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ABSTRACT 

A near-term technology launch system i s  descr lbed i n  which Space 
S h u t t l e  main engines a re  used on a manned o r b i t e r  and a l s o  on t w i n  strap-on 
unmanned boosters. The o r b i t e r  i s  conf igured w i t h  a c i r c u l a r  body and 
c l i pped  d e l t a  wings. The t w i n  strap-on boosters have a c i r c u l a r  body and 
deployable ob l ique wings f o r  the  g l ideback recovery. The dry and gross 
weights o f  the  system, capable o f  d e l i v e r i n g  70 k l b  o f  cargo t o  o r b i t ,  a re  
compared w i t h  the  values f o r  the  cu r ren t  S h u t t l e  and a core v e h i c l e  w i t h  
hydrocarbon-fuel  ed boosters. 

INTRODUCTION 

I n  recent  conceptual design s tud ies  o f  launch veh ic les  (Ref. l ) ,  
emphasis has been p laced on reducing opera t iona l  complex i ty  by employing 
comnonal i ty i n  systems and prope l lan ts .  
has been conf igured  i n  which l i q u i d  oxygen, l i q u i d  hydrogen, and cu r ren t  
Space S h u t t l e  main engines a re  used i n  bo th  a manned core veh ic le  ( o r b i t i n g  
stage) and i t s  strap-on unmanned boosters. The p r i n c i p a l  o b j e c t i v e  o f  t h i s  
study was t o  i n v e s t i g a t e  the  s i z e  and performance o f  an al l-oxygen/hydrogen 
system us ing  f i x e d  numbers o f  S h u t t l e  main engines. A parametr ic  ana lys i s  
was conducted t o  determine the optimum number o f  engines i n  the  boosters  
and core v e h i c l e  i n  the  presence o f  vary ing  payload weights and volumes. 
The performance o f  the  r e s u l t i n g  veh ic les  was then compared w i t h  a recent  
s tudy i n  which an oxygenlhydrogen propu ls ion  subsystem was used i n  the  core 
veh ic le ,  b u t  a lower performing, h igher  dens i t y  hydrocarbon was used i n  the  
boosters.  

I n  t h i s  regard, a launch veh ic le  
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POST 
I x x ,  
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ABBREVIATIONS AND SYMBOLS 

C i r c u l a r  body veh ic le  RCS React ion c o n t r o l  system 
Gross 1 i f t o f f  weight  SRB S o l i d  Rocket booster  
G r a v i t a t i o n a l  constant,  32.2 f t / sec2  SSME Space S h u t t l e  Main Engine 
L i q u i d  oxygen TSLS Thrust  (Sealevel  s t a t i c )  
L i q u i d  hydrogen T/W Thrust - to-weight  r a t i o  
O r b i t a l  maneuver system 
Pay 1 oad 
Program t o  Optimize Simulated T r a j e c t o r i e s  

Iyy, I z z  moments o f  i n e r t i a  about x, y, and z axes, r e s p e c t i v e l y  
Ycg, Zcg, cen ter  o f  g r a v i t y  l oca t i ons  i n  x, y, and z d i r e c t i o n s  
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DESCRIPTION OF LAUNCH SYSTEM 

I n  the  c u r r e n t  study, the  launch system elements a r e  s i m i l a r  i n  
geometry t o  the  systems descr ibed i n  reference 2; t he  most v i s i b l e  change 
i s  i n  the  r e l a t i v e  s i zes  o f  the  boosters and core vehic les.  The same core 
and boos ter  geometries were used f o r  both the  all-LOX/LHz and the  
LOX/LHz-RP p ropu ls ion  system t o  enhance the  accuracy of the  comparisons. 

I n  a l l  the  designs, bo th  the  core and booster veh ic les  a re  simple 
c i r c u l a r  shapes having og ive  forebodies. The 
r e p l i c a s  o f  t he  core  v e h i c l e  body; however, an 
o f  the  c l i p p e d  d e l t a  wing ( f i g .  1). 

