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The i n v e s t i g a t i o n s  ai;d r ~ s u : ~ ~  of i h e  EMPIRE 
S t u d y  Program p e r f o r n e d  f o r  L S A  by A e r o n u t r o n i c  
i n  1562 a r e  summari2,ed. ? l i s s i u ; ~ :  d n i i i y s c s  aiid 
s p a c e c r a f t  s y n t h e s e s  a r s  rc?arcc!c! f o r  va r ious ;  
methods o f  a c c o m p l i s h i n g  a nsnned n i s s i o n  w i t h  
c i o s e  a p p r o a c h  t o  b o t h  Vcnzs  4 , i L  ?;;rs: ariC r e i :u rn  
t o  t h e  E a r t h  i n  t h e  i r 7 u - 7 2  p c i - i u C .  ?:-;dr s y s t e m s  
r e q u i r e m e n t s  a r e  der' IncL dni l  d D C V C  :u;ic;i ,;: P l a n  
and Funding  S c h e d u l e  i i ~ ~ .  p r ~ ~ c 1 - . : ~ . 6  iur ~ ; c . m ; ~ ~ i s h -  
i n g  t h e  d u a l  p l a n e t  f L y b y  us ia : ;  A ? ~ c i e i i r  e n g i n e  
f o r  i n t e r p l a n e t a r y  i c j s c  t i o n  :~-m EarKh o r z i t :  
t a k i n g  up t o  631 d a y s ,  and p ~ - ~ \ . ~ ; ; : i g  f o r  E a r t n  r e -  
t u r n  w i t h  a i i f t i n g  r e - e n t r y  V ~ S . : ~ L : C .  A c c e l e r a t e d  
deve1opnien:s r e q u i r e u  i o  s u ? i ) o r ~  s ~ c i i  a m i s s i o n  
a r e  s p e c i f i e d .  

I n t r o d u c t i o n  - 
G e n e r a l  

.._ 
The E X P I E  s t u d i c a  forin 4 dniq , ;  : J L ~ ~ ~ & T I  to 

examine t h e  prob1cr;i zrs3a3 a s s ~ c i s t e d  w i c n  ci-12 goa 1s 
o i  e a r l y  nanned i c c c r ? i a a e t a r y  n i s s i a n s  i n  L ~ C  

e a r l y  1 5 7 0 ' s .  Aeronucro: i ic  ,i;is c a n c e i i t r a t e d  i t s  
e f f o r t s  on t h e  i u c ; l  p l a a e t  f l y b y  x i . ~ s s i ~ n s  ur,dsr 
c o n t r a c t  h 'AS8-562j ;or Futurc:  Projects O f f i c e ,  
M a r s h a l l  Spclca Flignc Cclntcr ,  Huntsville, Alabama. 
T h e  w o r k ,  which i s  b m m r i z e L  o n l y  b r i e f l y  i n  t h i s  
p a p e r ,  l e d  LO definition a f  iezsible s y s t e m s  and 
p i n p o i n t e d  problem ;iri,as: rcqGir i ; ; ;  r u r t h c r  a t t e n -  
t i o n  f o r  manned f l i c ; . a : s  ! ) y  tlrirs scC; Venus  and 
s a f e  r e t u r n  t o  t n c  h ~ i - f ~ i c ?  of ~ i i ~ '  ;cui-t'r.. 

It s h o u l d  be ALI:~,~ c i i ; l t  ti:? i:ILc:-c:>t i n  d u a l  
p l a n e t  m i s s i o n s  p r e c i d c d  a L c t a i l e t i  e x p l o r a t i o n  
of o t h e r  p l a n e t a r y  m i s s i o n s  ~n L h ~  p r e s e n t  s t u d y .  
T h i s  does  n o t  mean t h a t  s i n g l c  p i d c e t  i i y b y  
m i s s i o q s ,  p l a n e t a r y  3 r b i ; a l  m i s s i o : i s ,  -nC: p l a r i e -  
c a r y  l a n d i n g  m i s s i o n s  a r c  less  i::.pcrtjnt. : l w c v e r ,  
P a v i n g  o b t a i n e d  the  resd::s ,5r iL!i?:~d Low:ird l o w  
and  medium s n e r g y  c r i p s  -I; < I  f r c ' c - r d i :  ~ n t e r p l a n e -  
t a r y  t r a n s i t  f o r  tne d c L i  i l y b y  r x i s s i a n ,  t h e  re la-  
t i v e  COS:  and u t i l i t y  :,i t i i d  l a t c e r  v e r s u s  t h e  
l z r g c r  e n e r g y  demands oi l a n d i n g  and  o r b i t i n g  
miss ions can  be e v a  l u a  t c d .  

- _ -  

>Iuch c r e d i t  m a s t  1 1 ~  g,i.\,cti to :he f o r w a r d  
. .  

t h i n k i n g  approiich. :,:an., >:: :>,< :;ASA 2 l ; G l - L  a n  
t h i s  program i n  1562. 5:. n t t a c i i i n g  t ce  a r e a s  of 
i n t e r e s t  a t  this e a r l y  d ; i i c ,  it wks p o s s i b l e  t o  
o b t a i n  a c l e a r e r  p i c t u r e  o f  t:ie r e q u i r e m e n t s  f o r  
e a r l y  manned p l a n e t a r y  ~ n c  i r . t e r p l a n e t a r y  flignt. 
T h u s  t h e  n a t i o n ' s  r e s c u r c e s ,  ziid ~b .2  SASA and  
a t h e r  U n i t e d  S t a t e s  s ~ s c e  programs ,  c a n  be o r i e n t -  
ed  toward l o n g  r a n g e  g x l s  h c  a n  e a r i y  d a t e .  The 

* 
E a r l y  Manned P l a R e t a r y  - I r , t e r p  l a n e t a r y  Round - 
t r i p  E x p e d i t i o n .  
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F r a n k l i n  P .  Dixon 
Manager ,  Advanced Space  Sys tems 

