5)

Effective DR against the beam’s damage is
divided by the armor divisor, g, against a gras-
er, armor proteces at 1/5 its DR

Half Damage Range (1/2D)

This is the beam weapon's 12D range. While range for energy weapons is not physically
dependent on output, more powerful energy weapons are also assumed to have larger focusing
arrays or longer beam tunnels, and 4% such have a longer effective range.

All beam weapons except paralysis beams, disintegrators and displacers have a 1/2D range. If
the weapon has a 1/2D range, determine it using this formula:

1/2D Range = (square root of 0) <R <B = T

€7 is the beam's outpat in ki,

R is B if exireme range option, 4 if very long range option, 2 if long range option, 0.25 if close
range option, | otherwize.

& is 12 if fusion or stunner, 18 if flamer or screamer, 36 if gravity, 15 if charged or neutral par-
ticle, antiparticle or disruptor, 200 if laser*, 73 if X-ray laser or graser,

* I UV laser, B is 60 if IR laser. B is 170,

T depends on TL, and is | at the TL where the beam is introduced, 1.1 one TL later, 1.2 two
TLs later, and 1.3 three or more TLs later,

It range is less than 100 yards, round to the nearest ten yards; if between 100 and 10,000 yards,
round to nearest 100 vds, 1f range is 10,000 vards or more, round o the nearest 1,000 yils,

Where: Shots ~ EPS / P.

Shews is the weapon®s Shots statistic.

EPS is the weapon's energy per shot,
equal 1 Pow./RoF,

F g 3,600 if TLE, 5400 if TL9, 7,200 if
TLLO, 9,000 of TLIT, 1080006 TL12, 12,600
if TL13, 14,400 if TL14, 16,200 if TLIS. or
18,000 if TL 16,

Round fractions upy/

It can be more efficient 10 use cells larger
or smaller than C cells. IF the number of cells
required is 0.1 or less, use a single B cell
instend. One 13 cell can replace 10 C cells:
one E cell can replace 100,

Record the type (B, C, D, Eb and number
of power cells after a ™ following the num-
ber of shots the weapon has, e.g., for 20 shots
powered by 2 B cells, record HK2B, while 50
on one E cell is S0VE

Confinued on nexit page

S ||




Hand-Held Wi
(Conti
Rel,

This is the weapon's recoil, This statistic is
only caloudated for hand-held guns, beams and
launchers (ror mechanical artillery or Liguid
propeciors ),

Rcl. for guns with a “recoilless™ option,
launchers, and all beam weapons except parti
cle beams is “{." For particle beams, recoil is -
L.

For other weapons, the formula for recail
13

Rel.=BxBxLxPxBxRxTx§/

{Ewt.+5).

£ equals bore size,

L depends on barrel length: 0.1 if extreme-
Iy short, 0.25 of very short, 0.5 if shor, 0,75 if
medium, | if long, 1.2 of very long, 1.5 if
cxtremely long,

Pois (125 if extra-low-power, 0.5 if low-
poweer, 1 otherwise.

Gois | for most weapoas, but 0.25 if
Eravilic gun.

K is 1.5 if muzzleloader, 0.9 if fast
autolosding, light automatic, or heavy auto-
matic, 1 oaherwise,

T is (n666 ot TL3-5, 0075 ot late TLS, | at
TLb+,

& 15 025 if tnpod mount, 0.3 if shoulder
stock or shoulder stock/bipod, (L75 if pistol
grip.

Ewr. is the empty weight of the weapon.

Round any resulting fractions 1o the nearest
whole number, except that the minimum recoil
is -l

Loaded Wi,

This is the gun’s loaded weight. Loaded
weight is only recorded for hand-held
weapons, since vehicular weapons store their
ammumition separately within the vehicle.

Loaded weight (LWL} uses this formula:

LWE. = (WPS = Shots = B) + P + Wt

Where;

WPS iz weight per shot,

Shors is the weapon's Shods statistic.

B is 1.4 if the weapon has a box magazine,
1 if belt, internal magazine or no magazine.

£ is the weight of all power cells mstalled
i the weapim, @ 0.05 Ibs. per B cell, 0,5 lbs,
per C cell, 5 [bs. per D cell, or 20 Ibs. per E
cell.

Wy is the empty weight of the weapon

5T

Strength reguired to wield the weapon is
caleulated using this formula, Note that if a
weapon 15 cquipped with a tripod, the 5T
requiremient only applics when it is being used
off the ripod!

5T = [{loaded weight/G) + 5] < R.

i is 12 1 shoulder stock/Mhipod. 8 if shoul-
der stock, 4 1F pistol grip or pod mount.

R is 1.25 plus one-quarter the absolule
value of the recodl penaley, This, with a fecoll
of -1, R 15 1.5, while with recail -2, R is 1.753

o R S R AR

Maximum Range (Max)

This is the weapon’s maximum range in vards. For all weapons except paralysis beams, disinte-
grators and displacers, calculate Max as tollows:

Lasers, Screamers, X-ray layers, Grasers, Disruprors: Three times 1/2D range if damage is 20d
or more, otherwise, twice the 12D range.

FParticle and Anviparticte Beams: Three times 12D range i damage is 100d or more, otherwise
twice the 120 range.

Flarrers and Fusion Beams: Three times 1/2D range if damage is 10d or more, otherwise twice
the 172D range.

Crraviry Beams: Three times 1,20 range if dammage w5 3d or more, otherwise twice the /20 range.

Stunners: Three times the 1720 range if HT moll is HT-6 or worse, otherwise twice the 1,21 TANEE,

For paralysis beams, disintegrators and displacers, calculate Max range as follows:

Mayx Range = (square root of 0) < R =< B xT.

£ is the beam's output in kJ.

R is B il extreme range option, 4 if very long range option, 2 if long range option, (.25 if close
range option, | otherwise.

&8s 1.3 if displacer, 24 if paralysis, 70 if disintegrator.

T depends on TL, and is 1 at the TL where the beam is introduced, 1.1 one TL later, 1.2 two
TLs later, and 1.3 three or more TLs later,

If range is less than 100 yards, round w the nearest ten vards; if between 100 and 10,000 yards,
round to nearest 100 yds. If range 15 10,000 vards or more, round 1o the nesrest 1,000 vis.

f200 and Max Ranges in Vacuwm: A weapon's base 1/2D and Max ranges are those achievable
in a standard Earth-like armosphere. In vacoum or trace atmospheres, the ranges of some beams are
altered; =0 for a screamer or stunner {that is, they have no range], =01 for a charged particle
beam, =10 for a laser. IR laser, disruptor, flamer or antiparticle beam, %30 for o UV or minbow
laser or neutral particle beam and =100 for an x-rav laser or graser,

Accuracy (Acc)

For most weapons, Accuracy depends on the 1/2D range (in standard atmosphere) in yards; for
weapens with no 12D range (paralysis beams, disintegrators and displacers), use Max range
instead of 12D range:

Beam Weapon Accuracy Table
Range Runge Ace Ace
below 15 o L00-1.499 kA o NS < S
150199 1.500-1,999 1% 4 "Ih'f‘%:ﬁ
HERaLl T T bR 9 TN
300-449 3,000-4,499 20 000044999 26
450699 S v S SR LTS R ¢
TO-999 16 7000-49 999 22 T0,000-90 904G 2]

And so on. For paralysis beams. fusion beams, screamers and displacers, subtract 2 from
Accuracy, For flamers treat any Acc under 20 as 20 — the wider beam spread makes it easier to hit.

Weight
This is the emply weight of the weapon, without any power cells, Find it using this formula:
Ewt. = (0/B) < 5 <L xF =R.

£} is the beam output in k1.

& depends on beam type, and is 12 if stunner or flamer, 24 if laser or screamer, 32 if rainbow
laser, 72 if Xoray laser, 64 if neutral particle, 128 if graser, 72 if charged particle, 36 iF disrupior, 80
if paralysis, 240 if antiparticle or fusion, 180 if disintegrator or gravity, 1,350 if displacer

& varies with beam output: 0.5 if 6,400 kJ or less, 1 if over 6,400 kJ.

L is 0.5 if compact option. | otherwise.

F is (L666 if RoF 1/2, 1if RoF 1. 1.25if RoF 2, 1.5 if RoF 3~, (RoF/id) + 1 if RoF 4 or more.
Exception; for lasers, x-ray lasers and grasers with a RoF 4 or more, F is RoF/2.

R is 4 if extreme range option, 2 if very long range option, 1.5 if long range option, 0666 if
close range option, 1 otherwise,

Round weight 10 two digits.

Snap Shot (SS)
The base Snap Shot number depends on the
weapon s empty weight,
Under 2.5 lbs., 85 11,
251w 10 Ibs,, 55 12,
10-14 [bs., 55 14,
15-251bs., 88 is 17.
26-400 Ibs., 88 is 200
4071-2.000 Ths., 55 is 25
For larger weapons, 55 is 30,
Flamers: Halve 55 number.




Rate of Fire (RoF)

This is equal to the cyclic rate of the weapon. Lasers, x-ray lasers and grasers with automatic
fire capability use the “laser automatic fire” rules, adding together damage from all groups that hit
the same target before subtracting DR,

Power Requirement (Pow.)

“Pow.” is the Kilowatts of power the weapon requires to fire at its full rate of fire,

Pow. = 0 x E x RoF,

{1 15 the output in kf

E is 2 for a disruptor, gravity beam, laser or particle bearm, 2.25 if rainbow laser, 2.5 for an
antiparticle beam, disintegralor, screamer or stunner, 2.606 for an x-ray laser, 3 for a graser ar
paralysis beam, 5 for a flamer, @ for a fusion beam and 10 for a displacer beam

RoF is the chosen RoF.

Round 1o the nearest whole number.

Shots

A beam weapon is only rated for shots if it uses its own power cells rather than vehicle power,

If 2 weapon will have its own power cells, decide on a minimum number of shots it can fire
before running out of energy - at least equal to Rate of Fire! Then determine the minimum number
of C eelly required using the formula:

Minimum # of C cells = # of shots < EPS/P.

Where:

EPS is the energy per shot of the weapon, equal to Pow./RoF,

Pis 3,600 if TLS, 5,400 if TL9, 7,200 if TLACO, 9,000 if TLI1, 10,8008 TL12, 12,600 if TL13,
14 4000 if TLI4, 16,200 if TL15, or 15,000 if TLI16.

If the number of cells required is nor an even number, then round up 1o Eet the actual number
of cells needed. The weapon's number of shots is multiplied the ratio of cells installed to calls
reqquired. Thus, if we needed 2.5 C cells 10 ger 40 shots, we would have 10 install 3 C cells, but the
actual number of shots we would get would increase to (3/2.5) x 40 = 48,

If the number of C cells installed is greater than 10, it is more efficient to use larger D or E
cells: one D cell can replace 10 C cells; one E cell can replace 100 C cells.

Record the number of shots and the type of power cells that are used using the formar #nC,
where # is the number of shots, C is the type of power cell (C,D.E) and n is the number of power
cells if more than one. Thus 100 shots on one [ cell is 1OO/D, while 20 shots on three E cells is

Cost

This depends on empty weight (Ew} and beam type:

Linder 10 Ibs.: cost = (weight = 3200) + 31,000,

10 to 100 1bs.: cost = (weight = $300).

Crver 100 Ibs.: cost = (weight = $100) + $20,000.

Beam Type: Some beam weapons are more or less expensive. Multiply cost by 0.5 if a laser
{except rainbow models) or non-military paralysis beam. by 0L666if a rainbow or X-ray laser, by
1.233 it a gravity beam or graser, by 4 if a displacer, by 1.5 if a disintegrator, by 6 if a fusion beam
or by 7.5 if an antiparticle beam.

Ciprions: Quadruple cost of any “compact” beam weapon.

Cost and TL: One TL after the beam type that was used first appears, halve cost. Two TLs
afterwind, divide cost by four.

Round off w two digits.

Accessories for
Hand-Held Weapons

Sighting Devices

Sights can be added o smallarms. These
can be targefing sensors (soe Sensors p, 49),
The following are often added:

Telescopic Sight (Scope): A typical sight
gives +1 o0 Accuracy for aimed shots only,
Weight and cost: TLS (4 Ibs., $100), TL6 (2
Ths.. SLO0W, TLT (1 Ik, $5000. Add 505% 1o
cost and weight for a +2 bonus, double for a
+3 bonus,

Laser Sight (TLTy When twmed on, this
device projects a dot on the target o aid in
aiming. This sdds +2 to Accurscy and reduces
the Snap Shot penalty 1o -1 at ranges up 10 50
yards, and (o -2 al ranges between 50 and 100
yards. Smap Shots are still at -4 beyond 100
yards. Laser sights are available in red or high-
visibility vellow models, or in versions where
the sighting spot is invisible except (o infraned,
Negligible weight. 3200 at late TL7; cost is
halved at TLE and again at TL9+, Lasers, X-
ruy lasers and grasers pay only 110 as much,

HUD Sight {TLAY Links the weapon by
cable toa pogple or helmet head up display so
that a sighting box surrounds wherever the
fun is pointing, making aiming easier. Reduce
58 by 2 for an ordinary TLE- HUD, or by 3
for TL9+ HUD. $500 per weapon at TLE,
$250 at TLY, $125 at TL10+; weight is negli-
gible for the sight — sez p. UT6S for the HUD
itself.

Silencers

A good commercial silencer quiss o pun-
shot 50 that a person in the immediate area
(e.g.. an adjoining room) has (o make a
Hearing-4 roll 1o notice it, or a Hearing roll if
in the same room. Silencers ane available for
weapons with hreechloader, manual repeater
and autoloader mechanisms, and at double
cost and weight for light sutomatic and elec-
wric Ciarling mechanisms. A typical silencer is
1 Ib. and 5200, See p. HTYR for detailed rules
on silencers, Cr, or Imp. damage of a silenced
weapon 15 halved unless the weapon is extra-
fowe- or bow-powered, and damage of o low-
powered weapon is reduced by -1 per die.
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“But, bt — mry Kity's nog supersonic!”

“She can outrun a helic OHHET, RETWERT o shark and doe 10 nrlp.lr an
the freeway,” Cassidy said reasonably. “Siie's also bulleiproof and gets
good gas mileage. fsn' that enough?”

“Well, we don't have any more time to madify it,” Morgan
shrugged. “So e’ s rodl"

A vehicle's performance statistics are divided into several cate-
gories: ground (p. 128), water (p. 1307, submerged (p. 132}, air (p. 133)
mag-lev (p. 136}, hovercraft (p. 136} and space performance (p. 136)
Only caleulate the performance characterisiics for those modes the vehi-
cle will use!

Kitty Hawk will have ground, water, submerged and
air performances.

GROUND PERFORMANCE

A vehicle has a ground performance - that is, it can move on the
ground — if it has skids, wheels, tracks, halfiracks, skitracks or legs. DI
can also move on the ground if it has a flexibody drivetrain. Euch of
these methods — wheels, tracks, and so on — is referred 1o as a prartacular
“molive system,”

Ground Speed

This is the top speed the vehicle can accelerate to on the ground.
Speed 15 measured in mph. 1t is caloulated separately for each motive
system the vehicle may have:

Wheels: Add the motive powers of the wheeled drivetrain and any
harnessed land or flying animals to one-quarter the thrust from all sails,
airscrews, jets, rockets and reactionless thrusters in use, Divide this sum
by vehicle loaded mass in tons. Find the square oot of that quotient.
Multiply by motive system speed facror (see below) to get ground
speed. IF the vehicle used hamessed animals, the final speed cannm
excesd the slowest harnessed animal's speed,

Skigls: Use the same procedure as with wheels, excluding the motive
power of any wheeled drivetrains.

Tracks, Halftracks aor Skitracks: Divide the tracked drivetrain's
motive power by the loaded mass in tons. Find the square root of the
quatient, Then multiply by the motive system’s speed foctor (see below)
to get ground speed.

Legs ar Flecibady: Use the same method as with fracks, but substi-
tuting the leg or flexibody drivetrain’s motive power for the tracked
drivetrain’s.

Speed Factor Table
Maiive Svxtem Speed Factor

6

Skitracks at TL7+ (i}
Bafsada W TL36 0000 e iR

Two Legs ]
Three Legs 10
Fowrormomslegs

An improved suspension adds 2 to the speed factor of wheels and |
o the speed factor of other motive systems.

* If the wheels are railway wheely running on rails, double speed
factor (after improved suspension modifiers), but the vehicle cannot
move when noir on the railway track.

Sreamiining Effects and Speed Limits: It speed works out to 50
mph or more and the vehicle has streamlining. add 5% 1o wp speed if
Fair strcamlining or |0% if Good or bener soreamlining. Top speed can
never exceed GO0 mph unless the vehicle has Good or better streamlin
ing

Rourd all fractional Speeds to the nearest whole number, Exception:
It speed is 20 mph or more, round to the nearest 5 mph. The speed of a
vehicle pulled by hamessed animals may not exceed (slowest animal’s
Move x 2 mph).
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Kitty Hawk uses a wheeled motive system. The sum
of the wheeled drivetrain’s 200 kW motive power plus a
quarter of the jet engine’s 500-1b. thrust = 325 kW. We
divide that by the loaded mass of 3.48 tons [getting
93.39), find the square root of that, getting 9.66 and
multiply by the speed factor (18 - 16 for wheels at
TL6+, increased by 2 for Kitty Hawk’s improved suspen-
slon) giving a total speed of 173.88 mph. Since this is
over 50 mph and the vehicle has fair streamlining, we
add 5% to get an actual top speed of 182.57 mph,
which we round to 185 mph. Since we might not always
use the jet engine, we also calculate top speed without
that extra 500 Ibs. thrust, and get 143 mph, which we
round te 145 mph.

Ground Acceleration (gAccel)

This 15 measured in mph per second. It is the maximum that a vehi-
cle moving on the ground can increase its speed by ecach second until
top ground specd is reached.

ghccel = (top speed/Sf)  0.8.

5f is the speed factor as caleulated above,

Rourd gAccel w the nearest mphy's if under 5 mphis, otherwise 1o
the nearest § mphys.

The ghccel for Kitty Hawk is 185/18 = 0.8 = 8.22
mph/s, rounded to 10 mph/s. Without the jet engine, it's
6.44 mph/s, rounded to 5 mph/s.

mroaSD=m

Exception = Vehicles with Legs: Vehicles with legs have a reason-
ably high acceleration from a standing stop since the legs can “kick
start” them by jumping forward, At higher speeds, the rate of accelera-
tiom is closer to a conventional vehicle. For vehicles using legs at a
Ciround Speed of less than 30 mph, gAccel is 4 » 1op speed/speed factor,
For vehicles using legs at a Ground Speed of 30 mph or more, gAccel is
((LE » top speedfspeed factor) + 12 mph/s if the vehicle has two legs, +
9.6 mph/s if three legs or + 8 mphys if it has four or more legs.

Ground Deceleration (gDecel)

This is the maximum deceleration in mph per second safely possible

while maneuvering on the ground, gDecel depends on the motive sys-
1em in use:

Table

il . .

Skitracked
—

* Improved brakes and smartwheels each add 5 mph/s to wheeled
gDecel; these bonuses are cumulative,

The gDecel for Kitty Hawk is 15 mph, thanks to its
improved brakes,

Ground Stability and Maneuver Ratings

Ground Stability Rating (gSR) i a mensure of stability when mov-
ing on the ground.

Grround Maneuver Rating (gMR) is the maximum safe “G” {gravi-
ties) the vehicle can pull while maneovering on the ground,

Both gMR and gSR are determined using the table below: cross-
index the motive system the vehicle is using and the vehicle's body vol-
ume snd find the results in the gMR and gSR columns. Then apply the
misdifiers shown below the table,

gMR and gSR Table
Body's Volume
30 ef 31t 101 ro 300 o J008 of
or less 106t ef I et A000cf  or more
EMR pSR pMR pSR gMR pSR pMR gSR gMR pSR

Muotive
Syxtem

2 5 2
3 4 0125 4

025

025 0.125

LA O
i 1
-I' I:‘h

LA =

Skitracks 035 3

075 3 05

gMA Modifiers: The following enhancements each add 0.25 o
gMR: improved suspension, electronic or computerized controls,
responsive strucre, and, for wheels only, all-wheel steering and smart-
wheels. Exceprion: if the gMR began at (0,125, the first enhancement
increases it to (.25, and then any subsequent enhancements add 0.25
cach. Regardless of motive system or enhancements, gMR cannot
exceed (L5 if the vehicle has small or railway wheels, or uses harnessed
animals or sails, or has non-folded wings or rotors,

28R Modifiers: ITmproved suspension adds | w SK. Small wheels
subtract | from SR, Legs built at TL7 or less subtract 1 from SRE. [f the
vehicle is womn as 3 hamess, subtract | from SE.

Ction; TLT vehicles with wheeled or tracked drivetrains and man-
ual controls may be designated with “automatic™ or “manval” ransmis-
sions. An antomatic is +1 to Driving if the character has Driving 10 or
less, but -1 to Driving if he has Driving 13 or more, A manual transmis-
sion has no modifier, but a -3 snfamiliarity penalty if the character has
only driven automatics.
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Base gMR for Kitty Hawk is 0.75, since its volume is
between 100 and 300 cf; this is increased by 0.25 each
for improved suspension, all-wheel steering and com-
puterized controls to 1.5. g5R is 4, increased by
improved suspension to 5.

mrroeSE>xm

Ground Pressure and Off-Road Speed

Ground pressure is how much force the vehicle’s motive system
exers on 8 given square ool of ground. I s the weight of the vehicle
divided by the nominal area the vehicle has in contact with the grownd.

Determine the contact area of the vehicle as follows:

Contact Area Table

Motive Svsremn in Ulge

mm

Other Wheels at TL! ﬁ-

Coniact Area Eguicls

wheel surface area’on
wheel surface srea/Si)

(her Wheels at TLA+

Skitracks -.!ulr,u.lu auth.(.u_ ..I.TLJ..- 10
Skids skid surface area/10

i B s .._%www

 frack surface area/5

Kitty Hawk's contact area is 50 (surface area of
wheels)/50 (“other wheels at TL6+") =1.

Divide the loaded weight of the vehicle in pounds {including hard-
pomnt load but minus any contragravity lift) by the contact area to find
the ground pressure, Contragrav may not reduce loaded weight to below
10%% of original loaded weight, Then consult the table below o find the
vehicle's off-road speed:

Ground Pressure (GP) Table
Carevancl Degeription Off-Road Speed
Pressure of G ! If i I
A50ar Ig.a cemtremelylow L Rl Al 45 23
151900 verylow R ke R R
o0-1,800 low 4/5 23 172 13
1,800-2, 704 mode 1'|I1 213 12 13 | /4
2701300 high AT UE
750115000 veryhigh. . 1A 4. s IR

15,000 or more

extremelv high 1/4 /6 1/8 o

CHi-Rewaed Speed” This is the fraction of top speed that the vehicle can
reach when travelling off road. There are four categories. Record the speed
from the appropriate category thal the vehicle's motive system falls into,

[: The speed in the first category is used for vehicles with legs, o
flexibody drivesrains.

[1: The speed in the second category is used for vehicles with tracks

[MI: The speed in the third category is used for vehicles with standand,
heavy or off-road whesls wirh all-wheel drve, or for velicles with half-
track or skitrack motive syslems.

I'V: The speed in the fourth category is used for vehicles with standard,
hewvy or off-road wheels withonr all-wheel drive, or vehicles with skids,

Vehicles with railway wheels have no off-road speed. A fractional
oft-road speed is the best fraction of top speed that the vehicle can reach
when not moving on a read or upon a similar hard surface, “Full” means
the vehicle operates at full speed off-road: “no™ means it cannot move
off-road.

Kitly Hawk's effective loaded weight minus contra-
gravity lift is 0, but there is a limit of 10% of loaded
weight, or 696.89 Ibs., since it requires some weight for
traction! 696.89/1 (contact area) = "very low" ground
pressure. Since it has standard wheels with all-wheel
drive {category Ill), it's off-road speed is a very good 2/3
of top speed! Without the contragrav, it would have a
ground pressure of 6968.9, or "high™ ground pressure.

WATER PERFORMANCE

A wvehicle has a water performance — the ability to operate like a
boat or ship — if it is waterproof, sealed or submersible, and if the weight
of water its hull can displace exceeds its loaded weighi.

In game terms, this means that the vehicle's loaded weight must not
exceed its flotation rating in order to be able to floar

mre"TosDMm

Kitty Hawk's loaded weight is less than its flotation,
s0 it can float.

Hydrodynamic Drag

This is based on the walted area of the vessel, which largely con-
forms with its loaded weight in poands, Hydrodynamic drag for surface
watercrali ps:

Orag = [cube root of {loaded weight - contragravity lift*]]
squared / HI.

HI is 20 if very fine lines, 15 if fine lines, 10 if average lines, § if
mediocre or submarime lines, or 1 if the vehicle lacks a hydmodynamic
hull. Increase Hl by 100 1f the vehicle has o inmaran boll or 208 if 3
catamaran hull.

* Contragravity 1ift may not reduce loaded weight to less than 1095
of original loaded weight,

Round drag 1o the nearcst whole number.
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The loaded weight is 6968.9 Ibs. but the contragray
lift is 10,000 Ibs.; as a result, we again treat the loaded
weight as only 696.89 Ibs., since it can’t drop below
10% for these calculations. We find the cube root of
696.89, or 8.86, square it to get 78.6 and divide by one
as the vehicle lacks a hydrodynamic hull, for a hydrody-
namic drag of 78.6, rounded to 79. Without contragrav,
it is 365,

Water Speed

[his is measured in mph (multiply by (.87 1o get speed in knots), To
caleulate it, total up the vehicle's aguatic mitive thrust. This is depen
dunt on the propulsion systems in use:

Airscrews, ducted screw propellers, harnessed swimming animals,
hydropets, jet engines, oars, paddle wheels, reactionless thrusters, rock
ets, sails and screw propellers contribute their rated motive thrust.

Flexibody drivetraing contribute 5 Ibs. of thrust per kW of motive
power,

Tracked drivetrains driving skitracks, halftracks or tracks, legged
drivetrains driving legs, and wheeled drivetrains with off-road wheels
each contribute 2 Ihs. of thrust per kW of motive power.

Add up the thrust from all usable propulsion systems that will be
used simultaneously to find the aquatic motive thruss,

mrreSExm

Kitty Hawk has a jet engine (500 Ibs. thrust) and a
hydrojet (480 Ibs. thrust) = 980 Ibs. thrust,

mre oS ==xm

Divide aguatic motive thrust by hyvdrodynamic drag. (Note that bath
figures may differ for surface and underwater ravel.y Find the cube root
of the result. Multiply by 6. The result is the top speed in mph, The for-
ruila is:

Top water speed = [cube root of {Ath/Hdr)] = 6.

Where A is aquatic motive throst and Hdr is hydrodynamic drag.

Round to the nearest mph if speed is under 20 mph, otherwise round
to the nearest 3 mph. The speed of a vehicle pulled by hamessed ami-
mals may not exceed (slowest animal’s Move x 2 mph)

We divide the aquatic motive thrust of 980 Ibs. by
the hydrodynamic drag of 79 to get 12.4, find the cube
root of that (2.31) and multiply by 6 to get 13.86, round-
ed to 14 mph. Without the jet engine, the thrust drops
to 480, which gives a speed of 11 mph. Lacking contra-
grav, top speeds drop to 8 mph and 7 mph.

Hydrofends; If a vehicle with hydrofuils has a surface top speed of
20+ (body area/100} mph or more 1t can rise up on its foils, dramatical-
ly lowering the water resistance and multiplying top speed by 1.5.

Plaring: If a vehicle's aquatic thrust is al least [[H1 = 5) + 5]% of
its loaded weight. it gets extra speed by planing — skimming over the
water. Multiply its top speed by 2. If a hydrofoil, calculate planing, then
apply hydrofoil modifier

Sails: If the velicle has sails and some other propulsion system, cal-
culate speed both with and without sail thrust, since the second speed
will be needed of there 15 no wind,

Streamlining Effects and Speed Limits: If speed works out 1o 50
mph or more, add 5% 10 wp speed if Fair streamlining or 10% if Good
or better streamlining. Top speed can never exceed 150 mph unless the
vehicle has Very Good or better streamlining,

While Kitty Hawk has streamlining, its speed s not
high enough to gain any benefit from it on the water.
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Water Acceleration

Use whatever propulsion systems determined top water speed to cal-

culate water acceleration (wAccel} in mph per second. Use the formula:
wAccel = (Ath/Lwt.) = 20.

Where Al is the aquatic thrust and Lwi. is the usual loaded weight
in pounds; note that contrugray docs not affect this weight. 1f below |
mph's, round to ene decimal place; it 1-5 mph/s, round to the nearest
mphys; if above 5 mphts, round to the nearest 5 mphs.

Kitty Hawk's Ath is 980 Ibs.; divided by its loaded
weight and muitiplied by 20, we get a wAccel of 2.81,
rounded to 3 mph/s. Without the jet engine, it is only
1.37 mphys, rounded to 1 mph/s.

mrreESE=xm

Water Maneuver and Stability Ratings

A watercraft's stability and maneuverability sre based on size and
TL of its body. This is because low-TL vehicles have rudimentary con-
trals: the stern rudder, for instance, was not invented until TL3 and
improved at TL4, while the modem ship’s wheel is TL5. While this is
minor inconvenience with small vessels, with larger vessels it becomes
more significant,

Water Maneuver Rating (wMR} is the maximum sefe “0° {pravi-
tics) the vehicle can safely pull while maneuvering in or under water,

Water Stability Rating (wSR} is the vehicle's stability when moving
through or under water,
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Cross-index the TL of the vehicle's structure with the body volume
to find the wSR and wMR. Then apply all of the relevant modifiers 1o
wMR and wiR shown below the table.

wMR and wSR Table

T Vehicle's Body Volume in Cf
up 1o 1] 1o L e 10000 e 100 10 Dver one
T LO0O0 g IO g FO00N0C) 1000000 mullion of

'-rﬂ-fﬁ.’ w.'i'!? wMB wil

wMHE wSR wMR wiE wMR wiR wMR wiR

001 & 0005 7
002 6 001 7

002 5
005 s

.
4 025 2 01 3

002 B
0 B

CMER
00os 7
025 6 01 7

025 6 01 6
05 6

0s 5
075 s

9010 075 4
e A A

wM#R: Shift wMR one size category to the lefr for each of the fol-
lowing options; clectronic or computerized controls, a responsive strc-
ture, using a flexibody drivetrain for propulsion. Once the lefimost col-
umn (“up to 100 cf”) is reached, add +0.25 to wMR for each remaining
opdion instead,

wiE: The wSR is modified as follows:

Electronic or computerized controls, . | .. P T A e A 5 |
Roll stabilizers. ... ...... N T R e e )
Averape hydrodymamic Bnes. . ... ... iriinnnreraaaal
Fine. Very Fine or Submarine lines_ . .. ..._....... -2
Coiamaran or imaran holl .. .. .. . e +2
Wehicle has sails, area of sail is:

1000 200 51 times hydrodynamic drag, . e |
more than 20 sf times hydrodynamic drag ... .. ... -2

Minimom wSR 1= 1

Kitty Hawk’s wMR and wSR are based on its volume
{which is between 101 and 1,000 cf), and at TL7 work
out to wMR 0.25 and wSR 4. Due to iis computerized
controls, its wMR is shifted one place to 0.5, while lts
w5h is increased by +1, to wSR 5.
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Water Deceleration (wDecel)

The base deceleration safely possible while maneuvering on water

in mph per second is:
100 > (wMR/HI),
with & maximum of 10 mph's, where wMR is water mancuver rating and
Hi is the streamlining factor defined under K vdrodvramic Drag, shove,
The vehicle can add half its wAccel to water deceleration. rounding
up. but show the increased deceleration in parenthesis e.g., 1(3), since it
won't be usable if the vehicle loses power.

Kitty Hawk’s wDecel works out to 10 mph/s. We can
also add half the wAccel, if we need to.

Draft

Draft is the minimuim depth of liguid the vehicle can operate in

without running aground. It 15 calculated as folbows:
Draft Im feet = [{cube root of Lwt.)15] > HI.

Where:

Lwt. is loaded weight in pounds, minus any contragrav lift (mini-
e ),

Hiis 1 if no hydrodynamic lines, 1.1 if mediocrs, 1.2 if average, 1.3
if fine, 1.4 if very fine, 2 if submarine lines.

Vehicles moving as hydrofoils have their draft halved.
Round drafi to one decimal place.

Kitty Hawk's draft is effectively 0, thanks to its con-
tragrav. Without contragrav, it works out to [19.1 (cube
root of loaded weight) / 15] » 1 (no hydro-

dynamic lines) = 1.27", rounded to 1.3'.

SUBMERGED PERFORMANCE

A vehicle has x submerged performance — the ability to swim under-
water like a submarine — if it has the submersible body feature.

Although not considered “submerged performance,” any vehicle
with & ground performance can drive along the bottom of & body of
water provided it doesn't float, has o sealed or submersible body and
power and propulsion systems that do not require ir, plus a limited or
full Bitesystem (or oxygen-equipped swits) for any occupants.

Submerged Hydrodynamic Drag

This is calculated m much the same way as for surface watercraft,
but with some differences. Contragrav does not affect submerged drag!
Use the formula:

Drag = (cube root of submerged weight) squared / Ls,

Ls if 10 if submarine lines, & if very fine lines, 4 if fine lines, 3 if
average lines, 2 if mediccre lines, or 1 if the vehicle lacks a hydrody-
namic hull.

Round drag o the nearest whole number.

Kitty Hawk's submerged weight is 17,515.625 Ibs.,
s0 Its submerged drag is the cube root of that, squared,
divided by 1 for no lines, or 674.45, rounded 1o 674.

mr"TE>>m
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Underwater Top Speed

This is measured in mph, Add up the thrus from all usable propal-
sion systems that will be used simultanecusly to find the submerped
motive thrust,

These include screw propellers. hamessed swimming animals, duct-
ed screw propellers, hydrojets, rockets, and reactionless thrusters.
Flexibody drivetrains contribute 5 1bs. of thrust per KW of motive
power. Legged drivetrains driving legs contribuie 2 Ibs. of thrust per kW
of motive power.

Any propulsion systems powered by air-breathing power plants can-
not be used while submerged!

Divide submerged motive thrust by hydrodynamic drag. (Note that
both figures may differ for surface and underwater travel,} Find the cube
root of the result. Multiply by 6. The result is the top speed in mph. The
formula is:

Submerged speed = [cube root of (Sth/Hdr)] 6.

Where Sih is submerged motive thrust and Hdr is hydrodynamic
drag.

Round 1o the nearest mph if below 20 mph, otherwise to the nearest
5 mph. The speed of a vehicle pulled by hamessed animals may not
exceed (slowest animal’s Move = 2 mph).

Kitty Hawk's submerged thrust is only 480 Ibs. since
it can’t use the air-breathing jet engine. Top speed is
cube root of (480/674) « 6 = 5.35 mph, rounded to 5
mph.

Underwater Acceleration

Use whatever propulsion systems determined submerged motive thrust
1o caleulate underwater acceleration {uAccel) in mph, Use the formula:
uAccel = Sth/Swt < 20 mph/s.
Where St is the submerged motive thrust and Swer. is the submerged
weight in pounds, Round to two places.
If below 1 mphfs, round to one place; if 1-5 mph/s, round o the
nearest mphyds, if above 5 mphys, round 1o the nearest 3 mplhys

Kitty Hawk, with 480 Ibs. thrust and submerged
weight of 17.,515.625 Ibs., has a uAccel of 0.548 mphy/s,
rounded to 0.5 mphy/s.
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Underwater Deceleration, MR, SR and Draft

Use the same statistics as in water performance, except that when
submerged, drafl is simply (cube root of submerged weight)/3,

A Kitty Hawk's uDecel, uMR and uSR are the same as its
/W wDhecel, wMR and wSR. Its submerged draft is 25.97 (cube
[ root of submerged weight) / 3 = 8.65 feet, rounded to 9°,

Crush Depth

This is how deep a submersible vessel may safely dive underwater;
it also applies to vehicles dnving on the bottom. It is based on the DR of
pressurized areas of the vehicle. A pressurized area is any body or sub-
assembly that conlains crew positions, passenger seats or spaces, of
secommaodations

To determine crush depth, measured in yards, find the pressurized
bady or subassembly with the lowest DR. Add 10 to this DR, then mul-

tiply the sum by 0.25 if the vehicle structure has an extra-light frame, %
.30 light, = 1 3f medium, * 2 if heavy or « 4 if extra-heavy. Multiply
this by 10 yards. Divide by 2 if the vehicle lacks a submersible hull
This gives the crush depth in yards.

If the vehicle dives below crush depth, it must make Healih rolls 1o
aveid the pressure collapsing its hull, with fatal results, Note that
unmanned vehicles do not have a crush depth,

Kitty Hawk's crush depth is based on its lowest
pressurized DR; its wheels and turret have lower DR
than the body, but they aren’t pressured, so we use the
body's DR 24. That gives it (24 + 10) < 0.5 (light) =

10 yards = 170 yards.

mrTo=I>xm

AERIAL PERFORMANCE

A vehicle with wings (except stub wings), a lifting body or rotors
<an fly. 5o can one with aerostatic lift {from lifting gas, [ift fans/engines,
vectored thrust or contragrav) that is in excess of its weigh,

Stall Speed

Stall speed is the minimum speed in mph the vehicle must be mov-
ing at to have sufficient lift to ke off and, once in flight, o remain air-
bome,

Stall speed can be reduced or negated by the total satic lifi of the
vehicle: this is the sum of the pounds of lift from ornithopter wings,
helicopter rotors, lifting gas, LN engines and fans, vectored thrust used
for 1ift, comtragravity and levitation,

If staric lift exceeds the vehicle's loaded weight, then stall speed is
automatically O,

Otherwise, stall speed largely depends on the vehicle®s (i area.
This is found by adding the entire combined surface area of all the
wings and rotors to 10% of the area of the body (309 for lifting bodies).
Treat STOL wings as having 1.5 times their aotual area and flasecraft
wings and rotors as three times their actual area for this purpose. Use lift
area and the formula below to calculate stall speed:

Stall Speed = [(Lwt-Static Lift)/Lift Area] x SI x Rs.

Luwvt, is loaded weight in pounds

Af1s 1 af no streamlining; if streamlining, ivis 1 iF fair, 105 if good,
L1 if very good. 1.15 if superior, 1.2 if excellent or 1.3 if radical,

fs is 2 mph for most vehicles, but is 1.5 mph if vehicle has respor-
sivee structure

Round stall speed 1o the nearest 5 mph.
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Hover Capahility: 1f stall speed is 0, the vehicle can take off and
land vertically, and, after decelerating to ) speed, can hover in midair. A
vehicle with no stall speed can even fly sideways or backwards at wp o
120 its top speed, A winged aircrafi that can do this is called a VTOL
aircraft (Vertical Take Off and Landing).

FTOVL Capabiliey: If static lift is less than the loaded weight but &=
greater than the aircraft’s weight excfuding the weight of a hardpoint
load, the aircraft is said to be “STOVL™ capable — Short Take Off,
Vertical Landing, STOVL capability means that after dropping (or nol
carrying)h stores on its hardpoints, its stall speed drops to O, giving it the
ability to hover and land vertically, as above,

Takeoff and Lamding Msrances: If stall speed is greater than 0, the
aircraft will have 1o accelerate to that speed using its gAccel before it
can take off. Similarly, when landing, it touches down at stall speed and
must use its ghecel (0 come 0 8 compleie stop. Boih takeoff and land-
ing will require minimum runway lengths, miven by

Takeoff run (yards) = (§ = §)/|4 ~ gAccel).
Landing run (yards) = (S « 8)/(4 » gDecel).

Where 5 i5 stall speed (in mph), and gAcoe! and gDecel are the vehi-

cle’s usual ground performance stats {in mphys),

With a contragrav lift of 10,000 lbs., which is more
than its loaded weight, Kitty Hawk has a stall speed of
0 and can hover.

Gan the Vehicle Fly?

T take off from the ground on its own, a vehicle must either have a
mindified stall speed of 0 or be able to reach its stall speed while sill
using ground movement. Thus, its top ground speed must equal or
exceed its stall speed.

The same 15 tree for vehicles taking off from water: their stall speed
must be {, or their top water speed must be able to equal or exceed stall
speed For the vehicle (o be able (o fly

If a vehicle's stall speed 15 higher than its top ground speed, it can’t
take off from the ground unaided. The same applies o water speed.
However, all is not lost: the vehicle can still flv if rowed or launched
from another craft at a speed greater than its stall speed. Note that
unpowered gliders always have a top ground speed lower than stall
speed!

Flearecrafi: A vehicle with farecraft wings is limited 1o flight at a
maximum altitude of (square root of combined wing area) feet, up wa
maximum of 6"

With a stall speed of 0, Kitty Hawk can fly.

mreIEB>xm

Aerial Motive Thrust

This is the amount of thrust the vehicle can use 1o propel itself once
it is flying.

It is equal to the thrust of acrial propellers. ducted fans, omithopter
drivetraing, helicopter rotors, aerial sails. harnessed flving animals, jet
engines (except ramjels = see po 135), rocket engines, Orion engines and
reactionless thrusters. Do not include threst produced by Nift engines or
fans.

If an engine or fan has the vectored tirnse option, omit whatever
portion of its thrust was used 1o lifi the vehicle into the air unless the
vehicle has wings (except stub wings), rotors, or a lLifting body,
Vectored thrust required 10 1ift the vehicle is equal to the loaded weight
of the vehicle minus aerostatic lift from other sources, e.g., lifting gas,
contragrav, kevitation, helicopter rotors, lift engines or lift fans,

If a vehicle has an afierburner, calculate two sets of aerial motive
thrust — one with the afterbumer, one withouot,

Kitty Hawk's aerial motive thrust is 500 Ibs. from
its jet engine.
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Aerial Top Speed

This 15 the top speed of the vehicle in the air. To find i, First calew
late the vehicle's agrodymamic drag.

Aerodynamic Drag = [{Sa-R)/ 51] + D.

8a is the toral surface area of the vehicle.

R is the surface area of anything retractable (e.g.. pop turrets,
retractable skids or retraciable wheels)

5! depends on streambiming: | af none, 2 af far, 391 good, 5 1F very
good, 10if superior, 20 if excellent, 40 if radical streamlining, Add 200%
tor S if vehicle hes & responsive structure

£ 5 the sum of: 10 for each person in an exposed seat, 15 for each
person in a cycle seat or exposed standing room; 20 if the vehicle is
womn as a hamess; the total surface arca of any vehicles carnied on deck
or in external cradles; 5 per loaded hardpoint the vehicle has (b only if
calculating performance with hardpoints loaded).

Kitty Hawk’s aerodynamic drag is the total surface
area of 324 minus the of the pop turret (24) equals
300, which we divide by 2 for fair streamlining, getting

150. No other modifiers apply.

Top Speed) Use the aerodvnamic drag and aerial motive thrust 1w
determine the acrial top speed (in mph) using the following formuls;
Top speed = square root of [7,500 ~ (Aml/Adr)].
At 15 serial motive thrust,
Adr s serodynumic drag,
Round the result o the nearest 3 mph if over 20 mph, otherwise o
the neanest mph.
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Kitty Hawk's top speed is the square reot of (7,500 =
500 thrust / 150 drag) or 158.1 mph, rounded to 160 mph.
It can zip along at about the speed of a fast helicopter.

Certain vehicle designs are restricted in maximum speed. If caleula-
ed top spead exceeds these limis, reduce it w the limit:

Hamessed animals .......................their Move ¥ 2 mph

PLEMIR BRI, i i e o S L R R i e e 100 mph
B oo 150 mph
TL 4 rolows . . ... .. ; ... 300 mph
Flarecraft wings .......... Ciriassreasasss e 00 mph
Mo, Fair or Good streamlining ... ... ... ......._..... &00 mph
Arrial propellens:. . . vt SR DR R L 600 mph
Very Good streamlining . . . ......oovvviieivnnnanne. 140 mph
BT s o GO0 mph
DR s mncer 200, e e e e e e e e . 2000 mph

* Only DR from metal. composite or laminate armor counts; if it has
vanous DRs on different locations, use the lowest DR excluding DRs of
retractable subassemblies

These are also limits on speed when a vehicle is gliding or in a dive.

None of these restrictions affect Kitty Hawk's
speed: while it would be limited to 600 mph by its
streamlining, it can’t go that fast, except in a dive.

Mo D> Mm

et Engine Limits: A turbojel or turbofan engine becomes ineffec-
tive at speeds over about 2,000 mph, a turbo-ramjet at over 4,000 mph, a
ramjet at over 6,000 mph (TLT) or 12,000 mph (TL8+). If the vehicle
goes faster, reduce it 1o this limit. Excepiion: If the vehicle stll has
some senal propulsion systems that still work at this speed (e.g., in a
vehicle being propelled by turbojets and rockets, the rockets would stiil
work past 2,000 mph) recalcolate speed wsing just the working propul-
sion system’s thrust. If this new top speed exceeds the jet speed limit,
use ity otherwise, top speed equals the jet’s limir,

Rarrfets and Turbo-ramjfets: A ramjet only works if the vehicle is
moving at 375 mph or greater speed, while a wrbo-ramjer switches to
more efficient ramjet mode ar that speed. If a vehicle has either and can
reach & top speed of at least 375 mph, recaleulate top speed by adding
thrust equal to (0.2 = any turbo-ramjer’s original thrust) plus the entire
thrust of any ramjets.

<

Aerial Acceleration

Use the aerial motive thrust to calculate asrial acceleration (aAccel)
in mph per second, The formula is;
ahccel = (Amt/lwt) < 20,
A is total aerial motive thrust.
Lowt is the usnal loaded weight in pounds
Round to the nearest whole number, For craft with afterburners, cal-
culate twio se1s of adccel, with and without afterbumer

Kitty Hawk's alccel is 500 Ibs. thrust/6,968.9 Ibs.
weight = 20 = 1.43, rounded to 1 mph/s.

Aerial Maneuver Rating

Aerial maneuver rating (aMR) is the maximum safe g (gravities)
that the: vehicle can pull in flight while tuming or maneuvering,

If vehicle's seall speed {5 O: The vehicle's aMR is (TL-Size
Modifier)2. Treat TL as one higher if it has either a responsive structure
or either electromic or computerized comrols, and as two higher if it has
basth. If aMR works out to O or less, treat if as 0,125,

{f venaicle has a fifring body bur no wings: MR is 00125, or 025 if #t
has electronic or computerized controls. Double this if vehicle has a
respon=ive Siructine,

If vehicle has wings or rofors: aMR is caleulated using this formula:

aMR = [(Whp + Rhp)/Lwt.] < TL =« 30.

Whp is the sum of all wings' hit points.

fhp is the sum of all rotors” hit points.

Lwt. 15 loaded weight in pounds,

TL is the Tech Level of the wings or rotors. Add one 1o effective TL
for each of these features the vehicle has: responsive structure, high
agility wings, variable sweep and computerized contrals (this is cumula-
tive). If the vehicle has controlled instability, add rwo to effective TL. If
the vehicle has MMR rotors, treat it as one TL fower

Round to the nearest half or whole number,

If the vehicle has a stall speed of 0 and either has wings or rotors
(like & helicopter or a vertical ke off jet aircrafth or is a lifting body
with i wings. use the higher result of the two formulae 1o get aMR.

Since Kitty Hawk has no wings or rotors, its aMR is

its TL of 7, increased by 1 for computerized controls to
B, minus its size modifier of +3, giving 5, which we then
divide by 2 to get an aMR of 2.5 g. This is comparable
to most helicopters.
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Aerial Stability Rating

The aSR is based on the vehicle volume and various modifiers, and
is caleulated using the table below:

Aerial Stability Rating Table
1 F.r, il Hn

1i-n:ll.imu:: 1, IW’I ‘J"H‘J Lf
WVolame 1000004 9409 of

B u[ I| 'I"a- .
Built ai 'I‘I;..H+

H]‘I-]'II'I!“ [|'i]1'|1'l,|'.l;_‘ '.\|I]g‘~
Controlled Jnil‘:lbﬂl['l.- |

andwdngs, | EIE Y ot

* YWehicles with coaxial rotors ignore this penalty.
Minimum aSR is 1.

Kitty Hawk's aSR is 3 for its volume +1 for computer-
ized controls -1 for no wings = 3.

Aerial Deceleration
The maximum aerial deceleration in mph/s (aDecel) is equal o the
vehicle's aMR = 4.

Kitty Hawk's aDecel is its aMR = 4, or 10 mph/s.
Kitty Hawk doesn’t have a mag-lev, hovercraft or space
performance, so we've finished the vehicle!

mrro=5H>xm

MAG-LEV PERFORMANCE

Mag-lev vehicle performance is caleulsted much the same as air
performance. A mag-lev vehicle can only move if its mag-lev lift
exceeds the vehicle's loaded weight.

Stall speed 15 automatically (.,

Marive thrust i85 equal 1o the 209% of mag-lev lift {in Ibs), plus the
thrust of any aerial propellers, ducted fans, jet engines, rocket engines or
reactionless thrusters,

Aerodynamic drag is calculated the same way as for air perfor-
maanee

Speed and Acceleration are caleulated nommally, the same way as
for aerial performance,

mMR is 0125 at TLT, 0.25 at TLA+, while mSK is 6.

Deceleraiion s 40 mph/s * mME.

HOVERCRAFT PERFORMANCE

A vehicle that has hoverfans may be able 10 perform as a hovercraft,
using an air cushion to hover a few inches or feetl off the surface of
ground or water {if a GEV skint) or water only (if SEV sidewalls) with
less thrust than would be needed 1o Ty,

Total the lift of all hoverfans, 1ift fans, contragravity, lifting gas and
lift engines. Since the hovercraft is operating in “ground effect,” the lif
of hoverfuns is incrensed: multiply by 5 if GEVY skir, by 4 if SEV side-

walls, or by 2 otherwise, If the 1oal modified Lift is greater than the
vehicles’s loaded wenght, it can hover at an altitude of (2 = liftloaded
weight) feet over the ground or water, to a maximum altitude of 6 feer

Wectored-thrust engines or fans may convert some or all of their
thrust to lift in order to enable the vehicle w hover, Each pound of thrust
adds | pound to lift, but thrust used for 1ift may not be used For propul-
ston. Thus, there is no point in adding more lift than is necessary 1o
excesd loaded weight,

Mative Thrust, Speed and Acceleration: If the vehicle can hover,
find its motive thrust, speed, and acceleration (hAccel) using the meth-
ods given under Aerial Performance, above, If it has SEV sidewalls,
multiply top speed by 0.8. However, top hover speed cannot exceed 300
mph. When calcubating motive thross, remember that vectored thrust
engines and fans can only contribuie the portion of their thrust that was
ot wsed for 1ift!

Huover Manewver Raring (RMR): This 1s caloulated the same way as
MR for an aireraft with no stall speed. If SEV sidewalls, add +0.25 o
hME.

Hover Srabifity Rating (h5K): This is calculated the same way as for
an gireraft, but add +1 if SEV sidewalls,

hlecel: The maximum hover deceleration in mph (hDecel
to the vehicle’™s hMR = 4.

SPACE PERFORMANCE

A vehicle with a rocker or other non- air-breathing reaction engine,
or a reactionless thruster, may maneuver in normal space. So may a
vehicle with a warp drive.

A manned vehicle can only operaie in space if the crew have suits or
uppropriate life support. Similarly, a power plant ean only function in
space if it does not require air (or is closed-cycle).

A space vehicle is rated for space acceleration and mancuver rating

Space Acceleration: Space acceleration (sAccel) is normally mea-
sured in gravities (G To find sAccel, divide the total motive thrust of
all rockets and spacedrives that are used together by the loaded mass in
pounds. To convert G to mphss, multiply sAceel by 20 for an even nurm-
ber, or by 21.9 for strict realism

| 15 equal
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Space Deceleration: A vehicle in space can decelerate by spinning
about and thrusting in the opposite direction. This i normally accom-
plished with small attitude jets, which are included as part of any space
propulsion system {these jets are oo small to be of vge when manecuver-
ing in atmosphers). Such a maneuver normally takes 10 seconds = the
vehicle's Size Modifier (minimum | second) to execute. Many space
vehicles have-vectored thrust éngines; such vehicles can decelerate
without having to turm around first,

Space Mancuver Rating.: Space Manzuver Rating (sMR) equals
sAccel. Spacecratt do nof require a Stahility Rating

FTL Speed

This is the vehicle's speed when travelling faster than light, usually
rated in parsecs per day. It is only possible if the vehicle has a stardrive.
With a jump drive or teleportation drive, this is an all-or-nothing capabili-
ty: il the ship's loaded mass 15 less than the drive's jump capacity, it can
travel faster than hght. Otherwise, it cannot,

For hyperdrive or warp drives, speed is based on hypershunt capaci-
ty or warp thrust factor divided by loaded mass in tons and muliplied
by x {see p. 39). However, hypershunt capacity must sl least equal
Ivaded mass for a ship to use hyperdnve.

RECORDING VEHICLE STRTISTICS

A standard format is used to record vehicle statistics, while giving
full details of component weight, volume, etc. For a more compact
descriptive format, sse Chapter 11.

Kitty Hawk (TL7)

An “omnicar,” Kitty Hawk represents top-of-the-line TLT vehicle
technology assisted by TL13 contragravity generators. It was built by
Casgidy Jones and Captain Morgan West using “black program™ CLA
funds us a special operations vehicle. Outwardly it resembles a luxury
sports car. But inside?

Subassemblies and Body Features: Four standard wheels, Pop turret
with full rotation (atop body). Flotation and submersible hull (flotation
62.5 Ibs.jcf, 15, 468.75 Ibs.), fair streamlining.

Propuision: 200 kW wheeled dnvetrain with all-wheel drive (body.
440 Ths., B8 of, 38,800, 200 kW) 40 k'W hydrojet (body, 120 bs,, 2.4
ct, 34,800, 40 W) with 480 lbs. aguatic motive thrust, 300 Ihs, thrust
tirbofan (hody, 300 1bs., & of, 515,000} uses 15 gph jet fuel.

Aerostaric Lifr: 10000 Ib.-lift TL13 contragray generator (body, 15
Ibs., 0.3 cf, 550, 10 kW)

Weaponry: T.62mm minigun, concealed (turret, 33 Ibs., 1.65 cf,
53,700, Pow (.55). 40mm GL. concealed (turret, 72 Ibs, 3.6 cf, $5.400)
400 shots T.62mm solid (rurret, 22 Ibs., 0148 cf, %443 50 shots 40mm
HEDP (turret, 60 Ihs., 0.6 of, $550).

Weapen Accessories: Full stabilization for minigun (wrret, 3.3 Ibs..
0.165 of, $330). Full stabilization for grenade launcher (mrret, 7.2 lhs.,
0.36 cf, 3720}

Communications: TLT commumicator with medium range and cellular
phone (body, 4 Tbs., 0.08 of, 5800, 30 mile range), with scrambler ($1,000).

Sensors: Headlights, TLT light amplification (body, 2 1bs., 0.04 of
and $4000. TLT radar, 10 mile range (body, 50 lbs., 1 of, 540,000, 2.5
kW, Scan |T). TLY active sonar with active/passive option. 0.5 mile
range (hody, 37.5 Tbs,, 0L75 of, 1.25 kW, $6,000, Scan 9). TL7 thermo-
graph, 3 mile range (turret, 7.5 Ibs., 0.15 cf, $48.000, Scan 14}, Eight-
foot periscope for thermograph (turret, 15 1bs,, 0.3 of, $38, 4000,

Avdicr!Viseal, TLT Sound system (body, 20 Ibs., 1 cf, $400).

Narvigation: TLT Military GPS (body, 4 Ibs., 0.08 cf. §3,000).

