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FOREWORD 

This report is submitted in ac:ordance with the requirements 
of Contract NAS~-8343, Article X, Reprts of Work. The 
report is prepared i n  two voluacs. Volume I contains the 
basic report. Volume I1 contains Appendices A and B. 
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I INTRODUCTIOM 

I n  June  1968, Mart in  Marietta ~ o r ~ o r a k i o n  was awarded a 
t h r e e  month s tudy  a s  p a r t  of a NASA-MSC Phase I3 Lunar 
O r b i t a l  Science Study. The s tudy  r e su l t ed  from fhe 1967 
Summer Study o f  Lunar Science and Explorat ion a t  Santa  
Crux. The t o t a l  Phase B s tudy  i s  t o  f u r t h e r  de f ine  the 
s c i e n t i f i c  u se  of  l una r  f l i g h t s .  The Martin Mar i e t t a  
s tudy  was d i r e c t e d  toward the f u r t h e r  d e f i n i t i o n  of the  
s c i e n t i f i c  use  o f  the o r b i t a l  por t ion  of t h e  l una r  f l i g h t s .  

A ma jo r i t y  o f  the e f f o r t ,  i n  accordance wi th  NASA-MSC 
d i r e c t i o n ,  w a s  appl ied t o  base l in ing  experiments coopera- 
t i v e l y  with experiment s c i e n t i s t s  and accomplishing a 
Eunet i m a l  f low grouping z n ~ ~ y s  is of l a r g e  numbers of  
experiment -comb i n a t  ions i d e n t i f i e d  a s  p r i n c i p a l  goals  a t  , 

the  1967 Santa  Cruz Conference. The experiments were 
basel ined and .a new a n a l y s i s  technique devised based on 
pa.yload, o r b i t ,  mission and d a t a  management c o n s t r a i n t s  . 
The study c o n f i r m  t h a t  a luna r  o r b i t a l  sc ience  program 
can be developed f o r  achievement during t h e  1972-74 period. 

M A W r I N  Ma RlS-4 00RPORArJON 
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I I SUMMARY Am RECOWNDATIQNS 

This c o n t r a c t  was accomplished a s  a p a r t  o f .  t he  NASA-MSC Phase B 
Lunar Orb i t a l  Science s t u d y  r e s u l t i n g  from the 1967 Summer Study 
of Lunar Science and Explorat ion.  The con t r ac t  has as  i t s  objec-  
t i v e  f u r t h e r  d e f i n i t i o n  of the s c i e n t i f i c  use of  lunar  o r b i t a l  
f l i g h t s  through a n a l y s i s ,  review, updating, and consol ida t ion  of 
e x p e r b e n t  requirements ,  development s t a t u s  and f e a s i b i l i t y  , 
grouping, and miss ion,requirements . The Phase B s tudy represents  
a f u r t  he,r s t e p  toward the  prepara t ion  of  d e t a i l e d  sc ience  mission 
plans,  a process  which is neces sa r i l y  i t e r a t i v e  i n  na ture .  

The Mart in  Mar i e t t a  s tudy  placed primary emphasis on achievement 
of t he  Santa Cruz Conference object iv ,es  through a fundamental 
s c i e n t i f i c  ana lys i s  of  t he  experiment ob jec t ives  and t h e i r  d a t a  
requirements,  and l i m i t e d  i t e r a t i o n  o f  these wi th  proposed exper- 
iment sensor  c a p a b i l i t i e s  and groupings derived during t h e  study. 
Experiment mission and subsystem requirements were analyzed, based 
upon sample e x p e r i m ~ n t  groupings. 8unrmarized r e s u l t s  o f  the  stu'dy 
a r e  : 

1. With t h e  Lunar Science and Explorat ion Conference a s  a 
base l ine ,  s c i e n t i f i c  ob jec t ives  were grouped i n t o  four  regimes: 
a) Subsurface, b) Surface ,  c) ~ t m o s ~ h e r i c  and d) Cosmic. The sub- 
su r f ace  regime ;;as t he  l e a s t  def ined and requi red  p a r t i c u l a r  a t t e n -  
t i o n  during the ' s tudy .  

2. Ar, a n a l y t i c a l  grouping r a t  i s n a l e  (roadmap j was developed 
which introduced a more.fundamenta1 technica l  experiment grouptng 
approach than  has been used during the  e a r l y  phases of  previous 
experiment programs. The primary r e s u l t  o f  the  roadmap ana lys i s  
is t h e  !.rfentification of c o r r e l a t i v e  experiment groupings requi red  
t o  produce unambiguous d a t a  toward the  s c i e n t i f i c  goals .  WFth 
t h i s  roadmap, each experiment was analyzed aga ins t  a s e r i e s  o f  
seven engineerfng and s c i e n t i f i c  cons t r a in t s .  The Phase B a n a l y s i s  
shows t h a t  a l l  b u t  fou r  of t h e  o r i g i n a l l y  proposed experiments a r e  
gene ra l ly  compatible w i t h  both s c i e n t i f i c  ob jec t ives  and m i s s  ion  
c o n s t r a i n t s .  S i g n i f i c a n t  c l a r i f i c a t i o n  and combination of sensor  
requirements were achieved, and one new experiment was i d e n t i f i e d  
f o r  cons idera t ion .  It is  a swept f r e q u e ~ c y  UHF radiometer,  f o r  
s tudy of  the luna r  subourface regime. 

3. Of  t he  30 experiments analyzed, 6 were i n  f l i g h t  hardware 
conf igura t ion ,  17  e x t s  t i n  nsn- f l igh t  hardware conf igura t ion  wi th  
a h igh  confidence l e v e l  t h a t  l una r  f l i g h t  can be achieved; 7 r e q u i r e  
new development. Contact wi th  respons ib le  s c i e n t i s t s  and i n d u s t r i a l  
sources i n  each experiment a r ea  provides assurance t h a t  instruments 
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can be avail.able f o r  a luna r  program i n  the  1972-74 time period, 
A preliminary c o s t  es t imate  f o r  the  30 experiments indica tes  a 
toea1 cos t  span of 60 t o  85 mi l l ion  do l l a r s  f o r  f l i g h t  hardware. . 
Further def i n i t i o n  work, e. g., spec i f i ca t ions  and a de ta i l ed  pso- 
curement cycle is recommended t o  a r r i v e  a t  a c l o s e r  pr ice  de f in i -  
t ion. 

4. Fi f  ty-seven experiment groupings were gener-ated us ing . the  
roadmap technique. These groupings are  categorized in to  minimum, 
medium and maximum s c i e n t i f i c  da ta  accuracy groupings fo r  achieve- 
ment of  the ob jec t  Fves sf each regime (Subsurface, Surface, Atmos- 
pheric o r  Ionospheric and Cosmic). Neither s e l e c t i o n  .of s p e c i f i c  
groupings f o r  p a r t i c u l a r  m i s s  ions nor programmatic optimization 
of the  number 0.f missions was worked. However, ea r ly  f l i g h t s  
would be expected t o  use groupinds of  minimum accuracy s ince  t h e i r  
ins truments a r e  genera l ly  l e s s  amplex  and more read i ly  avdilable.  
Additional work i n  experiment grouping and de ta i l ed  instrbment 
d e f i n i t i o n  remains fo r  accomplishment a f t e r  the program const ra in ts  
a re  evolved by Phase B. 

. 
The l a rge  number of  groupings (57) indica tes  the  adv i sab i l i ty  

of computerizing the  sya t e m  i n t e r f a c e  requirements (weight, vol-  
ume, power, da ta)  for f l i g h t  grouping s ince  more than one group 
can be fXowm by each f l i g h t ,  once the  payload allowables a r e  
b e t t e r  defined. Computerization allows optimization toward f l i g h t  
schedules and experiment cos ts .  Furtheanore, the s p l i t  of CGcSM- 
borne versus subsa te l l i t e -borne  experiments (some of the experi- 
ment groups can go e i t h e r  way) can be optimized. 

5 .  An op t  hum mission fo r  most experiments would be polar  
and of a t  l e a s t  30 days durat ion t o  provlde adequate coverage of  
the  lunar  env%ronment. This points  c l e a r l y  t o  a requirement f o r  
s u b s a t e l l i t e  usage in the  program. The near. equator ia l  o r b i t  con- 
s t r a i n t s  of the  Apollo Spacecraft  permit sens ing of  only about 
four percent of t h e  luna r  surface  during the  experiment operat ing 
per iods ;  however, s u b s t a n t i a l  achievement of c e r t a i n  experiment 
objec t ives  can be accomplished. A la rge  amaunt of da ta  can be 
co l l ec ted  by use of the  Apollo Spacecraft only which fo r  e a r l y  
f l i g h t s  w i l l  represent  an acceptable da ta  r e tu rn  and w i l l  provide 
a s i g n i f i c a n t  cont r ibut ion  t o  the  more cornpiehens ive explorat ion 
planned f o r  l a t e r  f l i g h t s .  . 

6. There is  a. s i g n i f i c a n t  problem area  i n  the  requirement 
f o r  da ta  reduction and analys is  following.each f l i g h t .  Further  
a t t e n t i o n  t o  the  e n t i r e  experfment da ta  management area  i s  advis- 
able.  Application of advanced da ta  handling technZques has 
favorable program cos t implications which should be inves t iga ted  
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pr io r  t o  a ?hase C s t a r t .  An ana lys i s  of a l lowable d a t a  com- 
pression wi th in  t h e  MSFN on t h e  bas is  of i n t r i n s i c  experiment 
da ta  accuracy requirements is a l s o  recommended. It w i l l  r e s u l t  
i n  an almost r e a l  time experiment d a t a  a v a i l a b i l i t y  wi th  a 
tremendous impact on the  v i s i b i l t t y  of mtssion and e x p e r h e n t  
success.  I f  t he re  a r e  new d i scove r i e s  i n  l una r  sc ience  they 
could be as  s e r t a i n e d  f o r  announcement immediately a f t e r  the  
f l i g h t  - the p re sen t  time de lay  i s  es t imated t o  be 1;; years .  

7. Prel iminary t imel ine  ana lys i s  shows t h a t  most of the 
crew time i s  requi red  f o r  b a s i c  mission performance. However, 
the crew requirements f o r  experiment opera t ion  a r e  wi th in  the 
design con t ro l  cognizance of the experiment i n t e g r a t o r .  EVA t o  
r e t r i e v e  camera f i l m  was found t o  be the only  mandatory requi re -  
ment f o r  crew p a r t i c i p a t i o n .  Deployment and a c t u a t i o n  prccesses  
for  e i t h e r  expertments and/or s u b s a t e l l i t e s  can b e n e f i t  from 
crew con t ro l .  EVA f o r  f i l m  r e t r i e v a l  is probably b e s t  performed 
a t  a miss ion t i m e  subsequent t o  the  r e t u r n  o f  the LM when a l l  
three a s t ronau t s  are avaf l a b l e .  

8. ~ a ~ l o a d  c a p a b i l i t y  v a r i e s  depending p r imar i ly  upon the  
landing s i t e  s e l e c t e d  f o r  t h e  b a s i c  mission. Within the  mission 
cons t r a in t s  of t h i s  s tudy,  payload ava i l ab l e  f o r  s c i e n t i f i c  
experiments v a r i e s  from z e r o  t o  approximately 1900 pounds. 

9. Subsystem s tud ie s  were made on the  b a s i s  o f  s e l e c t e d  
groupings and show a requirement f o r  var ious subsystem changes 
i n  botn  the  C S M  aqd the s u b s a t e l l i t e  eandidetes. Pinal  d e f i -  
n i t  ion  of  these changes is dependent upon experiment gr.oup 
s e l e c t i o n  and w i l l  r e q u i r e  a d d i t i o n a l  i nves t iga t ion  and i t e r a t i o n .  
General conclusions can be summarized as follows: 

. Data System requirements on t h e  C6rSM inczease moder- 
a t e l y ,  while on the  s u b s a t e l l i t e s  , they range from 
about  a 40% change (Lunar Orbi te r )  t o  complete r e -  
des ign  ( A m )  . 

. Power S,ys tern requirements on the  G&SM a l s o  increase  
moderately,  whi le  t h e  s u b s a t e l l i t e s  r e q u i r e  almost 
double t h e i r  p resent  capac i ty  and s i g n i f i c a n t  sys-  
t e m  design change. Most components are usable ,  
however. 

. Guidance and c o n t r o i  appear adequate f o r  most exper- . 
iments , .wi th  the most s t r i n g e n t  requirements being 
+lo on a t t i t u d e  con t ro l  and .-$. 05O fsec .  on angular  - 
r a t e s .  Some experiments r equ i r e  s p e c i a l  point ing,  
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such a s  f o r  a s t e l l a r  re ference  o r  e a r t h  poin t ing  
antenna. These experiments may impose some modi- 
f i c a t i o n  requirements on t h e  guidance and con t ro l  
system, al though these appear t o  be wel l  w i th in  
s t a t e  of t he  art  c a p a b i l i t i e e .  

. Thermal c o n t r o l  w i l l  be requi red  by some experiment . '  

groupings ; f o r  example, one s t a b l e  s a t e l l i t e  group- 
i n g  s tudied  r equ i r e s  an  a c t i v e  thermal c o n t r o l  sys-  
t e m  weighing approximately 190 pounds. I n  t h i s  
p a r t i c u l a r  case  t h e  subsystem would r ep re sen t  a  
s i g n i f i c a n t  po r t ion  of the t o t a l  s u b s a t e l l i t e  weight,  
i n d i c a t i n g  a requirement f o r  f u r t h e r  s tudy  i n  t h e  
experiment grouping and i n  the  thermal con t ro l  sys-  
tem i t s e l f .  

MLIR7tN CWAIPITWA UORPORAFION 
D E N V E R  O l V l S l O N  
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111 SCIENTIFIC OBJECTIVES , EXP1:RIMENT GROUI'INGS AND K~.:QUIRFMENTS 

IlI.1 S c i e n t i i i c  Object ives  and Experiment Groupings - Using the 
Sonto Cruz Conference a s  background, four  broad regimes f o r  lunar  
science exp lo ra t ion  were i d e n t i f i e d ,  each regime dea l ing  wi th  a 
d i f f e r e n t  pa r t  of the moon and the lunar  environment. The four  
regimes a r e :  

1. Subsurface 
2. Surface 
3. Atmosphere and ionosphere 
4. Cosmic 

Although these subdiv is ions  have some overlap, they represent  a 
l o g i c a l  sys  tem when considering t h e  grouping of s c f e n t i f  i c  ob jec- 
t i v e s  and experiments f o r  lunar  o r b i t i n g  sensors.  