A e r o n u t r o n i c  D i v i s i o n ,  P h i l c o  C o r p o r a t i o n  
Sewport  Beach,  Ca l i f o r n i a  

e f f o r t s  r e p o r t e d  h e r e  represent ;i; ~n.j.iaa!;y 
e a r l y  a t t a c k  f o r  t h i s  t y p c  o f  aiIaij .s lY.  Tk? con-  
c l u s i o n s ,  w h i c n  i n d i c a t e  :i:c riet.c! fJr  a c c e l e r a t i o n  
of c e r t a i n  r e l a t e d  a e v e i o ; n e n L  ;;roL;rams t o  r . ee t  
t h e  e a r l i e s t  p o s s i b l e  :c;w C:ier:;y V ~ n u s - ? : n r s  i l y b y  
l a u n c h  d a t e  o f  J u l y  1 ~ 7 0 ,  ; u s ; t i f y  t::is car;!; 
d e f i n i t i o n  of p o t e n t i a ,  :)roble:. a re i i s .  
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r -  , r a j e c t o r i e s  . - Crocco ~ i i i c i  o t h e r  a s e i u l  
i a r p  l a n e  t a  ry t r a  c c  z d r  Les  
?repulsion - :;uclear :i..L/or c h e m i c a l  
r o c k e t s  
O p e r a t i o n s  - O r b i t a l  o p c r a t i o n s  and 
m i s s i o n  s t a g i n g  ceveiopmclnt r e q u i r e m e n t s ,  
Eartn R e - e n t r y  
Crew Requ'  ;r eriir? n t s 
S c i e n t i f i c  Aspec t s  
L i f e  S u p p o r t  Requiremn:s  
Cryogen ics  
Othe r  Subsyscenis Dc1 Ln i t  ion - E l e c t r o n i c s ,  
Gu idance ,  C o n t r o l  a n d  Pouer  Supp iy  
Requ i r em? n c s 
Einergency Gperat i o n s  ' 
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A s  t h e  s t u d y  p r o g r e s s e d ,  S O ~ C  o i  t h c  ~ ? c c l f i c  
a y c a s  r e q u i r e 6  more c m c e n L r a t c d  i n v e s c  i ~ ~ . ~  , u t i o n  i u e  

c o n s t r a i n t s ,  due t o  t h e  l a c k  of  c u r r e n t  t c s i i n o i o g i -  
c a l  s o l u t i o n s ,  o r  d u e  t o  o t h e r  # c ; : a r a c t e r i s t ; c s  
t e n d i n g  t o  r e n d e r  t h e  p a r t i c u l a r  a r e a  a "problem 
a'rea."  Some of t h e s e  c o n c e n t r a t i o n s  of e f f o r t  
became passe '  f o r  t h e  f i n a l  m i s s i o n  c k o i c e  w'r.ec 
t h e  n u c l e a r  i n j e c t i o n  Synunetric Xi.ssion \<as scslcc- 
t e d  a s  t h e  d e s i g n  m i s s i o n  o v e r  ~ h s  Crocco  S u c l c a r ,  
Symmetr ic  Chemica l  I ( I  = 410 s e c o n j s ) ,  a n d  t h e  s p  
Symmetr ic  Chemica l  I1 (I = 3CO seconds )  co be 

S P  d i s c u s s e d  i n  more d e t a i l .  T h e  selection 0 5  t>.c 
l i g h t e s t  pay load  i n  E a r t h  o r b i ;  f o r  t n c  i ~ a l  p l a n e t  
f l y b y  m i s s i o n  e l i m i n a t e d  t h e  r e q G i r m e n t  f o r  l o n g  
t e r m  c r y o g e n i c  s t o r a g e ,  ;irk f o r  o r b i t a l  o p e r a t i o n s ,  
s u c h  as  r e n d e z v o u s ,  a s s m b i y ,  d n c i  z u e ~ i n g ,  - i f  2 
Nova E a r t h  l aunch  ve!-,icle i s  csccl .  

Approach t o  t h e  ENPIRE S t u J y  

. t o  t h e  c r i t i c a l  n a t u r e  of :he s y s f e m  ar.d m i s s i o n  

- ~. 

6 -- 

I n  a d d i t i o n ,  the crew rL'clLiLrc:r.e;-,rs, l i f ~  
s u p p o r t ,  r a d i a t i o n  p r o t e c L i o - ,  a;;c. el>viroi1i:;cL-,t 
a n a l y s e s  were p e r f o r m e d .  i'il~,s, c.;ergensy o p e r a -  
t i o n s  were consiciilreci wit:-, :hc d c r i v a t i o r .  a: aiborc 
t r a j e c t o r i e s  f o r  r e t u r n  i rbn:  .::; unss~isis;:ory 
i n j e c t i o n  ;ii:ns:it oi :he EartL-, cic;)art;ri. :<.:;. .i 
d e t a i l e d  a n a l y s i s  of t h e  rL!-z::try :ec.-,nic..uc i nc i ad -  
i n g  e v < i 1 c a t i o n  of  he a ; > p i i c a b i l , : y  o, A ? o : ~ c  
d e v c  lapzd t e c h n o l o g y  w a s  p e r  f o r n d d .  A s c  i t s  ~ i o i i  
of a r c . - c n t r y  v e h i c l e  of  tr,c i > ~ g ; I  : l f t - t G - d r a Z  
aerodynainic  t y p e  w i t h  s o m  rocke: u c c e l c r a t i o n  
was iTiCldC. T h i s  s t u d y  ani: ;c r s s u i t s  a r e  d i s -  
c u s s e d  i n  r h e  R e - e n t r y  S;ec:ion. 

. .  

. .  

The p r o b l e m  of g u i 2 s z c d  a:iL : : av iga t ion  w i t h  
the related m i d - c o u r s c  ar,c ;>lct.:ctary zjiproac;: v e l o -  
c i t y  v e c t o r  c o r r e c t i o n s  were s t u d i d d  t o  ac t f ine  t h e  
o v e r a l l  s y s t e m  r e q u i r e m e n t s .  'I:ic g o a l  was t a  
d e r i v e  d e s i g n  d a t a  t o  a l l o w  a s y s t e m  s;ynt:esis of 
s u i t a b l e  i n t e r p l a n e t a r y  s p a c c c r a f t .  A l l  of  :!,e 
above  d e t a i l e d  s t u d i e s ,  and several o t h e r  'areas, 
were i n t e g r a t e d  t o  p r o v i d e  , n p ~ t s  i o r  t ; . e  i n t e r -  
p l a n e t a r y  v e h i c l e s .  These u e s i z n  c o n s i d e r s t i o n s  
and v a r i o u s  s y s t e m  p a r a m e t r i i  s t ~ d i e s  a r e  d i s -  
c u s s e d  i n  t h e  D e s i g n  S e c t i o n .  I t  s h o u l d  b c  empha- 
s i z e d  t h a t  f o u r  u s e f u l  s y s ~ e n s  were p r o v i d s d  i n  
t h e  v a r i o u s  d e s i g n s  and  t h a t  ~ t ~ z  a l l  c h e a i c a l  
powered C r o c c o  v e h i c l e  was i n v e s t  i g a  t e d  and d i s  - 
c a r d e d  as imprac t ica l  d u e . t o  e x c e s s i v e  s i z e ,  
w e i g h t ,  a n a  c o s t .  