Fargeting: TLT HUDWAC with pupil scanner (body, 10 1bs, 0.2 cf,
$20,000).

ECM: TLT advanced radar/laser detector (hody, 30 Ibs., 0.6 cf,
$3,000, neg.). TLT decoy discharger (body, 20 Ibs., 1 of, $100) with four
chaff, four flare and two sonar decoy reloads (body, 100 [bs., 5 cf, $260).

Computers: TLY minicomputer with genius option (body, 40 Ihs.,
0.8 cf, 5105000, complexity 3). Two TLY computer terminals (body,
total of B Ibs., 4 of and 5.2, (0K},
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Miscellaneows: TLY compact fire suppression system (body, 50 [hs,,
Iof, 55000 TLY hi-security alarm ($3,000). TL7 muiable license plate
(body, 1 1b., D.3 ¢of, $500). TL7 smokescreen (body, 75 Ibs., 1.5 ef..
$35070, Bilge pump (free, 1 kW of power).

Vehicle Comrols: Computerized maneuver controls (510,000).
Computerized diving controls (% 10,000

Crew Sations: “Pilot” runs controls and two computer terminals
from mormal crew station (bhady, 30 Tbs., 30 of, $2007.

Clccupancy! Short. Crew Reguiremenis: Pilot,

Accommodaiions: One normal seat (bady, 30 Ths., 30 of, $1000,

Envirommental Systems: TL7 limited life system with one man-day
of support for two people (body, 200 Ibs.. 4 of, $1.000, 1 KW,

Safery Sysremy: TLT ejection seat for crew station and normal seat
(body, each |00 bs., 5 cf, $50,000). Airbaps for both front seats (body,
each 10 Ibs., 1 of, $100).

Power Systerns: TLT 216 kW standard gas turbine (body, 472 Ths.,
t.dd cf, $9.440, uses 12.96 eph jet fuel). On the ground or in air, it pow-
ers everything but the hydrojet; on water, cverything but the wheeled
drivetrain. Underwaler, the turbine is shut down. Insiead, TL7, 155,700
kWs advanced batteries (body, TT8.5 Ibs., 7,785 cf, $7,785) power
hydrojet, bilge pump, sonar and lifesystem (43,25 kW) good for 3,600
seconds, or one hour. When turbofan operates, 5 kW extra power arc
available; this is often used w recharge the energy bank.

Fuel: 60 gallon light, self-sealing tank (hody, 60 Tbs., @ of, 1,20,
fire: +0). Holds 60 gallons jet fuel (390 lbs., fire 13). This fuels the wr-
bofan for 4 hours, the turbine for 4.62 hours, or both al once for 2,145
hisirs.

Aceess, Cargo and Empry Space: Access space (body, 26.64 cf).
Cargo space (body, 6 cf). Empry space (turret, 0,937 of}, (body, 0,685 cf).

Volumes: Turret (B cf, takes up 9.6 cf in body). Body (247.5 cf,
flotation |5.468.75 Ibs.). Wheels (24.75 cf).

Surface Area: Turret 24, body 250, wheels 50, total and structural
surface area 324,

Structure: Light frame, very expensive materials modified by
streamlining and submersible (972 Ibs,, $97,200),

Hit Pointy; Body 188, turret 18, each wheel 19.

Struetwral Options: Improved suspension (33,000), improved brakes
($1,000), all-wheel steering ($5,000),

Armor: Body has DR 24 advanced laminate (900 Ihs., $90,000).
Wheels have DR 10 advanced laminate (75 lhs, 37,5000, Pop turret has
advanced laminate F22, B12Z, R12, L12. T12. (50.4 Ihs,, $5,040). Kitty
Hawk’s body and turret front have PD 4. The back, nght, left and top of
its turret and its wheels are PD 3,

Ceher Surface Feamres: Basic stealth (648 |hs., 97 2000, Punciure-
resistant tires (51,0007,

Statistics: Empty weight 5.976.9 lbs., internal payload 520 Ibs., fusl
and ammo 472 Ibs., loaded weight 6,968.9 Ibs., (3.09 tons), submerged
weight 17,515,625 Ibs, Volume 280.25 cf. Size modifier +3. Cost
$760,975. HT 10,

Ground Performance: Top speed 185 mph (145 mph without jei
engine). gAccel 10 mph/s (5 mph/s without jet engine). gDece| 15
mphis. gMK 1.5, pSR 5. Off-road 2/3 with contragray. 1/4 without,

Water Performance: Can float. Hydrodynamic drag 79 with conira-
grav, 365 without. Top speed 14 mph (1 mph without jet), Without
contragrav, top speeds are & mph and 7 mph. wAceel 3 mphy's (1 mphys
without jet). whME (.5 wSR 3. wDecel 10 mph/s. Draft none with con-
tragrav, 1.3" without.

Submerged Performance: Submenged drag 332, Top spead 5 mph,
uAccel (LS mphy/s. uMR 0.5, uSR 5, Draft 9°. Crush depth 170 yards.

Air Performance: Stall speed 0, can hover, can fly. Acrodynamic
drag 150. Top speed 160 mph. aAccel | mph/s. aMR 2.5, a5R 3. aDecel
1 mphy/s

ApPENDIK T - CuBe Roots

Several GURPS Vehicles calculations reguire finding a cube root.
Muost caloulators and spreadsheets can calculate cube roots, but not all,
Here is a simplified (i.e., rounded-off) cube root table that can be used if
all else fails!

If a number falls berween two values on the table, use the nearer. or
the higher, if both are equally close,

Simplified Cobe Root Table
Number Cube MNumber Cuhe
Roal

Root
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APPENDIX 2 - GURPS SPACE: DEFENSE FACTORS

The Vehicles rules can be used 1o design spaceships and space
weaponty that work with the GURPS Space combat system. The result-
ing vehicles will be similar, but not identical, to spaceships built using
GURFES Space.

To find a ship®s Defense Factor for use with GURPS Space combat
rules. use the following char:

LR [F D 0F

1020-203 5

4080-8,160

S

If a ship has deflectors, add 1 to DF. If it has force screens, calculate
DF based on screen DR separately, and add the two together,

Add 1 for these features: basic stealth, basic IR cloaking or basic
emission cloaking,

Add 2 for these features: radical stealth (if vehicle does not have
partial stealth}, radical IR cloaking (if vehicle does not have basic TR
cloaking) or radical emission cloaking (if vehicle does not have hasic
emission cloaking ).

Other factors (such as vehicle volume and the benefits of FTL drives)
atfect DF as described on p. 593: when calculating volume, 27 of = 1 ey,
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This section provides a short selection of vehicles from different
time periods in a ready-to-use format, As well as being usable in adven-
tures, these crafl should give some insight ino how o build other vehi-
cles of their general class.

Abbreviations

Abbrevistions are used ro succinctly refer to particular locations {the
body and the various subassemblies) or o pariculzr facings (front,
back, right, left, top, underside).

Locations: Body (Bo), Turret (Tu), Superstructure {Suj, Open
Mount (), Pod (Po), Guasbag (Gl Mast (Ma), Wheels (Wh), Tracks
(Tr). Halfracks (Hr), Skids (Skd), Skitracks (Ski), Wings (Wi), Rotors
iRo}, GEV skirt (GEV), SEV sidewalls (SEV). Multiple cxamples are
identified by o number, ¢.g., Tu2 is the second turret on a vehicle.

Facing: Front (F), Back (B), Right (R), Left (L), Underside (17,
Top (T).

Armor; Chp: cheap, Std: standard, Exp: expensive, Adv: advanced.

Where no location is given for a component, assume it is in the
body!

RouNostie (TL3)

A reundship, or cog, is a medieval sailing ship. This particular one
is a small example with single square-rigged mast. wide body, and two
“castles” {raised superstructures) to fore and aft. Cogs were used inter-
changeably as warships and merchants. They often carried soldiers, but
even warships were rarely armed.

Subarsemblies and Hody Features: Superstructure 1 (atop front of
body), superstructure 2 (atop aft body}, 40-foot mast. Flotation & hydro-
dynamic hull with mediocre lines. Flotation rating 137,940 Ibs,

Fropulsion: Sails. Fore-and-aft rig, 640 sf of cloth sails, average
mtive thrust 1,280 [bs.

Inseriments and Elecironics: TLY Navigation instrements (Su2, HP 4).

Miscellaneous: Bilge pumps (bwo), External cradle for 2,000 |h.
boat (HE 16}

Comirols & Crew Stations: Pnmitve, “Steersman”™ runs mancuver
controls from roomy crew station (5u2). “Navigator™ runs navigation
instruments from rodeny crew station (3u2),

Oceupancy: Long, Passengers: Six. Crew. Captain, steersman, nay
1igator, two sailors. Quarters: Two cabins {Su2, HP 800 each). Two cab-
ins (Sul, HP 800 each). Four bunks (HPs 150 each),

Cargo and Empty Space: 1,700 of cargo space (Body). 10 of cargo
(Sul). Empty space (502 9.6 cf. Bo 96).

Vorlmie: Sul (1,000 cf). Su2 (1,100 cf), Bo (2420 cf). 40° Mast (6.4
ct). Areas: Sul 60K, Su? &0, Bo 1,200, Ma 21, Total area 2621,
Structural area 2,600

Feroeciure: TLA medium frame, standard matenals (wood).

Hir Powrgs: Bo | 800, Ma 42, Sul 900, Su2 1,204,

Argar: Bo: PD 3, DR 20 std. wood, Ma, Sul and Su2: PD 3, DR 10
std, wood,

Surfitce Features: Waterproof,

Vision: Good for crew, Poor for passengers.

Stanyics: Empty weight 95,002 1bs. Usual payload 36,400 Ibs,
Loaded weight 131,402 1bs. (65.7 tons). YVolume 4.526.4 of. Size modi-
fier +6. Price $43.252.50. HT &.

Warer Performance: Can float, Hydrodynamic drag 517, Aguatic
motive thrust 1,280 [bs. Speed 8 mph. wAccel 0.2 mphfs. wMR (.05
wiR 4 wDecel | mph/s. Draft 3.7°,

Jeep (T16)

This is a 4-wheel drive vehicle of the sort used by the U5 Army and
others from WWII to the late "70s, and still in use in many areas today.
By deleting payload, an open mount and weapon can easily fit in the
cargo drea without affecting performance.

Subasyemblies. Off-road wheels (4 whieels)

Fropudsior: TLO 40 kW wheeled all-wheel-drive drivetrain (HT 15),

Ceowetroly: Mechanical. Crew staffons: “Driver” runs controls from
normal exposed crew station (Bo),

Cecupancy: Short. Passengers: Three, Crew: Driver,
Accompiodations: Normal exposed seat. Two cramped exposed seats,

Fower Systems: TLG 40 kW standard gasoline engine (HP 19, uses
L8 gph gasoline). Powers drivetrain, Energy Bank: TL6 2,000 kWs
Lead-acid hattery (HP 3). Auxiliary power for lights, radios, etc.

Fuei: 10 gal. fuel tank (HP & fire +1}. 10 gal. gasoline (fire 120, 5.5
hours fuel.

Access, Cargo and Empry Space: 9 of access, 20 of cargo, 0,25 of empty.

Valurte: Body 90 cf, wheels 18 of. Surface Areas: Body 125,
wheels 30, total 175, .

Structure: Light frame. cheap materials,

Hit Poines: Bo 94, Wh 19 each.

Armor: Bo and Wh: PD 3, DR 5 std. metal. Does not protect
exposed seats!

Orher: Hitch. Derails: Headlights, no doors,

Statisiics: Empry weight 2,199 [bs. Usual paylosd 300 Ibs. Loaded
weight 2,999 Ibs, (1.5 tons). Volume 108 cf, Size modifier +3, Price
8392190 HT 11,

Ground Performance: Speed 80 mph, gAccel 4 mphys. gDecel 10
mphys. gME 0.75, gSR 4. Moderate GP. 1/3 off-road speed,

r;
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[RANSPORT AIRCRAFT (TL)

This is a medium twin-engine cargo and passenger propeller air-
plane of a type used from the 19305 to the present.

Subassembiies: Rewractable wheels (three wheels, retract into body
and wings). Two STOL wings. Two pods (#1 and #2. on WiR and
Wil.).

Body Features: Fair streamlining.

Propulsion: Two late TLE B9S kW aerial propellers (Pol, Po2, 895
kW each) with total 5,370 Ibs. motive thrust.

frstruments and Elecironics: TLH communicator, long range (100
mi., HP 10). TL6 navigation instruments (HF 4). Autopilot (HP 2).

Comtrols: Mechanical. Duplicate maneuver contrels. Crew stations:
“Pilot” nens controls, commuenicator, autopilol from roomy crew station,
*Co-Pilot” runs duplicate controls from roomy crew station.,
“Mavigator” runs navigation instruments from roomy crew Station.

Oocupancy: Short, Passengers: 14, Crew; Pilot, co-pilot, navigator.
Accommodaions: 14 roomy seats for passengers,

Power System: Two 895 kW TLAO HP gasoline engines (Pol, Po2,
use 44.75 gph AvGas each, HP 100 each) power airscrews. TL6 3,600
k'Ws lead-acid batery (HP 4) powers communicator, lights,

Fuel: TL6 300 gal, light Fuel tank (fire +2, HP 100), Two TL6 hght
150 gal. fuel tanks (WiR. Wil, each HP 50, fire +2). 600 gallons avia-
tion gas (fire 15) for 6.7 hours fuel.

Access, Cargo and Empty Space: 320 ef cargo space. 47832 of
empty space. Extra 106.65 cf empty space (per wing).

Violwme: Pol and Pol (each 54 cof). Bo (1,722 of), Wings (172.2 of
each), wheels (6.1 cf). Areas: Body 1,000, wheels 125, wings 400
each, pods 100 each, Total area 2,125 sf.

Struciure: Light frame, expensive materials.

it Points: Pods 75 each, body 750, wheels 63 each, wings 300 each,

Armor: Overall: FD 3, DR 5 exp. metal.

Vision: Fair.

Statistics; Empty weight 19,2345 lbs. Usual payload 6,600 |bs.
(cargo lightly loaded at 10 1hs. per of). Loaded weight 29,734.5 lbs, (14.9
tons). Volume 2,266 4 of. Size madifier 45, Price $339,380, HT 10,

Ground Performance: Top Speed 160 mph. gAccel 10 mph/s.
ghecel 10 mphy/s. gMR (.23, g5R 3. Very high GP. No off-road speed.

Air Performance: Stall speed 45 mph, can fly, Aerial motive thrust
5370 Ibs. Aercdynamic drag 1,000, Speed 200 mph, aAccel 4 mph/s,
takeoff run 51 yards, landing run 51 vards, aMR 3.5, aSR 3, aDecel 14
mphys.

FAMILY CaR (TLT)

A mid-sized contempoarary automobile,

Subassenhlies: Standard wheels (4 wheels).

Propulsion: TLT 95 KW wheeled driverrain (HP 14, 95 kW),

Insrruments and Elecrronics: Communicator, mediom mg. (30 mi),
recerve only (HP 1),

Controls: Mechanical. Crew station: *Driver” runs controls, com-
municator from roomy crew station.

Oecupancy: Short. Passengers: Four. Crew: Driver.
Accommadations: One roomy seat, three cramped seats. Envirommental
Systems: Environmental control, five people (HP 4, 1.25 kW), Safeny
Sysrents Diriver side airbag (HP 6).

Fower Systems: 95 KW standard pasoline engine (HP 30, uses 3.8
gph gaseling), Powers drivetrain. Lead-acid batiery, stores 2000 kK'Ws
(HP 3). Powers lights, radios, environmental control, etc.

Fuel: Standard 15 gallon tank (HP 10, fire +0}. 15 pallons gusoline
(fire 113. 3.95 hours fuz] for engine,

Access, Cargo and Empry Space: 13,45 of access space, 20 of cargo
space (HP 40). 4,142 cf empiy space.

Volumes; Body 195 cf, wheels 19.5 cf. Surface Area; Body 250,
wheels 50, total 300,

Structure: Light, cheap materials.

Hit Pounes: Body 188, wheels 19 each.

Armor: Overall: PD 3, DR 5 chp. metal.

Betails: Headlights, many windows, four doors.

Srarisrics: Empty weight 3.152.9 1bs, Usual payload 1,400 Ibs,
Loaded weight 4,642.9 1bs. (2.32 tons). Volume 214.5 of. Size modifier
+3. Price $9,990, HT 12.

Grrgund Performance: Top Speed 100 mph. gAceel 5 mphys, gDecel
10 mphys. gMR .75, gSR 4. High GP. 16 off-road speed.

Mororaoat (TL7)

This is a lightweight motorboar with a gasoline engine, capable of
carrying four people and a small guantity of cargo.

Subussermblies and Body Features: Flotation and hydrodynamic hull
with average lines. Flotation rating 5,616 lbs,

Propulsion: Light serew propeller with 40 kW motive power (HP 7,
40 kKW, motive thrust 480 Ths_).

Instruments and Elecironics: Communicator with medium range (30
mi, HP 3.

Cantrali: Mechanical, Crew srations: “Helm™ runs control, commu-
nicator from normal exposed crew station.

Oceupancy: Short. Passengers! Three, Crew: Helmsman,
Aceommodations; Three normal exposed seats.

FPower Plani: 40 KW standard gasoline engine (HP 17, uses 1.6 gph
gasnling). Powers all svstems.

“uel: Standard 10 gallon tank (HP B, fire +0). 10 gallons gasoline
ifire 11} Provides 6.25 hours fuel for engine,

Access, Cargo and Empry Space; 5.7 ¢f access space, 10 cf cargo
space. 7.06 of empty space.

Volwme: Body (108 of). Surface Area: Body 150, Total area 150,

Structure; Light frame, cheap materials,

Hir Peinrs: Body 113,

Armaor: Overall: PD 3, DR 5 std. composite.

Surface Features: Waterproof, Vision: Good.

Details; Windscreen, no doors,

Sratistics: Empty weight 1,392 Ibs. Usual payload 1,000 Ibs. Loaded
welght 2,452 Tbs. (1.225 tons). Volume 108 of. Size modifier +3. Price
$6,250. HT 12.

Water Performance: Can float. Hydrodynamic drag 1%, Aquatic
motive thrust 480 lbs. Top speed |8 mph. wAccel 4 mphys. wMR 025,
w5R 3. wDecel 2 mph/s [4 mph/s]. Draft 1.1°,

MOTORCYCLE CTLT)

This s a large motorcyele, fast and reasonably powerful. The per-
formance assumes it cammics only one person.

Subassemblies: Standard wheels (2 wheels).

Proputsion: 30 W wheeled drivetrain (HP 8, 30 kW),

Corgrofs: Mechanical. Crew statfons: Cycle crew station nins controls,
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Ocewpancy: Short, Passengers: One. Crew: Driver, Accont-
modations: Cycle seat,

Power Plam: TLT 30 kW standard gasoline engine (HP 14, uses 1.2
gph gasoline), TLT lead-acid batery, stores | 000 kWs (HP 2) for lizhts,
eic.

Fuel: Standard 5 gallon tank (HP 5, fire +0). 5 gallons gasoline {(fire
11). 4.17 hours engine fuel,

Acress, Cargo and Empry Space: 7.5 of empty space.

Volume: Body 13.35 of, wheels 1.335 ef. Surface Area: Body 40,
wheels &, total 48,

Serucrtwre. Cheap, Armor: None.

Hit Poinis: Body 60, wheels 12 each,

Sratistics: Empty weight 722 lbs. Usual pavioad 400 Ths. Loadad
weight 1,152 Ibs, (058 tons), Volume | 4.685 of. Size modifier +1. Price
$2975.HT |2

Graund Performance: Speed 115 mph. gAccel 5 mphfs. gDecel 10
mph/s. gMR 1.5. gSR 2. High GP. 1/6 off-road speed.

MAN BATTLE Tank (TL7)

This is a modemn, Western-design main battle tank like the German
Leopard 1T or the U5, Army’s M1 Abrams

Subassemblies: Tracks, wrret (full rotation, on body), two open
mounts (#1 and #2, lmited rotabon, on tarret).

Body Features: Slope on body: front &0 degrees. Slope on turret:
front 60 degrees, right 30 degrees, left 30 degrees.

Propulsion; Tracked drivetrain with 1,100 kKW motive power (HP
125, 1,100 kW),

Wegponry: TLT 120mm tank gun (TuF, HP 125). 7.62mm GMPG
(TuF, HP 3}. 12.7mm HMG (OmIF, HP 8). 7.62mm GMPG (Om2F,
HF 3). 40 » 120mm shots (Tu, HP 50). 1000 = solid 12, 7mm HMG
shots (Tu, HP 10}, 12,000 % 7.62mm shots (Tu, HP 17),

Weapeon Accessories: Tank gun and wrreted 7.62mm GMPG are
linked. Anti-blast magazine for 120mm shots {Tu), Full stabilization for
tank gun {Tu, HPs 27), 7.62mm GMPG (Tu, HP 1),

Instruments and Electronics; Two communicators. medium range
(30 mi. Tu, HP | each) with scramblers. Light amplification (HP 1),
Thermograph with 2 mi. range, scan 13 (Tu, HP 3). Military GPS (HP
). Laser rangefinder, 5 mi. range {Tu, HP 3). Minicomputer, hardened,
dedicated 1o Targeting program (Tu. HP 7, comp. 2. 42 Gunner skill).

Miscellaneous: Fire suppression system (HP 16).

Controds; Mechanical, Crew stations: “Driver’” runs controls, light
amp,, one communicator from normal crew station. “Commander” runs
GPS, thermograph, other communicator, 12.7mm HMG from normal
crew station {Tu), “Gunner” runs 120mm gun, wrreet 7.62mm GMPG,
computer, laser rangefinder from normal crew station (Tu), “Loader™
runs 7.62mm GMPG in open mount from normal crew station (Tu)

Jocapancy, Short. Passengers: None. Crew: Driver, Guaner,
Loader, Commander, Loader loads 120mm gun when not firing GMPG.
Enviransiesial Systesis: NBC Kit for four people (Tu, HP 10, 1 KW,

FPower: 1,118 KW ruggedized standard gas turbine (HP 200, uses
67.08 gph diesel fuel). Powers all systems.

Fuel: Self-sealing 500 gallon tank (HP 125, fire -13. 500 gallons
dicsel fuel (fire 8). 7.45 hours fuel for power plant.

Access, Cargo and Empry Space: 15788 of access space. 27 cof
cargo space (Bo). 20 of cargo space (Tu). Empty space (Bo 68.12 ¢f: Tu
15,328 of)

Velumes: Omi (1,606 cf). Om 2 (0,352 of). Tu (400 cf), Body (750
cfy, Tr (450 cf). Surface Areg: Oml 9, Om2 3, Tu 400, Bo 500, Tr 400.
Total area 1,312, Structural area 1,300,

Srrrcrigre: Extra-heavy.

Hit Points: Om1 18, Om2 6, Tu 2400, Tr 1,200 each, Bo 3 (00,

Struciwral Options: Heavy compartmentalization for body and tur-
ret. Improved suspension.

fewdy Armor: FPD 6, DR 1,680 exp. laminate. R.L.B: PD 4, DR
140 std. laminate. T, U: PD 4, DR 90 std. metal.

Twrret Armor: F: PD 6, DR 1,500 exp. laminate, R.L: PD 5. DR 200
stil. laminate. B: PDy 4, DR 200 sid. laminate, T: PD 4, DR 120 std. metal.

Tracks Armar: PD 4, DR 30 sid, metal; tread skirts with extra DR
T0 std, metal. Combined armor is PD 4, DR 100 if tread skirts success-
fully protect, PD 4, DR 30 if they do not,

Defensive Surface Feares: Sealed,

Vision, Poor. Details: Headlights, no windows, haiches insiead of
doors,

Statistics: Empty weight 118,215.9 lbs, Usual payload 1,740 Ibs.
Loaded weight 125,885.9 Tbs, (62.94 tons). Volume 1,601.96 of. Size
maodifier +3. Price §2,125,543.30. HT 10.

Crround Performance; Speed 55 mph. gAccel 3 mph.s gDecel 20
mphs. MR 0.5, gSR 7. Low GP. /3 off-road speed.

!mqw HeLIcopren (TL7)

A general-purpose transport helicoper, This kind will still be used
in TLA by civilian and military groups that can’t afford newer hardware,

Sebasvemblies: Skids (two), TTR rotor.

FPropulsion: 1,050 kW TTR helicopler drivetrain with 1,680 [bs,
thrust, 10,500 Tbs. Hift (HP 30, 1,050 kW),

fnstruments amd Electronics: Communicator with long (300-mile)
range (HP 4, 0,04 KW,

Confrols: Mechanical. Crew stations: “Pillot™ runs controls, comumu-
nicater from normal crew station,

Cecupancy: Short, Passengers: 13. Crew: Pilot, Accomrodations
Une mormal seal. 12 cramped seats Safety Systems: Seat belts,

Power Plans: TLY 1050 kW HP gas wrbine (HP 50, uses 73.5 gph
jet Tuely, Powers drivewain. TLT 3,600 kWs advanced battery (HP 2).
Poawers communicator,

Fuel: Light 220 gallon tank (HP 75, fire +1). 220 gallons jet fuel
ifire 14). Three hours fuel for gas rbine.

Access, Carge and Empty Space: 323 of access space. 30 of cargo
space. 1,82 cf emply space.

Volumes: Bo (430 f). Ro (8.6 of). Skd (21.5 o). Areas: Bo 400, Ro
Bl Skd 50, Total area 531.

Struciure: Light frame, standard materials.

Hir Points: Body 300, rotary wing 122, skids 38,

Structwral Options: Folding motors,

Armer: Overall PD 3, DR 5 std, metal,

Vision: Fair,

Stavistees: Empty Weight 4.995.65 Ths, Usual payload 3,400 Ihs
Loaded weight 9.825.65 Ibs. (4.9] tons), Volume 460,1 of. Size modifi-
er +4. Price 3207 688.75. HT 11.

Air Performance.: Stall speed 0, can fly. Aerial motive thrust 1,680
Tbs. Acrodynamic drag 531. Speed 155 mph. aAccel 2.5 mph/s, aMR 4,
asSRk 2, aDecel 16 mphys.
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V/STOL FIGHTER-BamBen (TL7)

This is a modemn fighter=bomber much like the AV-EB Harrier I1. Tr
uses vectored thrust for vertical take off and landing capability. When
fully loaded, it cannot take off vertically, but after dropping its hardpoint
load, it can do so.

Subassemblies; Small wheels (three wheels, retract into body]; two
standard wings. Body Features: Very good streamlining.

FPropeision and Aerostanic Lift: Turbofan with 21,500 1bs, thrust and
vectored throst {135 of, HP 175, uses 645 gph jet fuel)

Weaponry, TLT 25mm Gatling (BoF, HP 40, 6.4 KW, 300 » 25mm
SAPHE (HP 15).

Instrumenis and Efecronics: Communicator with long range (300
mi. HF 4, neg. power) and scrambler. IFF (HF 3). Dipital vehicle cam-
era (HF 2). HUDWAC (HP 3). Advanced bombsight (HP 1), Laser spot
tracker (HP 41, Small computer, hardened, dedicated to Targeting pro-
gram, complexity | (HP 1) with +2 skill program. Advanced radar
detector (HP 4),

Miscellaneons Equipment. Refuelling probe (HP 18). Compact fire
suppression system (HP 6).

Comtrals: Electronic. Crew sianions: "Pilot” mins all systems from
normal crew station,

Crocupancy: Short, Crew: Pilow Envirenmental Systemes: 0.3 man-
days limited lifesystem for one person (HP 10, 0.5 kW), Safety Svstems:
Ejection seat (HP 18).

FPower: Turbofan delivers 215 kW, powers Gatling gun, electromics.

Fuel: Two 200 gallon ultralight self-sealing tanks (WiR, Wi, each
HF 601, fire <13, 700 gal. oltralight self-sealing wnk (HP 150, fire +1).
[ 100 gallons pet fuel (fire 14), 1.7 hours fusl for engine,

Accexs, Carge and Empry Space: 135 of access space. Empty space
(Bo 1074 cf, WiK 14 cf, Wil 14 cf).

Valumes: Body (460 of increased by streamlining and retractable
wheels to 618125 cf). Wings (44 cf). Wheels (309 ¢f), Areas: Body
500 Each wing 112.5. Wheels 6{). Total area 810,

Structure: Heavy, very expensive.

it Pounes: Body 1,500, each wing 338, each wheel 120

Armor: PD 3, DR 7 advanced metal (Bo, Wi, Wh)

Surface Featires: Sealed.

Hardpoints: One body rated 1,000 Ths, two wing rated 2,000 1hs.
ench, two wing rated [ (00 lbs. each, two wing tip rated 200 Ibs, each.
Tovtal hardpoint load 7400 Ibs.

Viston: Good,

Statistics: Empty Weight 1327005 |bs, Usual (internal) payload 200
Ibs. Ammo and fuel; 7,390 [bs. Loaded weight 20,660.5 [hs. (1033
tons), or 28.060L5 Ibs. (14.03 wons)y with hardpoints loaded. Volume
T37.025 cf. Size modifier +4. Price $8.607 540, HT 11

Crround Performance, Hardpoints Loaded: Top speed 345 mph
pacce] 20 mph's. gDecel 10 mphy's. gMR 0.25. gSR 3. Extremely high
GP. No off-road speed. (With hardpoints unleaded, it simply takes off!}

Air Performance, Hardpoints Unloaded: Statie Tift 21,500 Ths. Stall
speed 0, can fly. Aerial motive thrust 21,500 Ibs. Acrodyvnamic drag 145,
Top speed 740 mph. asceel 20 mph/s. aME 7, aSK 4, aDecel 36 mph/s.

Afr Performance, Hardpoints Loaded: Stall speed 50 mph, can fly.
Acrial motive thrust 21,500 hs. Acrodynamic drag 180, Top specd 740
mph, adccel 15 mphs. Takeoff run 31 yards, aMR 5, aSR 4, aDecel 20
miphy's, landing run 63 yards,

0007 Sip CTLID)

Fhis 15 & small, fast starship suitable for a small group of survey
scouts, patrol officers, or pirates. It is o highly-streamlimed wingless hit-
ing body equipped with vectored throst and is lightly loaded to take oft
or land vertically. Its ome turret 15 retractable and pops ot from under
the body. Larger starships will normally have anti-gravity svstems, bui
the scout can thrust contimuously at 1 g, providing its owin gravity.

Subassemblies and Body Fearures! One pop turret (full rotation,
under body ). Retractable skids (3). Excellent soreamlining. Lifting body.

Propulsion: Two TL10 100,000 Ib. thrust super reactionless
thrusters with vectored thrust (each HP 500, 50,000 kW), One 250-ton
hypershunt hyperdrive (HP 150, 2,500 kW routine travel, 50,000,000
kW o enter hyperspace).

Weaponry: One space combat laser (TuF, HP |25, Pow. 93,312
kW

Weapaon Accessories: Full stabilization for laser {Tu, HP 24).
Universal mount for laser (Tu, HP 751.

Instrumeents and Elecironics; Two communicators with long range
(30000 mi, HP 2, neg. KW and two scramblers. Laser communicator
with very long range (1,000,000 mi, Tu, HP 15, | kW). Radar with
4000 mile range (Tu, HP 75, 1,000 kKW, scan 32}, PESA. 250 mi range,
scan 253 (HP 18). Incrtial Navigation System (HP 3, neg. power). IFF
(HP 23 Two microframes each complexity 6 (HP 10 each, 0.2 KW,
Two terminals (HP 4 each). 2 HUDWAC: with pupil scanmers, Med-res
planctary survey amay (HF 11, 0.5 kW)

Miscellaneons: Amomed (HP 125, 0.1 kW), One 1-man airlock (HP
106}, Full fire-suppression system (HP 16). Cargo ramp,

Controfs: Computerized. Crew srations; Roomy, “Pilor” controls #1
computer terminal and controls from roomy crew station. “Systems
Operator” controls #2 computer terminal from roomy crew station. Two
Gi-seats, eight crashwebs,

Oceupancy: Long. Passengers: b, Crew: Pilot, co-pilot {doubles as
mechanic), Accommaodarions ' Four shared cabing (HP 600 each).
Environmernral Systems: TLLO full lifesystem for eaght people (HP 100,
B0 KW, 480 man-days provisions (HP S0

FPower Plarr: TLI0 fusion reactor with 200,000 kKW output (HF 600,
lasts 200 yrs ). Powers all systems except hyperdnive jump with 5,60x.2
kW excess for upgrades or to power hyperdnve.

Eneryy Bank; Rechargeable power cell stores 90,000,000 kKWs (HP
1003, powers hyperdrive good for one hyperspace eniry. By shutting
down weapons and drive, the power plant can recharge enough to make
a single hypendrive entry in just over 4.5 hours.

Accesy, Cargo and Empry Space: 4,280 cf access space, 270 of
cargo space |Bo, 270 cf). Empty space (Tu, 10.2 cf). Empty space {Bo
355.5 «f)

Volume: Pop Turret (180 cf). Body (13,608 cf), Retractable Skids
(680.4 cfh. Surface Area: Turret 200, body 4,000, skids $({). Total area
4,700 st

Strtcture: Light frame, very expensive materials,

Hir Poines: Body 3000, skids 2500, marret 1500,

Armaor; PIY 4, DR 100 exp. composite on body and on turret fron,
back, right, left, and top. PD 4, DR [0 exp. composite on skids,

Surface Feaures: Sealed. Basic siealth,

Vision: Poor. Deiails: No windows, only satside doors are airlocks.

Sraristics: Empty Weight 164,715 Ibs. Usual payload 7,000 Ihs
Loaded weight (with provisions) 172,675 lbs. (86.24 tons). Volume
14.468.4 cf, Size modifier +7. Price $14,531.580. HT &.

Aerial Performance; Aerostatic 1ift 200000 1bs., stall speed 0, can
hover, motive thrust 200,000 lbs., aerodyvnamic drag 200, top air speed
2,740 mph, aAccel 26 mphfs, aMR 2, aSR 5, aDecel 9 mph/s,

Space Performance: saccel 1158 g, sDecel 1158 g, sMR 1155 g,
FTL speed 0.1 parsecs per day
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Thoth-Ra sharled in trivmph. The American woman's insane flving car had shor down his
wingman's Harrier, But now his own jet was coming from behind her, 12 o' clock high, and she
waty skimming low over the lake with no foom to mareuver. Another second, and she'd be in his
eure sights. Victory for the Elder Dark!

Mergan glanced ai her rear-view mivror, frowned, and shoved her control stick forward

“Die!” shrieked Thoh, thumbing his Gatling cannon’s trigger

—and Kieey Hawk siid into the lake and vanished!

“Helh" Morgan grinned. "Ber you can’t swim."

This chapter covers vehicle movement, [t contains rules for routine travel, plus two tactical move-
ment syslems: o basic svstem designed fo use absiract movernent, and an advanced systermn for detailed
hex-grid movement, The detailed rules should only be used for short, intense encounters: chases, com-
bat, races, or any time the GM decides dangerous mancuvers arc needed to avoid aocidents,

These mules sometimes refer to “control” rolls. This means a roll against whatever skill is used 1o
steer ancl maneyver the vehicle, e.g., Driving or Pilot, These skills are summarized in the sidebar,

O 8 S-S5 S B S0 25
ROUTINE TRAVEL

Traveling from point A to point B uses the rules on pp. B187-1588.

Long trips in vchicles not designed for long-term occupancy (ie., lacking quaners, etc.) rezult
in fatigue; 1 point of Fatigee per four hours i just serving as crew or passengers, double that if
actually steering a vehicle, and four times that under any of the following circumstances: driving
off-road, piloting an aircraft ar low altirede (below 500 feet) without terrain-following radar, steer-
ing & watercraft or airship through bad weather.

Double Fatigue if any of these conditions apply: characters have no seats, cramped seats or
spaces, exposed spaces or scats in bad weather. Halve fatigue for roomy seats or spaces,

On the ground, GMs may require one vehicle operation skill moll per eight hours of mavel on
normal mads, per four hours of travel off-road or on bad or slippery roads or at night, or per two
hours of travel in terrible weather conditions like blizzards or fog

In the air, a roll is required on landing or takeoff, or per hour of ravel at very low alttudes
{under 500 feet) or per 10 minutes of fight below 100 feet in areas with all buildings or power or
telephone lines. Roll twice as often in bad weather, A roll should also be mude when performing
routine but somewhat dangerous maneuvers like acrobatics or mid-air refuelling.

On the water, & roll is required for each docking or undocking, when passing through namow
passages or rapids. when maneuvering near other vessels, per day during bad weather or iceberg-
infested waters, or per hour during severe storms,

GMs may wish w apply modifiers for very dangerous situations, However, only a critical fail-
ure resulis in any danger unless the operator’s Fatigue is 3 or less — than any failure may result in
danger. If a potential danger occurs, then the GM should come up with & problem: ground vehicles
may suffer collisions, get stuck, suffer flar ures, ele,; watercraft may run aground or strike other
vessels, rocks or icebergs; low-flying aircraft may hit the ground. collide with power lines, strike
hirds, and 50 on. Any vehicle could have a malfunction of some sort.

Onee the danger has been determined. allow a second vehicle operation roll o avoid it A
failed roll will usually only result in minor damage, but a critical failure brings a disaster, The
cffects will depend on the GM's whim, but may include a roll on the Loss of Controf table, fire, of
collision with a terrain feature, vehicle, building or pedestrian,

BASIC VEHICLE MOVEMENT

This is a simple system which is used with the Basic Combat system. Don't hother setting up a
hex map and rolling for suceess each tum whenever the characters are out driving around the city!
In particular, GMs should feel free to ignore many of these rules in the interest of speeding up play.

At the start of a vehicle combat, the GM simply decides what the range separating involved
vehicles is. A driver can have his vehicle open or close the range by a distance (in yards) equal to
half his top speed. Maneuvering is entirely abstract.

Vehicie Dperation Skills

The skills used for steenng vehicles are:
Bicycling, Boating, Driving, Motorcycle,
Piloting, Powerboat. Shiphandling and
Teamster. Operution of an unfamiliar vehicle
of a known type incurs a -2 famiffariy penalty
—see p. B4,

Bicycling see p. B68

This is required for any muscle-engined,
wheeled vehicle light enough 1o be carmied by
115 opetalor.

see p. B8

This skill is used to control a loating

vehicke no larger than 2,700 of thart is using

oars, paddles or sails for propulsion, such as a

canoe, rowboat of small sailbost. It defaules wo
Powerbeat-3,

see pp. B63-69

Driving skill is used when a vehicle
{except a two-wheeler) 18 moving on the
ground powered by anything except 3 muscle
engine. Some specializations are lsted helow.
For exotic vehicles, the GM may wish 1o
come up with new specializations,

Dipiving {Awomobile) is reguired for vehi-
cles moving on three or mone wheels, whose
weight does not exceed 10000 bs, and which
do not have railway wheels. It defaulis 10
Heavy Wheeled at -2, to other Driving skills
at 4

Driving {Construction Equipment) 15
required for operating vehicles that weigh
4,00 Ik, or more while wsing constriction
equipment such as bulldozers, plows, cranes
or the like. This meludes farm tractors, I
defaults to other Driving skills at -5,

Drivirg (Halfiraek) 15 required for operst-
ing vehicles using halfirack or skitruck motive
systems. It defaults o Tracked Vehwele st -2
or other Diving skills ar -4,

Diviving (Heavy Wheeled) 15 required for
eperating vehicles moving on three or more
wheels, with a loaded weight of 10,000 |bs. or
more, which do not use ratlway wheels. It
defaults to Automobile at -2 and to other
Deiving skills at -4.

Diriving (Hovercrafr) is required for any
vehicle operaling as a hovercraft. It defaults 10
other Driving skills at -3.

Diriving {Locorotive) is reguired for any
vehicle using railway wheels or mag-lev, It
defanlts o other Driving skills a -5,

Conttnmed on next page . .
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Vehicle Operation Skills
(Continued)

Driving {Mecha) is required for a vehicle
using legs or a flexibody that isn't a battlesunt,
It defauls 1 Exoskeleton or Bantlesuit ar -3
and 1o other Driving skills at -5,

Deieing { Tracked) is required for vehicles
moving on tracks. It defaults to Halftrack at -2
or other Driving skills at 4.

Motorcycle see p. B69

This skill is required for powered one- of
two-wheeled vehicles or for two-wheelers
with siclecars.

Piloting see p. B69

Piloting 15 used when the vehicle 15 flving
Its numerous spectalizations include:

FPiloting (Aerospace): Use this for flving
vehicles with a top air speed of 3000 mph or
mare, a5 well as any vehicle making a winged
flight tor orbit or winged reentrv. Defaulls w
High-Performance Airplane at -2, other
Pilloding at -4,

Filoting (Auwtogyra): Use this skill with
wingless vehicles equipped with rotors bt
not helicopter driverrams, It defaults o any
helicopder at -3, any airplane at -4, others a
-5,

Piloing (Cortragraviry); Use this skill
for all vehicles flying primarily via contra-
gravity lift or levitation. Defaults to Vertol at
-3, others at -5,

Piloving (Flight Pack): Use this skill for
aircraft with no stall speed and = single
“external space” occupant. Defaults o Yeruol
at -4, others at -5

Piteting (Gilider ) Use this skill for all
unpowered vehicles Mving with wings.
Drefaults 1o Light Airplane or Ultralight ar -2,
other Pilotng a1 -4,

Piiating (Heavy Airplane ) Use this for
fiving winged vehickes weighing over 2110
Ibs, with & top air speed no greater than (K
mph. Defaults 1o Light Airplane at -2, other
Filoting at -4

Pilowing iHelicoprer): Use this skill for all
vehicles flying via helicopter drivetrains.
Defaulis to Autogyro at -2, Vertol at -4, other
Piloting et -5.

FPiloting (High-Performance Airplane )
Use this for flying winged crafi with an air
speed preater than 600 mph. Defaults o Light
or Heavy airplane al -2, other Pilloting at -4,

Pligwing {High-Performance Spacecrafi)
[fse this skill for vehicles with at least (L1 GG
sAccel that are maneuvering in space. It
defaulis to Low-Performance Spacecrafl al -2,
Aerospace at -4,

Pilestang (Leght Airplane ) Use this for fly-
ing winged craft weighing less than 20,004}
Ibs. with top air speed that is no greater than
600 mph. Defaults to Glider, Ultralight, High-
Performance or Heavy Aidrplane at -2, other
Piloting a1 -4.

Continned on next page

VERICLE ACTION

Disabled Vehicles

A vehicle that is moving when it is disabled will crash unless the driver makes a control toll 2
-10 + the vehicle's SR,

On a tailure, crash damage is 1d per 10 mph the vehicle was moving per ton of vehicle mass {or
fraction thereof). Crash damage to the occupants is identical but is rot multiplied by vehicle mass,

A vehicle disabled in the water will begin o sink and must be abandoned. A disabled aircrafi
can no longer fy, and will begin 1o crash. Make a roll agamst (Pilotimg-10) + aircraft’s SR o geide
it 1o & safe landing. Failure means crash damage, as above,

O a critical failure, the vehicle takes double damage from the crash (an air vehicle high in the
air will be destroved, and everyone killed).

Ramming and Collisions

A ram aftempt 15 an attempt to crash into another vehicle {or pedestnan) to cause damage. The
ramming vehicle must be fast enough to close with the other vehicle. Resolve 8 ram against an
evading wreet as Quick Contest of vehicle operation skills (or DX, to run someone overh. The win-
ner chooses whether the target was hit, and if so, the type of collision (sideswipe, head-on, etc ) —
then use the collision rules (p. 157) to calculate damage based on the type of collision and the
GM's judgement of the net speed.

fOVANCED VEHICLE MOVEMENT

This section describes rules for advanced movement on a hex gnd or table top using counters or
miniaure figures. These rules are mainly designed for actions mvolving automobiles, tanks, heli-
copters, boats or other relatively slow vehicles that are ocourring at reasonably close mnges. They
are not applicable for space movement — see p. 164 instead. For high speed, long-range action
between aircraft or spacecrafl, we suggest using the abstracted Dogfighting Comnbat rules on p. 160
instesd,

Tactical mancuvering is handled in much the same way as GURPS advanced combat, but with
some very important differences. Obviously, if a vehicle s moving at 60 mph, it can race across a
hex map with [-yard hexes in less than a turn; therefore, we suggest a larger scale for vehicles: 5
vards to a hex if using a hex grid, 5 yards to an inch if not using such & grid. This has three advan-
tages: first, the average person (Move 5) can still move | hex per tumn, Second, it means that a vehi-
cle moves | hex for every 10 mph — which is very convenient. Third. if you use a l-inch hex, it
happens to be the same scale az Car Wars,

Vehicle Logs

If a2 vehicle 15 in combat, keep a vehicle log. Use a sheet of lined paper, and use one line for
cach tum, Each tumn, record the vehicle's current speed. and for flying vehicles (or subs), keep rack
of altitude (or depth) as well. When a vehicle maneuvers. the log can also keep a record of its accu-
mulated G-force (described under Maneuvering, p. 146

Characters in Vehicles

A character operating a vehicle does not take normal manewvers as such. He makes the appro-
priate “control” rolls (Driving, Powerboat, Piloting, ctc.) as needed. If he is using a weapon, he
attacks by making the appropriate weapon skill rolls (usually vs. Guns, Beam Weapons or Gunner
skill). If he's fighting someone in the vehicle (wrestling for the wheel, etc.), it's resolved wsing nor-
mal combat rules




A control rodl is a roll against the vehicle operator’s control skill: Driving, Boating, Piloting,
and so on. 16 18 made when trying to do something difficult with o vehicle. A successful roll allows
the maneuver to be made or the hazard to be safely negotiated, Failure results in wemporary oss of
contral of the vehicle. Control rolls are usually modified by the difficulty of whatever feat is being
attempted, and by various control roll modifiers described in the sidebars.

Movement

WYehicles normally only move straight ahead in the direction they are facing, moving one five-
yard hex per 10 mph of speed.

Their speed can be increased at the start of each mm by an amount no greater than the vehi-
cle’s acceleration rating (provided this does not increase speed sbove its top speed), kept steady, or
decreased by an amount no greater than the vehicle's deceleration rating.

To change facing and thus the direction of forward movement, vehicles perform maneuvers.
Maneuvers are rated for the G-foree they require. If 8 maneuver requines no mone Gs than the vehi-
cle’s MR, it is performed automatically. If it requires more Gs, then a control redl must be made
against the vehicle controller’s skill, modified by the G-force of the maneuver, Failing a control
roll results in a loss of control, the severity depending on the degree of failure and how stable the
vehicle is,

Aircraft and submarines move in three dimensions. If these vehicles are in use, keep a record
of their altinude or depth, again in increments of 5 yards,

Vehicles and Facing

When using a hex grid, represent vehicles by multi-hex counters drawn at | inch 1o 15 feet or 5
yards. Vehicle counters are sometimes more than | hex in size. If using miniatures, cut cardboard
bases of the appropriate size. Movement is controlled by the cemter-fromt hex of the vehicle, or i
the vehicle is an even number of hexes wide, by the left or left center hex, Determine the distance
moved as though this “controlling” hex were a |-hex figure, and the rest of the vehicle follows,
This is important for manewvers! When mming the vehicle, it should pivot on this hex. Calculate
drifts the same way: move the contrelling hex left or right by that amount. Unlike characters, vehi-
cles may face hex points as well as hex sides. Tuming from s hex side to an adjacent hex point, or
vice versa, is a 30" tum. Tumning from hex side w adjacent hex side, or hex point 1o hex point, is a
607 turn. When a vehicle faces into a hex point, it will have two hexes immediztely in front of it
Each time it moves forward | hex, a vehicle facing a hex point alternates moving into the left and
right hexes,

Sequence of Action

When vehicles are being wsed, it is necessary o keep track of their current speed in mph,
However, vehicles move on the normal trmn of their eperager, based on his Basic Speed. Vehicular
weapons fire on the turn of their gunner (again, based on Speed), and other erew and passengers
take their actions (such as firng personal weapons or activanng cquipment) on their respective
tums. Consider software to have a Speed of (Complexity/4) + 4 for this purpose.

When it is a vehicle's turn to act. its driver decides on its acceleration or deceleration, and then
moves it Maneuvers may be made and weapons controlied by the driver may be fired at any time
during movemnent

Acceleration and Deceleration

Each player should keep track of the current speed in mph of any vehicle his character is oper-
ating, A vehicle's operator decides on whether 1o accelerate or decelerate at the start of his move,
and applies the effects before moving. The options are to maintain speed, accelerate or decelerate.

Vehicle Operation Skills
(Continued)

Fulosing (Lighssail). Use this skill when
[";I]-:Iiill_E ;.p:i-.'-:-.'r.iﬁ P|'1:'!'n.:|||'.|,|. l:-:.' i hightsail,
Defaults 1o Low-Performance Spacecraft al -
4.

Pilesing (Lighter-than-Airl; Use this if the
wehicle s flying thanks mainly to the Tifi gen
erated by Lifting gas, It defaults 1o other
|"i|l:l|l|”= skilly e -5,

Filoing (Low-Pedformance Spacecraff):
Use this skill for vehicles with less than (L1 G
sAceel maneuvering in space. Defaults o
High-Performance Spacecraft a1 -2,
Aerospace a -4

FPilonng (Llvalighs): Use this skil) fog
vehicles flying with wings that weigh less
than 1,000 lbs. and with top spesds under 200
mph. Defaults to Ghder or Light Airplane af -
2, other airplanes at -4, non-airplanes ai -5,

nr"?'l'f'"-'?_l.' Vertel): Use this skill for craft
My primarily due 1o il engines, lifi fans or
vectored thrust, and which lack wings or
rotors,  Defaults to Contragravity-3,
Helicopicr-4, other Pilouing-5,

Powerboat see p. B69

Fhis skill is used to control a foating
vehicks no larger than 2,700 of using paddle
wheels, hydrojets, screw propelles, sirscrews,
et o rocketl engines or reactionbess (hrusters
for propulsion. Defaults to Boating-3,

see p. CHET

This skill is wsed to operaie a Tarpe Noat-
ing vessel (over 2,700 of) or any submersible.
(The Seamanship skill, p. BS7, is needed 1o
crew such a vessel) It has three specializa-
Hions:

Shiphandling: Use this skill for surface
watcreraft propelbed by sailing or by a combi-
mation of sails and oars.

Shiphandiing (Steamer); Use this special-
ization for large waercrill propelied by pow-
ered propulsion systems

Shiphandiing {Submersible): This skill is
used when operating any size of vehicle that
is moving underwater,

Teamster see p. B47

This skill is reqguired for drving any ani-
mal-drawn vehicle. With the exception of
horses and mules, which use the same skill,
each species of animal requires a differemt
skill, defaulting 10 other species at -3,
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Maintenance, Breakdowns
and Repairs

Vehicles require regular maintenance to
work properly. This may be as simple as
scraping off rust or bamacies, or changing the
:ril, oF ks |_'4|1|'|F!l|g'k B8 :h:\.ﬂ'larl.lﬁl'l‘l__* the cnginc
and running computerized siress tests on
EVETY Parn.

To find out how many hours a vehicle can
safely operale beiween maintenance check-
ups, do the following:

Divide 20,000 by the square root of vehi-
cle cost, The quotient 15 the mainterance
imrervead in hours.

Example I Geronimo Flak's subcompact
cost him 38,000, 200000 divided by the
square root of 58,000 is about 224 hours. So
if Flak drves his car to and from waork for 2
hours a day, 11 should get a checkup after
abaout 4 months on the road

Example 2: A jet lighter cost 515,000,000,
It requires maintenance every LKW square
root of 150000007 = § hours, or about afler
each Might.

Vehicles buile from living metal don’t
requine mainicnce.

Each maintensnce checkup requires 4
hours and shoukd be performed by someome
with the appropriate Mechanic skill (sec p.
BS54 at 9 or benter and a tool Kit or workshop.
Vehicles that do not use mechanical parts
{e.g,, salling ships, wagons) may require other
skills

On wehicles thar require frequent mainie-
nance, the duties are often split between sev-
eral people, Un vehicles that operate continu-
ously {like ships), this usually means that
there is ongeing maintenance performed by
the crew, Determine the man-hours of mainte-
nance required per day using the formla
Ofymuainienance interval.

Exarriple, A ship that reguires a checkup
every § hours actually needs 96/5 = 19,2 man-
fowirs per day, This will usually be provided
by two or three mechanics working shifts,

If & checkup 1s missed, roll against the
Mechanic skill of the character who made the
fazr checkup {use the average skill, if multiple
mechanics were involved). Apply & <4 modifi-
er per additional checkup missed after the
farst.

If that roll fails, then roll vs, the vehicle's
Health. Failure means HT drops by 1, repre-
senting wear-and-tear. A critical failure has
the same effect, and also means 8 serious
breakdown, Pick something on the vehicle
and have it break down, Often it will be the
propulsion system or motive system (treat as
a erippled wheel, track, or whatever).
Breakdowns often occur during use, or when
trying to start the engine. The GM decides
when a breakdown occurs — this could ke n
the middle of an adventure. Note that even
healthy ground vehicles can break down doe
o siress on their suspension and drive sys-
s from rouline travel, Sce Ground Velicle
Breakdowns, below.

If a vehicle has lost Health due 1o missing
maintenanoe checkups, this loss is comula-
tive. Lost Health can be regained: ireat
repaining 3 point of Health as making a minor
repair (see helow ).

Matntain Speed: The operator may elect wo keep the vehicle at the same speed as it was going
on the tum before.

Accelerare; The vehicle may increase 1ts current speed by a number of mph up to its accelera-
ton {“Accel™) rating, provided that does not exceed its top speed.

Decelerare: Any vehicle can decelerate, reducing its current speed by its deceleration (*Decel ™)
rating. The deceleration listed for all vehicles is the safe deceleration. It is possible o decelerate
harder, but this requires a conirol roll. A vehicle on the ground may decelerate at up o four imes
its Decel rating, One in the air or water is limited o twice its Decel. See Hazardous Decelerarnion
on p. 148 for the effects,

If the vehicle is flying it may also decide to climb or dive at this stage, which will also affect its
current speed. See the mules for agrial movement on p. 155

After acceleration and deceleration take place, record the current speed, and then mowve the
vehicle.

MOVING THE VEHICLE

A vehicle must move a number of S-vard heses equal o its mph/T0 in the direction it 15 facing.
Round fractions up to the nearest whole number,

Firing weapons and mancuvering take place during movement. If the vehicle inerrupts its
movement to maneuver or fire, make a note on s log how many hexes il has already moved, so
that you will know how Far it must continee 1o move after it has done so!

After moving a hex, a vehicle can maneuver, Unless a velicle™s speed s L0 mph or less, it may
il miake & new maneaver antil it has moved at ar leasr ome S-vard hex since its last maneuver,

MANEUVERING

A deliberate change m vehicle direction 15 called a manewver. These rules work with vehicles
that have MR (L25 or more. [T the required G-force 15 much greater than ME, then the turning rules
on p. B139 can be used instead. There are three main types of maneuvers: bends, drifts, and
“srunts.”

All maneuvers are rated for the Gs (gravitics) the maneuver requires, in increments of one-
quarter (0.25) G. Manewvers at higher speeds or tighter angles generate greater G-force. IF the G-
force exceeds the vehicle™s MR, the vehicle has made a hazardous maneuver: immediately after the
maneuver is performed, a control ol s required! When a player characier attempts a maneover,
the player should clearly tell the GM s type, angle and direction before the control roll is made,

The G required for a particular maneuver is found by consulting the Maneuver G-Force Table
on p. 147,

If a vehicle makes multiple maneuvers in the same tum, G from one maneuver is added to the
next maneuver's (. As G is cumulative, several small maneuvers can eventually be as hazardous as
one big one. In simations where vehicles will do a lot of mancuvering, we suggest keeping a wril-
ten record of a vehicle™s accumulated G-force on the vehicle log. At the start of 4 new turm, acce-
mutated Gs are reduced o zero again. Players of Car Wars may note that the way G accumulates is
analogous to a car’s “handling status,” and MR to its Handling Class,

Here's what each maneuver involves:
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Bend

This is a basic “um™ used 10 change the vehicle™s facing and thus the direction it moves.