Core Veh ic le  

The manned o r b i t e r  i s  a c i r c u l a r  body veh 
W i n c l S ,  s i m i l a r  t o  the  core v e h i c l e  d e t a i l e d  i n  

oos te r  bodies a re  geometric 
ob l i que  wing i s  used i n  l i e u  

c l e  w i t h  c l i p p e d  d e l t a  
reference 1. Core v e h i c l e  

g e o i e t r y  i s  shown i n  f i g u r e s  2 and 3. The core v e h i c l e  i s  designed f o r  
v e r t i c a l  t a k e o f f  w i t h  the  two strap-on boosters b u t  lands h o r i z o n t a l l y .  
Crew accomnodations a r e  l oca ted  i n  the  mid-body sect ion,  between t h e  LH2 
p r o p e l l a n t  tank and the  payload bay. The payload bay i s  l oca ted  
imned ia te l y  a f t  o f  t he  crew s t a t i o n ,  and i t s  shape i s  d i s s i m i l a r  t o  t h a t  o f  
t he  c u r r e n t  S h u t t l e  payload. The payload bay on the  study c o n f i g u r a t i o n  i s  
c i r c u l a r  i n  cross s e c t i o n  and spans the  i n n e r  diameter o f  t he  mid-body 
sec t  i on. 

No p r o v i s i o n  i s  made f o r  a canopy o r  w indsh ie ld  i n  t h e  cockp i t .  Th i s  
minimizes s t r u c t u r a l  cut-outs and r e s u l t s  i n  a s i g n i f i c a n t  savings i n  
s t r u c t u r a l  we igh t  and a reduc t i on  i n  aerodynamic drag. F lush  mounted 
v iewpor ts  p rov ide  e x t e r i o r  v i s u a l  access, w h i l e  a d d i t i o n a l  p o r t s  a l l o w  
observa t ion  f rom the  c o c k p i t  i n t o  the  payload bay. A remote camera system 
deployed from t h e  nose i s  used f o r  forward p i l o t  v i s i o n  d u r i n g  f i n a l  
approach and landing. 

The core v e h i c l e  employs t i p  f i n s  f o r  energy management and as a 
redundant method f o r  d i r e c t i o n a l  con t ro l .  The c h a r a c t e r i s t i c s  o f  t he  t i p  
f i n s  a r e  d e t a i l e d  i n  re fe rence 3. The core v e h i c l e  employs a forward- 
mounted dorsa l  f i n  f o r  p r imary  d i r e c t i o n a l  con t ro l .  Subsonic c o n t r o l  
c h a r a c t e r i s t i c s  f o r  t h e  dorsa l  f i n  a r e  repor ted  i n  re fe rence 4. The 
forward placement o f  t he  dorsa l  f i n  requ i res  an a c t i v e  c o n t r o l  system, b u t  
i t  e l im ina tes  the  need f o r  a l a r g e  v e r t i c a l  c o n t r o l  sur face  a t  the  r e a r  of 
t he  veh ic le ,  thus reducing ascent drag and s t r u c t u r a l  weight. 

Boosters 

The unmanned boosters used i n  t h i s  study a re  a l s o  very  s i m i l a r  t o  
t h e i r  counterpar ts  i n  re fe rence 2. The p r o p e l l a n t  tanks a r e  i n t e g r a l  w i t h  
the  body. R e l a t i v e  body dimensions (og ive  sec t i on  dimensions and body 
r a d i i  as f r a c t i o n s  o f  re fe rence leng th )  equal those o f  the  core veh ic le .  
For the  purposes o f  t h i s  study, t he  s t r u c t u r e  o f  the  boos ters  i s  e n t i r e l y  
Shutt le- technology s k i n  s t r i n g e r  aluminum. Booster p r o p e l l a n t  tank 
weights, however, represent a 10-perCent increase over c u r r e n t  S h u t t l e  
ex te rna l  tank weights t o  a l l o w  f o r  t he  weight o f  a d d i t i o n a l  tank s t r u c t u r e  
necessary t o  make the  tanks reusable. Booster v e h i c l e  geometry i s  shown i n  
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f i g u r e s  4 and 5. The boosters  employ ob l ique wings t o  f a c i l i t a t e  an 
unpowered g l i d e  back t o  the  launch s i t e  a f t e r  staging. To a l l o w  f o r  the  
unpowered re tu rn ,  t h e  boosters  are staged from the  core veh ic les  a t  Mach 
3. As i n  the  designs shown i n  reference 2, the  p i v o t  assemblies f o r  the  
ob l i que  wings on t h e  boosters  a re  mounted on l i n e a r  bear ings w i t h  a worm 
lead screw and motor d r i v e  so t h a t  the  wing can be d r i v e n  rearward du r ing  
deployment t o  the  approximate body s t a t i o n  f o r  t r imned f l i g h t .  Wings 
w i thou t  the  t r a n s l a t i o n a l  f ea tu re  are  c u r r e n t l y  under s tudy f o r  use i n  
subsonic and t ranson ic  a i r c r a f t  ( ref .  5). The boosters  shown here i n  the 
launch v e h i c l e  booster  a p p l i c a t i o n  a re  conceptual. The booster  p rope l l an ts  
a r e  crossfed t o  the  core veh ic le  u n t i l  staging. Advanced av ion i cs  and 
p r o p e l l a n t  management subsystems a re  assumed, as w e l l  as e l e c t r i c  ac tua to rs  
f o r  c o n t r o l  surfaces. 
ascent o r  r e t u r n ,  hea t ing  i s  moderate, and the  heat s i n k  c a p a b i l i t y  o f  t he  
al l -a luminum s t r u c t u r e  i s  r e l i e d  upon t o  accomnodate the  thermal load. 