E x a m i n a t i o n  of :he v s r i & s  z p p r o a c h e s  L O  

a n  e a r l y  manned i n t e r p l a n e t a r y  v e ? . i c l e  f o r  t n e  
m i s s i o n s  s t u d i e d  l e d  t o  t h e  c n o i c e  of tb,e N u c l e a r  

. 
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. .  S y - m e t r i c  X i s s i o n  of  L Y ; ~ ,  L S  i c c i c a t , e d  a b o v k .  
T h i s  a i l o w e l  a n o r e  Ce:ai;eL > a b s y s t m  snd v k h i c l e  
d e f i n i t i o n  and provid2d ii ; ) ra ; rzz  :or :he o p e r a -  
t i o n a l  a n a l y s i s  and t t e  i l c :z !o?ac~, t  P l a n  and 
Funding  Program. F i g u r c  i s r . o ; ~ ~  E>iPIIIE: I n t e r -  
p l a n e t a r y  S p a c e c r a f t  f o r  ii.? SGL;UL- Synme tr  i c  

r o c k e t  i n j e c t i o n  phase  i r s c :  E : c r t n  o r b i t  to t h e  
f i r s t  i n t e r p l a n e t a r y  l e d  i ind ~ ? . e  upper  p a r t  of tne 
p i c t u r e  shows t h e  deploy22 s p a c e c r a i t  a p p r o a c h i n g  
Mars. T h e  E a r t h  R e - e n t r y  7. 'el- . ic!~ i s  a t t a c h e d  a t  
t h e  fo rward  end o f  t h e  ss . ;cecr ; , f t .  

' M i s s i o n .  T h e  lower p o r t i c ; ]  p i c t c r c s  t h e  n u c l e a r  

ThQ g c n e r a l  colic 1 id35 u.ic. rc: i c v a n t  recom- 
mer.dat ions based  on t t : ,s  scuay  s ~ r v e  zo f o c u s  
a t t e n t i o n  on t h e  f e a s i b i l i r y  sf L.;C i n i s s i o a  con-  
s i d e r e d  anci t h e  n e c e s s a r y  dcve lopnen  t s  t o  accom- 
p l i s h  a u s e f u l  prograni.  

Ground Ru les  Lor E>:?I3:, 

I n  L ~ C  p r e s e n t  s tuc iy  s e v e r a l  ? u ; n i s  were 
e s t a b l i s h e d  t o  p r o v i d e  g z i d e l i n e s .  The t r a j e c t o r y  
was t o  p r o v i d e  a m u l t i p i e  p l a n e t  f l y b y  of Venus 
and  Mars. The 1aunc;i tir.:c, was set  f o r  t h e  e z r l y  
1 9 7 0 ' s .  P r o p u l s i o n  w, ib  '9, ; ~ ~ c ; c a r  clr.d/or chem- 
i c a l .  The boos l -c rs  L O  ix ~ o r ~ s i ~ c r e d  fo r  E a r t h  
l aunch  were Saturr:  a n d / o r  Xov3 -ij ~e l aunchec  from 
AMR w i t h  m i s s i o n  stagin;:  id 'De ~ I l V 6 2 5 t i g a c e d  IC 
E a r t h  o r b i t  o r  i n  i n t e r p l a n e t a r y  t r a n J i i .  

I t  was s p e c i z i e u  r.icit sdrcvival  of  ilie c r e w  
w a s  e s s e n t i a l  and t h a t  ~~i~ a c s i g n  s h o u l d  allow 
f o r  a 3 p e r c e n t  growt!; in v e l o c i ~ y  r c q a i r e n e n t s  
and  a 10 p e r c e n t  growth iil pzy ioad  we igh t  when 
b o o s t e r  and i n j e c t i o , i  s y s t e m  are  s e l e c t e d .  

A l s o ,  t n2  s c i e n t i f i c  a s p s c t s  were t o  be c o n -  
s i d e r e d  f ron  t h e  p o i n t  of view of d e s i r a b i l i t y ,  
c o m p a t i b i l i t y  w i t h  t h e  n t s s ion  p r o f i l e ,  and o n l y  
i n  s s f f i c ; e : i z  d e t a i l  t o  es taS; ish s p a c e c r a f t  s u p -  
port r q L i r c n e n t s  e s s e n t i a l  ;o r h e  o v e r a l l  m i s s i o n  
des i g n .  

Use was t o  be macie of systctms,  conccipts , 
and t e c h n i q u e s  c u r r c n t l y  i inder d e v e l o p n c n t  w i t h  nn 
e f f o r t  t o  a v o i d  e x t e n s i o n  oi c a p z b i l l c i e s  beyond 
t h o s e  deve lopmcnts  prog;rsr;uned f a r  X ? O i  10. Although 
n o t  s p e c i f i c a l l y  se t  a s ' d  ground rule, a b i l i t y  t o  
a c t u a l l y  p e r f o m  t h e  m i s s i o n  s e l e c t e d  i i 1  ck-,is 
s t u d y  r e q u i r e d  a c o n s c r v s t i v e  zipproach t o  s e l e c -  
t i o n  o f  sys t em p a r a m e t e r s  a n d  c a p a b i l i t i e s  f o r  
t h e  1970 p e r i o d  and t h i s  approacn  was t a k e n  f o r  
a l l  a r e a s  of t h i s  s t u d y  where f c a s i b l e .  