Bends have a direction (right or left) and an angle (up to 90°), e.g., “bend right 60°." One hex
side 1o an adjacent hex side, of one hex pont to an adjacent hex point is 60F; one hex side to an
adjacent hex point, or vice versa, is 30°. When a vehicle makes a bend, pivot it in the direction of
the bend.

A bend counts as one S-yard hex of movement. When a bend occurs, move the vehicle 1 hex
forward and then pivet it in the direction of the bend. This works using the facing rules described
earlier: pivot around the center-front hex of the vehicle's counter. If using a hex grid, bends must
be exactly 30°, 607 or %, Otherwise, bends can be any angle up to 90° - use a protractor lo regu-
late them.

Drift

In a drift, the vehicle immediately moves 1 hex forward and then one 5-yand hex to either side
withent changing facing, The lateral pan of the drift does not count as a hex of movement. Drifts
are usually used 1o “change lanes™ or avoid collisions.

A fying or submerged vehicle may drift up or down 5 yards instead of nght or lefr.

Stunt

This covers any other kind of maneuver. Vehicles on the ground may perform a bootlegger
reverse (p. 133) or T-stop (p. 136 Flying vehicles may perform rolls (p. 156).

A Dodge isn't 2 maneuver. However, a vehicle can only Dodge if it performed ot least ong 157
or greater bend or twoe or more drifts on its moest recent um. {Noge that a vehicle that is moving at
B0 mph = MR or faster will be unable to make a Dodge without having to make a control roll)

G-Force Table

The table below shows the G-force required for a bend or drift ar different speeds. For exam-
ple. at 40 mph. a 30° bend is 1 G. If the speed falls between two numbers, use the nearest, for
instance, |-4 mph is treated as 0 mph, while 5-9 mph is reated as 10 mph.

Maneuver 6-Force Table
Speed Bend (Degrees) Drift
43 il

Tao find the G-force for drifts at higher speeds. multiply mph by (000625 and round 1o the near-
est half or whole G.

For a bend, multiply by 00125 for 15%, 0,025 for 307, 0.0375 for 45°, 0,05 for 60°, 0.0625 for
T5% or 0,075 for Y° and round to the nearest whole G,

A limousine full of frothing Sons of the Outer Dark are trying to catch

Captain Morgan, who is making a quick getaway in the Kitty Hawk. Morgan is
going at 35 mph when she decides to make a 30° turn to get around a corner.
This is a 30° bend maneuver. At 35 mph, we round up to 40 mph, so it counts as
1 6. Morgan's car has MR 1.5, so no control roll is needed. Morgan zips around
a tight cormer. However, if she makes any further maneuvers this turn, she will
add the 1 G she has accumulated to her G rating. The thugs fellowing her per-
form the same maneuver on their turn. They are going at 40 mph, which also
requires 1 G. However, their car only has MR 0.75. After making the turn, but
before continuing to move, their driver must make a control roll vs. his Driving
(Automobile) skill. Failure means a loss of control,

Ground Vehicle Breakdowns

Early automotive vehicles (TLS and pre-
1930 TL6 vehicles) and heavy tracked vehi-
cles like tanks are notorious for being less
than mechanically-reliable, Even today,
armored vehicles maveling long distances are
likely 1o shed wacks or suffer damage 1o their
suspensions, As such, armies prefer to ship
tanks on wheeled transporters for long-dis-
tance iravel. The same is probably true of
vehicles with legs or Mexibodies.

A powered ground vehicle thin {2) doesn’t
use whesls, or (b) has HT less than 10, or (c)
was bailt in the first half of TL6 must make a
HT roll for every six hours of continuous trav-
el.

Mudifiers depend on how it is moving; +5
i on wheels, +3 if halftrack, skitrack or Jegs,
+2 if om teacks or flexibody. If TLS: -6, IF TL6
between circa 1900 and 1910, -4, If TLa
between circa 1910 and 1920, -2, If TL6
between circa 1920 and 1925, -1, If legs at
TL7: 4. If legs or flexibody at TLE: -2,

If @ roll fails, the vehicle's drivetrain or
suspension system has been malfunctioned in
some way: 3 blown tire, slipped track, etc. It
will require Id man-hours and a8 Mechanie
red] b repair it

If the roll is a critical failure, the malfunc-
fion is more serious — the vehicle's motive
subassembly or driverrain loses all its hit
poinis and is effectively disabled unril
reparred. Also, the GM may rule that an acci-
dexil of some sord fakes place.

Repairing Damaged Vehicles

Repairing a damaged vehicle is normally a
task for the Mechanic (vehicle type) skill.

If & body or subassemhbly has hit points
remaining, fixing damage is usually a “minor
repair.” This requires a half-hour of work per
attempt. Success restores one lost hit point
times the amount the roll succeeded by (mini-
um 1 hitp. All normal modifiers for using the
skill apply: see p. B34 for Mechanic skill
muoxdifiers, If a body or subassembly is down
o O or fewer hits, fixing damoge is a “major
repaur.” The same amount of fime is reguired
and the same number of hil points are
repaired, but all rolls are at an extra -2 modifi-
er. The GM may reguire a set of sparc parts
(eosting perhaps 10-60% of the vehicle's cost)
1o fix the damage,

[F w vehicle pan is damaged or crippled as
a result of @ hit w a particular hit locaton or a
critecal hit, this is a minor repair if i has hi
points remaining or & major repair if it (or the
hit Iocation housing ity was redoced 1o 0 HP
or knocked cut as a result of a critical hit.
Cost to repair will be 10-60% of the cost of
ihe vehicle componem, Success restores hit
points as described above,

Hiring o Mechanic: If a character isn't
capable of doing the work, he can hire some-
one to tix the damage. A typical mechanic’s
skill is 11 + 1d. At TL7+. mechanics charge
about $20 per hour.
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Grew Actions and
Crew Stations

A vehicle crew member can only operate
contrals or other vehicle systems assigned to
hig crew station. A character can move 1o a
new crew station (provided no one else iz
occupying i) but this takes at least o sec-
onds, In a larpe vehicle — especially if the
crew stations are in different locations — one
option is to assume the average time in oec-
onds is equal to the square of the Size
Muodifier of the vehicle.

A single crew statton may have many dif-
ferent functions assigned Lo 10 weapons, elec
tromic sysiems, vehicle controls, and =0 on, A
character can only fire one weapon or sct of
linked weapons ai once, regardless of how
many weapons the crew station controls.
However, this can be combined with maneu-
vering the vehicle or operating electronics
such as sensors, but performing any “multi-
tusk”™ function is more difficule the GM may
wish to impose a skill penalty if a character
tries to do oo many things at once.

Maintaining detection once an object has
already been spotted, or leaving o communi-
cAOr open 10 receive messages does not
count: only tasks that actually require the
character (o do something, Simply looking in
the direction one is driving or shooting
doesn’t count as a task, but attempting to spot
hidden objects or keep an “all round” watch
does. This is why vehicles sometimes have
one person who does nothing but act as a
ookt or observer — he's more likely to spot
sommething than o person who 15 busy doing
somme other Kind of task.

A suppested penalty is -4 on skill for any
“secondary” tasks that the character isn't giv-
ing hiw full anemtion oo - for instance, oper-
ating sensors of firing weapons while driving

Continued on next page . .,

CONTROL RaLLs

As stated carlier. a control roll s required whenever a vehicle does something potentially
dangerous

Control Rolls for Maneuvers

A vehicle may be requited to make a control roll because the G-force of o maneuver exceeded
its ME, or because it performed a stunt, or both, Apply & skill modifier of -1 per (.25 (G the maneuw
ver required in excess of MR, This G penalty doubles for vehicles with MR under | G, or quadr-
ples if MR is under 0L5 G,

Junior Priest Thoth-Ra is driving the Sons of the Outer Dark’s limo in hot
pursuit of Captain Morgan. He has Driving (Automobile)-12. Their stock car has
an MR of 0.75 G and Thoth has already made a 1 G maneuver - his 30° bend. G
is now higher than MR, so a control roll is required. The penalty is -1 for
exceeding MR by 0.25, doubled to -2 as Thoth's MR is less than 1 G. He has an
effective skill of 10. Thoth-Ra rolls a 13 and fails, losing control. Morgan looks
in the rear view mirror and grins: no slimy cultmobile can keep up with Kitty
Hawk!

Hazard Control Rolls

A hazard is an outside event that forces a vehicle to make a control roll, Examples of a hazard
are rapid deceleration, drving through debris, and taking crushing or explosion damage.

Most hazards require a control rell at seme penalty to skill, though some have no penalty.
There is always a penalty for speed if the vehicle is poing over 10 mph: -1 per full (20 mph x
appropriate MR ) of vehicle speed. For instance, a vehicle on the ground with gMR 0.75 would be -
1 on hazard rolls tor every 15 mph of speed, while a fighter aircraft with aMR % would be at -1 per
160 mph of speed in the air. Encountering hazards can be very dangerous at high speeds! In addi-
tion, there is a modifier of -1 per 0.25 G the vehicle has accumulated in excess of its MR when it
encountered the hazard. This G penalty is doubled for vehicles with MR under | G or gquadrupled if
MR is under 0.5 G.

Huzardows Deceleration: If a vehicle performs deceleration in excess of its Decel rating, it is a
hazard. The skill roll @ -1 for every full 5 mph/s of deceleration over the vehicle's Decel rating:
that is, no extra penalty at 0-4 mphjs over, -1 to skill for 5-9 mphys over, -2 for 10-14 mphjs over,
ete. These penalties are doubled for vehicles with Decel under 10 mphys, quadrupled for those with
Decel under 5 mphs.

Damage: Taking 5 or more points crushing or explosive damage per ton of vehicle mass from a
single damage roll (or if a burst, the group’s highest roll}is a hazard. The difficulty of the hazard
depends on the ratio of the damage (before sibtracring DR) 10 the mass of the vehicle:

Damage Hazard Table

Dammage per Ton

200400
SO0 or more

If the damage was caused by a collision, add +2 if the vehicle operator initiated the collision him-
selll. Mode that if two vehicles simultaneously try to ram, bosh operators are " initiating”™ the collision,

Failing a Control Roll

If a control roll fails, the vehicle has dost conrred. Take the amount the operator missed the roll
by, subtract the vehicle’s SR, and consult the approprate Loss of Control table (there's one for loss
of control on the ground, in the air, in water, and underwater], IF a critical failure was rolled, treat it
as a roll that missed by 10if that is more than the actual amount it missed by, Effects depend on the
type of maneuver being attempled, and whether the maneuver took place on the grownd, in the air
or in water. See p. 149 for ground movement, p. 150 for water movement, p. 151 for movement
underwater and in the air. The operator must spend his next twm fighting for vehicle control; no
maneuvers can be attempted untal after he recovers comntrol.

In addition, all vehicles suffer these effects:

Any vehicle that has lost contro isn’t a very stable firing platform. All aiming bonuses are lost,
and all weapons fire is at a -1 per point the control roll was Failed by until the operator regains control.

If it"s imporant, any passengers or crew standing up in a vehicle when a control roll fails must
make an immediate roll ve. DX (at a penalty equal to the amount failed by) or fall over. If they
could conceivably fall out of the vehicle, or if they are clinging to the side or on deck, a failed T
roll means they fall off.

P 1 s



Loss of Control on the Ground

If a vehicle maneuvering on the ground (or an aircraft that is landing or taking off) fails a con-
trol roll, take the amount it failed by, subtract the vehicle's SR, and find the result on the table
bl

Faulure ] Result

lur2 o 5 inu."

5 or more Yault.

* If the vehicle has harnessed animals, or is moving using either legs, a Mexibody, or | or 2
wheels. treat as a roll.

IFf multiple failures occur, then only the worst result is in effect at any onc time, E.g., if a vehi-
cle that is spinning makes a control roll to stop its spin and fails, any spinous or skid is ignored, bur
if the new result is “Roll,” the vehicle stops spinning and goes into & roll.

Skid: The vehicle immediately moves one S-yard hex in the direction it was moving hefore It
made the bend, rather than in the direction it is now facing. Subtract 10 mph from the current
speed. Tracked, halftracked and skitracked vehicles must make a HT+2 roll or shed a track.

Veer: The vehicle changes facing by 30% roll randomly to see if it tums right or left. Tracked,
halftracked and skitracked vehicles must make a HT+1 roll or shed a track.

Spinout: Any wheels or tires each take |d damage per 20 mph (or fraction thereof) of spead the
vehicle had ~ and the vehicle starts w spin, in the direction it was maneuvering, or a random direc-
tion if 4 hazard. From now on, the driver cannot make any maneuvers or veluntarily sccelerate or
decelerate. The vehicle moves straight ahead, but for every S-vard hex it moves, it spins 1 hex side,
This new facing doesn't affect the direction of movement: it remains traveling in the same direc-
tion it was poing when it started to spin, regardless of its facing, until it stops spinning.

Each murn the vehicle begins while spinning, it decelerates by 20 mph. The spin stops automati-
cally when the vehicle reaches () speed. Also. at the siars of each tum, a driver can try stop the
wehicle from spinning: make a control roll at -4, 1f successful, the vehicle's facing corrects go it i
maving in the direction it was moving before the spin ocourred.

When the vehicle starts to spin, tracked, halftracked and skitracked vehicles must make a HT-2
roll or shed a track,

Rall: The vehicle wms 907 sideways and rolls in the direction it was facing before it turned
sideways. Count each hex of rolling movement as 2 hexes of ordinary moverment. At the end of
amy tumn a vehicle is rolling, it takes 104 damage per ton it masses (so a 0.4 ton cycle would take
4d damage). This damage is rolled separately for each subassembly attached to the top, right, or
left or bottom of the vehicle, and for the body, Damage o the body is resisted by the vehicle's top
armor DR. Hamessed animals and anyone strapped into cycle seats also take this amount of dam-
age; anyone i a cycle seat and not strapped in is thrown out of the vehicle.

The vehicle decelerates at 20 mph per turn and cannot be controlled until it stops rolling. Then
roll 1d: on a 1-3, the vehicle is right way up and is once again drivable, otherwise it has overtumed
and is not. Vehicles with less than five legs or two or fewer wheels never end right way up!
Vehicles that have two legs and those with flexibody metive systems can right themselves in two
seconds. Otherwise, the vehicle must be physically lifted back into place, which may require the
use of robot arms or a crane if s too heavy for people to lifi.

Vawle: The vehicle leaps into the air, sails Id vehicle lengths and crashes into the ground, tak-
ing damage 10 a random body side (1-2 = front. 3 = right, 4 = left, § = back, 6 = top). Treat impact
with the ground as if it were a head-on collision (p. 158) with an immovable object at the vehicle's

Crew Actions and
Crew Stations
(Continved)

If the vehicle has computerized controls, a
crew station with & computer terminal can
control any manewver controls, div ing con-
trofs, weapons or electronic svstems on the
vehicle, provided they are not being con-
trolled at the same time by a different crew
station. Computerized crew siations can also
mogitor B not comrol input from a sensor or
communiciter bemg controlled by another
crew station on i vehicle. Each terminal can
emulate a specific system. Assigning several
terminals to a single station allows it 1o do
more, However, as with ordinary contmls, a
single person can only do so moch at once!
Insealling different crew stations with their
own terminals allows the work load (o be
shiared. There are normally override codes to
allow senior crew members o take control
away from subordinates if they feel it is nec-
essary to do so, Computer Hacking skill (p.
B245) can be wsed 1o crack them. Characters
atfempling to perform multiple tasks using
computerized controls suffer only half the
usual penalty for doing multiple things at
omce. However, they still can’t fire more than
one weapon or set of linked weapons an a
fime,

Using fnterface Controls: 11 the vehicle
has newral interface systems (p. 641, each
inferfaced wser can function as if he had any
number of computer kenminals without regquir-
ing a terminal, The penalties for multi-rasking
are the same, bat the +4 skill bonus that an
interface provides helps cancel thar

Vehicle Statistics

Five vehicle statistics are very important
Tisr vehicle movement and maneuvering. They
are:

Avceleration — rated in mph per second,
this is the maximum oumber of mph thar the
vehicle can add to its speed per tum, Vehicles
will have different values for ground, water,
underwater, air, hovercraft, mag-lev and space
maovement: gAccel for ground, wAccel for
water, uAccel for onderwater, adccel for air,
hAccel for hover, mAccel for mag-lev and
siovel for space,

Safe Deceleration — this is the maximum
velocity thar the vehicle can safely subiract
from its speed per i, mewsured inomph per
sepond. As above, vehicles will have differem
values for ground, water, underwater, air,
hovercraft, mag-lev and space movement:
eDecel for ground, wDecel for water, uDece]
for underwater, aDecel for air, hDecel for
hover and mDecel for mag-lev. For o spuce-
ship. this is the same as sAccel

Continued on next page
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Vehicle Statistics
(Continued)

Top speed — this is the maximum speed in
mph that the vehicle can accelerate to umder
s own power. Again, there are different val-
wes for each mode of movermnent. A Speed of
I, in game ierms, equates with 2 mph. Note
that vehicles in normal space have no fop
speed other than the specd of light.

MR — this 15 the vehdcle's maneuver rai-
iag. I is measured in gravities, or G (often in
increments of (L25 (7). A facing change (um)
15 rated for the G-force that 1s used to perform
it. MR is the maximum (i the vehicle can
safely perform. Vehicles will bave different
MR values for ground, water, underwater, air,
hoverceall, mag-lev and space movemenl:
gMR for ground, MR for water, uMR for
underwater, aMBR for air, hMR for hover,
mMR for mag-kev and sMR for space.

SR — the vehicle’s stabifity rating is used
when a conteod moll s failed; when a control
roll is failed by an amount greater than stahili-
ty rating, the vehicle is completely out of con-
rol, and suffers a disaster. Vehicles will have
different SR values for ground, water, under-
water, air, hovercraft and mag-lev movement:
gSR for ground, wSR for water, oSRE for
underwater, aSR for air, hSR for hover and
mSR for mag-lev.

Abstract Advanced
Movement

This 15 the casiest way to quickly handle
what happens if a pary of fool soldiers are
suddenly confronted by a main banle tmnk on
the horizon, or two ships clash, Keep track of
vehicle movement and spatial relationships
with pencil und paper or m the GM's head,
but use all the normal advanced rules, GMs
will meed to carefully describe cover, terrain,
and so on, and describe, osing dramatic
license, what happens if someone fails a con-
ol moll: “You suffered a b-yard skid? The
Corvente jumps the corb and crashes mto the
hot dog stand. The owner throws himself
aside as your car totals his cart, ketchup and
hat dogs Mying everywhere!”

Change of Top Speed

Sometimes, a vehicle’s op speed will
change. This can occur when a vehicle moves
off-road, through bad terrain, or when damage
ocours that lowers of eliminates 115 op speed.
If the vehicle is presently moving faster than
its new top speed, this has three effects:

First, the vehicle may not accelerate above
its ew Lo speed.

Secomd, the vehicle must decelerate each
turn by ar feasr 5 miph if on land, 2 mph if on
W EleET, OF | |||11i' 'll' in the air. ”' ‘.hg; wvehicle
operator docs mit take action 10 decclerate, it
will automatically decelerate by this amount.

Third, of an airborme vehocle has o stall
speed, and iz new 1op speed is below this, the
vehicle 15 in trouble. It will eventoally decel-
erate below its stall speed. Unless the vehicle
can land before this happens, it will eventual
ly stall amd crash.

present speed, The vehicle then spins along the ground on the same side that took damage, unless
this was the front or back, in which case roll randomly (1-2 = left, 34 = top, 5-6 = right}. Treat this
as a sideswipe collision {p. 158) with the ground. at the vehicle's former speed. Finally, the vehicle
skitls 1o stop — still on its top or side — 1d vehicle lengths away

Track Loss: If a tracked, halftracked or skitracked vehicle sheds a track, the vehicle's Top
Ground Speed is zero until the track can be reanached. It can be repaired with a Mechanic roll and
one man-hour’s work per four tons of vehicle mass.

Whiplash: If a vehicle rolls or vaults, all occupants suffer whiplash — see p. 160,

Lass of Control in the Water

If a vehicle maneuvering on water, including a hovercraft or hydrofoil, Fails a control roll, take
the amount it failed by, subtract the vehicle's SR, and find the result on the table below:

Failure Resulr _

‘Dorless  Minor Swamping. IF hazand, also Veers.
lw4 Major Swamping. If hazard, also Veers
Sw7  Capsize R
LR Capsize! ull Stress.

Miner Swamping: The vehicle decelerates by 5 mph. In addition, if the vehicle is dangerowsly
cvittlaaded, roll 1d. On a roll of B, the weightl of water washing over the vessel pushes it under, and
the vehicle sinks!

Major Swamping: The vehicle decelerates by 10 mph. Evervone not inside the vehicle or
securely strapped down must make a DX, Boating or Shiphandling roll: failure means they are
washed overboard! In addition, if the vehicle is dongerously overlpaded, roll 1d. On a roll of 4-6,
the weight of water washing over the vessel pushes it under, and the vehicle sinks!

Veer: The vehicle ams randomly 307 1o the left or right.

Capsize! The vesszel capsizes! If it 15 dangerously overloaded, it automatically sinks. Otherwise,
treal this exactly as a ground vehicle roll result, except damage 15 halved. Any material or people in
the open and not secured to the vehicle are tossed overboard. & capsized vehicle will begin o ke
in water just as if it were disabled (see p. 186). Righting the vehicle is easy if it is submersible or
has legs or a flexibody {this 1akes two seconds) or is light enough for the erew Lo lift up and push
back over. (Mherwise, doing so requires crancs or the like.

Hull Stress: As Capsize!, but the hull may also suffer damage. Roll vs. the vehicle's HT,
Failure means the body 1akes damage equal to (0.5 points ® the amount the roll failed by = body
area. DR does not protect. ' '
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Loss of Control Underwater

If & vehicle maneuvering under water fails a control
roll, take the amount it failed by, subtract the vehicle's SR,
and find the result on the table below:

Failure Rexuli

| o4

T or more

“Major Hull Stress,

Minor Deprh Change: The vehicle decelerates by 5 mph, and either gains or loges (roll ran-
domly) 5 yards of depth, This may result in accidentally surfacing or hitting the bottom!

Major Depth Change: As above, but double effect,

Veer: The sub turns randomly 307 1o the left or right

Hull Stress: As Major Deprh Change, but the holl ereaks and groans. Roll vs. HT+5, with a -1
per 200% of crush depth the vessel is currenuly at. Fuilure means the hull takes 0.5 points damage =
the amount the roll failed by = doedy area. DR does not protect

Major Hull Siress: As above, but without the +5 1o HT!

Loss of Control in the Air

If a flying vehicle, excluding hovercraft, fails a control roll, take the amount it failed by, sub-
tract the vehicle’s SR and find the result on the table below:

Far .r e Hf st r:

T R‘Kﬁ.
] l-

Dls,aster. '

‘r or mnre

Energy Loss: The vehicle loses 5 yards of altitude. This may cause a crash inio the ground if
the vehicle is very low. In addition, the vehicle decelerates by 5 mph per 0.25 G of maneuver that
was attempied. This may cause a stall (p, 156) if a winged airerafl or autogyro was flying very near
it stall speed.

Veer: The vehicle veers 307 to right or left: roll randomly.

Severe Enmergy Loss: Same as Energy Loss, but double effect. There is a 1 in 6 chance that any
propulsion system that uses fuel may stop working (jet engine flameout or propeller engine mal-
function} — treat the propulsion sysiem as disabled until it can be restarted, which requires 3
Piloting-4 roll esch tum. A rotor loses 1d-1 = 104 of its original hit points due to rotor strain!

Tailspin: The vehicle begins to spiral down out of control, It must use 1009 of its speed to
dive exch turn, Each tum, it will roll 1807 and tam 30° in the direction of its present mancuver, and
wings will suffer stress, losing 1d-1 » 109% of their original hit points. A gasbag collapses and loses
that percentage of its lifting gas instead. A helicopter or autogyro loses 2d-2 = 10% of its rotor's
original hit points due 10 rotor strain. The vehicle will spin automatically for the rest of this tum.
Each turn after that, the pilot can try once per turn to pull out of the spin. Make a control roll using
the same modifiers as a hazard (p. 152), at -5 o skill the only effect of a failed roll is that the
vehicle does not pull out

Disaster: A wing breaks off, the rotor fails, the contra-grav units overload, etc. The aircraft is
no longer flyable, and will plummet to the carth (see Failing, p. 157). A good time to cject (p. 161)
or bail out! The sirplane goes into a steep dive as above, and cannot pul] oul,

G-Forces and Realism
Realistically, most vehicles will be physi-
cally incapable of attempling maneuvers
redquiring more Gs than twice their MEL
The GM should feel free (o impose this
limit in wery realistic campaigns, bul not in
RO CInematic l.'ll.l'l'l\'!:\'-,

Control Roll Madifiers -
On the Ground

These conditions modify all contrel rolls
musde by pround vehicles,

Wherled Vehicles only

Poorly-maintamed road .. ... .00 -1
Loomeorgravelroad . .................. 1
Rain-slick road or WAy ... o e
[rriving on ice (off or on the l.'mm

or packed smow L.l il
il on road or anway R
Part or all of vehicle an ll'r._ -h.mldn

ol e o s e T e -1
Bad visibility .. ... ......... ... See below
Off-road, no off-road wheels ... ..., .. -2
(hher Grovend Viehicles:
Rain-slick road or mnaway |
Ice Iﬂﬂ' [:II on !h:: o) or
ﬂllrﬂnmdurrunu.a} e T
Bad vigibitity .. ... ... ... .. .. .. See below

* Mo penalty for skid or skitrack
vehicles,

Bad Visibility
Control Roll Modifiers

Al mght, area well-lit ... .. ... .. 2%
A might, pooriy-lit back 'ill'l?.g"lﬂ AR |
AL night, open country

orunbitstrest .. L. L. R
Total darkmesz ., Lo, ol
Rain ormist . ..... e
Hesvy i or light smow L., ..., ., -2**
Driving through smoke screen ..., -3%*
Dense fog orblizeard .., ... .., A0

* Ignore penalty if using headliphts, Might
Vision, light amplification, low-light TV,
radar, ladar, infrared or thermograph.
Exception: Might Vision, light amplification
and low-light TV have no effect on fotal dark-
ness!

** Tgnore if usmg radar, ladar o thermao-
graph, Halve peoalty if using infrared.
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Control! Roll Modifiers -
In the Water

[hese apply for vehicles that are moving
an water. These do not include fullv-sub-
merged submarines but do include hydrofoils
and hovercrafl moving over water.

Calm waler & .. ovvnenus sy s Mo modifiers
IO L e e e e e -1*
Bauigh Se8% ., v o qwwaisr o faa fosmi s it
gy T RS U v |

Major storm |
Bad Visibiliry . .

o e R R -H*
Freae vt oL A%
* Double all sea penalties for hydrofols
riding on their foils and for hovercrafi.
**= OUnly applicable if there is imminent
danger of collision with other vehicles, rocks,
€T,

Control Roll Modifiers -
In the Air

Highwinds, ...covuvaurarnasinas -1t -2%
7T g o R R S S 4%
Bad Wisibility Seep. 151 *=

* Double penaliy when close 1o the
groand or maneuvering arousd mountains or
tall buildings.

** Modifiers for visibility enly apply
when landing or taking off, or if maneuvering
in close proximity (within 00 yards) to the
grourid, o terrain feature, a structure, or anoth-
er vehicle

Loss of Vehicle Operator

If a vehicle's operator is oul of action i some way (killed, knocked out, Talls out of the vehicle,
abandons the controls) the effects depend on the type of vehicle

If & whealed vehicle with one or two wheels, or a walker with two or Lthree le g5, loses its driver,
the vehicle will immediately po into & roll as if it had lost comtrol.

If the operator of any other type of vehicle is lost, consult the Loss of Conrrol table by rolling
1d+2 and subtraciing the vehicle's SR as if the vehicle had lost control due to a hazard. Afterwards,
if the vehicle hasn't suffered some sort of disaster like a roll or spin, water vehicles and animal-
drawn or wind-powered ground vehicles continue to move ahead at current speed. Other ground
vehicles decelerate by 5 mph cach tum. Adrcraft that are not lighter than air lose 5 yands of altitude
and 5 mph of speed each mwm, and if they drop below stall speed, they will stall, Lighter-than-air
amrcraft simply continue on ahead,

Leaping or Falling from a Moving Vehicle

If a charscter does this, caleulate falling damage normally, and then add 1d damage for every 3
mph speed.

Using These Rules with Simplified Movement

The G-based maneuvering rules can be used without a hex map. For instance, if a pedestrian
blunders in front of & PC™s car, it's fine to simply tell the player “*Make un 1) rall to spot him, O.K.,
now you need o make a 907 wm 10 avoid hiting him - do you want w risk 17 Make the Driving
rofl,” and then use the Manewvering and Contrad Balls miles and the amount the PC made his roll
by to judge the character's success, For instance, if the driver barely made his roll, he avoided the
pedesirizn, but may have veered into other watfic, requiring further rolls to avoid difficulty. If be
failed, the vehicle skidded before turning, and the PC ran the pedestrian over; and if the driver
rolled a critical miss . . . it's time o consult the Loss of Control table!

SPECIAL MOVEMENT RuLes

This section covers describes special siuations vehicles muay face while moving on the ground,
in the air, or in water, Tt also covers collisions

MOVEMENT ON THE GROUND - SPECIAL RuLES

These rules apply to vehicles with ground moetive subassemblics moving on land, including air-
craft taking off or landing on the ground. They also apply to hovercraft moving over ground.

Terrain and Off-Road Movement

The rules for ground movemen! assume the vehicle is raveling on 4 smooth surface such as a
roaud, salt flat or runway. When moving off-road, the vehicle™s mobility will depend on its motive
SysLem.

Off-Road Speed: Ground vehicles have an off-read speed. Use this fraction of top ground speed
when the vehicle is off-road,

In addition, some types of terrain will further slow the vehicle down:

Hard: This is a paved road, salt flat, aircraft runway or the like. Vehicles use their normal wop
ground speed.

Chper: This includes ordinary prass, dry earth or packed sand or muddy dirt roads. A vehicle
uses its off-road speed.

Broken: This is rocky or very hilly terrain, broken up by gullies and ridges. It may be barren or
covered with vegeration. A vehicle uses half i1s off-road speed unless it has legs ot a flexibody,
then it uses its full off-road speed.
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Forest: This 1s terrain with thick vegetation — dense hedgerows, jungle or thick woods.
Vehicles with & Size Modifier of +2 or less move at nommal off-road speed. Most other vehicles
move at half off-road speed. Exceptions: Vehicles with masts, unfolded wings or rtors with a Size
Maodifier of +2 or more have a Speed of 0. A vehicle that has a mass of 50 tons or more, no rotors,
wings or masts, arid front body DR 50 or better can simply crash through everything at normal off
road speed.

Cluagmire: This includes mud, swamp, riverbanks, marsh, very soft sand, the sea bottom and
deep snow. A vehicle uses its off-road speed, and off-road speed is halved in quagmire unless the
vehicle has legs, 8 flexibody, or an extremely low ground pressure. Worse, a vehicle with high,
very high or extremely high ground pressure may get stuck — make a Driving-4 roll every ten min-
utes (if high ground pressure), every minute {if very high) or every ten seconds (if extremely high)
to avoid becoming stuck! If this happens, the vehicle cannot move. Extricating a stuck vehicle
requires reversing, and takes a skill roll at an widivional -5, One atempt may be made every three
secomds, but failure by 5 or more means the vehicle is permanently smck, until towed out,

dnow-covered or icy: Any of the above types of termain, including forest, can be described as
“snow-covered” or “icy.” Vehicles move at 2/3 the listed speed unless they have skitrack or skid
subassemblies, but vehicles with skitrack or skid subassemblics move at double their normal speed

Slopes

A vehicle climbing a pradient experiences gravitational deceleration every turm: a deceleration
of | mph's per 4.5° of slope. After this deceleration reduces velocity o 0, the vehicle will gain
reverse velocity, starting to move backwards, This does not count against & vehicle’s gAccel or
gDece| limits,

A vehicle going downhill gains graviearional aecelerarion every tum: an acceleration of |
mph/s per 4.5% of slope. This does not count against a vehicle’s gAccel or gDecel limits, and may
incredse the vehicle's speed bevond its normal wop speed

Obsracles: A W° or greater slope is not a slope, it's an obstacle! A vehicle can scale a vertical
obstacle whose height in feet is less than ivehicle Size Modifier + 1) =2 feet if using legs or a flexi-
body, =1 fool if using a tracked drvetrain, =005 feet if using a halftrack drivetrain or if eguipped
with off-road wheels, and 025 feet if using any other wheels, skitracks or skids,

A vehicle which hits an obstacle it cannot scale has had a collision (p. 157). Climbing an obsta-
cle is o hazard.

- #

Moving in Reverse

A ground vehicle with a powered motive system and a drivetrain {vehicles propelied by sails,
airscrews, reaction engines and reactionless thrusters are excluded) can shift into reverse if its
speed is 1), Wheeled vehicles can only reverse if they have at least 3 wheels. A vehicle traveling in
reverse has a top speed of 200 mph or half its normal top speed. whichever is less, It can accelerate
at half its normal rate, To shift 1o forward movement, it must decelerate back o 0 speed, All con-
trol rofls made while traveling in reverse are at -4, unless a set of rear-facing duplicate controls hus
been installed.

Riding Outside Vehicles

If the velecle has a deck, theres room for
one perscn per 9 square feet of deck space 1o
stamd on dack

Even a vehicle without a top deck can
varry additional passengers (not crew) who
cling to the outside, but this is nol very safe at
high speeds. The maximum number of people
wha can safely cling 1w a vehicle i3 its surface
areA4/20,

Characters standing on an open deck of
clinging o the vehicle body will be Aung off
if it suffers a crash able result (Faifing a
Caonsrod Rodl | p. 148y, and may be shaken off
whenever the vehicle makes HIVY ENSTVES
mre violent than (0.5 g: have them make a 8T
roll al -2 per L5 G over 0.5 G, TF clinging,
failure means they fall off; if on an open deck,
Tuilure means they fall down (no effect i they
are already prone), and failure by 4 or more
means they fall off, If the vehicle makes a
steep climb or dive, or rolls, 5T rolls must be
made at an exira -4 penalty to avesd falling
ol

Anyone actually strapped to the vehicle
(e, chained to a masi) won't fall off.

GLOC

High-G maneuvers and sudden accelera
fion or deceleration ImMpose severs siress on
the crew and passengers. If this iz severe
ennugh, the vehicle crew and passengers may
lose conscionsness. Pilots call this “Eravity-
induced loss of consciousness” or GLOC, I
that happens to the eperator, it could be very
dangerous. Anyone subjected 1o sudden high
G maneuvers must make a G-modified HT
rodl; if il fails, he molls on the GLOC Effects
table (p. 155)

Comtinued on next page
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GLOC
(Continved)

Mancuvers, acceleration and deceleration
i space are already rated in G. For other
acoclerations of decelerations, G 33 0.5 G per
11} mph/s added to or subtracted from speed.
The higher the felt G-force, the more difficuli
the HT mll. Halve the feft G-force for sach of
the following that applies: wesring a G-suit (p.
204, seated in a G-seal {p. 79), seated in a
womb tank (p. 79, Gravity webs {(p. T9) and
grav compensators (p. 80) redoce the acrual
experienced G-force, depending on TL: apply
the effects of gravily compensators before
modifying for felt G-force! Once effective G
is known, consult the table below, rounding
fractional G up:

G-Modified HT Roll Table

ig  RellHT

Sg Roll HT-2

g Roll HT-10

.« « And =0 on, rolling at an additional -2
HT for each extra G

Maodifiers: +5 for the Acceleration
Tolerance advantage {see p. C119), -3 lor the
Acceleration Weakness disadvantage (see p,
CI79).

Each high-G maneuver is a new accelera-
tion = roll again. Note that no repeated roll 1s
required for covstans acceleration or decelera-
tion: the horizomtal forces are less extreme,
Do not roll again for conslant acceleration
unless it coptinues for more than an hour -
than roll each hour, at 3 G less.

Railway Movement

A vehicle with railway wheels can only move on railway tracks, and must maneuver to fallow
the rails. Any skid, spin, rall, veer or vault will result in it jumping the racks. effectively immohi-
lizing the vehicle! The same applies to mag-lev vehicles moving on mag-lev rails.

MOVEMENT ON OR UNDER WATER - SPECIAL RULES

Only vehicles that can float (those with flotation hulls or submersible hulls1 can move on water,
although hovercratt can skim over the surface.

Running Aground

Tn shallow waters, any vessel except a hovercraft muy run aground. This depends on the dragfr
of the vessel — the distance between the vessel’s water line and the bottom of the hull. Running
aground is simple: if the vessel enters water whose depth is less than its draft, it has run aground, 1f
a vessel uns aground on something sharp, like rocks or a reef, that is just equal 1o its draft, reat it
as a sideswipe collision against the underside. TF less than draft, it is a head-on collision,

To get free, the crew can jettison carge or other stores, hoping to lower mass and raise draft, If
successful in raising draft, roll 1d. On a 1-3, the vehicle is still stuck.

Currents

A vehicle on or under water and raveling with the flow of a river, stream or acean current will
add the current’s speed o the vehicle's speed. Traveling against the current will subtract its speed,
which may result in the vehicle moving backwards. Moving across & current will cause the vessel
i drifi sideways,

Ocean currents (such as the Gulf Stream) will average about 5 mph. A typical river current will
be 5- 10 mph depending on the nver, though some may be more sluggish and rapids may be faster,

Dangerously-Overloaded Vessels

The best way 1o lose o ship or a boat is 1o overload it. Every vear, hundreds of boats sink this
way, either because their operators have taken a chance and loaded more peaple or cargo on the
vessel than was advisable, or becanse the vessel has suffered flooding, taking on an extra weight of
wiater as the resull of a leak.

A vessel 13 comsadered I.Ehh'ig r'n"i.l'“.'|'|!1_'|' overloaded if its curreni wr_'i;.;hl_ 1% S or more of its flota-
[icHn rating.

Sinking

A dangerowsly-overloaded vessel can sink suddenly as a result of a Swamping or Capwize! loss
of control result. In addition, u vessel will alwo sink if is weight exceeds its flotation rating. The
usual way this happens o otherwise seaworthy vessels is through flooding caused by damage (see
p. 186 in the Cembar chapier).

A sinking vehicle goes nose down and vanishes beneath the surface of the water. It sinks 1 yard
per tum. Eventually, it will hit the bottom, or if the water is deep enough, the hull will crack from
water pressure. (See Crish Depet, p. 1330,

Underwater Movement and Submarines

A vehicle with a submersible hull may swim underwater. Preparing a surfaced vessel with open
hatches for diving requires 5 turns, plus | tum per 10 tons of surfaced mass.

Only certain types of power systems can operale in an underwaler environment — ses Power
Svatems (p. B1) and Snorkels (p. 54) for details,
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A wehicle with a submersible hull has a crush depth. If a submarine exceeds its raied depth, its
body may collapse under pressure, if it has any pressurized compartments. Roll vs. the vehicle's
Health every minute, with a -1 per 20% below rated depth. Add +2 for heavy compartmentalization
ar -+ for total compartmentalization {p. 20).

A faibed roll means the body takes damage equal 1w 0.1 hit points x its body sarface area per
point the rofl failed by (minimum 1 hit). DR does not protect. On a critical failure, the holl sudden-
Iy buckles, and the vehicle is destroyed!

FLYING MOVEMENT

Use these rules for any vehicle flying above the ground, with the exception of hovercraft and
mag-lev {which travel only a few inches or Feet off the ground),

Adrcraft operate in three dimensions, and routinely change their alticude. This i not considered
a maneuver, and is resolved any time during the vehicle's turn.

Climbing: Vehicles climb (o gain altitude. A vehicle may devote a percentage of its specd to
vertical movement; this amount is added 1o alvitade; the rest is available for normal horizontal
movement. For example, suppose an F-16 fighter has a current speed of 800 mph, enabling it o
maove M yards this tum. IF the pilot devotes 80% of his move to vertical movement, he will gain
220 vards of altitude and move B0 vards horizontally,

Climbing vehicles decelerate due to gravity, A climbing vehicle suffers deceleration ar the end
of its turn equal o 20 mph times the percentage of its speed devoted 1o climbing, multiplied by
local gravity, if not on Earth. For percentages expressed in increments of 10%. this means a loss of
2 mph per 104 of speed. For example, if our F-16 devoted 809 of its movement 1o climbing, i
would decelerate by 30% of 20 = 16 mph.

A climb doesn’t count as a maneuver, but if the vehicle climbed, it may not dive on the same o
very mext turn = it must fly level for one e first, A vehicle may not devote more than 0% of
move to a climb unless if climbed (any amount) on the previous wm. If a vehicle devoted more
than 50% of its movement o o climb, 1t must devote at least 109 to a climb on the following tum.
While climbing, the only manewver that can be performed is a vertical roll (see p. [ 56),

Diving: Wehicles lose altitude by diving. A vehicle may devote a percentage of its speed to ver-
tical diving movement (bul see below). This amount is subtracted from altitude; the rest is avail
able for horizontal movement. For instance, if an aircraft with a speed of 1,000 mph (moving 500
yards/s) devoted 30% of its movement to a dive, it would lose 30% = 500 = 150 yards of forward
mavement and so move only 350 vards horizontally.

Diving vehicles accelerate due to gravity at the end of the tum in which they dive. A diving
vehicle accelerates at 20 mph = the percentage of its speed devoted to diving (times the local gravi-
ty, if not on Earth),

A vehicle may only devote more than 50% of its speed to a dive if it dived on the previous
turn. An aircraft may not dive and climb on the same wen, If a vehicle devoted up o 50% of its
move o dive, it may not climb on the following tum. If a vehicle devoted more than S0% of its
move tooa dive, it must devote at least 10% to a dive on a following turn,

Clinebinng, Diving and Combat: IF an aireraft devoled more than half its speed to a climb, the
aircrafl’s tail is pointed at the ground, and its nose at the sky — this will affect hit location and whai
weapons can be fired. If an aircraft devotes more than half its speed to diving, ils nose is pointed a1
the ground and it tail at the sky, with obvious effects on hit location and what weapons can be
fired.

Diving and Top Speed; A diving aircraft’s speed may cause it 1o exceed its normal 10p speed;
see The Sownd Barrier (p. 159) for dangers of very high speed flight

When a character fails his roll 1o deal with
a high-G maneuver, ook up the amoun the
roll failed by on this table:

| —stunmed 1d tums (“gray-ou™).
2 = unconscious 2d tums.

3 — unconscious 3 wms.

4 —upconscious d4d mwms.

§ —unconscious 6d tumns.

& = unconscious 10d s,

Cm all the results below, the victim is
unconscious for 104 wns and saffers dam-
agt:

1.8 — 1d-3 damage

910 < 1d-2 damage.
11,12 — 1d-1 damage,
13 = ld dumage.

14 = ld+] damage.

15 or more: 1d+2 damage.

If & character passes out or is stunned,
treat it as loss of vehicle operator (p, 152),
except that the pilot will eventually recover,

This table is similar to the one in GURPS
Space, but the effects are based on the amount
the moll faibed by rather then the otal G,

Exira Damage: Assess additional damage
equal to 1d + the G-force if the character is
caught wholly by surprise amd thrown o the
flowor, against the side of the vehicke, elc.

Stunts

These are special mancuvers a vehicle can
perform. A “stunt” is much like a bend ar
drift, but it differs in that a control roll is
always required whether or not G exceeds
MR, and the results of failure are usually
greater than normal.

Bootlegger Reverse

A bootlegger (sometimes called a J-turn)
is a controlled skid o reverse the vehicle's
direction, effectively turming 180 and decel-
crating to (. It can only be performed by a
sell-propelled (not animal-drawn) vehicle
with four or more wheels, or a 50 of or less
two-wheeled vehicle whose driver is in a
eyele seat (he uses his foot to control the
skid).

The driver may not acceleraie or deceler-
ate on the mrm he wants o0 meke a bootlegger
reverse, and the vehicle's current speed in
mph may nol exceed wice its gDecel in
mph/s. While a vehicle is performing the
bootlegeer, no other actions can be performed

including muneuvers and weapon fire,

Continued or next page
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Stunts
(Continued)

To perform a bootlepger, reat 1t exactly
like a H)° bend. However, the vehicle takes
id a.iul'l‘].'l.EL" 0 each tire {or o ils wheels, if i
has no tires) and a contrel roll is avtomatical
Iy required even if the vehicle did not pull
enough & o reguire one. This control roll s
at an exira -1 oo skill,

Failing a control roll for a bootlegger has
ihe same effect as any other failed conirol
refl: it will kead o the vehicle skidding, spin-
g or relling.

If the control roll succeeds, the vehicle
does paf continue to move in the direction it is
now facing. Instead, its next five yards of
movement are a controlled skid i the diree-
tion it was going before it made the turn
Then it immediately rotates another W and
decelerates (o U speed, ending the tum facing
the direction it orginally came from.

T-Stop

A T-stop 15 a controlbed skad that suddenly
halts the vehicle. i can only be performed by
i self-propelled (oot animal-drawn) vehicle
with four or more wheels, or a 50 cf or less
two-wheeled vehicle whose driver is in a
cycle seat (he uses his foot to control the
skicly.

The driver may nol accelerate or deceler
ate on the wm he wants (o make a T-stop, and
the wvehicle's current speed in mph may nod
exceed twice its gDecel in mphy's.

To perform a T-s00p, reat it exactly as if it
were 4 ‘M1 bend, However, the vehicle takes
Ad damage to each tire (or o its wheels, if ®
has mo tires) and a control roll §s aoomatical-
Iv required, even if the vehicle did not pull
enough & to require one.

Failing a control roll for a T-stop has the
same effect a5 any other failed control roll: it
will lead to the vehicle skidding, spinnmg or
rolling. If the control roll succeeds, the vehi-
¢le wms YF as planned, and also decelerates
to () speed

Comitnued on next page . .

Aircraft with Stall Speeds

A flying vehicle with non-zero stall speed (ie. with wings or autogyro rotoms) requires forward
moton for Lt

Takeaff: The vehicle takes off by sccelerating in a straight line along the ground using the
ground movement rules until it exceeds its stall speed. It may then begin climbing

Landing: Landing is the reverse of taking off. In order for a landing 1o count as a landing rather
than a crash, the vehicle must be sl under [0 vards altitude and traveling right-side-up in level
flight. If it then decelerstes to just below its stall speed. it lands instead of crashing or stalling. Now
1t just has to decelerate to ) speed before going off the end of the ronway! If the landing aircraf
doesn’t have a ground motive subassembly, it will crash instead of landing, but will take oily half
damage. Exception: Any aircraft can land in water without landing gear (of course, it will sink if it
can’t float),

Stalling IF its speed is a1 or below irs stall speed. the vehicle's wings or rotor won't provide
encugh lift for the aircraft 1o stay in the air. If the aircraft meets landing parameters (see abave), it
lands. Otherwise, the aircraft sails. This con also sceur as the result of a failed control roll.

stalls can be dangerous, For the rest of the tum the aircraft is stalling, it can’t make any more
maneuvers, and its weapons can't be fired, On the following turn. it levels out (iF climbing) or (if
not climbing) immediately goes into dive (roll 1442 = 10% for percentage of movement devoted to
diving}, While diving. the aircraft will accelerate, paining speed. No other actions or manegvers ane
possible (the aircrafi can't accelerate, decelerate, maneuver, etc.) while this is occumring, and the
aircrafl cannod fire wespons. Exceprion: Any pilot can voluntarily put the aircraft into a steeper
dive, if desired.

Putiing et of a Stall: The aircraft will gain speed as it dives. Once the gircraft's dive results in
it moving faster than fis stall speed, the pilot can attempt to regain control at the start of each wrn.
Make a control roll, with a modifier of -1 per full {10 mph x aMR) vehicle speed. Success means
the vehicle pulls out, failure means it does not.

Rolling: The pilot of a vehicle with wings or late TLT+ rotors may ol any time if he does not
use a turm or drift mancuver in the same one-second turn. Rolls can be combined with climbing and
diving. The aircraft inverts and is now flying upside down. I an aircraft if flying upside down, add
| G to accumulated G for all maneovers: it also loses 5 vands of altitude each second. A rell does
noi require a control roll,

Vertical Rodls: If the aircraft is in 4 steep dive or steep climb it can roll around its longitudinal
axis quile easily. When it pulls out of the vertical, it can do so pointing in almost any direction the
pilol wants, not just opposile o the previous direction of flight. This maneuver allows an aircraft to
end up pointing in any direction when leaving a vertical climb or dive. This does not require a con-
trod rodl.

Evotic Manewvers: On a one-second turn scale, most aircrafl mansavers are simply combina-
tions of other actions. For instance, an Immelmann tum could be a 30% climb, a2 100% climb and
vertical roll o reverse direction, a 5065 climb and level flight.

Vehicles with Vectored Thrust or No Stall Speed

Flying wehicles with no stall speed or with vectored thrust systems have cerain special abili-
ties. If the vehicle does not use all of its acceleration to increase its speed, it may use any unused
portion of it to maneaver with af any time during its tum, as follows:

Increase altitude by one yard (costs 2 mph/s acceleration ).

Decrease altinede by one vard (costs 2 mphys acceleration).

Drift one yard right or left while maintaining its facing (costs 2 mph/s acceleration)

Assist in making a maneuver, adding +0.25 to MR (costs 5 mphfs acceleration).

Mone of these actions in and of themselves require & control roll.

These vehicles may also climb and dive nommally, and any late TL7+ air vehicle with an abMR
of (.25 or more can also roll.

A flying vehicle with no stall speed has certain additional abilities. It can take off and land ver-
tcally, or decelerate o zero speed and then hover in place, Onee it has decelerated to 0 speed, the
vehicle may move sideways or in reverse, although it has only half its usual MR (round down)
while doing so. It can accelerate in reverse or sideways at half its usual rate. Its reverse speed may
not exceed half its top speed or 150 mph, whichever is less,
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Lighter-than-Air Flight

A wehicle is lighter than air if its combined lifung gas, levitation or contragravity 1ift {but mo
lift from other sources like rotors, lift engines or vectored thrust) exceeds its weight,

Lighter-than-air vehicles may, instead of using nommal climbing rules, gain or lose up o 10
yards of altitude each turn as a result of manipulating ballast, or for contragrav, adjusting the
weight. Updrafts and downdrafis have double their effect on lighter-than-air vehicles

Taking Off and Landing: If the vehicle does not have contragravity or levitation, this can be
difficult: the crew must cast off the mooring lines and drift up at 1-2 yvards per om. To land, the
craft must slow to 1 mph or less speed and O altitude. Landing any faster is a crash. Or the crew
can leap out (or lower lines to grodnd crew) and tie the craft down. This requires | person per
10,000 |bs. of loaded weight, or twice as many in bad weather.

Ballase: All vehicles that are lighter than air and don't use contragravity require occasional
replacement of gas and ballast. since they use up both when maneuvering, climbing or diving. This
limits operating range (0 one to five days, at the GM's option. In general, urbulent weather condi-
tions will result in shorter range than good weather conditions, since ballast and gas must be con-
stantly released 1o mamtain pood trim.

Free Flight: A lighter-than-air vehicle that has no acceleration or top speed drifts with the
wind: it may not maneuver, bul may gain or lose altitude if someone (or a remote system) is in con-
trol o release gas, drop ballast or manipulate contragravity conirols.

Falling

When a large object like a vehicle is falling through an atmosphere, powered only by gravity,
its speed increases as it falls 1o the ground, Assume a falling object’s speed will increase by 20
mph per second until it reaches terminal velocity, afier which it will continue to fall at that speed,

To find terminal velocity, calculate the speed of the vehicle using the aerial wp speed rles in
Chaprer 10, but with an acrial motive thrust of one pound per pound of vehicle loaded weight, due
o gravity.

When a vehicle falls to the ground, treat it as if it had a collision (angle as appropriate) with the
ground (or whatever else it hits!) at a speed based on its current speed

COLLISIONS

When a moving vehicle hits something, this is a collision.

Normally, a cellision is automatic if two objects are on a collision course with each other.
However, if one of the objects is much larger (its Size Modifier is three higher than that of the
other} the smaller object can dodge, provided it or its operator is aware of the incoming object and
free to move. Dodging is also possible in mid-air, underwater or space collisions, regardless of
vehicle size. Make a normal Dodge roll, though PD doesn't help. A successiul Dodge roll will
move a dodging character the same distance as o Step mancuver; for vehicles, this is the same dis-
tance as a Drift maneuver. If this is far enough to avoid the collision. it doesn't ke place.
Otherwise, the character or vehicle didn’t get far enough away!

All collision damage is crushing. Armor DR always protects against collision damage.
However concussion and whiplash effects may damage living beings aboard a vehicle even if the
armor is not penetrated, At high speeds, this can be fatal”

(Continued)
Look, Ma - Two Wheels!

Gindfrey Daniels is racing the wrong way
down a single-lane, ome-way mountain high-
way with a sheer ¢liff on one side and a
LU00-fool drop en the other, pursued by a
car full of gun-toting thugs. He rounds a
hend aind suddenly the road abead is filled by
a huge semi-truck! There's only three feet of
clearnnce

Is Godfrey doomed? In a realistic cam-
paign, maybe. In a cinemalic campaign. if
someones 15 driving a vehicle with four or
more wheels, he can il it sidewayy and drive
on two wheels for the rest of the wm {2 fur-
ther roll is needed cach ), reducing the
amount of space the vehicle takes up.
cnabling him w dodge incoming mcks, fit
through narmow alleys, e,

While a bootlegger is a controlled skid,
this is a controlled rell. Treat it exuctly Tike a
Crrift maneuver, except thal a control roll iz
always required. and instead of drifting, the
vehicle moves onto its side.

If “sideways 1li" control roll fails, any
tarlure result, regardiess of SR, 1a treated as a
roll, This is a very dangerous maneuver!

The Chicken Coop

Chicken coops (fruit stalls, ete.) are
always being hit by autos, ar least m the
MY IEs.

Driving through such an ohstacle isn't a
harard if the vehicle masses over 3 tons, but is
4 hazard with no modifier o the controd roll
otherwise. More importantly, the cloud of
scattered feathers (hay, tom newspaper, cic.)
impoaes & -2 haeard an anyone following you!

The Narrow Passage

Sometimes, vehicles of any type may have
o negotiae a very namrow passige. This can
be used for flying through winnels, driving
between other vehicles and the like,

The GM should select a Size Modifier for
thve tunnel or passage based on how wide it is,
A vehicle that has an equal or larger Size
Modifier cannot fit through it One with a
smaller Size Modifier can, but it will be a
tight fit. If 2 vehicle has wings or rodors, add 1
to its effective Size Modifier.

Continued on Hext page
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The Narrow Passage
(Continued)

Make a hazard control moll, Normal penal-
ties for speed apply. In addition, there is a
penally based on the difference between the
vehicle "s Size Modifier and the passape's:

Vehicle is one smaller; -4,

Vehiche i two smaller; -2,

Vehicle is three smaller: no modifier

Vehicle is four or more smaller: no roll
needed.

