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The Shu t t le /Cen taur  v e h i c l e  i s  be ing  developed as an expendable, c r yogen i c  

h i g h  energy upper s tage  f o r  use w i t h  t h e  Na t i ona l  Space T r a n s p o r t a t i o n  

System (NSTS). The s tage  i s  expected t o  meet t h e  demands o f  a  wide range 

o f  users  i n c l u d i n g ,  NASA, t h e  DOD, p r i v a t e  i n d u s t r y  and t h e  European Space 

Agency (ESA). The Shu t t le /Cen taur  w i l l  be a  m o d i f i c a t i o n  o f  t h e  h i g h l y  

success fu l  Centaur stage, used e x t e n s i v e l y  w i t h  t h e  A t l a s  and T i t a n  

boos te rs  s i n c e  1966 t o  launch p l ane ta r y ,  geosynchronous and e a r t h  s r b i t a l  

m iss ions  f o r  these  aforement ioned users.  Th i s  paper descr ibes  t h e  des ign  

changes r e q u i r e d  f o r  use w i t h  t h e  NSTS. These a re  p r i m a r i l y  r e l a t e d  t o :  

1)  tank  r e s i z i n g  t o  t a k e  advantage o f  t h e  o r b i t e r  pay load bay dimensions; 

2 )  p r o v i s i o n s  f o r  p h y s i c a l l y  adop t ing  Centaur t o  t h e  o r b i t e r ;  and, 3) 

accommodating s a f e t y  requi rements  o f  t h e  manned NSTS. The paper w i l l  a l s o  

desc r i be  t h e  expected performance c a p a b i l i t i e s  of two ve rs i ons  o f  t h e  

Shu t t le /Cen taur .  The i n i t i a l  ve rs ion ,  des ignated G-prime, i s  t h e  l a r g e r  

o f  t h e  two, w i t h  a  l e n g t h  of about 9.lm (30 f t . ) .  T h i s  v e h i c l e  w i l l  be  

used t o  launch t h e  G a l i l e o  and I n t e r n a t i o n a l  So la r  P o l a r  M iss ions  ( I S P M )  

t o  J u p i t e r  i n  May 1986. The G a l i l e o  t o  be launched f o r  NASA's J e t  

P ropu l s i on  Laboratory ,  w i l l  o r b i t  t h e  p l ane t ,  observe i t s  s a t e l l i t e s ,  and 

a  probe p o r t i o n  w i l l  separa te  and descend i n t o  t h e  Jov ian  atmosphere. The 

European Space Agency ISPM spacec ra f t  w i l l  use J u p i t e r ' s  mass t o  d e f l e c t  

i t s  t r a j e c t o r y  o u t  o f  t h e  e c l i p t i c  p lane  and ga ther  da ta  i n  t h e  sun p o l a r  

r eg ion .  



The second ve rs i on  of t h e  Shut t le /Centaur  des ignated t h e  G veh ic le ,  i s  

about 3.0m ( t e n  f t . )  s h o r t e r  than t h e  G-prime. Th i s  s h o r t e r  s tage a l s o  

takes advantage o f  t h e  o r b i t e r  4.6m (15 f t . )  diameter, b u t  maximizes t h e  

spacecra f t  l e n g t h  c a p a b i l i t y  i n  t h e  pay load bay t o  about 12.2m (40 ft.). 

I t  is  c u r r e n t l y  scheduled t o  launch payloads f o r  t h e  DOD, t h e  NASA Venus 

Radar Mapper and TDRSS Miss ions  i n  1988, and i s  expected t o  p r o v i d e  launch 

se rv i ces  w e l l  i n t o  t h e  1990's. 





LEWIS RESEARCH CENTERiCENTAUR ORGANIZATION 

Mr. A. J. Stsfan 

I 

AtlasICentaur 
W.H. Robbins 

kt. Coi. #.S. Files, 
J. W. Gibb, Deputy 

Space 
Transportation 

Engineering Division 
S.V. Smabo, Chief 

K.A. Adams, Deputy 

Figure 2 

Communications 



SHUTTLE/CENTAUR IMPLEMENTATION POLICY 

ShuttleiCentaur is a NASAIUSAF cooperative program 

@ Project management has been assigned to a joint NASAIUSAF 
project office at the NASA Lewis Research Center 

Funding is provided by both agencies 
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General 

@ Design 8 develop a high-energy upper stage 
For use with Space Transportation System 

@ Two versions will be developed 

s Performance 
- 10,000 Ib to geosynchronous orbit 
- 1 1,500 Ib to 12-hr orbit 

@ Accommodate a 40-ft payload in orbiterlbay 

Support two USAF missions 

NASA 

Performance 
- Meet interplanetary velocity requirements 

@ Accommodate a 30-ft payload 
r Support Galileo & ISPM missions in 1986 
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CENTAUR INTEGRATED SUPPORT SYSTEM 
MINIMIZES CHANGES TO SI3UTTLE 

radiation shield 

ada 

IMGIstar scanner 

Insulation blanket & 
radiation shield 

Centaur integrated 
support system (CISS) 
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CENTAUR CONFIGURATIONS 

J 30.4 f t  
available for 

1 soacecraft 

available for 
spacecraft 

L---- 1 5.0 f t ---1 
Centaur G 

Xo 947 

Forward adapter 

, Forward 
I 

170 In -- 
adapter 

- ! I  

, , 
&--- 15.0 f t  ------I 

Centaur G-prime 
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CENTAUR INTEGRATED SUPPORT SYSTEM 