S c i e n t i f i c  EspcriTcnts 

While  a d e t a i l c C  system i n t e g r a t i o n  was f Lo t  
performed on t h e  s c i e n t i i i c  p a y l o a d ,  an  i n v k s t i -  
g s t i o n  was made i n  o r d e r  L O  a r r i v e  a t  a u s e f u i  
w e i g h t  and power a s s i g n x c n t  ior s p a c e c r a f t  hyn;k.e- 
s i s .  I n v e s t i g a t i o n  o f  p a s t  and f u t u r e  e x p e r i m z t  
r e q u i r e m e n t s  i n  t h z  unnanned m i l i t a r y  and s p c s  
prograins w i t h  s y n t h e s i s  of  several  ex?ericen:  C O G -  

b i n a t i o n s  i n t o  pay load  psckaged ssppor:cd t h e  
f i n d i n g  t h a t  a u s e f u l  p:rioec! w i g h t  of i20G L O  

2500 pounds and an  a v e r a g e  powi.r of 200 t c  3GO 
wat t s  r e p r e s e n t i  a reaso : ldbl& e s t i m a t e  of t h e  
r e q u i r e m e n t s  f o r  a n  i n t s g r a t e d  pay load  package i n  
1970. T h i s  c o n s i d e r s  tr.ree p h a s e s  o f  e x p e z i -  
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n c n t a t i o n  i n  f i v e  s t e p s :  : n f L r p ~ d : i z t a r y  (acd 
E a r t h  d e p a r t u r e )  , Mars appro -c , ,  ai;: c e p r t u r e ,  
i n t e r p l d n e t a r y  , Venus a;iproacn an; ; I e p d r t u r e ,  
i n t e r p l a n e t a r y  ( and  E a r t h  approacn) . 

Many d e c i s i o n s  r e n a i n  ;I-. :?is c h o i c e  O L  
e x p e r i m e n t s ,  d e l i v e r y  tecnnic; i .cs ,  tiata proccssiLig,  
d a t a  t r a n s m i s s i o n ,  and o t h e r  ; i reas.  Ti-,? c e t a i l s d  
s e l e c t i o n s  w i l l  u n d o u b t e d l y  be based  l a r g e l y  on 
d a t a  t o  be  o b t a i n e d  i n  the ! ~ 6 7 - 6 3  p i z n c t a r y  
expe r imen t programs u s  i n g  un:nci ii?d s p;1 cec ra f t and 
a u t o m a t i c  e q u i p m e n t ,  t h e r e f o r e  a g e n e r a i  a i i o c a -  
t i o n  w i t h  a minimum of  1000 p o u n b s  alia 300 w a t t s  
f o r  s p a c e c r a f t  s u p p o r t  r e q u i r m e : - L t j  was ado;J:ed. 
F o r  more d e t a i l e d  d i s c u s s i o n  U L  p c j s s i b l e  2 x i ) e r i -  
ments  you are  r e f e r r e d  t o  G .  Le VaGcouleurs . 

\. 

L 

T r a j e c t o r y  S t u d i e s  

S e v e r a l  t r a j e c t o r i e s  W C L - ~  ~ ; - . V C : , ~ : ~ > ~ L ~ ~  Idsing 
a p a t c h e d  c o n i c  c o r r p i ~ c r  2ro;rlim. L ~ d a ~ ~ -  

t o r i e s  i n c l u d e d  Lhe o;1c 3 ~ g c ; ~ ; ; t i o ; i  a y  C ~ G C C C . '  f o r  
a n  o r b i t  by Venus a n d  m r s  wit?L m ~ n ? e r r u r b ~ ~  
p e r i o d  of one y e a r  and a Semi-inajar a x i s  o r  a p p r o s -  
i m a t e l y  1 a s t r o n o m i c a l  u n i t  ( a . ~ . ) .  1 r . v r s t i L a t i o n s  
showed t h a t  a d e t a i i c d  tk , ree  c i m , : . , i a n a l  ana i  y s  i j  
u s i n g  t h e  a c t u a l  o r b i t a l  eic:nrn:s L L  L i ~ d  ;i!a:iets 
l e d  t o  somewhat d i f f e r e n t  conc i u s  io:.,:. ,i 1 L:..~L:!,:; 

s u c h  a j o u r n e y  d i d  havc a l a s n c h  .,?i:;c.ii'..: i y 7 i .  
The e n e r g y  r e q u i r e m e n t s  f o r  Li;jecLio,: '.,:L:-~ nig i t  
and  p roved  t o  r e q u i r e  a n  e>;cc!~siivei>. ,LT.LC Y v i l h i c l e  
due  t o  p r i m a r y  i n j e c t i o n  boos L r e q u i r c m c n t s  even  
w i t h  a n u c l e a r  e n g i n e .  

The Crocco  m i s s i o n  and : $ e  ziLcl-.>.:itc, u r  
Symmet r i c ,  m i s s i o n  t r a j 2 c : o r i C s  a r c  i a , i i c d c ~ c i  in 

, F i g u r e  2 .  The Crocco  . r ; j e c . ; ~ r y  C a i I  ~e r e a ~ i l y  
c o r r e l a t e d  w i t h  t h e  j p p c ' r  c ~ i i i ; ~ r ~ x .  T h e  S>wJ:ictric 
m i s s i o n  o f  a b o u t  600 d a y s  d e r i v e s  i t s  nane iroc 
t h e  a p p r o x i m a t e l y  s y m e t r i c  1cLunc.i 21-i~: ' ~ r r i v d i  
p o s i t i o n s  df ; ~ h c  Earth w i L , i  .:ynmd:ry n ' . a ~ t  t n ~  
l o n g i t u d e  p o s ~ t i o n  of Mars a i  t h e  x ; , ; ; ) a i n ~  ui :he 
s p a c e c r a i t  t r a j e c t o r y  ( n e g l e c t i n g  p i a n c t a r y  p e r -  
t u r b a  t i o n s )  . 

. .  