Responsible s c i e n t i s t s  and indus t ry  sources were interviewed t o  
ee t a b l i s h  the ob jec t ives  and instruments which could meet those 
object ives .  The da t a  oti ob j ec t ives  and instruments  provided a ' 

func t iona l  flow o r  roadmsp approach (Figure 111.1-1) deve lopd  t o  
e s t a b l i s h  experiment groupings. For each of  the fou r  regimes, 
basic  s c i e n t i f i c  ob jec t ives  were l i s t e d .  These were i n  turn  sub- 
dividad i n t o  s p e c i f i c  sub-object ives .  Candidate experiments which 
could meet the o b j e c t i v e s  were then l i s t e d ,  and fed  through a 
s e r i e s  of seven c o n s t r a i n t s  o r  roadblocks which defined es t imates  
of 1) f e a s i b i l i t y ' ,  2)  a v a i l a b i l i t y ,  3) measurement cons t r a in t s ,  
4) instrument c o n s t r a i n t s ,  5) o r b i t a l  requirements, 6 )  d a t a  re- . 
quirements and 7) da ta  i n t e r p r e t a t i o n .  I f  an  experiment f a i l e d  
t o  s a t i s f y  the  requirements of a roadblock, it was el iminated from 
f u r t h e r  considerat ions.  The roadblock which was respons ib le  f o r  
e l imina t ion  of a n  experiment is  ind ica t ed  by a blacked lower r i g h t  
corner. The requirements of s u r f a c e  s t r u c t u r e ,  atmosphere and 
ianospheric,  and of t he  p a r t i c l e s  and f i e l d s  (COSMIC) of the moon 
a r e  w e l l  understood. The Santa Cruz Conference r e p o r t  gives 
coherent r a t i o n a l e  f o r  those regimes. Therefore, as expected, 
a l l  experimdnts f o r  these  groups pass the  ro.adblocks a s  ahown i n  
Figures 111.1-3, 111.1-4 and 111.1-5 respectively. 

The subsur face  regime of the moon is  the  l e a e t  understood of the 
base l ine  exploration considered by the Santa Cruz Conference. 
Only r ecen t ly  has the  p o s s i b i l i t y  of explor ing  t h i s  regime shown 

'up (e.g,, t he  "Raisin Bread" phenomenon has dram the a t t e n t i o n  
of t he  s c i e n t i f i c  community), Therefore, t h e  subsuzface regime 
"as emphasized by MMC and the ~ a n t a  Cmz b a s e l i c e  has been updated 
i n  coopera t ion  w i t h  the  experimenters concerned. Four experi-  
ments i n  the  subsur face  regime were el iminated by the roadblocks, 
a s  shown by Figure I Z P s l - 2 .  The elimination of four experiments . 
led t o  i d e n t i f i c a t i o n  of  the swept Erequelicy UHF radiometer. 

MAII I8m AOARIIIC'WA Od9llPOmAlrlON 
D E N V E R  O I V I S I O F '  
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shown i n  FICURF: 111.1-2. Now t h i s  regime emerges with n I'ull 
con~plement 01 '  groups necessary t o  solve the  subsurface ex plor- 
ntion problem. 

The r e s u l t  of the  roadmap development was the  i d e n t i f i c a t i o n  of 
a l a r g e  number (57) of experislent groupings. These groupings 
reduced the extremely l a r g e  number of possible combinations of 
30 experiments t o  more manageable proportions. A fu r the r  reduc- 
t ion  of  combinations w a s  achieved by defining ninimum, medium, 
and maximum accuracy groups. These groups r e f l e c t  est imates 
of experiment sev itivlt:/ ,  and add i t iona l ly  provided a measure 
of system complexity. Minlmum. accuracy groupings allow e a r l y  
f l i g h t s  t o  ob ta in  some of the  da ta  useful  i n  meeting the  lunar  
science object ives.  Maximum accuracy groupings provide more and 
b e t t e r  data,  bu t  genera l ly  a t  somewhat higher cos t ,  weight, and 
data  transmiss i o n  rates. 

The number of mFssions required t o  meet the  lunar  science objec- 
t i v e ~  was not estimated. However, .the groupings presented as 
the  roadmap output  al lqw fu tu re  mission estimates t o  be made, 
based on the ground r u l e s  and vehicles ava i l ab le  at t h a t  time. 
The type of satellite on which each experiment candidate should 
be flown i n  shown on Table III.1-1. 

- 

Table 111.1-1 
sateilite Requirements f o r  Lunar Orb i t a l  Experiments - 

I 

Metric and S t e l l a r  Camera 
Panoramic Camera 
Laser Altimeter 
Radar h a g e r  

( i f  image on film) 

Connnand and S e m i c e  Module 

G a o c h ~ i s t r y  Experiments* 
Mass Spectrometertr 

C S M  o r  S tab le  S a t e l l i t e  

-- 
Spinning S a t e l l i t e  

AC Magnetometer 
DC Magnetometer 
Plasma Probe 
Low Energy P a r t i c l e s  
Solar  Energat ic Partdcles 

XR Mapping Radiometer 
IR Spectrfmteters 
Microwave Radiometers 
Radar Xmager 
Radar A1  t ima ter 
RF Reflectance 
Swept Frequency UHF Radiqmeter 
B i s t a t i c  Radar 
Electromagnetic lfeasurements 
Photoelec t r ic  P.hotometer 
RF Transpondem 
W S p e c t ~ m t t W  
Meter- . qs 
Solras d Fo i l  
Laser , e t ro re f  l a c t o r  
Gravity Gradiometer 
E l e c t r i c  Field* 
h d t o  Noise Survey 

7- -- 

*Can use  on W3M; however, poss ib le  background noise,  contamina- 
t ion  problem. Prefer  more extensive coverage provided by higher 
inc l ina t ion ,  longer mission. 
*Can a l s o  use on spinning satellite. 



Four missions were iden t t f i ed  by NASA as  csndidates f o r  the lunar 
science program. Four representatbve group%nis , shown on Table 
SfT.1-2, were developd. Subsequent sections of this report dealing 
with subsystem s u p w r t  requirements are based on these groupgnga. 
It should be noted t h a t  the  groupings, derived jo in t ly  by NASA and 
MMC e a r l y  i n  the study,  hold up q u i t e  we11 when compared t o  the  
roadmap. 

I 'I 
Table 111.1-2 

Po ten t i a l  Experiment G~oupfngs 
[ 1 

)-nd and Service Module [ Stab le  S a t e l l l t c  .----- .--- .. - . -.---- -. - -- ---. ---..---- .---- --I 
Metric and S t e l l a r  Camera 
Panoramic Camera 
Photoelectr tc  Photometer 
Laser Altimeter ' 
Solar Wind Foi l  

Geochembtry Experiments 
Mass Spectrometer 
RB Transponder 
Meteoroids 

IR Mapping Radiometer = Spectrometer 
Microwave Radiometer. 
RF Reflectance 
Bistatic Radar 
Radar Altimeter 
RF Transponder 
Elec tromagnetf c Measurement8 
Radio Noise Survey 

Experiment Weight 712 Ibs  
Incl inat ion 0-15O 
Covgrage 1- 4% 

------ --.-- 

. S t a b l e  S a t e l l i t e  

AC Magnetmeter 
DC Magnetometer 
Plasma Probe 
E l e c t r i c  FLeld 
Low Energy P a r t i c l e s  
So la r  Energetic P a r t i c l e s  
RF Trans ponder 

Experiment Weight 526 1bs 
Incl inat ion 90° 
Coverage 100% 

----- 
Spinning S a t e l l i t e  

Experiment Wetght 644.5 Iba I E x p e r b n t  Weight 73.5 lba 
Xnclination 90° Incl fna t  fen  0-90° 
Coverage 1007, t Coverage 1002 

?!here w i l l  be f u r t h e r  groupfngs i n  terma of payload capab i l i ty  
which can be achieved by combining the sc j lent i f ic  d i sc ip l ine  
groups identi'fied on the roadmap. The f i n a l  se lec t ion  of the  
groupings w i l l  be based on const ra in ts  such a s  weight, lunar 
o r b i t  inc l ina t ion ,  nodal points and durat ion desired. - - -  

111.2 Experiment Requirements - Experiment requirements were obtained 
by a survey of responsible s c i a n t i s t o  and po ten t i a l  induetry vsnr 
dors . The requirements obtained, -re titen compiled an? documented 
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i n  Experiment Description Documents (EDD) enclosed ae Appendix A 
of t h i s  report .  Tho ED& were prepared t o  the  f12rmat of .the NASA/ 
MSC Phase A r epor t ,  Appendix A, and irkcludo experiment objec t ives  
and measurement concepts,  wi th  the requirements of bpeci f ic  hard- 
ware which most nea r ly  s a t i s f i e s  the  objec t ives .  

Many states of development are represented by the  experiments. 
O f  the t h i r t y  experiments surveyed, six are of f l i g h t  hardware 
configurat ion,  requi r ing  only  adaptat ion t o  the  po ten t i a l  space- 
c ra f t .  .Another seventeen experiments are state-of- the-art .  These 
have not necessa r i ly  been previourvly f l i g h t  qua l i f  Fed, bui: s u i t a b l e  
instruments a r e  a v a i l a b l e  which can be modified f o r  lunar  f l i g h t .  
The remaining seven experiments w i l l  requi re  sensor technology ' 

improvement and development. The state s f  sensor development can 
be deduced Prom Table 111.2-1 
* 

Experiment requirements are sumnarized i n  Table 111 -2-2. These 
requirement6 a r e  also presented i n  somewhat g rea te r  d e t a i l  i n  the  
EDDs of Appendix A. The majori ty of the  experiments have 
mqny common requirements; however, some di f ferences  can be 
seen. 

Power requirements for.most experimants are compatible f o r  use 
with 28 v o l t  dc systems. The K-band microwave radiometer is an 
exception s ince  i t  i s  an  app l i ca t ion  of a Nimbus u n i t  which uses 
-24.5 v o l t  power. Another exception i e  the  b i s t a t i c  radar  which 
requires 50 vo l t ,  2400 Hz square wave primary power. The Mariner 
1967 Venus probe u n i t  is re f l ec ted ,  again an appl ica t ion  of e x i s t -  
ing hardware. 

Temperature l h i t s  are reasonably broad, wi th  the exception.of  
f i lm cassettes, some of t h e  geochemistry u n i t s ,  and the  I R  spectro-  
meter. This latter u n i t  presents  the  t i g h t e s t  temperature con t ro l  
(23'~ - + 5O) l imi t .  

Data s to rage  and transmissi0.n requirements range from zero t o  a 
video l i n k  requirement of 12  megabits/secsnd, f ~ r  the  photoelec t r ic  
photometer. A l l  instruments requi r ing  g rea te r  than e igh t  $ i t  
resolu t ion  have individual  analog t o  d i g i t a l  converters ,  and pxe- 
sent  a d i g i t a l  da ta  stream t o  the spacecraf t  da ta  system. 

Capabil i ty t o  hold the  spacecract  wi th in  2 lo of l o c a l  v e r t i c a l  
should be  adequate f o r  a l l  sensors requi r ing  t h i s  pointing mode. 
Control of  a t t i t u d e  rates on the oxder of  0.05 degrees per second 
appears t o  be t h e  most s t r i n g e n t  requir-nt. Several  of  the  sen- 
sors r equ i re  point ing modes o the r  than l o c a l  v e r t i c a l .  The s o l a r  
X-ray and cosmLc r a y  port ions of the  geochemistry experiment and' 
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Table 111.2-1 

1 Experiment Development S*atus, Other Programs - - -----..-.- --.- 
Exper ime n t 1 * 

- ---- 
Development Progrnm 

I 
Fairchild study for MSC 
None for space application 
Cohtro? Data Corp. development 

contract 
None orbftal, SIB unLt flown 

to near orbit 
AShB study f c r  GSFC 
UEP (similar) 
MSC s tudv 
None 
Nimbus E (Space General) 
C & S?, Lunar Orbiter 
Mariner 1967 
None 
MSC aircraft units ; no orbital 

development 
None 
RAE Explorer in earth orbit 
Venus probe (JPL - Mariner) 
MSC study 
ALSEP 

} 
Already developed for 
many space miss ions 
( A m ,  Pioneer) 

None . 
Mars probe - C.U. Mariner 
AZSEP 
None 

d 

Hardware Avai1abl.e 

- I  - 
Metric and Stellar Camera 1; Pa~~oramfc Camera 
Laser Altimeter 3 

I 

Radar A1 time ter 1 2 

Geochemistry Experiments* 1 2 
Mass Spectrometer / Z  
IR Mapptng ~adiometer ' 3 
LR Spectrometer j 2 

2 - State-of-the-art 
3 - New Wveloprment 

WCombination of four experiments 

Microwave Radiometer 
RF Transponder 
aistatic Radar 
Photoelectric Photometer 

2 
1 
2 
2 

RF Reflectance ( 2 

Electromagnetic Measurements 
Noise Survey 
Radar' lmager 
Meteoroids ' 

Solar Wind Foil 
Magnetometer (D.C.) 

3 
3 
2 
3 
2 ' Magnetometer (A.C.) 

Plasma Probe 
IAW Eraergy Particles 
So1,ar Endrget ic Particles 
ElectrSc Field 
UV Spectrometer 

1 
1 
3 
2 

Laser Retroref lec tor ' 2 
Gravity Grdiometer 3 

*Category 1 - Adaptable Flight 
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U.V. SpacL-o'rletcr 
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,I 
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I I I 
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the s o l a r  wind f o i l  reqliire s o l a r  or ienta t ion .  The laser re t ro -  
r e f l e c t o r  requires an e a r t h  or ienta t ion .  'The b i s t a t i c  radar  i s  
genaral1y.compatible with t h e  loca l  v e r t i c a l  o r i e n t a t i o n  node. 
Kowever, the  antennas f o r  t h i s  instrument receive the r e f l ec ted  
wave from the  l u n a r  surface  r e s u l t i n g  from an e a r t h  transmit ted 
signal.  Best d a t a  w i l l  be obtained by o r i en t ing  the  antennas 
perpendicular t o  the  r e t u r n  r e f l e c t e d  from the  lunar  surface,  an 
o r fen ta t ion  which changes wi th  o r b i t a l  posi t ion,  

In te r face  with t h e  esrSM d i sp lay  and contro l  panel should he mini- 
m a l .  Of the experiments i n  the  W M  grouping, power on/off 
switching i s  the  only requirenur,nt. If the  geochemistry exyeri-  
merits a r e  considered as p a r t  of the  W M  grouping, then an add- 
i t i o n a l  boom deployment function may be required. S u b s a t e l l i t e  
groupings of experiments can  be operated bv use of the  sub- 
s a t e l l i t e  sequence system. 

Environmental con t ro l  requirements i d e n t i f i e d  t o  t h i s  point  i n  
the program show a concern f o r  electromagnetic in ter ference ,  
p r inc ipa l ly  caused by shu l t aneoue  operat ion of e x p e r b e n t s  and 
supporting subsystems. Several requirements, pecu l i a r  t o  speci-  
f i c  experiments, are seen. The neutron albedo por t ion  of the  
geochemistry qxpesimenr must be shielded from po ten t i a l  neutron 
sources, such as t h e  SM propel lant  tanks. (Note: !Che propel lants  
have not  been p o s i t i v e l y  i d e n t i f i e d  as sources of background 
noise. However, an  evaluat ion should be made.) The laser altim- 
e t e r  w i l l  probably requ i re  so- spacecraf t  provided coolant.  The 
instrument is not  designed at  t h i s  point  t o  d i s s f p a t e  a l l  of the  
heat generated wi th in  the  u n i t .  Operation of the  IR mappint: 
radiometer on t h e  dark s i d e  of the  moon w i l l  r equ i re  a cold r e f -  
erence source. U s e  of a r a d i a t o r  f o r  t h i s  purpose is present ly  
spec i f i ed ,  which may present  a d i f f i c u l t  in t eg ra t ion  problem. 