Only one roll 15 normally needed. An
additional rell should be required every
minute of s, of whenever the vehicle makes
a Dodge. Any Veer result leads to a sideswipe
collision with whatever the vehicle is passing
through (tunnel walls, other vehicles, ete.).
Cther results cause the usual effects (Roll,
Spn, et ), plus a head-on collision with the
obyect

Muscle Power and Fatigue

Individuals who are rowing or working
muscle-engines will take fatigue based on
their encumbrance, as if they were marching,
That is, | point of Fatigee per hour if unen-
cumbered, 2 points per howr if lightly-
encumbered, and so on. For playability’s
sake, il is nol mecessary W recalculste vehi-
cle performance until fatigue reduces
Strength to 3. At that point, halve the speed
and acceleration of any oar- or muscle-pow-
ered vehicle.

Sails and Wind

The maximum speed of sailing craft is
determined by the wind speed and direction,
the TL of the sails, and the size and number of
the velicle's masts. The GM determines wind
speed and weather conditions — see p. B1R7-
[3E, The basic movement rates given in the
design rules assume the vehicle is rumning
with the wind on the guarter, that is, behind
und slightly to the right or left. For wind from
other angles, use the rules below,

Wind on the Bow: The wind is coming
from in front of the vessel. The vessel must
move by tacking, ie., zig-rapzing back amd
forth, Speed is 11FE: of lisied speed if a square
rig, 200 i & full rig, or 30% if a forc-and-af
Mg-

Wind vn the Stern: The wind is directly
behind ihe veszel. Speed is 80% of listed
speed

Wind Abeam: The wind is blowing io
cither side of the direction the vessel is facing
Speed 15 50% of lsted speed of a sguare ng,
BEE of histed speed if a Full ng, W% of histed
speed if a fore-and-aft rig,

At the GM s discretion, wind direction
may change every few minutes, or remain
steady.

Continued on Rexr page . ..

VEHICLE ACTION

A wvehicle in a collision normally infTicrs dice of damage equal to (its original body hit points x
collision speed in eaph /200, rounded up to the nearest full die. The dice of damage it fakes is usual-
ly based on whal the other vehicle inflicts. If this is too high a number to roll, the GM can conver il
inko & more reasonable dic spread before rolling, for example, 480 dice could be 6id = 80.

Rams: If the striking vehicle has a ram, it adds +1 per die in any head-on, T-bone or rear-end
collision. If & ram-equipped vehicle iz involved in a head-on collision, it takes one less point of
damage per dic.

If a pedestrian, creature, robot, ewc. is struck, it inflicts damage like a vehicle based on its hit
points (usually equal to HT, for a person) and its current speed. Impacting a person can damage a
vehicle: if an average person (HT 10 is hit at 50 mph, he will intlict 10 50 / 200 = 2.5, rounded
to 3d damage, to a vehicle! Similarly, an airplane striking a bird (1 hit point) at 1,000 mph can be in
serions trouble, taking 5d damage!

The three things to determine in a collision are the type of collision, where a vehicle was hit
and what the colhision speed was,

M hecd-on coliision ocours any fime two vehicles moving within 30° of the opposite direction
hit each other. Unless either vehicle is waveling in reverse, both will take damage to their front
sides. Collision speed is the sum of the twe vehicles' speeds,

A rear-end collision occurs any ime two ohjects moving within 307 of the same direction hit
cach other. Collision speed is the speed of the faster-moving, or “striking,” object minus that of the
shower, "struck,” ohject. Unless one object is going in reverse, the striking object will take damage
to its front, and the struck object o s back. Calculate damage normally, except that the struck
object cannot imfTict more damage than the striking ohject.

A T-bore collivion occurs when an object moving in one direction hits another in the side.
Collision speed 15 bused on the speed of the siriking object — the one that hit the other vehicle in the
side. Normally, the striking object will take damage w its front and the struck object to its side. A
T-bone collision involving aircrafi, spacecraft or submarines may also result in one vehicle sriking
another in the top or underside. Calculate T-bone damage normally, except that the struck ohject
cannot do more dice of damage than the striiking vehicle inflicted.

A sideswipe ocours when one vehicle drifts or skids into another object, so that both sides
scrape against each other. Damage is to the striking sides of both objects. Collision speed is the
sum of both speeds if they are going in different directions, or the speed of the faster object minus
that of the slower if they are going in the same direction. A sideswipe involving submarines, space-
eriaft or aircraft may also result in one craft’s top sriking the other’s underside. Caleulate dice of
damage normally, and then divide by 4, rounding down,

Special - Vehicles with Legs

A vehicle moving on legs can step over or stomp on an object that has s Size Modifier two or
more less than its own; this s inefead of colliding with it.

Stepping over the obstacle harmlessly evades it, while stomping on it may inflict damage. The
victim can Dodge to avoid & stomp. Otherwise, a stomp does damage as per Kicking (p. 188), bur a
+1 damage per ton of vehicle weight (or fraction thereof). This doesn't count as an attack, but a
vehicle can only stomp one target per two legs unless it is very large, in which case a single leg’s
stomp will cover (leg surface area/100) 1-yard hexes.

Note that if another vehicle initiates a ground collision with a walker large enough to stomp i,
collision damage is applied to the walker's legs.
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Collision Aftermath

A vehicle involved in a collision may require 3 hazard control roll {see p. 148) as a result of the
impact damage from the collision. See Overruns (below) for an exception to this,

In a sideswipe, both objects will keep going in the same direction as before (assuming they sur-
vive the damage and the harard rolls).

In a head-on collision, both nh-'p:r_'l*; will come to a dead stop unless one mflicts twice the dam-
age of the other, in which case the object that did more damage continues moving, while the other
object is knocked aside and (if a vehicle) must make a control roll ar -4, modified by collision
impact damage (see p. 148),

In & T-bone collision, both objects have their speeds cut in half unless the striking object
inflicted twice the damage of the struck ohject, in which case its speed is unaffected, and the struck
ohject (if a vehicle) is knocked aside and automatically suffers the worse result on the appropriate
Loss of Control table — e.g., “Vault” for ground vehicles, or "Disaster™ for air vehicles, Exceprion.:
I the striking object inflicts less than 5% of the stmack object”s hit points, it merely bounces ofl and
cores 1o a stop, while the siruck ohject continues on its way anobsiructed.

In a rear-end collision, the two objects have their speeds averaged together unless the striking
object inflicted twice the dumage of the struck object, in which case its speed remains the same,
and the struck object (i a vehicle) is knocked aside and must make a control roll at -4, modified by
collision impact damage (see p. 148),

Overruny: IF the siriking object in a T-bone or rear-end collision, or either of the objects in a
head-on collision, has a Size Modifier that is 3 or more greater than that of the other object, and
inflicts twice the damage it suffers, it runs right over the other object! The object performing the
overrun does additional damage to the object it is running over as if trampling (see p. B142),
except that vehicles add a further die of damage for each additional ton of weight over 5 tons!
Against another vehicle, this damage is applied w the top of the vehicle. The overmunning vehicle
continues on with no loss of speed. There 15 no need to check for loss of control.

Hitting Buildings and Immovable Obstacles

If a vehicle or other moving ohject hits a stationary object like & wall, rock or iceberg that is
too big to push aside, it inflicts its nomal collision damage on it (like a T-bone) but it tekes the
same damage, up 0 a maximum of the damage it inflicted or the sum of the simicture’s HP and
DR, whichever is less

For the effects of damage on buildings, see Damaging Buildings on p. 166, If the vehicle can
make a big enough breach in the structure, it can keep on going right through it — for breaches and
huilding hit points, see p. 167

But even if a vehicle crashes through, it decelerates immediataly by [(HPF + DR of
barrer /damage rolled] = pre-crash speed in mph, rounded 1o the nearest half or whole number, For
example. suppose a tank moving at 20 mph hits a barrier with 66 hit points and inflicts 840 points
of damage. The 1ank would decelerate by (66/840) x 20 = 1.56 mph, rounded up 1o 2 mph. In other
words, it would erash through and hardly be slowed!

Immovalie Objects: If a vehicle hits the ground, a hill or the like, it simply takes (its own body
HP = collision speed in mph)/200 dice of damage. Reduce damage by -2 per die for collisions with
water or -1 per die for collisions with snow, soft mud, elc,

A
Sails and Wind
(Continued)

Sael Handling: A skilled crew may sl
faster, by better handling the sails; conversely,
poorly-skilled crews are unlikely 10 get the
most out of their vessels, If more than one
person 15 required to man the sails, use the
average of the helmsman's Shiphandling skill
and the avernge Seamanship skill of the sail-
ing crew. One roll is allowed cach minute ina
tactical situation or race, every day for o long
voyage. A critical success adds 10% 0 speed.
A success allows normal speed. A failure
shows specd by |95, A critical failure slows
speed by 20%,

Crafes; While strong winds will hlow a
ship faster, there's always oo much of & pond
thing. If wind speed is gale force or greater,
moll ws, the average Seamanship skill of the
sailors every ten minutes. For every point the
ol Tails by, the masts bose 10% of their orig
nard HT. In a severe gale, the crew may wish
1o step down the masts and stow the sails (this
fakes aboul 5 seconds per sf of sail area) and
ricke ool the storm.

Staying on the Ground

Most aircraf can set their control surfaces
o “spoil™ lift, If the pilot of a winged vehicle
wishes to travel at a ground or water speed
that exceeds its stall speed, bn does nov wish
o take off, be may do so. Keeping the plane
on the ground requires a Piloting roll on any
turn that the plane accelerates of maneuvers,
and every W on rough water or terrain.

The Sound Barrier

The speed of sound (Mach 1) is 760 mph
atl sea level, somewhat less as altinde increas-
ca, Aircraft moving at transonic speeds will
experience increasing turbulence that acts to
show themn down.

Wehiches that do not have Superior or ber-
ter streamlining and which attermpt to exceed
Mach I {through diving, for imnstance) must
make 4 HT moll on every tum that they exceed
650 mph, @t -1 per 50 mph over thai speed.
Failure causes the aincrafl to take |d of dam-
age per ton of mass {or fraction thereof) to its
body. rotors, airscrews and wings. Armor
does ot protect against this damage. In addi-
ton, the amrcraft will suffer a deceleranon of
200 mph every tum and must make a Hazard
ol v avioid losing controd,
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High Altitudes

Al very high alttudes atmospheric pres
sure will decrease — sce Armospheric
P.l'f_r_'.'ur'q' (&1} p | Fly.

On Earth, an unprotected human will
have trouble breathing past 3,300 yvands, and
will also suffer from cold, If the vehecle
lacks a lifesystem, double fatigue costs for
any exertion between 3,300 and 5,000 yards,
Past 5,000 yards, an oxygen mask (or life
support) is needed and use the rules for
freezing (p. BI&&), On alien worlds, multi-
ply these numbers by the air pressure in
Earth atmospheres al sea-level 1F the avia-
tors have only oxygen masks rather than Lim-
ted or full life suppon, they only suffer from
freszing.

Variable-Sweep Wings

An aircraft with variable-sweep wings can
ndjust its wing position. There are three basic
positions: back-swept, mid-swept and out-
swepl,

A vanable-sweep aircraft may have manu-
al or automatic wing sweep, Manuwal wing
sweep (as on 4 MiG-23) takes the pilot a com-
bat action and iwo seconds (o change wing
position by one step (back 1o middle @ from
or vice versa) duriig which e caniol manei-
ver. Aulematic wing sweep (as on an F-14
Tomcat) does not require a combal action, the
wings take only one second o change posi-
tion, and the pilor can maneaver freely while
they are doing so,

The normal stall speed and top speed of
the aircrafl assume ils wings are swept backs
these are referred to as the “swepi-back”
speeds. Altering the sweep of the wings to the
mid- or put-swept positions will change wp
and stall speed and ncrease aMR. In general,
back-swept wings are used for high-speed
dashes, mid-swept wings are used for manew-
vers al moderate speeds, while out-swept
wings are used for landings, takeoffs and low-
spead mancuvers,

Back-Swept Wings: An aircraft can only
swieep ils wings back if its wings are in the
middle position and it is moving faster than
its swept-hack stall speed. As stated. a vari-
ahlz-aweep aircraft with its wings swept back
has pormal 1op and stall speeds.

Mid-Swept Wings: If the aircrafl has irs
wings in the back-swept or oul-swepl position
andd 1 currently moving at w0 more than 1wo-
thirds s swepl-back top speed, the pilot may
aweep iz wings into the middle position. In
this position, top speed and stall speed are
anly two-thirds of swept-back speed, and
qMH 15 +1.5,

Char-Swept Wings: An aircraft with mid-
swepl wings and moving at half iis swept-
back top speed or less can move the wings o
the “out-swepi” posiion. In this positicon, top
specd and stall speed are only half of swept-
back spead, and aMR is +1.

VEHICLE ACTION

Other Collision Rules

D and Coflisions: DR will always protect the vehicle, but the crew may et mashed up - see
below.

Witiplosh and Covicussion: Any violent impact may jerk the crew and passengers around mside
a vihicle, toss them through windscreens, or (at high velocities) resull in broken necks even if they
are securcly strapped in. Assume that any collision in which the vehicle is brought 1o  halt, slowed
by 200 mph or more, or spun out of control (but not one in which it pushes aside whatever it hit and
keeps on poing) does 1d-2 damage per 20 mph. This damage is not absorbed by armor (but the
Toughness advantage does protect!) but can be reduced by safety devices and mcreased by lack of
precaution. Double damage 1 nin weanng safety belts! However, airbags, crashwebs and womb
seats will protect apmmst the damage.

If a person in a seat equipped with an airbag or crashweb suffers a crash at a collision speed of
mire than 200 mph, the airbag or crashweb automatically inflates, The airbag or crashweb reduces
whiplash and copcussion damage with an effective DR :L]ual to 118 TL., However, the activaied
airbag or crashweh impedes vision and blocks movement {(make a DX-2 roll each tirm to get loose:
until leose, you can’t operate vehicular equipment), and TLY airbags do 1d-3 cr. damage to the user
s well. After a collision, TLT airbags must be replaced at bl cost, while TLE+ systems reset with-
im 10 seconds, TLE+ crashwebs can alio be voluntarily wmed off by the vehicle operator, or have
their crash speed reset from 20 mph 10 a higher speed. This takes 2 seconds {and is wseful if con-
templating ramming a vehicle),

If & person in & womb seat suffers whiplash or concussion, the womb seat reduces whiplash and
comeussion damage by an effective DR equal to svice its TL, This protection is cumulative with
airbags and crashwebs,

DOGFIGHTING COMBAT

Avreraft speeds are so high that actually mapping out an serial combat can be very difficult and
time consuming. To simplify play. these “dogfight” rules can be used for purely serial engagements
berween small numbers of aircraft. Mote that while most of the rules in this book are very derailed,
this system is intentionally abstract, and the GM should feel free to exercise dramatic license when
using it!

Dogtights consist of two phases: initial contact and the acwal dogfight iself. They are divided
into Fowmrds of 10 seconds each.

INITIAL CONTACT

The GM decides on the range at which the encounter occurs, and on how guickly the aircrafi
are closing or passing. Range can be set at anvthing, while for simplicity, speed shouwld be taken to
be equal o one-third the sum of the aircraft’s top speeds. Every 10 seconds, each aircraft pets a roll
o spot the other — if 1t 15 within sensor or visual range = using the Sighiing ard Detection rules (see
Chapter 13). As soon as one aircraft has detected the other, and regardless of whether it has been
detected itself, proceed to the The Dogfipht (below).

If there are multiple aircraft on either side, the range of the encounter is the same for all of them,
and closing speed is calculated using the lowest speed in each group. If one enemy is detected,
assume all of them are, by everyone in the group. This isn't realistic, but it is plavable.




THE DoGFIGHT

A dogfight begins as soon as one aircraft has detected another and initiates air combat maneu-
vering. The -second rounds are still used. The dogfight consists of five steps: Manenvering
Comtest, Range Determination, Direct Fire. Guided Missile Fire and Detection.

.
Step 1 - Maneuvering Contest

At the start of each round, the pilots roll a Quick Comtest of Piloting skills. If one aircrafi has
not detected the other. its pilot does not roll and is assumed o auwtomatically lose the contest: how-
ever, the first pilot must still roll versus his modified skill. Modifiers 1o each pilot's skill are:

+1per | Goow fraction therecf that the aMR of your vehicle exceeds that of your opponent's, A
pilot does not have 1o use his full aMR — if he does, the acceleration may result in him passing out,
with disastrous results {see the GLOC sidebar, p. 153)

+2 il you were closing on vour opponent on the previows round and vour apponent was retreat-
ing

+2 il you have detected your opponent and he has not yet detected you.

+1 per full 5 mphfs by which your aAccel exceeds that of your opponent.

-1 per full 50 mph of stall speed. +2 if no siall speed!

A pilot who wins the contest by 5 or more, or via a critical success, selects his aspect from the
Aspect Tulrle below, and also chooses his opponent’s aspect, The same applies o a pilot whose foe
has not yet detected him and who makes his skill roll by 5 or more, or who rolls a eritical success.

A pilot who wins the contest by 1-4 gets his opponent w choose one of the sspects on the
Aspect Table — but may prohibit his opponent from taking onre of these aspects (often “Closing:
nioese Facing opponent.”) if he wishes. The winner then chooses an aspect for his own aircraft from
the table. The same applies to a pilot whose foe has not ver detected him and whoe makes his skill
roll by (-4

If the contest is a tie, if both pilots fail their rolls, or if a pilot whose foe has not vet detecred
him fails his skill roll, aspect is determined randomly.

Aspect Table

| — Retreating: your tail (heck) facing opponent.
2 — Neutral: your left side facing opponent.

3 — Neutral: your right side facing opponent

4 — Newtral: your wp facing opponent.

6 — Neutral: your underside facing opponent.

6 — Closing: your nose (front) facing opponent,

Morgan is dogfighting an enemy Harrier jump jet. Her modified skill roll is

19, and she rolls a 10. The enemy pilot’s modified skill is 15 and he rolis a 9.
She has won the contest by 3. She tells her opponent, “Pick any aspect except
closing.” Her opponent decides on newtral, his left side facing Kitty Hawk.
Morgan then selects closing, her nose facing the opponent.

O~
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Ejecting

Most TL7+ military aircraft, and some
other vehicles, incorporate ejection seats as a
means of escaping a doomed crafi, TL7+
hypersonic craft and spacecraft are generally
equipped with crew escope capsules instead

A person sirapped into an ejection seat can
activate it in one second, This counts as his
action for the tarn; however, if one crewman
is UnConsCions, another crewman can eject
thern both. Jertisoning an escape capsule also
counts as action, wsually on the part of the
vehicle's commander, and ejects the entire
orew

In the case of an ejection seat, the seat’s
rocker hlows the canopy ofl (or a portion of
the roof, if no canopy b, This compromises life
suppert, NEC kits and waterproofing. In a fly-
g vehicle, gjecting will alzo compromise
aerodynamics — a control roll must be made if
someone other than the pilot ejects (if the
pilos ejects, the vehicle is out of control any
way, .. ). In the case of an cscape capsule, the
vehicle is automatical ly disahled,

The GM should determine what will hap-
pen if someone hes o eject while wnderwa-
ter. Depending on depth and pressure, the
cpection seal may pop the charmcler oul, or it
may fail o clear the vehicle entirely. Escape
capsules will always jeflison undersater, bul
will immediately flood and sink unbess they
are sealed. Inall cases, the wehicle will be
Moded.

An epechon seal has only a 50% chance
11-3 on Id) of working if the body or sub-
assembly housing i1 15 disabled, If not, the
sedl, canopy, etc,, is stuck and the occupant
can't get out. He can try a ST-6 or Mechanic
i moll o unjum it each tuen . . . this can get
desperaie if the craft s on fire or out of con-
trol. Escape capsules are more robust, and are
only disabled with the bodv or subagsembly if
a6 s rolled on 14,

Cemntirmeed on new page
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Ejecting
(Continued)

An ejection seat blasts the wser and his
seat out with an acceleration of about 16 grav-
ities, hoosting fum 80 vards up in o single sec-
ond. See LA (p. 153} for the HT roll need-
ad 1o avoad passing out; 3 character in an ejec-
tion seat is treated as if he were in 2 G-seat,
whether he 15 or not. An escape capsule 1=
simply blown free of the vehicle, but al hyper
somic speeds, this still requires the HT roll
mentioned above!

In early-TLT ejection seats (circa 195(0-
19700, the user must disentangle hrnsell from
his seat and deploy his own parachute, which
takes 2 seconds per atteimpt and a successful
Parachuting roll, and can only be anemped if
the user is conscious, Since most people will
pass out from 16-CG acceleration, the seat is
not very safe ol low alitudes — the user may
hit the ground before his chute can be opened.
If this happens, or if he isn’t strapped in when
he epects, the character suffers a fall from an
altitede of B0 vards plus the altitude of the
crafi. 1f the user dees manage to deploy a
parachute in time, use the mormal Parachuting
skill rules {p. B4R} to determine whether a
safe landing was achieved.

This problem was solved by late-TL7
(post-1970s) “automatic™ ejection scats,
which avtomatically open a parachute 1 sec-
ond later, whether the user is conscious or
e, Such a sead s much safer al low altiludes
amd is the only tvpe really practical for epec-
tion from ground vehicles,

Vehicles with rotors cannot use normeal
ejection procedure, since anyone ejectling
would be chopped up by the rotor! A tvpical
rolor-ejection system ejects the user 23 yards
downward (T1.7) or sideways (TLH), where-
upon the chute opens automatically, This is
obviously of limited use at low altitudes, but
can be better than nothing! Some helicopters
use a system that blows the mobors of 7 instead:
this allows upward ejection, but automatically
destroys the rotors,

Ejection capsules (late TL7) are an inte-
gral part of the vehicle, usually the cockpit
Capsule chutes always deploy automatically.
Omnce the capsule 15 blown free of the velicle,
the vehicle 15 disabled; if the vehicle was
moving faster than the speed of sound, or in
space, assume that it disintegrates unless i
can make g HT-6 roll.

Step 2 - Range Determination

Top speed played no pant in determining the manevvering contest, but now it comes into play!
The GM determines the range ({measured in yards) separating the opponents. This range is the same
as it was on the previous round (i this is the first round. it is the initdal encounter range ), modified
as follows:

otk aircraft are closing: The range decreases by 1d yards times the sum of their top speeds in
mph. If range s reduced o zero or below, one aircraft may try to initiate a bead-on collision. This
can be avoided with Dodge roll.

e aircraft i closing and the other is newtral: The closing arcraft may reduce the range by
any armount up to either five yards times his top speed in mph, or the actual range, whichever is
Tess. IT he can reduce the range (o 2ero, he can choose to initiate a collision — the other aircraft gets
& Dodge 1w avoid it, and if not, a T-bone collision occurs.

e aircraft ix closing and the other iv retreating: The faster aireraft may incrense the range (if
retreating) or reduce the range (if closing) by any amount up to five yards times the difference in
top specds in mph. Again, it he can reduce the ranpe o zero, he can choose 10 initiate a coflision -
the other aircraft gets a Dodge to avoid it, and if not, a rear-end colbsion occurs

In any of the above three cases. if the range drops below zero, reverse the facing of the two air-
craft, with a range equal 1o the difference, Thus, if two aircraft were closing nose-to-nose and range
dropped to -200 yards, the range would now be 200 yards and they would be facing tail-to-tail.

Both aircraft are nentral; Roll 1d. Ona 1-3, range increases by 1d vards times the difference in
speeds in mph; on a 4-6, range increases by 1d yards times the sum of their speeds. (Note that the
random result allows for one aireraft flying inverted. )

Cine aircraf is reireating and the ather is neutral; The retreating aircraft may increase the
range by any amount up to either five yards times his top speed in mph, or the actual range,
whichever is less.

Both aurcraft are refreating: The range increases by 1d yvards times the sum of their top speeds
in mph.

Keep a record of the range = it will set the range for the next turn.

Step 3 - Direct Fire

Pilots who are closing on their opponents fire first, followed by those of neuteal aireraft, fol-
lowed by those in retreating aircraft, On a tie, the effects of fire are simultanecus; the GM can
resolve the actual shooting in whatever order is desired. Note that an aircraft that has not yet detect-
ed its enemy cannot Dodge; as well, an aircraft cannot fire unless it has detected s enemy visually
or with 8 targeting sensor { Fargeting via Sensors, p. 1710,

How a pilot’s aircrafi faces his opponent’s determines what weapons he can fire, based on their
nomal arc of fire, How an opponent’s aircraft faces him determines which side his weapons will
hit. Weapons can only fire if the enemy is within range and arc of fire: most weapons on fighters
can only fire if the front of the aircraft is facing the enemy. Resolve one nien of fire — most of the
10-second round was spent maneuvering

Gun, beam and unguided missile fire is resolved using the normal ranged combat rules, but
apply a -4 penalty on weapons aor fired by the pilot into the forward arc. Calculate the
Speed/Range modifier normally, except that Speed is assumed to be half the target aircraft’s top
speed (this represents an average of the changing speeds during maneuveningh, A character can also
designaie some weapons for “point defense” fire — these will be reserved 1o shoo at incoming mis-
sibes, if any.
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Step 4 - Guided Missile Fire

A puided missile can be fired in a dogfight if the range is no greater than 10 vards nimes the
missile’s Spd statistic, the target is within its arc of fire, and the missile does not use inertial, com-
muricator, TV or wire guidance

Note that a pilot who has not detected his ememy cannot fire at all. If he has detected his
enemy, but not with a targeting sensor, he can only fire brilliant missiles, If he has detected enemy
sensOTs o missiles, but not his enemy, be can Dodge or use decoys against those missiles, but can-
nol fire. Exception: Missiles with ARM guidance can be fired at an undetected foe whose radar or
radin has been detected

Resolve guided missile fire after gun or beam weapons fire (Step 31 All mussile fire is simulia-
neous, Remember, some missiles have o minimum range: geming in close can prevent a missile
shot

[f & missile requires a roll to track its target, make the roll. If the target can use countermes
sures, give him one attempt o deploy them and see what happens. If the missile succeeds in its
tracking roll and is not decoyed, assume it hits. If any target aircraft weapons are facing the firing
aircraft and were dedicated to point defense, they can shood ot the missile. If not shot down, the
missile will strike whatever aspect of the target the firing aircraft is facing. The target pers o Dodpe
roll 1o avoid this, IF it succeeds, the missile will miss.

Step 5 - Detection

If one craft has not vet detected the other, it may now roll again for detection, as described in
dnitiad Cordace (and in Chapter 13). Detection rolls can also be made to spot missiles, etc, Note thal
if one aircraft is behind another, it may be out of its arc of vision (or that of its sensors), depending
on how that craft is designed and crewed.

Ending the Dogfight

The doefight ends when the enemy aircraft are destroved {or surrender!), when both aircraft
move oul of maximum sensor range or voluntarily decide to stop fighting, or when fuel runs oul
(assume wircraft use up fuel at 1 percent of theit maximum hourly rate per round of combar).

Multiple Aircraft Dogfights

These dogfight rules work best as a duel with two aircraft. Once the fight begins, break the air-
craft up into one-on-one duels. If there are leftovers, they may form into “flights,” ganging up as
desired on single enemy aircrafl. For maneuvering and range, a flight is treated as a single aircraft,
Skill rolls are made against the average of all pilots” modified skills, and speed is based on the fow-
ext of their wop speeds.

Oiher Considerations

Range abstracts altitude for these purposes. If altitude over ground is important {e.g., when a
character wants to bail out) the GM can select an altiude, or asseme that the current aliilude is 2d-
I yards times slowest aircraft’s top speed in iniph.

Traveling Dogfights

Sometimes, one vehicle is fairly close to an objective, while the other is trying Lo intercept
it. The GM can rule that a certain number of rounds are needed for a dogfight to reach that des-
rimation,

If one aircraft must go in a certain direction, it will be at -3 in the manewvering contest since,
while it can lead the enemy the way it wants to go, it is still restricted. If the aircraft doesn™t take
that penalty, it doesn’t get any closer to where it's going.

Dusting and Toasting

Wehiches with vectored thrust propulsion
or rotors can do unpleasant things o people
beelow them . . .

Dusting

A helicopier’s rotors stir up dust and
debris below it. The radius of this effect is
equivalent to the lincar dimension of the heli-
copter's Size Modifier. In the arca immediate-
Iv below a helicopter (the helicopter must be
howering at less than 10 yards altituded, the
wash from its rotors will disperse smoke
screens aid dust clouds, blow papers and hars
arpund, etc, Anyone in the apen trying w con-
centrate on anything (finng weapons, eic.}
will be an -1 on skill; for boats. treat it as a 30
miph wirkl

Toasting

All resction engimes and TLY reactionless
thrusters have a dangerous exhaust, Anyone
directly behind an operating engine of this
type (this applies o anyone below: the engine,
il the vehicle is a vertol) will take 1d damage
per OO Ibs. of thrust, Damage is quartered
for every I yards of distance from the engine,
except for a pion drive, which is meated as an
energy beam with 120 range equal to dice of
damage and Max range equal 1o three times
120,

A .':uﬂ-'n:ring, 0 ':!_u'n;lil vehicle with a vee-
tored thrust reaction engine may swivel its
engines to toast someone directly beneath it
with the exhaust. Treat this as a ranged anack
with 55 20, Ace 0, and damage and range as
above, using Filoting-4 instead of weapon
skill.
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Ground-to-Space Capability

T put something into arbat, it is necessary
o fly at arbital velocity. For plancts, this is
17,800 miph = the square foo of (MR ) where
M i= its mass in Earth masses, and R is s
radius in Earth radii. Bscape velocity is 1,414
times the orbital velocity,

I aur spesed 18 hugher than orbital velocity,
a vehwle can fly mto ortat. I top speed 15
lower, it can still reach orbit if it has a sAccel
rating and 15 space propulsion system can
operate for the necessary time; the required
time (in seconds) s [orbital speed (in mph) -
top speed (in mph) /1218 x sAceel (G)). This
assumies the vehicle has a lift system that will
operate at speed independent of the engine,
such as wings or contragravity. If the engine
must also lifi the vehicle, subtract local gravi-
iy (G from sAccel, Use the same procedure
for reaching escape velocity, substituting it
for the orbital velocity.

Space-to-Ground Capability

There are two steps involved in genting
down from orbit: shedding orbital velocity
and making a soft landing.

For a planet with no atmosphere, the only
way 10 shed velocity is with a vehicle that has
a sAccel rating. Use the same rules as for
entering orbit, except that there is no need o
worry aboul supplying lifi. Once the vehicle

has killed its orbital velocity, it lands safely if

it can mainiain a sAccel greater than the local
cravity for at least 30 seconds.

For a world with an atmosphere. velocity
can be shed as above, or alternatively via aer-
obraking. Time required to do this 15 equal to
{orbital velocity - top air speed )1, 5(0 min-
utes. This maneuver requires a Piloting
(Aerospace) roll o perform. A greal deal of
heat is generated: the vehicle takes (4 = min
ules spent acrobraking) poings of fire damage
to the underside of its body. 18 wings, and
any subassemblies mounted under the body or
on the wings, and one-guarter that damage oo
other subassemblies, Standand ablative armor
will burm off, but fireproot ablative armor or
any other nontlammable armor survives
intact. [f the Piloting roll failed, multiply the
damage to each location by the amount the
roll failled by! On a critical failure, treat as a
Tanlure by 20.

After aerobraking, the vehicle can be
assumed 1o be abowt 15 048 feet up and oy
ing at its top air speed or ferminal velocity. [t
makes a soft landing as a normal asrcraft, This
usually requires wings, contragravity, para-
chutes or hift engines; otherwise, refer to the
rules for crashing,

VT S [

Congested Areas

Use these mules if the GM rules the fight is taking place within or has traveled into a “congested
area” like a city, canyon or sci-fi asteroid belt. A fight in a congested area is treated as a normal
dogfight with two exceptions:

1) An aircraft that gets a critical failure on a Dodge or in the maneuvering contest is assumed 1o
have had a head-on collision with a solid object at half its 1op speed — and is normally out of the
fight.

2) A pilot can, before the Quick Contest, declare that he is making a “wild maneuver,” such as
a surprise swing between two namowly-spaced buildings at high speed. A wild mancuver adds +2
to Filoting skill for the purpose of winning the maneuvering contest, but any failed Piloting skill
roll results in a collision as deseribed above, and a eritical failure does double damage, Note that it
is possible to lose the Quick Coatest of Piloting without failing a Piloting skill roll

Al any time the GM can rule that the fight has lefl the congested area, or both pilots can mune
ally agree o do 50

Spacecraft Dogfights

In a space dogfight, treat the spacecraft as aircraft, except that top speed is assumed o be equal
to 4,000 mph x sAccel (in G), sMR = sAccel, and the bonus for greater Accel 13 measured in 0,25
(5 increments instezd of 3 mph/s increments.

SPACE TRAVEL

In space, a vehicle that accelerates in one direction will retain s velocity uniil it cancels it by
accelerating in the opposite direction. Changing the direction the vehicle is facing will not affect
this.

The normal rules for maneuvering do not apply in space, since there is no friction, nor is lop
speed o factor (assuming the spacecrafl does nod approach the speed of light).

Long-Distance Space Travel

To determine the time required for a space voyage, decide how long the vehicle accelerates for
and calculate the speed that gives it. Then divide that by two (to allow for deceleration). Trp time
is the larger of the selected acceleration time, or (distance/speed).

For reactionless drives where fuel consumption is unimpertant, and assuming constant acceler-
ation o a mid-point, followed by constant deceleration to slow down, the travel time (T in hours 1s
given by:

T = Square root of [0.0000508 - (D/A)]
where 7 is the distance in miles and A is the scceleration in (.
For simplicity, see the mble below from GURPS Space for constant acceleration trips, where
distances are measured in AL (astronomical umits), An AL s the average distance from Earth 1o
the Sun, about %3 000000 miles,




Travel Times with Constant Acceleration Table

Acceleration
1'.-'.{-'! o ol

Digtarnce f.0001 i

.00 G

.
6 wks

| AU
2AU

10 months
14 months

.: :Jth . Fl wks
10 months 13 ks 4 whks

23 months
32 months

50 AU 5.5 yrs
100 AL T8 yrs

When time is of the essence, the duration (T) and distance (T3 arc both fixed, and the NECessary
acceleration in G (A s given by

A = (0.0000508 = DY(T » T).
When a spacecraft travels this way for a fixed time (T) at an acceleration in G (&), the distance
covered (D) is given by:
D=198,700 = A TxT.

Advanced Hex-Grid Movement

For space movement on a hex grid when not using the simplified dogfight rules, it is suggesied
that cither a rubber hex mat and a warer-soluble marker or 4 sheet of plastic-coverad hex paper and
a prease pencil be used. This allows courses to be plotted and then rubbed off as necessary

Mevement: The following rules assume S-vard hexes and T-second twmns; see below for more
reasonable scales for space movement. Space movement is a three-step process;

Step 1: If the spacecraft was already moving, project the course the ship took on the previous
tum forward the same distance and direction, Then move the vehicle to that hex.

Step 2: The pilot can then accelerale i he wishes, moving the vehicle a number of additional
hexes equal to or less than its sAcee] rating (in gravities),

Step 3: Record the ship's course by drawing a line from the hex it started in to the present hex
it eccupies. Brase the last tum's course. This line indicates the distance and ditection the ship will
have to move in Step 1 of its mext turm,

Mote that in all cases. the facing of the ship is irrelevant to its actual course,

Suggested Seale: Distances in space are great enough that the normal 1-second turn and 1-yard
or 5-yard hexes are inappropriate for resolving space batiles and chases.

A suggested scale for space combai is 1,000 miles (1,760,000 yards) per space hex and ten
minutes per space combat round. This means that every G of space acceleration produces a veloci-
ty change of approximately 2 space hexes per space combat round, (Note that these numbers are
rounded off in the interests of playability!) Remember: accelerating for a full 10 minute um uses
10 minutes of fuel! These figures also make it easy to convert range and rate of fire statistics of
weapms, See dpace Combat in the Combar chapter for rules for fighting within a 10-minute space
combat round and for the effects of SPECE O WEAPON ranges

Control Rolls for Airships
and Large Watercraft

While an amtomobile can operate with
only a single person manning the wheel, sail-
ing vessels and airships require a team of air-
crew of sailors in order 1o mancuver properly,
Whenever a control toll is called for on a ves.
sel with sailor or rigper crew members, aver-
age the skill of all sailors or riggers with that
of the person manning, the maneuver controls,
Having less than the secessary crew will also
miodify control rodls;

Mecessury crew under 304 strength .., -]
Mecessary crew under 1/2 strength .., -2
Mecessary erew under 104 strength ..., . -3
If normal crew is 10 or more,

and only one person ... _,, R

Battlesuvits at Low Speed

If a battlesuit’s top speed is no greater
than twice its acceleration, then il can be treat-
ed us a human for movement purposes instend
of az a vehicle! This can be more playable,

Extreme Environments

The vehicle rules assume vehicles will go
inte action on an Earth-like world: 1-G gravi-
iy, oxygen-nitrogen atmosphere with one
atmosphere of pressure, and an Earth-like
femperalure range

But what abour other plunets, or extreme
environments on Earth?

GURPS Space gives very detailed rules
for the effects of alien environments on indi-
viduals, These rules cxpand on Space to cover
vehicular operations.

Extreme T

Engines amd fuel 1anks using gasoline or
diesel fuel must be kept heated in very cold
environments before they can stan. Uinless the
engine was left running (using up fuel),
increase the time too stan by a factor of 20
Diesel-fuelled engines require heating a1 20°F
or lower; gasoling engines only at lempera-
tures well below 0F,

Al TLT+, insulenien is good enough that
any sealed vehicle with a life system can
withstand any degree of cold, even that of an
iceball world in mterstellar space, as long as
an energy bank or power plant can run the
heater, Apam, as long as power exisls o run
air conditioning, TLA+ vehicles with limited
or full life systems and at least DR 70 anmor
can travel across deserls hot enoogh 1o meh

lesined.

Continued on mext page
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Extreme Environments
(Continued)
High and Low Gravity

Even if a velncle™s body can remain intact
'<|I1I,I |"1 F'-iIM‘VI'HFI.:T"‘ i IIT'.'.|!|'IL', ETiH.Il_'r' H|I
still affect vehicle performance. A vehicle's
loaded weizht will change as gravity changes
{multiplied by gravity). This will affect
ground pressure. stall speed and Lift, but mor a
vehicke™s flotation, top speed, acceleration or
deceleration, which acmally depend on mass
rather than weight

Atmospheric Pressurs

Aldr-breathing engines, and airscrews,
omithopter motors and helicopier drivetrains,
are effectively useless m atmospheres with a
pressure under one-half atmosphere (this
includes extremely high altitudes on Easth).
Wehicles cannot use them for power, lift or
propaulsion.

Almospheric pressure will have an addi-
E|L1||.|.] l.-'fl'q.:l.'l (1} I|!I<' 1';1.‘.|'f|.l|'|'|'|::.|1.u,:|.: of sl 1]}'
ing vehicles. Divide stall speed by atmospher
ic pressure. In vacuum or trace atmosphenes,
winged, or rotor flight 15 impossible, as is lift
from lifting gas. However, all vehicles are
treated as having “redical” streamlining due
1o the lack of air resistance

Life Support

Life suppen is needed for people to fume
fion in & noR-oXYgen-nitrogen atmosphene, or
in an oxygen-nitrogen aimosphere at below
1.5 aim or above 1.5 aun {1 aim = Eanh air
pressure). This includes underwater and ar
stratospheric or higher altitudes. Arcas conta-
minated with chemical and biological
weapois (of extreme pollution, volcanic ash.
elc ) are alzo dangerous, In any of these envi
ronments, the occupants must be in internal
seets (o battlesuits or quarters) with a limited
or full life system, or the crew and passengers
musl weur appropriate prolective gear. An
NBC kit is also usable in a contaminated
atmosphere where there 18 still atmospheric
oxygen at sufficient pressure to breathe.

Leaks: In some atmospheres, leaks are a
possibility even with good life support. Check
for leaks once per week in wreas contaminsted
by chemical or biological weapons, or mildly-
corrosive atmospherss (e.g., high-oxyeen or
amrnomialk, once per day m hvdrogen atmos
pheres or in cormosive atmospheres like chlo-
rine o1 sulphur trioxide. In extreme (empens-
tures, highly-cormsive atmospheres (ke luo-
rine) or super-dense pressures, check once per
haowir] Adso, check for a leak if a pressurized
area of a vehicle is penetrated by an attack. A
location (body, narret, etc.) that loses a large
amoant of hit points will automatically keak —
see the Conthar chapler.

Contitied ok Rext page .

DAMRGING BUILDINGS

Yehicles will often crash into, out of or through buildings, or shoot at them, The Collision rales
(p. 157} cover the damage & vehicle inflicts when it crashes into something. But what happens to
the building

Building Statistics

A building’s ability to withstand damage depends on its type (framed or frameless), its DR, s
hit points (HP} and its breach capacity (BC)

D 15 the bunlding s average damage resistance. Tt works just like normal DR,

Hir Foirits are the hit points of a single hex of wall. If damage equals or exceeds building hit
points, it causes a | -hex-wide hole — a breach. However, any damage from a single attack in excess
of hit points “hlows through™ the building rather than inflicting any more damage wnless the dam-
age results from explosive concussion or a collision with a vehicle of Sizc Modificr +2 or greater.
In this case, divide the penetrating damage by hit points to determine the olal number of breaches
inflicted on the building. There is no maximum if the damage was caused by an explosion; if
caused by a collision, the maximum number of breaches is the Size Modifier of the colliding vehi
cle. New breaches are created aliernately 1o the nght and left of the onginal breach {(and then
upwird or downwird from it if the building has additional stories above or below the breach).
Keep track of the number of breaches that are formed in a building,

Breach Capaecity 1s the number of breaches o building con take before collapsing into rubble, IF
damage o & single story exceads breach capacity, that story and all storics above it will collapse.

Crashing Through Walls. If a vehicle drives imto a building”s wall, it does normal ram damage.
If the vehicle has created os many breaches as its size modifier (minimum one breach) it crashes
night into the building. and if still intact, can keep on driving cut the other side (resolve another col-
lisioan'},

Collapsing Buildings: A building whose breach capacity is exceeded takes three seconds to fall
for every story tall it is. When the building collapses, everyone in it takes dice of damage equal 1o
building (HP + DR )/4 per story of building height (it doesn't matier what story you are on: if vou
are on an apper story, you fall farther; if you are on a lower story, more weight crushes you).
Anyone may make a DX roll w avoid damage (roll at -4 in a frameless building), with a +4 bonus
for individuals in a basement. Anyone who survives will be trapped in the rubble, however, The
building may also fall sideways, crushing vehicles or people outside, The GM should rule on this

Fire: A building can be set on fire. Use the same rules as for vehicle fices (see Fire and
Explosion on p. 184), with wooden buildings being more vulnerable. Fire damage 1o 2 building
grcumulates from tum to tum for the purpose of cansing breaches.
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A meeting of the dastardly Sons of the Duter Dark is taking place in a well-
guarded, heavy brick house (with DR 6, HP 60 and BG 12) in the mountains of
Rumania. The house is so well guarded it would take a tank to break in.
Morgan finds ene, and after moving into range, opens fire with its 125mm gun.
The first armor-piercing round whistles down range and does 600 points of
crushing damage. The DR & stops only 3 hits (armor-piercing rounds, remem-
ber) and 597 hits penetrate into the house, but only 60 points of damage are
inflicted, since the rest blows through. A single breach is inflicted.

As machine gun fire from the panicked guards rattles off the impenetrable
tank armor, Morgan decides to load an HE shell. She fires. Direct hit! Kaboom!
Compared to the AP round, it does only 240 points of damage. The armor DR is
squared against HE (see p. 190), and stops 36 hits, leaving 204 points of dam-
age. But since this is explosive damage, it inflicts 204 divided by 60 HP = 3
breaches! That was much better, she thinks. Three more shots and she'll
reduce the house to rubble.

Unfortunately, black-market, ex-Red Army tanks aren't too reliable. Her

next shot jams! Fluently cursing the Russian colonel who sold her this lemon,
Morgan pauses to use the tank's machine gun to deal with a pesky cultist with
a rocket launcher, then sets her face into a grim expression and orders the
driver to accelerate. From within the building comes the sound of frenzied
chanting, as the cult prepares to summon a demon.

The tank lumbers forward. As terrified Sons of the Outer Dark scamper out

of the way, the armored behemoth crashes through the building's front door at
20 mph. With 2,400 body hit points, it inflicts 6d<40 crushing damage and
scores 880 points of damage. The brick house’s DR stops 6; the remaining 874
hits are inflicted on the building. Thal’s 874/60 = 14 breaches, but the tank’s
Size Modifier is only +5, so it can inflict a maximum of 5. It crashes into the
building, lurches, and drives on out the back, inflicting another 5 breaches.
That's a total of 14. The building shudders, then collapses three seconds later,

burying what's left of the cult and their demon under the debris.
Designing

Buildings

There are two
main types of build-
ings, framed and
framelcss.

A frameless banld-
ing is supported by its
walls, which are
made quite strong to
hald the structure up.
Knocking large holes
in a frameless build-
img has a good
chance of collapsing
it. Frameless build-
mnps are wsually made
|Ir slone, concrete or
brick, and are nor-
mally one to ten sto-
rics high.

A framed huild-

ing is supported by a

skeleton of wood or metal. Because the walls are not load-bearing, they can be wery light: wood or
even glass. While its easy (o make holes in a framed building, a lot of breaches are needed to
destroy it. Wooden-framed buildings tend to be 1-5 stories high, while glass-clad, steel-frame

buildings normally range from | 1o 100 stories.

A foreress is a framed building with thick, armored walls. Combining the resilience of framed

buildings with the thickness of frameless construction, fortresses are very hard to destroy!

DR and HP: This depends on the wall material. Typical DR and HP; wood (DR 4, HP 209,
concrete (DR 4, HP 60), glass and steel (DR 5, HP 10), light brick (DR 6, HP 40}, heavy brick (DR

6, HP 60}, stome (DR &, HP 909, thick stone (DR 8, HP 1800, fortress (DR 100, HP 2009,

Breach Capaciry (BC): For frameless buildings, BC is equal to the building’s length times its
width (hoth in yards) divided by eight, regardless of height, with a minimum BC 1. For framed
buildings or foriresses, BC equals the length times the width (also in yards) divided by four and

multiplied by the number of stories it has

Extreme Environments
(Continued)

Al each interval, roll 3 dice. Subirsct 2 if
the vehicle has heavy compartmentalization or
4 if wtal compartmentalization. In the case of
damage that penetrates DR, roll at +6. Unless
armor wag penettaled, a high DR will reduce
the chanmce of a leak as follows: DR 30-99
gives w-1, DR 10-299 give a -2, DR 300-959
gives a -3, DR 1,000 or more gives a -4, Use
the vehicle's lowest DR, if it has more than
ome vidve. A modified roll of 14+ is a leak, @
17+ a fast leak, and an 18+ an explosive
blowour, In a superdense atmosphers, any
uncorrecied leak will blow out at the next
imberval. Citherwise, add 3 1o the next mil for a
lezak, or 6 for a fast leak

Patching a beak is easy if it's derected.
Cortrosives can be detected by smell, b
hydrogen or TLT+ biochemical weapons are
odorless. If the vehicle has an NBC kit, its sen-
sors will detect a leak on a roll of TL+ or
less. Chemscanners (see Muliiscanmer on p.
54 can also detect leaks.

Effects of a Mowout depend on the rype of
gas. Chemical or hiological weapons affect the
occupants. Mild cormosives will cause 1d dam-
age per minute until the vehicle is patched, and
wan't do controls or interior fittings any good,
either, Severs cormsives, like chlorine or fluo-
ring, will cause bumning and poisoning — at
least 3d damaege every minute wntil paiched -
and will definitely damage electronics and fir-
tings. Hydrogen has mo effect on its own, bu
once it combines with oxygen in the vehicle,
amy spark will twm the vehicle into a fireball!

Patching a blowaout or leak requires a
minute, mechanic tools, and a Mechanic roll,
at =4 for a blowout, Living metal bodies will
automatically seal a leak within a few seconds
of it occurring, so only a Mowout is dangerous,
Radiation Protection

Radiation rules are given in GURPS
Space, with a more detailed set in GURPS
Grrimaire. A vehicle with an enclosed hody
has & natural radiation protection factor (PF),
Thiz it based on the DR of the side facing the
radiation {underside if going through a
nuclear bomb crater, top if a nuke explodes
overhead, oic,), Vehicles with scaled hulls get
even better protection:

Radiation Shiglding Table

1-'}..':.'. g Prn:l.lt'.q.'.!.i.-.-.lf. Enclosed Sealed
DR uider 00T AR =
DR 00 195 5 | LE]

R ZOOEa0 = s e
DR 00T 200 1,000
DE 1,600-3,199 S0, TN

- and 50 on. Each doubling of DR
increases PF by a factor of 1, Also, if the
vehicls has superconducting ammor on the side
facing the radiation, and the mdiation is pri-
marily X-rava, UV or gamma rays, double its
FF.
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Expanded
Speed/Range Table

This table filis in the gaps on the
Speed/Range table on p, B201. Use it for
really long-range actions!

SpeedRange Table

Speed! Nize Linear Measuremeni —
Range  Modifier Size or Speed/Ranpe
Maodifier (rrifles {vardy

ar yps

27 +214s
28 +28 70 123,200

-3l +31 2001 352,000
=32 +32 000 528,000

-5 +35 (WELY
-3 +30 50K

1.6 mil
264 mil.

0 +19 4,500
=) +10) 7NN}

1.0 mil.
12.2 mil.

20,000 35.2 mil.
30, (M0 $2.8 mil

100,000
150,000

+31 450,000 792 miil.
-52 52 EILIRLE}] 1.23 bil.

Abbreviations; mps = miles per second,
yps = vards per second, mul. = mullion, bil. =
billion. Speeds are wsually expressed in mph:
mps = mph/3,6400 and vps = (approx. ) mph/2.

Bearing

Successful sensor defection often gives a
“hearing™ on a contact. This is in relation to
the vehicle. The GM can use “clock diree-
tions” o describe this; e.g.. 12 o'clock 15
sirablght ahead, 3 o'clock 1% 1o the right, 6
a'clock is directly behind, 9 o’clock is 1o
left, and 50 on. “High” i5 above the vehicle,
“Low™ &5 below it

In any action situation, being able to find someone, or aveid being found, can be just as impor-
tant as being able to fight him, Modemn vehicles carry a wide amay of detection and stealth systems.
This chapter provides detailed rules for using them in adventures and combat.

S N A S B S L S TR
ELECTRONIC SENSING

These rules are used for electronic sensors: active and passive sonar, AESA and PESA, e
phone, gravscanner, infrared and thermograph, ladar, MAD, multiscanner, and radar, including
imaging and passive radar,

A character using an elecironic sensor is 5 “sensor operator.” A character can only use a sensor
that is controlled by his crew station, but can use sensors while doing other things, like driving or
firing a weapon.

Line-of-Sight Sensors

Ling-of-sight (LOS) sensors require a direct line of sight 1o the target, who must also be in the
sensors” arc of vision. They are subdivided inio “active” sensors (those that emil some form of
seanning energy. such as active sonar, radar, imaging radar, ladar, or AESA) and “passive” sensors
(those that do not emit energy, such as vision, infrared, thermograph, passive radar or PESA). All
LOS sensors are precise enough that the sensor can substitute for vision when navigating the vehi-
cle, even in situations where vision is hamperad (e.g., by dartkness or bad visihility); however, LOS
sensors are limited in two major ways:

(1) Arc of Vision: A 105 sensor can only detect targets in its arc of vision - that is, in the
direction it is looking. Most sensors face forward, so they will use the are of vision described on P
B115; if not, extrapolate the arc based on the side of the vehicle the sensor is pointing out of.
Sensors on turrels or rotating open mounts will look in the direction their mount currenily faces,
but are treated as having “peripheral vision,” since they can easily swing back and forth a few exira
degrees. Turrets or open mounts containing nothing bur sensors will rotate rapidly, scanning their
entire 180X or 3607 arc in a turm.

{2} Line of Sighe: A LOS sensor requires a line of sight 1o an object in order to detect it This
line of sight is limited by the horizon (see below) and cannct pass through solid objects such as
hills or struchares.

Unless noted, sensor line of sight is not blocked by armospheric conditions like clouds or fog,
or by acrosols like smoke — bui this 1s not always the case; see the modifiers for specific sensors in
the sidebars.

Horizon: The distance at which a viewer can no longer see something because it has vanished
behind the curvature of a planet or similar curved body is the Aorizon, LOS sensors cannot sce over
the horizon; neither can vision, Weapons fire is only possible over the horizon vsing guided mis-
siles, torpedoes, or indirect fire,

A rough formula for determining the horizon in yards:

Horizon = Square roat of [{D = 1,760 = H) + (H = H)).

Where H is the sum of object’s and observer's heights, in yards above the local base level, and

I} is the planet's diameter in miles {Earth has a diameter of about 7.915 miles).

Indirect Sensors

These sensors consist of passive sonar, geophones, MAD, multiscanners and gravscanners.
They do not require 4 direct line of sight to sense objects. They cannot be used for navigation on
the ground, but may be adequate in space, in flight, in water or underwater. Indirect sensors do not
suffer from arc-of-vision or line-of-sight restrictions. However, some sensors have their own
unigue himitations on what they can sense:

Creophones can only sense obgects that are on or beneath the ground and moving, and only if
the geophone itself is also stationary and on the ground.

Passive sonar can only detect objects if both sensor and object are Noating or submerged in the
same body of water. Moreover, a silent and motionless object can never be detected. However, an
object moving or with a power plant (as opposed to energy bank) running is not silent! Note that
somme kinds of power plants, like nuclear reactors, are very difficult to shut off, while others. such
a5 diesel engines, can be wmed on or off rapidly.
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MAD can only detect objects that are mainly ferrous metal {assume this means any object with
TL6- metal armor, or any cheap or standard TLT metal armmor) or which radiate a very strong mag-
netic ficld: an object with an MHD or fusion power plant, or mag-lev, fusion rocket or fusion air-
ram propulsion qualifies, as does any object that has just fired & charged particle beam, flamer or
fusion gun, or an electromag gun such as & Gauss gun or railgun.

Giravscanners detect objects by their minule gravitational field. A target can only be distin-
guished encugh from other objects (like buildings or rocks) if it is moving, or if it is using gravity-
based technology {except for other gravscanners), including grav weapons, tractor beams, artificial
gravity, grav compensators, deflector shields and contragravity Hift.

Multiscanners must be set to radscanner, bioscanner or chemscanner mode. Radscanners only
detect energy sources, binscanners only detect life forms, and chemscanners must be sat to detect &
particalar chemical compound. Furthermore, bio- and chemscanners only detect the nearest object
in that category: known objects in a catepory can be sereened ow

Sensor Rolls

If an imporiant object 15 detectable by a sensor, the GM should make o skill roll 1o zee if a
NPC or PC notices it. Although sensor detection rolls take no “time,” the GM decides how often
new attempts are permitted in the case of a failed roll,

If several sensor operators on the same side can detect the same object, the GM may wish to
roll only for the ones who have the best chance of detection. and skip the others, or use the “simple
detection” system described below,

The imterval at which sensor rolls are made is up to the GM, and should be adjusted 1o sui the
tempa of the situation. For instance, in a tense combal situation fought in one-second wms, allow 3
roll every second; in a dogfight wsing 10-second rounds, roll every 10 seconds. In a more slowly-
developing situation, like a long-range naval or air engagement, checking every minute, 10 minutes
or even every hour may be morne .Lppm]'lri e,

The GM always makes these “sensor rolls” secretly. Add together the sensor’s Scan number
and the ubjl:Cl % Sm: Speed/Range, Special, Prior Contaet and Distraction modifiers, as well as
each senson’s unique Sensor Modifiers (see sidebars of this chapler) to get a Sensor Skill Maodifier

Range is the magimum effective range of the sensor. As a peneral rule, the GM shouldn 't both-
er caleulating detection if an object is beyond the maximum range.