Launch windows, c h a r n c t c r i s t i c  v e i o c i t i e s  
r e q u i r e d  as  a f G n c t i o n  of : i m e ,  r h e  h y p e r o o i i c  
e x c e s s  a r r i v a l  and c c p a r t u r d  \ . e l o c i L i c s  aiz l!ars 
and  Venus,  ai76 Lne E a r t h  r e - c a r r y  v e l o c i i i c s  were 
coir,pu'.el u s i n g  a P l a n e t a r y  Trans fc l r  Prograci a i d  
a i1y; icrboi ic  Turn  Program f o r  bor;h i : ? ~  C r o c c c  .i!I2 
S y x m t r i c  cases .  A compar i son  o r  Lne 5 i O r c  L;-..;)Jz- 

: a :~ t  f e a t u r e s  of e a c n  is: g i v e n  i n  T a b l e  1 .  iicrc 
q i s  t h e  p e r i a p s e  d i s t a n c e  c l o s e s :  a p ? r o s c h  L O  

iiie c e n t e r  of t h e  p l a n e t  in p l a n e t a r y  r a d i i .  T!ie 
c h a r a c t e r  i s  t i c  l a u n c h  v e  l a c  i c y  i s  tne in?i:lsive 
v e l o c i t y  i n c r e n e n t  r c q u i r c c !  ; o  i n j e c t  i rom a 300 
k i l o x e t e r  E a r t h  p a r k i n s  o r b i i  in:o t h e  r e q u i r e d  
i n i e r p ? a n e t a r y  i r r a i i s i a r  o rb i : .  Thlli compar i son  
beuween 5 . 3  , t s /sec and  10.i Kx/sec for r h e  
S y x i i e t r i c  v e r s u s .  t h e  Crocco  r.i,ssion r e a d i l y  i n i i -  
c a c e s  t h e  d i i f e r e n c e  i n  i n j i c r i o n  e n e r g y  r e q c i r e -  
n e n t s .  Tne d e s i g n  p o i n t  m i s s i o n  i s  t h e  symmet r i c  
t r a j e c t o r y  p a s s i n g  Vsnus ani: ?:ars I n  613  t o  631 
d a y s  w i t n  l a u n c n  from a 369 k:; E a r t h  o r b i t  between 
J u l y  13, 1970 and August  1 6 ,  i ' 17 i j .  

It i s  2 v i d q n t  t n a t  q I . - .~ rcases  w i ; h  1aLnch 
d a t e  f o r  t h e  S y m a e t r i c  m i s s l o . ;  w i c ! ~  T J Z ~ L ?  of  
; . 3  X a r s  anii Venus r a d i i  a t  ,,.,e ~ ~ g ; ~ r , i r . g  sf cnc  
p o s s i b l e  l a a n c h  d a t e s  and  a YJaiu: or' 2 .0  r a d i i  a 
x o n t h  l a t e r .  The l e g s  o f  t h c  m i s s i o n  i n c l u d c  t k  

f o  1 lowing  t i m e  s : 

c 

s 



E a r t h  :a T!c:>as a b o u i  37 L O  102 d a y s  
':cnus t o  ?:cirs z b o u t  131 t o  194 d a y s  
X a r s  t o  E a r t h  a b o u t  3 i 2  t o  343 d a y s  

T h e  t o t a l  m i s s i o n  w i l l  r u n  f r o 3  6 i 3  i o  6 3 1  d a y s ,  
as  shown. 

4 

S i n g i s  impu l se  a b o r r  z;a;:eav~rs L'ri)zi a g c o -  
c e n t r i c  escape t r a j e c t o r y  ::>vi. Sc3.n i;i*Jcs t i g a  t e d  
t o  d e t e r m i n e  t h e  ve?oci:y i:-,cre;:,~~-,c :-.ccc.-jsary t o  
a c c o n p i i s h  a s u c c e s s f u i  retar;: i o  Ezrch ir. a 
s p e c i f i e d  L i m e  a f t e r  a b c r t .  C S C ~ I ; ) C .  t r 3 j e c t o r i e s  
have  been assumed t o  h a v e  pcr igcc.  raiias of 1 ; l  
E a r t h  r a d i i ,  w i t h  h y p e r h o , i c  L : . ; c ~ 3 ~  v ~ l o c i ' i i c s  
v a r y i n g  between z c r o  and 3 ix :c -C:>  rLi:>i set. i?.Dor t 
t r a j e c t o r i e s  a r e  assumcd L O  bc c ~ i l ~ j ~ i c a i ,  w i t h  
a p e r i g e e  r a d i u s  of 1.005 ::er:x ~ - a > i l .  TrLL: e s c a p e  
t r a j e c t o r y  and a b o r t  t r c i j c c r a z y  a:~ . i . ,b~r ,~c i  t a  be 
c o - p l a n a r  w i t h  t h e  same r n t a t i o n a . l  ~ 2 . i ~ ~ .  Abort 
a c t i o n  i s  i n i t i a t e d  a t  <iLsLai>ce; b ~ c ~ . ~ ~ ~ e ; - .  i . 5  and  
10.0 E a r t h  r a d i i .  Tixs < L O C I  Z ~ O ~ L  L G  ~ i - r i v z i  a t  
p e r i g e e  ( a n  i n d i c a t i o n  a i  ; l i g h t  L i r .< . j  >.zur;: from 
15 m i n u t e s  t a  10 ,000  m i n 4 : c s .  ? L ~ . . . . : c L L - ~ L  . ~ L O L S  

h a v e  been  f o r n e d  whicn rei:.:c :..i ;.q 
c i t y  i n c r e m e n t  t o  a b o r t  ri iLAibs,  . . ':,ccLpe ir ; jcc:ory 
e x c e s s  v e l o c i t y ,  a n d  t i x i \ ,  T-0::. ~ i - j a r ~  LO a r r i v a l  
a t  p e r i g e e .  R c - e n t r y  V ~ . L ~ C ~ : ; ~ . ~  d r ~ , ,  e :  c c u r s e ,  
less  chan p a r a b o l i c  ir: ' .  : : < , : e ,  d;iLi : . I < :  r c - e n t r y  

d e g r e e s .  

. ,  

f l i g h r  p a t h  liiidl2s a r e  . ,  1 ; ; , i y  LJc;keci;; 5 u.:'.. ; 

I 
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i n p o r t a n c c  i n  a b o r c  problkx. .  Tl-.c p J rz r .dcd r  i s  
t h e  h y p e r b o l i c  e x c z s s  v c l o z i z y  fo- t b , e  r s c a p c  t r a -  
j e c t o r y ,  Vh. The r a n g ?  snat:?. i s  , u r f i c i e i i t  t o  
a p p l y  t o  a l m o s t  a n y  c u r r e n t l y  2nv;s ioned s p a c i .  
m i s s i o n .  An a b o r t  r a d i u s  of 3.0 E a r t h  r a d i i  i s  
used  f o r  t h i s  f i g u r e .  The f o l l o w i n g  c o n c l u s i o n s  

\.may be drawn.  