Because the boosters do not  exceed Mach 3 dur ing  

APPROACH 

The engines on bo th  the o r b i t e r  and boosters were assumed t o  be 
c u r r e n t  SSMEs. Miss ion- re la ted  assumptions inc lude ascent o f  the  core 
v e h i c l e  p l u s  payload t o  a 50- by 100-naut ica l -mi le  o r b i t  f rom a due East 
launch. Accomnodation f o r  two crew members and a miss ion  d u r a t i o n  o f  n o t  
more than 72 hours were assumed. An ascent acce le ra t i on  l i m i t  o f  3 g was 
a l s o  assumed. 

A weights  and s i z i n g  program, descr ibed i n  reference 6, was used f o r  
es t ima t ing  the  weights  o f  t he  var ious  subsystems. S t r u c t u r a l  weights a r e  
based on s i z e  o r  l oad ing  o r  combinations o f  both. Other subsystem weights 
and s i zes  were based on such f a c t o r s  as miss ion length,  crew size,  power 
requirements, and c o n t r o l  sur face sizes. The types o f  subsystems, 
s t r u c t u r a l  ma te r ia l s ,  and the  general con f i gu ra t i ons  were se lec ted  from the 
p r og ram. 

A p r o p e l l a n t  weight  f r a c t i o n  i s  used herein.  I t  i s  de f i ned  as the  
r a t i o  o f  p r o p e l l a n t  weight  t o  gross system weight. The requ i red  values 
were obta ined from the  Program t o  Optimize Simulated T r a j e c t o r i e s  (POST) 
(Ref. 7). The p r o p e l l a n t  w e i g h t  f r a c t l o n s  f rom POST were i n p u t s  f o r  the  
weights  and s i z i n g  program. When supp l ied  w i t h  these inputs ,  t he  weights 
and s i z i n g  program i t e r a t e s  u n t i l  the  s p e c i f i e d  p r o p e l l a n t  weight  f r a c t i o n  
i s  obtained. This  i nvo l ved  the  t rend ing  o f  p r o p e l l a n t  loads (and the re fo re  
tank s izes) ,  body volumes, and a1 1 r e l a t e d  subsystem weights. 

