
/ I 

.' . ...

Prepared by: 

NASA SPACE SHUTTLE TASK GROUP

JULY 31, 1969

{REVISED) 

X69- 7691Sr_1 __ 
_ 

(ACCESSION NUMBER) -

s 37 
N (PAGE� 

(THRU) 

'b,\C)1\)£_ 
(CODE) 

: f P1� -Q, \ � q J
z (NAS CR OR TMX OR AD NUMBER) (CATEGORY) 
tt: 



NASA SPACE SHUTTLE SUMMARY REPORT 

MAY 19, 1969 

REVISION 1 --  JULY 31, 1969 

Approved by: 

L. E. ~ a y  
Manager 

Space S h u t t l e  Task Group 



N A S j b  SPACE SHUTTLE SUMYMRY REPORT 

SUMMA WY 

6 , BACKGROUND 

II. NASA NEEDS 

A ,  TRANSPORTATION MODES 

B. SPACE SHUTTLE MISSION REQUImMENTS 

C. DESIRED SYSTgvI CHARACTERISTICS 

III. SYSTEM CONCEPTS 

A.  BASIC CONCEPTS 

B, COMMON FEATURES 

C. VSHICLE SIZING 

D. MISSION PROFILE 

E ,  EXPENDABLE VEHICLE/REUSABU SPACECRAFT 

F ,  PARTIALLY REUSABLE VEHICLES 

G. FULLY REUSABLE VEHICLES 

H, CONCEPTS SUMMARY AND COMPARISON 

I ,  PROGRAM PLANS 

%V. CONCLUSION 

PAGE 
a. 



To s u p p o r t  f u t u r e  space  o p e r a t i o n s  there 1s a  critical 
need t o  reduce s i g n i f i c a n t l y  t h e  annual c o s t  of routine 
r o u n d - t r i p  s p a c e  t r a n s p o r t a t i o n  o p e r a t t o n s ,  w h i l e  greatly 
i n c r e a s i n g  t h e  number of space  f l i g h t s ,  

A v e r s a t i l e  space  s h u t t l e  sys tem t h a t  can  t r a n s p o r t  
e f f e c t i v e l y ,  a v a r y i n g  mix of p e r s o n n e l  and c a r g o  t o  low 
e a r t h  o r b i t s  and r e t u r n ,  cou ld  be t h e  keys tone  t o  t h e  
s u c c e s s  and growth of f u t u r e  space  f l i g h t  developments  f o r  
t h e  e x p l o r a t i o n  and b e n e f i c i a l  u s e s  of n e a r  and f a r  s p a c e .  
The u s e  of  t h e  space  s h u t t l e  w i l l  p r o v i d e  a broad r a n g e  of 
c a p a b i l i t y  i n  space  o p e r a t i o n s  --- c a p a b i l i t y  t h a t  would 
be  d i r e c t l y  a p p l i c a b l e  t o  a l m o s t  a n y t h i n g  t h e  Uni ted  S t a t e s  
may want t o  do i n  space .  

The s p a c e  s h u t t l e  w i l l  a ccompl i sh  and s u p p o r t  t h e  
f o l l o w i n g  b a s i c  t y p e s  of m i s s i o n s  which are  of  major  i n t e r e s t  
i n  NASA's f u t u r e  space  program p l a n n i n g .  

o  Space ~ t a t i o n / ~ a s e  l o g i s t i c s  s u p p o r t  

o  Placement and r e t r i e v a l  of s a t e l l i t e s  

o  D e l i v e r y  of p r o p u l s i v e  s t a g e s  and payloads  f o r  
h i g h  energy  m i s s i o n s  

o  D e l i v e r y  of p r o p e l l a n t s  

o  S a t e l l i t e  s e r v i c i n g  and maintenance 

o  S h o r t  d u r a t i o n  o r b i t a l  m i s s i o n s  

The d e s i r e d  system c h a r a c t e r i s t i c s  of t h e  space  s h u t t l e  
are: 

o  Lowest P o s s i b l e  Opera t ing  C o s t s  

Minimum expendables ,  h i g h  r e u s e  r a t e  f o r  p r imary  
sys tems,  onboard checkout ,  moni to r ing ,  f a u l t  
i s o l a t i o n ,  and s i m p l i f i e d  c e n t r a l  d i s p l a y  sys tems ,  
minimum o r  no sys tems r e f u r b i s h m e n t ,  minimum ground 
s u p p o r t  o p e r a t i o n s ,  

o  System Development 

A i r c r a f t  d e s i g n  and sys tems development approach ,  
i n c r e m e n t a l  f l i g h t  t e s t  approach .  



c j  Qpera"cona1 Perf orri~anime 

AirlPne t y p e  o p e r a t i o n s ,  large and f l e x i b l e  payload 
c a p a b i l i t y ,  autonomous flight sys%em with minimal  
ground t u r n - a r o u n d  ope ra t ions ,  p%ssenge~/eargs m i x  
f l e x i b i l i t y ,  

o  V e r s a t i l i t y  

A l t e r n a t e  m i s s i o n s ,  multi-Agency space  a p p l i c a t i o n s ,  
growth c a p a b i l i t y ,  i n t e g r a l  c a r g o  a r e a  w i t h  v a r i o u s  
i n t e r i o r / m o d u l e s  adaptability, 

F u l l y  r e u s a b l e  o r  n e a r  f u l l y  r e u s a b l e  sys tems o f f e r  t h e  
maximum p o t e n t i a l  f o r  a n  economic and v e r s a t i l e  s p a c e  s h u t t l e  
sys tem t h a t  c o u l d  r s a d i l y  s a t i s f y  a v a s t  m a j o r i t y  of  f u t u r e  
space  t r a n s p o r t a t i o n  r e q u i r e m e n t s .  

T h i s  document summarized t h e  i n f o r m a t i o n  c o n t a i n e d  i n  
t h e  f o l l o w i n g  NASA Space S h u t t l e  Task Group Repor t s :  

Vole  I: - Miss ions ,  June  12, 1969 ( ~ e v i s e d )  

Vole  I% - Des i red  Systems C h a r a c t e r i s t i c s  
June  12,  1969 (Rev i sed)  

Vol ,  $19: - V e h i c l e  C o n f i g u r a t i o n s  
June  1 2 ,  1969 ( R e v i s e d )  

Vol ,  EV - Program P l a n s ,  June  12 ,  1969 ( R e v i s e d )  



I ,  BACKGROUND 

The f i r s t  decade i n  space has seen a  tremendous expan- 
s i o n  sf' our  capability a s  a space - f a r ing  n a t i o n ,  A f t e r  
demonstrat ing t h e  technologEcaP exce l l ence  of t h e  n a t i o n  i n  
h i g h l y  succes s fu l  space exp lo ra t ion ,  a p p l i c a t i o n s ,  and 
a s s o c i a t e d  systems developments, t h e  n a t i o n a l  space program 
i s  confronted now by (1) a mix of promising and important  
miss ion o p p o r t u n i t i e s  f o r  t h e  mid-1970's and beyond, and 
( 2 )  t h e  h igh  c o s t  of c u r r e n t  f l i g h t  hardware and ground 
suppar t  ope ra t ions  f o r  t h e  r e c u r r i n g  o r b i t a l  t r a n s p o r t a t i o n  
ope ra t ions .  The r e l i a b i l i t y  of t h e s e  f l i g h t  ope ra t ions  i s  
h igh ,  but  s o  i s  t h e  c o s t .  The t ime has  come t o  app ly  inno- 
v a t i v e  techniques  t o  reduce s i g n f i c i a n t l y  t h e  space t r a n s -  
p o r t a t i o n  c o s t s .  

11. NASA NEEDS 

A .  TRANSPORTATION MODES 

Based on ( 1 )  our  t o t a l  exper ience t o  d a t e  i n  space 
systems development and miss ion ope ra t ions  and ( 2 )  fo re seeab le  
space f l i g h t  programs and t h e i r  r e l a t e d  requirements ,  t h e  
space t r a n s p o r t a t i o n  modes of i n t e r e s t  f o r  t h e  nex t  decade 
o r  so ,  f a l l  l o g i c a l l y  i n t o  t h e  fol lowing grouping: 

1. Ear th  s u r f a c e  base t o  low e a r t h  o r b i t a l  base  
and r e t u r n  ( round- t r i p ,  manned space s h u t t l e ) .  

