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USZS OF SATURN 

Sa tu rn  and Apollo bardware w i l l  n o t  have r e a l i z e d  t h e i r  u l t ima te  p o t e n t i a l  

f o r  space  exp lo ra t ion  a f t e r  t h e  p r o j e c t  l u n a r  land in^ i s  complete. To ac- 

complish t h e  Apollo l una r  landing  brogram, an immense hackloq of t e c h n a l o ~ ,  

f a c i l i t i e s ,  and boos tkr  c a p a b i l i t y  s w i l l  have been b u i l t  up, and we be l i eve  

proper  u t i l i z a t i o n  of t h i s  resource w i l l  f i l l  t h e  needs for  ~ l a n e t a r y ,  l una r ,  

and e a r t h  o r b i t a l  space exp lo ra t ion  f o r  gea r s  t o  cpme. In  ~ c h i e v i n g  t h e  

Apollo lunar o b j e c t i v e ,  l a r e e  investments w i l l  have been m ~ d e  i n  launch 

F ~ c i l i t i e s  , t r a c k i n e  systems, propulsion technolopy , re-entry systems, lunar 

l anding  systems, and rendezvous t e c h n o l o w ,  t o  name only a few, Mthouph 

t h e s e  s p e c i a l i z e d  a reas  have been poin ted  toward t h e  luna r  exp lo ra t ion  m i s -  

s i o n ,  numerous s t u d i e s  by NASA and indus t ry  have demonstrated t h e  f e a s i b i l i t y  

of u s ing  t h e  s p a c e c r a f t ,  v e h i c l e s ,  and opera t ing  techniques f o r  rnfssions f a r  

beyond t h e  l u n a r  land in^. I n  t h i s  paper ,  I w i l l  d i scuss  some of' t h e s e  

Saturn/Apollo missions which l i e  beyond t h e  Apol2.o l u n a r  land in^ nroaram. 

By i d e n t i f y i n g  t h e s e  advanced uses  of S a t u r n / ~ p o l l o  h a r d ~ a r e  t o  meet important 

n a t i o n a l  goa l s ,  we can amortize t h e  l a r g e  cos t  o f  t h e  S a t u r n / A ~ 6 l l o  procram 

across n much wider spectrum of  missions. 

Sa tu rn ,  t h e  v e h i c l e  designed f o r  one mission,  w i l l  meet t h e  needs of t h e  

country i n  space  exp lo ra t ion  f o r  many yea r s  t o  come. Since both t h e  Sa turn  I B  

and S ~ t u r n  V ve r s ions  were designed f o r  manned anpS.ication f r o n  t h e  o u t s e t ,  

we can expect  t h e  cont inua t ion  of t h e  outfltanding r e l i a b i l i t y  record  a l r ea4v  

begun by t h e  Sa turn  I vehic le .  B y  u s ing  Sa turn  over t h e  wides t 'base  of  m i s -  

s i o n s ,  c o s t  p e r  u n i t  w i l l  decrease m d  t h e  na t ion ' s  investment i n  t h e  f u t u r e  

w i l l  pay. r i c h  dividends i n  tiew kncrvledce, p r e s t i g e ,  and world leadersh in .  

Sa turn  has a f u t u r e  i n  space. 
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S a t u r n  an4 > p o l l o  ' I ~ r d w - t r ~  - d i l l  not hnve r e s l i z e d  t h e i r  i l l t i m a t e  p o t a n t i n 1  

fn r  spare  e x p l o r a t i o n  a f t e r  the  n r o j e r t  I ~ l n a r  ? n ~ . d i n ~  i z  comp?ete, To sc- 

comrl i s h  t h e  r>nol l o  ~ U R R ~  l e n d i n <  FroP'm, ?n i ~ m e n s e  hncklog of ter*i-inolorr:~, 

f ~ c i l i t i e s ,  ~ n d  \ r o s t e r  c n p a h i i i t ~  w j  11  h a v e  been b u i l t  up, and we b ~ l i c v e  
* - - - - -  - _ +  -- - ---* - 

nronpr u t i l i z e t i o n  of t h i s  r e s o u r c e  wi ll f i l l  ;fian;r of t h e  r,eeclr, f o r  r , lnne ta ry , .  lunarq , - 
~_n t !  e ~ r t h  ~ r t ' I t ~ . l  S D ~ C F ?  e x ~ l o r z t i o n  f o r  .refir: to cone. I n  achievinp t h e  

f . ? o l i ~  l u n a r  c b J e c t i v e ,  large i n v e s t - ~ r t r  vi 11 hnve tjeckn mnde in Irllncb, ?:i- 

cilities , t r ~ c k i n c  systems, propulsicn tee-finolo~~r, r e - e n t r y  systens , l u n a r  

l a n d i n g  systems, and rendezvous C,echno?o~jr, t? nnxe on ly  a *ew, tZZt.hi?u~h 

these  s p e c i a l i z e d  Rreas h ~ v e  heen poin'ed townrd t,be l u r n r  exp;oraf i o n  mi?- 

sion, nu.erous  s t u d i r s  by IIASP. rtnr! indus.i;r:r have ?emons?ra ted t \ e  fcnr - ih i l -  

it:,r of u s i n g  the s p s c e c r a f t ,  vehicles, ~ n d  o n e r n t i n y  t ~ c h n i q ~ l e ?  f o r  c i s s i o n s  

far beyond t h  l luna 11nn?inc, I n  t h i s  D a r e r ,  I n i l 1  $iscuss sore of  t 9 ~ s r  

Snturn/ .knol lo  missions which I + @  Seyond tke A p c l l o  Lunnr l a n d i ~ p  ? r o p r m .  

py identi e i n p  these  advarceci uses o P  ttie :;at?lrn/!;\311~ hitrdwlire t o  me t  

importnnt nnt iona!  b - ~ n l s ,  we can a r n o r L i z ~  t h e  i ~ r ~ e  rfis+, of' t h e  ? ; n t ~ r c / 4 ~ o l : o  
P 

c r o p r a g  across R " U C ~  w i ~ c r  spectru~ of nissions. 

