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Communication between t h e  space veh ic le  and t h e  ground 
s t a t i o n s  during t h e  post  i n j e c t i o n  i n t e r v a l  can be impaired by 
t h e  deployment of t h e  LEM adapter  panels .   h he exact deploy- 
ment of t h e s e  panels  i s  c u r r e n t l y  being i n v e s t i g a t e d . )  This  
memorandum d i scusses  t h r e e  proposals  t h a t  consider d i f f e r e n t  
a t t i t u d e s  of t h e  Apollo space veh ic le  during t h e  pos t  i n j e c t i o n  
phase of a  luna r  mission. One of t h e  a l t e r n a t i v e s  i s  chosen 
based on maximum exposure of t h e  space veh ic le  antenna t o  t h e  
ground network. 

The deployment of the  LEM adapter  panels  necess i t a t ed  
an a t t i t u d e  pos i t ion ing  s t r a t e g y  6f t h e  space veh ic le  t h a t  would 
permit t h e  f e a s i b i l i t y  of unin ter rupted  cornmunicat ions  wi th  t h e  
MSFNcsites.   he o b j e c t i v e  of t h i s  s t r a t e g y  was t o  maximize t h e  
space veh ic le  antenna u t i l i z a t i o n  and a t  t h e  same time minimize 
t h e  number of  a t t i t u d e  changes. Three a l t e r n a t i v e  post  i n j e c t i o n  
a t t i t u d e s  were examined g r a p h i c a l l y .  These were s tudied  us ing  a  
r e p r e s e n t a t i v e  a l t i t u d e  p r o f i l e  beginning wi th  t h e  end of t h e  
i n j e c t i o n  burn and l a s t i n g  f o r  approximately 60 minutes. 

The pos i t ion ing  s t r a t e g y  chosen requi red  t h e  space 
veh ic le  a t t i t u d e  t o  be r eo r i en ted  two times during t h e  60 
minute post i n j e c t i o n  per iod .  The f i rs t  change occurred 
immediately a f t e r  te rminat ion  o f  t h e  burn i n t e r v a l ,  t h e  second 
change 18 minutes l a t e r .  These a t t i t u d e  changes a r e  based on 
t h e  LEM adapter  panels  being deployed t o  a  p o s i t i o n  normal tD 
t h e  r o l l  a x i s  of t h e  veh ic le .  
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1 . 0  I K T R O D U C T I O N  

The cormunica t i o n  and t r a c k 2  ng o b j e c t i v e  a f  c e r  t k e  
second b u r n  o f  t h e  S-1T.B i s  t o  ?rovi.de communications ( v o l c e  
2nd telemetry) between t h e  spacec - a f t  and crew and t h e  MSI--* 
s i t e s ,  and t o  t e l e m e t e r  s t a c u s  in-noraa-cion o f  che space  v e h i c l e .  
Also, t r a c k i n g  f o r  t r a j e c r o r y  d a t a  of  t h e  space  v e h i c l e  w l l l  
a i d  che MSCC i n  making che d e c i s i o n  o f  a f f i r x i n g  t h e  a t t em?t  
of' e r a n s p o s i t i o n .  

The f o l l o w i n g  d i s c u s s i o a  i s  ccncerned w i t h  t h a t  2 z r t  
o f  t h e  nominal  Apollo m i s s i o n  t h a t  b z g i n s  w i t h  t h e  t e r m i n a t i o n  - L of  t h e  second bu rn  o f  t h e  S - L \ ~  and ei:'.ds w i t h   he completion 
of t h e  t r a n s p o s i t i o n  maneuver. T h r o u g k o ~ t  r ~ o s  t o f  t h i s  phase  
o f  t h e  a i s s i o n  i t  w i l l  be nece s sa ry  ?or e i ~ h e r  che s p a c e c r a ? t  
o r  t h e  S - I T ~ % / I U  t o  communicate w i t ?  t h e  MSFN. Thi s  o b j e c t i v e  
i s  made d l f f i c i x l~ ; ;  t o  a c h i e v e  by t h e  p h y s i c a l  c o n s t r a i n t s  la-" 