2.  On-orbit  space tug  f o r  placement, assembly, and 
r e t r i e v a l  ope ra t ions  i n  nea r  e a r t h  o r b i t s  (manned and unmanned 
modes). 

3. On-orbit  space s h u t t l e  f o r  t r a n s f e r  t o  and r e t u r n  
from h ighe r  e n e r  y  synchronous o r  l u n a r  o r b i t s ;  suppor t  of 
escape miss ions  manned o r  unmanned modes). 

4, Lunar o r b i t  s h u t t l e  f o r  descen t  t o  and r e t u r n  
from l u n a r  s u r f a c e  (manned). 

The f i r s t  of t h e s e  i s  b a s i c  t o  a l l  t h e  o t h e r s  as it 
provides  t h e  t r a n s p o r t a t i o n  l i n k  from t h e  o r b i t a l  f a c i l i t y  
t o  t h e  e a r t h  s u r f a c e  f a c i l i t y  and i t s  r e sou rces ,  Routine 
d e l i v e r y  ope ra t ions  t o  r e p l e n i s h  expended on -o rb i t  supp l i e s /  
p r o p e l l a n t s  and equipment; non-rout ine  d e l i v e r y  of exper imental  
equipment/supplies;  r e t u r n  from o r b i t  of equipment, d a t a  
r eco rds  and f l i g h t  personnel  r o t a t i o n  a r e  examples of some 
of t h e  ex t ens ive ,  vary ing  l o g i s t i c s  miss ions  t o  be performed. 
Recurring f l i g h t  c o s t s  f o r  t h e s e  t r a n s p o r t a t i o n  miss ions  can 
r ep re sen t  a  very  l a r g e  s h a r e  of o v e r - a l l  program c o s t s  i f  



based on today  9 method o f  s p c r a t l o n s ,  Therefore, f o r  future 
op&rat%ons,  this manned round-trip transportation system must 
carry o u t  r s u t l n e  operations at ve ry  low cos t  and the system 
naus"ee veaclsa"cile with great opera"eoraa1 f l e x i b i l i t y ,  Con- 
f i g u r a t i o n  changes from mission t o  miss ion  should be l i m i t e d  
to the i n t e g r a l  cargo a r e a  w E t h  r e spec t  to r e s t r a i n t s ,  cargo 
c o n t a i n e r s ,  personnel  accomodatlons and packaging arrangements,  

B. SPACE SHUTTLE MISSION REQUIREMENTS 

The major p o r t i o n  of t h e  space e x p l o r a t i o n  and 
a p p l i c a t i o n  miss ions  now def ined  involve  p l ac ing  e i t h e r  men, 
equipment, p r o p e l l a n t s ,  o t h e r  consumables and ins t ruments  
o r  some combination of t h e s e  i n  low e a r t h  o r b i t s .  This  i s  
t r u e  not  on ly  f o r  t hose  miss ions  which a r e  conducted from 
low e a r t h  o r b i t s  bu t  a l s o  f o r  h ighe r  e a r t h  o r b i t s ,  such a s  
geosynchronous miss ions  and from l u n a r  and escape miss ions .  
For a l l  t h e s e  miss ions ,  low e a r t h  o r b i t s  s e rve  e i t h e r  a s  a  
s t a g i n g  o r  bu i ldup  a r e a  o r  a s  parking o r b i t s ,  whi le  wai t ing  
t o  ach ieve  t h e  proper  o r b i t a l  cond i t i ons  f o r  con t inua t ion  of 
a  p a r t i c u l a r  miss ion.  Therefore ,  a v e r s a t i l e  space s h u t t l e  
system, t h a t  can t r a n s p o r t  e f f e c t i v e l y ,  a vary ing  mix of 
personnel  and cargo  t o  low e a r t h  o r b i t s  and r e t u r n ,  could be 
t h e  keystone t o  t h e  success  and growth of f u t u r e  space f l i g h t  
developments f o r  t h e  e x p l o r a t i o n  and e x p l o i t a t i o n  of near  and 
f a r  space.  Table 11-1 summarizes t h e  s a l i e n t  c h a r a c t e r i s t i c s  
and requirements  of s i x  bas i c  miss ions  of major i n t e r e s t  i n  
NASA's f u t u r e  space program planning.  These a r e  f u r t h e r  
descr ibed  a s  fo l lows :  

1. Space ~ t a t i o n / ~ a s e  L o g i s t i c s  Support .  NASA i s  
c u r r e n t l y  d e f i n i n g  a  l a r g e  long-durat ion manned e a r t h  o r b i t a l  
space s t a t i o n  t h a t  would be o p e r a t i o n a l  by t h e  mid-1970ts, 
which could evolve t o  a l a r g e  space base  i n  t h e  l a t e  1970 ' s  
o r  e a r l y  1980 ' s .  These f a c i l i t i e s  w i l l  provide g e n e r a l  purpose 
l a b o r a t o r i e s  f o r  t h e  conduct and support  of s c i e n t i f i c  and 
t echno log ica l  experiments,  f o r  e a r t h  a p p l i c a t i o n s  and f o r  
t h e  f u r t h e r  e x p l o r a t i o n  of space,  The long  term ope ra t ion  
of a  space s t a t i o n  o r  space base w i l l  r e q u i r e  a l o g i s t i c s  
system t h a t  i s  capable  of r o u t i n e l y  t r a n s p o r t i n g  l a r g e  numbers 
t o  and from low e a r t h  o r b i t .  For example, a 50-man space base  
would r e q u i r e  on t h e  o r d e r  of 50 000 l b s .  of consumables and 
equipment pe r  q u a r t e r  t o  s u s t a i n  i t s  o p e r a t i o n ,  Perhaps t h e  
equ iva l en t  of i t s  e n t i r e  personnel  complement would a l s o  be 
r o t a t e d  dur ing  t h i s  same per iod ,  which would amount t o  about  
20 000 pounds inc lud ing  men and suppor t  equipment, I n  additLon 
t o  r e t u r n i n g  personnel  t o  the  e a r t h  s u r f a c e  base ,  r e t u r n  cargo 



MISSION CHARACTERISTICS 

INCLINATION (DEG.) 28.5-SUN SYN. 8.5-SUN SYN. 

ASSENGERS (MIN.) 

DISCRETIONARY 

WElGHT (1 000 LBS.) 

WEIGHT (1 000 LBS.) 

-* INCLUDE PASSENGERS Table 11-1 



r e q u i r e m e n t s  c o n s i s t i n g  of tapes,  film, equipment,  and pro- 
cessing materials on the order of 25 000 Ibs, or greater per 
quarter could e x i s t  far %his long-duration orbital operation, 

2, Placemen$ and R e t r i e v a l  sf S a t e l l i t e s ,  F u t u r e  
s ~ a c e  opera t io  en$ sf 
s a t e l l i t e s  i n t o  low e a r t h  o r b i t s  a s  w e l l Y a s  t h e  r e t r i e v a l  of  
c e r t a i n  h i g h  p r i o r i t y ,  h i g h  c o s t  s a t e l l i t e s ,  These s a t e l l i t e s  
cou ld  o p e r a t e  e i t h e r  i n  c o n j u n c t i o n  w i t h  a l a r g e  manned o r b i t a l  
f a c i l i t y  ( s p a c e  s t a t i o n / s p a c e  b a s e )  o r  independen t ly  i n  o t h e r  
o r b i t s ,  Although t h e  w e i g h t s  of  t h e s e  modules o r  s a t e l l i t e s  
may n o t  be l a r g e ,  d i a m e t e r s  on t h e  o r d e r  of 15 f e e t  and a s s o -  
c i a t e d  l e n g t h s  p r e s e n t  r e l a t i v e l y  low d e n s i t y ,  l a r g e  volume 
packaging requ i rements .  A rnlnimum of perhaps  two p e r s o n s  may 
be r e q u i r e d  t o  conduct  checkout ,  deployment o r  r e t r i e v a l  
o p e r a t i o n s .  Some s a t e l l i t e s  may r e q u i r e  o r b i t - t o - o r b i t  
p o s i t i o n i n g  o r  r e t r i e v a l ,  which may b e s t  be accompl ished w i t h  
t h e  u s e  of a n  o n - o r b i t  space  t u g  o p e r a t i o n ,  i n  c o n j u n c t i o n  
w i t h  t h e  $Dace s h u t t l e ' s  d e l i v e r y  t o  a nominal low o r b i t .  