The ;'i3?,urn IB v e h i c l e  ( ~ i ~ r u r t  3 1 h ~ s  been desipnec! %c place  + b e  I r o l l o  cor- 

?--and n o d u l e  s e r v j  ce nodule f p a r t l o l l ? r  I c s d e c l )  ~ n r !  !unnr exc t l r s l  or! module 

i n  e a r t h  o r b i t  f r r  y r ~ c t i - e  r endezvous ,  rc-entrv terz ts ,  ~ n 3  n o ~ ~ ~ r i i  end 

c ~ n t ~ o l  syst'en o p e r a t i o x s  . W L e  v e h i c l e  br-7 t h ~  cnnnhili +,y of a l f a c i r ~  1$ ,qW 

pounds int ,o a 100 n n ~ t i c a l  r l l e  or t i i t .  ;'he Y-'-;'I3 st,Rpe i t s e l r  c : ~ ?  nrovir2e  

~ t t i t u d e  control for h-l/? hours nf te r  in , iect iq?.  X f  9 ?t-ntt?ur t h i r d  steam? 

i s  added  t o  t h i s  two s t a r e  c a n f i ~ u r n t i o n ,  t h e  Sat,urn 13 v:eki4cl@ has nn cr-  

cape c a n a b i l j t y  of n p p r o x i n a t e l y  !?,COO ~oun6r ' .  "ipure 1 a l s o  shows t h e  

t1:ree s+ ,we  ve"licita. i'erfrmtznce of t,he !;:iturn T i r  i s  sho.crn in Ticures  7 

and 3, b o t h  f o r  the t w o  ;ta#:e and  t n r e e  r t a E e  v e r s i o n s ,  

qAe third s t a ~ e  being r n n s i d e r e , !  +'or- use d i t c h  t h e  : ;st~irn I3 vehicl~. 's t h e  . 
r e n t o u r .  Yn i s  stage cnn be used esspnti:~l ' : .~ R S  it i~ de!iipne$ f o r  t h e  f i t l~' i  

C ~ n t a u r  a~plicatirn and ocly mfnor ch:tr,c*c, +ire r e q ~ i r e r !  t o  the  b a s i c  E ~ t u r r .  li3 

vehicle to ~ c c e n t  it. The C p n t a u r  st,nFr i t n e : f  i s  shown i n  Y i p t i r e  '., Tt :rr,ec, 



THIRD STAGE (CENTAUR) 
L IQUID  HYDROGEN 

TANK 7 
/--JElTISONABLE SHROUD 

LIQUID OXYGEN TANK L R ~ 1 ~ ~ - 3  ENGI NES 
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two P r a t t  ~ n d  Whitney F510 L,r~/I,li ,  e n ~ i n e s ,  which Ftre t h e  s m e  enqines tha+. 
<- 

are used i n  t h e  Ga tu rn  S-IV veh ic l e ,  bs  shown i n  F igures  1 ~ n c i  4; the 
C e n t ~ l u r  vehiqlc? i s  surrounded by nn outer  rhrqud vhi rh  c a r r i e s  a pnrt,ion 

of t h e  p:tyl,oad s t r u c t u s x i  lo~ci's to the S-114. :'be shroud i t s e l f  ~ r o v i c i e s  

i n s u l a t i o n  t o  t+?p Centaur nnd is  j e t t i s o n e d  c'turi?i: second s t a r e  burninp. 

S e c ~ u s e  the Centau r  ,-,os?esses c a p ~ h i l 4 t y  for ? ~ l ~ i t , i ~ l e  rest.nrt5 tin? hrtr; q 

v e r f  k i c k  ?ass f r a - t i o n ,  it is we13 s u i t e d  f o r  t h i s  t h i r d  s t n p e  applirs'inr. ' 

'1%e Pi€it,icX?z?.l S c i ~ n C e  Pountlnt ion !Ins recent ly  rer:)%~cn(ier! t o  "r. j:ebh t,hgt, 

XASA consider :Tarti an cxplor~i  t,! on ns an  i n n o r t n n t  h i ~ h  priorit:! prqyrgP, 

To t h i s  end,  t h t .  J e t  1'ropuj.sir~r. J ; a S o r ~ t o y ~  h n s  recent?:; i s s u e d  r c 7 u e s t  fer 

~.ronosslrs ?or the Voyacer p y ~ l o n d  ( ~ i e u r e s  5 ~ n r !  6 ) .  "'j;is ~ i n ~ n n n e r !  probe 

of Xqnrs w i l l  he I.n.unckec! soneti~c i n  t h e  enr ly  l j 7 9 ' s  on t!lo t,k.-.ree r , t . i ~ ~ e  

S a t u r n  IH vehi.cle.  S p e c i f i c  e x y e r h e n t s  $0 be pe r fomed  by Voyxcer i n c l u d e :  . 