,ic p a t t e r n s  and t h e  posed by t h e  v e h i c l e  on t h e  v a r i o u s  an ten- -  
i n t e r f e r e n c e  imposed on p o r t l o n s  of t h e  ac tenna  p a t t e r n s  w i t h  
t k e  deploymefit of t h e  a d a p t e r  t h a t  ~ u r ~ o z n d s  t h e  LEV d u r i n g  
t h e  l aunch ,  e a r t h  p a r k i n g  o r b i t  anC i n g e c t i o n  bu rn  phase s .  
These d i f f i c u l t i e s  c a n  be a m e l i o r a t e d  by ~ r i s : ~ t a t i n g  t h e  sgace  
v e n i c l e  t o  a  p o s i t i o n  t h a t  w i l l  a i n i r ; l z t  ,he I n c e ~ . ? e r e n c e  

- j r c  - - -  p o r c i o n s  o f  t h e  an t ezna  paccer-qs alzd rLzx:,,.,aL ,-_t ? T e c c i v e  
coverage .  

T h i s  memorandum 6 l s c x s s e s  vzz lous  a l s z z - a t i v e  20s: 
i n j e c t i o n  v e h i c l e  attitudes cnc s-cggescs one w k c h  w i l :  e nab l e  
t h e  communications and t r a c k i n g  o S j e c t i v e s  co be  met f r o 3  t%e 
viewpoint of  ancenna coverage .  

The Apollo space  v e k i c l e ,  jus;  g r i o r  t o  and d ~ ~ i i ~ g  
che CSM/Lm'i t r a n s p o s i t i o n  rnaneu.ver, x u s . ~  be  I n e r t i a l l y  S G E -  
b i l i z e d .  P r i o r  t o  t h i s ,  cnanges i n  s t c l t u d e  a r e  aL2cic ipaced.  
These e v e n t s  I n  a d d i t l o n  t o  che  Ceployrnent of' t h e  2 3 4  s d a p c e r  
d u r i n g  c r a n s p o s i c i o n  cou ld  a f f e c t  t h e  space  v e h i c l e  c o t a l  
an tenna  coverage  and t h u s  l i m i t  t k e  communications o b j e c t i v e s ,  



q 7  -112 7 or-eil-~a.kiol; of c l ~ e  space v e h i c l e  j e f  o r e  '~rZr,.s- 
,-. ,) 3 2 1 .;, : c 2 1 ; ; 1 1 1  1 2 s ~ ~  a d i y e c t  e f f e c t  on t h e  e f f e c t i v e r ~ e s s  of  
" ?? .' ,. .R .- 3 ,? 2 aci l lbLlci l  -.,, coverage.  SJLeeYable type an temias  could ?;.-ovlde 
pnwe r l V  .L co.i70-~? O-e 2 6  almosc any a t t i t u d e  however, Lhis s o l u t i o n  
rqauld i-ccjuire a n  es'i;er,slve yedzs ign  2nd A i s  t h e r e f o r e  no'; 
cons idered  f e a s i b l e  a t  c h i s  cirr'e, The mzin coverage vo ids  
? o r  t h e  f i x e d  p o s i t i o n  arL:an.-,c ,,JS w i l l  Occur a long  t h e  r o l l  
z s i s  of t h e  v e h i c l e .  Other p a t t e r n  i n t e r f e r e n c e  w i l l  be ex- 
~ e r i e n c e d  because  of tP&e change i n  d i a l - e t e r  of t h e  v e h i c l e  
fTam t h e  CS>lj t o  t h e  S-Irb/IU. This  w i l l  cause  t h e  n u l l  
t oxa rds  t h e  a f t  of t h e  v e h i c l e  t o  have more e f f e c t  on t h e  
CSX p a t t e r n s  chan Tor t h e  S-IVB/IU antenna system. 

During t h e  t r a n s 2 o s i t l o n  o p e r a t i o n ,  t h e  a d z p t e r  
becween t h e  S-IVB/IU and CSM 31111 be Ceployed. I t  i s  
assuned t h a t  t h e  adapker  s e c t i o n s  w i l l  be p ivo t ed  bzck 
'<olgards t h e  a f t  end of t h e  vek-jcle t o  a  p o s i t i o n  ~) ]h ich  i s  a t  
90' co t h e  r o l l  a x i s .  (TP:e exEct deployment of t h e s e  2dZ;~ te rs  
2 s  c u r y e n t l y  be ing  i n v e s t i g a t e d ) ,  These deployed a d a p t e r  
s e c t i o n s  can cause  s i g n ' i f i c a n t  chs rges  i n  t h e  f i x e d  a n t e c m  
coverzge p a t t e r n s  of t h e  CSN zntenna sy sterris. S i m i l a r  e P f e c t s  
can  be exper ienced  i n  t h e  coverage p a t t e r n s  of  t h e  S-I'V3/IU 
an t ennas .  I t  i s  a l s o  assunled cha t  ';he h i g h  g a i n  s t e e r a b l e  
antenna on t h e  SN w i l l  no t  be a v a i l a b l e  u n t i l  t r a n s p o s i t l c n  
Is  cornglete. 