re  
l a r g e  m u l t i - s t a g e  l aunch  v e h i c l e s  t o  l aunch  s i g n i f i c a n t  pay- 
l o a d s  from t h e  ground base .  The major  p o r t i o n  of t h i s  ene rgy  
i s  used t o  l o f t  t h e  pay loads  and p r o p u l s i v e  s t a g e s  t o  low 
e a r t h  o r b i t s .  A t r a n s p o r t a t i o n  system t h a t  had t h e  payload 
and volume c a p a b l i t y  t o  d e l i v e r  p r o p u l s i v e  s t a g e s  and payload 
t o  low e a r t h  o r b i t s  c o u l d  p r o v i d e  a n  economical  major  s u p p o r t  
f o r  t h e s e  t y p e s  of  m i s s i o n s ,  I n  t h i s  u s e  of a space  s h u t t l e ,  
a  h i g h  performance u p p e r  stage such  a s  t h e  Cen taur  c o u l d  be  
c a r r i e d  i n t o  a  low e a r t h  o r b i t  t o g e t h e r  w i t h  a Venus o r  Mars 
probe  which cou ld  weigh approx imate ly  20  000 l b s ,  A second 
s h u t t l e  cou ld  t h e n  rendezvous  w i t h  t h e  f i rs t  where t h e  Cen taur  
would be f u e l e d  and,  a f t e r  checkou t ,  t h e  probe  would be  launched.  
Also, a Cen taur  w i t h  p r o p e l l a n t s  onboard and a payload of  approx-  
i m a t e l y  10 000 l b s ,  cou ld  be p l a c e d  i n  o r b i t  by  a  s i n g l e  s h u t t l e  
launch.  S i m i l a r  o p e r a t i o n a l  t e c h n i q u e s  cou ld  be  used  t o  p l a c e  
l a r g e  communication o r  n a v i g a t i o n  sa te l l i t es  i n t o  geosynchronous 
o r b i t ,  S t u d i e s  show t h a t  t h e  o p e r a t i o n a l  c o s t s ,  f o r  conduc t ing  
t h e s e  h i g h  v e l o c i t y  m i s s i o n s  i n  t h i s  f a s h i o n ,  cou ld  be s i g n i f i -  
c a n t l y  r educed ,  

4 , Large s c a l e  s p a c e  
o p e r a t i o n s  w i l  n t  amounts of p r o p e l l a n t s  
be a v a i l a b l e  t o  s u p p o r t  t h e s e  a c t i v i t i e s .  The e f f e c t i v e  and 
e f f i c i e n t  o p e r a t i o n  of  a  l a r g e  manned e a r t h  o r b i t a l  s t a t i o n  
o r  b a s e  w i l l  r e q u i r e  p r o p e l l a n t s  f o r  t h e  r e f u e l i n g  of s p a c e  
t u g s  f o r  o r b i t - t o - o r b i t  a c t i v i t i e s .  An o r b i t a l  p r o p e l l a n t  
s t o r a g e  and o p e r a t i o n  f a c i l i t y  cou ld  a l s o  be used t o  r e f u e l  
o t h e r  p r o p u l s i v e  s t a g e s ,  These p r o p u l s i v e  s t a g e s  cou ld  be  
r e u s a b l e ,  o n - o r b i t  space  s h u t t l e s ,  c a p a b l e  sf s u p p o r t i n g  h i g h  



ea r th  orb1 t missZons or I L I ~ ~ L *  m t ~ s l o n s ,  S i m i l a r l y j r ,  planetary 
i n j e c t i o n  s t a g e s  c o u l d  be launched i n t o  o r b i t  u n f u e l e d  and be 
s u b s e q u e n t l y  loaded f o r  t h e  s p e c i f i c  m i s s i o n ,  ThLs o p e r a t i o n a l  
mode could  be c o n s i d e r e d  f o r  b o t h  manned and unmanned h i g h  
energy  missions, The a p p l i c a t i o n  of on-orbe t  r e u s a b l e  space  
tugs f o r  t h e  assembly of squipment and modules would s i m i l a r l y  
p l a c e  demands f o r  a n  o n - - o r b i t  p r o p e l l a n t s  depo t  o r  w a y - s t a t i o n .  

5.  S a t e l l i t e  S e r v i c e  and Maintenance.  To a c h i e v e  
r e l i a b l e  and economic long- term space  o p e r a t i o n s ,  automated 
s a t e l l i t e s  should  be des igned  f o r  v a r y i n g  d e g r e e s  of  mainten-  
a n c e  and r e p a i r .  Although t h e y  may o p e r a t e  i n  a  h i g h l y  
automated mode, a  c a p a b i l i t y  t o  r e v i s i t  s a t e l l i t e s  t h a t  had 
p r e v i o u s l y  been p o s i t i o n e d  i n  o r b i t s  i s  h i g h l y  d e s i r a b l e  
f o r  purposes  of i n s p e c t i o n .  With a n  o n - o r b i t  maintenance  and 
r e p a i r  f a c i l i t y ,  p e r s o n n e l ,  equipment,  and i n s t r u m e n t s  could  
be provided w i t h  a  s h i r t s l e e v e  environment whereby s a t e l l i t e s  
c o u l d  be brought  i n t o  t h i s  c o n t r o l l e d  environment  f o r  s e r v i c e ,  
maintenance and r e p a i r .  The s h u t t l e  cou ld  s e r v e  a s  t h i s  
f a c i l i t y  a t  t h e  l o c a t i o n  of  t h e  s a t e l l i t e  o r  t h e  s a t e l l i t e  
might  be r e t u r n e d  t o  t h e  s t a t i o n  where more e x t e n s i v e  f a c i l i t i e s  
would be a v a i l a b l e .  Sot,~e s a t e l l i t e s  may r e q u i r e  a t t e n t  i o n  o n l y  
on a n  i n f r e q u e n t  b a s i s ,  such  a s  when t h e y  become i n o p e r a t i v e  
o r  i n s t r u m e n t s  r e q u i r e  u p d a t i n g ,  w h i l e  o t h e r s  may r e q u i r e  r e -  
v i s i t s  on a  r e g u l a r  b a s i s  f o r  such t h i n g s  a s  r e p l e n i s h m e n t  of 
expendables .  A s  i n  t h e  placement  and r e t r i e v a l  o p e r a t i n g  mode, 
o r b i t  . t o - o r b i t  a c t i v i t i e s  may r e q u i r e  t h e  u s e  of a n  o n - o r b i t  
s p a c e  t u g  t y p e  of sys tem,  

6 S h o r t  Dura t ion  O r b i t a l  Miss ions .  S p e c i a l  purpose  --------- ---- -- 
o r b i t a l  m i s s i o n s  of pe rhaps  up  t o  30 days  may be r e q u i r e d  t o  
s u p p o r t  un ique  t r i s s i o n s  f o r  space  system t e s t i n g ,  e a r t h  viewing 
e x p e r i m e n t a t i o n ,  and h i g h l y  s p e c i a l i z e d  sky v iewing m i s s i o n s .  
Such m i s s i o n s  may r e q u i r e  a s  many a s  10 p e r s o n s  t o  o p e r a t e  and 
c a l i b r a t e  i n s t r u m e n t s  and t o  conduct  o t h e r  m i s s i o n  o r i e n t e d  
f u n c t i o n s .  A l a r g e  volume and payload c a p a b i l i t y  would be 
d e s i r a b l e  t o  t r a n s p o r t  t h e s e  s e l f  c o n t a i n e d  m i s s i o n  modules t o  
and from low e a r t h  o r b i t s .  

7. Space Rescue. S a f e t y  h a s  a lways  been c o n s i d e r e d  
a s  a prime g o a l  i n  NASA programs. I n  p a s t  programs, s a f e t y  
h a s  been ach ieved  by p r e v e n t i v e  and remedia l  means when needed 
r a t h e r  t h a n  a n  a c t i v e  sys tems o p e r a t i o n .  Space r e s c u e ,  one 
a s p e c t  of s a f e t y ,  h a s  n o t  been p r a c t i c a l  w i t h  e x i s t i n g  space  
v e h i c l e s  due t o  t h e  expense  and o p e r a t i o n a l  d i f f i c u l t i e s  of 
p r o v i d i n g  q u i c k  r e s p o n s e s  t o  l i k e l y  emergencies .  I n  some 
measure t h i s  h a s  c o n t r i b u t e d  t o  e l a b o r a t e  ground based backup 
s u p p o r t  and c o s t l y  s p a c e c r a f t  hardware d e s i g n s .  