The experiments l i s t e d  i n  Table 111.2-3 w i l l  require some form of 
protec t ion  from spacecraf t  contamination. This is  ?ar t&cular ly  
t rue  f o r  those experiments operated on the CMM. C~ntaminat ion  
mechanism and sources are not f u l l y  understood. However, thone 
e x p e r h n t s  opera t ing  at  wavelengths approaching the  depth of 
po ten t i a l  p a r t i c l e  l aye r s  should be protected. Apertures and 
surfaces of a l l  o p t i c a l  syatems should be shie lded while not  i n  
we. 

4 
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The crew requirements f o r  opera t ion  of experiments i n  the W M  
grouping a re  summarized i n  Table 111.2-5. A s  seen i n  the table, 
with t h s  e x c e p t i o , ~  of EVA for d a t a  r e t r i e v a l ,  the requirements 
on t h e  a s t ronau t s  a r e  minimal. Crew requi rements ' for  all, 
o the r  experiments are shown i n  t he  experiment dese r ip t lons  of 
Appendix A, should i t  be des i r ed  t o  include them i n  the CbSM 
grouping. Otherwise, t hese  e x p r i m e n t s  are ac tua ted  au tomat ica l ly  
o r  on ground conmnand. P o t e n t i a l  as t ronaut  funct ions are t h e r e f o r e  
l imi t ed  t o  deployment of  experiments 'and/or s u b s a t e l l i t e s  and 
switching on/off.  Other func t ions  such as experiment s c i e n t i f i c  
d a t a  monitoring a r e  considered t o  be opt ions only a t  t h i s  the. 

Table 111.2-3 
r:?cperimetlt Con tmiriat ion Sunanary L ! ~ x p ?  riment --.- 

--- - 
~ e q u i r ~  L merit -*-- 

bUARr#W MARJEITA OQRPORATJON 
D E N \  E R  D I V I S I O N  

C----- .--- I 

. Metric and S t e l l a r  Sh ie ld  l e n s ;  i n h i b f t  Reaction Control Sys- 
Cameras I t e m  during exposure 

' Panoramic Camera Same as  W t r i c  
Laser Al t imeter  Sh ie ld  a p e r t u r e  of t r a n s m i t t e r  and r e c e i v e r  

I teleseopeh 
Mass Spectrometer . Shie ld  en t rance  ape r tu re  from a t t i t u d e  con- 

I t r o l  j e t s  and known outgasstng , 
IR Mapping , Shie ld  en t rance  ape r tu re  . 

I Radiometer I 
LR Spectrometer ' P r o t e c t  te lescope  and mir rors  
Pho toe l ec t r i c  j Shie ld  o p t i c s  

I'hotometer 
So la r  Wind F o i l  P r o t e c t  from a c i d i c  atmospheres ; do not  

UV Spectrometer 

Laser 
Ret roref  l e c t o r  L 

expose t o  rare gases 
P r o t e c t  en t rance  a p e r t u r e  from a t t i t u d e  

c o n t r o l  j e t s  and known outgassing 
Sh ie ld  su r f aces  from j e t  plume, outgassing 

- 
The o r b i t  requirements o f  most experiments arb, compatible wi th  
an 80km (approximate) , c i r c u l a r ,  low i n c l i n a t i o n  oxb.it . While 
many o f  the experiments could o b t a i n  more d a t a  with a high 
inc l ina t ion ,  long dura t ion  mission, t he  ob jec t ives  of  most exper i -  
ments a r e  s u b s t a n t i a l l y  m e t  using the  Apollo o r b i t .  Some excep- 
t i ons  can be seen i n  Table 111.2-4. 



--- - - 

Table 111.2-4 
Experhen  t Orb i t  Requirements Sum-iary 

. - - -  
f 1 - -r ---- 

Exper i uen t  A1 t l t u d e  Eccen t r i c i t y  I n c l  i n s t i o n  ! Remzrks 
I 

IIF Trans ponder, 
Laser Re t ro re f l ec to r  

600, 100, 50Km ' O t o  0.3, a l t i t u d e  30, 50, 70, 85' 1 Des.Lres m l t i p l e  
dependent missions t o  

achieve objec t ives  
I 
I 

AC ar,d DC Magnetom- 
e t e r s ,  Plasma Probe 

Gravi ty Gradiometer 

MABrICV MAAICrrA CORPORATION 
D E N V E R  D I V I $ I O N  

1 Table 111.2-5 
I Crew Requirements Summary 

100, varying t o  
lOOOKm 

65Km o r  less 

Experiment 

Netlic and S t e l l a r  Cameras 

c i r c u l a r  changLng 

I 
o0 I n i t i a l  c i r c u l a r ,  

t o  e l l i p t i c a l  100Km; boost i n  
s t e p s  t o  lOOOKm 

! 
apogee 

---- .--- -.-- .- - . - ---- -- 
Func t ion 

experiment conclus icn . 
Same a s  2uletrLc Cmera . 

I lerO 

. 

-1 
pola r  prefer red ,  
15O acceptable  I I 

Panoramic Camera 
Laser  A1 t ime ter 
RF Transponcier 
Photoe lec t r ic  Photometer 
S o l a r  Wifid F o i l  

Switch s tandby/on/off. Ret r ieve  film a t  . 

Switch standby/on/off 
None required 
switch' standby' on/& f 
Actuate experiment boom deployment, f i r e  
cover squfbs. Retr ieve f o i l  ac e x p e r h e n t  

I ' conclusion. I i . 
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I R  Ma~ping  Radiometer I 

Deployment requirements a r e  summarized i n  Table 111.2-6 Below. Of' 
. t h e  experiments in t he  W M  grouping, only t h e  s o l a r  wind f o i l  
r equ i r e s  d e p l o p e n t  . 

Tablc 111.2-6 
Exper h e n t  Jkployment Requirements Sumary  

Microwave Radiometer I .  i 

Experiment .-- --* .  -. - . 

Electromagnetic 
Measuremen t a  

Noise Survey 

7 

. Requirement - - -  

Radar Imager 

S o l a r  Wind F o i l  

AC and DC Magnetometers 

E l e c t r i c  F i e l d  

Gravi ty Gradiometer 

Must extenc?, experiment s o  t h a t  
r a d i a t o r  can view space 

ilust  e r e c t  L-band antenna 
(12l x 12: dimens ions) 

Deploy two mutually perpendicular  
1500 ff, d ipo le  antennas 

Deploy and extend "V" o r  d ipole  
antennas (-60 t o  120' l ength)  

Deploy L-band antenna 
(3  x 5 meter dimensions) 

Deploy such t h a t  f o i l  sur face  is  
not  sh ie lded  from t h e  sun 

Deploy at l e a s t  10  f e e t  from space- 
c r a f t  t o  minimize in t e r f e rence  

Must r o t a t e  experiments i f  space- 
c r a f t  i s  non-rotat ing 

Deploy antenna mechanism, then 
extend antenna elements;  
antenna must s p i n  

Ikploy g r a v i t y  meters 15 f e e t  from 
spacec ra f t  

Operating t imel ines  f o r  a l l  experiments are shown i n  Figure 
I11 .?-I. T h e  tlmelines re f lec t  operating periods which allow 
complete coverage of t h e  lunar  su r f ace  beneath the  spacec ra f t  
o r  complete accomplishment of the  expe rhe f i t  (as f a r  as  mission 

. du ra t ion  and inclination w i l l  permit).  As seen  from the  f igu re ,  
opera t ion  of t he  me t r i c  and panoramic cameras i s  no t  requi red  
every o rb i t .  I n  f a c t ,  due t o  slow r o t a t i o n  of  the moon and the 
wide f i e l d s  of  view (74'1, the  f i l m  capac i ty  i s  not  approached 
f o r  complete coverage of  the  a r ea  under a 15' i nc l ined  o r b i t  of 
t h r e e  days dura t ion .  Operation of the  laser a l t i m e t e r  is shown 
as continuous, a l thcugh i t s  prfme func t ion  is t o  ob ta in  a l t i t u d e  
f o r  camera co r r e l a t ion .  The accura te  a lc lmet ry  d a t a  obtained 
can be used wi th  o t h e r  experiments. The r ada r  Fmager and t h e  
microwave imager cannot opere te  concurrent ly.  However, some 
mutual su r f ace  coverage can be achieved Y y  opera t ing  the two.  

M A W Y J N  MARIEmR CORPORAnOAR 
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Pigure 111.2-1 Typical Experiment O p r a f i n g  Tiinelin,es (ccrntd) 
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instruments a1 t e r n a t e l y  o n  every o ther  o r b i t  s ince t h e i r  Eields. 
of view w i l l  overlap. As seen from the s c i e n t 5 f i c  roadmap (:;ec- 
tfon TIT. 1) an IR radiometer and the  microwave radiometer should 
operate concurrently. 

Ground s e ~ v i c i n g ,  checkout and launch requirements a r e  not yell 
defined a t  t h i s  point ,  Some general  observations can be made, 
however. An o p t i c a l  alignment f a c i l i t y  must be provided t o  per- 
m i t  alignment of experiments t o  the  spacecraf t  and t o  each.other .  
A l l  experiments requi r ing  prec ise  allgnmenr w i l l  be del ivered 
with an o p t i c a l  surface  which defines the  cen te r l ine  o f  the f i e l d  
of view. Laboratory and checkout space which is temperature and 
humidity cont ro l led  should be provided. However, no requirement 
has been i d e n t i f i e d  f o r  c lean  rooms. There a r e  a number of 
experiments which requi re  deployment due t o  s i z e  and/or operat ion 
locat ion  on the  spacecraf t .  An area  w i l l  be requtred i n  which 
t~ checkout the  deployment devices. Pyrotechnic simulators must 
be provided f o r  vehic le  checkout t o  s imulate deployment. 

A combined systems test of  experiments (or  simulators) and the  
spacecraf t  should be planned, not only t o  confirm system oper- 
a t ing  adequacy, but t o  test in te r fe rence  among simultaneously 
operated experiments. Experiment da ta  should be recorded i n  
these tests t o  b e  s u r e  that no experiment a f f e c t s  the, data 
co l l ec ted  by any other .  Contamination covers should be ac tuated  
during i'ne systems t e a t  and during prelaunch a c t i v i t i e s .  

I AC knd DC I "Magnetically clean" a r e a  required 
Magnetometers far ca l ib ra t ion ,  checkout. Possibly 

- 
Fecul iar  checkout and se rv ic ing  requirements a r e  shown i n  Table 
IS1 2-7 --- 

T ~ b l e  111.2-7 
Pecul f a r  Ground Checkout and Servicing Requirements 

1 1 use manufacturer '3 f a c i l i t y  during 

---- 
Exper h n t  

L 

I I experiment acceptawe f o r  t h i s  pur- 

Requir-ment - -- 

pose. Additional s tudy required as 
necess i ty  of degaussing s a t e l l t t e .  --- 

M a I I r 0 A P  MR ffI.C'-4 0 0RPOIP4 r 8 O A I  
D E N V E R  D I V I S I O N  

Metric and S t e l l a r ,  Load f i l m  within 3 daye of 1 Paunch'. 
Panoramic Cameras 

Laser Altimeter 

IR Mapping Radiometer 

I4aintain f i lm +lwrperatures. Check 
i n t e r v a l m e  ter , camera operat  ion. 

Provide ground cooling i f  experiment 
operated more than a few cycles 
during checkau t . , 

Provide cryogenfcs f o r  de tec tor  
cooling (or  cryogenic heat  sin,k f o r  
experiment radia tor)  I 
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Pecu l i a r  subsys tern and suppor t  requirements a r e  s u w r i z e d  i n  
Table 111.2-d. Reference should also be made to t h e  o ther  tables 
of Sec t ion  111, s i n c e  some p e c u l i a r  requirements a r e  s,hown the re  
and arc n o t  repea ted  below, 

r --- --.-.- -- .--- -- -,.L- -.,--.--.- _- - -- - 
Table 311.2-H 

P e c u l i a r  Subsys tern and Support Requirements I 

Laser Al t imeter  Spacec ra f t  coolan t  a t  15 + 7O C required.  1 
Mass Spectrometer  , Control led emiosion from lunar  eur-  I 

f ace  des i r ed  (not  requi red) .  I 
RF Trans ponder, 
Laser R e t r o r e f l e c t o r  

AC and DC 
Magrletometers , 
Plasma Probe, 
E l e c t r i c  F i e ld  

Metric and S t : e l la r ,  
Panoramic' Cameras 

' Spacecraf t  o r b i t  and a t t i t u d e  should be 
unperturbed by onboard systems. I 

Antennas must be sp inning  dur ing  oper- 
I I at ion--spinning s u b s a t e l l i t e  candidates .  1 

Plasma probe r equ i r e s  accu ra t e  s enso r  
f o r  knowledge of  spacecraf t -sun l i n e .  

I 
I 

! 
f r t e rva lome te r  requi red ,  e i t h e r  using 
sp..cecraf t sequence sys  t e n 1  o r .  incf  uded 
i n  experiment. i 

I 

M i c  rawave  ad iamc Ler Requires 100 pps t iming s i g n a l  from 
spacecraft . 

1 0pt:onal Operat ion: 

Radar Imager I f  opera ted  i n  high r e s o l u t i o n  focused 
mode, f L 1 ~  r eco rde r  (o r  a b i l i t y  t o  
handle 10' ' BPS) required.  EXA w i l l  then 
be  r equ i r ed  t o  r e t r i e v e  fi lm. 

Microwave Radiometer I I f  included i n  C&SM grouping, p rovis ion  
o f  on-board processing and d i sp l ay  w i l l  
permit a s t ronau t  t o  make obse rva t i  bns 
and a d j u s t  antenna scan ,  FOV, and g a i n  
t o  o b t a i n  d a t a  on areas  o f  p a r t i c u l a r  
1-nterest  . 

- ,  

Experiments no t  opera ted  manually w i l l  r equ i r e  c o n t r o l  by t he  
spacec ra f t  sequence system. Furthel-more, based on p a s t  experience,  
i n t e r f a c e  wi th  opacecraf 1: t fm3.ng w i l l  be requi red  f o r  experiments 
i n  a d d l t i a n  t o  t h e  microwave radiometer l n s t e d  above. 



IV EXPERIMENT COST iWXD AVAILABILI!! ' 

A summary of c o s t  and schedule d a t a  is  presented i n  Figure I V - 1 .  

These d a t a  a r e  based upon t h e  d e t a i l  c o s t  and schedule es t imate  
shee t s ,  f o r  each expeziiuent, found i n  Appendix B of thLa repbr t .  

These d a t a  a r e  presented by experiment and p o r t r a y  a cos t  range 
fron a n  es t h t e d  minimum t o  a maximum. SLr~ce the  quarlt i ty of 
hardware va r i e s  among exper iments , . the  cos t  should be r e l a t ed  t o  
the hazdwqre r equ i r ed  per  t he  d e t a i l e d  estimate. Estimates have 
been inf luenced by the  confidence level qf t he  organizat ion(s)  
contacted t o  t r a n s l a t e  t h e  experiment d e f i n i t i o n  i n t o  cos t  in-  
formation. Fkny experiments are w e l l  def ined  and hardware avail- 

. able,  whi le  o t h e r  experiments,  not as w e l l  def ined ,  r equ i r e  a 
degree of  con jecbure  ; t he re f  o re ,  t he  coa t  "range" allows f o r  
t h i s  adjustment.  