P 1 ,,  ensin in^: space e n v i  rnnmen ta l  condi Lions c',nri?g " h e  t r a n r  far  nr!)i t 

2. %te rn ina t9  on of Wars n t n o s ~ h e r i c  consti t u t ~ n t s  

3. T n t e r ~ c t i c n  of e n e r ~ e t i c  przrtic!cs w i t h  pp! nl;et.?r:i ::tnosg!~erer; ~ n t i  

f i e l d s ,  e l e c t r i c ,  mnanetic,  and ~ r n v i t a t i o n ~ l  f ie lds  

4. I n v e s t i g e t i o n  of p i a n e t n r y  s t r u r t u r e  mnd s u r f a c e  f e a t u r e s ,  a s  w ~ l l  

R S  e x t r a t e r r ~ s t r i  81 l i f e .  

L%en 'loynqcr reaches the vicinil t; of " A ~ s ,  P 5"13?! ret rn lrccket wi 1-1  lace 

i t  i n  o r b i t  ~rnunc! C,l~e p l a n e t .  Frrxr +.h19 IIar+,inn orhit, i t ,  w Z l l  re!?ar,c 

probes t o  the sa r tnce  of Yars. These nrqb~:; w i l l  ~ P J * T ; L C  ~ ~ Q ? C ) ! ~ ~ C I I :  snd 

microbj o l o r i c a l  f e a t u r e s  and rela:? the?'  r Pln$S rqs h a v k  ~ l p  t,o tht- orbit i ?+- 

s 3 ~ c e c r a f t  for t r%nsn ins im t n  en?", 

But  t h e  t \ r ce  s t n g e  S a t u r n  I B  has capzbillttes wh: ch p9 .ever 1-e:iond tl P 

Voywer npy!ic.ation. For ~xanqle, t h i s  v ~ h i r l e  cnn cyrr-y ?8OQ po~l?ds of 

payload t o  sjrnchror!ous o r b i t ,  Xi t h  p ~ y l c a d s  of t h i r ;  marni t u d e  nvni ? p,ljle, 

Sa tu rn  Ii3 can be considered f o r  such rni;?ions ? s  l n r ~ ~  orbi t i n r  :P~PSCC:PCS 

very 1 e r ~ e  ';yr;chronous con~cn ica tSon  r ; ~ t  e l l i t e s  , nnv;i.ationnl a i d s ,  ~ n , 6  

w e a t h e r  s u r v e i l l a n c e  from a firer!  m i n t  abova t h e  e n r t h  (vipurc. 71, I n  

e ~ c h  of t h e s e  ca ses ,  previous mission anrtl:rxs:: hsve nlace  t h e s e  tyr,ea r;f 

paylosdc i n  low e n r t h  o r b i t  because of veh ic l e  pe r fo rm~nce  l i n? ' t n t , i ons .  
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Fiow, t h e  t h r e e  s t a g e  S a t u r n  I3 can p l n c e  t h e s e  aay londs  i n  synchronous  

orbit and o b t a i n  t h e  advan tage  o f  f i x i n g  t h e  payload w i t h  r e s p e c t  t o  a 

p e o g r a p h i c s l  p o i n t  over  t h e  ca r t , h ,  I t  is i n t e r e s t i n g  t o  note t h a t  at on 

t i l t i t u d e  of 22,000 m i l e s ,  t h e  s y n c h r ? n o u s ' o r b i t  a ! t i t u d e ,  t h e r e  e x i s t  . 
two nodal p o i n t s  where a  s a t e l l i t e  vi 11 be i n  s t ~ h l e  o r b i t .  This. r e s u l t s  

f rom the f a c t  that t h e  shape  o f  t h e  e a r t h  i s  distorted from a p e r f e c t l y  

r ,ymr,e t r ica l ,  & l a t e  spheroii! ,  A t  t n e s e  poir l ts ,  w h i c h  are Lonrt i t~ ide  130V 

and 5'33, t h e o r e t i c a l l y ,  n o  g r o p e l l : ~ n t s  ~ r &  r e q u i r e d  f o r  orbit keepinr,  

nnd t h e  s a t e l l i t e  w111. remain  sta+.iont?.qv. bt R:I o t h e r  n o l n t s  nr! t h i ~  

or t? i t  over  t h e  e q u a t o r ,  some s t ~ t i a n  k e e p i n r  p r o p e l l a n t s  are r e a u i  reC, 

but even at w o r s t ,  these requ i rements  are q u i t e  sma11, R S  shown I n  

F i g u r e  8. 