The i n c r e a s e  of manned a c t i v i t i e s  i n  space  w i l l  
make t h e s e  t y p e s  of a l t e r n a t e  s o l u t i o n s  t o  ground based r e s c u e  
even more complex and p o s s i b l y  i m p r a c t i c a l ,  On t h e  o t h e r  hand, 



L ' { J ~  space  ~ L j ~ u t t i e ,  L t h  its s y s t c w ~  and operational characteris- 
tics l ends  itself to a v a r i e t y  of ground based space rescue  
naissloazs. Rescue ~ p e r ~ a " i ; ~ s n s  nafgktd Pange a91 the way from 
"abandon ship" sikuations t o  the r e t u r n  of a severe ly  ill 
person f o r  ear th  based medical "e;eea"srneua"c Manned sys"eemzs 
i f i  9 0 ~  cauath o ~ b i t s  c o u l d  be reached by a ground based 
s h u t t l e  w i t h i n  twenty-four hours o r  less from l aunch ,  

I n  a d d i t i o n  t h e  Space S h u t t l e  i n  some i n s t a n c e s  
cou ld  e l i m i n a t e  t h e  need f o r  space  r e s c u e  by d e l i v e r i n g ,  on 
a  t i m e l y  b a s i s ,  replacement  components f o r  c r i t i c a l  sys tems 
on o t h e r  manned o r b i t i n g  s p a c e c r a f t ,  

8, Space D e b r i s ,  The accumula t ion  of space  d e b r i s  
from expended hardware  and i n o p e r a t i v e  s a t e l l i t e s  i n  n e a r  
e a r t h  o r b i t  h a s  n o t  p r e s e n t e d  a  p a r t i c u l a r  s a f e t y  problem 
i n  t h e  p a s t .  However, i t  may l e a d  t o  f u t u r e  problems as 
space  a c t i v i t i e s  i n c r e a s e ,  The space  s h u t t l e  w i l l  r educe  
t h i s  problem by n o t  c o n t r i b u t i n g  t o  t h e  i n c r e a s e  of o r b i t a l  
d e b r i s  by i t s  i n h e r e n t  d e s i g n  and o p e r a t i o n a l  c h a r a c t e r i s t i c s ,  
The space  s h u t t l e  may p r o v i d e  a  c a p a b i l i t y  t o  r e t r i e v e  some 
e x i s t i n g  d e b r i s ,  However, t h e  e x t e n t  of such  r e t r i e v a l  
m i s s i o n s  w i l l  depend on t h e  p h y s i c a l  and o r b i t a l  c h a r a c t e r i s t i c s  
of t h e  d e b r i s  and a l s o  c o s t  c o n s 2 d e r a t i o n s .  

9, T r a f f i c  Model. A nominal t r a f f i c  model f o r  t h e  
space  shuttle-wn I n  Table 11-2 ,  T h i s  model i s  based 
upon c u r r e n t  p l a n n i n g  d a t a  f o r  f u t u r e  m i s s i o n s  and i n c l u d e s  
f l i g h t s  i n  s u p p o r t  of  a space  s t a t i o n  l e a d i n g  t o  a space  b a s e  
i n  1980, t h e  unmanned p l a n e t a r y  program, t h e  unmanned s a t e l l i t e  
program and t h e  l u n a r  program, T h i s  model shows less t h a n  2 0  
f l i g h t s  p e r  y e a r  f o r  t h e  f i r s t  t h r e e  y e a r s  fo l lowed  by a n  
i n c r e a s e  t o  6 0  f l i g h t s  p e r  y e a r  w i t h  t h e  i n i t i a t i o n  of a n  
expanded l u n a r  e x p l o r a t i o n  program i n  1978. The dominant 
m i s s i o n s  a r e ,  a s  expec ted ,  s u p p o r t  of t h e  s p a c e  b a s e  and t h e  
l u n a r  program. mile f u t u r e  e v e n t s  w i l l ,  no doubt ,  r e q u i r e  
changes i n  t h i s  nominal  t r a f f i c  model, i t  i s  r e p r e s e n t a t i v e  
of c u r r e n t  p r o j e c t e d  p l a n s ,  

C, DESIRED SYSTEM CHARACTERISTICS 

1, The g o a l  of the  lowes t  p o s s i b l e  
c o s t s  f o r  r e c u r r i n g  space  s h u t t l e  o p e r a t i o n s  w i l l  be  a c h i e v e d  
by i n c o r p o r a t i n g  d e s i g n  and o p e r a t i o n a l  f e a t u r e s  s o  a s  t o :  

a ,  Maximize r e u s a b i l i t y  of a l l  p a r t s  of t h e  system. 

b ,  Minimize t h e  expendables .  

e ,  M a i n t a i n  l o n g - l i f e  f l i g h t  sys tems r e a d i l y  and 
minimize veh ic l e  refurbishment and a s s o c i a t e d  o p e r a t i o n s  between 
f l i g h t s ,  ( ~ e c e s s i b i l i t y ,  component replacement  c a p a b i l i t y ,  





systems onboard checkout and f a u l t  isolation t y p i f y  desired 
design fea tures) ,  In the case sf operaa"t;fons, procedures m u s t  
be r a d i c a l l y  changed by mfnlmllzing the ground s u p p o r t  equipment 
c u r r e n t l y  used f o r  extensive integration, cheekouk and s u p p o r t  
ope ra t ions  to assure flight succes s  with hardware u s e d  only once, 

d ,  Minimize t h e  ground support o p e r a t i o n s  f o r  bo th  
t h e  f l i g h t  v e h i c l e  gro'und t u r n a r o u n d  o p e r a t i o n  ( l a n d i n g  th rough  
p re - l aunch  phase )  and a l s o  f o r  t h e  i n f l i g h t  m i s s i o n  o p e r a t i o n s ,  

2 ,  System o p e r a t i o n a l  c h a r -  
a c t e r i s t i c s  f o r  t h e  t o t a l  m i s s i o n  a r e :  

a ,  A i r l i n e  bype o p e r a t  i o n s ,  i, e ,  , a i r l i n e  passen-  
g e r  s a f e t y  c r i t e r i a  w i t h  a s h i r t s l e e v e  environment  compat ib le  
w i t h  t h a t  of Che Space S t a t i o n  and w i t h  3g maximum f l i g h t  l o a d s ;  
t h e  a b i l i t y  t o  v a r y  t h e  m i x  of c a r g o  and p a s s e n g e r s  b o t h  up  and 
down, d i r e c t  c a r g o  a,nd pe;senger l o a d i n g  and un load ing ;  and a 
s a f e  i n t a c t  m i s s i o n  a b o r t  c a p a b i l i t y ,  

b. Autonomous f l i g h t  system suppor ted  by minimal 
ground o p e r a t i o n s  d u r i n g  miss ion ,  i . e , ,  t h e  p i l o t  w i l l  be a b l e  
t o  c a r r y  o u t  t h e  f l i g h t  w i t h o u t  ground a i d s ;  a d a p t i v e  f l i g h t  
c o n t r o l  sys tem w i t h  onboard nav-guidance;  and a n  onboard sys tems 
checkout ,  moni to r ing  and r e l a t e d  d i s p l a y  c o n s o l e ,  

c ,  Minimal ground t u r n a r o u n d  time and work, 

d .  Large and f l e x i b l e  payload c a p a b i l i t y  Bo 
and from o r b i t .  

e. En t ra  V e h i c u l a r  A c t i v i t i e s  (IvA) p e r s o n n e l  
t r a n s f e r ;  IVA-predominant c a r g o  t r a n s f e r  mode, 

f, Return  t o  e a r t h  o p p o r t u n i t i e s  a t  l e a s t  once 
e v e r y  24 h o u r s ,  

g ,  Two-man f l i g h t  crew w i t h  one man o p e r a t i o n a l  
c a p a b i l i t y ,  

h.  Veh ic le  should  be  s e l f - s u s t a i n i n g  f o r  a 
p e r i o d  up t o  seven  days .  Miss ions  i n  e x c e s s  of seven days  
w i l l  be a t  t h e  expense  of t h e  d i s c r e t i o n a r y  pay load ,  



111, SYSTEM CONCEPTS 

A, BASIC CONCEPTS 

Vehicle concepts that have been s t u d i e d  f o r  low-cost, 
round-trip earth o r b i t  transportation can h e  grouped i n  three 
g e n e r i c  c l a s s e s :  

1. Ekpendable l a u n c h  v e h i c l e s  of minimum-cost d e s i g n ,  
p l u s  advanced r e u s a b l e  s p a c e c r a f t .  