These l i r n i ca t i ons  an6 o b s ~ r u c t i o n s  -LO the ancenra  
p a t t e r n s  w i l l  n e c e s s i c a c e  a ~ o s i c i o z P n g  s t -a tegy  t h a t  w i l l  
p e rmi t  che f e a s i b i l i t y  of  ~ n f f i c e r r u p t e d  c o m u n i c a t i o n s  w i t h  
bhe MSFX s i t e s .  

, . %he purpose  of t z e  posi;l~iq:;-~g s t r s c e g g  w 
, " maximize t h e  space v e h i c l e  ayLSs:pirA2 u t ~ ~ ~ ~ ~ ~ ~ o n  292 

same t ime rfiinimize t h e  rcr:LCer of a t Z i c 5 . e ~  cj?snges. 
, , . ,  a l t e r n a t i v e  p o s t  in jec t ; - -  d,- c, - b ~ d e s  were e x a ~ l n e c  

- .  - tally. These were s-;-;Lz.-ec. ;.slY-g a  r ~ 3 y e , s e r ~ + - ~ '  
bL vc ~ l v e  3 

,. , prolilelr S e o - i n n i . ~ ~  o - -0 3;~;n s?;? e rd  sf buryL of she  S-I 
l a s t i n g  f o r  approximscely 60 n i n u t e s .  A p l o t  of  t h  
i s  shown i n  F i g u r e  1. 

- ' )Lunzr Orb i t  3endervous 3eZererce  -26; eccory 
package (u) prepared  unde r  Conc?acz Sa. 10001 by 

- S.T.L. t o  Bellcornnz, I n c . ,  ~ s s u e  2 - Sepi;. 30, 1953 



, < ();2? al-tern2c-v~ .~l-~a.; wss st3ddied coinsidered 'bhe 
, ? sjlzce \xjej2icle co ue pl tc3-  scabI ; i z& fr , i t h e  d i r ec ,b ion  of 

.- . , -- - r :" T , . - - ? T  -- - ve~t+r t o  a  t;iyce j y ~ s t  l - - - . i ~ - ~ ,  t o  t h e  s t a r t  of d ~ ' ~ ;  
b <--LA Ly p L &  ... 

v , .. n13 .n .L 
~-3q.211q-,3c, LII C*- k t  sl-;Loil. I,-, ,, ~ c k  s  t ~ b i i i 2 a ; ; i r j ~  c o r r e c t i o n  cafi 3 e  

t h e  t ~ z n s p o s i t i o n  phase  t > e  c o ? r e c t l o r s  were t e r m i n a t e d .  The 
, , * ,  - 

?.-- 
, . c u b l - ~ u ~ e  of t h e  v e h i c l e  ovey ,;~-;e e ;? t i rs  i c t e p v a l  of conce7n 

zlways had l i n e  of s i g h t  contzc: t r a c k i n g  network, 
r-l . ~ n e  l ook  a n g l e s  between t h e  vek2c l e  znd t h e  MS3N s i t e s  always 
were below and t o  t h e  r e a r  of  t h e  spzce  v e h i c l e ,  

&.ring t h e  ~ o s t  i n j e c  tloln I n t e r v a l ,  c o r ~ ~ n u n i c a t i o x s  
be;;weeii t h e  S - I m / I E  2nd t h e  :(STN s i t e s  i s  f e a s i b l e  ~ j j i t h  ';he 
u s e  o f  a  co secan t  s q u a r e  an tenna  coverage  c h a r a c t e r i s t i c  ~ , l i t h  - 
s . ~ f  f l c i e n t  g a i n  f o r  ~ h e  l o n g e r  r a n g e s .  The a  ssuned deployrr~ent 
of tk+e LxM a d a p t e r  s e c t i o n s  s k c ~ ~ l d  n o t  s i g n i f i c a n t l y  d e g r ~ d e  
2- bne , e f f  e c t i v e n e s s  of t h e  S-IT7B/IU an t ennas .  A4ssurr~lng t h ~ t  t h e  
RCS of t h e  S-IV"D i s  a l s o  e f f e c t i v e  a f t e r  t h e  s e p a r a t i o n  o f  t h e  

bfiLun t h e  S-I -n / IU and s p a c e c r a f t ,  cornr~unicat ion  con t acc  Se--lo-' 
TtSFN s i t e s  should  c o n t i n u e .  