From the  weights  and s i z i n g  program outputs ,  a p l o t  was made o f  
p ropu ls ion  system weights  versus payload weights (Fig.  6). From t h i s  p l o t ,  
two core veh ic les  w i t h  p ropu ls ion  system weights  corresponding t o  two and 
th ree  SSMEs, were se lec ted  f o r  f u r t h e r  analys is .  The two-engine core 
v e h i c l e  requ i res  a weight  a l l o c a t i o n  o f  20 k l b  f o r  t he  p ropu ls ion  system, 
whereas the  three-engine conf igura t ion  requ i res  30 k lb .  The a1 l o c a t i o n s  
f o r  t he  p ropu ls ion  subsystem weights i nc lude  7500 l b  f o r  each SSME and 2500 
l b  pe r  engine f o r  the  preSSUriZation and feed system. I n  the  study, the  
core veh ic le  mass p r o p e r t i e s  were then he ld  constant,  and the  program was 
used again t o  s i z e  the  boosters. Considerable i t e r a t i o n  was necessary t o  
s i z e  the  boosters  such t h a t  an I n t e g r a l  number o f  engines were se lec ted  f o r  
each booster  and t h a t  the  system thrust - to-weight  r a t i o  a t  l i f t - o f f  was 1.3 
o r  h igher.  
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Boosters w i t h  main p ropu ls ion  subsystems having th ree  and f o u r  SSMEs 
s a t i s f i e d  the  minimum thrus t - to -we igh t  r a t i o  requirement o f  1.3. Th is  
y i e l d e d  two launch system conf igura t ions- -a  two-engine core matched t o  two 
three-engine boos ters  (2-3-3 con f igu ra t i on )  and a three-engine core matched 
t o  two four-engine boos ters  (3-4-4 con f igu ra t i on ) .  L i f t - o f f  t h r u s t - t o -  
weight r a t i o s  were approximately 1.5 f o r  each conf igura t ion .  
c o n f i g u r a t i o n s  f o r  t he  2-3-3 and 3-4-4 systems a r e  shown i n  f i g u r e  1. 

es tab l i shed,  f u r t h e r  study was conducted on the  weight o f  t he  a d d i t i o n a l  
s t r u c t u r e  necessary t o  accomnodate the  booster ob l ique wing. Equations f o r  
t he  weight o f  an ob l i que  wing f o r  a supersonic t r a n s p o r t  a i r c r a f t  a r e  found 
i n  re fe rence 8. 
mod i f i ed  and a p p l i e d  t o  the  gl ideback boosters. A p r o v i s i o n  was a l s o  made 
f o r  the  weight o f  t he  e l e c t r i c  motors used t o  p i v o t  t he  wing assembly. 

Launch 

A f t e r  t h e  b a s i c  core  and booster v e h i c l e  subsystems and we igh ts  were 

The bas i c  weight equations developed i n  re fe rence 8 were 

RESULTS 

The two-engine core, three-engine boosters (2-3-3) combination 
r e s u l t e d  i n  a payload c a p a b i l i t y  (ascent and r e t u r n )  o f  37 k lb .  System 
GLOW f o r  the  2-3-3 con f igu ra t i on ,  w i t h  a 37-klb a s c e n t l r e t u r n  payload, was 
1,940 k lb .  The three-engine core, four-engine boosters (3-4-4) combination 
y i e l d e d  a 70-klb payload. System GLOW f o r  the  3-4-4 con f igu ra t i on ,  w i t h  a 
70-klb ascent and r e t u r n  payload, was 2,901 klb.  Launch v e h i c l e  
comparisons a r e  made i n  Table 1 f o r  the two all-LOX/LHz veh ic les ,  t he  
c u r r e n t  S h u t t l e  system, and t h r e e  o t h e r  systems from an e a r l i e r  r e p o r t  
(Ref. 2). The launch veh ic les  a r e  ranked according t o  r a t i o s  o f  
payload t o  dry we igh t  and payload t o  gross weight. 

Based on t h e  h ighes t  r a t i o  o f  payload t o  dry weight,  t h e  f i ve-eng ine  
core w i t h  RP strap-on boosters ranks number one. I n  t h i s  launch system, 
LOX/LH2 p r o p e l l a n t s  a r e  c ross fed  from tanks w i t h i n  the  boos ter  t o  t h e  
o r b i t e r .  Tanks ded ica ted  t o  the  LH2 crossfeed p r o p e l l a n t  a r e  requ i red  
w i t h i n  t h e  RP boosters. Based on the  payload-to-gross-weight r a t i o ,  t he  
all-LOX/LHz 3-4-4 launch system ranks number one. 
p r o p o r t i o n a l  t o  payload-to-dry-weight r a t i o ,  then the  LOX/LH2 core  w i t h  RP 
boosters would be t h e  most economical System. I n  r e a l i t y ,  t he  all-LOX/LHz 
launch veh ic les  would p robab ly  y i e l d  the  lowest cos t  system, s ince  no new 
main engine development i s  required. A new RP engine would have t o  be 
developed f o r  a LOX/LHz/RP p r o p e l l a n t  launch system. The f ive-engine, 
f u l l y  reusable core v e h i c l e  w i t h  S h u t t l e  SRBs having f i l a m e n t  wound cases 
ranks f o u r t h  f o r  bo th  payload-to-dry-weight and payload-to-gross-weight 
r a t i o s .  