Sean is the Scan rating of the sensor, If using these rules with sensors from GURPS Robots of
other GURPS books that don™t give a “Scan™ number, find their Scan by consulting the Range fo
Sean Table (p. 52).

Size Modifter: If using 2 LOS sensor, a bigger object is easier to detect, The Size Modifier is ¢
for & normal-sized human, and vehicles will have besn assigned their own Size Modifiers when
they were designed. It is otherwise found using the Size and Speed/Bange Table on p, B201.
Indirect sensors do nof use the Size Modifier in quite the same fashion - see the sidebar on each
S2NS0T.

SpeedRange Modifier is caleulated exactly as on p. B201, except lor one big difference: speed
15 siebiracted from range instead of adding to 1! A moving target is far more likely to be noticed by
a sensor operator — in fact, many sensors have “mowving target indicators™ that flag moving objects.

Approximate Size

These rules refer 1o “approximate size,”
Here's a suggested breakdown of approxi-
mations the GM can use when describing
SeNSOr Contacts; as long as the plavers also
know what you mean, this should be reason-
ahly clear while sl legving them in the dark
about exactly how large or small that contact
i
Tiny -2 or lessk, eg., cat, baby, small mis-

sile.

Small (-1 to +2), eg.. dog, human, cycle or
horse.

Medium (+3 1o 46}, e.g., car, tank or light
plane,

Large (+7 to + 100, e.g., house, ship or jumbo

Jet.

Huge {+11 or more) e.g., zeppelin, ocean
liner, battleship.

Mote that in the case of radar, read the
Size Modifier afrer applying bonuses for
radar reflectors, blip enbancers and stealth,

Signal Strength

Some sensors provide a “signal strength”
instead of an approximate size. This is deter-
mined by the difficulty of the skill roll. If the
skill modifier, excluding penalties for dis-
traction, was -3 or worse, signal strength is
“wery weak." [F -2 10 +2, it is “weak."™ [f it is
+3 ar bener, it is “strong."”

Active Sonar Modifiers

These modifiers are used for active sonar
detection and for the attack roll of sonar-
puiced weapons:

Target (fject has . . .
Basic Sound Baffling -1 = (haffling s TL-4)
Radical Sound Baffling . .

......... lx {I:ulllmf 5 TL-4)

G.ﬁjed ix in, or line of right pasyes
therough . .

Standard or \I'L‘JIH: ..JLm:«thl:rc: e B
Thin atmosphere .............._....-10
Very thin aimosphere | s -15
Tl'nk'ﬂ‘ OF WikCLwm .ll.l!lblh‘rlhfl'l: . M detect:oﬂ'
Light wonds ., .. RPN |
Dense wionds or jlmgh. Wi D -2
The radius of a sonar decoy SRR

Detection gives i beanng and an approxi
mate size, range and speed, Bound range and
speed to nearest 100 mph o 100 vards; e.g.,
“Medium contact 12 o'clock, range 2,000 yards,
spesed 40 mph,”

Recogmition means the object’s general
shape can also be discerned; e.g., "Contact is
fush-like shape,”

Identificanion is possible only if using imag-
ing sonar. It provides exact size and a sharp
image, though with no color or flat detail; eg.,
“Contact is u sperm whale.”

Infrared and
Thermograph Modifiers

Aside from the horizon and solid ohjects,
LOS 12 antomatically blocked by 10 vards or
mure of hot smoke. water of blackoul gis, or 50
yards or more of blizzand, dense forest or jungle.

Continged on next page .
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Infrared and Thermograph
Modifiers (Continued)

These modifiers are used by infrared and
thermograph scnzors, PESA opcrating in
thermograph mode, and for the anack roll of
[KH or IRH weapons,
fbjectis . . .

Silhowetted spaunstsky ... +2
Object is uging . .
Basic IR or emission clnallng S
. -Iw{clmkil'l -1b"
Ru.dlwl IH OF EMIS510N LlENIJEII'I.E
2ule Imk 5 TI..—H"'
u ‘ulm_. atrﬂhm ner, fusiom air-ram or

any kind of rocket engine . PEAPSREONE. 1.
Object is within, or line ::_f n'ghr passes

through . .
A bady :wautl:r ......... -1 per yard
Blackout gas or hot smoke cloud -1 per yard
Blizzard. .......... vevenas =l per § vards
Falling rain and snow ... .. -1 per 50 yards
Lightwoods .............. =1 per 50 vards
Dense woods or jungle . ..... =1 per 5 yards

For IRH guidance missiles only | . .
Object has just launched a flare of equal
of higher TL than the guided weapon . -5
Object using IR jammer . -1 = Jammer rating
Ohject using TL10+ deceplive jammer
....... -1 % Jammer rating
MH’&IIL', is ::a:l].- “TLT amd is mei aimed directly
al the exhaust pipe of a jet or rockel
engine, or the hot rear exhaust pipes of a
gas or MHD turbine power plant . ... . -7

A jammer or flare has no effect if it iz of
lovarer TL than the sensor it is rying (o jam.

* Emission or IR cloaking has no effect o
object i= using an afterburmer, fusion air-ram, or
any kind of rocket engine.

Dierecrion gives a bearing and approximate
size, plus a temperamore contrase: this reveals
whether o power plant 15 running. or shows a
warm, hve body from somethang that sn't e.g..
“Medium-sized object, looks hot,” or, “Small,
warm ¢hyject.”

Recognition means the ohpect’s shape stands
oul; ¢.g.. ~'A medium-sized ground vehicke with
i turred,” or, " Looks like o man,”

fdeatification resolves a sharp image; 2.,

A wunk - a Russian TT2 by the shape of the rur-
re1,” of, A hig man in combat armor holding
pistol.” ldentification is only possible with a
thermegraph — the best that passive infrared can
manage is recognition, ldentification does not
provide color or flat deeail.

Passive Radar Modifiers

Pagsive u:tau. or PESAx :ili pw\'\i'\'q: |;.1|.|;|1
mode, are treated as thermographs (above),
excepl that IR cloaking. IR jammers and hot
smoke wre inellective aguinst them, while they
receive no bonus o detect vehicles using after-
Pusmers, fusion air-rams or rockel engines FEH
misailes or PEH misgiles in PRH maode are treat-
ed a5 IIRH missiies, with the same modificarion
noted above. Successiul detection or recognition
is as with passive infrared — that 1s, the best
reaull i “recognition’” - excepd that no tempera-
ture mformation is given. However, detection or
hetter does mean that the wser wall be able to well
whether an object is metallic or nonmetallic

Underwater, count every yard of depth as five yards of range to simulate convergence zones, inver-
siom layers, marine life and other problems that make deep underwater detection
difficult.

Special modifiers are given in the sidebars and are specific o each kind of sensor. For simplici-
ty they can be ignored, but much of the flavor will be lost if this is done.

Prior Comact: Give a +4 bonus if the target is currently successtully detected ether visually or
by anither sensor on the vehicle (or by an ally using Datalink to0 share sensor information), or if
trving to “Improve Contaci™ as described under fmproving Comraer (p. 172),

Distraceion Modifier. The GM should impose a -4 penalty on any sensor operator who
isn’t giving his full attention to that ]:Id]'l]l.uldr sensor, e.g., also driving the vehicle, firing
weapons or watching other sensors. This is the reason larger vehicles often assign a specialized
SEMEOT HPErator,

Total up all the modifiers. IF they add up 1w -10 or worse, detection is impossible: the sensor
just isn't good enough, regardless of operator skill, If +10 or better, the GM can choose 1o assume
that detzction is automatic, with the same result as 4 critical success [sce below i, Otherwise, rol| va,
the operator's Electronics Operation (Sensor) skill and read the degree of success on the Sensor
Scan Table, below, to find out whether or not detection occurs, For example, a success by 3 would
mean “detection and recognition.”

“Simple Detecrion™ = 1t is possible to skip the dic moll altogether (0 save tme. This works well
for NPCs. Simply take the sensor skill moditier without rolling and compare it to the table below,
Negative modifiers become margins of failure, while positive ones are treated a5 marging of suc
cess; €.2., & -3 skill modifier would be treated as a failure by 3 — “No contect.” This gives the same
result as an average roll against skill 10,

Senser Scan Table
Depree of Succoss Resulr

" Detection — y be eapmfr:d.
Detection.
Dewci 1 Recognition,

Failure }r P
Success by 0-2
Success by 34

Y — e
D I
f g i\ i -

il

=

f’ l'f

S e ]
‘NEEN [ | | A 4

Conract Error: The operator has “detected” an object that isn’t there, or has grossly misident-
fied one that is, This may be a malfunction in the sensor, or it may be the result of operator ermor,
For instance, a building might be misidentified as a vehicle.

Na Comtact: The object is simply too small o too far away o detect. The GM should not usual-
Iy check agsin for detection until the chance of success improves — the object moves close enough
to reduce the range modifier, or other circumstances have changed. However, if the sensor operaior
knows for certain there is something out there — for example, it's firing a1 bim, or he detected it
before and then lost it when it ducked into cover — the GM can allow more frequent skill rolls, up o
Ofe every am.

Desection: The object’s existence has been discovered by the sensor operator. The GM should
tell the player something is “out there,” but detection alone provides very limited information: a
bearing, and sometimes a range and speed. The exact effects depend on the sensor, For example, if
an imaging radar detected Captain Morgan, the GM may describe her as, “Contact ar six o'clock,
small slow object, 2 miles away,”

May Be Sponfed: Detection occurs normally, but the sensor may be spoofed if the object is
using a deceptive jammer of TL equal to or higher than that of the sensor. Also, unbess it was built
at TL9+, a deceptive jammer can only affect a radar; other sensors cannot be spoafed. 4 “spoofed”
BENSON 15 Teceiving spurious information from the jammer, This is usually only important if attempe-
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ing o attack the object — while the sensor operator knows the object is there, he has also received
several false targets along with it, For more on how 10 handle this, see Spoofing, below.

Recognivion: More information is provided. generally enough to get some idea of whar gencral
category the object fits into, 5o an imaging radar getting a “recognition” result on Morgan would
vield something like: “Contact at six o'clock, a walking humanoid shape, 2 miles away.”

dentification; Provides a still higher level of information, usually enough to identify a specific
type of vehicle or species, and often providing additional details, although most electronic sensors
do not provide color or flat detail. Using imaging radar, we'd get, “Contact at six o clock, female
human in body armor carrying pistol, 2 miles away,”

"nasive infrared, non-imaging radars, active sonars and MADs are not usually sensitive enough
o achieve identification: the best result normally possible is recognition,

. -
Targeting via Sensors

A sensor is a “targeting” sensor if 0 can be used in place of normal vision when making ranged
or melee attacks

Only LOS sensors are classed as “targeting sensors.” To be used as a targeting sensor, o radar
or active sonar must mo have been modified with the “no wmrgeting” option (p. 31). A radar or
active sonar with this oprion, or an indirect sensor, 15 o imprecise o use for targeting attacks.

To use a mrgeting sensor, it must have achieved “detection,” as described above. Recognition
or identification of a target isn’t necessary — it's perfectly possible o shoot down a target before
vou can see it clearly.

Antacks made using targeting sensors in place of vision ignore penalties for derkness, bad visi-
bility or invisikility {although some forms of magical or psionic invisibility may be effective
against all sensors). [n addition, if the targeting sensor is a ladar, rdar, imaging radar or AESA It
gives a +2 bonus o hit. This bonws is not comulative with that of laser rangefinders or sights — in
fact, the targeting sensor is doing exactly what the laser would do.

There is one disadvantage of targeting sensors: if sensor defection was “spoofed” by a decep-
tive jammer or distortion jammer. any attack made on the “target” will astomatically miss, See
Spoofing, below,

Spoofing

If spoofing eccurs, the sensor operator will know there is something there, but is receiving
multiple fake targets. Spoofing can be ignored if no attack is made against the object, or the antack
is directed visually or by another sensor, If using the spoofed sensor for targeting, though, there is a
good chance that one of the false returns will be antacked by mistake.

Ench tum, before ranged attacks are made, the player or GM controlling the jammer should
record a number from one to six. This is the “true targetr.” Then the atacker picks which contact he
will shoot at. IF he has multiple attacks, he can spread his fire among multiple targets, or gamble
and pick a single one. After the attacks are announced, the true tarpet is revealed: all the other
altacks are assumed 1o have missed. If it's important (e.g.. they were explosive warhcads) assume
they miss by one-tenth the wtal range or one yard, whichever is greater,

Radar and
Imaging Radar Modifiers

Aside from the horizon and sohd objects,
LOS is awtomatically bincked by 5 vards or
more of challf o 50 yards or more of dense
wiooids or jungle.

Apply these modifiers to radar and imaging
radar sensors, (0 an AESA opemting in either
maode. and to the auack roll of active radar
foming or semi-active mdar homing weapons
Obfectis ...

New silhovented aganst sky ... ... ... -4
Cbject ix uxing . . .

Basic Steaith | = {stealth s TL-4)
Radical Swealhy .. .. ... -2 = (stealth’s TL-4)
TLT+ deceptive jammer -1 x lammer rating

Line of sight passes into or through . _
A body of water ..., v oo <2 per vard
F:l”i”t‘_'ﬂifli'll’ snow L. P ._-!
Light wouads ceeecooo=1 per S0 vards
Dense woods or jungle .. .. .- per 3 vards
Radius of srea jammer . .. <1  lammer rating
Chaffcloud ... ..o
« o =3, 0r -2 per yard, whichever 1s worse

Chatt, deceplive jammers and area jam-
mers have no effecs if they are trving w jam
higher-TL sensors. At the GM’s option, a
deceptive jammer may also have no effect
on fower-TL sensors, if the owners forgot io
program it to deal with “obsolete™ threats!

Lgtection gives a bearing and approxis
mate size, range and speed; e, “Medium
contact at 12 o'clock, range 2,000 yvards.
specd 1,204 mph.”

Recogninipn means the object’s shape can
be discermed somewhart; e.g., “Contact is
medium, winged aircrafi,”

Fdennificadion s only possible with imaging
raddar, It provides exact size and a sharp image,
bt with no color or flat detail (so0 no markings
are visible); eg. A sleek, delti-winged, sin-
gle-engine fighter, maybe a Mirage 2000,

Ladar Modifiers

Aside from the hozon and solid objects,
any prism or blackout pas clowd, 5 vards or
maore of chaff, dense fog or smoke, or 50 vards
or momre of clowd hank, mist, dense woods or
Jungle, putomatically block ladar LOS.

These modifiers apply to ladar, 1o an
AESA operating in ladar mode, and to sctive
laser homing (ALH} wespons:

Hyect iy . . .

Silhovetted against sky L +7
Chject is asing . . .

TL&~+ Baskc Stealth ., ., -1 = (stealth’'s TL-43
TLE+ Radical Swealth . . -2 (stealth's TL-4)
TL 10+ deceptive jammer -1 * Jammer rating
Basic chamelenn system -1 if moving)
Instant chameleon system -6 (-3 if moving)
Intruder chamebeon system -10 (-6 it moving)

Line of xight passes into or through . |
A body of water -8 Secan (also reduces range)
Thick fog or smoke _ . 1 per yard
Whis1, cloud hank, falling ruin or snow

-1 per 5 yards

Light wonds . . -1 per 50 yards

Dense woods or jungle o=l per 5 yards
TLA+ chaff cloud .. .. .. .., el A g
+ v w =3y 0r -2 per yard, whichever is worse

Prism cloud or blackout gas ... ... ..
.......... detection fuils automatically!

Conmnned o ”""'r.l"'”.‘i""
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Ladar Modifiers (Continued)

Chaff, deceptive jammers and stealth have
mo gffect on higher-TL ladar. At the GM's
option, jammers may also have no effect on
lower-TL sensors, if the owners forget to pro-
gram if i deal with “primitive” threais!

Dretection, Recognition and fdennficanon
Same as for imaging radar (above),

Passive Sonar Detection

Apply these madifiers to passive sonar,
aclive/passive sonar i passive msde, or pas-
sive sonar homing (PSH} weapons
hjeci is . . .

Mot in or under water ., .,
Object is pring . .,
Basic Sound battling I = (baffling s TL-4)
Radical Sound baftling -2 = (haffling s TL-4)
Mowving using any form of propulsion except
 flexibody, reactionless thrusters or TL7+
hydrojets (including ML munnels)
+ v 20 ducted propeliers, +4 otherwise
Line af sight pazses into or through . . .
Radius of sonar decoy  ..........,... .-l

v v« 0 detection

Sensor or PSH weapon is . . .
Mot in or under water . « o mr detection

Derection gives a signal strength and
bearing only; e.g., “Strong, unknown contact
at 3 o'clock low.”

Recognition means the sensor operalor
has some idea of what it sounds like, if i is
within his experience. Speed can be ronghly
estimated (round off 1o the nearest 20 mph).
E.g., "Contact is submarine moving at 40
knots - vou recognize the propeller nose.”

Identification matches the exact sound.
Eange can also be estimated, rounded off to
the nearest 10 miles. Note that it doesn’t get
much more precise than that, making passive
sonar ineffective for rangefinding?! E.g.,
“Contact identified as Hussian Akula-class
boat, 30 miles away.”

Modermn navies maintain exiensive com-
puter libraries of marine sonar readings to
ease recogmition and identfication. If the user
has a computer terminal and access 1o that
sort of database, he can recogmize ohjects out-
side his pemonal experience by matching the
sonar data to it the GM may require a
Computer Chperation toll to do this quickly,

MAD Modifiers

Apply Size Modifiers normally, bul only 1if
the object is mostly ferrous metal, or has fer-
rous metal prmor, or uses mag-lev propulsion.
An obpect’s armdor 15 ferrous if it s TLA- metal
armor, TLT cheap or standard metal armaor, or
TLA cheap metal anmor, Use these modificrs.
Mrfect has . . .

Mag-lev propulsion or MHD (TLE+) hydro-
Basic emission cloaking .. .. ... -1 = (TL-4)
Rudical ermssion cloaking .. -2 = (TL-4)
Just fired electromag weapon (including

Gauss and ol gun), charged particle beam,

flamer or fusion gun . ... ... 0., 3%
(Msject has MHD or fusion power plant® that

generales . .
LT PSP 1 |
RGN oo e e e e S B A T +2
11-100EW. ... ... .43

I00-L000 KW -iciiaieiainieeisasctd

1NN -TOLINMD KW ., .,
a5 TG

Centiied on next page . _ .

Distortion Jammer Spoofing

A distortion jammer can be used to fill the cnemy’s screen with false targets, as above, or the
Jamming operator can be more insidious and set it to give “false recognition” readings. This fools
the sensor into thinking it has achieved a “recognition” result on a vehicle that looks like something
else, provided it 1= about the same size as the vehicle. :

Maintaining and Breaking Contact

Onece achieved, detection, recognition or identification is maintained without need for any die
rlls until any of the following events oceur that “break contact™ )

(1) The object moves out of line of sight or arc of vision, if that is o requirement (it isn't for
indirect sensors). This is the easiest way 1o break contact.

(2) The object moves out of the maximum range of the sensor, if using an active sensor (this
isn't & requirement for passive sensors).

{3) The object launches an gffective decoy and the sensor operator fails a skill-4 roll. Effective
decovs are;

Chaff of the same or higher TL as a sensor using radar, imaging radar, ladar or AESA,

A flare of the same or higher TL as a sensor using infrared, thermograph or passive radar (or a
multi-mode sensor like a FESA wsing one of these modes ).

& sonar decey of the same or higher TL as a sensor using active or passive sonar

MNote that smoke. hot smuoke, prism and blackout gas do not count as decoys, but a vehicle that
hides in a thick enough cloud will block line of sight. automatically breaking contact.

Improving Contact and Dealing with Spoofing

A sensor operator who has detected an object but who has not achieved recognition or identifi-
cation can try for i, This is reated exactly like a normal sensor skill roll, except that it gets the +4
prios contact bonus, and minimum success is the previous result, For instance ,if the previous result
was “detection and recognition™ and the sensor operator was hoping for “identification,” even a mil
of “no contact' or mere “detection”™ will still remain “detection and recognition.”

If the sensor operator is aware that he has been spoofed, this same procedure can be used to get
rid of the spooting, with the minimum result being “detection — but may be spoofed.”

Giuided missiles and worpedoes cannot use this procedure after they have been launched.

Handing Off Contact

If an object has been detected by one sensor operator, other sensor operators on the same vehi-
cle and who are in communication with him get a +4 on any sensor aticmpt. This also applies o
visual sighting. The sensor does not have to be the same type. Detection can also be “handed off™ in
the exact same way between friendly vehicles, provided they have computers running Datalink pro-
grams that are in communication,

SIGHTING AND DETECTION >
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VISION: THE MK 1 EYEBALL

If the GM wishes, these sensor rules can also be used for Vision rolls: the human cve is basi-
cally a passive, line-of-sight sensor,

In unohstructed daylight on the groand, about 2,000 yards is the maximum spotting range for
clear vision, with acrial objects being spotted ar about twice thar distance. The GM should general-
Iy rule tha spotting of nearby objects in the open is automatic, but beyond about 206 yvards, or
when poor visibility, camouflage or obscuring terrain get in the way, the GM can require a roll to
spaot something.

Visual Line of Sight

Aside from the horizon and solid ohjects, LOS can be assumed o be automatically blocked if
an object is totally concealed within blackout gas, or 10 vards or more of thick smoke, or 50 vards
or more of water, thick fog. snowstorm, cloud bank or dense forest or jungle, or 500 yards or more
of misi or light woods.

Vision Sighting Rolls

Lse the rules for Electronic Sensing, with two differences:

“Scan” iz not used at all, although some vision systems like binoculars or low-light TVs pro-
vide a bonus 1o Vision rolls_ If a system has a split Vision bonus, e.g., +2/44, use the lower number
if wsing vision 1o initially detect the object, or the higher number if atempting to “improve con-
tact” or “hand off contact” (p. 172) and get a better view of a previously-detected object. This rep-
resents “zooming” to a higher magnification!

“Electronics Operation (Sensor) skill" is replaced by a Vision+10 roll: that is, TQ+10, modi-
fied by any advantages or disadvantages that affect normal vision, in particular Acute Vision,
Alertness, and Bad Sight.

MAD Modifiers (Continued)

* Count fusion rockets and air-rams as
power plants with kKW = thrust/ 100,

** Optionally, use power plant 1able,
based on weapon power reguirement.

If an l.}]'.l_il_‘l_'l is mot ferrous or using mag-
lev, MHD or fusion power plant or propual-
sion systems, and has not just fired o charged
particle beam, flamer, electromag weapon or
fusion gun, then it cannol be detected”

Lereciion: This gives the ohject’s bear-
ing ancd sigral strength

Recogmition: The aperator has some idea
of what the MAD contact might be if it is
within his experience (“a submarine” or “a
fusion reactor”™). He can also roughly esti
mate speed (round off 10 the nearest 20)
mphi. Magnetic Tux sources will be identi-
hed as to their power requirement of power
outpul, to within an order of magnitede,

Idensification 15 not possible with o MAD
if detecting metal objects. Magnetic flux
sources will be identified as to their exact
POWET TCQULIEITEN] OT POWET Outpul,

Geophone Modifiers

Apply these modifiers when trying to
detect an ohject by using a geophone;
(Hhject ix
Mot moving enthe ground ..., ... ...
e oo - o detection mtb]c'
W.l.|k.|:|:t. or crawling slowly while successful-
Iy wsing Stealthskill ........_.....
-1 = amount the Stealth roll is made h1_.r

I'urn:]ll':g underground . ... ... R
Obpect bhax .. .

Extremely low ground pressure .. ... -2
Very low ground pressure ... .-
Wery high ground pressure ... .. vaeatl
Exmemely high ground pressure .. ,.....+2
Sensoris. ..

Mot in contact with the ground ..
. N detection |1-;1t.~.1h|,.|:-"

Drereciion' Heveals the object’s bearng,
the signal strength and whether it is moving
closer, holding POSILION, OF MOVINE awiy; ..,
“Weak signal a6 o'clock, closing,”

Recognition: Also reveals its the ground
propulsion system ir is using. if any; e.g.,
“Signal sounds hke a tracked vehicle,”

Tdentificarion: Also reveals the mass of
the object in pounds, and its approximate
speed (o the nearest 10 mph).

Gravscanners

Mese modifiers apply when trying o
detect an object using a gravscannes
(bfeet is wsing . . .
Contragrav propulsion or artificial gravity +4
Dieflector sereenup . o.... ..., cunnmas W
TL11+ hasic emission cloaking . -1 >0 (TL-4)
TL 11+ radical emission cloaking -2 » (TL-4)
TLI12+ deceplive jammer -1 = Jammer mting
Gravity-nipple communicator ., ... ... +2
Mhject fas just fired .
Giravitic or gravity beam weapon, o is using
a tractor or pressorbeam ..o, L, +5*

® Optionally. use the power plant table
under MALD Modifiers (above), based on
WEAPON [ROWER Fequiremenl.

Continned on gevd FuT g
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Gravscanners (Continued)

Detecrion: Reveals the object's beaning. its
approximate mass to the ton, and its speed o
within 10 mphe “Two-ton object st 3 o’clock,
moving at 50 mph.” Also reveals whether any
form of gravity-manipulation technolegy (any-
thing that gives a bonus to detection) is in use,

Kecognition: Reveals the phject’s range
1o within the searest nmle, and gives an wdea
of its approximate size. Reveals what Kind of
pravity manipulation technology is in use.

fdentification: Reveals the exact weight of
abject in pounds and details (GM's option) of
the gravity manipulation technology usad,

Multiscanner Modifiers

Multiscanners — advanced, multi-mode
SEME0S — Y operate in one of three modes:

Chersoan: The scanner can detect specific
chemical compounds or elements, e.g., TNT
or steel. IF that material is in range. & success-
ful oall locates the lorgest, closest concentra-
tion, Known locations can be screened oul. 11
may also analyre the exact chemical composi-
ton of an object detected by other means. This
requires a second roll, at +2 1o skill,

Broscan: As above, bul optimized to detect
life forms, and much more precise. It can be
set o detect specific life forms (e.g., humans),
or for more general detection (e.g.. “carbon-
based life forms larger than cats™). 11 some-
one’s genetic “fingerprint” is in a compuisr
datahase on the vehicle. a bioscan can look for
that person. As usual, a roll detects the largest,
nearest ohject in the chosen category, and
known life forms con be sereened out.

Radsean: This can be wned o function
a5 an advanced radar/laser locator (p, 599, a
radie direction finder (see p. 59) or energy
scanner {treat as MAD, except that it can
detect any kind of power plant, not just
MHD or fusion). In any radscan mode, a
multiscanner cmits po scanning radiation,

When wsing the bioscan or chemscan
functions, use these special modifiers:
Bioscanner vs, target concealed in vegetation

................ I pes 10 yds of cover
Target underwaler . . -1 per 1 yards of water
Target behind a wu.ll

..... -1 per 5 ermISL'ri u.ﬂ] DR :u'l.d IIP'
Bioscan vs. target in sealed vehiclefrobot or

wearing sealed armor . ...

. -1 per 5 puints ur AT J}H
fhcrrmunmug interior of sealed vehicle/
wbat ... -1 per 5 points of armor DR
Object ukmg TLHI+ distortion jammer
- ee e o=l ¥ Jammmer rating
Targﬂ 'm:.xrln;_.. i ljlhll.'lrl helt or & holodisiorn
belt <2 w0 {TL-9) of belt

(hject has hasic emission I-:1.|lc'm|_z
S -1 = TL-4)
Ubjr.r.l Eula I'HIJ.ILH.J emission cloaking
-2 ={TL-4)

Force Screens and Detection

Force screens block all aclive sensors
(radar, sonar, ladar, multiscanners on chem-
scanner of bioscanner mode) wying o scan
imiey the screen. Although the screened vehi-
cle's location as a “blip" s detected normally,
nothing else is. The force-screened vehicle
cun use itz own sensors freely! Passive sen-
sors are not affected.

Deflector sereens do not interfere with
detection. They do make a vehicle easier 1o
spol with gravecanners,

SIGHTING AND DETECTION <>

In addition 1o the modifiers for Size and Speed/Range, use the Vision Maodifiers Table below:

Vision Modifiers Table

Visibility:

Bad TEPIE - oo mvianningsh . W e R R e e e s -ltw-9
Towal darkness . . . . fails automatically!
Vehicle has:

PO VB o e A L R B : 2 or more®
21 Thalers s || RPN RO T T TN : e BT b
Good view ... e . . . - omo modifier

Line of sight passes into or .'ﬁmug-.i:
Blackowt pas ... ... E

caaeeaeseaa s .. OGNy blocked!
Dense smoke ... ... oo e

=1 per yard
Dens.efnre-\[u:_]u;;bl: ........... P s s s st mem e mm e aaeeer s« =) PEE S yards
Clowd bank, thick fog, blizzard . e R B R R cooo.=1 per § yands
Waler ....... . B ) R N e -1 per 8 yards
I:ghrnmlurn,nwum!u... PR 1p.:1-iﬂ}ud-,
PRSI oy bt o i ¥ e i l
CHhject is a fh-:mmfn 4

Prone behind minimum cover, head down .. .......... . s ]
Any position, only head cxpuu‘ﬂ 3 : _ 2R
Behind someone else .. ... VI K e R e R D R e
Prone or crawling without cover. . ... 0 e e R
Body half exposed . i T e A U AN - i -3
Bebind Hght COVET . oov v sviiniasnwmniis SR . -2
Crowchingfsitting/kneeling without cover .., ... - . S |
Concealment (use only the “worst™ modifier):

Object properly camoufleged ............. e T S P e P S P SRR
Object has clashing camouflage or paint scheme .......... 0o nn., R
Objcot using chameleon syslem .. ..o 0. o o o i itirian, 7-1-I |t'numng|
Obiject using instant chameleon system .. ............... v e e -0 3HE moving)

Object using intruder chamelesn system ., ..., ..., D i-h if moving)

Motes:

* The poor or fair view modifier is ignored if using a low-light TV or PESA for vision.
Modifier may be worse than -2 at the GM's option: for many armored vehicles, it will -4, or even
-8, forcing a person to stick his head out a hatch o get a good visual sighting,

Bad Lighr or Darkness: There is no penalty w see an ohject illuminared by a headlight, seurch-
light. etc., or by its own lights. As well, darkness modifiers do not apply if using light amplification
or LLTY, and are halved if an object 15 sithouetted against something else. such as the moon or
ancother light source.

favisitiliey: An invisible object cannof be spotted visually, assuming it leaves no wake or
impression! However, an invisible vehicle moving through water is relatively easy 1o spot, since it
leaves an obvious wake —this might be a -3 to spot. One leaving tracks on the ground, hovering and
creating a dust clowd, or flying and leaving a contrail could be spoued at a penalty from -1 to 10,
depending on how obvious the signs were.




This chapter describes how the normal GURPS combat rules can be adapted to handle antacks
made by or against vehicles. Most of these rules deal with ranged combat For TAMMINg proce-
dures, see the Vehicle Aciion chapter. For hand-to-hand amacks (including those made by vehicles
with arms) use the normal GURFPS melee combat procedures. If a vehicle is the target, use these
rules for determining hit location and damage.

Attacking

A Nighter in a vehicle has three main choices: he can attack with a vehicle weapon (if he is
manning it), fire a hand weapon (or toss a grenade) through an open hatch, door, window or gun
pott, or nod fire at all.

A given weapon can only be used once per urn, firing a number of shots up to itz normal
RoF; a given character (or 4 given copy of the Gunner program) can only fire one weapon or set
of linked weapons {p. 43) per tumn. Any number of linked weapons may be fired simultaneously,
as long as they are fired at the same target.

A character muy normally only fire the weapons his crew station controls, although at TLE+,
vehicles with computerized controls can reconfigure their control panels so that any gunner can
fire any weapon from any crew station,

Some vehicles will have computers that can control vehicle weapons, Computers can control
one weapon per copy of the Gunner program running.

A few ultra-tech vehicles have neural interface systems (these are described in the Chapter 47,
Besides giving o +4 bonus 1o skill, these allow more than one weapon to be fired at once, at a -2
penalty per extra weapon or set of linked weapons fired (e.g., three extra weapons would be -6 on
all four attacks).

The procedure for an attack follows normal GURPS rules. However, afier a vehicle 15 hit and
fails any defense rolls, determine damage location (p. 177h before rolling for damage and sub-
tracting DR.

Arc of Fire

The target must be in the anacking weapon's are of fire — this is limited by the way the
weapon s mounted (see Angle of Fire, in the sidebar). If using counters, trace all lines of fire
between the attacking counter and the target vehicle counter, For an attack made by a twrrered
weapon, use the center of the nurret as the starting paint; otherwise, use the middle of the edge of
the counter on the side the weapon is installed.

Angle of Fire

A weapoen can nomally only fire in the
direction it 1s facing, plus a few degrees off to
cither side (“angle of ") and up {(elevation) or
down (depression). The exact arc of fire is
deseribed below, depending on where the
weapoan was installed:

In Body: The weapon can fire with a 15°
angle off to right or left and a 15° elevation or
depression.,

I Wing or Pod, or on Hardpoine: The
weapon can fire with a 15° angle off from the
side it is anached 1o (thus, a weapon in a right
wing can fire at 15% off to the right). The
weapon also has o 13° elevation and depres-
SIO0.

It Supersiructure or Fived Open Maunt:
The weapon can fire with a 15° angle off to
right or left. A weapon i a supersiruciure
above the body can fire with up 10 307 of ele-
vation; one below the body can fire with up to
30 of depression,

In Turret or Rowating Open Moune: As for
a superstructure, but it can be rotated to face
any direction, effectively giving a 180° hori-
zontal arc of fire Tor a limited wrret or mount,
or & 3607 horizomal arc of fire for & full rots-
0T [LITEt OF OpEn Mouni.

In Arm: A weapon mounted in an arm can
fire in amy direction that the arm is pointing
in.

In Leg: The weapon can point at whalever
direction the leg points - bart canmol be fired
on any twen that the vehicle is moving!
Furthermore, if the vehicle is standing, no
more than half of the vehicle's legs can fire
WeapOns Al any one time!

See p. 435 for the effects that special
mountings have on arcs of fire,

Bombs and torpedoes on hardpoint= or in
weapan biys will drop below the vehicle,

Gunner Specializations

The Gunner skill is required o all veficw-
tar of iripod-mosnted weapons, For  hand-
held weapons, see Guns Specializations,
below.

Machine Gun — Firing bursts from con-
ventional or electrothermal puns with hore
sizes under 2mm

Gauss Gun — Firing hursis from electro-
mag of gravitic guns with hore sizes under
2m,

Cannon — Firing conventional or elec
trothermal guns with bore sizes over 2mm
thad are nerther low- noe very -low-powered,

Conrinued o next page . . .
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Gunner Specializations
(Gontinued)

Rauilgun — Finng electromag or gravitic
guns with bore sizes over 20mm thal are nei-
ther bow- nor very-low-powered.

Grenade Launcher — Firing guns with
bore sizes 20mm 0 40mm that are low- or
very-low-powered

Muortar — Firing guns with bore sizes over
Almm that are low- or very-low-powened.

Flamethrower — Firing flamethrowers
and liguid projectors,

Guided Missile - Finng guided
missiles,

Torpedo — Finng torpedoes,

Rocket Launcher — Finng unguided mis-
siles.

Beamns ~ Firing beam weapons,

Homibs — Rl.:ll.'.ﬂ.\:rl!_' bombs.
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Guns Specializations

The Guns skill is required for all hand-
held projectile weapons, Beam weapons nse
the Beam Weapons skill (see pp. UT124
125%; TL3 1o carly TLS handguns use the
Black Powder Weapons skill (see pp. HT14-
13x

Fi'\ﬁ:ill Fifll'l_s a ;-:'ll"lu-'u1'|lj:r1'|:|| Oof :'.|1.:|.
wrothermal gun with a pistol grip, a bore size
under 20mm and a RoF of 3~ or less.

Rifle ~ Firing a rifled conventional or
electrothermal gun with a shoulder stock, a
hare size under 20mm, and a RoF of 172 to
3=, provided the gun is not low- or very-low-
powered.

Muskei - Firing an unrifled conventional
or electrothermal gun with a shoulder stock, a
howe size under 20mm and a RoF under 172,
provided the gun is not low- or very-low-
powered.

Shoigun - Firing a conventional or elec-
trothermal gun with a shoulder stock and &
bore size under 2U0mm which is low- or very-
low-powered and has a BoF of no greater
thar 3~

Light Amomatic — Fining a conventional
or electrothermal gun with a shoulder stock
and bore size under 20mm in bursts with RoF
4 or more.

Machine Pistol — Finng a conventional or
electrothermaul gun with a pastol grip and bore
size under 20mm in bursts with RoF 4 or
MHOre.

Meedler - Finng an eleciromag or gravitic
gun with a bore size under 20mm.

Girenade Launcher — Firing any hand-held
gun with a bore size 20mm to 40mm that is
low- or very-low-powered,

Flamethrower - Firing any hand-held
flamethrowier,

Light Antitank Weapon — Firing any
hand-held missile launcher (unguided or
guided).

Hand-Weapon Fire From Vehicles

The GM should use judgement to determine whether or not a particular character can fire
hand-held weapons from within a vehicle. This depends on the layout of the vehicle - a characier
on a motorcycle can fire in almost any direction, while one m the back seat of a car has a more
restricted field of fire,

If the driver of the vehicle is trying 10 use a personal weapon while driving, he has an exira -4
1o hid

A character inside an enclosed vehicle penerally needs an open window, door or firing port,
At high speeds in atmosphere (over 200 mph), the rush of air will make it difficult w fire out an
open door or window.

Attack Rolls

An appropriate Guns, Beam Weapons or Gunner skill is required to fire any vehicular
weapon, Control of all vehicular weapons must be assigned to specific gunner siations.

Use the normal ranged combat rules from the Basic Ser, with the following modifications:

The Vehicular Combat Modifiers sidebar gives varnious special modifiers that apply enly to
vehicle combat.

Failed Comtrol Rell; A faled control roll {p. 148) erases any sccumulated aiming bonus, As
well, any attack made from the vehicle is at a penalty equal to the amount by which the roll was
failed until the vehicle operator has taken one full turn Lo regain control.

Guided Missiles and Torpedoes: These use special rules, and are described in their own sec-
tion on p. 192,

Bechive, Canister, Chainshor, ICM, SATNUC, Shotshell, Shrapnel and SICM: These rounds
have special effects or restrictions that apply to their finng and hit probabilitics — see the ammuni-
tion section on pp. 18E-191 of this chapter.

Seafrering: NMormally a miss is just a miss. But if an attack can produce an explosion or carries
submunitions, smoke, gas or other chemicals, it will go off somewhere — maybe close enough to
do damage. Use the Scattering rule on p, B119, except that vehicular weapons will often scatler
for a greater distance than thrown grenades. Tuke the amount the attack roll was missed or dodged
by and look it up on the Speed!Range column on the Size and Speed/Range Table, p. B201, Read
over o the adjecent Linear Measurement column. This gives the distance the aitack missed by, to
a maximum of 1/10 the range w the target (bur always at least | vard). Then determine scatter
direction, as per p. B1149, For instance, a miss by 3 would be -3 on the speed/range column, and
herce & miss by 7 vards,

If a target is flving, scarter can usually be ignored — unless the target was flying just above the
ground and the attack came from above, a miss will nomally pass harmiessly by, In populated
areas, though, the (Al may want o see where the shot landed . . . this can be importamt with
cxplosive or chemical projectiles!

Crivical Hirs on Vehicles: For simplicity {and extra lethality!) the GM can assume that a criti-
cal hit simply allows no defense rolls and bypasses all DR. For more detail, use the Vehicle
Crirical Hit Table onp. 184,
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Very Migh RoF - Machine guns and auocannen regularly have rates of fire of 20 or more, up
to RoF 100 for miniguns and Gatlings! Moreover, multiple machine guns are often linked togeth-
er, giving combined rutes of fire in the hundreds. For identical, linked amomatic weapons with a
single or combined RoF of 20 or more, resolve fire using 20-round groups instead of normal 4-
round groups, wsing the table below;

folf Made By: -3 -2 -4 -4 24 5+

Thus if the roll needed to hit is 14, and a 12 is rolled, 15 rounds hit the targer IF the RoF does
not divide evenly by 20, cither ignore the excess or calculate fire for it in groups of 4 (sce p.
B120).

If the target gets a PD or Dodge roll, this can also be simplified. Rather than rolling Defense
ageinst cach shot, make one roll that applies to all shots in the entire 20-shot group,

HIT LocATION

An attacker can choose what part of a vehicle w0 atiack. Differemt paris of the vehicle will
have different reactions 10 major damage. In some instances, they may have different PD and DR
values a5 well, in which case these are used instead of the vehicle's body PD and DR,

Random hit location is used when a part of the vehicle must be randomly targeted, Tt is sug-
gested that random hit location be used for indirect fire or for any fire beyond 1/2D range.

In either case, use the table below. If a rolled location does not exist of could not be hit, treat
the result as a body hit, If a result covers multiple locations (e.g., 5 is rolled but the vehicle has
several small tarrets or superstructures), roll randomly among them to determine which one was
actually hit

Hit Location Table
Random Hiy
Lax 'Hﬂ:_q’-'!l it Locaifon Fenalty

h .5'; n Ar, |‘.| or external mount. -
2,11 The body. 4]

A wing, GEV Skir1, SEV w:
track, halftrack or skil.rur_- k.

Note that the penalties are in addition to the vehicle's Size Modifier. Thus, a large turret on a
vehicle with a +3 size modifier is actually at +2 o hit.

A Msmall™ turret, superstruciure or gashag is one whose volume is under one-fifth the vehi-
cle’s tolal volume; a “large” one has a volume of at least one-fifth the total vehicle volume,

O a “vital arca™ hit, a vital area of the vehicle's body (e.g., the power system) is hit, Treat
this as a body hit, but damage that exceeds the vehicle's DR is multiplied by 1.5

If & subassembly is retracted, it cannot be hit, However, if the location it is retracted into is
disabled {see below), it cannot be extended again, and is effectively disabled too.

Vehicular Combat Modifiers

WVehicles take the uswal modifiers for
ranged fire - see p. B201. In addition, apply the
followring:

Other Firing Madifiers

Target Position and Cover,

Shooting at rider on a saddle seal, on deck
{unless PIONE | OF SOMEOiE: Wearnng st a0
MR . i o ki .0

Shooting at passenger/crewman in exposed
seat, prone on deck or operating ops

TRPOUETE WEBPON & vwvviacaneee et =3
Shioting af passengeniorewman through o win-
BOW e e o oo

Target has chameleon system:

Bazic chameleon system . ., -3 (-1if

mwing nstant chamelzon system -6 (-3 if

mawing

Intruder chamseleon system ... ..., ...

.................. - 10 (-6 1f moving)
Targetin & clump of light woods ..., -2
Targetin dense forest or jungle ......... 4
Targetin defilade ... ........ ooseep. 185
Wehicles with legs or flemibodies can drop
prone, just like 4 human:

Prone withowt cover .. ... .ovvrvrrvas =4
Prone withcover ......0 . coieen. ... T
Targeting System
Computer with Targeting program . ..., f
.................... +iComplexity+|
Mewral Interface . ...... ... i iieaa. 14

l‘i.!'i!ig multiple WEADHLS vin nearal interface | |
-2 per exira weapon
Targeting using ackive sonar .. .., ... ....+]
Targeting using radar, ladar or AESA ... . 42
Weapans Fire From Moving Velieles:

Inspace . i..oLo, .- na penalty
Geood road or in the air | S, |
Bad rozd or in the water ..., _....., ... 3
Off-road or in rough waters ., .,,....... 4

A vehicle-mounted weapon will provide a
bonus. 10 hit (usable only 1o reduce this penalty)
depending on how the weapon is mounted:
Firing vehicle has SR S ormore L, ., 41
Openmounl ... ..cveiieanaus R |
Weapon installed in body, pod,
SUPETAITUCTUnG, Wings, am or el , , ., , +2
Stabilized weapon .. oL +1
Fully-stabilized weapon ... ....00.. .43
Failed control roll this tem: -1 = amoam fadled
Target flying, both it and firing vehicle are
moving, and firing character 1 ner the vehi-
I ORTmIOr & e -4

Weapon Svstem:
Firing hand weapons (rom cramped

BEALBAON v oo s e v e D
Firing hand weapons while contrelling

aEhIE, oy v s -4
Indirect Are < 5s s oavin i see pp. 179-131

Drepping bombs . ..o

..... -15, modified by bombsight (p. 58)

Wehicle operator is firing & weapon that is built

inte body, wing or pod, or attached 0 a

hardpoint ..

.. Gunmer skill limited 1o relevant vehicle
operation skill-3

Modifiers fo S8 Rating:

Cyberslave mount: hafves base 55 number
HUDWAC (TL7-B) ..., 2
HUDWAC (TLIH) ouuvevii i cinrnsrras 3
Pupil scanner on HUDWAC ... ....... ... 2
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Option: Loaders and
Rate of Fire

Breechloading and muzzleloading
weapons often require loaders. The lised
rates of fire assume an average crew at full
stremgth. If one or more loaders are required,
the following modifications may be made:

Diowbie the RoF (maximum RoF 1) if the
gun crew's average skill 5 16+ and the mas
ter gunner also has Leadership 15+ (e.g.. a
RoF of /8 would become 1/4).

Halve the RoF if the number of loaders is
less than the number reguired, ot mot Jess
than half the number (e.g.. a RoF of 1/8
wotld become 1/16). A weapon with less
than half the minimum number of loaders
reguired cannot be reloaded.

Smoke from Black Powder

TL3 o TLS guns use carly “black pow-
der” propeliant charges. Firing them pro-
duces smoke that obscures the pun. As a rule
of thumb, any good-size cannon produce
smoke covering a | hex radius per 25mm of
hore size centered on the gun's muzzle, Any
fire through the cloud (in or out) is a -1,
Further shots increase the density of the
smoke 0 a maximum of -5. The smoke lasts
for 30 seconds/wind speed in mph (max
300 seconds). A moving vehicle will sail or
drive oart of its gons” smoke clond, which can
e pood or bad.

Broadsides

An Age-of-5ail naval vessel ofien mounts
scones of identical cannon which fire simulita-
necusly at the same target, To ease play, it s
sugpested that the automatic fire rules be
used to handle each group of identical can-
o, with the effective RoF being equal to
the number of shots in the broadside and the
skill used being the average skill of the
Cunners, OF course, the cannon will require
their normal time (o reload after firing.
Relling hat location, P} &@nd damage for cach
individual shot can be tediows; therefore, moll
once for cach group of cannon shots, not for
each shot

Passive Defense

A hit vehacle gets a Passive Defense roll based on armor PD, unless the amack’s damage was
in the form of an explosion,

GURFPS High-Tech, Second Edition introduced a rule in which personal ammar PD 15 reduced
by 1 per full 3d of damage an attack inflicts. This can optionally be applied o vehicle armor as
well

Dodging

A vehicle being attacked can dodge if, on its opertor’s last wm, it was moving evasively. A
vehicle 15 considered 1o have been moving evasively if it made at least two drift maneuvers or a
bend of 15 or more, or performed any kind of stunt. Many vehicles (such as ships) lack the
maneuverability o perform this kind of maneuvering without serious risk of loging control - vehi-
cles like this won™t be doing much dodging! If not using advanced movement rules, assume that &
vehicle with ME 1 or more can dodge, but one with less MR cannot. Most vehicles have a fairly
low Dodpe score:

Dodge = operator control skill/4.

The exceptions are any Hying vehicle, or any vehicle currently using legs or a flexibody drive-

train for propulsion:

For vehicles flving or moving using a flexibody drivetrain or three or more legs, Dodge is
control skills3,

For vehicles moving on two legs, Diddge 15 control sKill/2.

Round all fractions down: A Dodge of 275 is rreated as 2, for instance. Combat Reflexes
bonuses will increase Dodge normally. Passive Defense adds to Dodge normeally when making
detense rolls, but if the sum of PD and Dodge exceeds 14, meat it as 14

A few years before her Amazonian adventure, Captain Morgan is driving
home from the White Sands air field when a terrosist rises from cover . . .

A glint of light off the barrel gives away the terrorist, so Morgan makes a
quick bend maneuver in order to count as dodging when it's the sniper's turn
to fire.

The sniper fires and hits with one shot. Moargan Dodges. Her motorcycle is
neither flying nor moving on legs or a flexibody, so it has a standard Dodge:
her control skill - Motarcycle - divided by 4, rounded down. Maorgan has
Motorcycle-15 so her basic Dodge is 3.75. Her Combat Reflexes add +1, for
4.75, rounded down to Dodge 4. The cycle’s body has PD 0, so Dodge is not
increased. Morgan needs a 4 or less to make her Defense roll. She rolis a 10
and takes a hit. The shot takes out her cycle's tire, and Morgan Is thrown as
the vehicle spins out of control.

Morgan survives the attack and returns to base safely to report the Incl-
dent. The next day, the local squadron receives orders to strike the terrorist
headguarters. While female pilots aren’t supposed to fly combat missions,
Morgan is a law unto herself: she “borrows™ a fighter and joins in. While on a
strafing run, her F-16 is hit by a burst of machine-gun fire. She made a pair of
drifts a moment ago, so she may Dodge, and the hit location is the fighter’s
bedy, so its PD 3 will protect. She has Piloting-19 and the fighter is a flying
vehicle, so her Dodge is Piloting/3 plus her Combat Reflexes bonus, giving her
a Dodge of 6.33 + 1 for Combat Reflexes = 7.33, rounded to 7. She gets +3 for
PD, giving her an active defense of 10. Morgan's player rolls an 8 and Morgan
Dodges the anti-aircraft fire.




Parrying

A vehicle with arms can use them o parry = just as if it were a human - either bare-handed or
with a hard weapon. Note that striker arms can be used to parry “bare-handed,” but cannot wield
weapns. The normal restrictions on parrying apply (i.c., ranged attacks, except for thrown
wenpons, can't be parried). In addition, the user’s skill or X when parrying cannot exceed his
vehicle operation skill,

Damage Effects

Damage is resisted by the vehicle’s DR and subtracted from the hit points of the body or sub-
assembly (the “hit location™) thar was hit.

A hit location that has lost 10 of its hit points (20% if the vehicle has heavy compartmental-
ization, 509% if total compartmentalization) is no longer sealed. This can have serious effects if it
15 in an girless or contaminated environment.

A hit location reduced to O hit points or less is disabled. Any components in a disabled loca-
tiom will stop working — see Loss of Components, p. 180, Also, if a wing, motive subassembly
(wheel, tracks, legs, 1) or totor is crippled, it will immediately affect the vehicla's movement,

Cprean — HI Kaolls: Instead of being disabled immediately, a location may take some time to
stop working, For each such hit location that is at 0 or less hit points, roll against the vehicle®s
Hcalth (not hit poinis) every torn; on a faled roll i is disabled, which means any component built
into it eeases to function as well. A hit location that s destroyed immediately stops working,

If a body or subassembly is reduced to -1 = hit points, it must make a Health roll o avoid
being destroyed, much like a human rolling w avoid death. The vehicle must roll once at -1 * hit
points, and once more for every 5 hits of damage it is below that threshold. At -3 » hit points, a
body or subassembly is amomatically destroyed, At -10 = hit points, it is blown to bits or vapor-
ized

A location that is desroyed is disabled, and in addition cannot be repaired, Also, if a location
15 destroyed, all locations attached to it are effectively disabled. For example, if the body of an
airplane were destroyed, its wings and wheels would be disabled,

Waterline Damage: When the body of a vehicle with a flotation or submersible hull is hit, keep
a separate record of the points of damage inflicted by attacks from below the vehicle's waterline.
Assume that any attack from below (like a torpedo or mine} or any explosion that takes place
inside the vehicle's body is damage "below the waterline.” This will be unportant for determining
the effects of flooding, as described in the Combar chapter (see Flooding on p. 186)

Crippling Vehicles

Wings, rotors and motive subassemblics (wheels, tracks, halltracks, skitracks, skids, legs)
have additional special effects — when they are disabled they are referred to as “crippled.”

Wheels: I a vehicle has only one or two wheels, its wop ground speed while using them drops
o O when one wheel is crippled. If the vehicle was moving on the ground at the time, this is a -10
hazard.

IT o vehicle has three wheels, its top ground speed drops to (0 when an attack cripples its fromt
wheel or when both of its rear wheels are crippled. This is a -7 harard if the vehicle is moving on
the ground at the time, If the vehicle loses only one rear wheel, halve the vehicle's top ground
speed; this is a4 -4 hazard.

If a vehicle has four or more wheels, its 1op ground speed drops by 10% whenever a wheel is
lost: this is a -2 hazard. Its 1op ground speed is halved when it loses half or more of its wheels: if it
loses all the wheels on two corners Toll at -6 to avoid loss of control. Top ground speed drops to 0,

Indirect Fire

Indirect fire simply means that the gunner
i firing projectibes in & hallistic arc. The tar-
zet may be behind an obstacle — for instance,
on the other side of a building or hill, or over
the horizon = provided the weapon has the
range fo shoot over I The second advantage
of indirect fire is thar it multiplies Max range
by 2.5 (51 a missile).

Indirect fire can be performed by any pun,
any launcher firing unpuided missiles, or any
atone o koll thrower, provided 11 has a high-
angle oF universal mount, as well as by any
coumterweight stone-thrower regardless of its
mind. Even without special mounts, any of
these weapons can use indirect fire if the
vehicle itself is tilted wp at a sharp angle.
such as a tank climbing a slope (see Elevated
Pogiticns, p. 1B5).

A launcher firing a guided missile can
omly use indirect fire if the missile has inertial
pusdance: if this is the case, use the rules for
inertial guidance missiles (p, 195) instead of
these mules,

These rules are suitable for the quick res-
olution of indirect fire by a single vehicle fir-
ing individual rounds against a pinpoint tar-
get, such as an enemy vehicle, building or
group of soldsers. This is the normal form of
ranged combat used by warships firing guns.
It may also be used by futuristic armored
vehicles (as in @gre). For massed artillery
hom bardments directed from a central loca
fiom, the GM should refer to pp, HTTS-84.

To attempt indirect fire, gither the gunner
must be able o observe the target, or some-
one else who can observe the target must be
in voice or data communication with the gun-
ner or with a fire direction center that 3= in
contact with the gunner.

Indirect fire is aimed at a specific arec
{which may be a patch of ground or water]. A
person, vehicle or structure that is in thar area
at the time the fire armives will be affected hy
11.

If the gunner can't see the target, the
abserver will need w give the gunner map
references — o do this, both will need to be
using compatible maps (or devices like GPS,
inertial navigation SYSEems OF COmpuler navi-
gation prograums). Once the observer has
spotted the targel, he must relay firing coondi-
nates to the gunner. This takes two seconds if
they are Datalinked or next 1o sach other in
the same vehicle, or 2d+5 seconds if they
must rely on radio or the like for communica-
tions, Note that in some cases, the observer
may be distant, but on the same vehicle -
€&, on an observation post in the supersinuc-
ture of a ship, while the gunner is in a (urre
elsewhere on the vessel,

Contirued on nexi page . . .
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Indirect Fire (Continved)

Cmee the gunmer has firing coordinates —
of can observe the target for imself — he can
fire. Only aimed fire 15 allowed, Unly range
modifiers apply; since the attack is aimed ar a
sel of coordinates, the size and speed modi-
fiers are not IMPOFLANL, NoT i cover, conceal-
ment, smoke, or dorkness a facior (except in
preventing the gunner or observer from spod
tng the targed e ).

Indirect fire is always treated as beyond
172D range, regardless of the actual range.
Thus, there is me Accuracy bonus, Other
modifiers:

Indirect Fire Maodificrs!