Propellant disconnect panel 
ClSS electronics 

Deployment adapter 

Forward support 
Aft support system1 

Fluid services 
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CENTAUR AVIONICS 

IWERTIAL REFEAEWCE UllFl 

1 l iontrol 

Power aD  OD-pecul~ar 
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CBSS AVlONlCS SYSTEMS 
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TW 
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- Data 

a - Control 
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ABBREYSATIONS 
DlhaUTAL COMPUTER UN1T 
CONTROL UNIT 
COl+4BWOL OlSTAlEiUTlON UNlT ClSS PCM 
REMOTE MULTIPLEXER UNIT D O W N L l l K  

ELECT316CAl DISTRIBUTION UNIT 
BATVER'd 
PYROTIECHNiC INITIATOR CONTROL UNIT PlCU 
UPllHK DOWNLINK UNIT UDU 

F i g u r e  10 

22 



CENTAUR MAIN PROPULSION SYSTEM 

From pressure 
regulation system 

Centaur-6' Centaur-6 

P&W engine RL10A-3-3A RL10A-3-3B 
Mixture ratio 5: 1 6: 1 
Thrust 16,500 Ibf 15,000 Ibf 
ISP 446.4 sec 440.4 sec 
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CENTAUR VEHICLE MODIFICATIONS 
FOR SHUTTLE COMPATIBILITY 

New TDRSS-compatible 
S-band transmitter 
& RF system 

Added star scanner (optional) 

Dual failure-tolerant Forward adapter (composil:e 

armlsafe unit (DUFTAS) stub adapter) 

New 170-in. diameter 
tank cylindrical 
section 8 insulation 

New conical 
transition to LH2 tank 

New propellant dump systern 
Added cylindrical 
section to LO2 tank 

New aft adapter (composite skin) 
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ORBITER MODIFICATIONS 
FLUID CONNECT & OUTLET LOCATIONS 

Dump panel 
LH2 dump outlet 

Opposite side 
LO2 dump. LO2 

Midbody 1-0 (was T-4 
0 LH2 ground fill 8. 
* GH2 ground vent 

LH2 purge vent 

Opposite side o n - o r b i t  vent on 
LO2 ground t ~ l l  8. drain 

OMS 
dram 
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SIjUTTLE/CENTAUR LAUNCH OPERATIONS FLOW - ELS 
VPF - KSC 

CiGAFS SKID STRIP - ETR . FIUAI PI F A  

OR SPlF - ETR 
. .. . . . - - - - . . CEN'"""'P'"" 

* MATE SPACECRAI 

. 
HANGAR J - ETA , TANK 

IRUNL.I** 

:T TO CENTAUR 
c o m  v MULWSE MISSION '* % e COMBINE0 SVSTElni wrnrnoto~rmr s - FUNCTIONAL TESTING SUPPOAT iOUlPMENT 

SUPER - m - -  ,, IMMSEl CANISTER: 

GUPPY '-+a 
CX36A - ETR - SYSTEMS BUILDUP. LEAK CHECKS & 

FllMCTlONAL TESTING 
ING 6 TERMINAL 

COLlWTDOWN OEMONSTRATlON 
RECEIVING MsPEcTlon 
ClSS REFURBISH 

? 

ClSS REFURBISHMENT 
TO HANGAR J -. 

\ 
I 

SHUITLE LAWMWG 
FACILITY (SLF) - KSC 

LANWNG 5 ORBITER OPF - KSc 
BRELIIIUARY SAFING REMOVE ClSS FROM ORBITEA BAY 

11 1 7 - 3 7  11 TRANSPORTER 

/4-\ 
1 I l l 0  w 

k 6 x 3 9  LAUNCH PAD - KSC /- 
/ 

/ . COMBINED SYSTEMS 
/ C O M P ~ ~ ~ L ~ Y  T ~ S ~ W G  

/ FINAL SERVICING. 
/ l!'-z-l L-il TANKING 5 LAUNCH 

* MOVE ORBITER TO OPF a PREPARE CIS6 FOR TRAHSPOAT 
TO HAMGAR J I 
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FLIGHT OPERATIONS 

&?"I "":, Free 

t 

Ground Tracking 

Landing 
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SHUTTLE/GIF,NTAUR INTEGRATED SGHEDUXJE 

Centaur G-prime - NASA 

Centaur 8. Centaur lntegratlon S 
Structure (CISS) development 

Software - GSE development 

Centaur & CISS manufactur~ng 

Eastern Launch Slte 

Vehlcle processlng 

Vehlcle processlng 

Centaur G - DOD 

Centaur & Centaur lntegratlon Support 
Structure (CISS) development 

Software - GSE development 

A START V COMPLtTE 0 GOVERNMENT MILESTONE 0 GPC MILESTONE 
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INTERNATIONAL SOEAR POLAR MISSION (ISPM) 

@ Fits1 ever exploration far from ecliptic plane & sun polar region 
(out of ecliptic) 

Gravitational field of Jupiter used as "sling shot" 

@ Cooperative program with ESA (European Space Agency) 

@ Single launch using Shuttle & Centaur 

@ hfabghP of spacecraft: 350 kg 

Launch: May 1986 

Figure 17 

ISPM MISSION 
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PROJECT GALILEB WILL INVESTIGATE THE . . . 
compc 
~ i a n  sa 

Structure & physical dynamics of the Jovian 
magnetosphere 
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GALILEO 

ssition & physical states 
~tellites 

Chemical composition & physical state 
of Jupiter's atmosphere 
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