2 ,  P a r t i a l l y  r e u s a b l e  v e h i c l e s ,  i n  which p a r t  of 
t h e  l aunch  v e h i c l e  hardware i s  expended. 

3. F u l l y  r e u s a b l e  v e h i c l e s .  

I n  t h e  f o l l o w i n g  pa ragraphs ,  a  v e h i c l e  c o n f i g u r a t i o n  
r e p r e s e n t a t i v e  of each of t h e  above t h r e e  c l a s s e s  i s  d e s c r i b e d  
i n  summary form. 

B. COMMON FEATURES 

Feature:;, common t o  t h e  b a s i c  c o n c e p t s  of i n t e r e s t ,  
are noted  i n  t h i s  s e c t i o n .  Reusable e l ements  of a l l  sys tems 
a r e  c o n f i g u r e d  f o r  l i f t i n g  e n t r y  and rwnway l a n d i n g s ,  The 
e n t r y  v e h i c l e s  a r e  des igned  and s i z e d ,  where p o s s i b l e ,  f o r  
maximum u s e  of r a d i a t i v e  t y p e  t h e r m a l  p r o t e c t i o n  sys tems  t o  
minimize r e f u r b i s h m e n t  c o s t s  and r e - c y c l e  a c t i v i t i e s ,  

Payload compartments a r e  l o c a t e d  on t h e  v e h i c l e  c , g ,  
t o  accommodate v a r i e d  mixes of ca rgo  and p a s s e n g e r s .  Config-  
u r a t i o n  changes from m i s s i o n  t o  miss ion  were l i m i t e d  t o  t h e  
i n t e g r a l  c a r g o  a r e a  w i t h  r e s p e c t  t o  r e s e r a i n t s ,  c a r g o  con- 
t a i n e r s ,  p e r s o n n e l  accommodations, and packaging ayrangement ,  
It i s  anticipated t h a t  s p e c i a l  purpose  c a r g o  modules w i l l  be 
developed t o  accommodate t h e s e  d i v e r s e  c a r g o  r e q u i r e m e n t s ,  
P r o v i s i o n s  w i l l  be  i n c l u d e d  t o  a l l o w  docking w i t h  t h e  s p a c e  
b a s e  o r  l a r g e  exper iment  modules,  and f o r  t r a n s f e r  of' peop le  
and c a r g o  wi thou t  EVA, o r  f o r  d i s c h a r g e  of l a r g e  s a t e l l i t e s  

I t  o r  o t h e r  c a r g o e s  on o r b i t ,  Swing nose" c o n c e p t s  a r e  b e i n g  
examined which a l l o w  ready  a c c e s s  t o  t h e  i n t e r i o r  payload 
compartment,  on t h e  ground and i n  o r b i t ,  i n  a  f a s h i o n  s i m i l a r  
t o  c u r r e n t  l a r g e  t r a n s p o r t  a i r c r a f t .  

A 1 1  r e u s a b l e  v e h i c l e  e l ements  i n c l u d e  redundanc ies  
t o  p r e c l u d e  c a t a s t r o p h i c  r e s u l t s  from s i n g l e  f a i l u r e s .  Space- 
c r a f t  and r e u s a b l e  s t a g e s  a r e  des igned  f o r  a s a f e  i n t a c t  
a b o r t  w i t h  payload i n  t h e  e v e n t  of major  f a i l u r e s ,  and t h e r e -  
f o r e  do n o t  r e q u i r e  e s c a p e  p r o v i s i o n s  f o r  p a s s e n g e r s  o r  
p o r t i o n s  of' t h e  v e h i c l e ,  



F l i g h t  subsystems are designed to minimize 
dependence upon ground f a e  ilitLes and operations, 'I%! s 
i g  ref%eeteed in the gutdance and contu-.oll, systems design for 
autonomous o p e r a t i o n  du r ing  ascent  and r e t u r n ,  and i n  pro-  
v i s i o n s  f o r  on-board checkout  of subsystems and malfunction 
d e t e c t i o n ,  

C .  VEHICLE SIZING 

A l l  v e h i c l e s  s t u d i e d  were s i z e d  t o  t h e  fo l l owing  
nominal c o n d i t i o n s  : 

1, 50 000 l b s ,  ca rgo  and passengers  , up and 
down. 

2 ,  F l i g h t  crews of two. 

3. 10 000 cu.  f t .  i n t e r n a l  payload volume, 

4. 270 nmi o r b i t ,  55' i n c l i n a t i o n .  

5e  Seven day mission d u r a t i o n ,  

D, MISSION PROFILE 

A miss ion p r o f i l e ,  t y p i c a l  o f  a l l  t h r e e  c l a s s e s  
of v e h i c l e  concep ts  i s  shown i n  F igure  111-1, S tag ing  of 
t h e  expendable launch v e h i c l e  c o n f i g u r a t i o n  is performance 
opt imized.  S t ag ing  of expendable t anks  f o r  t h e  stage-and- 
one-half  c o n f i g u r a t i o n  occurs  l a t e  i n  t h e  a scen t  phase, at  
v e l o c i t i e s  o f  15 000-20 000 f p s .  The f u l l y  r eusab l e  
systems s t a g e  at approximately 160 000 f t .  and 0000-9000 
f p s ;  t h e  boost  s t a g e ( s )  then  r e - e n t e r  and c r u i s e  150-200 
mi les  back t o  t h e  launch s i t e .  The o n - o r b i t ,  de -o rb i t ,  
r e e n t r y ,  and t e r m i n a l  l and ing  phases a r e  very  similar 
f o r  t h e  o r b i t a l  elements of a l l  t h r e e  c l a s s e s .  

E ,  EXPENDABLE VEHICLE PLUS REUSABLE SPACECRAFT 

The c o n f i g u r a t i o n  which r e p r e s e n t s  t h i s  ca tegory  
c o n s i s t s  of (1) a l a r g e  s o l i d  f i r s t  s t a g e ,  ( 2 )  low-cost 
pump-fed second-stage,  and (3)  a r eusab l e ,  l i f t i n g  e n t r y  
s p a c e c r a f t ,  w i t h  an i n t e g r a t e d  payload compartment of 
10 000 c u e  f t .  Seve ra l  body shapes and decoupled ( o r  
semi-decoupled) l and ing  modes a r e  c u r r e n t l y  under cons id-  
e r a t i o n .  A p a r a b o l i c  shaped s p a c e c r a f t  is i l l u s t r a t e d  
i n  F igu re  111-2 as a r e p r e s e n t a t i v e  concept  i n  t h i s  
c l a s s ,  I n t e g r a t e d  e l e c t r o n i c s  equipments i s  a n  i n t e g r a l  
p a r t  of  t h e  r eusab l e  s p a c e c r a f t ,  p rov id ing  s u b s t a n t i a l  
sav ings  on t h e s e  expensive e lements .  S e m i - b a l l i s t i c  
e n t r y  v e h i c l e s  heve been examined f o r  Lower cargo weights ,  
b u t  become i m p r a c t i c a l  for r e t u r n  payloads i n  t h e  50 000 lb, 
c l a s s ,  

12 







F, PARTIALLY REUSABLE VEHICLES 

The 1-112 s t a g e  (d rop- tank)  concept  i s  a n  integral 
Launch and r e e n t r y  v e h i c l e  t h a t  aims a t  reducing r e c u r r i n g  
c o s t s  by i nco rpo ra t i ng  all e rpens ive  i tems in  t he  r e u s a b l e  
core  v e h i c l e  and con ta in ing  th t?  f i r s t - s t a g e  f u e l  i n  1o.d-cost, 
expendable t a n k s .  T h i s  concept  i s  dep i c t ed  i n  F igure  111-3. 

Some of t h e  major des ign  a l t e r n a t i v e s  f o r  t h i s  concept  
a r e  i l l u s t r a t e d ,  i nc lud ing  ( 1 )  t h e  b a s i c  body shape f o r  t h e  ' 
r e u s a b l e  c o r e ,  ( 2 )  p a r a l l e l  v s .  i n c l i n e d  arrangemi~nt of  t h e  
expendable t anks ,  and ( 3 )  t h e  p o s s i b l e  use  of a second s e t  of 
drop t a n k s ,  t o  reduce t h e  i n t e r n a l  volume, and s i z e ,  of t h e  
r e u s a b l e  core  v e h i c l e .  