Excellent/very bad maps .. ... ... k11

Fire direction Cember . .. .vocrveevncionara-
...... +2 at TLS, +3 ot TLO, +4 at TLT+

Fire Direction program . .........wep. 62
Firing weapon fixed and siwed , | P "
Relying on ohserver to see targer ... . 0%*

* This means the firing vehicle has
stopped moving and precisely fixed its own
gite in relation to the targer. I B0 does 5o, it
mets @ +2 honus o hin Doing so mkes 5 min-
utes at TLS-, 2 minutes at TL6, 1 minute al
TL7+. If a vehicle has an inertial navigation
system, il takes only 10 seconds. Usually,
stopping is only an option for ground vehi-
cles!

*% This 15 mcreased by the amount that
the observer makes a Forward Observer (p.
B243, defaults to 1Q-5) skill roll by, or
decrepsed by the amount it fails by, See p.
B243 [or motifiers that apply to the Forward
Observer skill rall,

Minirnin Range: Indirect fire mav not be
performed at closer than ene-tenth the indi-
rect fire range (25% of normal maximum
range]; ai closer ranges, use direct fire
instead. If using missibes, minimum range s
| ward times missile's Spd.

Effects of o Hu: If a hit 15 achieved, it
means the round came in over the target hex.
Air-burst rounds such as fused amillery shells
and cluster munitions will then buirst centered
above this hex. Most other rownds will strike
the hex from overhead. IF there is a building,
vehicle or person in the hex, the round will
kit i, striking from above.

Explosive and Special damage from indi-
rect fire 15 normal. Kinetic-type damage
{Crushimg and lmpaling tvpes) is halved, as if
the antack had been made at or beyond the
17203 runge, regardless of wctual range

Misses: The likely result of rapid indireci
fire is a miss = which may inflict damage
anyway, since indirect fire 15 usually used o
deliver explosives or submunifions. Use the
Sratering rule (po 176) w determine how far
away the shot landed!

Correcting Fire: Once the first shot is
fired, fire can be comrected, provided the fall
of shot and any movement of the larget 15
observed, This takes the same Gme as acquir-
ing the original coordinates, ie. 2 or 2d+5
seconds, To correct fire, roll again, but at &
+4 bonus for the first shot or 48 for the sec-
o, with an added +2 for each subsequent
shot at the same largel;, however, the 1otal
bonus for correcting fire cannot exceed the
WEAPON 'S ACCUrICY.

LOMBAT

Leps: If a vehicle has rwo legs and one is disabled, the effects are the same as when a human
suffers a crippled leg. For vehicles with three or more legs, loss of legs reduces ground speed
when walking or running. Divide speed by the number of legs. rounding wp. That is the speed lost
for each leg that is crippled. In addition, if all legs on one comer or side of a vehicle are losi, the
vehicle falls down, and can only move on the ground by crawling,

Skids, Tracks, Halftracks or Skitracks: If the vehicle has two tracks or skids and either or both
are crippled, its top ground speed drops to U and this is a -2 hazard. A wracked vehicle with four
tracks suffers those effects only if it loses two or more tracks: if a single track is disabled, speed is
halved rather than reduced oo (), and the hazard roll is at +2

GEV Skivr or SEV Sidewalls: The vehicle's hover top speed is reduced to 0, and the vehicle is
no longer hovering, its pilot must make a hazard roll o avoid losing control. IT a GEV was hover-
ing ovver water or mud and can’t float, it may sink.

Muast: The mast comes crashing down, The vehicle loses area of sail egual to (total arca of
sailforginal number of masts). This which will reduce s top speed and acceleration. When the
mast comes down, anyone in the rigging will fall, and the mast will do dice of crushing damage o
the top side of the vehicle equal to (ongimal mast HR 100,

Wings or Rotors: If crippled, these no longer function. Damage to them is an immediate -5
hazard. For simplicity. assume a crippled rotor or wing (except a stub wing) means the vehicle s
no longer Ayvable: it gains an effectively “infinite™ stall speed and its aMR, o5E and top air speed
are halved. For more detwl, refeér w0 Aerial Performance and recalculate the vehicle's stall speed
and aMR as il the cnppled subassembly no longer contnbated 1o lift area or aMRB. (Note also that
a helicopier driverrain can no longer contribute motive thrust or 1ift without rotors ) T i possible
that the resulting performance change may cause a vehicle without a stall speed to gain one, and if
the vehicle is flying slower than that, it will stall. If a vehicle has ne Functional wings or rotors and
mo other means of 1ift to cancel s weight, it stall speed becomes effectuvely “infimie.”

Creneral: If the body is disabled and the vehicle was moving on the ground, it will crash, If it
was in the water, it will begin to sink. If 1t was flving when the body was disabled, the vehicle will
lose contrel and begin to Fall out of the sky

All comtrol ralls are made as explained in the Vehicle Action chapter

Loss of Componenis

A component inside a disabled body or subassembly stops working, as does one disabled via
the Advanced Damage System (p. 182}, The effects are usually obvious — & gun that isn't working
can’t fire, loss of life support in a hostile environment misans the crew must get ko suits or star
to suffocate, and <o on. However, some components may have more critical effects:

Dizabling & propulsion system that is being used eliminates the motive power or motive thst
it produces, which will reduce its top speed and acoeleration o sero using that system. If a vehicle
has multiple propulsion sysiems (for instance a multi-engine jet aircraft), only a partial loss ocours
— mee Partial Motive Fower or Thrust Loss, below.

Disabling a location contaming lifting gas, contragravaty, u helicopter drivetrain, lift engines
or fans, or a vectored thrust propulsion system will result in & loss of that system s lift. I the vehi-
cle s flying, thas may cause a crash if bift no longer exceeds vehicle weght and the vehicle cannot
fly by other means (e.g., USINE WINZs o7 TOWOME),

[isabling a location containing a crew member’s crew station means that he cannot do his job
—a gunner cannot fire, a loader cannot load, eic. [Dhsabling whatever location contains the maneu-
ver controls means the vehicle can't be manenvered.

Drizabling a power system effectively disables all sysiems that require power. A vehicle may
have back-up syvstems, but if they can’t meet the entire power fequirement, some things may have
to he shut down. Of course, since the main power system 15 vsually in the body, any damage
{except u critical haty that disables it has usoally disabled the rest of the vehicle as well.

Disabling a fuel tank eliminates the fuel in it IF & power plant or redction engine needs fuel
and can’t get it, it stops working oo, In addinon, check for fire — see Fire and Explosion, p. 154,




Partial Motive Power or Thrust Loss

A vehicle with multiple motive systems that work in concert to provide power or thrust, or
one with multiple power systems used to drive such motive systems, will suffer a loss of fop
speet and acceleration if one or more of these systems is disabled. Instead of reworking vehicle
performance from scratch, use this method 1o guickly re-evaluate vehicle performance:

Acceleration is usually a function of power or thrust ratios. To find the vehicle's new acceler
ation, multiply the vehicle's original acceleration by (remaining power or thrust | original power
or thruse)

Cerointed or Air Speed s o function of the square roor of applied power; therefore, find the
square oot of the above quotient, and multiply top speed by the resulr

Warer Speed 15 a function of the cube root of applied power; therefore, find the cube root of
the above guotient, and multiply top speed by the result. See the tble on p. 138, if necessary

A WWIl-era bomber has four aerial propellers powered by gasaoline

engines, each producing 5,000 Ibs. thrust for a total of 20,000 Ibs. One
engine is disabled by enemy fire; as a result, the aircraft can now only power
three of the propellers. The power guotient is 15,000/20,000 = 0.75, so aAccel
and ghccel are 0.75 times normal. Top air and ground speeds are multiplied
by the square root of 0.75, which we round to 0.86. If the top speed were 280
mph, it would drop to 241 mph.

The Vehicle Acrion chapter explains what happens when top speed drops below the cument
speed of the vehicle. (Basically, the vehicle must decelerate each turn. ) Note that if top air speed
iz less than the aircraft’s stall speed, the aircraft will eventually decelerate 1o below its stall speed,
and will fall out of the air . . .

Quick Reference: Since this calculation can slow the game, use this tahle for vehicles with
twi to Four systems of equal power or thrusy:

Power or Thruse

(uicrrient Warer AirGraund
and Accel Speed Speed

b 7 S L ey e
203 0.87 0.81
AR e D e OO

1/3 ; 0.57
N e T Wi

Thus, a ship with two screw propellers of equal thrust that loses one would drop to 1/2 accel-
eration, but (1.7 times speed,

Shock, Knockback and Stunning

Damage to a vehicle never causes it to suffer shock, sunning or knockdown, However, a
vehicle can suffer knockback. The number of hits required to knock a vehicle back 1 yard is equal
to its (weight in pounds/20), rounded up. The operator of a vehicle that is knocked back must
muke & control roll to avoid a crash.

AN

Indirect Fire with CLGP

If wsing cannon-launched guided projec-
files against a target that is laser-illuminosted
(e.p.. by a laser designutor), indirect fire is a
i +5 bonus to hit and range penalties are
ignored

Jamming Tracks

A trucked, halftracked or skitrack motive
System s quite vulnerable 1o jammed runming
gear or o shpped track even if the racks as a
whole aren’t wrecked. Any loss of ot least 10%
of a track's |rrit"ir|:|.' fnl poants has & 2-in-6
chance of mmediately crippling one track wnl
the dumnage taken is repaired,

Damage Modifiers vs. Flesh
for 10mm or Larger Rounds

A projectile of Hhmm (440 calibar) or
larger size that inflicts crushing damage has a
“projectile size damage modifier,” as
explaned under Buller Size on p. HT6. This
will increase the damage the round does
when it strikes flesh. There iz no similar
increase in diameage vs vehicles or dutldings.

If at least | paint of damage was inflicted
after subtracting DR and modifying for armor
divisor (p. 188), modify damage as follows:

If the round is berween [Tmim and 1 5mm
(A0 1o 60 caliber), multiply final damage by
1.5

If the round is larger thin | Smm, multiply
final darmage by 2.

(This multiplier takes place before any
increases in damapge that result from hitting a
paricular hit location.

Evarnple: n 12mm AP round doing 7d(2)
damage hits a person in DR 40 armor and
does 24 hits damage, The AP round’s armor
divisor reduces the effective DR 10 20, s0 4
powmts of damage penetrate. This is then
divided by 2 {since it is an AP round), leav-
ing U'I1]_'r' 2 hits of actual damage. However,
since the round was between 10mm and
1amm, damage 1s multplied by 1.5, w inflic
3 huts of damage on the rget

e R | |



Damage to Wheels with Tires

An atack on a TLS+ light, standard or
off-romd wheel has o chance of hitting the tire
instead of the wheel.

[his chance 15 50% (roll 1-3 on 1d) if the
attack came from the sides and 100% if o
came from below, front or rear,

If a tire 15 hit, use the tire’s armor mstcad
of the wheels. This is normally PD 2, DR 2.
Any damage penetrating its DR goes o the
tire first rather tham o the wheel. A tire’s it
points are equal o the wheel's hit points, bu
are kept rack of separatcly

Destruction of the tire has identical
effects to crippling the wheel, except that a
tire can be easily replaced (in five minutes or
w0) if the vehicle is stationary on the ground.
If damage 0 a tire exceeds its hit poinis,
excess damage is applied to the wheel; its DR
protects normally.

Melee Attacks
Against Vehicles

If & person attacks a vehicle in melee, the
GM may wish to forgo using the hit location
tahle and simply allow the character to hit
whutever pant he wishes 1o and can logically
reach.

Optional Combat Rules

These rules are designed to maodify the
combat procedures in the Basic Set o reflect
copditions on the battlefi=ld, By and large,
they make combal less lethal by reducing the
chance of NPCs scoring hits and allowing
characters to avoid certain kinds of damage
that otherwise hit automatically.

Dodging Explosions

If a person is cought within the radius of
an explosion or similar area effect amack, he
iz normally hit autematically, However, the
GM may allow a Dodge and Retreat (with
the usual 43 honus, but ignoring PD).
Success means that person can dodge, leap,
drop, dive or roll up o 1/5 Move (minimom
1 hex) away from the explosion. While this s
often not enough (o escape an explosion’s
radiuz, it may be enough io throw oneself
into @ trench or behind cover, which can
absorh the blast!

Reduced Hit Probability

GURPS High Tech provides several sub-
jective rules for reduced weapon sccuracy.
reflecting the fact that most soldiers do oo
aim and fire well when under siress. The
same 15 true for vehicle crews.

Ti routinely reduce the lethality of wehic-
ular weapons from “texthook” o “reabistic”
levels the GM may want to use this rule:

Continued on rexd page . . .

If a velicle overturns and
does not have either two or
mote begs or a flexibody. it can
only right itself and move
again if 1t has arms strong
encugh to Lift sell upright, In
any case, this requires two
lurns.

Injuries to Vehicle Occupants

If a location that is occupied by crew o passengers suffers an attack that docs damage afrer
DR, anyone in that location may be injured, eitber directly or as the resull of fragments. Roll 1d
per 100 points (or traction thereofy of penetrating damage. On a 6, one random or GM-chosen
pccupant takes 3 hits or half the penetrating damage the location actually ook, whichever is less.

Exception: If the attack™s damage was greater than the location’s original hit points, damage s
inflicied on a 5-6, up 10 a muximum of whatever penetrating damage the location took or 100 hits,

Disabied Locations & Trapped Characters: If someone is within a body or subassembly loca-
tion that is disabled or destroyed, they may be trapped. Roll 1d. On a roll of 5-6, the character is
stuck in debris. One frantic roll to escape is allowed each wm, rolling vs. 5T-7, or 3 more deliber-
ate attempt can be made every ten seconds, rolling vs. 3T-3. Failure inflicts 1d damage to the
character: DR does not protect. A victim who is trapped cannot gject, but can always remain stll.
It is also possible for someane else 1o assist him (each person assisting can also roll) or slowly cut
him loose using cutting tools. Roll v, Mechanic skill every minute to do so without causing 1d
damage.

Fire. If a character is in a location that is on fire, he takes normal fire damage each wm, as
described on p. B129.

HOVANCED OAMAGE SYSTEM

In the advanced damage system, if the hit location roll results in a hit on any location that
houses components {except for gas envelopes), a component inside that location can be damaged
or disabled even if the location itself still has it pomits remaiming,

Raoll 3d on the able below 1o determme what is damaged, Apply the damage that penetrated
DR 1o vehicle components as directed on the table;

Table

3 = Fuel: One fuel tank in the location hit is damaged. See also the Fire and Explosion side-
bar, p. 184, Cascades (o Power.

4 - Paszenger: One person or robol who 15 a passenger in the hit location takes the damage,
Cascades to Carge.

3 = Propuision/Lift: One propulsion system, lift engine or fan or contragravity component
within the hit location takes the damage. Cascades to Weaponry.

6 — Carge: If the vehicle has cargo space, the hit does damage to any stowed cargo (including
stowed vehicles), [f there 18 excess damage or no cargo, cascades o No Special Effect.

7 = Eguipmeni. One item of miscellansous equipment (items from the Miscellaneous
Eguipment or Insiruments and Electronics chaplers, including arm motors) or a life support sys-
tem in the hit location takes the damage. Cascades o Crew.

8 = Crew: One person or robot serving as crew i the bt location takes the damage, Cascades
Lo Passenser.

9 — Power: One power plant or energy bank in the body or subassembly hic takes the damoee.
Cascades to Propulsion'Lift.

10 = Weaponry: One weapon within the hit location takes the damage. Cascades to
Eguipment.

11 - Ner Spectal Effece: The hit passes through the vehicle, doing no damage except 1o the
location's overall hit points. Apply any remaining damage to the armor on the opposite side of the
vehicle, If any damage remains, the projectile (unless 1t was explosive) passes right through and
continues on oul that side, and may even strike another mrget outside the vehicle, if it 15 in the line
of fire! See Hitting the Wrong Target, p. BUIS, If this occurs, apply only the remaining damage Lo
that target.

12 = Fuel! As 3, above.

13 = Passenrger: As 4, above.

14 = Propulsion/Lifi: As 5, ehove,

15 — Cargo: As b, above.

16 — Egrupment: As T, above.

17 = Crew: As 8, above,

18 - Power: As 9, above,

If more than one character or component falls under the rolled category {eg.. the result s a
“Weapon™ hit and the vehicle has several diffevent weapons) the GM may choose to roll randomly
or select the most likely option. Any component that has Both weight and volume can be hit,
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If there are no undestroyed compoenents or living beings of the rolled tvpe within the locasion
that was hir, do not reroll. Instead, damage “cascades™ to the next category on the table, as shown,

If a character is hit, he suffers normal damage equal to the amount that penctrated DR,
Personal armor and blow-through rules do apply.

If a component 15 hit, record damage against it.

Components and Damage

Components have their own DR that will absorh damage

Component DR Table

Cimmponent Type

Minst Elm[_mnh.':i (€.2.. COMPUIErs, SEnsors)
MIMJ i e F e !

Machinery (e.p., life gy
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ellaneous equipment)

m, power plant, mise
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Et-ll.‘rilj Banks

Most components (including carga) have hit points equal 1o their surface area in sf, as calcu-
lated from their volume — see p. 18 and p. 20. Ruggedized components (p. 27) will have more hit
points. Most components are disabled at 0 HP, destroyed at -5 x HP — see p. 180, Loss of
Components

Fuel tanks and lifting gas are exceptions:

A fuel tank checks for fire (see p. | 84) if damage from a single damage rofl exceeds 105 of its
current hit points; if reduced to 0 hit points, it bursts and all fuel is immediately lost Also, it loses
ome gallon of fuel for every 10 points of damage inflicted, and unless self-sealing, will leak the
same number of gallons each minute. Make a note of leakage in gallons per minute (gpm}; multiple
leaks are cumulative — add thear gpm.

Hydrogen lifting gas checks for fire as above. Lifting gas does not lose hit points. Instead, if
loses one pound of Lift per 40 points of damage inflicted if hot air, per 11 poines if heliem, or per
10 points if hydrogen. As with fuel, further equal losses of lift will continue every minuie

If damage remains after destroying a component, eliminating an entire tank of fuel or gas, or
killing a person or robot, or if damage blows through a person, damage cascades normally on the
Lahle.

R

Optional Combat Rules
(Continued)

Unless an NPC 1s finng at someone in an
ambush-type situation (e.g.. an airplane
sneaks up on another from behind) or has
Combat Reflexes, add only half Accuracy
bonus when aiming .

This also reflects the advantage that ace
prlots used o make them aces: the best way
1o shoot accurately 15 1o sneak up on someone
and let him have i before the bullets start fly-
ing!

Optionally, this rule can also be applied
PCs. On the other hand, letting all PCs
remain “cool” in a combat siiuation does
illow them o perfiorm more heroically — it's
up for e GM.

Aiming Successive Groups

The Aiming Successive Gronps rule p.
B121} allows awtomatic weapons o be used
like a garden hose, aiming as they fire (o gel
the full Accuracy bonus,

While this is a legitimate leclic in some
situations, GMs may find that the interesis of
play balance are better served by reducing
this bonus to falf of Accuracy, rounding
down, when firing under less-than-ideal cir-
cumstances, If the Reduced Hi Probabiliy
opticnoal rule comes into play. this bonus
should be further reduced. to one-quarter the
Accuracy honus, Professional soldiers are
usually tuught that sutomatic fire is far less
accurate than single aimed shods; this rule
makes it 5o,

Reserve the full Accuracy bonus for actu-
al aimed fire, or for automatic fire on the [ir-
Ing range

Defense of Occupants

If someone fires at a vehicle occupent
(through an open window, for examplz) the
target gets his normal Dodge roll, with the
usual penalties for sitting down, Exception: If
he 15 strupped in, or wearing a safety belt, he
cannof dodge, although his armor PD will
protect!

Anyone on fop of a vehicle (e.p., someone
standing on the deck of a ship or in the bed of
a pick-up truck) may dodge normally o
avoid attacks thai might hit him. However,
the GM may rule that he Falls down if he fails
the Dodge roll — and may wish 10 apply the
same modifier w the Dodge roll as that for
weapons fire from a moving vehicle,

A person doesn’l get a defense roll (PD or
Dodged if the wehicle was hit and the resuli
was @ crew of passeneer hin
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Armor and Explesive-Type
Damage

PD» never protects against explosions,
However, vehicle armor 15 very effective
against concussion damage from explosions
If & wehicle or strecture has any ammor except
nonrigid or open-frame, the armor provides
far more protection — sgucre the DR! This
does por apply against direct hits by shaped-
charge (HEAT. HEDP) ammunition, It also
does not apply to unsealed personal armor or
battlesuits = the force is transmitted through
to the person weaning it, and while the armor
may not crack, the wearer is likely 1w be jelly
fromm the concussion!

Fire and Explosion

A fire is one of the worst things thal can
happen o & vehicle, Flame arecks ane espe-
cially lkely e stan fires. Flame attacks
include explosions, shaped-charge damage.
fragments from explosions, flamethrowers,
APl and “DU" kinetic-energy rounds,
Molotoy cocktails, lasers, flaming oil,
napalm, neclear explosions and flamers, as
well as magical or super-powered fire,
including walls of fire, flame jets, fireballs
and anything else the GM thinks likely w
start a fire.

There are several ways a vehicle can
catch fire. These are;

Flame Arack: 1f a flame attack penetrates
the DR of any type of vehicle body {er hits a
vehicle with wood or plastic armor) the vehi-
¢le may catch fire, Roll 3d vs. the penetrating
damage (or any damage, if it hits Mammable
armaorh done by the Tlame atack. If the roll is
equal o or less than the damage, the vehicle
cafches fire.

Fuel Tanks: Some types of fuel, like
gasoling, have a Fire number, as described in
Chapter T (se2 the table on p. 900 A check
for fire must be made whenever any hody or
subassembly that contains a fuel tank takes
damage preater than half its hit points from a
gingle attack, If using the detailed damage
system, a check for fire must also be made
amy time 4 fuel tank takes damage at least
|04 of its hit points. Roll 3 dice. If the oll is
less than or equal 1o the Fire number, the tank
catches fire (add +4 10 Fire numiber if the dis-
abling anack was a flame attack ),

Once a fuel ank catches fire, roll 3d vs.
falf the tank's Fire number every 10 seconds.
“Success” means the fuel tank explodes. The
vehicle iakes 6d = 1 damage per gallon of
hydrogen on board, 6d x 15 per gallon of
gasoline, diesel or jei fuel, and 6d = 25 per
gallon of flammable rocket fuel. 1f the vehi-
cle has a self-sealing tank, only one-quarter
damage is done — the rest of the energy is dis-
sipated tearing the tank apart against the
resistance of the seal,

Conttreeed on next page

VEHICLE CRITICAL HiT ThBLE

Critical hits allow individual vehicle components o be damaged. I a vehicle takes a critical
hit, the vehicle gets no defense rall.

3 = Triple damage: also, if there 15 a computer in that hit location and any damage penetrated
DR, it is destroved! (If multiple compaters, the largest one 15 destroved )

4 = Double normal damage. Also, if the hit struck the body of a winged or rotarv-winged veha-
cle, or one with a flotaton hull, and did damage in excess of 5% of body hit points (minimum 1
hity after DR, the mudder system is damaged. The vehicle’s MR is halved, rounding down.

5 - Bypasses 90% of armor DR and does normal damage (i.e., divide armor’s DR by 100
Also, whether any damage penetrated the vehicle or net, a sensor in the hit location (if any) is dis-
abled.

6 — Mormal damage; also, the vehicle’s power plant, if any, 12 damaged. The vehicle's largest
power plant 15 badly damaged and its power output 15 halved (if this resull eccurs a second time,
the power plant stops working). This may reduce the vehicle’s speed, if the vehicle cannot provide
sufficient power o the propulsion system, If the vehicle has an energy bank but no working power
plant. treat as #14, below,

7 = Mormal damage: also, if the aitack peneirated DR, or if the vehicle has a wooden structure,
fire breaks out in the area hit! See the Fire and Explosion sidebar.

8 — Mormal damapge: also, if the vehicle has weapons in its body, one 15 struck in the barrel and
disabled.

911 = Window hit: 1f the hit location has windows or a transparent canopy, one shot goes in
through them, ignoring all but window DR (DR | for nommal windows).

12 — Nomal damage. Alzo, any one item of miscellaneous equipment in the location hit s dis-
abled, GM's option,

13 — Bypasses 90% of DR and does normal damage (Le., divide armor’s DR by 109,

id = If the vehicle has an energy bank in the location hat, half the maximum kWs of storage
capacity (along with half the stored power) are lost. If the vehicle has no energy hank, treat as #6,
above.

15 = Normal damage; also, if any damage penetrated armor and there is a communication or
ECM system in the location hit, one such system is disabled

16 = Double normal damage. Also, 1f the vehicle has a fuel tank in the location hn, check for
Free, and i develops a leak. [d% of the wotal fuel capaciy leaks oul immediately, plus {unless the
tank is self-sealing) 1d% every minute.

17 — Triple normal damage.

18 — Double normal damage; if the location hil contains explosive ammumbon and any dam-

age penetrated. the ammuonition explodes. See the Ammunirion Explosions sidebar, p. 186, If no
ammunition, treat as #3, above,




SPECIRL SITURTIONS

These rules describe several situations that can eccur in vehicular combat.

GROUND COMBAT

Defilade: Hiding Behind a Ridge

A vehicle on the ground iz in defilade (sometimes called “hull-dewn'™) if its front side is par-
tially concealed behind a hill, low ridge or building (flying vehicles with no stall speed. like heli-
copters, cah also use defilade). Anacks can be made against any rotors, superstructures, open
mounts or turrets atop the vehicle's body.

A vehicle in defilade can only fire into its forward are with weapons mounted in or on terrets,
rotors, Open mounts of superstiuctines atop the vehicle body, This resiriction does not apply 1o
imdirect fire

A vehicle can also be completely concealed behind cover, For vehicles with murrets, this
sometimes referred ro as “wmet-down.” In this case, & crewman can still stick his head out a wp
hatch o see over the cover, and may fire personal weapons or weapons mounted atop the turret
and next to the hatch.

Elevated Positions

Ground vehicles are often intentionally parked on slopes or earthworks 1o elevate their guns,
This albows them to engage aircrafl, and also allows indirect fire with direct-fire weapons, The
effective elevation of weapons pointing up-slope is increased by the angle of the slope; the effec-
tve depression is reduced by the same amount. The effective elevation of weapons poinfing
down-slope is decrensed by the angle of the slope: the effective depression is increased by the
same amount. In addinon, a weapon pointing up-slope may use indirect fire, even if it is not in o
universal or high-angle mount, as long as the slope is 157 or steeper. All fire from elevated posi-
tions is at -3 unless the gunner uses a TLT7+ Targeting program.

ANTI-RIRCRAFT ANO RERIAL COMBAT

Elevation

Muost vehicle weapon mounts cannot elevate or depress more than 15°, This will often mean
that nearby targets above or below the vehicle cannot be engaged! Refer to Angle of Fire (p. 175)
for details,

Strafing

Use these nules for aircrafl attacking ground targets with automatic weapons (machine guns,
autecannon, ete.) or salvos of unguided rockets when moving at speeds over 100 mph,

Most strafing runs take place at altitudes under 200 yards and 1 speeds just above stall speed.
All the guns fired by a single punner hit a single “beaten zone,” The beaten zone is the area filled
with bullets (or other rounds), and is | yard x the Speed/Range modifier in length, plus 1 yard per
200 mph of speed. It is 1 yard wide, or 2 yards wide for wing-mounted guns.

Fire and Explesion
(Continued)

Every ten seconds that a fuel tank is on
fire, fuel equal t 1d = 5% of its wlal fuel
capacity 15 bumed away, When all the luel is
gone, the tank is no longer on fire,

Lifting Gas: Any body or subassembly
containing hydrogen lifting gas may catch
fire o damaged. Trear them as fuel wnks with
a Fire number of 17, Lifting gas - and §ift - i
lost at the same rate that fuel would be
bumed away. that is, |d = 5% per 10 seconds.

Power Plant Hirs: Damage to o power
plant or reaction engine that usas flammable
fuel may resull in a fire. If using the detailed
damage rules, and an aitack disables the
power plant or engine, roll three dice v the
Fire number of fuel used. If equal 1o or less
than the Fire number, the vehicle catches fire.

Effects of Fire: A vehicle on fire sulTers
2d damage. plus another 2d every 10 sec-
onds, ignoring DR. Fire damage is always
applied to the location where the fire is taking
place. The vehicle crew may be able w0 put
the fire out by using fire extinguishers (see p
651, diving into water, etc. I the vehicle has
heavy compartmenialization, subimct 2 from
fire damage. If it has tdal compartimentaliza-
ton, subtract 4

If a vehicle has o wooden structure, a fire
does 3d damage instead of 2d,

Firz can spread or de. Bvery ten seconds,
each fire may spawn another fire. This occours
if the: fire did & or more hits of damage after
modifiers. However, if an individual fire did
less than 4 hits demape after modifiers, (hat
fire dies. If a fire udally destroys a location.
the fire there also dies

Fire-Fighting: A vehicle con use fire
extinguisher or fire suppression sysiems (o
put out the flames.

Fire suppreision systems get a roll o pul
out g fire immediately, with an another roll
allowed every ten seconds. Fire extingnisher
systems do not roll immediately, bt do ol
every ten seconds, Regardless of the type or
number of fire-fighting svstems, make a sin-
gle, separate roll for esch fire raging in the
vehicle, ralling against the avstems® TL42,
Meodifiers: -1 per separate fire going on at
once. +1 per fire extinguisher oF compact fire
suppression svstem installed in the vehicle,
+4 per full-sized fire suppression sysiem
instalbed,

Individuals with buckets or hand-held
extinguishers can also anempl 1o put oul
fires, if they aren’t doing anvthing else: each
person can fight & maximum of one fire ag a
time, Roll & or less on 3d 1o pot out a fire
manually, or TL+2 or less (minimum 7 or
Iess) if using an extimguisher, One roll s
allowed every ben seconds bul any roll of 17
or 18 means the fire fghter takes 2d burmn
damage. The DR of fireproof clothing will
help against this damage.
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Ammunition Explosions

If a body or subassembly that contains
ammunition with explosive or submunition
warheads, or any rockets, missiles or
flamethrowers, loses ar least 5% of its hit
points, and each twrm it is on fire, check for
an explosion. If using the detailed damage
SYSIEMm, any Hme 3 Weapon or magazine con-
taining any of the above s disabled, check
for un explosion.

Raoll 1d: An explogion sccurs on & roll of
6, or on a 3-6 if the damage came from a
flame weapon (see Fire and Explosion,
above), If the ammunition is kept in an anti-
blast magazine. roll 3d against its TL+6: on a
success, the explosion does ool damage the
viehiche, but the ammunition is destroyved,

To determine the damage of an ammuni-
tion explosion. use the damage of Id shots
{or whatever's lefi) i the weapon or in any
ready-to-use magazine. That's the force of
the explosion. Damage from the explosion is
applied immediately vs. the body or sub-
sssembly where the ammunition was stored,
Yehicle DR does not protect!

Antimatter and Nuclear
Power Plant Explosions

An antimatter fuel bay or power plant will
explode on a roll of 16 or less of it or the
vehicle location containing it is disabled or
destroved. Failsafes (p. 90) will reduce the
chance of this catastrophic effect occumng.
Damage from a fuel bay explosion is equiva-
lemt 1o a 12,5-kiloton nuclear blast per gram
of fuel stored within it. If an antimatier
power plant explodes, damage is 6d = 10000
per kW of cutput per year of usetul life lefi in
the plant. Al damage is explosive concussion
damage. The arca may also be contuminated
hy radiation — see GURFPS Grimoire or
GLRPS Space for radiation riles.

MNuclear power plants incorporate fail-
safes to keep bad things from happening
shrould they break down. They work . .. most
of the time. However, thers 1z a 1 in & chance
that a fission or fusion plant will undergo an
energy release if dizabled - this is not a
nuclear blast, but a release of (possibly
radioactive) steam or high-energy plasma
contained within the system. Damage is 6d
concussion per KW of ontput,

Any fission, fusion or antimaiter power
plant, and any antimatter fuel bay, can be
rigged to self destruci. For an antimatter
power plant or fuel bay, this is merely a mat-
ter of tuming off the containment system, and
damage is a8 described above, For a fission
or fusion plant, 3 successful Engincering
(Muclear Weapons) skill roll is nezded to
cause & nucledr blast: damage 15 6 x 100 per
kW

To see where the beaten zone is centered, roll against the firer's skill. All modifiers for range,
Accuracy and targeting systems apply, but ignore modifiers for target size, speed and cover, since
the targei is an area of ground. Roll only once for all rounds fired, regardless of RoF.

On a cribcal success, the beaten zone 1s centered on the larget hex. On a success, it s dis-
placed from the twrget hex by one hex per 200 mph (or fraction thereof) of speed the plane is tmav-
elling at; roll direction randomly, but reroll any result that puts the zone behind the firing aircraft.
On a Failure, the center of the beaten zone is five vards ® the Speed/Range modifier from the tar-
get, 1n a direction determined as above. On a critical failure, trear as a failure, except that ro
rounds will sirike the target hex — and the GM should feel free to center the beaten zone on any
friendly forces in front of the finng aircraft that are within 50 yards » the Speed/Range modifier

Cne-third of the total number of rounds fired hit the center hex (center Two hexes for wing-
mounied guns) of the beaten zone, The remaining two-thirds are divided evenly among the other
hexes in the zone, with lefiover rounds being distributed by the GM (o those hexes closest 1o the
center, Anvone in the zoneg is attacked by antomatic fire {use the table in the Basic Ser) with a skill
of 9. The only modifiers that apply are target cover. Cannon shells may also have explosive war-
heads: apply concussion and check for fragmentation.

NAVAL COMBAT

Underwater Combat and Detection

Targets underwater are hard o spot visually and hard to bt unless guided weapons are used.
The only reliable underwater sensors are normal vision (which may be adversely affected by the
clarity of the water), sonar, MAL, gravscanners, multiscanners and ladar,

Weapon Ranges Underwater

Cuns and Mezsiles fired underwater have 1/20 range —
versa, count cach hex underwater as 20 hexes of range,

Torpedees function normally underwater.

Liguid Projectors flamethrowers are useless, but water cannon have 1100 range underwater
{mimimum | hex).

Beam Weapons: The munge of disintegraios 15 nol affected. The range of stunners and scream-
ers fired underwater is unimpaired. Lasers have 1/10 range; all other beam weapons have 17100
range.

Explosioms; Mote that the imcrement for concussion damage from explosions 15 ripled under-
water (see p. W),

Flooding - Taking on Water

A floating vehicle that has been “holed™ will leak. A vessel is holed if damage from an atack
below the waterline (see p. 79) penctrated its DR and cavsed damage equal 10 or greater then
{hody kit points/ 100, Every minute, the vessel will take on pounds of water equal o the points of
damage that caused that hole, However, after the first minute, roll 1d to see if the flooding has
been stopped by internal, watertight bulkheads. If the vehicle has total compartmentalization, the
flooding stops on & roll of 2-6, If it has heavy compartmentalization, the fleoding stops on a roll of
3-6, Otherwise, the flooding stops only on a roll of 5-6,

Kesp track of the weight of water that has flooded into the vehicle. If the weight of water that
has been taken on is more than 25% of the vehicle™s flotation rating, the vehicle is considered hadly
{Towded. Many of its compariments are filled with water. Tts wop speed and acceleration are halved.

if fired from water into air or vice
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Worse, enough water may cause the vessel o sink! If the weight of water plus the vehicle's
loaded weight is 909 of the Moation rating, the vehicle is dangerowsly overloaded. If the two
together equal flotation rating, it will sink at | vard/second.

Water can be pumpedd out if the vehicle has pumps (most vehicles do - see Bilge Pumps, p.
66). Characters on relatively small vehicles (under 10,000 cf size) can also help bail out water
with buckets, helmets or the like a1 a rate of about 100 Ths. of water per minute,

If a vessel that does not have a submersible hull sinks, everything in it is disabled. IT a vehicle
that has a submersible hull “sinks.” it can still function (although it can no longer surface) until
the weight of the waler alone is greater than its fotation rating. Then all systems are deemed to
have been tlooded, and the vehicle is effectively disabled.

.
Escaping Sinking Vessels

If a vehicle sinks, everyone on deck or near a hatch may swim free, but anyone below decks is
doomed unless they can breathe water and survive at whatever depth the ship sinks to. A ship of
LDLO00 or mare of may suck swimmers down with it the danger radius around the vehicle is equal
to (vehicle's total volume in cf/ 10,0000 yards. Within this radios, a Swimming-5 roll is needed 1o
survive, Muodern submarines sometimes carry emergency aqualungs to allow the crew some form
of escape in the event of fire or holing: however, below about 50 yards, water pressure makes
escape very ditficult - characters in a sunken submanne are advised 1o wait for rescue!

SPACE COMBAT

Distances aré so0 vast in space combat that a ten-minuie tactical turn is suggested, as described
in the Vehicle Action chapter, These miles can also be used with a standard one-second turn, how-
ever,

HBeam Weapons in Space Combar: The ranges given for most beam weapons assume stmos-
pheric interference with the beam. In vacuum, the 1720 and Max ranges are affected as follows:

X-ray or gamma-ray laser .. ... ... ... .. ....... PN L
Rainbow or ultraviolet laser or neutral particle beam ....... ... SRR A AT RS
Laser, disruptor, flamer, fusion gun or antiparticle beam .. ... .. .., R A =10
Charged particlebeam ... . ... ........ S ool
CTEATIET O BINOET, o & ot c i aiin B aca i b achin S D =0 {does not fanction)
All other beam types ... .. ..., A e T A x 1

Cures i Space Combar: Max and 172D range are ignored — the projectiles will keep on going,
and neither Ace nor damage are reduced past 1/2D range, Indirect fire is not allowed in space
combat!

Launchers in Space Combar: Torpedoes are obviously useless in space. For missiles, see the
Space Combar Mizsiles sidebhar, p. 112,

RoF and Accuracy: IF using an ordinary one-second tum, RoF and Accuracy are unaffected.
Within a 10-minute wrn, normal RoF considerations can be ignored. Assume each weapon will
fire once every ten minutes at its normal rte of fire, or at RoF | if iis RoF was less than one. The
rest of the time is spent miming. Because of this added aiming time, the Accuracy bonus which a
weapon can add is nod limited 1o the firer's skill® As a resuli, space combat weapons with high
Accuracy may strike over many hundreds of miles and still hit their targets.

Defense in Space Combar: A spacecraft's Dodge is calculated as for a flying vehicle (see p.
78} A spacecraft is considered Lo be maneuvering evasively, allowing it to Dodge, if it used at
least (L1 g of space acceleration to change its course on its furn.

Nuclear Weapons

Ihe rated damage for nuclear weapons,
il:h.']l'.d.i]lp_ micromukes, i explosive concassion
darmage, just like the explosion of a HE round,

The DR of unscaled personal amor does
ol prodect agninst explosive concussion dam-
age. However, vehicle DR or the DR of sealed
personal armor prodects with the squgre of its
DR. This means that an exceedingly well-
armored vehicle, such as an Ogre-era cvber-
tank. coubd concevably survive o direct hit by
a very small nuke!

However, concussion damage is not all
there is 0 worry about. Nuclear weapons also
provuee sk datriage: an intense pulse of beat
radigtion. Linder normal atmospheric condi-
fons, this 15 equal 10 2065 of the concussion
damage (ust divide the concussion damage by
ten and double itk on an exceptionally clear
day, vse 309, while on a hazy day, use only
6%, Thus, a micronuke that did 12d = 200 con-
cussrn damage would also do 12d = 40 flash
damage. Armor DR is not squared againsi
flash damage. Flash damage is also reduced
mee showly by distance than concussion dam-
age. Instead of quartering the damage every
increment, divide the rolled flish damage by
the sguare of the distance (in yards) 1o the
poind of detonation. For example, a nuke blast
20 vards away would do 1400 the basic flash
damage. Having a calculator is handy o deter-
mine the exact damage, but then again, penple
prohably won't drop nukes all that often!

In most cases, the blast and heat from a
nuclear weapon are so grear that immediate
radiation effects from the blast sre secondary
(anyone close enough o be killed by the radia-
tion pulse will have been blown to bits or
burned to death). If the GM wishes w bother,
radiation equals one rad per point of flash dam-
age inflicted before DR was subtracied
However, if the firekal] touched the ground
‘ground burst™), the clowd of redicactive
fallout gencrated by the mushroom cloud is a
serious threat o anyone dovwnwind of or pass
g through the impact site,

In game terns, assume the contaminated
“tostprint™ is an ared 800 vards bong and 200
yards wide drifting downwind for 2 0.1 kiloton
nuke. Double the Tength and width for cach
tenfold increase in yield! Anyone passing
through the comtaminated area soon after the
detomation will be exposed to 10 rads of madi-
ation per hour, This drops to 10 rads per hour
phout two days after the explosion and | ead
per e ebosut two wioeks afler,

Rads accumulate over time, 300 rads will
inunpc.ln.‘:l:ull: somecne and may lead to cancer
or genetic damage several vears luter, SO0 rads
is often fatal, and 750 or more rads will usualiy
kill swiftly. See GURPS Space or Grimoire
for details, TLY+ weapons {using laser fusion
o antirnatier) can be designed © be relatively
“clean” and will produce 1% the above rad
dosapes
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Vehicular Body Combat

Ay vehicle can “slam” someane: use the
Collizion rules, p. 157, Vehicles designed in
a mare-or-less anthrepomaorphic way have
other means of mflicting damag)

Fighsing Witk Armys: Robotic arms can be
used for brawling, or 1o wield weapons that
are appropriately sized, using vehicle opera
tion skill, A punch does thrusy/crushing dam-
age based on the arm’s ST. Refer o p. B248
for a table that covers damage a1 very high
Strengths!

Constriction: A velicle with a Hexibody
drivetrain may be able o constrict other rar-
gets, This should only be possible if neither
the attacker nor the subject is moving faster
than speed 14 (30 mph), and the flexibody
vehicle™s volume is equal 1o or greater (but
no more than len limes pgreater) than its vic-
tim’s, A typical human is about 2-4 of in vol-
ume. If aliowed, this can be treated as a grap
ple attack with ST equal 1o [(lexibody drive-
train's motive power in KW)-{the vehicle's
welght intons)] = B0 Treat constriction s a
Quick Contest of 8T the victim takes dam-
age equal to the amount he lost by if be loses.
If the target locks a ST valee, the Contest is
vs. the target's HF instead.

Kicking.: A vehicle with legs can kick
anything next 1o it. A kick 1= resolved as a
meles attack using the vehicle's control skill-
j_ s“l_'l_'l_":ﬁﬂ d‘lﬂ,“. ihTU\1+J I'Tll\hing lji‘lﬂ'l."‘gt\.
uging the leg's effective 5T this is equal to
[(leg drivetran motive power i kKW -{vehi-
cle mass in wns)] = 160, or 10 2 = body hii
points, whichever is less, divided by the
number of legs, Legs can also do damage
simply by steppmg on things diring move
ment. This 15 covered in the Collisicen mles
(p. 157). Kicks have a reach of (leg surface
area/2{H) + 1 hexes.

Super Strength vs. Vehicles

A super, dinosaur, dragon, atomic homror,
robotl or any (ther super-strong character. as
well ax a vehicle with arms, can uss its physi-
cal abilities 1o damage a vehicle in ways
beyond simply punching it. A successtul
grapple anack {roll the contest va. the vehi-
cle's Dodpe rather than the operator’s skill)
allows o sSLronE person o attempt one of the
Tollowning:

Crish [i If the character is g enough,
he can simply crush the vehicle. Use the
Consriction rules above, pitting the charac
ter's 5T against the vehicle's effective ST or
HP.

Canfinged on Rext page .

AMMUNITION - SPECIAL RuLES

Many types of gun, lsuncher, bomb and mine ammunition have special combat effects, For
actual descriptions of the technology behind these rounds or warhesds, see the Weapaorry chapter
This section provides details of their combat effects; for nuclear weapons and bursting-class
ammumnition (CHEM rounds, submunitions, ¢tc, ), see the appropriate sidebars on pp, [87-196; for
all ather ammunition types, see below,

Kinetic-Energy Class

These are projectiles thai inflict damage through impact. They generally do crushing damage,
though some small projectiles may do impaling damage instead.

Solid smallarm or cannon rounds do the ordinary damage descrbed for puns in the Basic Sef.

Chainshot 15 a solid round that gets +2 to hit, and does double damage agaimst masts & sails,

AP APC, APL APCR. APDS, APFSDA and APS are all “srmor-picrcing” rounds of one sort of
another that receive an armor divisor of (2) — that s, armor protects &t half-normal DR, rounding
down. Against flesh, divide any erushing damage that penetrates by 2 to get the actual damage
done. Thus, it halves armor but also halves actual damage. Always round damage down! APl
rounds also counts as Tame aracks for the purpose of starting fires,

APDL, APDIDL and APFSDSOL are depleted uranium armor-piercing rounds that get an
armor divisor of (3): that is, armor protects at one-third normal DR, rounding down, Damage after
penetration is divided by 2. Also, these rounds count as fame aftacks for the purpose of starting
fires.

APSHE, APDSHID and APFSDSHI are hyperdense armor-piercing rounds that get an armor
divisor of (51 armmor protects at one-fifth DR, rounding down. Damage after penetration is divided
by 2

HP (“hollow point™) rounds get a 0.5 armor divisor: DR protects at doohle value, As well,
anything — even ordinary flesh - gives a minimum DR | against it. However, any damage that
penetrates DR into flesh is multiplied by 1.5; this does not apply to inorganic objects like vehicles,
See p. HTS for additional rules on hollow point bullets.

Needles do impaling damage. The DR of most types of armor is doubfed apainst them. The
exception is the DR of nonrigid, open-weave armor, which is rot doubled and which is limited to
2 versus needles.

Flaseic bullets inflict ordinary crushing damage: their lower damage is reflected on the
Ammunition Tabfe (p, 112).

Baion rounds mflict nommal crushing damage for the purposs of knockback, but felve actual
camage after DR.

Superwire rounds do impaling damage, and armor protects at one-tenth normal DR (one-fifth
DR for TLO9+ laminate armor). Treat them like needles versus open-weave armor. Unlike many
other armor-picrcing rounds, damage is nor reduced after penetration!




A 7d(2) damage AP round hits a person or vehicle with ne armor. The dam-
age rolled is 23 hits. This is halved ta 11 hits. The persan or vehicle takes 11
points of damage.

The same AP round hits a person or vehicle with DR 30 armor and does the
same 23 hits damage. A normal solid round would bounce off - but the AP
round has an armor divisor of (2), so the armor’s effective DR is divided by 2,
to DR 15. The result is that B points of damage penetrate. This is then divided
by 2 again, leaving only 4 hits of actual damage.

These mules are based on the revised armor divisor guidelines presented in GIURPS High-
Tech, Second Edition. They supersede other rules for AP-type ammunition given clsewhers,

Kinetic-Energy Class — Multiple Projectile

shotshell, canister, shrapnel and beehive are kinetic-energy rounds loaded with multiple,
smaller kinetic-energy projectiles, such as pellets or darts.

Shovsfell: Use the shotgun rules (p. B119)

Canister: These are multiple-projectile rounds that fire a cone of projectiles from the muzzle
of the weapon (see below), like a giant shotgun,

Shrapnel: Thes is a high-tech form of canister: a thin-cased shell filled with bulles, with a
small timed charge o burst it @ the desired distance. 1t is aimed at a specific target hex. Roll to hit
normally, as if firing an ordinary round; on a miss, check for scatter. After striking (or missing}
the target hex, the round then explodes and sprays a cone of bullets in the direction it was ravel-
ling (see below),

Beehive: This is a shrapnel round loaded with finned darts (known as fechettes) instead of
pellets. These darts get +6 to hit and do impaling damage. Otherwise, bechive works just like
shrapnel {see below).

To resolve attacks with canister, shrapnel or beehive, either use the rules on p. HT19, or the
following simplified system:

First, determine the paint of dispersion (PODY); everything in a cone in front of this point will
be attacked. For canister, the PO is the muzzle of ihe firing weapon, and projectiles are sprayed
in the direction the gun ix pointing. For shrapnel or beehive, the POD iz the hex where the shell
landed, and projectiles are sprayed in a direction determined by drawing a straight line between
the muzzle of the finng weapon and the POLD.

MNext, determine the area of effect. This is a cone | yard wide at the POD; it increases in width
by 1 yard for every |0} yards of range, out to maximum range. Anything in that cone will be
attacked, unless it is behind solid cover.

Finally. roll to hit every target in the cone, The ansck roll is equal to 9 + (bore size of the
weapon/20), plus the arget’s Size Modifier, minus the range modifier to the target. Use missile
diameter/20 for missiles. Always count range from the POD. Flechettes from beehive roll ot +6:
the only other modifiers that apply to this roll are those for cover, The number of hits inflicted is
determined using the able below:

Super Strength vs. Vehicles
(Continued)

Throw Ir: If & character is strong cnough
10 1ift the vehicle, he can throw it IT a vehicle
i5 thrown, it will “collide™ with whatever it
hit (this may be the ground). Is speed is
equal 1o 2 mph times the maximum disiance
it could have been throsn (not the aciual dis-
tance). All normal effects of collision {p.
1537, including Whiplash and Concussion,
apply.

Crverturn Ir This reguires only half the
5T needed to lift the vehicle, and can be done
by several people combining o push it (This
15 how rioters disable carsh. A vehicle that is
flipped over takes damage equal to a side
swipe collision with an immovable ohject
ithe ground) at 5 mph. Alse, any overturned
vehicle, except one with contragray, two legs,
or a flexibody, will be unable 1o move, (A
thrown vehicle lands overtumed on 3 roll of &
-3 on 1d.)

Tear Open a Hatch: Roll a Quick Contest
between the hatch or door's (HP+DR) and
the wser's ST. IF the HP and DR of the hatch
or door are unknown, assume that HP are
equal 1o vehicle weight intons (min. 10, max.
Y HP) and that DR 15 equal to the DR of the
side the hatch or door is mounted on. One
attempl can he made each turn. Success
allows the characier to enter the vehicle's
CrEw OF passenger Oomparment.

Bend a Gun Barvel: & pun harre] nommal-
Iy protrudes shightly from the body or et
Bending it requires grabbing it, bracing one-
self, and yanking hard. This normally
requires at least one second per attempd, The
ST roll is made at a penalty of -[10 +
(weapon weight in Ths, 1007], A weapon with
a bent barrel may nod fire. The GM can rule
thai some weapons do not have barrels, oo
that the barrels of weapons that are concealed
do not protrude.

< |



Bursting Class -
CHEM Rounds

Instead of damage, these have a radiug of
effect in yards and spray or scatter chemicals
over that radius. The exact effect l]L‘FhH‘Id:{ on
the filler that was used i the particular round:

Smoke: Covers an area with dense chemi-
cal smoke, Smoke takes ¥ seconds to fill the
ared, and lasts for sbout 300 seconds diveded
by wingd speed in mph (max, 300 seconds ). Al
visually-aimed attacks or sighting through
chemical smoke will have at least a -5 penaliy.
Ladar suffers the same penalty. Mote that other
sensors, like infrared or radar, are unaffected.
Simoke is inaffective underwater.

Heor Smoke: As abowve, but lasts half as Jong
and penalizes infrared and thermograph sen
sors or aimed aitacks as well as visual ones.

WF: "White Phosphorous”™ covers the anea
aof effect with a “hot smoke” screen that ferms
instantly and also blocks mfrared and themme
graph detection, but only lasts half as long. As
well, it scatters burning white phosphorous
fragments. Treat as a fragmentation attuck (p.
B122) with the fragments having a maximum
range of twice the redins of effect. Anyone hit
by a WP fragment takes |d damage cach tum
fior the next 20 secomds; clothes will be set on
fire, but armor protects normally uniess DR is
exceeded. A victim, or a friend, may try (o
scrape off the fragmenis: this requires a sac-
ceselul DX moll I trying 1o remaove them your-
self, subtract any damage you actoally took
from the DX roll (unless you have High Pain
Thresholdd)!

Maote that W cannot be extinguished with
water and will stll burmn underwater. However,
if o WP shell bursts underwater, the fragments
will nol disperse properly and it will not create
smoke, WP does not work at all in a vacuum,

Prizmatic Smoke: “Prism”™ is wdentical 1o
normel smoke, except that the cloud forms
immediately. and it impairs TLT-% laser
beamns; lasers (including communicators, des-
ipnators, rangefinders and |adar) cannot trace
fine of sight into or through the cloud. lts
effect on weapon lusers 15 described under
Lirsers, p. 1%,

Blackowr Gas: Creates a nearly opague
cloud of thick. inky-black smoke that covers
the area of cffect. Everyone in the cloud Tune
tions as though in complete darkness; any
action requiring sight is at -10, or 15 1mpossible
(see p. BY92). Light amphfication and viswal
aids like Low-Light TV are useless, but
infrared, thermograph or PESA sensors reduce
the penalty to -5, and active sensors {2uch a
radar or sonar) are unaffected. However, lnsers
{except for X-ray and gammis-ray lasers) can
not penetrate the cloud. Characters withoul
breathing pear must make a HT roll cach
round or take | point of damage. choking on
the thick smoke,

Continued on next page

COMBAT

Multiple Profectile Hit Table
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... and o on, fnilnwmg the same Progression,

Explosive-Concussion Class

This is ammunition that does explosive concussion damage through a chemical explosive
filler.

Concussion damage works using the rules on p. B121: the explosion affects not just the targen
which was hit, but everything in a Z-yvard radius, at full damage. PD does not protect, but damage
15 queartered every addiional 2 vands from the centre of the explosion. As stated in Migh-Tech,
this applics only to small explosions., Damage 15 quartered every 4 yards from the explosion if
damage is 6d = 20 or more, every 8 vards if 6d % 200 or more, every 16 yards if 6d = 2,000 or
more, and so on — each enfold increase in force doubling the incremem. These range increments
are tripled underwater!

A cructal sddition to the Basie Ser rules on concussion damapge applies when dealing with
vehicles and structures: the DR of non-living targes (like vehicles or robots) and the DR of any
character in sealed or pressurized ammor 15 sgrared against concussion damage. However, 1if an
explosive round goes off in direct contact with fesh (that is, the target doesn’t have anmy armor)
damage is doubled,

Some, but not all, rownds in this class also do fragmentation damage, as described on pp.
B121-122. If i occurs, fragmentation damage is listed in square brackets following concussion
damage, and is always cutting; e.g., 6d [2d] 15 6d of concussion and 2d fragmentation.

Crpricnal Rule — Fragmensatton Doamage vy, Large Targees: Large objects may be hit with
multiple fragments. An object will be atacked once for each + 1 Size Modifier over 0. Thus, for an
abject with a Size Modifier of +4 (a tvpical tank or fighter airplane), four fragment attacks are
made against it = roll va. FD individually for each of them.

HE and LE {"high explosive” and “low explosive™) rounds, warheads, bombs and mines use
these rales without modification. Note that their explosive damage is nol affected by the weapon’s
1720 range.

HEC: These “high explosive comcussion” rounds do concussion damage as HE, but do no
fragmentation damage.

SAPLE and SAPHE: These “semi-armor-piercing explosive” rounds do crushing damage just
like a solid projeciile, except they have a {0.5) armor divisor - armor DR 1s doubled against then,
ang even unarmored flesh has at least DR 1. However, if any crushing damage penetrates DR, the
round 15 assumed to have gone through the target’s armor and exploded inside. It then does the
same damage as an HE or LE round, but DR does not protect against the concussion and fragmen
tation damage, If the crushing damage faled o penetrate, the round exploded against the outside
of the armor: DR protects fully agaimst the concussion and fragmentation damage (and vehicle or
sealed DR is squared). Concussion damage vs. a [iving targer who takes a direct hit 18 doobled;
morcover, if the round penetrated the character’s DR (or damaged an wnarmored person}, it will
explode inside flesh, and damage is multiplied by five! These rounds can also be used as normal
LE or HE, simply by firing themn at nearby structures or the ground to produce area concussion
and fragmentation effects.
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APEX. This “armor-piercing explosive™ round functions exactly like SAPHE, except that
armor DR is halved vs. the crushing damage.