The schedule spans r e f l e c t  q u a r t e r s  necessary  from t h e  o r d e r . t o  
de l ive ry  of the  f l i g h t  a r t i c l e ( s )  f o r  each experiment. For 
reasons s t a t e d  above a schedule minilhum and maximum t h e  i s  
presented. 

Various NASA agencies ,  un ive r s i t y  personnel,  and manufacturers 
were contacted i n  ga ther ing  these da ta .  I n  some cases it was 
detenniucd t h a t  s i m l l a r  items. are (1) i n  use  on an e x i s t i n g  
s a t e l l i t e ,  ( 2 ) , abou t  t o  be launched on a s a t e l l i t e  wi th in  the  
next s ix  months, (33 in t h e  development s t a g e  f o r  a funded pro- 
gram, o r  (4) undergoing a design and f e a s i b i l i t y  study. One 
example of  e x i s t i n g  hardware is the  Laser  Al t imeter  b u i l t  by 
Control Data Corporation and scheduled t o  be placed i n  a n  Ear th  
Orbi t  during the  sp r ing  o f  1969. A t  t h e  o t h e r  extreme, t he  
Gravi ty Grisdiometer Experiment is s t i l l  undergoing a f e a s i b i l i t y  
study t o  determine the  technique t o  be,used.  

M&IPIIIV MARIeWA Q0HP01FLsnON 
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V MISS JON Cfj?T:Y.!'IIATNTS 

v.1 L ,  . - I:CZ:S!! a11d S u 1 ) ~ a t ~ l l l t ~  -- - TIIc' I I ~ I S ~ C  1u1iar Lanci- 
ing  miss ion  is  not com?a t fb le  c*l! t h  t o t a l  l u n a r  s u r f a c e  su rvey  by 

S :  I 1 ., I - .  I ~ I L ~  s u r ' . . ~ c ~  covc.rar:cl tror:) 'I  Ltln;lr  L : ~ ~ ~ t l i ~ ~ ; ;  

o r b i t  w j t h  u;, * -r 2!100 pounds of 1:,1yload c a p a b i l i t v  and a miiximum 
ti.mc of 3 tl:\vs LS -1 ve ry  s~nal.' f r a c t i o n  of  *he t o t a l .  T h e r e f o r e ,  
s u b s n t c l  1 l.tc. st s t cSals  shou ld  bc co l r s idc red  t o  cnli i~ncc the  covcBragca 
t h r o u g i ~  h.11;h i IIC! l ~ i i i f  ! o !  R i11ld Ion\; sLay t imcs  or  t h e  cxt  endcd 
v i ~ w i n ~  o! c e r f  .I ; n  l u n ; i r  slits shou ld  be  e l e v a t e d  i n  v a l u e  above 
the  tot:1l surfac:c covc.ral;c. o b j c c t i v e s  s t a t e d  a t  the  s t a r t  of t h i s  
,)roeram. 

The coverage of t h e  l u n a r  s u r f a c e  i s  d i s c r ~ e s e d  i n  terms of g e n e r a l  
a r e a  coverage ,  s p e c i f i c  o r b i t  a c c e s s i b i l i t y  and t h e  impact on 
experiment u t i l i z a t i o n  and s p e c i l i c  t a r g e t  coverage.  Subsate l - .  
l i t e  r equ i rements  and c n p a b i l ~ i t i e s  a r e  d i s c u s s e d  when they  v a r y  
fsom t h e  b a s i c  (XSt.1. 

The p o r t i o n  of t h e  l u n a r  s u r f a c e  t h a t  i s  s q d ~ l a b l e  f o r  v iewing 
i s  p r e s e n t e d  i n  F i g u r e  V.l-i a s  a  f u n c t i c n  of  o r b i t  i n c l i n a t i o n  
and l u n a r  s t a y  t ime.  A p o l a r  o r b i t  w,ith a s t a y  t i m e  o f  abou t  14 
days is r c q u i r e d  f 3 r  complete  s u r f a c e  coverage.  The coverage 
a r e a s  f o r  the  10 .1  and 14.3 da.y t o t a l  t ime m i s s i o n s  ( 1  day and 
3 day s t a y  t ime,  r e s p e c t i v s l y )  a r e  n o t e d  a l o n g  w i t h  t h e  1 4  day . 
s t a y  t ime  d a t a .  An o r b i t  a l t i t u d e  of 60 n  m i a ' a s sumed .  

Se1c.c t t hc. 1'1 t l c ~ p ~ i . i ~  inc  1 i.11'1 t  i o n  t113t i s  requirecl  ,Lor I hc 
Abulfeda l and ing  and estabLCah the l i g h t i n g  such  t h a t  i t  i s  
f a v o r a b l e  t o  thtb l a n d i n g  miss ion .  The l u n a r  s u r f a c e  a c c e s s i b i l i t y  
f o r  t h e  10.1 d ~ y  (1 dnv s t a y )  and 14.3  day ' ( 3  day s t a y )  miss ions  
a r e  shown i n  F I g u r c  V . ?  -2. The e f f e c t  of l i g h t i n g  on e - ~ p e s i m e n t  
u t i l i z a t i o n  i s  shown. Experiment u t i l i z a t i o n  is  shown i n  F i g p ~ r e  
V.1-3. No r e s t r i c t i o n s  have been assumed on t h e  a v a i l a b l e  t i m e  
due t o  crew d u t i e s  o r  s p a c e c r a f t  p o i n t i n g  c a p a b i l i t i e s  and t h e  
d a t a  r e p r e s e n t  a maximum. V e r y  low percen tages  o f  the' l u n a r  s u r -  
f a c e  a r e  a v a i l a b l e  t o  t h e  C&SCI t ~ n  n nc7nlinol landirl;: miss ion .  

To imprqve l u n a r  s u r f a c e  coverage a  s u b s a t e l l i t e  cou ld  b e  deployed 
a t  h igh  i n c l i n a t i o n s .  The s i z e  of  t h e  s u b s a t e l l i t e  i s  a f u n c t i o n  
of the propu l s ion  sys tem requ i rements .  The s u b s a t e l l i t e  p r o p u l s i v e  

. requ i rements  t o  a c h i e v e  a  h i g h  i n c l i n a . t i o n  from t h e  i n i t i a l  C&SN 
o r b i t  i r c l i n a t i o n  can be d e f i n e d  from t h e  t u r n  requ i rements .  F i g u r e  
V . l - 4  p r e s e n t s  t h e  minimum t u r n  raqu i rements  t o  a c h i e v e  a  g iven  
o r b i t  i n c l i n a t i o n  from any f:&Shl o r b i t .  An orhLt  a L t i t v d t .  oL- 60  11 m 
i s  assumed f o r  t h e  s u b s a t e l l i t e  d a t a .  The t u r n  a n g l e  requ i rement  
can be conver ted  t o  a  v e l o c i t y  increment  requirement  a s  shown i n  
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F i g u r e  V.1-5. Thcsd d a t a ,  i n  t u r n ,  can be  p resen ted  i n  terms o f  
t h e  mass r a t i o  r c q u i r e d  t o  develop a  given v e l o c i t y  increment.  
The mass r a t i o  i s  expressed  a s  a  p r e c e n t  of t h e  s u b s a t e l l i t c  weight 
t h a t  must be exper~ded i n  p r o p e l l a n t  t o  a c h i e v e  a  g iven turr ,  i n  
F i g u r e  V .  1-6. Two s p e c i f i c  impulse v a l u e s  a r e  noted f o r  compar- 
i s o n ,  The s u b s a t e l l i t e  mass shown does n o t  i n c l u d e  t h e  e j e c t i o n  
mechanism t o  dep!.oy i t  from' t h e  C&Shf. 

'I'hc C&Sbl ccrvr.1-a ,c. p i c t i l r c  l o r  g e n e r a l  s u r f a c e  c h a r : i c t c r i s t i c s  has 
been noted.  S u b s e t e l l ~ t e s  w i l l  improve t h e  coverage c h a r a c t e r i s -  
t i c s  of t h e  system. Now, c o n s i d e r  t h e  coverage o t  s p e c i f i c  t a r g e t s  
o r  l and ing  s i t e s  'for m u l t i p l e  viewing and s t u d y .  F i g u r e  V.l-7 
shows t h e  g e n e r a l  coverage problem f o r  a  c i r c u l a r  o r b i t  a t  60 n  m. 
A maximum sensor  viewing h a l f  angle , /Yof  37 degrees  i s  no-ted. 
Coverage of any chosen l a n d i n g  s i t e  i s  g iven  i n  F i g u r e  V.l-8 
a s  a  f u n c t i o n  of t h e  l a t i t u d e  of t h e  l a n d i n g  s i t e .  A s e n s o r  view- 
i n g  h a l f  ang le  of 37 degrees  is  assumed. The n ~ i s a i o n  plan f o r  t h i s  
coverage i s  such t h a t  t h e  i n c l i n a t i o ~  of t h e  o r b i t i n g  C&SN is o n l y  
s l i g h t l y  ( l e s s  t h a n  2 degrees )  h i g h e r  than  t h e  l a t i t u d e  of the  
l and ing  s i t e .  ~ i s o ,  t h e  i l l u m i n a t i o n  a n g l e  a.t t h e  t ime of l u n a r  

' module l and ing  ( @ = 70°-83O) is  a l s o  approximately  s a t i s f a c t o r y  
f o r  camera viewing ( = 4S0-75O) . The i l l u m i i ~ a t i o n  a n g l e  becomes 
s m a l l e r  a t  t h e  r a t e  of 12.2 degrees/day due t o  s u r f a c e  r o t a t i o n .  
Thus t h e  i and ing  s i t e  r e c e i v e s  s a t i s f a c t o r y  L l l u q l n a t i o n  n o t  on1.y 
a t  l u n a r  module l and ing  b u t  a t  a l l  t imes  t h e r e a f t e r  f o r  t h e  s t a y  
times cons idered  . 
Coverage of t h e  l u n a r  l a n d i n g  s i t e  s t a r t s  when t h e  C&SH passes  a p -  
proximately over  t h e  l a n d i n g  s i t e  and c o n t i n u e s  u n t i l  t h e  l and ing  
s i t e  passes  o u t  o f  t h e  f i e l d  oE view of t h e  s e n s o r  a s  t h e  o r b i t  
moves westward. The c&SPI' o r b i t  is  a t  a n  i n c l i n a t i o n  s Ll1,htLy 
g r e a t e r  than t h e  l a t i t u d e  of the l a n d i n g  s i t e .  The number of 
o r b i t s  pass ing w i t h i n  s e n s o r  coverage o f  t h e  l a n d i n g  s i t e  (based 
on 74 degrees  f i e l d  of view) ranges  from approximately  49 o r b i t s  
f o r  a  s i t e  a t  10 degrees  n o r t h  or s o u t h  l a t i t u d e  t o  sbme 39 o r b t t s  
a t  45 degrees  n o r t h  o r  s o u t h  l a t i t u d e .  S i ~ c e ,  however, t h e  3 day 
s u r f a c e  s t a y  t i m e  of t h e  l u n a r  module l i m i t s  t h e  number of c r b i t s  
t o  some 36 o r b i t s ,  i t  i d  e v i d e n t  t h a t  t h e  l a n d i n g  a i t e  i s  w i t h f a  
view of t h e  C&Shl-motnted camera p a r t  of  each o rb i t .  ilsr e n t i r e  s t a y  
time. F igure  V.1-8 a l s o  r e l a t e s  t h e  number of o r b i t s  t o  t h e  
amount of viewing time of t h e  camera. For the 3 day s u r f a c e  s t a y  
time (wi th  36 o r b i t s ) ,  t h e  amount of viewing t i m e  v a r i e s  w i t h  
s i t e  l a t i t u d e  and i n c l i n a t i o n  of t h e  o r b i t .  For  a l l  l and ing  
s i t e s  t h e  t o t a l  viewing t ime i s  abou t  1 hour  f o r  a  3  day s t a y  
time . 
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Figure V. 1-5 S u b s a t e l l i t e  Analysis, A V 
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Figure V.1-6 Subsatellite Analysis, Propellant Required 
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C Circiunference of ntoctn = 5900 n mi - 
T Time of s a t e l l i t e  o r b i t  = 2 h r  

6 V e l t . ~ i t s  c.f s a t e l l i t e  lIFOC/hr 

i I n c l i n a t i o n o f o r b i t  
.-., 

T & a n g l e  cf s e n s o r  f i c l t  of v i e w  = 37' 

@ Equivalent  a r c  on m ~ r ~  s u r f a c e  of 
sensor coverage = ?.8', - 4 6  n mi 

h Apparent motioc of node t o  west  = 
l . l C / o r b i t ,  -18.0 n  m i / o r b i t  

Figure V . l - 7  Sensor  Coverage of Lunar Site 
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Figure V. 1-8 C&SN Camera Coverpge of Landing S i t e  
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The previous  coverage numbears assuned t h a t  t h e  i n i t i a l  pass i s  
d i r e c t l y  over  t h e  l a n d i n g  s i t e  o r  t a r g e t .  I n  t h i s  c a s e  on ly  one 
h a l f  of t h e  ground viewing c i r c l o  i s  a v a i l a b l e  f o r  t h e  coverage 
sweep w i t h  time? s i n c e  the  target :  s tar ts  i n  t h e  middle of the  c i r c l e  
and w i l l  not be viewed once i t  has  moved beyond the c i r c l e  o r  
r e t u r n e d  t o  the  c e n t e r  where nominal LM pickup i s  achieved.  Now 
cons ider  the  c a s e  where t h e  t a r g e t  i s  s t a r t e d  anywhere wl th in  t h e  
coverage c i r c l e  o r  a s  a  maximum on t h e  edge of t h e  c i r c l e .  This 
c o n d i t i o n  tands t o  maximize the  a c c e s s i b i . l i t y  of the  t a r g e t .  
The s i t e  l o n g i t u d e  and l h t i t u d a  w i l l  f a l l  w i t h i n  view of u p,ivan 
o r b i t  i n c l i n a t i o n  and noda l  p o s i t i o n  i f  t h e  d i s t ~ n c e  between 
t h e  s i t e  and t h e  o r b i t  ( a n g l e  ) i s  l e s s  t h a n  t h e  rad iua  of t h e  
viawing c i r c l e  ( W  ) ,  The s m a l l e s t  a n g l e ,  , between any o r b i t  
and any s i t e  is  computed as 

& sl;, rJ&dL - - k n / ~ j h , ~  5 L n n  
where d i s  t h e  s i t e  l a t i t u d e ,  i i s  t h e  o r b i t  i n c l i n a t i o n ,  and 

A i s  t h e  d i f f e r e n c e  between t h e  o r b i t  node,  XL) and t h e  s i t e  
l o n g i t u d e ,  ,4 ( C\ R = I l o  - 1 \ ) . I f  I (P I L Y , t h e  a r c  of t h e  l u n a r  
s u r f a c e  c u t  o f f  by Y i n e l u d e s  t h e  t a r g e t  s i t e .  i s  computed P S  

where R,, i s  t h e  r a d i u s  of t h e  moon and h  is  t h e  a l t i t u d e  crf t h e  
o r b i t i n g  v e h i c l e .  