- 0 -. ",/ Communications beriiiee~i 'Lne U ~ L , _  and t h e  NS3N s i t e s  
&drip-g p o s t  i n j e c t i o n  w i l l  -92 a f f e c t e d  -cg t h e  o r i e h t z t l o n  of 

,. , ;he CM an tenna  sys tem.  As t h e  s12aes v e k f c l e  p?oceeds or1 1 . c ~  
-. t r a j e c t o r y ,  t h e  C,sx c o ~ q t a c t  f s zur;Flsr ~ ~ g ~ a & d .  ' Q I ~  .-,en ~ r a - S -  

~ o s i t i o n  s t a r t s  c o n n u n i c a t i c r  co r t sn ,+  + ,. ,, Lt!ith t h e  fiqSF3 s i t e s  
A 

shou ld  improve because  oT thz l~L!-'r - - r ; l - z ; - . ~ . d~d  - .A- of' t in -  t :  CS?:. T?i;s 
.. - c o n t a c t  w i l l  a g a i n  be  degTacec a s  .;?-z d0ckir-g procedu.re i s  - 7. " completed ,  A t  t h i s  p o i n t  I n  ;he r::isslon, t h s  dzgloyzd L~!!L 

a d a p t e r  2nd t h e  S-ITD cause  $s to- tco?+s  i~ t h e  C~J; sntenf is  
rad i .7  a,,loz " 2  p a t t e r n ,  ln2yo-j~: \~*& - 11r-2 , . CS;\(I: corfim-dnic~tlon 
c o n t a c t  should  o c c u r  when seps;oatiord of -the Q - J ~ ~ ~ C - O - . ~ . ~  b2 .,. GI. i/ i s-- A C I L ~  ,v 

t h e  S-IVB/IU t a k e s  p l a c z .  

, . , -  , Anot2ey a l t e r f i z , i . i~e  z n ~  - - -  c ~ n s i _ d e r e d  a s s7 - - - -  A J ~ G L L  - .  '--- " - L C  

s p ace  v e h i c l e  t o  be i r L e ~ t l a l ' g  x ;e72i l lzrc  z t  "' - -"  L _ - ~ L  a- i 'c i tude a: 
.!- h , * blie end of burn .  + S z _ i $ e r z s ' ~ i v e  - Ic?-;oses l e s s  of a  derr,zr:c 
o n  t h e  RCs f u e l  u szgs  altF+oug?+ t h e  coyplunica t ions  c o 2 t a c t  
becomes l e s s  d e s i r a b l e  ss  .:he v e h i c l e  p ~ o c e e d s  on i t s  cou?se.  

ATter ap-p-ox i~ : l~ te~y  cei? i-;lifi.;b.;$s from of 
i '  7 b>c~;-n, rr,ajc;-.,ty of t h e  XS?:\; s i t e s  ; J ; I ~ ~ ~  s e  view%-2 t h e  ,zy.; 

-. end of t h e  space  v e h i c l e ,  ;*21s a t t i t u . 6 ~  c h o i c e  woulc ?ec_~.Pre 
ttqo an tenna  s y s t e ~ c s  02 . ~ ? ~ e  S - ~ T j ~ / ~ ~ ,  one t o  cove r  t h e  l o p ~ e ~  
r a d i a t i n g  volume oT t h e  v e h i c l e  and on? t o  covey t h e  voiurie 
above an6 t o  t h e  r e a r ,  Although contTnuous cov?rage  t ;2~o~ .gf i  

- "  L5Yi t r a n s p o s i t i o n  cou ld  be  r e e l l z e d  i'vitn p r o p e r  anc2nna g a i n s ,  
implementation of  a  two ac t en i - ,~  system on t h e  S-IVB/IU woc.ld 