HELC: This “high explosive depth charge™ ronnd must be ser for a specific depth when
loaded, and will explode only after reaching that depth. If a submarine (or anything else undersi-
ter) is caught in the blast radius, it will take concussion damage. Remember that the range incre-
ment is tripled underwater!

HEPE: This “high explosive proximity-fused” round works like an HE round, but if it is fired
and misses by 4 or less, use the Scaitering rules (p. 176), even against flving targets, to sce how
close to the target the round passed. If the round came within 10 vards. it will explode, detonating
at that distance from the target. Check to see if the target (or anything else) is within range of con-
cussion and fragmentation damage. When used in indirect fire against surface targets, HEFF is
narmally sel to burst several yards above the ground, spraying fragments: quarter the concussion
damage but double the fragmentation distance w 10 yards = dice of damage, and only overhead
COVEr gives priection against it

These rules do not quite reflect the way late TL7 air-to-air missiles {AAMs) work, These
AAMs usc an “annular blast fragmentation”™ (ABF) warhead — g shaped explosive that projects its
blast and fragments in a lethal cone ahead of the weapon, triggered by a proximity fuse. An ABF
warhead is treated like ordinary HEPE. It spews fragments only in a 60° forward cone, but frag-
meni damage is doubled.

HESH: If a “high explosive squash head” round strikes, treat it exacily like an HE round with
two exceptions: it does no fragmentation damage. and if it scores a direct hit and fails o penetrate
armor LR, 10% of the damage {one point per 10 points of HESH damage) will still bypass DR
and inflict damage anyway! Internal ci imponent DR (and personal body armor) protects normally
against this damage.

Shaped-Charge Class

These are specially-shaped explosive charges built to penetrate armor,

HEAT: A near miss by a HEAT round has much the same effect as a near miss by an HE
round, except there is no major fragmentation. On a direct hit, the damage is treated different!y:
the DR of any wrgen that is directly struck protects at only one-tenth its normal value; HEAT has
a (10) armor divisor. This is a big difference from armor DR being squared vs. concussion dam-
age!

- However, a HEAT warhead fired at a soft target may not detonate. Roll 3d vs. armar DRE+1.
(In the case of noarigid armor, use only half its DR. This is an enhancement to the rule in Litra-
Teeh.) If the roll fails, the weapon doesn't go off. Instead, it inflicts one-sixth its normal damage
as crushing damage, and has no armor divisor. For msiance, a shaped-churge warhead that would
have done Guib=4( 10) damage now does 4d of ordinary crushing damage.

Laminate armor is specially desipned to disrupt the jet produced by HEAT attacks. This
armor protects with mwice its DR against direct hits from HEAT rounds. (Since this doubled DR s
then divided by 10, this effectively means that laminate armor gets one-fifth DR vs. HEAT.)

Damage from HEAT rounds counts as flame damage for setting fires, Note that unlike some
AP-type rounds with armoer divisors, the HEAT round does full damage aftes penelrating rmmor

HED®: This is a "dual purpose™ round with the effect of HEAT, but only a (5) armor divisor,
In addition, it inflicts fragmentation damage (p. B121); this damage is noted in square brackets
atter the HEDP's normal damage. Unlike HEAT, it always explodes, even against soft targets.

Bursting Class -
CHEM Rounds (Continued)

FPoiron Gas: These include nerve gas,
lear gas, ec, Anyone in the area who is not
weanng sealed amor or inside a life-sys
tem- or MBC-Kit-equipped vehicle will be
exposed (o the pas. The duration of the gas
cloud depends on the type:

Tear (ras; Sec B132.

Mustard Gas. See B132.

Nerve Gas; This lethal gas causes the
nervels system to malfunction, resulling in
death, It is a contact agent — actually a fine
liquid aerosol spray rather than s e gas —
and a pas mask alone does not proteet.
Only being inside o sealed vehicle with a
NBC kil or life system, or wearing an air-
tight suil, will prevent exposure, Each turmn,
anyone exposed to nerve pas takes | hit of
damage, or 2 hits if not wearing a gas
mask, He must also make a HT-4 roll each
turn (unless wearing airtight armor; if it is
failed, he will be paralyzed for (30-HT)
minutes, and take 4d of damage if not
given an antidote within five minutes,

Persistent Nerve Gy As nerve zas,
but coats vegetation. structures, vehicles
and the ground, and doees not dissipate For
several days. Rain or snow may help clear
it up more quickly.

Pesticides and Herbicides: These kill
nsects I|3l::.‘\.!i:|_"ld-;‘.e-.f- Of w:t__[rl;]linn {herhi-
cides). They may be species-specific or
generic, Some [ypes 4re toxic (reat ac tear
gis il inhaled, with long term effects being
up to the GM), others are theoretically
harmiless.

Sleep Gas (TLE): For every wm spent
in a sleep gas cloud withowt holding his
breath, an unprotected character must roll
HT-4, If he misses the rall, his ST goes o
0 and he falls asleep. IF he makes the roll,
he takes | point of fatigue, If fatigue drops
to ( he falls asleep. If he leaves the cloud,
he may regain lost ST normally, Those
who fall asleep remain 5o as long as they
continue to breathe the gas, and for at least
30-HT minutes afrer that When that time
is up, the victim must roll HT each minue
Lo awaken. He may be awakened normally
by a successful First Aid roll.

Bicagenrs (TLA), These contaminate
the arca of effect with whatever germ or
virus they were loaded with. Any unpro-
tected person in or entering the area must
check for infection (pp. B133-134) as if
exposed. The contamination wsaally
remains for days or longen rain or snow
may help clear it up more quickly.
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Bursting Class -
Submunitions

These rounds can only be fired indirectly
[p. 179} or dropped as bombs. They have no
damage hsted on the Ammunition Table
Chapeer 9. Instead, they have a burst radius in
vards, the effect within the radius depends on
the muition:

ICM: These automatically inflict 2d con-
cussion damage and 4d cutting fragmentation
damage to everything within the burst radius,
and one-quarter that damage 1o anyone with-
in twice the radius! At TLE, double concus-
sion damage. At TL®+, wiple concussion
damage.

Also, roll 3d for each being, strecture or
vehicle within the burst radius: on a roll of (5
+ Size Modifier) or less, the target is directly
hit by o bomblel. The bombler’s shaped-
charge warhead adds a (10} armor divisor o
the concussion damage: use the mles for
HEAT direct hits, Concussion and fragmen-
faion damage for direct hits 15 unchanged.

Overhead cover {e.g., being in a forest)
gives o 50% chance {a roll of 1-3 on 1d) of
completely protecting against fragments,
halves the concussion damage, and gives a -3
o the roll for a direct hit. Being inside a solid
building {unless standing next to a glass win-
dow, etc.) will protect completely if the
building holds up.

SICM: These “Smart ICM™ burst open in
the air and release (bore size/dl), rounding
fractions up) homing submunitions. These
descend slowly, swinging around as they
scan below them using their own sensors o
ook for targets. Each submunition will select
one vehicle-sized target (anything with Sire
Modifiér +1 of more). If there are more
viahle targels than submunitions, randomly
determine which of the vehicles are artacked
by which submunitions. If there are fewer,
divide the attacks evenly among them, run-
domly determining which vehicles receive
additional artacks.

Continued on next page

UNGUIDED MiSsILES

These weapons — such as rockets - differ from ordinary guns in that they have Endurance
(End) and Speed (Spd) statistics,

If used in direct fire, they are treated as guns oot 1o their 12D range. If their Endurance is 2
seconds or more, they will take more than one um o reach their target if it is beyond 12D range,
preventing them from accurately stnking fast-moving targets at this distance. In this case, a suc-
cessful attack roll means they hit the hex the target was in when the missile was fired, while a miss
scanters normally.

If used for indirect fire, treat them exactly ke guns, with the capability to fire out to 5 times
their maximum range.

GUIDED MISSILES

A missile must be launched in the general direction of its intended targel. It may e success-
fully launched at any target that is ootside its minimum range. A single gunner can only fire and
control one wire-guided or TV-guided missile at a time. Any number of other missiles (provided
they are linked) may be fired at once. Different rules apply for launching and guiding different
iypes of missiles, as described helow.

Wire-, TV- and Communicator-Guided Missiles

To fire, the gunner must have detected or visually sighted the target. The gunner’s vehicle
may not be moving if wsing a wire-guided weapon. A missile that is not mounted to face forward
or backward may only be launched in atmosphere if the vehicle is moving slower than 100 mph
(40 mph if moving underwater). There are no other requirements.

Launching requires an attack maneuver, To launch a missile, the gunner rolls versus his
Gunner (Guided Missile) skill at +4. Failure means the missile was incorrectly launched and will
automatically crash on its first turn of flight. )

Each tem a missile is in flight, check to see if it can track its target. Whether a missile can
truck its target depends on its guidance system (see below). I the criteria for tracking a target ane
not fulfilled, the missile will either crash or plow ahead without maneuvering, depending on the
guidance system. Here’s how the different systems track targets:

Wirg-Cruided (Wir): The missile will track its target as long as s punner can see (or detect
with sensors) the target and does nothing but remain an his crew staion and continue o take Aim
maneuvers o sieer the missile. Neither the gunner nor the firing vehicle may move or dodge. IF
these criteria aren 't fulfillesd, the missile will crash, The gunner must also make periodic skill rolls
vs. his Guaner (Guided Missile) skill ro keep the missile steady: roll every tum for carly TL7 mis-
siles, every 5 tums for later missiles (but at least once during its flight). A failed roll means the
missile is off course; roll at -3 to avoid a crash on the next fum, with success bringing the missile
hack on track.

Communicator-Guided (CG ) As for WG, above, except that the communicator must be in
communication with the weapon, and the firing vehicle (but not the contrelling gunner) can move
or dodge. All usval communication restrictions apply: lassr communicators must have a line of
sight, radios can be jammed, ete. If communication is lost, the weapon will crash or self-destruct.

TV-Guided (TVG): Use the same rules as for WG, except that the firing vehicle need nog
remain stationary. and since the missile has a camera in its nose that feeds a picture to the launcher,
the gunner does not have to directly see or detect the targer: he can watch it through the missile’s
camerd. Only one successful skill roll is needed 1o fly the missile — roll on the first wen of Might,
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It a WG, CG or TV missile can track its target, it will move toward it at its listed Speed. A
missile must be steered to keep its targer in fromt of it To do so, the gunner may cause it 1o
change direction by up to 30° each turn. climb or dive. A missile can only move for a number of
seconds equal to its Endurance, After this is exceeded, it will self-destruct.

If the missile reaches its target, see Steiking the Target on p. 195,

HOMING MISSILES

A homing missile must “lock on™ to its target before it can be launched. This requires an Aim
maneuver by the gunner. If using identical missiles against the same largel, make only one
artempt for all the missiles; if a die roll is needed, roll only once: the missiles will either all lock-
on or all fail.

The procedure required for lock-on depends on the tvpe of missile pndance, Resolve the
attempt as a roll against the gunner’s Electronics Operation {(Sensors) skill + the missile's skill.
Apply target Range and Size (but not Speed) modifiers as described on p. B201, and additional
mdifiers depending on the type of missile guidance as follows:

Active Ladar Homing {ALH ) uses the Ladar Modifiers, p. 171,

Active Radar Hewing (AR | uses the Radar and fmaging Rodar Modifiers, p. 171,

Arrive Sonar Homing (ASH ) uses the Active Sonar Modifiers, p. 169,

Anti-Radiation Missife Homing (ARM) can only lock onto a target that 15 using a radar, radio
or active radar jammer thit 15 in line of sight and within a distance of up to twice the radar, radio
or jammer’s range. Subtract the target radar, radio, or radar jammer’s (TL-6) = 2 from the chance
of success,

infrared Homing (IRH) and fmaging Infrared Homing (IIRH ) use the lifrared and
Thermopraph Modifters, p. 169,

Multiscanner Homing (MH) can be used as either bioscanner, radscanner or chemscanner
homing: decide before rolling for lock-on. All three options can be tried for lock-on in a single
turn if one fails. A radscanner can only lock onte a tarpet that 15 emitting some form of radiation
tincluding radio or radar), while a bioscanner can only lock onto living targets. Use the
Multiscanner Modifiers. p. 174,

Meutrino Homing (WH § gets a +4 1f the target has an operating radiothermal, nuclear, fission,
fusion or antimatter power plant, rockel or ar-ram. or has a foree screen up, and subtracts {TL-9)
if the target uses basic emission cloaking or twice that if the arget has radical emission cloaking.

Opticad Homing (OH | uses the modifiers for visual sighting rolls (p. 174), ignoring the penal-
ties for bad light.

Passive Electromaenetic Homing (PEH) can be used as either OH, HIRH, ARM or PRH. All
four options can be tried for lock-on; decide on the order before rolling. The first one to succeed
is used,

Passive Sonar Homing (PSH ) uses the Passive Sorar Detection modifiers, p. 172,

Paszive Radar Homing (PRE | uses the Passive Radar Modyfters, p. 170,

Semu-Active Laver Homing (SALH ): The missile cannot lock onto the targed unless it is illumi-
nated by an allied laser - see sidebar, p. 196,

Semi-Active Radar Homing (SARH ) The missile cannot lock onto the target unless it s illo-
minated by an allied radar or imaging radar — see sidebar, p. 196,

One lock-on attempt can be attempted each second. (If using the [0-second dogfighting
rounds or [(-minute space combat ums, sill allow only one attempt per round or tum.)

Lock-On Table
Die Rl i -
Fllu by 3 or more No Jﬂc-nn

by ey L, SETECTIONT, |
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Bursting Class -
Submunitions (Continued)

Omece a submunition has selecied a iarged,
it explodes in mid-air. The explosive shapes
the submunition's metal into something
known as an explosively-forged fragment
(EFP), The EFP is a chunk of dense metal
that shoots downward at an extremely high
velocity, hopefully penerrating the roof of the
target vehicke.

To determine whether the frogment hits,
ral]l 3d vs, (warhead’s TL + target’'s Size
Muodifier). If the target is protecied by [R
Cloaking, subtract that from the chance o hit.
Thick overhead cover, like a forest, pives a -3
to the roll. The atack is assumed to come
from above. The targel peis nommal defense
molls. A successiul hit does 6d=2(57 a1t TLS or
6d=x3(5) at TL9+. The (5) indicates that
armor DR profecis a1 one-fifth normal value,
thanks to the density and extremely high
velocity of the fragment.

If there are no viable targets, a SICM sub-
muailon will land somewhere within the
barst radius and tum inte a land mine, with
its sensof Facing upward., Anything with a
Size Modifier of +1 or more thal passes over
the munition will detonate it, causing the EFP
to fire ppward inte the bottom of the object,
If & vehicle drives over a SICM, don't bather
to rodl to hit — assume the mine's fragment
hits autematically. The GM should determine
the chance of driving over a SICM propectile,
depending on where it Tands.

SATNUC: These “5ATuration NUclear
Clusters” use the rules for SICM (abowve), bast
a SATNUC submunition inflicts 62 000
explosive damage! Unlike STCM rounds,
SATNUCS that miss or fail 1o find 1argets
will still explode. The heat and concussion
from this pattern of multiple, exploding
micronakes inflicts Gd:200 damage 1o every-
thing within the burst radius of the round, and
b 201 damage 10 everything within taice its
hurst radivs. The burst radiug of 2 SATNUC
strike 15 contaminated with at least 50
radsfday (10 rads per day within twice the
radius). See GURPS Grimoire or GURPS
Space for radiarion rales
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Bursting Class -
Special Types

Stershell: Fired into the air, these Mares
llummate 100 times the radius shown for a
normal CHEM round with hght equivalent to
daylight, They burn for 5 minutes. Fired at
ground targets, they illuminate only ten times
the radius shown, but may start fires if in
contact with flammable material, or do 2d of
biirn darmagee 1o anyone directly bt IF set off
suddenly, anyone within 15 vards looking at
the buirst withoul anti-glare pogples must
make a HT roll or be blinded for (20-HT)
seconds — roll at +3 if 5+ vards away. and al -
3ot night, At TL 11+, starshells wse high-per-
formance serosiats 10 remain airbome for len
times as long (provided this technology exists
in O campaign).

Chaff (TLA) bursis inie a clowd of con-
ductive strips designed to reflect radar sip-
nals, which produces a huge, diffuse target
that can distract mcoming missiles or give
ihe wehicle something to hide behind — see
the Sighting and Detecrion chapler for the
effect: in general, 4 -10 penaliy on radar
detection, but anly effective vs. radar of the
same or lower TL. Area of effect is five imes
that of @ CHEM round. It disperses in
{150¢/wind speed w1 mph) seconds (max. 150
seconds). Adr-launched chaff will also dnft
dowmward at about 5 yards/tum,

Flare {TL7) a hot decoy, usually
launched from a discharger, that 15 used 1w
Jjam infrared and passive radar homing mis-
siles. An infrared or imaging infrared homing
missile is -5 10 iis anack roll if the vehicle
has launched a flare of equal or higher TL
than the guided weapon. A passive radar
homing missile 1= at -3 under the same cir-
cumsiances.

Niapalm: The napalm mix splashes out
over the same radius as a CHEM round.
Everything in the imner half of the radius is
affected automatically; napalm is capable of
penetrating into carthworks and bunkers -
anything short of fully-enclosed cover 15 no
prodection, In the outer hall of the radius, moll
3d for each target: a target is hit by the splash
o & roll of (5 + Size Modifier) or less; at this
distance, cover will protect. Napalm sucks w
whatgver it hits, and cominues 0 bum for at
least a minute (60 tums)! It cannot e extin-
guished by anything less than complete
immersion in water or burial under lots of
earth {which won't help the victim). Napalm
does not require oxygen to bum, Dropped on
water, it will floal {still burning): it is neces-
qury Lo dive underwater and swim out of
range (o escape il

Cemtinued on Rext page

False Lock-Cn; The gunner thinks he has locked the missile on target. 1t is locked onto some-
thing (GM’s option) in its arc of vision — but not the correct target! It will chase that object once
launched.

No Lock-On: The missile’s secker head has not yet acquired a valid target, Another atiempt
can be made next turn (iext round in a dogfight) — it is ofien a good idea 1o move closer first!

Laack-Cdn: If the lock-on roll succesded, the missile cues the gunmer that it is ready o be
launched. The missile can then be fired — see Lawnching Homing Mesiles, below,

Lack-Cm, May Be Spoofed: The missile cues the gunner that it is ready to be launched. The
missile will work nommally unless the target has an operating deceptive or IR jammer effective
against that type and TL of missile. If so, everything will seem fine, but when launched, the mis-
sile will o off course and automatically miss,

* Detection, Recognition and Tdentification — IF using an [IRH, OH or PRH weapon, or a PEH
weapon using one of these modes, the weapon also transmits an image of the target o the gun-
ner's console as if passive infrared (ITIRH), passive radar (PEH) or low-light TV (OH) had detect-
ed, recognized or identified the target. The missile ceases (o transmit imagery when it is fired. It is
possible not 1o fire and simply keep using  missile a5 3 sensor: some gunners in the Gult War
used their IIRH Mavericks this way.

Lawriching Homing Misstles: A homing missile must have a lock-on o launch, Launching a
locked-on homing missile is an arack, A missile that is not moonted to face forward or backward
may only be launched in atnosphere if the vehicle is moving slower than 100 mph (40 mph if
maoving underwater). To ladnch, the gunner rolls v, his Gunner skill at +4. Failure means the mis-
sile was incormectly launched and will crash on its first turn of flight.

Once launched, the missile moves toward the target at its listed Speed. A missile will always
try 1o keep its targed in front of i, in the arc of vision (s2e p. B115) of its guidance system. To do
50, It may change direction by up to 3¢ cach turn, climb or dive. A missile can only move for a
number of seconds equal to its Endurance. Afrer this is exceeded, it will self-destruct, The missile
retaing its lock-on and tracks the target unless any of the following occur:

I, The target moves out of are of vision or line of sight of the missile, e.g., behind a hill, This
automatically breaks lock-on.

Z. The target launches a decoy effective against that tvpe of missile, unless the missile sue-
cessfully rolls vs, s skill with a penalty equal to the TL of the decoy. A decoy is effective only if
its TL is equal to or higher thun the TL of the missile guidance, and is of the proper wpe: IRH,
PRH dand HEH guidance are decoyed by flares, ARH and ALH puidance by chaff, ASH and PSH
by sonar decoys. Whether and how PEH ean be decoyed depends on the system it is using 1o
home with.

3. The missile is an ARM, and the target radar or area jammer shuts off before the ARM
sirikes. In this case, the ARM will cease 1o home, but will head for the emitter's last known loca-
tion i it makes 2 successful roll against its sKill rating: it ceases (o function as a homing missile,
and is now treated as an inertial guidance missile (p. 195),

4. The missile is NH. and the reactor, force sereen, etc., it was homing in on shuts off before it
strikes. In this case, the NH missile will cease to home, bt will head for the wargets last known
location as if it were an 1G missile, Use the rules for ARMs (#3, above).

5. The missile uses semi-active radar homing (SARH), and the warget is no longer illuminared
by the radar used 10 achieve lock-on. Note that, since most radars point forward, a moving aircrafi
guiding SARH missiles with its own radar will generally have to keep its nose pointed at the tar-
zet and will not be able to tum away, climb or dive without losing control of its missile.

6. The missile uses semi-active laser homing (SALH), and the target is no longer illuminated
by a laser designator

If a missile successfully tracks and reaches it target, see Striking the Targer on p. 195,

VR R SN



Using Brilliant Missiles

A brilliant missile must be programmed with its course and 1arge1 before it can be fired.

lts course is the distance and bearing that it will fly before activating its terminal homing sys-
tem. Distance can be up 1o 905 of ils range, Bearing may be any direction: late TLT+ missiles
can also be programmed 1o fly in a particular pattemn, c.g., a dog-leg or Zig-zag,

Targess are the specific wrgets it will try o attack, At TL7. this category must be fairly gener-
al (g.g.. hipgest surface vehicle, or higgest building, for instance). At TLE+ it may be detailed,
e.g., a specific type of vehicle or building, or a series of prioritized categorics {typically summa-
rized as “biggest intact enemy vehicle, from a database of known enemy vehicles™). Weapons
given narrow target parameters will attack only applicable targets; those with broad parameters
may anack friendly as well as enemy targets, although they can be pre-programimed Lo 1gnore far-
gets with friendly 1FF (p. 57

Programming takes 10 seconds at TLT and two seconds at TLE+: multiple, identical wespons
can be programmed (for the same course and target) simultaneously.

Launching requires an attack maneuver, A missile that is net mounted to face forward or
backward may only be launched in atmosphere if the vehicle is moving slower than 100 mph (440
mph if moving underwater). To launch a missile, the gunner rolls vs. his Gunner skill at +4.
Failure means the missile was incorrectly launched or progeammed and will automatically crash
on its first turn of flight.

Once launched, the missile moves on its preset course at its listed Specd to the point where it
was programmed [o tum on its “terminal” guidance system. It then selects the nearest target in
its arc of vision which matches its programmed target parameters, If there are no targets that
match, it will continue to cruise straight shead until it finds one or flies for more wms than s
Endurance (in which case it crashes). Once it has found a target, it will turm on its terminal guid-
ance systern and attempt o lock-on as a homing goidance missile (see above), rolling versus
every largel in its arc of vision, starting with the nearest. Until it succeeds, it will fly straight,
making a new series of lock-on roll each . Once it has locked onto a warger, it functions like a
normal homing missile.

Using Inertial Guidance (IG) Missiles

Before launch, the gunner must preset the weapon with the distance and direction it is to trav-
el, up to a maximum distance equal to its Max satistic. I the weapon is to strike a surface target
{on the ground or water], the weapon must also be preset with the target’s map coordinates. For
obvious reasons, inertial guidance weapons are most effective against fixed targets like buildings!
Finally, the gunner decides whether the weapon will follow a relatively flat, direct trajectory or an
arching, indirect trajectory. If used indirectly, the weapon’s endurance is multiplied by five, but
its accuracy will be reduced.

TLE and early TLT IG weapons must be programmed before the weapon is loaded into the
launcher, This takes at least several minutes. Late TLT and any TLE+ 10 weapons can be pro-
grammedl in advance or at the time of firing, by a computer or a person using a computer termi-
nal. Programming takes ten tums at TLT but only one wen at TLE+. Multiple, identical weapons
can be programmed simultanecusly, provided they are given identical programming.

Once launched, the missile automatically flies woward the pre-programmed target area at its
full speed. When it gets there, roll to see if the missile has hit: use the gunner's skill and apply the
Size Modifier of the target area (maximum +10), with a -10 penalty if fired indirectly, On a failed
roill, the missile scatters (see p. 1760, The GM may apply additional modifiers based on the accu-
racy of the maps that were used to program the missile.

If the roll was successful, see Sreiking the Targer, below.

Striking the Target
Mo attack roll is needed, since the missile is guided. A missile normally strikes the side of the
targel facing the direction the missile approached from (but see Pop Up. in the sidebar on p, 197)

Bursting Class -
Special Types (Continued)

Treat napalm as normal flame damage:
ld-1 per tum (see p. BL3N. In addition,
napalm bums up the oxyzen ot immediate
arca, threatening even those protected against
the flame with asphyxiation: make a HT roll
each tum or take 1 hit of damage, unless in
an airtight environment or wearing airtight
armor, A vehicle drenched with napalm had
hetter have [ife suppon!

Super-Wapalm: This @5 like napalm with a
burm duration of only ten seconds, b does
5d damage at TLY or 6d at T,

FASCAM (Field Artillery Scatierahle
Mines): This dispenses a cluster of small,
pressure-sensitive anti-armor mines, 11 must
be fired indirectly or dropped as a bomb. Any
vehicle moving on the ground throwgh the
area where the mines land must make a roll
versus (Size Modifier + 3) every 5 vards;
“suwccess” means that it has hit & mine. Each
mine does 6d(100 % (TL-6) darmage, treating
the mine as o HEAT roond attacking from
below the vehicle.

Tangler: This round expands out into a
el of sticky strands, The area of effect is
onc-quarter that of a mormal chemical round,
but anyone directly struck or in the area of
effect may be trapped! Victims of a tangler
round have an extra Dodge moll 1o evade the
strancds before they close, bul neither armor
PD¥ nor DR protects against being hit by tan-
ghers, as they simply wrap around armor as
well as the person weanng it

A person who s rapped pets one Quick
Conlest of Strength per minute to break the
strands; the strands” ST is equal to half the
bofe size of the angler round. Allernatively,
if the victim is fully-clothed, an Escape-3 roll
fone try every 10 minutes) will et ham wrig-
gle out of his clothes and escape. Any failed
attempt to break free or wriggle out resulis in
the strands constricting, causing 1 point of
dumage. Any rigid armor with DR 2+ pro-
tects dally agenst the constriction damage.
The PD of deflectors (p. 93) iy effective
against tangler strands.

Continued o next poge




Bursting Class -
Special Types (Continued)

Ten hits from intense heat, such as a laser
of flamer, will free the victim, but he will
alzo take full damage from the weapon if he
isn't otherwise protected. The threads are (oo
tighily wound around the victim, as well as
oo sticky, @ be cut off, The easy way to
remove tangler sirands is with anti-tangler
acrosol spray. A can costs 5100, weights 2
Ibs., and treats 25 caplives al one per tum. A
“dose™ of this spray costs 54, for the purpose
of filling a CHEM round,

If one is hit by multiple tangler rounds,
each additional round adds half its ST to the
ST of the strands, and gives -1 10 any Escape
attemnpt. The strands lose their constricting

abality after 24 hours, then lose ST at a rate of

1 per 2 hours,

lluminating Targets

Semi-active laser homing {SALH)
weapons and semi-active radar homing
(SARH) wespons can only be fired at a tar-
get that is “illuminated” or “painted” by a
target-designating beam. This beam 15 a laser
in the case of SALH weapons and a radar for
SARH weapons.

The target-designating beam may come
from the firing vehicle, or from another
spurce — for instance, an aircraft may fire a
laser-guided missile at a target that 15 illumi-
nated by an infantryman with a hand-held
laser designator.

Laser illumination for SALH may be
provided by a laser designator (p. 58) or any
ladar (p. 51) except one modified with the
“no largeting” option.

Radar illumination for SARH may be
provided by any radar except one modified
with the “no targeting” option. The radar
must have detected the targel. as descnibed in
the detection fules. Early TLT radars can
only guide missiles toward one targetl a a
time: to engage multiple targets, multiple
radars are needed.

Conginied on next page . .

Rolls for hit location, defense and damage proceed normally; however, PD is treated as 0
against guided missibes.

A successful Dodge roll means the missile missed. If it was antacking a surface target or had a
proximity warhead, it may still explode: use the Scatter rules {p. 176) to determine how far away
the missile exploded - it still might do damage to the target or something else important, In the air
or in space, a dodged missile will fly past the target and continue on until 1t runs out of fuel or hits
something.

Exception. Missiles with bursting-type warheads detonate over the target area rather than
striking it. Thus, a Dodge will often have no effect unless the missile scatters by a distance greater
than its radius of effect.

A missile can also be shot down — see the sidebar, Detecting and Shooting at Missiles, p. 197,
for details,

UNGUIDED TORPEDOES

Once launched, these must move straight ahead at full speed for a number of tums cqual o
their Endurance. A targel will be hit if it gets in the way. GMs should require Vision or sensor
nolls to spot torpedoes in time o lake evasive action. A submerged vehicle can only effectively
laench an unguided torpedo at a surface vessel if it is within 30 yards of the surface, or if it is
presently climbing.

Guided Torpedoes

Ciuided torpedoes are treated exactly as guided missiles, except for some additional restric-
tions on how they are launched. Any vehicle presently in or under water can launch & torpedo, as
can an aircraft flying low over water. A torpedo may not be launched on a turn in which a vehicle
performed a 1 g or harder maneuver, A torpedo that is not mounted 1o face forward or backward
can only be launched if the vehicle is moving slower than 40 mph. Also, air-launching a torpedo
requires @ (unner (Torpedo} skill roll wo drop it properly, with a -1 per 50 mph of speed or 25
yards of altitude. Failure means the torpedo was improperly launched and sinks, At TL7, guided
torpedoes dropped by aircraft are delivered by parachute, which gives 44 to skill. Some missiles
may also deliver torpedoes,

BEAM WERPONS - DAMRGE EFFECTS

Most types of energy beamn have special rules pertaining 1o how they do damage:

Lasers (TLE): These do impaling damage, In rain or fog, lasers do hall damage. Damage is
alzo halved for every [ 1/2D range/5) hexes of smoke (or fraction thereof) they cross, Lasers cannot
pencirate Blackout gas or Prism clouds at all. Lasers fired at RoF 4 or higher use the special laser
automatic fire rules described under Damage from a Burst, p. B120.

Disruprors (TLA): Damage versus living things is mripfed rather than doubled after DR. The
same applies to brick or wood. Microwaves alzo interfere with electronics: double damage after
DR is applied to any electronic component (sensors, radio, ete.) hit. However, targets with metal
or laminate armor always get PO B versus maser attacks: metal reflects microwaves!

Blasiers and Particle Beams (TLY): These inflict impaling damage, and the radiation pro-
duced can also disable electronics — the extra damage from impaling not only applies w living
beings, but also to electronic components and robots.

Flamers (TL9): A flamer can be used much like a flamethrower, attacking more than one tar-
get as long as they are all in the same arc of fire, as described for area weapons (p, B121), When
used this way, divide the dice of damage by the number of targets. If the targets are more than one
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hex apart, 1d of damage is lost for each extra hex separating therm. The wash of superhot plasma
from a flamer casily penetrates non-sealed armor: it gets only 1/2 DR against the attack. 1t also
melts armor, For every 10 points of damage done before subtracting DR, armor loses 1 DR on the
location hit. (If the armor is ablative, this is in addition 10 any DR lost 1o ablation). A sealed swit
{or machine) becomes unsealed after losing 20% or more of its original DR on a particular side,
Paper, cloth and wood automatically ignite if hit by a flamer discharge. Flammable plastics and
such catch fire if their DR is exceeded.

Screamers (TLO): If damage from a screamer attack is more than double that listed for any
limb, it is completely tomn off. Any hit to a living being's head requires a roll against HT, or the
target's eardrums will be shattered, causing deafness until the eardrums are replaced. Completely
sealed armor is the only way w0 avoid this, but if the armor's DR was exceeded by the screamer,
the character will be vulnerable, Any armor hit by a screamer loses 1 DR at the location hit for
every 4 dice of damage the screamer inflicts. Screamers are useless in the absence of air or water
to conduct the sound. Screamers that do 18d or more damage produce a wide wave of concentrat-
ed sonic energy. If the roll w hit misses by only 1 or 2, the target is caught by the edge of the
beam and takes 1/4 damage.

Stunrers {TLY): Use the rules for stunners on p. B119, except the HT modifier when rolling to
resist may range from 0 tw <10, depending on the power of the stunnar. This HT modifier is
always at +3 past /2D range, e.g., HT-8 would become HT-5,

Paralysis Beams (TL10): These weapons affect the nervous system of living things, causing
instant paralysis if the target fails a HT roll, ora -2 to DX and a -1 0 10 (and all relsted skills) if
it succeeds, with the effects lasting for 30-HT minutes. A paralyzed arger is conscious of every-
thing going on around him, but cannot move at all (though psi powers, super skills and magic
spells that require no motions to activate can still be used). Living beings in sealed armor are
unaffected. A p-beam that hits an unshielded robot, computer or other electronic device knocks it
out on a rofl of 1-2 on 1d. A computer is only fully shielded if it has both radiation shielding and
is hardened {see p. 61): if it only has one of these features, it is sull knocked out on a roll of 1.
With the exception of electronic systems, a paralysis beam has no effect on unliving things, and
may be ineffective against members of certain nonhuman races as well (GM’s discretion),

Military Pavalysis Beams (TL10): As paralysis beams, except instead of giving total protec-
tion, sealed armor simply gives a +4 to HT to resist, Military paralysis beams have double the
chance of knocking out unshielded robots or electronics. They affect organic beings behind sealed
armor or shielded robots as if they were unprotected beings hit by a non-military paralysis beam.
{Exception: they will not affect a sealed or shielded target behind DR 200 or more armor.)

X-ray Lasers (TL10): These function like lasers, except DR protects at one-half normal value
against X-ray beams. Funthermore, the X-ray laser's damage is not reduced by smoke, fog, or
Prism.

Fugion Beams (TL12): These do explosive concussion damage cqual to the weapon's base
damage to anyone within 2 yards of the target hit, with damage quartered every 2 yards beyond
that. Wehicle and sealed armor DR is squared against this “back-blast™ as it is vs. normal explo-
sive concussion damage, but not against a direct hit from the beam.

Graviry Beams (TL12): Against a gravity beam, annor PD does not protect and DR gives only
1100 normal value! As “force beams™ or “Kinetic stunners,” they do crushing damage, but the
full damage iz only used when caleulating knockback — actual damage is halved. For example, if
16 points of damage were rolled, a man would suffer 2 hexes of knockback, but only take & hits
damage. Damage inflicted by this setting is a wide bruise covering much of the target’s body!

FPulsars or Antiparticle Beams (TL12): These do impaling damage, and ammor DR protects at
half value. They also do explosive concussion damage equal to half the weapon's damage to any-
one who is within 2 yards, guartered every 2 yards beyond that, This concussion damage works
the same way as an HE round, as described under Explosive-Concussion Class, p. 190, In addi-
tion, a direct hit inflicts 10 rads of radiation times the damage that was rolled before DE; the tar-
get's radiation protection factor, if any, will protect normally. A miss by | inflicts half radiation
damage!

Grasers (TL14): These function like lasers, except DR protects at one-fifth normal value!
Like X-ray lasers, atmospheric conditions and countermeasures have no effect.

Distntegraters (TL15): The weapon's sights allow for normal direct fire, but indirect fire is
possible (using the indirect lire rules) o “shoot through® walls, hills, etc. Against a disintegrator,
sealed armor and force fields protect at 1/100 DR, unsealed armor and deflectors do not protect at
all. The beam’s only weakness is that it will not penetrate a nuclear damper field. The energy pro-
duced by the disintegration beam also causes an explosion that may damage nearby objects: treat
a8 normal concussion damage radiating from wherever the beam struck. Damage is equal to the
listed damage, but with no armor divisor, and treated as if it were a normal concussion explosive
(like a HEC round). DR protects normally against this explosion.

Displacers (TL16); Everything in the area of effect will be sucked in unless it is either on the
edge and can make & Dodge roll or is oo big to fit (i.e., its smallest dimension exceeds the diame-
ter of the area of effect). Use the scarter rules on p. 176 to determine the effects of a miss! Where
something goes when it is sucked in depends on the GM. Usually it is far away . . . interstellar
space, another tme of dimension, the heart of a sun, etc. We suggest that PCs and important NPCs
go somme place interesting bul survivable; anyone else can be assumed to have vanished forever.

llluminating Targets
(Continued)

In order to guide the weapon, the illumi-
nating radar or laser must be constamly active
and aimed at the target. If the radar or laser is
Jammed, ceases W operate, or is not poined a
the target, the attack will automatically miss.
Note that many vehicle radars and lasers are
maunted in fixed positions (e.g., facing for-
ward). In such a case, training the laser or
raddar requires the vehicle to continually podnt
itself at the targer,

Exotic Missile Abilities

Pop-LUp: When fired at a vehicle on the
ground, or g building, a missile with pop-up
capability (indicated by a small “p” next 1o
the missile’s goidance noation; e.g., ALHp
means an ALH missile with pop-up) can
either strike the side of the vehicle or build-
ing it would normally hit, or it can rise to
attack the top or deck of the vehicle or build-
ing. where (in theory) the armor s usoally
weaker. This must be decided before the mis-
sile is fired.

Evasive: Any TL3+ brilliant missile can
be programmed with an “evazive” course;
this halves effective speed and thus range, IF
the missile is attacked (see below), it gets a
Dodge roll equal o s skilly2 (no PD modi-
fiers) to avoid the attack.

Bus Mirsiles: These missiles are treated
as if they have IG, but carry warheads with
their own guidance systems. They will
release them one turn before impact, or if
indirectly fired, as the missile descends. Each
weapon then rolls 1w antack separately,

Detecting and Shooting
at Missiles

A missile can be fired af, provided it has
been deecied. A missile's size modifier can
be determined from s volume using the Size
Madifier table (p. 26}, Ten points of damage
is enough to knock any missile off course or
cause its fuel tanks to explode; ignone smaller
amounts of damage. If this happens, the mis-
sile crashes somewhere along its Night path,
The GM will have 1o decide if collateral dam-
age results from debris, fuel or warhead
enplosions. Nuclear warheads will not uswal-
ly explode, and may even be recoversd for
later use. Some missiles or orpedoes have
“stealth,” equivalent to Basic Stealth. This
miakes them harder L detect and intercept.
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Sensitive and Secret
Technology

When PCs wish to build vehicles, GMs
should feel free to classify as “sensitive tech-
nology” any item whose manufacturing
proceas s classified and unavailable o Oondi-
nary citizens. Examples at TL6 would be
most kinds of radar, advanced bomb sights
and prosmmity fuses. At TLT, examples of
sensitive technology include most ECM and
stealth systems, fission power plants,
advanced sensors, laminate armor and some
guided missiles,

Characters will usually be unable 1o pur-
chase sensitive equipment commercially, and
stealing it, or the plans or machines used o
build it, may be the foous of an adventure.

The actual msnu:l'u.-;:tum:g l:l!uv:p-rmt5 ol
many military {and some civilian) vehicles are
also classified, even if the vehicle itself is for
sale. Even though none of its componcnts
may be classified in and of themselves.,
designing the vehiche is still a long and expen
sive process, However, possession of the
engincering drawings enables the vehicle to
be easily “reverse engineered.” After France
embargoed sales of advanced jers 1o Israel,
Israeli ugents stole the blueprints of the
French Mirage 5 fighter. Later, Israel pro-
duced s own Mirage 5 clone, the Nesher.

Making Lemons
If a vehicle is poorly maintained (or very
used) it may have vanous bugs. Also, some
vehicles ane just designed badly. Some sample
flaws are given below, Pick a few that can
apply o the wehicle, or make some up.

Minor Bugs

Hangar Coeent Reduce the time the vehi-
cle can mn between mantenance checkups (p
146} by 1060,

Low Mileage: Add 10%-30"% to the fuel
consumption of the vehicle's power plant,

Compdex Controls: The vehicle's controls
are very complex. Anyone new to the vehicle
will be at an cxtre -1 to skill beyond the usual
-2 for unfamiliarity with the vehicls type.
Default use i at an extra -2 penalty. This 15
common on military jets,

Comnfinued on next page

A baitered Kitiy Howk landed bestde Cassidy's hanger, Morgan jumped omr, She seemed tired
huet wakirt, and inordinarely pleased with kerself. They hugged guackly, then pulled apart.

‘Armapeddon postponed, Captain?" Cassidy asked

‘The cause of light rivmphs again,” Morgan sighed, leaning back against the hood, “She of
the Seven Eves ic in the trunk,”

"But you goi tagged,” Cassidy observed. He pointed fo0 a huge denr near the front fender.
“Whar did that, a 25mm cannon round?”

“You should see the other puys.” Morgan grinned evilly, “Harrviers zip, Kittv Hawk o, Bug
speaking of repairs . .7

This chapter covers the role of vehicles in the campaign. [t deals both with iszoes that concern
PCs (such as obtaining and legally operating vehicles, designing new ones and personal vehicular
equipment), and those that concern GMs (such as tech paradigms and alternative vehicular tech-
nologies).

USING GURPS VERICLES

What can you do with GURPS Vehicles? That depends on the worldbook you use it with
Obwiously, il can be used as a source for vehicles and vehicle combar for historical, fantasy, mod-
erm-day or futuristic adventures. In addition:

GURPS Time Travel

When characters are adventuring in the past. the GM can use this book to create period trans-
portation, Furthermore, using the Basic Sef rules for building up tech levels, characters siranded
in an earlier time can iry to construct their own non-hisiorical vehicles. As well, the rules for
“parachromic conveyers” (p. 40] are suitable for use in GURPS Time Travel's Infinite Worlds
background.

GURPS Magic

The GM can use Vehicles 1w create exotic enchanted craft such as demonic war machings
powered by soulburmers, flving ships drawn by gryphons or boats rowed by zombie oarsmen,

In & modern-day “mana-punk” campaign, or & weird science one like GURPS 10U, spell-
powered motorhikes and auros can be easily created wsing these rules,

GURPS Espionage

What’s an espionage game without car chases and exotic vehicles? These rules allow the
dezign of “spymobiles" with everything from mutable icense plates to oil jets,

VEHICLES N THE CAMPRIGN H——>



GURPS Space and Cyberpunk
Wha knows what vehicles will be built in the future” This book lets you answer that question
for your own campaign, creating anything from spaceships to anti-grav cycles,

GURPS Supers

Gadgeteers can use these rules to build personalized super-vehicles with a wide array of exot-
ic abilities. When it comes time for your super to face down a tank or a fighter plane, youll find
full rules for designing and fighting them.

GURPS Robots

The new Vehicler system is compatible with GURPS Robats, and gadgets and rules from
both can be freely used with either. See the sidebar on p. 201 for notes on this.

gl

HCOUIRING VEHICLES

This section deals wath buyving, building and purchasing vehicles.

Other Production Costs

At TL6 and up, the base price of vehicles assumes they are built from pre-existing blucprints
and mass-produced in a factory. This does not apply © all vehicles, however:

A lipived-production vehicle is not built on a mass-production line. In many cases, demand
does not warrant the expense of setting up a mass-production line, so vehicles are built individual
ly. Examples include some luxury limousines and yachts, most racing vehicles, and many large
ships, Double the vehicle’s cosi, although the GM may adjust the price further upward if demand
exceads supply,

A feme-Budle vehicle is constructed by the purchaser from existing hiueprinis or a kit Since
the PCs are doing the labor, they only have to pay for parts; the cost is usually 209 of the base
cost. For the time required, see Building Vehicles, below

A protorype vehicle is a new design, Sec Building Vehicles for details on how to create now
designs and build prototypes.

Getting Vehicles Cheap

There are various ways (o get a vehicle at less than its listed price, Some options;

Loagns: In any civilized culture from ancient Rome 1o the far future, bank or credit financing is
usually available o let people purchase commercial vehicles, & typical scheme may be a down
payment of 10-209% the base price, then monthly payments of 1% for 12 years, or 2% for 6 vears.
Thiz assumes a reliable credit risk — preliminary credit checks of some sort are usual 1o determine
if the buyer is reliable. Typical adventurers or “just starting out”™ merchants may have to make o
larger down payment, or pay more interest — meaning the monthly payments mayv be 2-4 tmes as
high! Tracing people who default on vehicle loans is often a lucrative business.

Ulsed Vehicles: Used vehicles, weapons or equipment are often available. Besides private vehi-
eles, a large portion of the world's arms sales are in reconditioned equipment. Availability is up to
the GM. Typically, used prices are 10% to 50% of list, depending on guality and obsolescence: the
low end is likely to be damaged, malfunction prone or one TL obgolete. A vehicle can also be built
with a mix of new and old equipment: dscide which components are “used” and reduce the vehi-
cle’s cost appropriately by deducting a percentage of that component’s cost from the total,

Making Lemons (Continued)

Linsiable Reduce SR by 1, (This is very
comimon in air and water vehicles.)

Viulnerable Fuel Tanks: Tanks are poorly
placed in the vehicle, Add +1 to the chance of
any fire stanting,

Shoddy Armar: Due w poor quality con-
trol on the armor, redwce DR by 0% (mini-
mum DR [} on one or mone sides of the vehi-
cle,

FPoor Handfing.: Impose a -1 penalty on all
conirol rolls,

Slow. The vehicle's speed is disappoini-
ing. Subiract I0F6-20% from its top speed.

Restricted Visibility: The velcle opera-
o' wision is totally obscured in one o mone
directions (usually w the rear).

Malfurcrion-Prone Weapons: Drop the
Malf. number of weapons by one step, e.g.,
from Ver, to Crit or from Crit. to 16, Oy
decide the fir'm.g_ of a weapon has a 1 in &
chance of causing vibration or overheating
that disables another fragile sysiem,

Inferior Sensors: One or more sensos
have their Scan redeced by 1d4/2 points,

Temperamenial Eleciranics: An electronic
system (e.g., inertial navigation syseem, com-
puter, radar, eic.) is very sensitive. On any
given day, roll Id, On a 1-2 i’z “down’ and
just won't work without several hours of rin-
kering

High Siall Speed: This applies only to
vehicles with wings, or i auigynos, Add 10-
3% to the velncle's stall speed.

Failure-Prone Power Plant: The power
plant has o tendency o fail under stress, Any
time the vehicle atempts a mancuver that is
greater than its MR, roll 1d. On a 6, the power
plant dies (is effectively disabled) for 3d see-
ands,

dtructiral Weakness: Reduce HT by 1d.

Very Unstabie: Reduce SR by 2 (mini-
murmn 5K ). Note that SR 0 means any failed
comfrol roll will lead to a crash table result!

Very Poor Handiing: Impose a -2 penaley
o all controd rolls,

Linsafe: & vital safety system (e, a fine
extinguisher or ejection seat} has a 50%
chance of not working when used, or fuel
tunk Fire number is increased

Leaks: Watercrafi takes in 1d Ibs. of water
pier 1O [he. of flotation per bour a1 sea, or a
sealed hull loses mtegrity after 3d hours in a
hoseile envirommesnt.

Sricky Conrrols: Any lime the vehicle
attemps o exceed ity MR during a stressiul
sitwation. roll 1d On a 6, the controls freeze
up, and the vehicle's MR drops to (. Each
torm, rodl 1l ©3noa 1, the comtrods unfreeze.

Weak Srakes: Any time the vehicle
attempts to exceed its safe deceleration during
a strezsful situation, roll 1d. On a6, the brakes
fuil, halving the vehicle's safe deceleration
rating. Repar requires four hours.
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Black-Market Weapons

Muost of the weapons suitable for vehicles
are highly illegal: with the “Legality Class™
svstem used in some GURPS worldbooks,
every weapon in this book except water can
non, stunners, and oil jets would be Legality
0. and those exceptions would be Legality 1.
Moreover, some weapons are more illegal
than others: a black-market arms dealer will
sell a “Legahity " machine gun or anti-tank
rockel launcher al anything from S0% to
S0% the list price {depending o0 supply amd
demand), but finding a 105mm tank gun of
radar-homing air-to-air missile is mone diffi-
cult!

MAs i rule af thumb, any weapon weighing
150 Ihs, or less and costing under $350.000 s
likely to be available on the black marker
Anything heavier or more expensive is likely
to be available only to governmenis (or
mayhe government-sponsored mercenary
urdis) in all but the most anarchistie or liber-
tarian societies. Obsolete material is an excep-
fion: heavy weapons one or more TL old may
be available i limited guantities, although
finding ammunition, spare parls or operaling
manuals may be problematic,

Salvage

Salvage means removing 4 component
from one vehicle to sell or nstall in another
vehicle, A salvage attempt usually takes
one minuie per 100 Ibs, {or fraction there-
of ) the item weighs, and requires a skill roll
just like a repair anempt, but at +3, Success
silvages the item. Failure does 1d damage
o it

Salvage: I the PCs are building their own vehicle, the cost can be further reduced by usitig
salvaged components, If the PCs already have a source of parls {e.g., they are cannibalizing a
vehicle they own to build a new one} just subtract the cost of the parts that are transferced into it
from the cost of the vehicle. If they are looking for parts by rooting through junkyards, old battle-
fields, ewc., make a Scrounging roll and reduce the vehicle's parts cost by 109 % the amount it
succeeds by (maximum 50%). The GM may assign penalties to the roll if the vehicle's parts are
state-of-the-art, exotic or illegal components.

Stolen Vehicles: Stolen commercial vehicles are usually available at 1% to 5% of list price.
Finding a car fence in 2 modem city is fairly eagy: a Streetwise+2 roll is all that's needed. (A criti-
cal failure means the character meets an undercover cop.) At higher TLs, it may be just as casy 1o
find fences for futuristic craft like venol or contragrav fliers. Finding a source to provide stolen or
black-market military vehicles or wespons is more difficult. and should require an actual adven
ture rather than a die rofl,

Legal Considerations

Operating a vehicle in civilized areas is usually circumseribed by law. Roads have
speed limits and channel waffic in cermin directions; aircraft must file flight plans and
follow the directions of air traffic controllers, and so on, These laws will vary greatly by
era and region, and degree to which they are enforced: in ancient Home. no wheeled
transit was allowed in the city by daylight hours; in today's Rome, drivers do as they
please. Violating national borders in a vehicle may result in anything from a stern warn-
ng to & missile attack,

In populated regions, all but the simplest vehicles require a license to operate. GMs
cian probably assume that anyone without the Youth disadvantage and who has an
appropriate vehicle operation skill for a civilian-type vehicle also bas the license, This
may nol be true of characters who have dissdvantages like Dead Broke (if there is a
license fee!h or Zeroed. In addition, licenses are not always transferable berween coun-
trics, and sometimes not even between regions of the same country. Some vehicles may
he profibited (o all bat the military or government groups

Penalties for operating a vehicle without a licenss may range from a light fine o a
severe sentence. depending on the junsdiction. A character operating a vehicle withow
a bicense may also be suspected of having stolen the vehicle.

From TL4 on, commercial vehicle operators are often expected o have insurance,
and from TLT on, so are most owners of any kind of powered private vehicle, Insurance
premiums will amount w0 ar feast 2% of the vehicle's cost per vear. often higher, but
will be sufficient to pay for the vehicle if 1t 15 lost due to accidents, acts of god, or
crime. Insurance for commercial cargoes may cost extra, and may have to be amranged
on a per-trip basis, hased on the value of the goods carried.

Renting Vehicles

Civilian vehicles costing under 350,000 are usual available for rent: more expensive
vehicles may be chartered, which is similar, except that the vehicle comes with an oper
alor.

WVehicle rental typically costs about 0.1% of purchase price per day for rent and
insurance fees. Limousines or chartered eraft also requiring hiring the driver (and crew,
il any), which will substantially increase cost — see the Basie Set for rules on hiring.
TLT+ rental companics usually require the bormower's credit card number for security;

lower-TL remtals often require a deposit of at least 1% of the vehicle’s value
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BUILDING VEHICLES

Characters may wish 1o design their own vehicles, or have them built to order, Use the New
fnventions rules on p. BI86, with these changes. The skill required for most vehicles is
Engineering,

The conception roll is at -15 if the vehicle iz a truly new invention, or - 10 if it is simply a
varation on another vehicle (like a new model of car or airplane today). In the conception stape,
the player will design the vehicle using the vehicle construction rules, Failure at this stage
requires additional tries; critical fmlure means a flaw in the design (equivalent o a “flawed theo-
ry”) that escapes scrutiny — the designer shinks it's fine, but it's not! Success or critical failure
leads 10 the working model stage, giving a set of rough blueprints that can be used to build a pro-
tntype vehicle,

The working model roll is made with the same modifier as the conception roll. Assembling
the prototype requires approprate parts and machine tools, and a big enough workshop, dock or
hangar o hold the assembled vehicle. For each anempt, an amount of money must be spent equal
to the base price of the vehicle. This may be reduced by using salvage (see Salvage, p. 2000,

To build the working model requires a minimum of one week per 6,750 cof of vehicle sizge or
fraction thercof, roll at the end of that time. Lack of proper testing and work facilities will impose a
penalty, which is up to the GM: trying to build an early biplane aircraft in a TLO bicycle shop is per-
fectly possible (-1 to skill); building a jet fighter isn’t really feasible (-20, if the GM feels very kind),

As described on p. B187, a success creates a working model, a failure means more work is
needed {roll again in 1 week, regardless of vehicle size), while a critical failure causes an accident
of some sort and probably causes damage equal to the cost of pants and tools,

If the working model roll succeeds, the result is o usable vehicle: but unless it was a critical
success, the vehicle will probably have some non-fatal bugs in it Success by 3 or more means a
design with 1d/2 minor bugs. Success by only 0-2 means |d minor bugs and 1d/2 major bugs.

The (M should decide the nature of each bug. A minor bug is something that is annoying bui
not critical. A major bug is something potentially crippling, like the engine Failing whenever the
vohicle performs a high=-0 maneuver. See Making Lemons, p. 198, for examples

Once the protorype is built, a test pilot or crew should take it through its paces. During each
week of testing, the GM rolls secretly against the vehicle operator’s skill-3 {or the average skill-3,
if a test crew). A critical success finds all the remaining bugs. A success finds one bug, if any
remiin to be discovered; roll randomly. A failure means either that no minor bugs show up, or
that an unfixed major bug reveals itself by causing an sccident, A critical failure means that no
information is gained and the vehicle has an sccident, regardless of whether it has bugs; altcrmna-
tively, nothing untoward happens, but one bug is chosen that won't be detected by amy amount of
testing, and that bug will be camed into production!

If an accident resulis, the GM should come up with a problem {related to @ major bug, if the
vehicle has one). If NPCs are testing the prototype, decide how badly it was damaged and
whether they survived. If PCs are aboard, play out the result using the Vehicle Acrion and Combat
rules — a control roll may be needed to safely bring the vehicle home, a Mechanic roll could be
necessary 1o jury-rig repairs, bad weather may comphcate the situation, the GM may rule that the
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Fatigue and Magic

GMs may wish 10 use some of the lechno-
logical spells from GERPS Grimoire when
enchanting vehicles,

Energy Spells

The rules for fatigue in relation 10 Enengy
Spells given i GURPS Grimeire are incor-
rect, The actual relatnonship is:

I KEWh = 10 fatigue.