F i g u r e  V.l-9 g i v e s  t h e  maximt~m number of o r b i t s  w i t h  sensor  co- ler-  
age  a s  a  f u n c t i o n  of i n c l i n a t i o n  and s i t e  l a t i t u d e .  For  maximum 
coverage,  t h e  i n c l i n a t i o n  should b e  w i t h i n  s e v e r a l  degrees  of t h e  
s i t e  l a t i t u d e .  F i g u r e  V.l-9 i s  based on a  s e n s o r  f i e l d  of view 
of 74' and an o r b i t i n g  v e h i c l e  a l t i t u d e  of 60 n  m. 

When t h e  i n i t i a l  o r b i t  i s  eas tward  from the  s i t e  by e x a c t l y  
degrees ( @ = \il ) ,  t h e  coverage i s  a  maximum and F i g u r e  V.l-9 
can be used.  However, when t h i s  i s  n o t  t h e  c a s e ,  some modif ica-  
t i o n s  need t o  b e  made. F o r  i n s t a n c e ,  when t h e  i n i t i a l  o r b i t  
i s  over  t h e  s i t e ,  (Q = 0 and t h e  coverage C i s  approximately  one- 
h a l f  of CmX. I n  g e n e r a l ,  

C = 2 

where C i s  t h e  coverage  i n  o r b i t s ,  and 0 i s  n e g a t i v e  i f  t h e  i n i t i a l  
o r b i t  i s  westward from tlie s i t e .  

The viewing t ime f o r  t h e  o r b i t i n g  v e h i c l e  can be  o b t a i n e d  from 
Figure  V.1-10 where t h e  parameter  CmX is  t a k e n  from F i g u r e  V.1-9 
and i s  computed a s  above. I f  t h e  o r b i t i n g  v e h i c l e  i s  a  sub-  
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Figure  V.1-9 Extended Sensor  Coverage 
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Figure V.l-10 Extended Sensor Viewing Time 
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s a t e l l i t e ,  there  i s  no s t a y  tima l i m i t a t i o n  on viewing tima aa 
there  would be f o r  the LMM. Also, ~ E r c e r  appuoximo t e ly  14 dayar, 
tha i n i t i a l  condi t ions  a re  repeatad but  from @. souther ly  d i r a c -  
t i on  i f  the o r i g i n a l  o r b i t s  had bean from o nor the r ly  d i r e c t i o n ,  
and convarsaly. 
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V.2 PayI~stZl/Delta V C o n e L d e z a t i o  - The payload c a p a b i l i t y  is 
dependent upon t h e  srelaocion of a s p e o i f i c  landing s i t e  and d s -  
s i o n  date .  The m a x i m m  as lpabi l i ty  i s  2800 pounds. This capa- 
b i l i t y  Fs r~c luaed  t o  2300 pounds f o r  a landing a t  Abu lP~da  ( in-  
o l h a t i o n  about 15 dagraes) . The tradeof  f s between payload and 
the  udss ion  v a r i a b l e s  a r e  d isaussed  in the  following pa,rsrgraphs. 

Xh@ payload 5s a func t ion  of  t he  v e l o c i t y  increments requi red  
f o r  l una r  o r b i t  insert ion  (ZOX) , technique of LM pickup and t r ans  - 
e a r t h  i n s a r t i o n  (TBI). These v e l o c i t y  Fnorements, i n  t u rn ,  are a 
Cunction of the  tznns lunar  t r i p  t b ,  and luna r  o r b i t  notlal posi- 
t i o n  and i nc l ina . t i on  r equ i r ed  f o r  t h e  mission. For a mirssian 
whare t h e  p r i n c i p a l  o b j e c t i v e  i s  a luna r  landing the  nodal posi-  
t i o n  and i n c l i n a t i o n  a r e  e s t a b l i s h e d  by t h e  landing s i t e  l o c a t i o n  
and technique of LM piokup. For  any case t h e  v e l o c i t y  increment 
is minimized by u t i l i z i n g  a th ree  impulse technique t h a t  employs 
a highly e l l i p t i c  i n i t i a l  o r b i t  f o r  plane changes before  achiev- 
ing the f i n a l  c i r c u l a r  o r b i t .  

Consf,der t h e  landing s i t e  locration and i t s  e f f e c t  on the  mission. 
Twenty landing sites have been i d e n t i f i e d  and a r e  shown i n  F i g u r e  
V. 2-1. These s i t e s  a r e :  

L i t t row 
Hyg h u s  
Tyc ho 
Gas s end i 
Censarinus 
Abulfeda 
R i m  Bode 
MG-~ting C 
P r a  Mauro 
Hipparchus 

11. S c h r s t e r ' s  Val ley 
12. Ar is ta rchus  
13. Dionys iu s  
14. Sea of Alexander 
15. Tobias Mayer 
16. Copernicus C 
17. Marius H i l l s  
18. Hadley R i l l e  
19. Alphonsus 
20. Ilarbiniger Mountains 

The f i r s t  four  s i t e s  have been designaped by NASA-MSC as those of  
primary i n t e r e s t .  Data f o r  Abulfeda a r e  included as  a comparison 
base l ine  t o  take advantage o f  the  extens ive s i t e  ana l  ys is a l ready  
completed f o r  t h i s  s i t e .  For  s p e c i f i c  t r i p  t imes, a nodal posi- 
t i o n  can be defined t h a t  w i l l  y i e l d  a minimum LO1 v e l o c i t y  incre-  
ment. S i m i l a r l y  t h e  maxfqum LO1 v e l o c i t y  increment is a s soc i a t ed  
wi th  a s p e c i f i c  nodal position. The pos i t i ons  of t he  descending 
nodes f o r  these l i m i t i n g  cases  and a t h ree  impulse i n s e r t i o n  tech- 
nique a r e  a l s o  shown i n  Figure V.2-1. The su r f ace  t r a c e s  shown 
a r e  r ep re sen ta t ive  of 60 n m o r b i t s  a t  an  i n c l i n a t i o n  of 30 deg. 
Data a r e  shown i n  Figure V.2-1 f o r  t o t a l  t r ans luna r  t r i p  times of 
84 h r s ,  96 hrs and 108 hrs .  This t o t a l  t h  includes the  time 
i n  the a r r i v a l  e l l i p s e  t h a t  i s  a p a r t  of the  t h r e e  impulse tech- 
nique and corresponds t o  a c t u a l  t r i p  times of 66 h r s ,  72 hrs  and 
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78 hrs  r e spec t ive ly .  The nodal pos i t ions  w i l l  not change with 
f n a l i n a t i o n  and can  be e i t h e r  ascending o r  descending nodes. The 
corresponding ascending node p i c t u r e  can be achieved by a  ro t a -  
t i o n  about the  luna r  equator.  These d a t a  do not  r e f l e c t  a  r e -  
quirement f o r  f r e e  r e t u r n  t r a j e c t o r i e s  s i n c e  the  s tudy  was not  
constrained i n  t h i s  way. 

The magnitude of t h e  W I  v e l o c i t y  increment ( t h r e e  impulse tech- 
nique) i s  presented i n  Figure V.2-2 as a func t ion  of i n c l i n a t i o n .  
The da t a  a r e  presexrted f o r  nodal  pos i t i ons  y i e l d i n g  minimum and 
maximum condit ions and it: i s  apparent  t h a t  t he  nodal pos i t i on  i s  
a s i g n i f i c a n t  f a c t o r  i n  the  energy requirements a t  h igh  inc l ina-  
t ions .  T r i p  time i s  a l s o  a  f a c t o r  w i th  inc reas ing  t r i p  times 
r e s u l t i n g  i n  reduced energy requirements.  

The t r a n s e a r t h  i n s e r t i o n  (TEI) v e l o c i t y  increments w i l l  be s hi- 
l a r  t o  t h e  LO1 fncrentents. For  s t a y  times of about t h r e e  days 
the  maximum TEI increment w i l l  occur w i th  t h e  maximum LOT, incre-  
ment and t h e  minimum w i l l  occur  together .  The o r b i t i n g  weight 
equiva len t  t o  a  change i n  t he  v e l o c i t y  increment can be computed 
on  the bas is of about  seven pounds per  fps  f o r  LO1 and three  pounds 
pe r  fps f o r  TEI. S p e c i f i c  s i t e  a n a l y s i s ,  then,  w i l l  d e f ine  the  
v e l o c i t y  requirements and ehe a t t endan t  payload c a p a b i l i t y  i n  
l una r  o r b i t .  Two approaches t h a t  a r e  d i f f e r e n t  i n  the  LM pickup 
technique have been Fnves t iga ted  i n  determining the  pay1 oad capr* 
a b i l i t y .  

The f i r s t  method considered c o n s i s t s  of  picking an i n i t i a l  i n c l i n -  
a t i o n  t h a t  passes through t h e  lunar  s i t e  o f  landing and u t i l i z i n g  
a plane change f o r  LM pickup t h a t  increases  w i t h  s t a y  time. !She 
mission p r o f i l e  would show a w a i t  of i8 hrs  a f t e r  LO1 f o r  checlc- 
ou t  and landing prepara t ions .  A t  t he  end of  t he  wait  t he  s i t e  
would pass under t he  o r b i t  plane and t h e  LM would descend and 
land. A s t a y  time of th ree  days i s  u t i l i z e d  and the  lunar  r a t a -  
t i o n  has moved t h e  landing s i t e  ou t  of  the o r b i t  plane. A f i n a l  
o r b i t  i n c l i n a t i o n  i s  determined t h a t  passes through the  landing 
s i t e  and i n t e r s e c t s  t h e  o r b i t  plane a t  a minimum t u r n  angle.  This 
i s  the plane change requi red  f o r  LM pickup. Also,  t he  i n i t i a l  and 
f i n a l  o r b i t  i n c l i n a t i o n s  are determined (g raph ica l ly  i n  most cases) 
as well as the  i n i t i a l  and f i n a l  o r b i t  nodal pos i t ions .  

The plane change maneuver i s  presented i n  Figure V.2-3 a s  a  func t ion  
o f  s t a y  time a ~ d  CM o r b i t  i n c l i n a t i o n  f o r  a  l una r  o r b i t  a l t i t u d e  of 
60 n.m. Two s p e c i f i c  s t a y  times a r e  noted t o  provide a  comparison 
between t h e  requirements f o r  t he  10.1 day and the  14-3  day mission. 
The landing s i t e  i s  assumed t o  be Abulfeda. 
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The LO1 land TEI v e l o c i t y  increments are evaluated Prom Reference 
1 which assumes t h a t  t he  t h r ee  impulse technique is  used. Pro- 
v i s i o n  i s  made f o r  t h e  pickup plane c!~ange and adjustment is  made 
f o r  midcourse co r r ec t i ons  and a L2.I rescue  mode sf opera t ion .  The 
f i n a l  v e l o c i t y  requirements s e t  the  p rope l l an t  needed and the  
r e s u l t i n g  payload a v a i l a b l e  f o r  s c i e n t i f i c  experiments.  For a  
landing a t  Abulfeda t h i s  method y i e l d s  a  payload o f  about 1700 
pounds. 

T h i s  a p p c o ~ c h  al lows f o r  any o r b i t  abo r t  w i th in  i t s  nominal per-  
formance. The plane change increases  t o  a  maximum a t  the nominal 
depar ture  time! t h e r e f o r e ,  e a r l y  Dl pickup r equ i r e s  l e s s  energy. 
However, an abo r t  r e s u l t s  i n  a s h o r t e r  mission time and nodal pos- 
i t i o n s  d i sp laced  from the  nominal case. Depending on the  choice  
o f  landing sites t h e  new depar ture  node could r e s u l t  i n  e i t h e r  
higher o r  lower TEX v e l o c i t y  increments. The c a p a b i l i t y  of any 
o r b i t  a b o r t ,  then, w i l l  r e q u i r e  a  payload pena l ty  f o r  some land- 
Lng s i t e s  o r  pos s ib ly  t he  provis ion  f o r  wai t ing  i n  l una r  o r b i t  
f o r  the nominal depa r tu re  time. 

The second method is f a s t e r  computat ional ly  than t'he f i r s t  and 
is gene ra l l y  l e s s  r e s t r i c t i v e  i n  terms of payload. I n  t h i s  case, 
a n  o r b i t  i s  determined t h a t  passes over  t h e  landing  s i te  both 
i n i t i a l l y  and a t  t h e  nominal IM pickup time. No pickup plane 
change i s  requi red  f o r  the  nominal f l i g h t  p lan ,  However, a s m a l l  
plane change is r equ i r ed  f o r  any o r b i t  abor t .  The i n i t i a l  and 
f i n a l  o r b i t  i n c l i n a t i o n s  a r e  t h e  same and s l i g h t l y  g r e a t e r  than the 
l a t i t u d e  o f  the landing  s i te .  This condi t ion  is  noted i n  t h e  f o l -  
lowing ske tch .  

\- Lunar Equator 
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The i n i t i a l  and f i n a l  nodal pos i t i ons  can be determined from 
simple expressions t h a t  a r e  dependent on ly  on the  longi tude of 
the landing s i t e  and the luna r  su r f ace  s t a y  timas. The equations 
f o r  t h e  i n c l i n a t i o n  requi red  a r e :  

S i n  1 = S i n &  ( i n c l i n a t i o n )  
S i n  w 

where w = (90-X) and 

S i n x e C o s d  S i n  a h  
2 

The i n i t i a l  node can b& determined from: 

2 0  = Longiite - 98 + (uncorrected f o r  w a i t  time a f t e r  
2 lJ3 1) 

The f i n a l  node: 

J t  = Long.s ite - 9 0 -  - A X  (uncorrected f o r  w a i t  before  TEI) 
2 

Knowing the  i n c l i n a t i o n  and i n i t i a l  and f i n a l  nodal pos it ions ,  
the v e l o c i t y  increments f o r  LO1 and TEI can be  determined from 
the  parametr ic  d a t a  i n  Reference 1. The payload c a p a b l l i t y  f o r  
a spec i f  Fc s i t e  can be defined. 

This approach i s  more c o n s i s t e n t  wi th  the  d a t a  and assumptions 
of the  e x i s t i n g  Abulfeda s i t e  a n a l y s i s  and i s  t h e  technique used 
f o r  t h e  imres t iga t ions  o f  t h i s  repor t .  Any o r b i t a l  abo r t  r equ i r e s  
a small  plane change which i s  assumed t o  be achieved by u t i l i z i n g  
the ZIM rescue mode p rope l l an t  i n  t h e  C&SM. The abor t  w i l l  s h i f t  
the depar ture  nodes and w i l l  a f f e c t  the  TEI v e l o c i t y  increment. 
Depending on the  s i t e  chosen, t he  TEI v e l o c i t y  increment w i l l  
increase  o r  decrease and may r e q u i r e  an a d d i t i o n a l  payload pen- 
a l t y .  This condi t ion  can be  a l l e v i a t e d  by wai t ing  i n  the  luna r  
o r b i t  f o r  the nominal depar ture  time. 