7 . .  1. Excep t  f o r  v e r y  ;mail exc?sh v c ~ o c ~ ; i c ' s  
and  a b o r t  r a d i i ,  a reduction i n  i h e  ~ i i x  p r a c i c t e r  
a lways  r e s u l t s  i n  a n  i n c r e a s e d  v e i o c i c y  -i::crcxent. 

r e d u c t i o n  i n  the t i m e  paraz-.,c:c.r :my ;)c on:ainz5 
w i t h  a modest  i n c r e a s e  i i l  vc ioc i : . y  1i;c:-~'inr3nt. 

3 .  R e g a r d l e s s  of  ~ x c e s h  vi : ioc i :y ,  c:.,e a b o r c  
v e l o c i t y  r equ i r e rucn t  w i l l  c l ~ i n ~ t e i y  i n c r i i a s e  w i t n  
a b o r t  r a d i u s  f o r  a give;: v d l c e  of :ne t i n e  pz ram-  
e t e r .  

. .  2 .  F o r  modera t e  a b o r t  radi : ,  L ; i g . i i i c a n t  

The f o l l o w i n g  tti;lodus Q ~ C L - ~ I ; L ~ ' '  h;> 3 ~ : c . i  

h y p o t h e s i z e d  as nios t a p p r o p r i a t e  f o r  the E X P I E  
m i s s i o n s .  

The m i s s i o n  may be d:;siccec?, io be i n i t i a t e d  
3 .  - by th;l p l acemen t  o f  tile ve;.;cie in:o ii . ; - i t lah?e,  

precomputed E a r t h  p a r k i n g  o rb i . ; .  I . i j e c t i o n  i n c o  
t h e  h r l i x e n t r i c  trcinsicr o r b i :  .i;lF;: 5c; i n i t i i i t e d  
a s  t h e  v e h i c u l a r  p o s i t i c c  z : , ~  qL.e idcity v c c ~ o r s  
a r e  a p p r o p r i a t e  t o  t h e  spe:;~ic.; i::-:izi c o n d i - '  
t i o n s .  A s  a consequence  si Li;2 ~ n e c r t a i ; i ~ i ~ s  a t  
i n j e c t i o n ,  d w  p r - i r . a r i l y  ;G ,hc ei-raL-5 i n  n,oni- 
t o r i n g  t h e  t h r u s t i n g  p h a s c  ;nt t;le ? r i - a r s  I n  d e t e r -  
m i n i n g  t h e  p a r k i n g  o r b i t  e p : ~ ~ z ~ r : ~ .  i j i n i  rr.r?y e x p e c t  
a s i g n i f i c a n t  v a r i a t i o n  o f  30 

c e n t r i c  o r b i t ,  h e n c e ,  sone  mici-cauLsc r . d : : ~ ~ v ~ r  

. . . 
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S c a r  T racke r  and  C o ? . ? ~ z < . r  - '::;is s . ~ b s y s t i . c i  
w i l i  o p e r a t e  i n  two p r i x l p c i l  modes; o f  O;)cr- t ioi i .  



Thc ?.i;h?z L / J  o ;  :..e a x - c d y x i a - c  : i f z i n g  
. .  v e n i c l e  o i f e r s  zdvi inc ; i :~es  i n  e ; - . ~ r y  c a r r i ~ a i -  dr3;)th 

ovc r  :he A?s?io-Type ~ n d  3rag 3 r d k c  v e : , ; ~ ~ ~ ~ .  
F i g u r e  o snows c h e  c o r r i i a r  i o r  Zar~i - .  r ~ - ~ ; - ~ c r y  a s  
a i u n c t i o n  af t i le  e n t r y  v c . ~ o c - , ~ y .  Tnc: I-iigh L/D 

. v e h i c l e  h a s  L/D - 2 . 0 ,  :i-.L, i i p a i i o - f y p ~  L/D 
2 0 . 5 ,  and  t h e  DraL ErLikL. Cis L / 3  - O13. I t  i s  

e v i d e n t  t h a t  t h e  I1i;:h i l l )  v e h i L l a  p r o v i d e s  a c o r r i -  
d o r  w i t h  much less  s t r i n ; ; ~ i - . i  c a n s t s a i n t s  on t e r -  
m i n a l  a p p r o a c h  g u i d a n c e  r e l a c e d  t a  a i t i t u d i t  hnd 
a t t i t u d e  2 r r o r s .  

. .  

1 .  
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- I  The 1 i v i : i g  VolU;:.,: i i - . C l L d e >  I > U  C L D L C  f e e t  
of frilc: volsme p e r  r~;-i  r . i i L h  0:: ; ; .  55 i u > i c  f e e t  
r e q u i r e d  f o r  s h o r t  p e r i a d b  21  fer: d ~ y s  i n  t h e  
raciiacio;?.  sto or;^. cci1a:-." *r',- ,,c il!or.:,blc r a z i a -  
t i o i l  dose was takci l  L S  ~ L L  XC:: ::-.c e x ~ i r e  
missiion w i t h  ti:c C ; ~ S L  a~:-:ck;e:?~ : ~ ~ L , ~ . ~ z c : ; i ~ ~  a 
r e s t r i c t e d  shar: tern c o s c  fra:..: G . 7  c x t r ~ ! : ; : ~  j o i a r  
f l a r e .  A l s u ,  c h i s  ta:l;l tosi. '  ; z i . ~ c ; i i o ; i  pr lsvides  
a n igh  p r o b a b i l i t y  tiiaL tlri? .,;il.i r.Gt ~ L L V C  

tne a s t r o n a u t s  w i t k o u i  <: :Au;iiccc ,"r a i d i t i o r , r i i  
r lxpssure f rom normal  l i f c  L ixc sol;rces bc-fore and  
a f t e r  t h e  m i s s i o n .  Tile s L i i e l d  inc1;Lcs 5 C  c n  
( 4 6 . 5  gn/cm-) of p o l y e t h y l e n e  p l u s  c h e  zuditional 
t a n k  and v e h i c l e  s t r u c t u r e  st..icidin;: a i  a ? p r o x i -  