The t h r e e  stage S a t u r n  13 cqu ld  ~ 1 : ; o  be uses "or other b j q h  enerrr;y -is- 

s i o n s  o f  i n t e r e s t  i n  p l n n e t ~ i r y  ~x>l n r a t i o n .  For o x w p l e ,  w i t h  a h i p h  

e n e r q  f o u r t h  s t a ~ e ,  bO00 pounds o f  p o y l c ~ C  can be s e n t  on n s o l a r  prove, 
f a r  n l ~ n t t  e ~ l o r a t i o n  witl? rt  pnylr%d of 1000 pounds, and out,-of-the- 

e c l i p t i c  probes  w i t h  nayloafis of paun6q. IE each  n f  t h e s e  m i s ~ i o n s ,  

t h e  solSA n r o p e l l ~ n t  e r x i n e s  coulc! be t h e  s w e  ns %"it cc r r i e r !  i~ t h e  

' I o y ~ p e r  r e t r o  i n p u l s e  a t  !:nrs, 

A n o t h e r  n i s s i o n  % e i n p  consi derec? f o r  t,t?e t h r e e  ..tape S a t u r n  i r  t h e  c i r c ~ r r -  

l u n a r  Pepasus f l i g h t ,  The S a t u r n  : v u k i  :le ~ R S  l a ~ n e ' Y ~ r 7  P P ~ ~ R " . u s  i!lt,o 

low enrth orbit, ~ n d  t w o  nizre are n l a n n e d .  I;nwever, n f t ? r  t h e s e  f:jph?,.;, 

the ques t ion  of ni  - ror?~tecro i r l  environr:,ent itL tr.tns!:lnnr nnr! t i  ~ c i t . r l u r ? r  

f l i g h + ,  w511 still remp:in u n ~ n s w e r - d .  The  % t u r n  T9 pravieer, PQ i ,?esl 

~ 1 s t f r t - r  f c r  thi; g i s s i s ~ ,  ~ i c r e  i t  c-pn boost, 17,000 cnunfis to * l t l c n r  . 

escnpe vc1o:i';y. :li th  t,hi s csc.nsc r'bj ' i t;i , n n r d f  *i PI! ?' 'ppi- t -~r ( r>I PIITP 

817) c o ~ l d  be s e n t  ' ; q t r ?  n "iq\:rc. e i p h t  ? i n s :  on arnim:! t h e  "f;-n nnr! n r o v i r i ~  

rtdvanced d n t a  orr t h e  -x.rj r o n n e ~ t  wbli rf; r w , l  I *> vi  : 1 e:.co z t ~ r  ; rl it'; I ~ J P P T  

Pl  iqilt . 



Cf c o u r s e ,  t h e r e  a r e  advanced ~ s s i g n ~ e n t s  f o r  t h e  Saturn I9 vehi c!e whj ch 

wi 11 o c c u r  af ter  lunar e x ? l o r a t i o n  hns been initi r i t . ~ ? ,  me vchi c~ le  ran  hc 

1:sed f o r  l u n ~ r  lo i - i s t i c s  s u ~ p l : r  o r  it c?n furni r ,h  :! c o ~ m u n i c a t i o n s  s0te:- 

1-e +,a o r b i t  a round  t h e  "non i n  s u z ~ o r t  of ex tended  l u n n r  ~ x ~ l o ~ ~ t i ~ n  nnc, 

backs ide  rormun? c a t i o n .  

%us, i t  appears tha', t h e  : ;aturn i9 w i t L i  n t ' 7 i r d  S ~ R P ~  C R ~  ? a t i r , f y  R h n q t  

of p1ar.eta.r; exxpl o r a t i c n  rissions . I3ecalir:c t,his veP:ir ll? , d i l l  oner:>.t.c +or 

l aunch  pads 3Li a n d  77 a l r e sdv  i n  existence ~t YS?, t h o s e  miss ions  cam bc 
' 

mounted  w i t b o u t  ir,terfercr,ce t o  t he  .carxXl~l ,C-tturn '! q q e r a t i n n r  ~ t ,  n n -  34, 

"ur thermorc  , tile c~n t in l l e : ' ,  Line of t h r  :'?,turn v e h i c l e  wi 2.; rec?uct. ti-r ro r , t  

X r  v e h i c l e  f l i s ih ' .  t c  s a n e t h i n g  or t!le o r d e r  rbC ::OD n e r  ~n~ l ' l c !  Yny, lcv 

e a r t h  g r b l t  ! tkro st.:ipp), ,)r 3 3 3 9  ner po..m,i t n  - s r a r e  tre! -pi t;,. 'heze 

f i q u r e s  i n ~ l u d r :  v e h i c ? e  c o s t  -tnA ! n l i ~ ~ t ; l  oaernt!nr, nost., F ~ l t  (?o ~t In?: 1dp 

t r a c k i n g ,  riat'a ~ c q . i i c ; i t , L o n ,  ra:.'?r:irl or  rcscnrc? :*nd tievelnpment : m ~ r t i - . : 3 ~ , i c ~ n ,  

I:PSfi i s  zons i  l l e r i r , ~  a x e r l ~ s  of  ili;c;i?ns w i t ?  t.he ? s t u r n  i' an? "at ,lrn " 

veh ic l e s  kncvn as A Z i  !!<Fclln !,xtensll2n S j r s + r i ~ ~ ) .  i n  t h i s  serte.; of  -i ; -  

s i o n a ,  t h e  f;at,urn v e h i c l e ?  wou',c! h?nrt llpolln nnd T,EI"nr :~:?re .:i t h  c y c c i - ? l  

Rccessory equ iynen t  into o r b i t  an? space e x p l o r r t i o : ~  missi o n s  ~rlr~rily 

f o r  collection of n e a r  e n r t h  t r7nslunn.r  arld l u r , ~ , s  sci~nt,CT!c an:? ~ n c l n r e r -  

Ing dnta. The concept  i s  b ~ s i c n l l y  t h i s :  P,e  fami ly  of f l i g h t - p r w e n  snfi 

m a n r a t e d  n a r d w ~ r e  developed ?cr t h e  Pr8c'llo l.ar,dint* nrqp-an car, be u c e d  ir! 