A t y p i c a l  v e h i c l e  i s  powered by f o u r  t o  e i g h t  h igh-  
performance, hydrogen-oxygen rocke t  engines  with up t o  f o u r  
m i l l i o n  pounds of t o t a l  t h r u s t .  High p re s su re  b e l l  and 
ae rosp ike  eng ines  a r e  des ign  a l t e r n a t i v e s .  The expendable 
p r o p e l l a n t  t anks  a r e  t o  be of simple and low-cost des ign  and 
c o n s t r u c t i o n ,  wi th in  t h e  weight c o n s t r a i n t s  e s s e n t i a l  t o  
accep t ab l e  payload performance. 

G .  FULLY REUSABLE SYSTEMS 

Over t h e  p a s t  s e v e r a l  y e a r s  many v a r i e d  concep ts  f o r  
a  f u l l y  r eusab l e  round t r i p ,  low e a r t h  o r b i t  t r a n s p o r t a t i o n  
system have been s t u d i e d .  The s tudy  r e s u l t s  have narrowed 
t h e  f i e l d  of  r eusab l e  concepts  t o  those  invo lv ing  boost  s t a g e s  
with a v e r t i c a l  t ake  o f f  mode and a  h o r i z o n t a l  a i r c r a f t  type  
t e r m i n a l  l and ing  mode. The r e s u l t s  a l s o  i n d i c a t e  t h e  d e s i r -  
a b i l i t y  of u s ing  a n  a l l  r ocke t  boost  engine system a s  opposed 
t o  combining a i r  b rea th ing  eng ines  w i t h  r o c k e t s  t o  boos t .  A t  
t h i s  t ime t h e r e  i s  no p r e f e r r z d  concep t .  Hoidever, f i v e  concepts  
which ho ld  t h e  g r e a t e s t  promise a r e  l i s t e d  below. These t y p i c a l  
c o n f i g u r a t i o n s  a r e  dep i c t ed  i n  F igure  111-4. 

1. Triamese Concept - a p a r a l l e l  s t a g e  arrangement 
w i t h  p a r a l l e l  s t a g e  t h r u s t i n g  and p r o p e l l a n t  c r o s s  f e e d  wherein 
t h e  f i r s t  s t a g e  i s  d iv ided  i n t o  two i d e n t i c a l  elements a s  
similar a s  p o s s i b l e  t o  t h e  o r b i t a l  second s t a g e .  

2 .  t - a  p a r a l l e l  s t a g e  
arrangement with p a r a l l e l  s t a g e  t h r u s t i n g  and p r o p e l l a n t  c r o s s  
f e e d  r e s u l t i n g  i n  ti,io s i m i l a r  bu t  d i f f e r e n t  s i z e  s t a g e s .  

3 . - a  p a r a l l e l  s t a g e  
arrangement wi th  s e q u e n t i a l  s t a g e  t h r u s t i n g ,  
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4' MSC C. in i . eg -  - p a r a a l l e l ,  s t a c e  a.iaranpcrraent th 
s e q u e n t i a l .  s t G ~ ~ ~ ~ 6 ~ k ' t i n k  arid using f i ~ e d  v ~ i t l g b  aria d l i i g , l i  

a n g l e  of a t t a c k  reentry mode, 

LaRC C o n c e p t  - Tandem s t a g e  arrangement w i t h  
sequential s t F s s t i c g  and  uslng f i x e d  geometry l i f t i n g  
p l an fo rm s h a p e ,  

Each o f  t h e  above c o n c e p t s  a t t e m p t  t o  a c h i e v e  unique  
economy i n  development  and o p e r a t i o n s  by c a p i t a l i z i n g  on 
c o n c e p t  c h a r a c t e r i s t i c s  such  as s t a g e  and ~3ng ine  a r rangement ,  
aerodynamic s h a p e ,  t e r m i n a l  l a n d i n g  r e q u i r e m e n t s ,  s e q u e n t i a l  
o r  p a r a l l e l  t h r u s t i n g ,  c a r g o  a r rangement ,  and r e e n t r y  mode and 
t h e r m a l  p r o t e c t i o n  s y s t e m s .  Wi th in  t h i s  framework however t h e  
f i n a l  c o n f i g u r a t i o n  d e s i g n  ; g i l l  be s e l e c t e d  hav ing  t h e  b e s t  
combinat ion  of  t r a d e - o f f  f e a t u r e s  and r e s u l t i n g  in t h e  g r e a t e s t  
o v e r a l l  s a v i n g s  t o  program c o s t  w i t h o u t  r e d u c t i o n  i n  s a f e t y .  

H.  CONCEPTS SUMMARY AND COMPARISON 

1. V e h i c l e  S i z e s  and Weigh t s .  

a .  B a s i c  d imens ions ,  w e i g h t s ,  and t h r u s t  l e v e l s  
f o r  t h r e e  r e p r e s e n t a t i v e  c o n c e p t s  have been summarized i n  
F i g u r e  111-5. The s p a c e c r a f t / s t a g e  w e i g h t s  a t  o r b i t  i n s e r t i o n  
r a n g e  from 150 000 - 300 000 l b s ,  L i f t - o f f  w e i g h t s  f o r  t h e  
1% s t a g ?  and f u l l y  r e u s a b l e  v e h i c l e s  a r e  on t h e  o r d e r  of  
3-4 m i l l i o n  pounds,  f o r  50 000 l b s .  pay load  and 10 000 c u .  f t .  
p a y l o a d  volume. 

b .  A s  an i n d i c a t i o n  of weight  s e n s i t i v i t i e s  f o r  
h i g h l y  r e u s a b l e  v e h i c l e s ,  a 1000 l b .  i n c r e a s e  i n  i n e r t  weight  
o f  t h e  o r b i t a l  s t a g e  would r e q u i r e  on t h e  ord::r of  15 000 - 
20  000 l b s .  i n c r e a s e  i n  t o t a l  v e h i c l e  w e i g h t .  

2 .  Some b a s i c  o p e r a t i o n a l  a s p e c t s  
o f  t h e  t h r e e  c l a s s e s  of' v e h i c l e s  a r e  compared i n  T a b l e  111-1. 
It w i l l  be n o t e d  t h a t  a i r c r a f t - t y p e  o p e r a t i o n s  a r e  adop ted  f o r  
t h e  l i f t i n g  e n t r y  r e u s a b l e  e l emen t s  of each  v e h i c l e ,  from l a u n c h ,  
a b o r t ,  e n t r y / l a n d i n g ,  and r e c y c l e  f o r  subsequen t  f l i g h t s .  The 
o p p o r t u n i t y  t o  t a k e  advan tage  of t h e s e  f e a t u r e s  i s ,  of  c o u r s e ,  
p r o g r e s s i v e l y  g r e a t e r  w i t h  i n c r e a s e d  d e g r e e  of v e h i c l e  r e c o v e r y  
and  r e u s e .  







3. Technical Risk and TCC -- -- -- v- ----- --- 

a, C r i t i c a l  subsysbems and desigrl: r e q u i ~ e r a e t l L s  
are summarized i n  Table 111-2 f o p  t h e  three representative 
v e h i c l e  concepts ,  Requiz-emen"e f o r  (1) reusable,  $herxmaPk 
p r o t e c t i v e  systems, and (21 prsvisisns f o r  terminal  approach 
and landing  apply  t o  a l l  t h r e e  concepts ,  Ira a d d i t i o n ,  the I$- 
s t a g e  and f u l l y  r eusab le  concepts  r e q u i r e  development and 
i n t e g r a t i o n  of l a r g e ,  h igh-per fomance ,  r eusab le ,  hydrogen- 
oxygen rocke t  eng ines ,  

b ,  New i n t e g r a t e d  e l e c t r o n i c s  requirements  a r i s e  
i n  two a r e a s ;  ( 1 )  on board checkout and malfunct ion d e t e c t i o n  
and d i s p l a y  systems, and ( 2 )  p rov i s ions  f o r  h i g h l y  autonomous 
f l i g h t  ope ra t ions  dur ing  a scen t ,  on -o rb i t ,  and r e t u r n  phases ,  

a ,  Approach, Because of t h e  l a c k  of d e t a i l e d  
engiheer ing  and o p r a t i o n a l  d e f i n i t i o n  of t h e  t h r e e  b a s i c  sys -  
tem concepts, t h e  approach t o  t h e  c o s t  a n a l y s i s  has  been t o  
e s t i m a t e  a most probable  o r  nominal va lue  and then  t o  employ 
parametr ic  curves  t o  i l l u s t r a t e  t h e  p o t e n t i a l  ranges  w i th in  
which p o s s i b l e  r e a l  va lues  may l i e .  Therefore ,  only  f i r s t  
approximations of concept c o s t s ,  t r a d e - o f f s  and s e n s i t i v i t i e s  
a r e  p resen ted ,  Three parameters  of primary i n t e r e s t  a r e :  