t h e  s h i e l d  ( i . ? . ,  l o a d i n g  [.;it5 m t c r L s 1  h a v i n g  3 

h i g h  a b s o r p t i o n  Cross-sec t  i o n  f o r  cascade n e u t r o n s )  
was n o t  per formed i n  t h i s  5tr.d;:. Such a n  a p p r o -  
a c h  s h o u l d  a l l o w  sozit3 r 2 d u c t i o n  i n  v c i g l i t  f o r  a 
g i v e n  e x p o s u r e .  Tb.2 t o t a l  .n i ss ior :  dose c m e s  
from the t r a p p e d  r a d i a t i o n ,  5ola . r  i1l;re pro;Ioiis,  
cosmic  r a d i a t i o n ,  and  nuc lear  reactors i n  t?.e 
p r o p u i s i o n  and  power sys iens .  ?ar  ~ 2 - s  s p a c e c r a f t  
w i t h  a SNAP-8 a u x i l i a r y  't)oiSver iir.it  ciic Van A l l e n  
p a s s a g e  and r e a c t o r  dos;: p l u s  c o s ~ i :  r a y s  g i v e s  
a p p r o x i m a t e l y  40 2c.m. A s i n , : : ~  i i a r k  o f  :>$;: 

10 Xay 1954 cypc would aaC 7G L O  DG Rem r..-ith t h e  
s h i e l d i n g  p r o v i d e d ,  and s r n a l l e r  , mi-c  nur;;erous, 
3 ana 3+ f l a r e s  would a t l i v e r  ar13:ncr ~KI to 4~ 
Xein f o r  a t o t a l  o f  202 R m  < L r i ; i g  iljlc S p x e t r i c  
N i s s i o n  based  on e s c i a a t s s  f o r  i 570-75 .  

3 

mately 20 gm/cin 2 . 0ptiniiz:Lti;n o f  rnz'icriai i n  

> .  
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A t t i t u d e  c o n t r o i  i s  ; , r i i vALe i  b ; ~  L r c 3 s i i o ; i  
c o n t r o l  p r o p a l s i o n  sysrca. T L : i s  L s  L I S ~ ~  ior ~ ? i n -  
n i n g  and  d e s p i n n i n g  a a u  also ;)~i:-.:ir?g ch,: > p z c e -  
c r a f t  p r i o r  to  p r o p u l s i v e  vc: ioci- . r  &, c o r r ~ ~ ~ t i o n s .  
Tne e s t i m a t e d  w e i g r ~ t  o t  t h e  s y b t x i  ia 15Od ; x x n d s .  

, -  

/3 



The top  v i e ~  C L ? i c i . ,  ~ h e  ve ; ; i c l s  b e f o r e  and 
d u r i n g  f i r s t  s t a g e  injcc: icrc .  F i r s c  sz ; l ge  i n j e c -  
t i o n  prope1la.n: is:  cls:;:ali-.~c. i n  seven  c y l i n d r i c a l  
t a n k s .  The c e n t e r  tar,:; ~ : s d  s c r v c s  ; i s  s t r u c t u r a l  
s i ; ppor t  f o r  t l ie injec:iGn i.n;;ine a s s c c b i y .  Tne 
l i v i n g  n o d u l e s  &re scvded ,  d s  rhiry xiil De d u r i n g  

, E a r t h  l aunch  and i n t 2 r p L n c ' ; a r y  i n j t l c t i o n .  The 
a n t e n n a s  and  S S 2 - 8  ?over  sxp?:ies a r ?  s towed 
u n t i l  t h e  m i s s i o n  t r a j e c z o r y  i s  a t t a i n e d .  

. .  

F i g u r e  10 snows che s t a g i n g  sequence  employed 
f rom i n j e c t i o n  t o  E a r t h .  e n t r y .  The v c h i c l e  is 
shown d u r i n g  f i r s c  9tag;e ix i j ec i i c ; i  w i c n  p r l s p e l l a n t  
from t h e  s e v e n  t a n k s  b ? i n g  Led i n t o  tnc main e n g i n e .  
The crew i s  l o c a t e d  i n  Lhc r e - z n t r y  ( a b o r t )  v e h i c l e .  
A t  t h e  c o m p l e t i o n  of L;i:lit > r a g e  b, ; rning,  t h e  s i x  
p e r i p h e r a l  t a n k s  a r e  ;et;isoned, l e a v i n g  the c e n t e r  
tank as s t r u c t u r a l  ca r iy - th ra sugh  between t h e  i n j e c -  
tion e n g i n e  and t h e  rexa indc- r  o r  c n e  v e h i c l e .  
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FIGURE 1. E M P I R E  INTERPLANETARY SPACECRAFT 
FIGURE 2. Chlr3CCO AND SYMM:ETX!C TRAJECTORIES 

F I G U h i  4. ABORT VELOCITY REQUIK'EMENT 
FIGURE 5. TYPES OF EARTH RE-ENTRY VEHICLES 
FlGURE 6. XE-ENTRY CORRIDORS - LIFT tdODULATED, 10 g MAXIMUM 
FIGURE 7. RETRO-ASSISTED RE-EKT.?Y VEHICLES 
FIGURE 8. 

FIGURE 3.. GEOCENTRIC ABORT MANEUVER GEOMETRY 

HIGH L/D RE-ENTRY VEi4rCLE 
FlGURE 9. EhL?iRE VEHICLE - SYh!M:TRiC TRAJECTORY - NUCLEAR INJECTION 
FIGURE 10. 
FIGURE 1 1 .  