Based on the  second method, s p e c i f i c  payload pena l ty  curves have 
been determined and a r e  presented i n  Figure V.2-4. A s t a y  time 
of t h r e e  days is assumed and nominal LO1 and TEI v e l o c i t y  incre-  
ments a r  u t i l pzed .  The node pos i t i o n s  al low f o r  the i n i t i a l  
wai t  between LO1 and landing  and t h e  f i n a l  w a i t  between LM pick- 
up and TEI. Any s i te  along t h e  equator  is acces s ib l e  without  pen- 
a l t y .  As the  s i t e  l a t i t u d e  i s  increased  no r th  o r  south ,  t he  c o s t  
i n  t e r n  of payload penal ty  increases .  A b a s i c  c a p a b i l i t y  of 
2800 pounds of s c i e n t i f i c  payload i s  assumed f o r  e q u a t o r i a l  o r b i t s .  
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Figure v.2-4 S i t e  Analysis- Payload 
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The, payload penal-ty i s  s u b t r a c t e d  from t h i s  va lue .  At Abulfeda 
a payload p e n a l t y  o f  500 pounds is  no ted  r e s u l t i n g  i n  a payload 
c a p a b i l i t y  of 2300 pounds. The xaximum payload p e n a l t y  02 1680 
poundr; r e f  l ( ? c t s  t h e  maximum p r o p u l s i v e  c a p a b i l i t y  o f  t h e  C&SM 
based on tht? weight  a s  preserl ted 211 ?'n:)lt~ V. .?- 1,. I \ ~ I # . I : ,  O I I  1 s i \It> 
of t h e  1b80 pound envelope are .  n o t  a c c e s s i b l e  under t h e s e  con- 
s t r n i n t s ,  The d a t a  a r e  c r o s s - p l o t t e d  i n  F igure  V.2-5 t o  i n d i c a t e  
t!ls e f f e c t  of i n c l i n a t i o n  on payload p e n a l t y  f o r  the must Fwror- 
a b l e  l a n d i n g  s i t e  l o c a t i o n  and l e a s t  f a v o r a b l e  l and ing  s i t e  long- 
i t u d i n a l  l o c a t i o n .  It should  be no ted  t h a t  t h e  LM pickup tech-  
tliquc chosen e s t a b l i s h e s  t h e  i n c l i n a t i o n  f o r  a s p e c i f i c  s i t e  a t  
an  a n g l e  s l . i g h t l y  l a r g e r  t h a n  t h e  v a l u e  o f  l a t i t u d e  a t  t h e  s i t e .  
Lunar o r b i t  i n c l i n a t i o n  i s  n o t  f r e e l y  v a r i a b l e  i n  t h i s  case .  
Should o t h e r  i n c l i n a t i o n s  b e  d e s i r e d  t h e  l and ing  s i t e  must be 
changed o r  t h e  LM pickup techn ique  must be changed r e s u l t i n g  i n  
new LOX and TEI v a l u e s .  

S p e c i f i c  payload d a t a  are p r e s e n t e d  i n  Table V.2-1 f o r  a n  Ahul- 
f eda  l a i ~ d i n g .  The d a t a  assume a heavy IN weight  t o  account: f o r  
t h e  extended miss ion  t- ime ( t h r e e  day s u r f a c e  s t a y )  . This  assump- 
t i o n  r e q u i r e s  t h e  C&SM t o  b r i n g  t h e  LM t o  an 8 n m o r b i t  f o r  de- 
s c e n t  and l and ing  and n . e c e s s i t ~ t e s  a C&SM t r a n s f e r  from t h e  i n i -  
t ial .  60 n m c i r c u l a r  o r b i t  t o  t h e  8 n m c i r c u l a r  o r b i t  and back 
t o  t h e  60 n m c i r c u l a r  o r b i t .  Two sets of numbers a r e  shown t o  
compare MMC and NAR d a t a .  The o n l y  s i g n i f i c a n t  d i f f e r e n c e s  a r e  
i n  t h e  LO1 and TdI  v e l o c i t y  increments  which can  be a t t r i b u t e d  
t o  d i f f e r e n c e s  i n  t h e  accuracy  o f  r e a d i n g  paramet r ic  d a t a  (MMC) 
and s p e c i f i c  c a s e  coinputations (NAR). NASA-MC hzs d i r e c t e d  t h e  
use of t h e  NAR payload d a t a .  

Reference : 

1. "Lunar O r b i t a l  Survey Miss ions  ," F i n a l  Report .  Volumes I ,  
11, and 1 x 1 ,  Lockheed ~ i s s i l e s - a n d  Space company, 16 ~ a n u a r y  
1967 .  
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Tab le  V.2-1 Payload Comparison Abulfeda 

I 

- (DEG) 

~ V ( L O T )  - F PS 
- AV(TEII -- FPS 

I W(IM) - LB 
W(CSM) - LB 

W(INJ) - L B  
I S P  - SEC 

AV(HVY-LMI - F PS 

W(PAYLOAD)- L8 

I 

M MC 

14.85 

2993- 
362 5 
3380 5 
25000 

99165 
31 3 

290 

19 0 0 

N A R  

1 5.00 
2871 
3456 1 

33805 
2 5000 i I 
99165 

31 3 

290 
I 

2300 
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The impact of' one-mm CM opera t ions  i n  o r b i t  dur lng  phase 11.0, 
1,unar' . ur t  ucr2 s t a y ,  WPLB invea t iga tcd  f o r  both the  10.1 day m d  
t h ~  Ilk. j duy n~i:;nion.-. Very l imited crew time, only :'-:j hour6 
would Lie r~vnl!tib!r durinv the  10.1 day lnissjon f o r  s c i ~ n c c  rxpe r i -  
:i.enti; . ' 1 ' 1 1 c .  i l l .  i lirty n l l s n  ion ~ l rovidee  a  nominal 7;' hour6 i n  Lunar 
, t rbi i  :111t1 1)c"nltl L:; per iodic  cyclco !'or !;/C eyutems mana~ernr*n t r~nd 
iP1 : ; ~ i p l ~ ) t ' t  1 r r ~ k ~  I o provide L'-15 hours crew time f o r  i d rn t i l ' i cd  
ID, c x i ~ r i r n m n t  tutiktl . [:fintiIda te LO.; experimento r equ i r e  crrw pa r t -  
i c i p ~ t i o l i  t 1 1 1 ~ t  Invo1vc.ti p r imar i ly  experiment 8w LLc l l in ; :  Laslts cllld 

EVA C l t t t ~  r ~ t t ' i e v ~ l  a t  thr end of the  mission. Manual c o n t r o l  ol' 
311 expcrin!etlt on-of!' cyc l ing  i s  no t  recommended, and automaLed 
experiment con t ro l  t o  a s s i s t  the  crew is necessary. The recommended 
S/C a t t i t u d e  i s  " s t r e m l i u e d "  (x-axis  p a r a l l e  1 t o  v e l o c i t y  vec tor  ) 
with the  C G M  -2ax i s  a t  l o c a l  v e r t i c a l .  This choice permits crew 
v i s i b i l i t y  of the  groand t r a c k ,  b u t  r equ i r e s  canted o r i e n t a t i o n  and 
mounting of  Sec tor  I LOCj experiments.  The most f e a s i b l e  t ime f o r  
EVA dats. r e t r i e v a l  i s  dur ing  t r ans -ea r th  coas t .  The EMU/PTSS, 
a l r eady  provided f o r  the  Lunar Surface mission, should be reused 
t o  minitcize o v e r a l l  misaion weight and stowage requirements.  Since 
primary mission zont ingencies  r a y  cause c a n c e l l a t i o n  of EVA, a l t e r -  
na t e  d a t a  r e t r i e v a l  techniques should be inves t iga t ed .  

V.3-1 Crew I V A  - The Lunar O r b i t a l  Science ( ~ 0 6 )  mission super-  
imposes s e l ec t ed  experiment management t a s k s  on the  re ference  
ApoLlo Miss ion G ( lunar  landing)  crew opera t ions .  Throughout t h i s  
s tudy  the primary obJec t ive  of a  s u c c e ~ s f u l  lunar  landing mission 
was considered f o r  new landing s i t e s  and experiments.  The LOS 
crew operat ions must complement the lunar  landing mission while 
s a t i s f y i n g  the sc ience  experiments requirements.  Crew I V A  is  
r e s t r i c t e d  f o r  t h e  sc ience  experiments t o  one-man CM opera t ions  
during lunar  o r b i t  while t h e  Lfi! and two crewmen a r e  on the  lunar  
sur face .  

During one-man CM operateions i n  lunar  o r b i t ,  t h e  CM p i l o t  must 
manage t h e  C&SM, suppor t  t h e  LM, and support  t h e  LX>S experiments 
while cont inuing t h e  e s t ab l i shed  crew work/rest  cyc le  a t  Lunar 
Orbi t  I n s e r t i o n  (LOI). C r i t i c a l  mission events  j u s t  before  LM- 
undocking and a f t e r  t h e  luna r  o r b i t a l  rendezvous period preclude 
major ad justments t o  t he  requi red  SIC t a s k s  and crew work/ res t  
cycle t o  accommodate JX)S opera t ions .  

Crew experiment t a s k s  a r e  dependent upon the  s c i e n t i f i c  experiment 
grouping considered. For t h e  LOS mission, t h e  experiment groupings 
f a l l  i n t o  two ca t egor i e s :  C&SM mounted, and s u b - s a t e l l i t e  mounted. 
Af te r  a s u b - s a t e l l i t e  i s  placed i n  lunar  o r b i t  (post-LOI), t h e  
CM p i l o t  would have no a c t i v e  c o n t r o l  over it. Any requi red  sub- 
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::ate 11 i t e  t'un * t i  ona would be con t r o l l e d  by K;FN/DSTF commands, 
'l'tlc rc l'~)rc , -no ldlno i F, i n  t h e  s tudy  was placed on C W M  mounted 
+-xj-n?r.irn~t~t:,. In o r d e r  t o  Insure  the  g r e a t e s t  experiment grouping 
1'1rxi11ilit.y , clrew,'~*xpcriment operat ionc and interfaces were inveo ti.- 
r:ateil l'or n l  1 #*and i d ~ t e  IOS experiments.  The crcw/exp?pcria~cn t tasks  
a r e  e~mrnari;~.ed i t 1  Table V. 3-1 f o r  C&SM -mounted cxpc r~mcn t s  . Table 
'4.3-2 shows ttlese int.erferces f o r  sub-eate l l i te-mounted experiments 
should they he placed i n  t h e  CUM, 

Figure V. 3-1, Gross Mission Timeline f o r  Lunar O r b i t a l  Period, shows 
those  mission and experiment events  t h a t  impact t h e  CM p i l t ) ~ ,  The b a r  
graph ind ica t e s  those c r i t i c a l  mission periods when the  CM p i l o t  
would be f u l l y  occupied. Obviously, independent switch func t ions  
f o r  0n/0ff cyc l ing  of experiments a r e  excessive f o r  manual c o n t r o l  
and monitoring by him, even dur ing  l a s s  c r i t i c a l  mission periods.  
Those experiments r equ i r ing  t h i s  r e g u l a r  cyc l ing  should be provided 
wi th  on-board t imers  p re - se t  by t h e  CM p i l o t  o r  by ground commands 
t o  r e l i e v e  him of t h e s e  r e p e t i t i v e  opera t ions .  Crew p a r t i c i p a t i o n  
i n  0 U C h  a c t i v i t i e s  should be l imi t ed  t o  p r imar i ly  backup o r  s e l e c t -  
i v e  con t ro l  and pe r iod ic  updat ing of automatic sequencing func t t  ons . 
The r e g u l a r i t y  of experiment on-off cyc l ing  lends i t s e l f  t o  var ious 
so lu t ions  from r e l a t i v e l y  simple i n  t e r v a l o m e  t e r  t y p e  c o n t r o l s  
monitored by the CM p i l o t  t o  computer-sequenced opera t ions  r equ i r ing  
l i t t l e  crew p a r t i c i p a t i o n .  MSFN/DSIF command c o n t r o l  of experiment 
on-off func t ions  may provide a simpler  a l t e r n a t i v e  t o  completely 
automating the  on-board experiment.  Experiment s e q u e n t i a l  t iming 
funct ions could be i n t e g r a t e d  i u t o  t h e  ind iv idua l  experlmenls 
o r  made p a r t  of s e l e c t e d  experiment group sequencing func t ions .  
In t eg ra t ed  experiment group c o n t r o l  would be p re fe rab le  i f  t h e  
CM p i l o t  i s  required t o  update,  s e t  o r  otherwise perform simultaneous 
con t ro l  func t ions .  Controls  and d i sp l ays  should be por tab le  u t i l i z i n g  
i n f l i g h t  disconnects  t h a t  could be abandoned  i n  t h e  LM a f t e r  completion 
of the  Lunar experimentation program. Experiment panels may need 
t o  be c a r r i e d  i n  from the  LM and ~ o u n t e d  temporar i ly  a t  t h e  cen te r  
'couch a r e a  near t h e  main C&D panel  t o  permit simultaneous opera t ions  
by  the CM p i10  t of S/C and experiment operat ions while maintaining 
out-tne-window v i s i b i l i t y  of t h e  Lunar su r f ace .  

A l l  7VA f o r  t h e  LOS mission is based on eva lua t ion  of m.inim~~m 
necessary crew i n t e r f a c e  wi th  the  LOS e x p r i m e n t s  b e c ~ u s e  of t he  
crew tinie commitments t o  t h e  primary lunar  landing miss ion.  Increased 
crew u t i l i z a t i o n  i n  some a r e a s  i s  d e s i r a b l e  inc luding  more e f f e c t i v e  
camera f i l m  uoage. The me t r i c  cameras c a r r y  cons iderably  more f i l m  
than  can be u s e f u l l y  exposed over t h e  ground t r a c k  a s  now planned 
(each 4 th  o r b i t ) .  Crew opt ions  t o  photograph t a r g e t s  of oppor tuni ty  
on in-between o r b i t s  would permit  increased usage of t he  ava i l ab l e  
1200 frames from 50% t o  75$-80$. 
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TABLE V.3-1. CREW/CM/SM/EXPERLMEK~ TASRS 



TAIiLE V.3-2 - CREW/EXPERIMEET TASKS 

F X E R ~  

ME t ~ o r o i d s  

7eocher is t r y  

1R Ivlapping Radiorceter 

Mass Spectrometer 

IR Spectrometer 

M'd Radiometer 

RF' Reflectance 

BI-Static R a d ~ r  

Radar Altimeter 

Electroeagnetic  Xezs. 

Noise Survey 

Magnetometer ( DC ) 

ORIENTATION 
ALIGN. OR 
c . ~ L ~ , ~ , ' D  
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SOWTROLS~ 
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~ r i t i c a l ;  

Lunar surface 

Lunar Surface 

Lunar Surface 
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Lunar Surface 
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Lunar Surface 
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h~ 
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No 

No 
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No 

No 

N c  

No 

No 
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No 

No 
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Sea l  Cover 
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None 
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Ncne 

fio~ie 
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None 

Kone 
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N o n e  
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l?om 
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?E.C VCX. 
FFQ'F . EXPERmNT 

TLQGZT 
ORIEN'f'ATIOX 

ALIGN. OR I CAL RE!Q1!2 , CONTROLS/ 
DATA 
FI3TIFVAL 

No 

Yes 

No 

No 

No 

3TI'TTUT)F 9c 

PO: NTifir; RFB '3. 
DISPLAYS 

None 

Pwr ON/'OFF 
Data Recor? 
D e r  ~ O Y  

?wr ON/OW 
Antenna deploy 

~ w r  ON/OFF 
Deploy 
Covers 

Pwr OM/OFF 
Deploy 
Covers 

Magnetometer (42) I Any None 

Y ~ n e  

None 

Hone 

None 

Plasma Probe 

E lec t r i c  Field 

Low Energy Par t ic les  

Solar  Energetic 
Par t i c les  

TG'TS. 