( 9 )  Refurbishment, t r e a t e d  a s  a. f unc t ion  of 
f irst  u n i t  c o s t ;  a  range of 0.1% t o  l o , @  of t h e  f i r s t  u n i t  
c o s t  has  been i n v e s t i g a t e d ;  

( 2 )  Recurring c o s t s  p e r  f l i g h t ,  i nc lud ing  
launch,  f l i g h t  ope ra t ions ,  recovery,  checkout, refurbishment  
and ground turnaround ope ra t ions  ( ~ a n g e s  f o r  t h e s e  c o s t s  a r e  
noted on the  b a r  c h a r t  i n  F igure  111-6); 

(31 Equiva.lent number of system reuses ,  f o r  
which a  range of from 25 t o  1000 has  been i n v e s t i g a t e d ,  A 
des ign  l i f e  of 200 t o  300 f l i g h t s  has  been determined t o  be 
adequate  f o r  t h e  t r a f f i c  models s t u d i e d ,  

b, Cost Assumptions, 

( 1 )  While emphasis i n  t h e  d e f i n i t i o n  and 
development of t h e  space s h u t t l e  i s  on reducing t h e  r e c u r r i n g  
c o s t  of t r a n s p o r a t i o n  t o  and from e a r t h  o r b i t ,  t h e r e  can be 
s i g n i f i c a n t  c o s t  r educ t ions  by sthe adopt ion of an  " a i r c r a f t  
l i k e "  approach i n  t h e  des ign  and development phases,  i , e , ,  by  
accorkplishing q u a l i f i c a t i o n  t e s t i n g  i n  f l i g h t  and by us ing  
l i m i t e d  l i f e  development subsystems, 
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(2) Pr7 Vale operv3tlonal. phase o f  t h e  programJ 
c o s t s  v d i l J .  be s I z a b l y  reduced by bardware yeuse ( p a r t i c u l a r l y  
o f  high cost elements), and by land recovery o f  t h e  v e h i c l e s ,  
Add i t i ona l ly ,  a s i g n i f i c a n t  reduc t ion  En launch and f l i g h t  
operations c o s t s  can be a e b l ~ v c d  by implementing t h e  o p e r a t i o n a l  
features discussed ear3 t e r ,  i ne lud ing  such uses o f  s e l f  -checkout 
subsystems; e l i m f n a t i n g  of repetitive, redundant t e s t s  and 
checkouts ;  and by prov id ing  e a s i l y  main ta inab le  subsystems,  

c , Thi s  a n a l y s i s  was 
conducted t o  i n d i c a t e  t h e  ma,ior t r a d e - o f f s  between v e h i c l e  
l i f e  and refurbishment  r a t e  as they a f f e c t  r e c u r r i n g  c o s t s .  
The r e s u l t s  of t h i s  a n a l y s i s  a r e  summarized i n  F igure  111-7. 
Vehi c l e  r e u s e  i s  a p r o p o r t i o n a t e l y  more s i g n i f i c a n t  parameter  
f o r  t h e  1s s t a g e  and r e u s a b l e  concepts  than f o r  t h e  expendable 
launch veh ic le / reusab le  s p a c e c r a f t .  For refurbishment  r a t e s  
of  1 0 $ , o r  l e s s ,  t h e  f u l l y  r eusab l e  concept  o f f e r s  t h e  g r e a t e s t  
promise f o r  t h e  range of r euse  r a t e s  examined. It i s  s i g n i f i c a n t  
t h a t  t o  achieve payload c o s t s  l e s s  than $50/lb, ,  t h e  f u l l y  
r e u s a b l e  v e h i c l e  i s  v i r t u a l l y  mandatory, u n l e s s  c o s t s  of expend- 
a b l e  tankage can be reduced t o  va lues  s i g n i f i c a n t l y  lower than 
t h e  $75/lb. used i n  t h i s  a n a l y s i s ,  

To be economically compet i t ive  w i t h  t p e  f u l l y  
r e u s a b l e  ccncep t ,  t h e  expendable tankage c o s t  f o r  t h e  12 s t a g e  
concept  must be under $20/1b, a s  shown i n  F igu re  1 1 1 - 8 A ,  I f  
r e furb i shment  r a t e s  of  under 1% a r e  accomplished, then o t h e r  
i tems making up  t h e  o p e r a t i o n s  c o s t s  begin t o  dominate t h e  
r e c u r r i n g  c o s t s ,  

d ,  Concept c o s t  comparisons 
a r e  shown In F igu r  e  $11-gA. Because s f  t h e  
s t a t e d  l a c k  s f  d e t a i l e d  d e f i n i t i o n  of t h e  v e h i c l e s  and opera-  
t i o n s ,  c o s t s  a r e  n e c e s s a r i l y  p re l iminary .  However, t h e s e  
p re l imina ry  e s t i m a t e s  c l e a r l y  show t h a t  f o r  programs r e q u i r i n g  
50 t o  190 f l i g h t s  o r  more, t h e  more r eusab l e  system concepts  
can produce s i g n i f i c a n t  o v e r a l l  s av ings ,  F igure  1 1 1 - 8 A  a l s o  
demonstra tes  t h e  r e t u r n  t o  be galned from non- recur r ing  i n v e s t -  
ments i n  terms of payload d e l i v e r y  c o s t  s av ings .  F igure  111-6, 
p r e sen t ed  prevlous%y,  p rov ides  i n s i g h t  i n t o  t h e  makeup of t h e  
recurlr ing c o s t s  shown i n  F igure  111-88, Resu l t s  from t h e  
examination of two r euse  r a t e s  (100 and 1000 f l i g h t s )  a r c  
shoign i n  F igure  111-7 and t h e  dramat ic  e f f e c t  of drop ( t i p )  
t ank  c o s t  p e r  pound a s su~np t ions  is  i l l u s t r a t e d  i n  F igure  111-9B 
and F i g u r e  111-10, 

T h e  d i s c u s s i o n s  of t h e  program c o s t  compari- 
sons  and s e n s i t i v i t y  ana lyse s  conducted f o r  t h e  t h r e e  gener fc  
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classes of veh ic les  have t h u s  demor-askrated t h a t  the  s i gn f f i c an t  
tradesffs lee in t h e  areas o f  refurbishment and o p e r a t i o n s  
costs, anu paint to a need fop  greater e f f o r t  L L ~  these areas, 

1, PROGRAM PLANS 

The t h r e e  gene r i c  v e h i c l e  c l a s s e s ,  (I: expendable 
launch v e h i c l e  wi th  advanced r e u s a b l e  s p a c e c r a f t ;  X I :  p a r t i a l l y  
r eusab le ;  and T I E :  f u l l y  r e u s a b l e  systems) ,  cover  a broad 
spectrum of development and o p e r a t i o n a l  f e a t u r e s  and a s s o c i a t e d  
complex i t i e s ,  C e r t a i n  s i g n i f i c a n t  development c o n s i d e r a t i o n s  
a r e  common f o r  a l l  concepts ,  such as  o v e r - a l l  con f igu ra t ion ,  
a i r f r a m e  des ign ,  and thermal  p r o t e c t i o n  systems f o r  t h e  r eusab le  
v e h i c l e s .  Advanced, h igh  performance, h igh t h r u s t  rocke t  engine 
systems a r e  r equ i r ed  f o r  Classes I1 and 111, To e x p l o i t  t h e  
advantages  of compet i t ive  development i n  c e r t a i n  of t h e  advanced 
systems, p a r a l l e l  o r  concur ren t  developments w i l l  be employed, 
For  example, p a r a l l e l  development of t h e  rocke t  engine systems 
through pre l iminary  f l i g h t  r a t i n g  t e s t s  would prov ide  redun- 
dancy i n  t h i s  most c r i t i c a l  a r e a ,  Vehicle con f igu ra t ion ,  f l i g h t  
c o n t r o l  systems and thermal  p r o t e c t i o n  systems should be demon- 
s t r a t e d ,  eva lua ted  and optimized by p a r a l l e l  programs of a n a l y s i s  
and demonstra t ions ,  