a b r o a d e r  spec t rux  of ~issiocs to accornrlish & ? t i  on31 r o ~ l s  ir, t h e  most 

t i m e l y  w d  e c o n o ~ ~ i c a l  way, An A ~ o l l o  s p ~ c e c r a ' t  with  ZI p s r t i n : l y  'oadc?  

s e r v i c e  module would, for  e x s d ~ p ? c ,  b e  boosted i n t ~  1 ~ 4  earth) o r b i t  t o  PC- 

rompl i sh  s c : e n t i f i c  r e s e a r c h  on the e f f ~ c t  of h i g h  v~*cu:~m ?nb w r i ; . h t l e s s -  

necs on engineer inp;  m s t e r i n ? ~  3r t , io?oc icx l  spncimens. The pnrtindlv locsc?ei! 

s e r v i c e  module could provf de firoyulsior,  o r  o r b i t a l  r - a ~ c u v ~ r i n ~  w i t h  the 

rpacecrnf t .  Th i s  maneuvering capab i  l i  t v  roulr? ~ e ~ , i  t o s b i  t a l  p lnne  changes 

o r  Hohnnn t ransDer  From one orSit ,nl  altiT:~(:e t o ' a n o t h e r .  1 t m i p h t  a i sn  

b e  used t o  pemit t h e  Apollo ~odulc t o  reniiezvous w i t h  o t h e r  spacecrqPt 

i n  o r b i t ,  



Nationa.1 p re s s  medin r epor t ing  on t h i s  proRram h ~ v e  n l s o  t i iscussed C :~p icn l  

a s s ipnments  f o r  AES. These include: 

1 .  'Trrlnsrnis.;ion of 3' pic?,urer- ~ ~ i r e r t l ; ;  t o  hones on  e a r t h  

3. Mapping a n 6  o b s e r v a t i o n  of t h e  e a r t h ' s  r l ~ r f r  CF? by A ~ o l l o  r p r x e c r a f t ,  

i n  po ln r  orb5 t 

2. T e s t i n g  of new nropulsjon sys tems a n d  space s u i t :  

11, p e t r i e v f i l  of Echo b n l l o o n ~  

5 ,  Ast,ronomical o b s e r v a t i o n s  

5, E t u d i  es of l u n a r  surfact?  t o m g r a y b y  and surf 'nce c;l-nrrsi t i  nn upit?r:  

m u l t i s p e c t r a l  p h o t o ~ r a ~ h y  nnd relenodtsy 

T h s ~  propran w i l l  u s e  h a r d w ~ r e  wl-.ich i:: unnodifierl  f r n r .  t h e  b n s i r  yrollr,  

d e s i p n .  Thr procrn;. cau!d invo lve  t h e  u r e  9f  si x St:?.-irn 'J veh: cles nnc! 

:ix S a t u r n  I!! v e h i c l e s  pe r  year  w i t h  t h e  f i  r f ; t  nar-ned orbit,al f l i r h t s  c m -  

i n p  as e ~ r l y  as 1968. T h e  uses of :his t y p e  of h? rdwnre  ?-re e x t - e ~ e l y  

var ied .  For  example, or,e a p p l i c a t i o n  envisioned is t h e  e~pl f )y-?ent  r C  

s e v e r ~ l  Siirveyor s n a c e c , r n f t  t o  t h e  surP%ce of t k p  b:~r:: fmr? N, orkitin!: 

cornnand nodule w i t h o u t  t h e  LEF: s t a p e ,  :'fie Survryons  c ~ u l r !  b~ piaced so 

t h ~ t  t h e i r  p a t h  on t h e  l u n a r  s u r f a c e  converped t o  one s p o t ,  vhere  nn ? p o l l o  

crew could c o l l e c t  t h ~ l n  w i t h c u t  need f o r   lo?^ +,err: s h e l t e r .  

%is concept hns  p iven  r i s e  t o  a c a l l  f rc- 1:r\~~,';'~n<7<unrt ers to ?otenf i a3 

e x p e r i n e n t e r s  . P.rouy!-.ou+ t b f  r o u n t r y  , u n i v e r s i t i e s  efir! rt3m't;erc of indlls  tr? 

heve been asked t o  prozose r?lenti!'ic a?J e r . r i n e e r i n r  exnerirlents frr f l i p h t  

eboarc! P,pol!c ~ i s s i  0 x 3 .  Zone e x p e r i ~ e n t s  hnvc al r e o Q  heen s c c e ~ ~ t e * !  f o r  

use or, Apollc;, and we 1un.lers+,and t h a t  t h e  i r . t e res t  a m r p  % h e  s c i s n t , i t i r :  

. corrmni t y  f o r  space on t h e s e  r i s s i o n s  I c  yuj  te h j  yh. 