Scne 

Vane 

7 i 3 ~ e  

:{one 

None 

.by 

k n a r  3urlace 

N/A 

N/A 

f5ub-s:i~~Ll f z e '  

( IUD-aece l' i " ~ )  

! ~ l ~ b - s r t 4 1 :  i te ' 

( s u b - s ~ + f l l  ite! 

(~ub-stitcl?%e ! 
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Figure  V.3-1 CrewlExperiment Timeline f o r  Lunar O r b i t a l  Per iod 
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Expc~ri~llen t d a t a  111dy b(1 o l l t~a r l c~d  b y  i n c r e a s i n h  L he crew p a r t i c i p a t i o n  
i n  the Mdcrowave Radiometer experiment. Color maps of t h e  Lunar 
s u r f ~ c e  vic3wed o:i n co lo r  Cathode Ray Tube i n  r e a l  time by the  CM 
P i l o t  could rPveo1  i n t e r e s t i n g  phenomena t h a t  would be s e l e c t i v e l y  
ir!ves tiyatr.;l I ri crrc*nter d c t a i  'l an oucceeding o r b i t s .  Tl~rough r e  y ~ t i -  
t i v c  ol~servut!ons, t he  c:M P i l o t  could d i s t i n g u i s h  small  c h t ~ n ~ e s  %ti co lo r  
( Fndlcatiny; temp-rature chrznges) w d  c o r r e l a t e  these  with inl'ormirtion 
t'rom o p t i c a l  or r ada r  senaors .  An on-hoard co lo r  CRT monitor would 
be required i n  the CM as p a r t  of the carry-on con t ro l  and d i sp l ay .  

V. 3-2 Crew V i s i b i l i t y  & S a c e c r c f t  Or ien ta t ion  - The recommended S/C 
o r i e n t a t i o n  is  '"s t reamlined -!-7 Local v e r t i c a l  wi th  -I ,  a x i s  toward 
nadir). This  a t t i t u d e  i s  choaen from the  s e v e r a l  a l t e r n a t i v e s  
a v a i l a b l e  t o  provide crew v i s i b i l i t y  of t he  ground t r a c k  and Lunar 
Landing s i t e  through t h e  docking wlndows while minimizing RCS propel l -  
ant usage f o r  a t t i t u d e  con t ro l .  Ro l l i ng  the  SM Z-axis away from t h e  
l o c a l  v e r t i c a l  ( e , g .  t o  a l l g n  Sec tor  I cen te r  l i n e  with t h e  ground 
t r a c k  t o  s imp l i fy  e x p e r h e n t  mounting) introduces cross-coupling 
i n t o  RCS t h r u s t e r  f i r i n g s  causing more complfcated crew maneuvers 
and l e s s  e f f i c i e n t  p r o p e l l a n t  usage. This S/C o r i e n t a t i o n  and v i s i b i l i t y  
f o o t p r i n t  i s  shown i n  Figure V. 3-2. As ind ica ted  the  SM Sector  I center -  
l i n e  is a l igned  38 degrees off t h e  ground t r a c k ,  and experiments loca ted  
i n  Sector  I must be mounted t o  accommodate t h i s  o f f s e t  p o s i t i o n  i n  
o r d e r  t o  p o i n t  t he  -% ax i s  toward l o c a l  v e r t i c a l .  Crew v i s i b i l i t y  
of' the  n a d i r  is not  poss ib le  unless  the: C&SM i s  pi tched downward, 
While t h i s  pi tched a t t i t u d e  i s  no t  recommended f o r  o r b i t a l  f l i g h t ,  it 
reniains as a  crew opt ion  anytime viewing the  n a d i r  i s  necessary. I n  
t h e  "l;treamlined" a t t i t u d e  t h e  near  edge of t h e  v i s i b i l i t y  f o o t p r i n t  
i s  60 NM dowrrange. P i t ch ing  maneuvers t o  b r i n g  t h i s  v i s i b i l i t y  
f o o t p r i n t  nearer  t o  t h e  n a d i r  would i n t e r r u p t  ZOS e x p e r h e n t  Lunar 
Surface  ( loca:  v e r t i c a l )  po in t ing  and should be performed only  a s  
r equ i r ed .  

The nose down S/C a t - t i t ude  is  n o t  considered acceptable  because LOS 
experiment mounting in SM Sec to r  I would be s e r i o u s l y  complicated. 
The in-between ~ t t i t u d e ,  p i tched  45 degrees toward the  Lunar Surface,  
provides t h e  optimum crew v i s i b i l i t y ,  b u t  a l s o  causes cross-coupling 
o f  t h e  RCS t h r u s t e r s  and s p a c e c r a f t  i n t e r f e rence  with LOS experiment 
f i e l d  of view i n  Sec to r  I. 

I n  Figure V.3-2, t h e  v i s i b i l i t y  f o o t p r i n t  is shown f o r  t h e  r i g h t  
couch docking windm. I n  one-man luna r  o r b i t ,  a crewman i n  
e i t h e r  t h e  l e f t  o r  r i g h t  couch could con t ro l  the S/C with l i t t l e  
change i.n crew v i s i b i l i t y .  I f  t he  FDA1  l light Direc tor  A t t i t ude  
~ n d i c a t o r )  i s  required by t h e  crewman, t h e  l e f t  s e a t  would be used. 

MARTIM MARIE7TA CTORPORAI#OW 
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Tn :~:tlkini: t h i s  anczlysis, t h e  Yeber couch modi f ica t ion  i n  t he  CM 
was assumed t o  have minimum impact on the  eyv pos i t i ons  f'ornlerly 
spec i f i ed  i'or boos t  and e n t r y ,  and docking, 

To maintain t h e  I a c a l  v e r t i c a l ,  "s.treamlined", o r i e n t a t i o n  wi th in  
the  + lo a t t i t u d e  cons t r a in to  required by t h e  IXlS experiments, t he  
spacec ra f t  must be manually con t ro l l ed  us ing  t h e  ORDEAL system with 
a t t i t u d e  re ference  from t h e  Stabilization Cont ro l  System (SCS). 
Automatic stabilization u t i l i z i n g  IMU reference  is not  f e a s i b l e  due 
t o  t he  power-down requirement f o r  t h e  lMIJ i n  o r b i t a l  f l i g h t .  H i ~ h  
d r i f t  r a t e s  f o r  t h e  SCS a t t i t u d e  re ference  (approximately ZO/hr) 
requi re  t h a t  .the Gyro Display Coupler (GDC) be re-al igned each 
o r b i t ,  This i s  most simply performed using t h e  Crew 0 : t i c a l  Align- 
ment f l i g h t  (coAS) and t h e  luna r  horizon. Manual S/C c o n t r o l  i s  
not acceptable  f o r  long per iods ,  a s  requi red  by c e r t a i n  IQS exper i -  
ments, Addition of an automatic  p i t c h  programming c a p a b i l i t y  i s  
required f o r  l o c a l  v e r t i c a l  con t ro l .  

V.3.3 EVA Data R e t r i e v a l  - A s  p r e s e n t l y  conceived, MS experiment 
payloads mounted i n  t h e  C&SM r equ i r e  EVA data. r e t r i e v a l  p r i o r  t o  
e a r t h  r e t u r n .  EVA r equ i r e s  a l l  t h r e e  crewmen t o  be aboard the  CM, 
l i m i t i n g  EVA oppor tun f t i e s  t o  lunar  o r b i t  a f t e r  t h e  su r f ace  mi.ssion 
while t h e  CM and LM a r e  joined o r  t o  t h e  t r ans -ea r th  coas t  per iod 
a f t e r  t h e  Dl has been j e t t i s o n e d .  Crew s a f e t y  d i c t a t e s  t h a t  no EVA 
be performed from t h e  CM dur ing  lunar  o r b i t  except  i n  emergency 
s i t u a t i o n s .  Uncer ta in ty  of  equipment func t ion ing  a f t e r  depresauriza-  
t ion/repressuriza- t ion and crew f a t i g u e  f a c t o r s  a f t e r  lunar  su r f ace  
s t a y  warrant  no o t h e r  choice.  If EVA were performed from t h e  LM 
p r i o r  t o  LM-jettison, an a d d i t i o n a l  day i n  l u n a r  o r b i t  and a much 
more complicated e x t e r n a l  su r f ace  t r a v e r s e  t o  SM Sector  I would be 
required f o r  d a t a  r e t r i e v a l .  I n  view of t h e s e  cons idera t ions ,  EVA 
f o r  LOS d a t a  r e t r i e v a l  dur ing  lunar  o r b i t  i s  no t  recommended. No 
plan t o  r e t a i n  t h e  LM dur ing  TEI is  considered due t o  l imi t ed  S H  
p rope l l an t  f o r  t h e  e a r t h  r e t u r n  maneuver. 

The EMU/PISS a l r e a d y  c a r r i e d  f o r  t h e  luna r  su r f ace  mission is  recom- 
mended f o r  t he  MS d a t a  r e t r i e v a l  EVA t o  minimize o v e r a l l  mission 
weight and volume stowage requirements.  Even though long, high pres- 
sure oxygen and water  umbi l ica ls  o f f e r  c e r t a i n  advantages, t h e  
required CM mcdi f ica t ions  toaccommodatethe umbil icals  and water  
cooling, and t h e  a d d i t i o n a l  boost  stowage of t h e  umbil icals  and 
Pressure Control  Units  (PCU) cause t h e  concept t o  be discarded.  
PLSS r e f i l l e d  from t h e  IM ECS a r e  requi red  f o r  both EVA crewman s o  
t h a t  t h e  backup crewman may egress  t h e  CM, i f  necessary, t o  a s s i s t  
the primary EVA crewman. 
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Figure V,3-3 shovs t h e  gene ra l  conf igura t ion  of EVA requi red .  The 
CM wou'ld remain depressur ized  throughout t h e  EVA. The EVA crewman 
would proceed over  t he  SM su r face  t o  Sec to r  I, backed up by a 2nd 
standby crewman i n  t h e  CM crew ha tch .  The 3rd crewman would monitor 
the CM systems. 

Access t o  Sec tor  I from t h e  CM would be provided by a deployed hand.. 
rail mounted on t h e  SM wi th  a s h o r t  t e lescoping  s e c t i o n  t o  reach 
t o  the CM main crew hatch.  Fixed handholds a t  t h e  access  openings 
and f i x e d  handholds on t r a n s f e r  packages a r e  recommended r a t h e r  
than use of po r t ab l e  handholds. Since t h e  f i lm  c a s s e t t e s  and s o l a r  
wind f o i l  r equ i r ing  EVA r e t r i e v a l  a r e  i n  t h e  5 t o  65 l b .  mass range, 
they should not  r equ i r e  more complicated t r a n s f e r  a i d s .  

In the  s tudy  of EVA concepts f o r  t h e  Apollo Experiment P a l l e t  (PEP), 
Martin Mar i e t t a  evaluated,  through 6 degree of freedom simulat ion,  
various concepts f o r  r e t r i e v i n g  d a t a  c a s s e t t e s  from SM Sector  I. 
Results  of these  s t u d i e s  showed t h e  f e a s i b i l i t y  of EVA maneuvering 
from t h e  CM main crew ha tch  t o  S e c t o r  I and r e t u r n  v i a  a deployed 
handra i l  and handholds. Evaluat ion of t h e  t r a n s f e r  of s l m i l a r  s i z e  
da t a  c a s s e t t e s  r e s u l t e d  i n  s e l e c t i o n  of t hese  deployed handra i l  
and handholds. More complex t r a n s f e r  a i d s  a r e  considered unnecessary 
f o r  t h e  EVA opera t ions  r equ i r ed .  Since LOS experiment d a t a  r e t r i e v a l  
is very  similar t o  t h a t  eva lua ted  i n  previous AEP simulat ion,  r e s u l t s  
a re  appl icable  t o  t h e  planned LQS EVA opera t ions .  Subsequent t o  work 
i n  mP, t h e  r e s u l t s  of Gemini EVA'S on f l i g h t s  9 through 12 provided 
s u b s t a n t i a l  n e u t r a l  bouyancy and a c t u a l  space f l i g h t  d a t a  on the  
u t i l i t y  and design of handra i l s ,  work s i t e  t e t h e r s  and r e s t r a i n t  
devices .  

In the mainline Apollo and AAP programs, continued n e u t r a l  buoyancy 
and KC-135 s imula t ion  hao r e f ined  t h e  c r i t e r i a  f o r  design and e f f e c t i v e  
use of handra i l s ,  r e s t r a i n t s  and t e t h e r s  during su r f ace  t r a n s l a t i o n  
and d a t a  r e t r i e v a l .  

Detai led ana lys i s  of t h e  s p e c i f i c  handra i l ,  t e t h e r ,  and o t h e r  EVA 
equipnent devices  would fo l low t h e  prel iminary vehicle/experiment 
configurat ion.  Figure v.3-4 shows a t y p i c a l  t ime l ine  f o r  EVA during 
t rans-ear th  coast .  

Although EVA d a t a  r e t r i e v a l  dur ing  t r ans -ea r th  c o a s t  i s  f e a s i b l e ,  
t h e  value of t h e  d a t a  t o  be r e t r i e v e d  seems marginal  i n t e r m s  of 
possible  jeopardy t o  t h e  completion of an alreridy succes s fu l  lunar  
landing miss ion. It is  s t r o n g l y  recommended t h a t  a l t e r n a t i v e  methods 
not  r equ i r ing  EVA r e t r i e v a l  be considered. Film chutes  may be  designed 
t o  r e t u r n  exposed f i l m  t o  a c a s s e t t e  a t tached  t o  t h e  CM o r  even 
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i n t o  t h e  CM i t s e l f ,  A l t e rna t e ly ,  t he  weight pena l ty  should be 
inves t iga ted  Cor n sepa ra t e  r een t ry  film pod t h a t  could be 
in j ec t ed  i n t o  e a r t h  e n t r y  from t h e  SM p r i o r  t o  SM j e t t i s o n  
upon e a r t h  r e tu rn .  This concept would take  tu!vantage of the 
techniques fo r  f i lm  r e t u r n  p re sen t ly  i n  uae from e a r t h  o r b i t i n g  
sstt.llites uhcre t ' i lm pads a r e  snagged by a i r c r a f t  a f t e r  r een t ry ,  
The! s o l n r  wind 1'011 could be rn~nua l ly  deployed and recovered on 
the  lunar  surf'nce dur ing  LM su r f ace  opera t ions  o b v i a t i n ~  any 
requirement l'or F:VA r e t r i e v a l ,  

V .  3.11 Clr" BoostlRcentry .;towage Requirements - F:xpcrirnent and 
rniss io~l  p e c u l i ~ r  crew e q u i w e n t  required t o  be etowcd i n  t he  

CM is shown i n  Table V. 3-3 CM Stowage Requirementts. These 
stowage requirements a r e  based on the  recommended concept f o r  
EVA d a t a  r e t r i e v a l .  
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X 

X 

X 

X 

X 

X 

X 

4 

m o s t  

X 

V~lume 

4,850 in3 

450 in3 

56 in3 

28 in3 

120 in3 

60 in3 

135 in3 

S i z e  ( in .)  