I f  c o s t  i s  assumed t o  be 

Fac tors  which cou ld  a f f e c t  the  rankings (Table 1) i f  the  veh ic les  were 
t o  be normalized f o r  m iss ion  and payload c a p a b i l i t i e s  a r e  as fo l l ows :  

(1 )  The c u r r e n t  S h u t t l e  i s  capable o f  remaining i n  o r b i t  f o r  
approximately 8 days and can accomnodate a crew o f  a t  l e a s t  
seven. I t  has a 15-ft-diameter by 60 - f t - l ong  cargo bay. The 
launch veh ic les  w i t h  which the  S h u t t l e  i s  compared can 
accomnodate a crew of two f o r  3 days. The cargo bays a r e  30 f t  
i n  diameter by 15 f t long. 
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. 

(2) The veh ic les  compared I n  Table 1 have somewhat d i f f e r e n t  payloads 
as an outgrowth of the many s i z i n g  cons t ra in t s ,  p r i n c i p a l l y  t h a t  
o f  englne size. 
equal payloads the  r a t i o s  would change s l i g h t l y .  

I f  the launch veh ic les  were t o  be res i zed  f o r  

The 2-3-3 launch c o n f i g u r a t i o n  reaches 3 g a t  s tag ing  w i t h o u t  
t h r o t t l i n g  e i t h e r  core o r  booster  engines (Fig. 7). The 2-3-3 boosters 
stage 86 seconds a f t e r  launch a t  an a l t i t u d e  o f  86,000 ft, and the  o r b i t e r  
reaches o r b i t  516 seconds a f t e r  launch. The 3-4-4 system o n l y  reaches 2.8 
g a t  s tag ing  (Fig. 8). The 3-4-4 boosters stage 93 seconds a f t e r  launch, 
a l s o  a t  an a l t i t u d e  o f  86,000 ft, and the o r b i t e r  reaches o r b i t  i n  528 
seconds. For bo th  conf igura t ions ,  t h r o t t l i n g  o f  the  core v e h i c l e  engines 
on ly  becomes necessary f o r  approximately the l a s t  75 seconds of f l i g h t .  

Weights o f  the  core and booster  veh ic les  taken from the  weights  and 
s i z i n g  program a r e  shown i n  Table 2. Moments o f  i n e r t i a  and center-of -  
g r a v i t y  l o c a t i o n s  a r e  shown Jn Table 3 f o r  var ious  stages of t he  mission. 
The moments o f  i n e r t i a  a r e  outputs  from the program and a re  prov ided f o r  
poss ib le  f u t u r e  use i n  dynamic ana lys i s  o f  separat ion and f l i g h t  o f  the  
boosters  and the o r b i t e r .  The Z-axis center -o f -g rav i ty  l o c a t i o n s  f o r  the  
boosters  a r e  p o s i t i v e  values (above veh ic le  c e n t e r l i n e )  due t o  the  h igh  
l o c a t i o n  o f  the  ob l i que  wing and p i v o t  mechanism. The X-axis center-of -  
g r a v i t y  l o c a t i o n s  i n  the  core veh ic le  range between 69.3 and 71.6 percent  
o f  body reference leng th  du r ing  e n t r y  and a re  w i t h i n  t r imnab le  l i m i t s  f o r  
the  o r i g i n a l  CBV design (Ref.  4). 

When compared w i t h  the  systems s tud ied  I n  re ference 2, a l l  o f  which 
employed h igh-dens i ty  p r o p e l l a n t s  i n  the  boosters,  the  s i z e  increase 
requ i red  f o r  boosters  us ing  an all-LOX/LHz propu ls ion  subsystem was 
subs tan t i a l .  However, system performance and weights compared q u i t e  
favorably .  Th is  i n d i c a t e s  tha t  the use o f  a s i n g l e  p r o p e l l a n t  would n o t  
imp ly  ser ious  performance p e n a l t i e s  when used as i n  t h i s  study. C e r t a i n l y ,  
a system us ing  the  same engines and p rope l l an ts  f o r  bo th  t h e  o r b i t e r  and 
boosters  would s i m p l i f y  operat ions and would r e s u l t  i n  reduced development, 
Inventory ,  and manufactur ing costs. 