Ff ter  AES, llASA may elect, t n  p rov i  r'e s T s r e  s t  n t i o n s  of t h e  T"?;, c!:lsr,, 

T h i s  type of spRce c t a t i o n   ill L o a r e  approx i rn~ t~? :~ r  s i x  men, T t s  ma lor 

ru ryose  w i l l  kc t o  cccamplish :.nrgc r s c n l e  smien t . j  T i c  arc! t e c t ~ n n l o ~ i c ~ l  

e x p e r i m e n t x t i c n  i n  3 p c e  ( s i a u r e  91, ' i 'h~ *'"FT, csn be : ~ ? i n r - " l d  by the  

S a t u r n  I3 ir.t,o low incl,inalicr. ort . i?r ,  :in$ i n t , n  ~301~r r,rt j t , ~  12:' :;:itv*n 13 

o r  r ~ t u r n  V. S i n c e  epch F:;)f;:, w i l q L  rer,iti n I :, o r b i t  f o r  vey," ? ( m y  n ~ r j  ads, 
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l o d s t i c  resupply w i l l  he n e c e s s a r j .  I n  t h e s e  l o g i s t i c  m i s s i o n s ,  S a t u r n  I B  . 
vehicles can p r o v i d e  t h e  b o o s t e r  impulse  r e q u i r e ? .  Crew c h m p e s  will s l s o  

b e  required, and S ~ t u r n  1D v e h i c l e s  ctxn b o o s t  Anol lo  t o  rendezvous  v i t h  t h e  

MOFL. A large s p a c e  s t a t i o n  i n  o r b s t  i s  a  l o p i c ~ l  n e x t  s t e p  a P t e r  t h e  bEf, 

Dropram, h e c ~ u s e  i t  y rov ides  f o r  l o n g e r  s t a y  tfmes and  n o r t  c o r p l e x  t x y e r -  

i m e n t ~ l  a p p a r a t u s ,  p r t i  c u l n r l y  f o r  t h v e  t y p e s  o f  exper iments  i n v o l v i n r  

Fore  t h a n  one m a n .  

!:any S a t u r n  flights w i l l  be aY?e t,o a c c o r r o d ~ t a  zuxilfary e x p e r i r e n t s  o r  

p a y l c a d s .  S i n i l a r  t o  s t u d i e s  p r e s e n t l v  b c i n p  Cocused on t h e  auxi l iEyr  npy- 

loac? cnrryinp:  c a r a b i l i t y  .of t h e  c o m a n d ,  s e r v i c e ,  0-nd l u n a r  e x c u r s i o n  no;lules,  
', 

w e  are i n v e s t i ~ a t i n g  nnd d e f i n i n g  n v a r i e t y  of exper iment  volumes on t h e  

S-IVn s t a p e  ( F i g u r e  13) which are s u i f , a b l e  fo r  n u x i l i ~ r y  payloads .  In. 

a g d i t i o n ,  we a r e  p u b l i s h i n g  a S a t u r n  Ti! P w l o a t i  P l a n n e r ' s  Cuide t o  a r s i s t ,  

t h e  s p o n s o r  of ,an ~ u x i l i a r y  ray load  ir! n l ~ c i n g  h i s  pnyloacl on : ' n t u r n W v e h i c l ~ ;  

nuch t h e  s m e  as o u r  A3.rcrnft r> iv i+ ion  con?ucts n : r c r n t t  r o u t e  s t u d i e s  +,o 

meet t h e  airline's r e q u i r e m e n t s ,  

%tr  f o r t h c o c i n g  o r b i t a l  h::droren exper i re t i t  I s  one examr le  o f  pn auxl ' l izr- i  

enj-ineerinf!  naylonc? which will Pe t l o w n  on Caturn  19. The o b j e c t i v e  o f  L,Fi s 

exper i l r en t  i s  t o  s t u d y  t h e  b e h a v i o r  o f  I i q u f ?  h:vrc?roren under  7e ro  p con?:- 

t i o n s  under  low ~ , c c e l e r a t , i c n s  t h ~ t  cnn  bc r e l u i r e d  t o  -l.onnqe t he  n r o p e l l n n t ,  

fo r  s t a p e  r e l i g h t .  

The S e t u r n  V v e h i c l e  ?.eprese?.ts t h e  Inr~;cst,  hooster  svni7~hle t o  t h e  w 9 r l . l .  

T t  can place  250,000 pouncis i n  low e a r t h  o r l r i t  ar.2 escane, yay!onds i n  e x c e s s  

of 95,000 pound". :!it3 t h i s  t ype  of c s p ~ . b i l i t y  avni  I n b l e ,  veyr  l aroe s c a l e  

s o l a r  sys tem e x p l o r a t i o n  m a y  be u n d e r t ~ k e n ,  For exemple, t h e  S r t u r n  V 

v e h i c l e  on a d i r e c t  n s c e n t  miss ion  can send 90,090 pounds t o  t h e  ?Toon and 

&,000 pounds t o  tlcrs ( ~ i ~ u r e  1 0 ~ ) .  t\ a n  opt!d13;r sized f o u r t h  sta.pe, 

t h e  performance t o  t h e  f a r  p l a n e t s  can he  s j g n i f i c a n t l y  i c c r e a s e d .  For  

example, S a t u r n  1: i n  t h i s  c a s e  can send '7000 ponnr!s t o  F l u t o .  I n c i d e n t a l l y ,  

t h i s  f o u r t h  s t a r e  is  q u i t e  c l o s e  t o  t h e  Centaur  and t h p  problem:: of ms.:inp 

t h e  c e n t d u r  w i t h  t h e  S-IVn rind ILJ w i l l ,  of r o u r s e ,  9nve been solved in the 

t h r e e  stage S a t u r n  IB veh ic l e ,  !Jse of  t h e  f o u r t h  s t a ~ e  ( F i p r e  3 1) w i l l  

not only permit quite large pqyloads t o  be s e n t  t o  t h e  f a r  p l n n e t s ,  but 

w i l l  r e d u c e  t r i p  tines s i g n i f i c a n t l y  t o  t h e  nertr ~ : lmets .  