.* ,psss-! - - .> . . -  
* A  bL: "3 s y ~ t e ; ~  n q ~ l i l - 2 r 2 e n t  cl~2.q-- I L L ~ ~  such  a s  a  c r2 :9~~5. tT;er  
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Dur1y-g t h e  i - ~ ~ , - - ~  ,- , , A D p o s x > . o n  " , -  ??axe, co.rrmucicat ior~s 
-22tlj~3e;; t h e  CSjbI and ch-,e gi-o.d;?d s'ca';iozs ~ 5 1 1  b e  d o u > t f u l .  
il . , "   his co:;dition i s  e x p e c t e d  t o  p ? r s i s c  t h r o u g h  t T a n s p o s l c l p - p  all 

c . n c l l  sucbL t i m e  when t h e  s p s c e c r a T t  s e 2 a r a t e s  fyom t h e  
, . S-Im/ILJ. A f t e r  s e p a r a t i o n ,  -Gre h l g h  g a i n  s t e e r a b l e  anter;na 

. . o n  -;he SM s h o u l d  p r o v i d e  a l l  n e c e s s a r y  c o n t a c t .  

The t h i F 6  alt-yn?,arive -9ost  i r f e c t i o n  a t t i t u d e  Ti<;- 
--u 

v e s c f g a t e d  c o n s i d e r e d  two ckLanszs of s g a c e  v e h i c l e  a""'"' ' 
- , L L  ~ a c : e .  

. . p m n e e i s t e l y  a f t e r  t h e  ens of b.---  b i A a -  - the s p z c e  v e h i c l e  f s  pf$ePLed 
7 ,  d o ~ ~ i ? : ~ ~ ~ ~ r ~  $0 a p p r o x i n a t e l y  16' jelo.?,; t h ?  nor:PA6i 'the l o c ~ l  

~ e " " i  .. L , L . C ~ ~ I  T h i s  o y f e r L t a t i o n  i s  h e i d  i p - e r t i a l l y  f i x e e  u c L t i ?  
z a ~ r o x i z a t e i y  18 rf i inutes  a f t e -  t h e  end of b . ~ ~ r n .  A t  ,klp,zt "' 
-+ .. - b A ,:r1 e  
, . *- ,. ,. - 0 C' 
L,,C s p a c e  v e h i c l e  i s  p i t c h e d  down-;.?a~d t o  2p ;~yox imz te ly  -3 

"lo < >elow t h e  norrr-,al t o  t h e  l o c a l  \ je r ' i ; ; c~>,  - L i A L ~  o - i e n t a t i c ; n  i s  
h e l d  f n e r t i a l l y  f i x e d  f o p  cyA3 ~ e c a l n c e y  - - 0: t h e  p o s t  Lnjeot ioy;  

2.. 2 h a s e .  These  ~ w o  a  t t i t u d e s  a p p r o x i n s t e  z n  a v e r a g e  > r o a d s i d e  
: 3 o s i t i o n i n g  of t n e  s p a c e  veFLic le  witpi 2espec.k $0 t'ne e2-eL'r 
L A A "1- 

d z . ~ i ~ - - ;  t h e  e a r l y  and l a t s  s e g ~ e n t s  o f  t k e  p o s t  i n j e c t i o z  
eVeri.G . 

Coainunica t ions  c o s t z c  t ?-om t h e  S-ITJB/IU t o  t h e  
, . ground s i t e s  c a n  b e  made c o n t i ; i l ~ o u s  ;nroughou.t t h e  p o s ' ~  i . c>  L A -  

J e c t l o n  f l i g h t  w i t h  a sh-- --c;ea - - D ~ E , U  alr_l;efina. R i g u r e  2-8 S~;CT,!S 
L? ~ , n e  r e q u i r e d  a n t e n n a  raGiat ioip-  + - s a t t e r n ,  T h i s  S i g u r e  5s 1;~sed - cn t h e  p r o f i l e  shown I n  + ' i g u r e  1 wi . i ;% -,- b v ~ ~  a t t i t ~ z d e  c h a n g e s ,  

, . F o r  e a r l y  p h a s e  t h e  fl$g>-'~~ s l a n t  rz~c ,ge  does  c c t  
exceed  n .  mi .  The a . - - - ~ - ~ , - i s  LLAAL-, g-f lri_ yee~.i.iyeG f o r  t h i s  p:r,2s,a 
c a n  b e  e q u a l  t o  t h a  t of a n  0:;:~ ,̂4 -?.i3e L J sy sterr!. A s  t h e  s l a n t  

- " ec, l ; - P - f i 2 $  r a n g e  i n c r e a s e s  t h e  g a i n  r?q;.i? , i l L , , ~ 3 ~  o r d e r  ~3 
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