FIGURE 12. 
FIGURE 13. 
FIGURE 14. 
FIGURE 15. 
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LAUNCH AND 
ARRIVAL 

(a) UNPERTURBED NON-SYMMETRICAL (CROCCO) TRAJECTORY 
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- POSITION OF VEHICLE 

POSITION OF EARTH 
AT 1/2 MISSION PERIOD 

AT 1/2 MISSION PERIOD 

(b) UNPERTURBED SYMMETRICAL TRAJECTORY 

FIGURE 2. CROCCO AND SYMMETRIC TRAJECTORIES 
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FIGURE 3. GEOCENTRIC ABORT MANEUVER GEOMETRY 
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FIGURE 5. TYPES OF EARTH RE-ENTRY VEHICLES 
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FIGURE 1 1 .  NUCLEAR ENGINE BURNING TIME AND SPACECRAFT WEIGHT 
VERSUS FUNCTIONS OF ENGINE THRUST 



NUCLEAR CROCCO 
~~~~ 

W, = 2,243,000 LBS 
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tb = BURNING TIME 

FIGURE 12. CONFIGURATION SUMMARY 
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FIGURE 18. PROJECT EMPIRE DEVELOPMENT SCHEDULE - NUCLEAR 
SYMMETRIC MISSION 



.. 
v) 
w 
I- 
O z 

I- 

z z  k 0  
= v )  

o az u na 

o c o  - ro .Q cu 0 cu - ro * - L- 

SN011118 NI IS03 

u 
w > 
U 

z 
W 
4 

u 

a 

a 
n 

a 

I u z 
3 
a 
J 
0 rc 
9, 
c 

LL 
I- z 

3 
LL 

* 
v) 

u 
a 
w 
J u 
3 
Z 

0; 
L- 

w u 
3 o 
LL 
- 



0 
4 

e 
b 

m 
I 
a0 

I 

e 

u 
w 
? 
I 
Y 
m 
m 

u 
u 
v) 
\ 
I 
Y 
b 
T i  
e 

v) * a a 
m 
Io 
c 

0 
b 

Y) 

I 
a0 

I 

c 

u 
w v) 

0 * w v) 

a v) \ 

a E  I \ 

o m  Y 

ui m I 
m m 
e ui - 

I I Y 

e - a0 

Y) b 

v) 

e 

m 
c 

u 
w 
v) 
\ 
I 
Y 
m 
ad 

v) * a a 
a0 

4 
u 
v) 
\ 

Y 
I 

0 
c 

e 

w 
v) 
\ 

Y 
v) 

I 

c.i 
e 

I/) * a a 
ad 
<u 

m 
m 

s I 
I- 
a 
Lx 
I- 
J 
a 
I- 
O c 

- 

w 
I- 
a a 
I u 
Z 
3 

J 

I c e 
w 

a 

a 



. 

I I 
a 

v) 
Y 
U 

2 
W 
U 3u 

z w  
-n Iv) 

W 
I- 
v) 

5; m 
3 
v) 

Z 

I c 
a LL 

I C  s 

W u a 
W 
U 
0 

OL 

Z 
a 
1 

0 
IA 
1 

z 
a 
n 
3 
0 
- 

Z a 
2s 
v) 
v)- 
W 

cu 
W a 

a- a* a- 

0 0  m m  
I n v )  In 

0 0  
0 a m  J 

m 
a 
I- LL 
0 J 

v) 
W 
I- 

s - 
I- 
v) 
W 

+ 
t- 
J 
m 

0 
0 cu 
m 

* 

0 
0 
0 

0 0  
0 0  
0 0  

0: 8- 8- cu c u c u  3 

0 z z  
- 
c 

a - 
J 0 W 
U 

Z 

I 
W 
t- 
v) > 
v) 

U Y u 
U 
t- 
U 

I- 

a 

a 
v) 

a 
OL 

YE 
v) 

Z 
9 



0 

w 
J 

I- 

a a 

v) z 
0 
2 u 
a 

0 u 
w 
J 
0 
I 
w > * u 
I- z 
w 
w u 

2 

- 

I 

? 

0 0 0 
0 0 
0 0 00 

0 1  
O m  0 
0 1  cui mi ui 

e c 

1 a 
J 
1 

s 
n 
J 
w 
I 
v) 

I- 

; 
Y 
w 
I- 
v) * 
v) 

J 
0 u 
I- 

f 
Y 

* 
I- 
0 
0 
J 
w > 
J 

1 

a - - 
I- - a Z 

I - u  I u o w  W O Z  - 
3 

n u  
O 8  0 
( 3 a  

8 8  
O S  (3 

nc u - 0  
2 2  

z 
I- u 
2 

a 
J 



z 
0 
W 
(3 a 
3 
v) 

I- 
I 
(3 
J 
LL 

- 

a 
Y 
LL 
LL 
0 
0 
Z 

z 
- 
n 

I 
0 u 

f 

in' 
U 
w 
m 
I 

3 
w 
U u 
W 
W a 
I 
I- 

5 

a 
w u 
LL 
LL 
0 
w > 
t- 
3 u 
w 
X 
w 

- 

> 
I- 
J 
- - 
m - 
m 
Z 
0 a 
v) 
w a 

J 
w 
Z 
Z 
0 
a m 

W 
0 

X 
0 
I- 

2 

- 

cn 

a 
Y - 
LL 
LL U 
0 
U - 
a 
n 
W a 
n 
a 
Z 

w u z 
a 
Z 
w 
I- 
Z - 

w 
0 

4.L 
0 

i 
0 



U 
t 

v) 

w 
-J 

I- 

m 
a 

I I I I  I I  I I l l  I I  

0 0  0 0 0  o o s g s s s o  0 

O N  O o g % o o 0 0 N  o o o o o ~ - - ~ - ~ N  moo0 N 



TABLE 6 

SUMMARY OF SUBSYSTEM WEIGHTS 

C ROCCO TRAJECTORY 

LIFE SUPPORT 
THERMAL CONTROL 
POWER 
ATTITUDE CONTROL 
GUIDANCE 
COMMUNICATION 
FURNISHINGS 
I NSTRUME NTA TlON 
E ME RGENCY GEAR 
SCIENTIFIC PAY LOAD 

WEIGHT 
W S )  

1 7,705 
1,000 

10,000 
1,500 
1,000 

300 
500 

1,000 
1,200 
1.000 

35,205 

WEIGHT 
(KG) 

8,048 
455 

4,545 
682 
455 
136 
227 
455 
545 
455 

1 6,003 

SYMMETRIC TRAJECTORY 

LIFE SUPPORT 
THERMAL CONTROL 
POWER 
ATTITUDE CONTROL 
GUIDANCE 
COMMUNICATION 
FURNISHINGS 
INSTRUMENTATION 
E ME RGENCY GEAR 
SCIENTIFIC PAYLOAD 

21,810 
1,000 

10,000 
1,500 
1,000 

300 
500 

1,000 
1,200 
1,000 

39,3 10 

9,914 
455 

4,545 
682 
455 
136 
227 
455 
545 
455 

1 7,869 