SP
A

C
E 

- P
A

C
 C

O
N

C
EP

T 

SP
AC

E-
PA

C
 C

O
NC

EP
T 

S 
IV

B
 A

U
X 

I L
lA

l?
\i 

PA
YL

O
AD

 V
O

LU
M

ES
 

VO
L.

 
N

O
 

LO
C 

AT
 l O

N 

Id
 

FL
VD

. 
S

K
I R

- 
- 

EX
T.

 
-
~

 
.
-
 
-
 -
 -
-
 

lb
 

.
 

Fl
VO

 
SI

< 
I!R

;I-
 

EX
7 

FW
D

. 
S

K
lE

T 
- 

IN;
. 

-
. 
-
 
-
 

2,
50
0 



SA
TU

R
N

 V
 P

ER
FO

R
M

A
N

C
E 

TH
RE

E 
ST

AG
E 

LA
UN

CH
 V

EH
IC

LE
 

90
,0

00
 P

O
U

N
D

S
 P

A
Y

L
O

A
D

 T
O

 T
H

E
 M

O
O

N
 I

N
 7

2 
H

O
U

R
S

 

60
,0

00
 P

O
U

N
D

S
 P

A
Y

L
O

A
D

 T
O

 M
A

R
S

 I
N

 1
00

 D
A

Y
S

 

FO
UR

 S
TA

GE
 L

AU
NC

H 
VE

HI
 C

LE
 

7,
00

0 
P

O
U

N
D

S
 P

A
Y

L
O

A
D

 T
O

 S
A

TR
 

7,
00

0 
P

O
U

N
D

S
 P

A
Y

L
O

A
D

 T
O

 S
A

T
U

R
N

 I
N

 '2
 Y

E
A

R
S

 

7,
00

0 
P

O
U

N
D

S
 P

A
Y

L
O

A
D

 T
O

 P
L

U
T

O
 I

N
 1

0 
Y

E
A

R
S

 

7,
00

0 
P

O
U

N
D

S
 P

A
Y

L
O

A
D

 T
O

 1
/1

0 
n

.U
, 

P
R

O
B

E
 I

N
 1

50
 D

A
Y

S
 



4t
h

 S
TA

G
E 

FO
R 

SA
TU

R
N

 V
 F

O
R

 D
EE

P 
SP

A
C

E 
M

IS
SI

O
N

S 



We have s t u d i e d  t h e  use of t h e  Sa turn  V i n  menned n1~netaI -y  e x p l o r ~ t i o n  

missions.  We have s t u d i e d  a mission i n  d e t a i l ,  f o r  example, which i l l v o l v e ~  

t h e  f l i ~ h t  o f  8 six-man s p a c e c r a f t  p a s t  t,he p l ane t  Ears i n  t he  1077' t i m e  

per iod .  This  mission involves  e a r t h  o r b i t  assembly of  fue led  S - f T 3 ' s  wi th  

a s p a c e c r a f t  whcse des ign  i s  evolved from n VOFL space s t a t i o n  module and 

an ~ b o l l o  consnand module with s u i t a b l e  mid-course and r e t r o  pronuls ion  

added. Tn t h e  mission envis ioned (F iEure  131, t.wo Sa tu rn  V veh i c l e s  launch 

fue l ed  S-IVB's i n t o  e a r t h  o r b i t ,  The S-Im's a r e  docked w i t h  a "SOW" 

which s e r v e s  as an o r b i t a l  dock and checkout s t a t i o n .  k?len t h e  S-Ti3 ceeds 

t o  vent ,  t h e  SORO provides  forward ncce l e ru t ion  f o r  p r o p e l l a n t  sett!inp. 

The maneuvering of' t h e  S- IVB t o  rentlezvous i s  accornnlis!led by a , i e t i , i smab le  

cryogenic  s t a g e  made up  of hydropenloxypen p r o p e l l a n t  cont,oiners and two 

FI,10 e h ~ i n e s .  Af t e r  t h e  f i r s t  S-I'J3 has en te red  o r b i t ,  t h e  CTICS i s  remove5 

and t h e  second S-In i s  launched and m a t e d  with take f i r s t .  R t h i r d  Caturn '' 
t 

launch p laces  t h e  mission s p a c e c r ~ f t  i n t o  orbi t , ,  This  u n i t  is  maneuvered 

t o  rendezvous and docking by n t h i r d  rUSS, '%us, t j ie s thck assenbleC i n  

o r h i t  i s  sn  S-I'IT3, an S-I'JP,, n rlCRL n i s s i o n  mc\?iule, find t h e  s p e c e c r a r t ,  