Fatigue stored in power cells =
(kW36 Fatigue stored in & paticular type
of power cell will vary by TL. At TLE it is;

A cell = 0.1 Fatigue.

B cell = 1 Farigue

C cell = 10 Fatigue,

[ cell = 100 Fatigue.

E cell = 1000 Fahgue.

Al gher TLs, increase TLE fabigue costs
by 50% per extra TL. Thus, a TL9 D cell
stores |50 Fabngue, a TL10 D cell stores 200
Fatigue, and =0 on

Ay well:

1 megawail = (approximakely) 2.8 fatigue
per second,

1000 horsepower = {approximately) 2
fatkzue per second.

These correctons will affect the examples
given for the Lend Power, Conduct Power
and Draw Power spells,

GURPS Robots and
GURPS Vehicles

The Robots design system s intended as a
simpler but more specialized version of the
Vekicles system. Designs using either book
can be freely used in the same campaign, bt
both books can be integrated 10 create more
complex machines, Here's how to build a
robot or cyborg using the combination:

Design Concepe: Start with p. RO7 fon
ideas on a robot design concept, Then flip 1o
Vehicles and use these rules to build the
robot, with the following alierations:

Weapons: At the point in the design
process where weaponry is added, also refer
1o Cowticect Weaponry and Jaws on p. RO20
and consider installing these close-combat
weapons, Note that a “head” in Robots 15 the
SME a8 a e

Ranged weapons can be drown from both
Vehicles snd Robats. Those in Robats (pp
ROZ22-24) have ammunition and power
included with the weapon: caleulate their vol-
wme based on this loaded weight rather than
using the empty weight. Do not install any
weapaens in the robot that require Ioaders!

Cartired or next page . . .
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GURPS Robots and
GURPS Vehicles (Continued)

Instruments and Elecironics: Al this stage
of the design process, refer 1o Robols and use
the Robor Braine (pp. RO9-11), Sensors {pp.
RODT-14) and Compmicators (pp. RO14-16)
rules o desipn these robol componenits rather
than using the equivaleni Vehicles rules for
computers, sensors and communicators, Place
them in body, superstruciure, wrret, amm, leg
or podd locations, IF building a cyborg, see p.
ROSG2 for cyborg installation rules.

Mucelfaneous Equiprment: 1T the robol has
arms, use the more detailed arm motor rules
on pp. ROI6-1T instead of those in Vehicles.
One arm motor musi be placed in each amm.
In addition to the miscellaneous equipment
described i Vehidcles, any accessories from
Robots (pp. RO28-33) can be added 1o the
design as well.

Crew Poxitions: Nommally, the robot saill
be unmanned, bal crew positions (o give it a
manual contral option) or passenger capacity
can be added if desired.

Structure: Make sure the robot has the
robotic structure opticn !

Surfoce Fratwres: Afler other surface fea-
tures are added. refer 1o e Bioworpiics (pp.
RO43-45) and her Surface Fearnres (p.
ROM5) rubes and add any of these femurnes.

Stagistics and Perfermance: Calculate this
entirely using the Vehicles rufes, with the
excepdion of HT. Then go back and determine
the robot’s attributes wsing the rules on p.
RO, Then refer 1o p. ROS0 1o calcilate the
point cost of the robol s movement Capabili-
ties and its model point cost,

FPrograms and Characlers: Refer to
Robots, Chapters 2 and 5. for rules on pro-
gramaning the brain and the robot as & charac-
BT,

Combat and Actions: If a vehicle with a
robotic brain is involved, feel free 1o use
either the Robots rules or the much more
complexr rules in Vehicles, If the laner, we
suggest adding these sections from Rebors:
Eobors with Multipde Arms (p. RO93), Melee
and Close Combay {p. RO%6), Dodging (p.
RO%6, used instesd of normal Dodge rules
while under robot hrain control), cher
Hazards and Robote (p. ROST), Damaged
angd Destroved Brains (p. ROYR), Shock,
Knovkback and Stunmag (p. RO, Repoirs
oy Roabol Rvging I'I"l. ROO9 and Robor £ ritical
Hits (pp. RO- 100,

Vehicle and Robot Differences

Here's a list of the major simplifications
maide in Robots and how they cormespond 1o
the more detatled Velieles design svstem:

Power and Propulsion. Robot drivetrain,
aquatic propulsion and power plant systems
are the same as equivalent vehicle sysiems
bt without access spuce.

Continued on wext page

wehicle is out of control, on fire, lost. etc. Failing to successfully deal with the problem may result
in a collision, crash, explosion, being stranded in the wilderness or any other consequences the
GM thinks fit the circumstances,

For each bug that shows up in testing, the design team can decide whether to fix it or to try to
accept it. Fixing it requires a redesign of part of the vehicle, This takes one week and an
Engineering roll, at -3 if a minor bug or -6 if a8 major bug. [t costz 1% of the cost of the vehicle
(minor} or 5% (majorh, Success fixes the bug; critical success does so and halves the cost. Failure
means another by 15 required (taking an extra week and more money). while critical failure means
the bug can’t be fixed, or worse, the designer shinks its fixed when it isn't (or the fix causes anoth-
er, unknown problem).

Testing and guality control can continue until the design team is satisfied or gives up!

Hiring Other People

The rules above apply mostly to fictional, inventor-type gadgetesrs. IF the characters go 1o an
ordinary corporation and want to order a custom-built design, the conceprion time is ten times as
long (rell every ten days), the workshop time takes a minimum of six months, regardless of how
long it would actually take, and everything costs ten times as much. The GM will have (o decide
how skilled the corporation’s designers arc, but unless it"s a fly-by-night outfit, a skill of 14 o 20
is likely.

Production

Once a working model is buili, no die roll 15 required to build a copy of it however, it still
takes one week per 6,750 of (or fraction) of vehicle size to build a copy. For a rush job, doubling
the price will halve the time, and tripling the price will cut the time to 1L/3. Quadrupling the price
will cut the time o one-quarter, but getting NPC workers to de a job that quickly will usaally
requite a reaction roll of YVery Good or better.

The cost of each production vehicle is 209 of the list price for pars alone, or 1009 of the list
price including labor.

Maxs Production; This option is available at TLA+. Setting up a mass-production line costs 20
times the list price of the vehicle. (It also takes up space equal o 100 x the volume of the vehicle.)
Esch line can turn out one vehicle in one-seventh the time it took 1o build a prototype, The cost is
20k of the list price for parts or 504 of the list price including labor, Note that this saving is usu-
ally kept by the company as profit.

Refitting

Cost of refitting new components into an cxisting vehicle is the cost of the eyuipment, plus an
extra 30% for the modification job, There must be empty space available, or components that can
be removed to make room. Characters with access to a workshop of the appropriate size and
sophistication can make skill rolls (wsuvally against Mechanic, Armoury or Electronics Operation,
as appropriate) w install equipment withowt paying the exima 30%. However, a failure may result
i a faulry insmllation, and a eritical failure will damage other vehicle parts in the process.
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SUPER-VEHICLES

GURPS Supers GMs may allow characters to purchase ultra-tech or heavily-armed vehicles
as padgets. When using the gadget-purchasing miles to buy large vehicles, the GM can decide that
individual components count as separate gadgets, If a PC wants a sports car, he just has to pay the
cash and buy the car, If he wants to use his gadgeteer abilities to modify it with o TL9 MHD tur-
bine power plant, TL10 armor and a TLS Gatling laser under the hood. these count as three gad-
eets, each of which should be researched and paid for separataly.

A super vehicle can have special powers, Imagine a demonic motoreycle with Shadow Form
arl Body of Fire, or an Elizabethan galleon with Flight! Particularly in-genre are Body of Air,
Body of Fire, Bouncing, Clinging. Chameleon, Insubstantiality, Invisibility, Flight, Hyperflight,
Matter Surfing, Regeneration, Shrinking, Super Jump, Tunneling, Unaging and Walk (drive) on
Air or Liguid. At the GM's option, vehicles can also have disadvantages 1o pay off their advan-
tages, e.g. Terminally Il (it's going to break down soon), Enemy (someone wanis it hack) or
Weirdness Magnet. The source of a vehicle’s powers may be some weird gadget built intoe it, an
enchantment, or the same odd processes that produce superheroes ("Afler a tire was bitten by a
radioactive hare, the ordinary ¥'W Rabbit mutated into Fluffy the Bouncing Bunnymaobile,™).

ENCHANTED VEHILES

The GM will have to arbitrate the exact effects of spells cast on vehicles, For most Regulas
spells, it will be important to know how many “hexes” a vehicle takes up. Since a "hex™ is a 37
circle, and magical effects are assumed o extend 4 vards (12°) up (as per p. M11), each “hex”
corresponds to a volume of reughly 85 of. 50 w place a regular spell on a vehicle, determing its
“size in hexes™ by dividing its volume in of by 85, then multiply the spell’s fatigue cost by the
guotient. The same multipher is applied to the enerpy cost of enchantments. When the cost of o
spell or enchantment depends on weight, simply use the vehicle's loaded weight,

Example 1 To enchant a 200-ct subcompact car with Walk on Air (500 enerpy; see p. M35)
would cost (H00ES) « 500 = 1176 energy.

Example 2. To enchant a 500-1b. motercycle with Invisibility (300 energy per 50 lbs.; see p.
MAET would cost (SO0500 = 500 = 5000 energy.

The energy cost (o activate a vehicular enchantment is normally paid by the vehicle operator,
a Power enchantment or a dedicated Powerstone. Aliernatively, the vehicle can be enchanted with
Draw Power {(p. G101} and powered by conventional power sapplies (see p. 201 to convert k'Ws
to Fatigue).

For armor enchaniments, multiply the energy cost by (surface area being armored/25). When
cast on vehicle locations with DR 20 or more armor, the Fortify spell will increase DR on a per-
centage basis instead of adding a flat bonus: 50 energy gives +5%, 200 gives +10%, 800 gives
+15%, 3000 gives +20% and 8,000 gives +25%.

GURPS Robots and
GURPS Vehicles (Continued)

Wheels and Wheeled Drivetraing: Robot
wheels are the same as vehicle off-road wheels
with all-wieel drive.

Rorors and Helicopter Driverraing: The
ol systems are all coaxial (CAR) drivetraing
and rotors,

Fuel Tarks: The 1anks inclwded in Robods
have been semplified by combining the weighe
of the tink and fuel and slao |'|}' |'::l||r||,|ir|g of T the
weight of hydrogen fuel.

Jers and Rockets. Chemical rockets in
Robots are simplifications of more complex
designs n Vehicles, Use the Robois rockets in
Vehicies if desired!

Wings. Robol wings are the same us “stan-
dard™ vehicle wings,

Siruciure: Robot stuciures have the "robot-
ie" straciure option budlt i, which is why they
cosl twice as much!

Armor- The robot armer types are identical
to the “advanced” Velticles versions.

Camenflage and Threar Privection: Robot
stealth and IR cloaking are identical o the
“basic” Velicles versions.

Senzor Seans: Radars, ladars, sonars, vadars
and scanners in Robots doa't have a Scan rating,
To wse the advanced sensor rales with them,
determine their Scan rabing by referring fo the
table on p. 52,

Flotation and Warer Speed: The Vehicles
males use a more realistc system, betier suited 1w
larger craft. If desired, this more complex sys-
tem can be adopted for robots buil entirely with
Robeis rules. Just find the aquatic modve thrast
as given in Velicles and then use the Warer
Ferformance section of the Vekicles rules m
recilculate the flotation and top speed statstics.

Empry Weighe, Accelerarion, Deceleration,
MR, SR, (h-Road: These stats do not appear in
Eobors. Calculate them for robots asing the
Vehicley guidelines. Or continue using the zim-
plified mules beginning on p, RO,

Personal Equipment

Some items uselul for vehicle crews:

Life Jecket (TLAY. An mllatable life jacket
prevents a person from drowning, bul cuis
swimming Move in half, Laws often require
watercrafl 1 carry enoigh life packets for crew
and passengers. 6 Ibs,, 02 of if stowed. $10 af
TLb-, 550 at TL7+

Farachute {TLA) These become available
after World War L They are used when people
beadl out of aircraft (see p, B4%), They are nor-
mally worn by military sircraft crew who do ol
have ejection seats and by panatreopers. Trying
1o et out of an airceaft akes 25-0DX seconds if a
persen isn't i an open or external seal. Once
oul, a person will normally fall for at least B0
yards befors the chute can open and significan-
Iy slow bus fall. A parachutiss will then descend
an approximately 5 yards per second, drifting
with the wind until he reaches the ground. An
apen parschute is +4 to hit and has 50 hit points,
but can only be damaged by proximity explo-
sions of lamethrowers. 3 hs, 1.5 cf. $100 at
TLé, 400 m TL74. Weight and price includes
harmess, main <hute wnd one reserve chuie,

Constistiied on nexd page .
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Personal Equipment
(Continued)

Contragrav Chure (TL12): This is a contra-
gravily device that cancels 99% of weight,
allowing the wearer o dnfit pently down. It 15
very casy (o use (+4 oo Parachuting skilly. 20
Ibs., 32,500, Sec p. UT116 for details on its
operation.

Gr-Suit (TLT): This is a flight suit with a G-
meter linked io Madders filled with compressed
uir. They inflate 1o apply pressure to the lower
body and legs during high-0 maneuvers, pre-
venting blood from retreating from the brain,
This halves the felt G-forces experienced by the
wearer, although it has no effect on the aciual
G-force of the maneuver. A& G-suit’s capabilities
can also be added to a vacc suit or any kind of
Fuli-boudy armaor. 10 lha_, $1.000.

Parsable Fire Extinguizsher (TLAE A chemi-
cal extinguisher, A character using it can put out
fires {sce Fire and Explosion, p. 184) as if using
a vehicular fire extinguisher, but at -2 (o success.
It can spray for 20 seconds before needing a
refill. 20 Ihs., 2 of, $30 at TL6, $150 at TL7+.

Shyhook Harness (TLT): This is the most
common means of “no-landing extraction™
{using an aircrafi o pick up things on the ground
without landing). It consists of 4 hamess wom
v a person or attached to a bundle of cargo, a
prepackaged, one-use belium balloon and a long
coil of cable. One end of the cable s atached to
the balloon, the other to the wearer's harness.
The balloon inflates and bobs up to o height of
2I0-306) yards, carrying the cable with it, The
cable can then be snagged by an aircraft with a
skyhook (p. 67). The procedure is very simple,
and requires a roll against No-Landing
Extraction skill (p. B243) at +5, or against 10-1,
The harness is 40 |bs., (L8 of and S0

Vace Suit (TLT): A space suil, protecting, the
wearer against vacuum, unbreathable atmos-
pheres, extreme icmperaiures and so on. A typi-
cal vace suit takes o minute o put on (only 5
seconds w don the helmet if the rest of the suit s
already om). It contains 5 minutes of air, and s
PI3 (3, DR 1 {the helmet is tougher, with PD 2,
[OR 3). Real-workd, TL.7 suits are costomized o
medivadual astrommuts, and cost hundreds of thou-
sands of dollurs each. & “mass-produced,” TLE
vace suil is 51,000, 10 ks cost (bl pol werght)
halves af TLY and again at TL I+, See pp. 549
and LIT25 for details

Air Tanks (TLT): Vace swits and diving gear
wre often wom with an air tank. A basic 12-howr
tank s 36.5 Ibs, and S400, Alternatively, a more
sophisticated system wsing some recycling can
be purchased - use the rules for limited lifesys-
tems {p. 77 1o determne weight and cost.

R TR S o e T P s L e S SV O RS
VEHICLE QUALITY - CHERP, FINE AND VERY FINE VEHICLES

An entire vehicle may be defined as being “cheaply made,” at one-half cost. This gives a per-
manent -1 HT, and means that meice the vehicle's unmodified cost is used when calculating main-
fenance interval (see p. 146).

An entire vehicle may also be defined as being “finely made,” for 4 x cost. This gives a per-
manent +1 HT, and means that only one-guarter the unmaodified cost of the vehicle is used when
calculating maintenance mberval,

Finally, at 20 » cost, an entire vehicle may be “very finely made,” which gives +2 HT and
means that only 120 unmaodified cost is used when calculating maintenance interval!

CAMPAIGN TECHNOLOGY

Most of this book is about vehicle design and the availability of various technologies at differ-
ent tech levels. However, the concept of a “tech level” is primarily a convenience that relates to
Earth history and the standard GURPS Space future. The GM should feel free 1o reassign tech-
mologies to tech levels to suit the campaign he is running. For example:

Hard Science

In this background, a lot of the props of space opera become unavailable, since they violate
what appear o be fundemental laws of physics (such as the conservation of energy!)h. In a hard-
science campaign, the GM should consider banning some or all of these echnologies: reactionless
thrusters, hypendrives, jump drives and warp drives; gravity-manipulation technology, including
contragravity, deflectors, antificial gravity, grav compensators, gravity webs, gravitic guns, tracior
and pressor beams, and gravity beams; force screens; psionic and magical technology; teleporta-
tion, time travel, stasis fields and dimension ravel; all FTL technology: nuclear dampers: disinte-
grator and displacer weapons.

Anachronistic Fantasy

In this sort of campaign, pre-Industrial and Renaissance gadgeteers or “techno-mages” are
capable of building strangely sophisticated vehicles, such as metal riding beasts and muscle- or
magically-powerad winged flyers. While the overall TL will be 2-4, certain devices appear at this
TL that would not otherwise appear, including: serial sails; omithopier dnvetrains, leg driveirains
and arm motors (all at double TLT weight, cost and volume); hot air lifting gas; and turret, leg,
wrm, gasbag and wing subassemblics. Magical power plants may also be available,

Feel free to add 1o the list of allowable anachronisms bul remember — this is not a serious
assessment of the difficulties of making primitive vehicles! The devices suggested are chosen for
their period appeal, not their feasibility, which is why omithoplers are available at TL2-4 but heli-
copters are not. These rules are intended, for example, to ler a madeap Renaissance techno-mage
build a giant mechanical riding bird, not w add machine guns and jet fighters to fantasy werlds,

nk

In this type of campaign, the overall technology is lute TLS, but the mechanical visions of
H.G. Wells and Jules Vemne have come to life. These higher-tech devices should be available:
omithopter drivetraing, leg drivetraing and arm motors (all at douhle TLT weight, cost and vol-
ume); leg, arm, dand wing subassemblies: and time machines.

Cyberpunk

In “cyberpunk” campaigns with an otherwise peneral TL of & these systems may be available
at the GM’s option: any newral interface device, sentient compulers, biomechanical structures, liv-
ing metal structures,

VEHICLES IN THE CANPAIGN (>
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The following works may provide useful information or
inspiration for designing vehicles:

o, Qo

VEHICLES AND VEHICULAR TECHNDLOGY

Aviation Week and Space Technelogy magazine,

Britannica staff, New Encyclopedia Britannica (Britannica
Inc., 1990),

Clancy, Tom. Armored Cavalry (Berkeley, 1994),

Clancy, Tom. Fighter Wing (Berkeley, 1993).

Clancy, Tom, Submarine {Berkeley, 1995),

Dodds, James and Moore, James. Building ithe Wooden
Fighting Ship (Facts on File, 1984).

Friedman, Norman. Battleskip Design and Development,
dH5-1945 (Naval Institute Press).

Gunston, Bill. Future Fighters and Combar Aircraft
(ArcofSalamander, 1984).

Ing, Dean. Firefight 20000 (Baen, 1987).

Jane's series, ranging from Fighting Ships to Freight
Containers (Jane's Publishing, annual).

Macaulay, David. The Way Things Work (Houghton Mifflin,
198H).

Mallove, E. and Matloff, G. The Starflipht Handbook
(Wiley, 1989).

Mitchell, B.M. The International Encyclopedia of Aircraft
tAernspace Publishing, 1991).

Ogorkiewicz, R, Armored Forces (Arco, 1970).

Popular Mechanics magazine.

Richardson, Doug, Elecrronic Warfare
Hall/Salamander, 1985).

(Prentice

WERPONS AND WARFARE

Chant, Christopher. How Weapons Work (Henry Regnery
Co., 1976).

Brassey's Bartlefield Weapon Systems and Technology series
{Brassey's, |981).

Brimmicombe-Wood, Lee, Colonial Marines Technical
Mariual (Boxtree, 1995).

Chadwick, Frank, Gulf War Factbook (GDW, 1991).

Driagram Group. Weapons (St Martin’s Press, 1980,

Dunnigan, James. Diery Litle Secrets (QuillMorrow, 1992).

Dunnigan, James. How ro Make War (Mormow, 1982).

Freidman, Norman. Warld Naval Weapon Svstems (Maval
Institute Press).

Frere-Cook, Gervis and Macksey, Kenneth. Guiness Book of
Sea Warfare (Guiness Superlatives, 1973),

Jane’s staff. fane's Weapons Sysrems (Jane’s Publishing,
annual),

Keegan, John, The Price of Admiralry (Viking, 1989),

Spick, Mike. Modern Fighter Combar ( ArcofSalamander,
1987

BAMING

Chadwick, Frank. Fronclads and Ether Flyers (GDW,
15490,

Chadwick, Frank and Nielson, Dave. Fire, Fusion and Steel
{GDW, 1993),

Chadwick, Frank. Striker (GDW, 1951),

Jackson, Steve. Ogre Miniatures (Steve lackson Games).

Jackson, Steve and Irby, Chad. Car Wars Compendium
(Steve Jackson Games, 1989),

Sheeley, Craig. Uncle Al's Catalog from Hell (Steve
Jackson Games).

Ol ®
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Abbreviatons, 4; vehicle, 1349,

Acceleration, |45-1d6; aerial, 135, and
ackiam, 149 j{h’mnr.f. 1290: Kpace,
136 widerwarer, 133, warer, 131

Access, vehicle, 14, 63-T0.

Accommaodations, 76-T7.

Accuracy, beam weapons, 126, gunr,
105; mechamcal arillery, 99, worpe-
do amd maizside, 1200,

Actions, crew, [4B-149; requence of,
145 vebicle, 143-167,

Aerial propellers, 33,

Aerinl stabiliey rating tzhle, 136,

Meroly namic lift, 7.

Aerostatic Lift, 12; sysrems, 40,

Afterbumers, 35,

Aircraft, fransport, samepile, 140

Airlock wahle, 69

Alrscrews, 33; rable, 33,

Alrships, bvdropen, 4,

Alriudes, figh, T,

Ammunition, 13, 98; daton. 102, 188;
beehive, 102, 176, 189; canister,
102, 176, 189; caseless, 110; chain-
chor, 176, 188; CHEM, 104-105;
depleted wramium (DL, 102; elec-
wrothermal, 111; explosons of. 1B
.rrpl'n!:ur. 114, 103; ?.l.j).l'nﬂ'ﬂr-c'n.-lﬂ-
cussion-class, 1903-191; flare,
194 guns, 110-113; hollow poim
fHP ) 102, 1RB; hyper-dense (HDG,
1002 in ecwihar, 10 kinedic-ener-
eyexplosive, 110 liguid propellant,
111; fow explogive (L£), 103, 190,
mudriple progectile, 110 needle, 102,
18R plasiic, 102, 188; plastic-cased,
110 sewmi-armer-percing explosive
[SAPLE, SAPHE], 43, 103, I},
shaped-charge-riass, 1o, 100, 195
charshell, 102, 176, 189 shrapnel,
102, 176, 188, special rules, 1ER-
197 iwperwire, 102, 188; reble_ 112:
water cannon, 113,

Amamanition, ermor-péercing: AP, 101,
188; APC, 188; APDEDL, |BR;
APDSHD, |B&; APDU. 1BE; APES.
DEDL, 1RE; APFSRSHED, 1BE;
APSHD, 188 compostie rigid
FAPCR], 100, 1RK: r.l'.i.sl.'a.-diﬁg sahot
(APDS). 101, 1B8; explosive
{APEX), 103, 191; fin pabilized dis-
carding sebot (APFSDE), 101, 188,
ircendiary (AP, 101, 188: zabated
(AFES) 101, 18E.

Ammunitbon, brsing-class: 1100 190
197, ol 107, 194 FASCAM, 107,
195 JCM, 106, 176, 192; napaim,
107, 194; SATNVE'C, 104, 176, 193
SHCM, 106, 176, 192 special rypes,
194-196; sravsheils, 107, 194; sub-
miinitions, 06107, 192-193; super
m'glrw.i'm. 107, 108 r.zngl'er.. 107, 195-
11y,

Aommunition, kigh explosive (HE); 103,
190; amri-tank (HEAT), 102, 191,
corcussion (HECH, 103, 190 depsh

charge (HEDN ), 108, 1913 ducd prar-
pose (HEDP), 104, 191; proximiry-
Jused (MHEFF), 103, 191; squash
head (HESH), W 191

Ammunition, kinetic-energy-class;
100-102, 110, 18R-18Y; mulriple
prajectiles, 189,

Ammunition types by class and TL
table, 111.

Animals, 29, 47, 14%, 156; harmessed,
pr'.np.;d.ﬂ'm. 0.

Antimatter, W explosions, |Bb; sror-
age rabie, 90,

Area iable, 18,

aorrn modors, 14, 55 rable, G5,

Mrmor, 17, 20-24; ablative, 227 and
explosive-type damage, 184; and
stope, 11; hioplas, 22; by focing,
Besic option, 23, by facing, compley
eariian, 23 Chobham, X2 O -
e, 20, compound. 24, Kevlar, 22,
locanon, 13; monocrystalline. 212;
ranorechnologicel, 22; menrigid, 1T,
24: nvion, 12t apeén frame, 23;
optional roles, 13, mverall, 21 PO,
24 reaceive, 92-93, reflex, 22;
selecting, 22

Armor divisor table, beam wrapons,
125.

Asms, 10, 11, [6; structeres and pod
vilumes, 16,

Artificial gravity units, 78-79.

Aspect table, for degfighis, 161,

Ammospheric pressure, cxreme. 166.

Adtoack rolks, 176-177.

Atacks, meler, 182,

Awdioviaual svsbErns, 13, 56: talle, 56,

Balloons, 10 kor alr, 40,

Barmrel length, 99

Bamels, extra gun. 107

Battlesuil systems, 80, 166, ar fow
peeds, 165,

Bays, anfimatter fuel. W0, hangar, 70-
Th: vehuche, T0; weapan, 46

Be=am WEAPOTIST 0Oy ferhie, 126
evelic rave, 124; FTL, 122; opions,
124; euarpiit. 124; tvpe and TL. 123-
124.

Beams, fractor, 14, 7.

Bearings, detection, 168,

Bands, 147.

Bicycling skill, 143

Bioconvertors, B6-H7,

Bioscanners, 54, ree adx
Mudiiscormaners

Biplane, 11,

Black powder smoke, 178,

Boating skill, 143,

Baody features, 10-11

Halu throswvers, 97, repeating, 7.

Baoinbing, 114-115.

Bombs, 113; antimatter, 108; carrying,
I 14; muicroauke, LK, V10 s,
118 statrshics, 114,

Bombsights, 58,

Bore size, 98, 113

Brakes, .:mprrl'rrrf. 21

Breakdowrs, 146; grownd vehicie, 147

Breechloaders, 99, 102, 103, 107, 122,
174,

Bridpes, vehicalar, 7.

Buildings, demaging, 160-167; design-
Ing, 167,

Bulldozers, 25, 94,

Bunkers, coal, BE; fuel, 88; wood, BE

Caleulations, 4

Campaigns, cyberpunk, 199 sspi-
onggpe, 198, magic, 198 robor, 199,
space, 1M, geampunk, 204; supers.
199: time travel, 198; veliicles in,
198-204.

Cannon, broadzides, 1TR.

Cannon-launched guided projectiles
(CLGP, 12,

Car, fumly, samyale. 140,

Cargo space, 14, 15, 16,

Catapulis, leunch, 67.

Chafl, 59; see also Ammurition, bursi-
FRgaclass

Chemscanness, 3d: 1ee  alio
Mulrizcanmers.

Collisions, 144, 157-160; other rules.
16 resulrs, 159,

Codbat, 175197 aeral, 18%- 1867 gud
arimunition, 1y amfi-aircraft, 1R5-
186; grownd, 185; madifiers, 177;
raval, 186-187; oprional rules, 182-
183 space, 187, wnderwater. and
detection, 186; vehicelar body, EE]

Commmumication sysiems, 13, 47-49.

Communicators, 47-4%: sergmblers,
40, rabie, 48.

Compartmentalization, 20, 167, 186;
and zimking, 155,

Components, V2 ard damepe, 185, 08
sifle, 183, losx of, 180; ruggedized,
27: table, 182; volume, 16,

Computer programs tahle, 63.

Computers, 13, 60-6d; romplevity, B,
6d; dabde, 615 fareeting, 38

Coacealment and stealth features, 24,
9197, table, B2,

Constams, 4.

Contsct area tabls, 130

Contragravity generators, 12, 38 41
rable, 41

Control, foss of in the air, 151 in the
wepher, 150¢ on the Iqrrmnd. fAa-150:
wrderwater, 151,

Controd roll modifiers: dad visibilicy,
151 in the warer. 132 in the air,
152; on whe gromed, 151

Comtrol rells, 148; foded, 178 faifing,
148; for afrskips and large waier
crafi, 16%; hazard, 148, 138, knock-
Dered, 181.

Comversions. 84: metric. 4

Converhble Lo, L L

Conveyers, parackronie, 40,

Cast, |27 heam weapans, 12T guws,
109; tawnckers, 122; mechanical
artitlery. 09 production, 199,

i SRS RS ERET U

Caost per shot (CP3Y, 13, gany, 108, for-
pecke and missife. | 18, mechanical
arrillery, |4,

Crimees, 6 wrecking, 67

Crashwebs, 79, 160,

Crew and passengers. 7 3-8,

Crew, mechanical arfilfery, 100,

Crew requirements, 75-To; lguid pro-
fectors, 114,

Crew stations, T3-T5, 148-14%9_ 180
rable, T5.

Crippling, 179180,

Critical hits, 1T6.

Crush depth, 133, 155,

Cube roos, 4, 18, 131, 138 sable, 135,

Dramage, 18, 179, advanced, system,
182; beam weapon, 125, 19%- 197,
aice r.|:||'. o rapﬂr.r.':.l'l'u-. tr.lrprdrl and
meexsile. 119 guns, 104, hazard
table, 148; mechanical arnillery, 94,
modifiers, for {0mun rounds, 181,
repairing, 147; special, torpede and
mrieile, 119 ro wheels with firer,
182 rur_m‘:.ru il mifesale, 118,

Dumage Resistance (DR}, 21.

Deceleration, [45-146; aerial. 136;
pround, |2, safe, and aciion, 149;
TP, L 37 weiderwater, 133; warer,
L 32,

Decks, flight, 94; pop, 25,94,

Defense factoms, GURPS Space, 135,

Defense, of vehicle ecoupanrs, 183,

Defensive surface features, 24, %2-93;
taile, 92,

Deflector fizlds, 25, 72, BT, 93,

Design, bean weapon, 123-127; check.
2 Foewes, major, |9 Raws, mimor,
198=199; degnechir, towrpredn and pris-
sife. 1132122 taunchers, 120-122
ligudd profeciov. 118=121; vekicle. §,

Dretection, [6H-174,

Driameter, missile and torpedo, 113,

Dhivet Time, 38, 1672

Estances, rntru_,lfrmd landing, 134

Docks, dry. T1: space. 71

Dodging, 147, 178

Dogfhights, 160164, v spocecrafi, 164
awver congeited arecs, 1hd.

DR, 24, 166; and callizions, 160, ber-
rer 10,

DR o [3F ahle, 135,

Deaft, 132 underivarer, 133.

Dreag, 35; aerodynamic, 10; sebmerped
Fpdrodvaamic, 132

Diwifis, 147,

Drives, jump, 39, 81, 137 releporia-
tican, 40, 137, teleporation, magioal,
¥ Wairp, 1q,

Drrivetrains, 31-32; flexibady, 19, 31;
helicopirer, 33; leg. 31; ormitheprer,
34 rracked, 315 wheeled. 11,

Urlt‘mg akall, 143144

Dinving throweh obstackes, 157, 166,

Ducted fans. 33: propellers, 32,

Dusting, 163,

Ejection, 161-162; rears, 161-162.



Electric contuct power table, 87

Electrormig guns, 21, 81, 09,

Electronic coundermeasures (ECM), 13,
59-60.

Electronsc sensing, 164-174,

Electronse warfare table, 50,

Emergency and medical equipment
tahle, 6.

Endurance, torpedo and missile, 119,

Energy hunks, &1, 87-RR; design rable,
BB,

Engines, internal combustion, 83-84;
Jer, A= fel, anid froer, HI-R1; mama,
B6; muscle, B2; nuclear pulse, 37,
arian, 3T, reaction, 34, BE; recker,
I e, B2-R3,

Entertainment facilities, 14, 68-69;
faffe, 69

Enviranmendal sysbems, FTI-TR- table,
TH.

Environments, extreme, 165-167.

Equipment, dirry tricks, 70; emergency,
14, 68 fuel frangfer, 71-T2 heavy,
14, 66-68; medical, 68, Th: miscella-
neous. B5-T2; personal, 203-204;
aufery, TR-H secariry, T

Exotic power planis table, BT,

Expanded speed/range table, 168,

Explosions, 106, 108, 182, 1B4=185,
L0, amiemenition, 1R6,

External features, 2d-29, 9196,

Extra tubes, for faunchers, 122,

Facings, 13, 145,

Falling, of fTulig vekdedes, 157,

Fatigue, 143, 158; and magic, 2001

Fighter-homber, VISTOL, sample, 142

Fire, 183 184-183

Fire direction centers, 58.

Fire extinguishers, 14, 65-66, 204,
Jogm, 111,

Fireperwer rtings, 9.

Flight, 41, 134, 155-157; lighter-thar-
air, |57; subasremblies, 7.

Flotation, effects af hvdrodyaaetic hulls
an, 11,

Fhotation hulls, 100

Flotation rstings, 10, 16, 26, 156,

Flying wings, 11,

Force field grids, 24, 93; nabie, 93,

Force screens, 25, 72, 87, 93] and
defeciion, 174,

Fractions, 4.

Frame strength, 18,

Fuel, 14, §1-90, KE-ME gecevsry Table,
T converiions, 84) lgidd, Mvpes,
900,

Fuel cells, 85; sabie, B5.

Fugl consumption, 35,

Fusl tunk shle, 89

Fug| transfer ecuapenent. 71-72,

Fusion air-rams, 13,

G-forces, and realism, 151, ralde, 147,

Gemodified HT Roll Table. 154,

Ci-seats, 79,

Gi-suies, 204,

Gadgeseers, 6, 202, 204

(s amd MHI turbines table. B4,

Clas, Iackew, 60, 104, 190, Eiieg, 75
lighter-than-air, 40; musnard, 105,
150 merve, 105, 191; persistent
nerve, 103, 191; paisan, 191 pris-
mirtic, Bl sleep, 105, 191 rear, 105,
191,

" Gasbag eavelopes. 10, 11, 20; and
areror, 13; weight and cost fable, 20,

Gutling guns, 107, weapons, 125,

Cieneralors, screon, 72,

CGleophones, 54, 168; madifiers, 173

GEWV, |2, 1B, skirts, 7,9, 11,

(ilobal positioning systern 57.

GLOC, 153-154, 162

MR and g5R uble, 129,

Grav compenzatons, B

Grav umit table, TE,

Cirawvity, ertificial, T8, arrificial. wmies,
TE-TO: extreme, 166,

Gravacanners, 54; modifiers, 173174,

Ground acceleration, 129 solbde, 129,

Cround drivetrain able, 31.

Ciroand effect skins, 17.

CGround pressure. | 305 rable, 130

Crround o= space flight. 164,

Guidance table, wrpedo and missle.
it

Cuidance, rorpedo and missile, 114,
118,

Cruided missales, in dogfiphic, 163,

Gun shields, 23.

Crunmer skill, specializanens. 175-176.

Gung skill, vprru'ar.l'.i;arl'am'. 176,

Guns: aecwracy table, 105; barrel
temgth. 102; design, 100-113; elec-
tric Gradling, 103; electromag, B,
10, 109 extra barrels. 103;
grawviric, 22,101; loading mecha-
miser, 102, madfemction table, 103;
marial repeater, 102 mechanical
Gatling, 103; power, 109 rate of
fire, 1OT, revalver, 103; rifled, 101;
shars, 110 smosathbore, 107 srap
wshew, LT srarisrics, 10G: Techrmlomng,
100 ; weight, 1.

GLURES Robots, and GURPS Vekicles,
2001 =203,

GLURPS Space, 34

Hall damage range, beam weapens,
125, guris. 108; mechanical artillery,
9B rorpedo and rasside, 1200

Halftrucks, 7, 11 17,

Hardpoinis, 23, 84-95,

Harness: shaft-amd-collar. 29; table,
29 whiffletree, 29, voke-and-pole,
0.

Harard control rolls, 148, 15R.

Headlights, 27, 49 .

Health, I,

Heavy equiprmen table, 67,

Helicopter drivetrain tahbe, 34,

Helicopter, wilire, sammle, 141,

Herticides, 105, 191

High-G maneuvers, and people, 153
155

Hit locataons, 177-182; rabfe, 177,

Hit pounis, 200, 16b; Aody [BHFL, 26,
<41

Hitches, 25, 95-96.

Haoloventure zoncs, 6%,

Howvercraft, 7,9,

Howverfans, %, 41

Howvering, 134,

HUDMWAL, 5K,

Hulls: coramaran, 16, kvdrodyaommic,
1=11. 16 submersabie. 16, 19 -
o, 16,

Hydrodynamic drag, 130-131,

Hydrofoils, 7.9, 17

Hyurojeis, 32

Hyperdrives, 39,81, 13T,

Hyperfans, 15,

Hyperspace, 51

Indirect Tire, 97, 98, 1T9-180; warh
CLEGP, 181

Inertial puidance systems, 57, 112,

Infrared sensor modifiers, 169-170,

Instruments and electronics, 47-64.

Instruments, miesical, 47.

Intercoms, imternal, 27.

Internal combustion engine table, 83,

Jamamers, radio, 59,

Jeep, vample, 130

let enpine table, 15

Kitty Hawk [sample wehicle), &, 7, &,
10 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 33, 34, 25, 26, 32, 33, 36, 40,
41,43, 4%, 50, 33, 54, 56, 60, 61, 62,
66, 73,74, 75,78, 81, 82, RS, B8, 89,
92,101, 103, 104, L, 107, 108,
110, 111, 128, 12%, 130, 131, 132,
134, 137-138, 147, 161

Knockhack, 151-1K2,

Laborataries, 66, T6; and worksfops,
14.

Laks and workshops table, 66,

Lackar, 51-52; modifiers. 171-171: tar-
weting, 58,

Ladders, extendalle, 66,

Landing nids, 71; rahle. 7).

Lasers, |23, Mue-green, 123; damaee,
1%6; rangefinders. 58; X-ray, 123,

Luuncher table, 44,

Lasmnchers, missiles und rovpedoes. 44.

Leaks, 199; in catreme environmeenis,
156-16T; _pmrfrmg_ 1567,

Legal restrictions, 200,

Leps, 7, 11,

Lemaons, |98-109.

Levitation, 12, 41; magic. 41.

Life support, 77, 161, 165, 166-167,
&0,

Lift, 26; conceling, 159 engpiner, 12;
funx, L2, fanc and engines, 40:
arnithoper, 34

Lifting beodies 11.

Lafting gas, 12, 180, 1232 rable, 40.

Light amplificatson, 50,

Lizhtsails, 11; table. 31

Line of sight (LOS), 168,

Links, 13, 45

Ligund oxygen (LOX), 71, 90,

Liquid progects, 1181215 KofF fafie,
121,

Loaders, 75; and BofF. i, ]?3;
euns, 109 louncher, 122,

Lack-on tble, 193,

Luoss of vehicle operator, 152, 155

Low-light TV, 50, 55.

Maparines, art-blast, 46 capaciy, D&

Magic. 86-87; and fatigwe. 200,

Magnetic anomaly detectors {MALD),
54, 169; modifiers, 172-173.

Magnetic levitation (mag-levi, 12, 38,
87 Tyt pable. 35,

Mugneto-hydrodynamic (MHD) tun
nels, 32; furdines, B4,

Magnificslion to visicn bonus table,
Aih

Maimtenance, 146,

Malfunction, beam weapons, 124;
LUHE, |ﬂ.’§: friec e el ar]n'f.-r}'. “;lﬁ;
porpeds gad missile, 118, rable, ror-
e ot missile, | LR,

Mlancuver coatroels, 73,

Manewver (i-force mhle, 147,

Muaneuver rutings, and acton, 150;
derial, 135 prowend, 129 pnderaa-
fer, 133 warer, 131-132.

Muneuvering, |46-14T: conrexrs, 161,

Munewvers, contrel rolls for, 148,

Maneuvers, iigh-¢, offects an people,
153- 155,

Mass. foaded, in oy, 26,

Maust and open mount weight and cost
1ahle, 20,

Muasts, 0, 11, 17, 30, 180: weight and
corat, 20,

Mazrnals, 18,

Maximum range, bearn weapons, 126

gung, 105, mechanical arvillery, 97-
100; and guns, 43; and guns rable,
4, sransiics, 98,

Mechanics, 75; firing, 147,

Metcorological mstruments, 27,

Mines, 115-116; carrving, 116, 118;
fard, 116-118; mavad, 115-116;
robat, | 1B sponing and remaving,
114,

Minesweeping. maval, 116

Mininwm range, mechanical artitfery,
9 porpedo and masside, 120,

Missiles, briffiant, 195; carrving forpe-
doexs, |12 Pum:rmrurrnr-gm'dﬂ.f.
192 devectimg, 197; evenic, ailities,
197; guided, 44, 192-193; homing,
L93-196; inerrial-guidance, 195;
optional rudes, 101-112 space-com-
hat, 112: Sprint. 44, submarine-
launched, 111 TV-guided, 192,
wngnicded, 1925 wire-guided, 192,

Modular sockets, T2

Muotive power or thrust, partial fosx of,
161 ratre. 181

Mative theost. gerial, 134; aguaric.,
131,

Belotorhoat, sample, 1400

Mlovoreycle, somple, 140-141.

Mitoreyele skill, 144,

Monors, forpedo and missile. 117,

Mountings, figh-angle, 45; special, 13,
45,

Mounts, raremate. 46 cvberslave, db;
door, 46 open, 15, 20, 23; universal,
45,

Movement, 145; fTving, 155-157;
ground, special, 152-154; off-road,
152-153; o warer, 154-155%; rail-
way, 154; speciad rales, 152-160;
under water, 154-155; vehicle,
advanced, 144=-152; vekicle, basic,
143-144.

Multiple projectile hit able, 190

Multiscanners, 54, 93, 167, 169: modi-
fiers. 174,

Muscle enginies, 82; fable, 82,

Muscle power, and foligne, 158

Muzzleloaders, 1002, 107, 122, 178,

Maviganen instruments, 13; svarems,
Sty sakle, 5K,

MBC kits, 77, 161,

Meural inferface enterainnient, 49,

Weunral interface systems, 13, b4; rabie,
L8

Muclear, antimatcer and EHASS-ETETE Y
comyversion power table, 86,

Muaclear dampers, 72; wable, 72, power
Hanr explosions, |86, weapony, 187

Dbstacles, dreving chrougk, 157 hir-
wing, 159,

Owcupancy. 75,

Ogre, 22,

Open mounts, 9,

Orion engine welgh table, 37

Urnithopder drivetrain table, 34

Ohhes sensors table, 54,

Paddle wheels, 32,

Pads, landing, 94,

Parachromic convevers, 40,

Paﬂ'}"lrlg. 174,

Passive Defense (PD), |TR,

Passive electromagnetic imaging sen-
sors, 53-54.

Passive electromagnetic sensor amay
(PESA). 50,

Payloads, torpede and missile, 117,
wseal fnternal, 25,

PL. higher, 11, rable, 24,

Performance. |28-138; aerial, 133;

A A RS |



evaluating, 27; grownd, 128-130;
hovereraft, 136, mag-lev, 136,
space, 136-137: submerged. 132
13%; warer, 130-132,

Periscopes. extendable sensor, 51,

Pesticades, 105, 191,

Piloaing skall, 1441435,

Plows, 25, 44,

Pods, @, 16, 34; cquipmeni, 95,

Power, 12, 81-90; beamed. 87; eleciric
contact. BT puns, 1089,

Power plants, 12,81, 82, 88; exortic, Bb-
7.

Power fequirement. beam weapons,
127,

Power systems, 14, 81-82,

Powerboan skill, 145,

Powered aquatic propulsion fable, 32

Prism, [ see alio Seoke, Gar,

Propulsion and lift systems, 28-41,

Propulsion systems, 12, 28-40, reble,
2K,

Prototypes, 201, 202,

Prowisions, 78

Psi-shielding, 92_

Paionic technology, 64,

Pumps, hilge. 14, 27, b6,

Pylons. 8,9, 12, 38,

Choarters, 76-TT; table, 77,

Radar, 51-52; modiffers, 171, parsive,
miodifiers, 170K table, 52, wargesing,
S8.

Radiation, 187; protecrion, 16T shield-
ing rable, 167,

Roadios, 47-49; jumening, 47,

Radscanners, 54:  see  alio
Mudritcanners,

Railguna. anechor, 9,

Ruilways, 38, 128; elecrrified, 27:
movement, 154; racks, 27; wheels.
1,56

Barnjels, 15

Ramnving, 144,

Rams, 15, 04,

Ranges, determining, i dogfights, 162;
wedpnnt, umderwerer, | B,

Range 1o scan whle, 52,

Rate of fire, 122 and logders, apiion,
178; heam weapoia, 127, guas, 107;
mechomical artillery, 99,

Reaction mass and fuel table, 90,

Reactionless thrusters, 3&; rale, 38,

Reactors, animaiter. 85-86; mase-con-
veratou, 85-R6; nuclear, 83-86.

Reality stabilizers, 72; nabie, 72,

Relitting, 202,

Repairs, 18, [46; ro damaged velicles,
i47

Retracting option, T, 10, 11,17,

Retractable wheels! skids, 16,

Reverse, 153,

Riding owlside vehicles, 153,

Rigging, 3L

Robot arma, 65.

Rocket engine table, 36,

Rockels, anrimartes pien, 36, antima-
ter thermal, 36 fissdan, 6 fusion,
36 figueid-fred chemical, 36; metal
ouide, M solid fuel, 37; solid fuel
chewrical, 36,

Rotors, 7.8, L1, 17, 19, 23: comoial
[CAR, TL7), %, 33, folding. 21:
ogariewns . T0; mulniple main, %, 33
top-and-rail, ¥, 33

Rounding. 4.

Roundship, sampde, 1349

Rowhonls, 4, M,

Rowers, T4,

Rowing, 29.30.

Rowing positions tahle, 30

Ruggedized companents, 12,

Salety belts, 27,

Safety systems table, 79,

Sails, 30, 75; aerial, 30; and wind. 158-
159,

Salvapge, 200,

Sample vehicles, 139-142,

Science, fard, 38, 204,

Seiemific sensors ble, 35,

Seout ship. sample. 142,

Screen generators, T2,

Serow propelers, 32,

Sealing, 24.

Searchlights, 49; infrared. 49; rabie,
44,

Seats, 12, 76C and sianding room hable,
Th.

Security and dirty iricks equipment
table, Tih,

Secunty cquipment, 70

Security systems and diny tricks, 14,

Self-hestract systems, Bovnb, 114,

Sensor rolls, 169-171.

Sensor scan table, 1T,

Sensors, 12, 13, 49, 53-54; and rarper-
ing, 171 indirect, 49, 168-16%;
Line-gf-Sight (LOS, 49, meteoro-
loglcal, 35; passive cleciromagneric,
33-34: remune, 35, scientific, 55.56;
signal srengif. 169 vitwal augmen-
fertiom, 44,

SEV, 12, 18k sidewalls, 7,9 11, 17.

ShiphandlingTL skill, 145.

Shock, 181-182,

Shots, beam weapons, 1277 guns, 110;
Tauncher, 122; mechamcal aritlery,
104,

Sidecars, 15, D6,

Sighting, 168-174.

Sights, hand-held weapomns, 127.

Silencers, 127,

Simplified cobe oot table, |33,

gﬂ-'lb:ll'l,gr 154, 180, 18T, wvesvely, ercap-
ing fremm, 187,

Size, approcimate, 169,

Suwe modifiers, 157-158, 163, 166, 193
rable, 26,

Skids, 7, 1L, L7, 38,

Skill, rwpede and missile, 119,

Skills, vehicle operanion, 143-145.

Skitracks, 7, 11. 17,

Skyhook hamesses, 67, 204,

Shipe, 10, L1, 15, 16, 24; effeers of, 21,

Shopes, of rervain, 153,

Smarwhaels, 21,

Smoke, 5%, 104, 190; kor, 104, 190;
black-powder, 1TH: prismatic
(priga), 104, 190; whire Phozphio-
rows, 104, 190,

Snap shols, beant weapons, 126; gy,
V0T Jauncher, 121; mechanical
artillery, 9% torpede and missile,
114,

Sawrels, B4

Sofrware, 6i-04,

Solar cells, 25, 96; rabie, %6,

Solid rocket tble, 17.

Sonar, 51-53; active, modifiers, 160;
fassive, madifters, 172 e, 53.

Sonohuoyi, 55

Sound hasrser, 159

Sound detectors, 54-55: fahle, 55,

Sound inlensily table, 55,

Space. grcess, 14-15: eargo, 14, 15;
empiy, 14, 15; roraion, 16,

Space travel, 164-165; advanced hex-
grid movement, 165

Space-to-ground flight. 164,

Spacedrives, 11, 36,

Speed, aerial fop, 134-135; change of
top, 150; FTL, 13V, ground, 128-
129 ooff-poad, 130; sil!, 133-134;
togr, and aciior, 130; torpede and
misxite, 119, underwarer rap, 133;
waier, 131,

Speed facior ble, 128

Spells, Engrgy, M1,

Spoofing, 170, 1T1-172, 194,

Sability, ground, 129,

Stabilivy ratings, aertal, 136 and
action, 1508 waderwater, 133; warer,
131-132.

Stabilization gear, 45; rable, 45,

Stabilizers, 13; roll, 21,

Stall speeds, &, 11, 12, 133-134, 156,

Stardrives, 310 jable. 39,

Statistics, 15-27; ammanition, 112;
Beam weapon, 124-127; combar, lig-
wid profectoes, 1019121 lowncher,
120-122; swisride wnd torpedo, 118-
120¢ recording vekicle, 137-134;
velicle, and acrion, 149-150; weight
and mass, 25-26.

Stealth features, 91-92; forpedo and
missile, 117,

Sieam engines, 82-83; rahie, K3,

Stewning, all-wheel, 21.

Swrage, vehicle, TD-T1.

Strafing, 185- 186,

Streamibiming, 9, 10, 11, 16, 19, 128,

Swructures, 18-20; homechanical, 18,
living meral, 1B; responsive, 18;
robotic, 18, special. 18; spn;'ria'!
opiinng, MI-21; wooden, 19,

Srunning, 181-182

Smnts, 147, 155-157,

Subassemblies, & 10 movive, 6-7, 179-
180 tracked menive, 7; fJight, 79,
struciural, 9-10.

Subrmarine lines, 11,

Subimariies, movement of 154-155.

Super strength, va. vehicles, 1HE- 1589,

Super-vehicles, 205,

Supersruciures, 9, 11,

Surface area, 17-18.

Surface features, 21-25, 34.25, 07147

Surfaces, elecirjfied, 93

Su;p-cnsmns, mmproved, H),

Tank, main banle, sampile, 141,

Tanks, fue!, BE-39.

Targeting systems, 13, 58-59; ralle, 59.

Targeis, illuminating, 196-197.

Teamster skill, 145.

Tech levels. 6.

Technology, campaiyn, 2K, psionic,
b seorer, 198,

Teleport projectors, 68-70.

Telescopes, S0, 55,

Tempermiures, exreme, 163,

TEMPEST equipment, 6.

Terminals, compuier, 62; rabie, 62

Terrain, 152-153,

Thermal and passive ¢lectromagnetic
sensors tahle, 54,

Thermal sensors, 53-54,

Thermaograph, 53; modiffers, 169-1700

Thrust bomb table, 37,

Till-rotors, 34,

Tires, 95; spevial, 25,

Tuoasting, 63,

Taorpedo and missile table, 44,

Torpedoes, 44; guided. 19, wrgnided,
15,

Towing, 95-9%6, 116; dippig sonar, 53,

Tracks, 7, 11, 17; jawoning, 181.

Travel, rouefine, 143,

Travel times with constant accoleration
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table, 165,

Turbines, gas, §4-85; MHD, E4-E5.

Turbo-rampets, 35,

Turbofans, 35,

Turbojets, 5.

Turrets, 9, L1 fdl rotanon, 13; Gmired
reation, 13; pop, 10, 11, 16 vol-
e, | =16,

Type. beam weapans, 124: rorpeds and
missile, 118

Typical DRs, 23,

Unguadesd missile accuracy table, 1200

Vectored thrust, 41, 156, 163,

Vehicle critical hit table, 184,

Vehicle stornge mble, 71.

Vehicle structure whle, 19,

Vehicles: access, 14, acquiring, 199-
200; black-marker, 200, buiiding,
200 =2002; characrers in, 144-145;
cheap, 1990200, design, 5; disabled,
Lad; magical, 203; manned, 14;
qualivy, 204; reaning, 204y srofen,
206, super, 203, unmanned, 14;
wred, 199,

Vertical takeoff with normal engines,
41.

Vision, aprional rale, 25,

Vision modifiers table, 174,

Vision, using semsar rules for, 173-
174,

Visual augmentation systems (VAS),
50; rabie, 50,

Valume, 12, 17; and siruciure, 15;
arnt, 16) hady, 16-17. component,
16; pasbag, 17; leg, 17: pod, 16;
mructure, 16 furret, 15 velicfe, aud
Size Modifters, 36, wing, 17,

Volurme per shot (WPS), 13; guns, 108;
iorpedo and mivsile, 117, mechani-
cued artiifery, 100,

Warheads, forpedo and missile, 114,

Warp drives, 51

Water cannon, 122,

Water vehicle featares, 10,

Waterproofing, 24.

Waterprooling and sealing table, 24.

Weapon accessones, 13, 45,

Weapon mount tahle, 46,

Weapan strength, 7.

Weapon type, gurs, 104 mechanical
artillery, 9B,

Weapons, 12,13, 42, 7. beam, 123-
127; builr-in, 12-13; concealed, 12,
damage. 196-197; Mack-market,
MMk cheap vehucular, 10, conrer-
weighe, 7, fine. 100; hand-keld,
123-126, 176; kand-held, acces-
sories, | 2T, meclear, 108, 187; real-
warlil. 47; spring-powered, 97, taci-
col and srategic mclear, 109-110;
tarsion-powered, 97, very fine, 100,

Weh, groniny, 9.

Weight, 12; beam weapons, 126,
empry, 25 launcher, 121 lnaded.
26 mechanieal artilfery, 99: inh-
mirged, and mass, 26,

Weight per shot (WFSL 13 guns, 108,
tarpede and micsile, 11T, meckani-
calf aettllery. 10

Wheelhlades, 25 %4

Wheelgunrds, 23,

Wheels, 7. 11, 17, 38; options, 21.

Whiplash, 160

Winches, Ho-67

Wings, 7. 8, 11, 1% folding, 21;
oprions, 21 variatie-aweep, 21, 160,

Womb seats. 160; mnks. 79,

Wood, 212 6 srractarer, 19

Workshogs, fé.