CONCLUSIONS 

The r e s u l t s  o f  t h i s  study suggest t ha t :  

(1) A f u l l y  reusable,  two-stage manned launch system u t i l i z i n g  a l l -  
LOX/LH2 p rope l l an ts ,  SSMEs, and near-term technology would weigh 
approx imate ly  2.9 Mlb a t  l i f t  o f f  f o r  d e l i v e r y  o f  70 k l b  o f  
payload t o  low-Earth o r b i t .  

(2) The a1 1-LOXILH2 System y i e l d e d  the  h ighes t  payload-to-gross- 
weight  r a t i o  when compared w i t h  o the r  launch systems t h a t  used 
lower per fo rming  s o l i d s  o r  RP i n  the  boosters  f o r  t he  same type 
o f  l o g i s t i c s  mission. 



6 

(3 )  The payload-to-dry-weight r a t i o  o f  t he  a1 l-LOXlLH2 3-3-4 system 
ranked second t o  t h a t  o f  the  launch system u t i l i z i n g  LOXILH2 i n  
the  core v e h i c l e  and RP i n  the boosters. 
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Table 1. Vehicle Weights Comparison 

P/L-to-dry-wt P/L-to-gross-wt 

.CBV (ref. 2) 
5 LOWLH2 SSMEs 
with Shuttle SRBs 

66.0 

CBV (ref. 2) 
5 LONLH2 SSMEs 
with graphite case 
Shuttle SRBs 

83.0 0.1 749 

0.201 2 

3 0.01 73 

1 0.0205 CBV (ref. 2) 
5 LOWLH2 SSMEs 
with 6 LOWRP engine 
crossfeed boosters 

84.0 

2-3-3 CBV System, 
all-LOWLH2 

3-4-4 CBV System, 
all-LOWLH2 

37.1 

70.4 

0.1361 

0.1856 

~~ 

0.01 91 ** 

2 0.0243 

Vehicle Dry wt, 
kl b 

Gross wi 
kl b 

Payload 
kl b Ratio Rank* Ratio I Rank* 

Shuttle 61 5.0 4500 5 47.0 

649.5 5000 4 

474.5 4800 3 

41 7.5 41 00 2 

272.5 1941 ** 

379.3 2902 

- 
1 

* For rankings, '1' represents the best vehicle for the particular characteristic, while '5' implies 

** Not ranked because of the large difference in payload capability compared with other vehicles 
in the matrix; hence, the secondary effects Of vehicle site makes the data not comparable. 

the worst. 
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Table 2. Two-Stage Manned Launch Vehicle Weights Summary 

Component 

1 .o 
2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

9.0 

10.0 

12.0 

13.0 

14.0 

15.0 

16.0 

Wing Group 

Tail Group 

Body Group 
Crew Module 
Fore body 
Mid Fuselage 
Aft Fuselage 
Thrust Structure 
Body Flap 
Fuel Tank (LH2) 
Oxidizer Tank (LOX) 

Thermal Protection System 

Landing Gear 

Main Propulsion 

RCS Propulsion 

OMS Propulsion 

Prime Power 

Elec. Conv. and Distr. 