1, Development Cons idera t ion ,  An a i r c r a f t  develop- 
ment apprcach,  c a p i t a l i z i n g  on t h e  c o n f i g u r a t i o n  f e a t u r e s  of 
a s t a b l e  and c o n t r o l l a b l e  l i f t i n g  planform with  a p p r o p r i a t e  
p ropuls ion  system c a p a b i l i t y ,  w i l l  be employed where a p p r o p r i a t e  
f o r  t h e  s e l e c t e d  c o n c e p t ( s ) ,  The number of f l i g h t  t e s t  v e h i c l e s  
and a s s o c i a t e d  c c s t s  can be sha rp ly  reduced and t h e  f l i g h t  t e s t  
hours  can be increased  g r e a t l y  v i a  f l i g h t  t e s t  v e h i c l e  recovery 
and r euse ,  An incrementa l ly  d i f f i c u l t  f l i g h t  t e s t  program w i l l  
be employed, i n c r e a s i n g  t h e  f l i g h t  regime wi th  r e s p e c t  t o  speed 
and a l t i t u d e  a s  t h e  f l i g h t  v e h i c l e  i s  proven ou t  i n  r e p e t i t i v e  
f l i g h t  o p e r a t i o n s ,  Modi f ica t ions  and c o r r e c t i o n s  f o r  malfunc- 
t i o n s ,  benign f a i l u r e s ,  and/or performance d e f i c i e n c i e s  would 
be accounted f o r  dur ing  t h i s  f l i g h t  t e s t  phase, 

a ,  Concepts Comparison, Although t h e  r eusab le  
e n t r y  element i s  c  oneepts ,  theye  i s  a  
s i g n % f i c a n t  d i f f e r e n c e  i n  t h e i r  r e s p e c t i v e - a b i l i t i e s  t o  e x p l o i t  
a i r c r a f t  development t echniques  over  t h e  e n t i r e  des ign  environ-  
ment, The e n t r y  element i n  C la s s  I can on ly  be sub jec t ed  t o  
o r b i t a l  e n t r y  cond i t i ons  a f t e r  being boosted i n t o  low o r b i t  
by a  f u l l - s c a l e  expendable launch system. The Triarnese concept,  
r e p r e s e n t a t i v e  of' C lass  III, f u l l y  r eusab le  systems, a l l ows  
incrementa l  f l i g h t  t e s t  s t e p s  from subsonic t o  hypersonic  
v e l o c i t i e s  and t h e  a s s o c i a t e d  a l t i t u d e  envelopes ,  This  could 







In the ease of Class I, a S a t u r n  Vd~itan 111 
vertical assembly and transfer technique would b& recommended, 

En the ease of Classes E P  and 111, the Individual 
elernents would be transported to the l a u n c h  pad f o r  "erection'" 
post-refurbishment activity or, alternatively, an ~ntegrat~on/ 
t r a n s f e r  ope ra t i on  would be employed. Addi t iona l  s t udy  i s  
needed t o  op t imize  t h e  hangar-to-launch mode f o r  C la s se s  1% 
and 111. Pre l iminary  s t u d i e s  f o r  t h e  Class  11 and 111 systems 
i n d i c a t e  t h a t  launch could  t ake  p l ace  from ETR and recovery 
cou ld  be accomplished a t  t h e  s k i d  s t r i p  a t  ETR, wi th  a p p r o p r i a t e  
ground c o n t r o l  and approach equipment i n s t a l l e d ,  E x i s t i n g  o r  
new hangars i n  t h e  a r e a  would be employed f o r  t h e  post - recovery 
o p e r a t i o n s  and t h e  v e h i c l e  would then be moved t o  t h e  launch 
a r e a  l o c a t e d  nearby, w i t h  a c t u a l  l o c a t i o n s  being determined by 
no i se ,  s a f e t y ,  and hazards  s e p a r a t i o n  d i s t a n c e  requ i rements ,  
F i n a l  cockp i t  checks u s i n g  t h e  on board, autonomous c a p a b i l i t y  
would be accomplished a t  t h e  launch a r e a  t o  e x e r c i s e  and e v a l -  
u a t e  t h e  f l i g h t  rcGeadiness of  t h e  v e h i c l e  systems,  

It should  be noted t h a t  no c r i t i c a , l  o r  major new 
manufacturing o r  subsystem development f a c i l i t i e s  a r e  a n t i c  i- 
pa t ed .  Engine, a i r f r ame ,  and e l e c t r o n i c s  subsystem development 
can be accomplished wi th in  c u r r e n t  n a t i o n a l  f a c i l i t i e s  o r  
mod i f i ca t i ons  t h e r e t o .  



TV, CONCLUSION 

A wide spectrum of space mission opportunities a n d  
s c i c n t i f i c / a p y l i c a t i o n s  t r a n s p o r t a t i o n  needs have been 
I d e n t i f i e d  for t h e  pe r iod  of t h e  mid-1970% sand beyond, 
I n  a  broad sense ,  t h e  envelopes  o f  payload performance 
and o t h e r  c r i t i c a l  m i s s ion - r e l a t ed  requirements  for t h i s  
mission spectrum bracke t  a  s i z a b l e  number of common one- 
way and round- t r i p  space s h u t t l e  performance requirements  
and o p e r a t i o n a l  modes. The a t t a inment  of a  space s h u t t l e  
system, which can ope ra t e  on dc+mand a t  annual  c o s t s  a n  o r d e r  
o r  two of magnitude lower t h a n  c u r r e n t  systems should  no t  
be cons idered  s o l e l y  i n  terms of p r o b a b i l i t y  but  more i n  
terms of e s s e n t i a l i t y  t o  t h e  e f f e c t i v e  growth of f u t u r e  
space o p e r a t i o n s .  The a b i l i t y  t o  e x p l o i t  space based 
o p p o r t u n i t i e s  a s  they  occur  o r  n a t u r a l l y  evolve  is  of 
vital n a t i o n a l  i n t e r e s t ,  

A .  PREFERRED CONCEPT ( S )  

1. F u l l y  r e u s a b l e  o r  nea r  f u l l y  r eusab l e  system 
concepts  o f f e r  t h e  maximum p o t e n t i a l  f o r  a low o p e r a t i n g  
c o s t ,  v e r s a t i l e  space s h u t t l e  system t h a t  can r e a d i l y  s a t i s f y  
t h e  v a s t  ma jo r i t y  of f u t u r e  space t r a n s p o r t a t i o n  requ i rements .  
The broad one-way and r o u n d - t r i p  payload weight and i n t e g r a l  
volume requirements  and maximum system reuse  c o n s i d e r a t i o n s  
f a v o r  l a r g e  l i f t i n g  planform c o n f i g u r a t i o n s ,  r e - e n t e r i n g  a t  
low wing load ings  and c a p a ~ l e  of c o n t r o l l e d  runway land ings  
a t  f i x e d  s i t e s .  

2 .  Areas r e q u i r i n g  major emphasis and cons ide rab ly  
i nc rea sed  R&D a r e :  

a .  Reusable, high performance hydrogen/oxygen 
rocke t  eng ines .  

b, A t t i t u d e  c o n t r o l  p ropuls ion  sys tems,  

c .  Reusable thermal  p r o t e c t i o n  systems w i t h  
minimum refurbishment  requ i rements .  

d .  On board e l e c t r o n i c  systems d e a l i n g  w i t h  
computer suppor ted informat ion process ing  and d i s p l a y ,  such 
a s  checkout,  f a u l t  i s o l a t i o n ,  f l i g h t  path  energy management 
and c o n t r o l ,  nav-guidance, e t c . ,  and inc lud ing  c o n s i d e r a t i o n  
of t h e  d i r e c t  i nco rpo ra t i on  of l o g i c  f u n c t i o n s  of t e s t  and 
moni tor ing i n t o  subsystem major components. 

e .  Long- l i fe  and e f f i c i e n t  primary s t r u c t u r a l  
sys tems ,  



f , Canf i g u r a t i a n  definition; vehicle and 
subsystems s y n t h e s L s  to a t t a in  a stable and controllable 

aerospace t r a n s p o r t a t i o n .  The reusable  space s h u t t l e  w 

b e n e f i c i a l  uses  of near  and f a r  space. Program d e f i n i t i  
and system s p e c i f i c a t i o n s  f o r  the  reusable  space s h u t t l  
can be accomplished w i t h i n  e ighteen months. 
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