The hardware i n  o r b i t  i s  shown i n  Figure 13, '?I@ s p a c e c r a f t  i t s e l f  i s  

bar,ed on t h e  HOXL work wkich DAC nccoral is l ied f o r  T ,~nafey  "esenrch C ~ n t e r  

and I s  shown i n  F i ~ u r e  11,. lt nay 5 e  seen t h a t  t h e  spnceerrtft  i s  connosed 

of n probe room, from vhich t b r t i a n  exper inents  a r e  launcher! durinr:  t h e  ~ R S -  

sctRe of  the p l a n e t ,  a. cor l t ro l  rool?! con ta in inp  a bio-sh ie?3  f o r  ? r o t e c t i o n  

s p i n s t  s o l ~ r  f l n r e s  dur ing  t r a n s i t ,  a c ~ n t r i  fupe f o r  oroducinfl p e r i o d i c  

e r a v j  t y  exercise f o r  each crewmnn during tl i p h t  ,. and an auxiltary propul- 

s ion system f o r  provid ing  mid-course c o r r e c t i o n s ,  The !.pollc i t se l  f is' 

c a r r i e d  ~ r i t h  t h e  spacec rn f t  f o r  even tua l  r e t u r n  throw11 t h e  e a r t h ' s  atmos- 

phere.  P r e t r o  notiule at,tnched t o  t h e  P.pol7,o provides h r G . i n ~  'in t h e  

v i c i n i t y  o f  t h e  e a r t h .  The  n i s s i o n  i t s e l f  1s depic ted  i n  Figure 15. 

P l i g h t  t ime  j s  approximately 670 dnys. The s c i e n t i f i c  observa t ions  a r c  

conducted throughout the  e n t i r e  f l i g h t ;  t h e  ~ o s t  i n t e n s i v e  pe r iod  o f  h k r s  

e x p l o r a t i o n  i s  nccompliched d . l r i n g  t h e  s e v e r a l  d~,y's of t w i  l i g h t  fly-by. 

After pas s ing  h r s ,  t h e  spacec ra f t  s w i n ~ s  out  toward t h e  a s t c r c i c  belt , .  

"he recovery sequence of t h e  hpol lo  s p a c e c r s t t  i s  similar t o  t h a t  plnnned 

f o r  t h e  l u n a r  f l i ~ h t .  
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Zt, is s i ~ n i f i c n n t  t o  note  t h a t  i n  the 1977 time pried, t h e  missicn described 

can be accomplishez, even w i t h  spacec ra f t  weights a p p r c a c h i n ~  ?00,090 nounas. 

'Ihrouyh t h e  i n t r o d u c t i o n  of e a r t h  o r b i t  rendezvous tc'chniques, Sa turn  V ccn 

provide  a very s i g n i f i c a n t  con t r ibu t ion  t u  manned s o l R ?  system exp lo ra t ion .  

The f u t u r e  erowth of both t h e  Cnturr, I3  end Sa turn  \I launch ' ~ e h i c l e s  i s  

important  t o  f u t u r e  spare progrnrrs anti s t u d i e s  have lrienti f :'ell x n m t e r  of 

.possible  i rprovements ,  i n c l u d i n ~  enlarged pronel!m,t tanks ,  uprated enc ines ,  

new e n ~ i n e s ,  inprovedcorr.ponent. d e s i ~ n s ,  new stepes such as t h e  360-5 nch 

soli6 s t a ~ e ,  and strap-on s o l i ?  stsp;es s i r i l n r  t o  the  Thrust  i luq~enter l  ? e l t ~  

(TAD) and t h e  Ti tan  T I L C  techniques.  

The S ~ t u r n  I3 upra t ing  vehic1 .c~  of  i n t e r e s t  shown f n  F i ~ u r c  16 inc lude  in- 

c r eased  s t a g e  p rope l l an t  i'n t h e  Cnt'urn IB-1 and -2 vehfcles; strnp-or! 12rJ 

inch  s o l i d s  wi th  and without  increased  l i q u i d  p rope l l an t s  i n  Snturn TB-8 

and -7; anti t h e  s o l i d - l i q u i d  Caturn of t h e  -5 and -6 ve r s ion ,  where a 

260-inch s o l i d  f i r s t  s t a g e  l i f t s  R l i q u i d  C - I V 3  second s t a ~ e .  The r e 1 ~ -  

t i v e  performance of t h e s e  v a r i n t i  ons i s  shown i n  Wyure 17. Tt can be 

seen he re  that t h e  two s t a g e  Saturn I B  performance of 35,000 pounds of 

payload can be nenr ly  qun4rupled i f  des i red .  

The Sa tu rn  V boos t e r  growth p o t e n t i a l  i s  l i kewise  extensive.  The more 

prohable ve r s ions  are shewn i n  Figure 18 nnd ete pr imar i ly  o b t ~ i n e d  by 

combinations of p r o p e l l m t  add i t i ons  o r  engine v a r i a t i o n s .  The perfcmarice 

t o  be e~rpec ted  from such growth i s  shown in Figure 19. 

- . .. -- _ __ ----- 1-- - 7 

Sa tu rn ,  the vehj c l e  designed f o r  one n i s s i o n ,  will met /many of  t h e  needs of thel  
?. ". __ I -- -----_ 

country fn space exp lo ra t ion  f o r  many gears t o  cone. since both t h e  

Sa turn  IB a d  S ~ t u r n  V vers ions  were designed f o r  mmne(? ~ .p? : l i ca t ion  

from t h e  o u t s e t ,  w e  can expect  t h e  cont inua t ion  of t h e  outs tanding  r e l i n -  

b i l i t y  record already b e a m  by t h e  Sa turn  7 v e h i c l e ,  By usinq Faturn 

ove r  t h e  wides t  base  of missions,  cost  per  u n i t  w i l l  d e c r e ~ s e  and t h e  

n a t i o n ' s  investment i n  t h e  f u t u r e  will p a y  r i c h  dividends i n  new knowle*e, 

p r e s t i g e ,  and world leadership. 

Sa tu rn  has a. f u t u r e  i c  space. 
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