Surface Controls 

Avionics 

Environmental Control 

Personnel Provisions 

Margin 

Inert (Dry) Weight 

Weight, Ib 

2-3-3 Con f ig uta tio n 

Core 

8,852 

106 

44,044 
559 
450 

4,662 
4,767 
1,799 
21 1 

22,542 
9,054 

18,058 

4,536 

19,785 

2,409 

3,475 

847 

2,639 

3,179 

2,678 

1,169 

900 

11,267 

123,944 

2 Boosters 

26,658 

295 

56,343 
0 

4,712 
11,096 
9,235 
4,676 
31 5 

18,772 
7,537 

0 

6,209 

59,434 

0 

0 

1,269 

1,836 

3,172 

4,048 

508 

0 

15,177 

174,949 

3-4-4 Configuration 

Core 

12,197 

146 

63,662 
559 
600 

5,543 
6,569 
2,732 
29 1 

33,783 
13,585 

26,017 

6,904 

30,052 

3,668 

5,279 

1,037 

2,829 

4,095 

3,149 

1,169 

900 

14,110 

175,214 

2 Boosters 

37,086 

41 0 

81,702 
0 

8,870 
13,390 
13,324 
7,000 
438 

27,586 
11,094 

0 

9,058 

76,992 

0 

0 

1,576 

2,142 

4,078 

4,656 

508 

0 

21,822 

240,030 

. 
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Table 2. Continued 

536 

166,433 

0 

166,433 

Weight, Ib 

709 

175,658 

0 

175,658 

~ 

2-3-3 Configuration 

22,460 

0 

3-4-4 Configuration 

XqLz 

0 

0 

Component 

0 

285,052 

61 1 

5,23 1 

1,305,457 

0 

241,095 

798 

5,330 

1,057,927 

17.0 Personnel 

18.0 Payload Accommodations 

19.0 Payload Returned 

20.0 Residual Fluids 

653 

4,200 

37,100 

653 

2,200 

70,400 

81 5 1,065 

Landed Weight 249,282 241,095 

21 .O OMS and RCS Reserves 0 0 
~ ~ 

Insertion Weight 249,282 241,095 

22.0 RCS Propellant (Entry) 0 
~~ 

1,652 0 1,085 

Descent Weight 250,934 I 241,095 167,518 I 175,658 
I 

23.0 OMS and RCS Propellant 

24.0 Payload Discharged 

~ 

0 34,118 

Injected Weight 189,978 1 175,658 

25.0 Ascent Reserves & Residual 

26.0 lnflight Losses 

27.0 Ascent Propellant 

402 

3,839 

858,176 

532 

3,553 

709,029 

Gross Lift-off Weight 080,772 1,596,351 I 1,305,150 1,052,395 

TOTAL SYSTEM GLOW 1,941,167 2,901,501 
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Table 3. Moments of Inertia and Centers of Gravity 

(a) Core and boosters 

Configuration 

2-3-3 Configuration 

Core I 
IXX 
IYY zz 

Booster Ixx 
I 
lYY 

ZW 

zz 

y"Q 
cg 

3-4-4 Configuration 

Core I 
IXX 
IYY zz 

Booster Ixx 
I 
IYY ZZ 

Moments of Inertia*, slug-ft2, and c.g.**, percent 

Gross 

1,100,000 
26,000,000 
30,000,000 

73.7 
0.0 

-0.1 

190,000 
6,800,000 
7,800,000 

45.0 
0.0 
0.3 

2,000,000 
51,000,000 
60,000,000 

73.3 
0.0 

-0.1 

360,000 
13,000,000 
15,000,000 

43.9 
0.0 
0.3 

Landed 

990,000 
10,000,000 
12,000,000 

69.8 
0.0 

-1 .o 
530,000 

3,900,000 
4,000,000 

72.6 
0.0 
1.8 

1,800,000 
19,000,000 
22,000,000 

69.3 
0.0 

-0.9 

970,000 
7,200,000 
7,500,000 

72.9 
0.0 
1.7 

Inert 

800,000 
5,600,000 
6,800,000 

71.6 
0.0 

-1.5 

170,000 
2,300,000 
2,100,000 

72.8 
0.0 
1.9 

1,500,000 
11,000,000 
13,000,000 

71.5 
0.0 

-1.4 

320,000 . 
4,200,000 
3,900,000 

73.1 
0.0 
1.8 

* The propellants are treated as a viscous fluid when calculating moments of inertia for the 
gross weight condition. Moments of inertia for the boosters for the landed condition are 

I with wings deployed. 

I ** Centers of gravity are given as percentages of body length taken from the nose of thevehicle 
to the base heat shield. Y and Z are zero on the nose centerline. Z is positive upward. 

-10 -  



Table 3. Concluded 

(b) System 

con f i g u ia t i o n 

Core with 2 Boosters 

2-3-3 System 

-cg 
X 

-cg 
Z 

3-4-4 System 

-cg 
X 

-cg 
Z 

c.g., percent 

Liftoff 

65.91 

1.63 

65.36 

1.42 

Staging 

74.38 

0.66 

73.99 

0.53 
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Figure 2. Two-engine orbiter. 
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