26 x 17.8 x 10.5 

1.6 x 0.75 x 30 f t  

7 x 8 d i a  

4 x 7 d i a  

6 x 20 d i a  

36 x 1.5 d h  

9 x 5 ~ 3  

Est .  Gt. 

Charged-86.1 
Unchgd -66.0 

10.0 

21.0 

6.0 

65.0 

0.25 

5.0 

Equipment 

1. Por tab le  L i f e  Support 
System (PLSS) 

2. S a f e t y  t e t h e r  

3.  Metric  camera f i l m  
c a s s e t t e  

*-Experiment may no t  be on (=M/SM 

I 

No. 

2 

2 

I 

I 4. S t e l l a r  camera f i l m  . 2 
c a s s e t t e  

5 ,  Panoramic camera 

6. S o l a r  wind f o i l  

7. Film c a n i s t e r  
( r ada r  imager) * 

1 

I. 

1 
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V I  S JBSYSTEM DESIGN KEQUIREMXNTS 

V I . 1  MTA AND COMMUNICATION SYS'!XMS 

The d a t a  sy r t am c a p a b i l i t y  o f  f o u r  p o s s i b l e  c a r r i e r s  (CMM, Lunar 
O r b i t e r ,  ATMP, and Pioneer)  was compared t o  the  exper iment  r a q u i r e -  
ments d e r i v e d  from r e s  pons i b l e  s c  i e n t i s  ts and indus t r y  sources .  
The a ~ n l y a l s  below i s  based on a  r e p r e s e n t a t i v a  s a t  o f  groupings  o f  
exper iments  p r e s e n t e d  t o  North  American Rockwell i n  August ,  1 9 i 8 ,  
For  t l iesc g roup ings ,  the g e r ~ r r a l  t y p e  and l e v e l  o f  m o d i f i c a t i o n  
r e q u l r e d  t o  encli o f  the  f o u r  c a r r i e r s  was determined.  

Tllr i n t P g r a t  i o n  of the cxper imenta  i n t o  a  c a r r i e r  i n  a lmost  eve ry  
cauc rexu l t e d  i n  a  modi f Fcn t iun ,  ( r a n g i n g  from a  40% r e d e s i g n  
of t l ~ e  Lunar O r b i t e r  system t o  a  complete r e d e s i g n  of the  AIMP) 
r e q u i r i n g  a d d i t i o n  o r  replacement  of some p o r t i o n  of the  d a t a  
system. A summary of t h e s e  m o d i f i c a t i o n s  i s  p resen ted  i n  Table 
VI.1-1, based on the  exper iments  of Table  VL.1-2, Th i s  cab le  f u r -  
t h e r  v e r i f i e s  t h a t  the  change8 r e q u i r e d  a r e  dependent upon the  
misoion exper iment  grouping.  The mejor components a f f e c t e d  a r e  
the  d a t a  s t o r a g e  sys tem,  t h e  modulation system,  t h e  PCM mul t i -  
p lex ing  system and t h e  w i r i n g  and d i s t r i b u t i o n  of  commands. The 
prime a r e a s  of concern  a r e  the  m u l t i p l e x i n g  of  d i g i t a l  d a t a  and 
the  s t o r a g e  of h i g h  b i t  r a t e s  d a t a  (up t o  60 kbps) f o r  up  t o  two 
hours.  F u r t h e r  d e f i n i t i o n  of hardware r e q u i r e d  t o  accomplish 
these  t a s k s  should  be s ~ u d i e d  i n  f u t u r e  programs. 

v1.1-1 S t a b l e  S a t e l l i t e  A n a l y s i s  - Lunar O r b i t e r  - The b a s i c  Lunar 
O r b i t e r  sa te l l i te  c o n t a i n s  a ' t a l e m e t r y  (T/M) sys tem capab le  of  t r a n s -  
m i t t i n g  50 b i t s  p e r  sacond PC24 and 250 k i l o  h e r t z  v i d e o  d a t a  p l u s  a 
38 KHz p i l o t  t o n e  over  a n  S-band c a r r i e r  f requency.  The s a t e l l i t e  
a l s o  h a s  a r e c e i v e r  which i s  used f o r  r e c e i p t  o f  commands and c o h e r e n t  
r ang ing  when used i n  c o n j u n c t i o n  wich t h e  T/M t r a n s m i t t e r .  The 50 bps 
d a t a  are used f o r  m o n i t o r i n g  ana log  and b i l e v e l  measurement of s a t e l -  
l i t e  performance,  command v e r i f i c a t i o n ,  f l i g h t  programmer d a t a  and 
micrometeoroid d e t e c t o r s .  Removal o f  t h e  micrometeoroid  d e t e c t o r s ,  
the  pho tograph ic  sys tem,  and redundant  measurements w i l l  p rov ide  ca- 
p a c i t y  f o r  approx imate ly  300 b i t s  o f  d a t a  a t  v e r y  low sample rates. 
Removal o f  t h e  pho tograph ic  sys tem a l s o  provided t h e  RF l i n k  f o r  wide- 
band i n p u t s .  The Lunar O r b i t e r  s y s t e m  i s  i n c a p a b l e  o f  hand l ing  serial 
d i g i t a l  b i t s ,  and w i t h  i t s  low b i t  rate, t h e  c a p a b i l i t y  o f  handl ing 
exper iment  d a t a  w i t h o u t  m o d i f i c a t i o n  t o  t h e  d a t a  sys tem is  l i m i t e d .  

-- - -  - -. - - - - -- 

To e s t a b l i s h  t h e  l e v e l  and scope o f  m o d i f i c a t i o n s  r e q u i r e d  t o  t h e  
Lunar O r b i t e r  several exper iment  groupings  wers reviewed and t h e i r  
impact on t h e  s y s t e m  a . sce r t a ined .  F i g u r e  VI. 1-1 is a s y s  tem which 
r e s u l t s  from t h e  f o u r  sample  groupings  o f  Tab le  V1.1-2. The e x p e r i -  
ments cons ide red  and t h e i t .  d a t a  rates are enumerated on t h e  f i g u r e .  
This sys tem w i l l  accommodate a l l  t h e  e x p e r h e n t  d a t a .  The b a s i c  

-.. - - 
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MAJOR COMPONEIqTS 

Antennas & Ant Ckts 

T r a v e l i n g  Wave Tube Am 

T r a n s m i t t e r  

Modulator 

TB3LE VI .1- 1 
SUMXARY OF DATA SYSTEM MODIFICATIONS REQUIRED TO IMPLEMENT EXPERIMENT 

GROUPINGS PRESENTED 

STABLE SATELLITE 

No Ckg. 14.95 

No Cng. 

No Chg. 

New 4.  O* 

Command Decoder I No Chg. 

Command Receiver  No Chg. I 
Command Decoder Dr iver  No Chg. I 
Transpondei C i r c u i t s  

Data S t o r a g e  System I New 

S i g n a l  Condi t ioning l New 1 lS5* 

No Chg. 

20. o* 

P M  Encoder /Dig i t a l  
M u l t i p l e x e r  

Timing (Time of Day) 

Wiring & Cont ro l s  Ckts 

12.18 

P ioneer  
o r  Equiv. 

18.46 

New 

Major Mod 

SP 
PIONEER 
PROPOSED 

MClD 

New 

New 
I 

New 

New 

Minor 
Mod 

Minor 
Mod 

Minor 
Mc3d 

M a  j o r  
Mod 

New 

New 

New 

New 

Major 
Mod 

Major 
Mod 

D 
20* 

Command D i s t r .  System 

NNING SAT 
A m  

PROPOSED 
EOD 

Kew 

New 

New 

New 

New 

New 

New 

New 

New 

New 

New 

New 

New 

New Major Mod 

:LLITE 

WEIGHT 
POmm 

*Estimated Included i n  Tran: 

cxfm 
GROUP I G30U-P I1 

M O  

NO Chg. ------ 

No Cng. 

No Chg. 

No Chg. 

No Chg. 

No Chg. 

Hew i n  
SM 

New i n  10.00* 
SM 

3ew i n  1.5" 
SM 

No Chg. ------ 
New i n  20* 
SM 

New i n  3" 
SM 

1 Command Decoder 

Hew i n  
SM 

Nc Chg. 

No Chg. 

No Chg. 

Bc Chg. 

2-New 

New i n  I 1 0 . W  

New i n  20f;' 
SM 

NOTE: See Table  VI.l-2 f o r  experiments inc luded  above. 
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TABLE VI .1-2 
SAttrlPLE EXPERIMENT GROTJPING - INPUT TO NORTH AMERICAN ROCKFELL 

AUGUST 1968 

Metric & Stellar Camera 

Command and Service Module 
Group I 1 Group I1 

r 

S,lbsar 2llite 
Stable I Spinrling - 

I 

I Panoramic Camera IR Spectrometer Mass Spectrometer I ' .4C mgnetcmeter 
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d a t a ,  command, r a ~ l g i n g  and t r anspond ing  systems a r e  l e f t  i n t a c t .  
The analog d a t a  from t h e  exper iments  would be encoded t o  s i x  b i t  
r e s o l u t i o n  and sampled a t  one sample pe r  s i x t e e n  o r  s i x t y - f o u r  
f rames.  The encoder  would p rov ide  s y n c h r o n i z a t i o n  and c l o c k  
s i g n a l s  t o  the  exper iments  t o  p rov ide  t h e  c o r r e c t  c y c l i n g  of d a t a  
i n c o  the  PCM main frame. The d a t a  s t o r a g e  sys tem would be 
c a p a b l e  of r e c o r d i n g  d a t a  f o r  two hours  w i t h  a  playback speed of 
1 0 : l .  Three d a t a  t r a c k s  would be r e q u i r e d  and t h e  r e c o r d i n g  
speed  would be 1-7/8  i p s  o r  l e s s  s i n c e  the d a t a  r a t e s  a r e  v e r y  
low. 

The modulator and modula t ion s e l e c t  l o g i c  sys tem would c o n t a i n  
t h e  c i r c u i t r y  r e q u i r e d  t o  p l a c e  t h e  incoming d a t a  on s e p a r a t e  
s u b c a r r i e r s ,  and p rov ide  mixing and s i g n a l  c o n d i t i o n i n g  o f  t h e  
p r o p e r  s i g n a l  f o r  i n p u t  t o  t h e  t r a n s m i t t e r .  The c o n f i g u r a t i o n  
changes r e q u i r e d  t o  implement t h i s  grouping a r e  no ted  i n  Table  
V I .  1-1. 

VI. 1-2 Sp inn ing  S a t e l l i t e  Ana lys i s  - Pioneer  - The b a s i c  
P i o n e e r  s a t e l l i t e  d a t a  sys tem has  t h e  c a p a b i l i t y  of t r a n s m i t t i n g  
r e a l  time and s t o r e d  d a t a  a t  b i t  r a t e s  of 512,  256, 64, 16 and 
8  b i t s  pe r  second.  It h a s  f o u r  PCM main frame fo rmats  f o r  ana- 
l o g  and d i g i t a l  d a t a  p l u s  two subframes f o r  ,lousekeeping d a t a  
which a r e  m u l t i p l e x e d  i n t o  t h e  s e l e c t e d  main f rames.  The sys tem 
o u t p u t  i s  b i -phase  modulated o n t o  a  2048 h e r t z  (HZ) s u b c a r r i e r  
which then  modulates t h e  S-band c a r r i e r  of  t h e  t r a n s m i t t e r .  The 
s a t e l l i t e  a l s o  c o n t a i n s  a  command and t r ansponder  system f o r  
c o n t r o l l i n g  o p e r a t i o n  o f  onboard systems and d o p p l e r  t r a c k i n g  
o f  t h e  v e h i c l e  (Ranging is  n o t  a v a i l a b l e ) .  Each main frame 
c o n t a i n s  26 words t h a t  are a v a i l a b l e  f o r  exper iment  d a t a .  e a c h  
word i s  seven  b i t s  long ( s i x  d a t a  p l u s  one p a r i t y  b i t ) .  Using 
t h e  maximum b i t  r a t e  of  512 bps p rov ides  355 bps f o r  exper iment  
u s e .  The P ioneer  d a t a  sys tem a s  d e s c r i b e d  does n o t  have t h e  
c a p a c i t y  t o  t r a n s m i t  r e a l t i m e  and s t o r e d  d a t a  s imul taneous ly ,  
n o r  does it c o n t a i n  a  r a n g i n g  sys tem.  Adap ta t ion  of  t h i s  sytem 
t o  a  p a r t i c u l a r  exper iment  grouping p r e s e n t s  t h e  same type  of 
problems a s  no ted  f o r  t h e  Lunar O r b i t e r .  F i g u r e  VI. l-2 p r e s e n t s  
a  d a t a  s y s t t m  c o n f i g u r e d  t o  manage t h e  d a t a  from t h e  exper iments  
p r e s e n t e d  i n  Table  VI.1-2. The t o t a l  b i t  r a t e  t o  be handled 
(3,150 bps)  i s  much g r e a t e r  t h e n  t h e  355 bps a v a i l a b l e ;  t h e r e -  
f o r e  t h e  sys tem r e q u i r e s  t h e  a d d i t i o n  of new hardware.  Tab le  
V I . 1 - 1  summarizes t h e  changes r e q u i r e d  t o  s a t i s f y  t h e  exper iments .  

The b a s i c  P i o n e e r  System t r a n s m i t t e d  2048 Hz s i g n a l s  o v e r  i t s  
S-band l i n k .  T h e r e f o r e  t h e  bandwidth of  t h e  t r a n s m i t t e r ,  TWT's 
and an tennas ,  i f  op t imized  t o  t h i s  s i g n a l ,  w i l l  n o t  c o n t a i n  
s u f f i c i e n t  bandwidth t o  hand le  t h e  p layback d a t a .  M o d i f i c a t i o n  
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o r  replacement of t h e s e  components would be r e q u i r e d .  The t a p e  
s t o r a g e  sys tem would r e q u i r e  3-314 i p s  r e c o r d i n g  speed ,  wi th  a  
10 : l  p layback r a t i o .  The PCM encoder  would have d a t a  c a p a c i t y  
a s  noted i n  Figure  VI.1-2 and t h e  modula t ion sys tem would perform 
t h e  same f u n c t i o n  no ted  f o r  t h e  Lunar O r b i t e r  modula tor ,  A major 
m o d i f i c a t i o n  of tlie t r a n ~ p o n d e r  c i r c u i t s  would be r e q u i r e d  t o  
provide  c a p a b i l i t y  f o r  r a n g i n g ,  t o  s u p p o r t  t r a c k i n g  and e x p e r i -  
ment Eunct ions .  The m o d i f i c a t i o n s  r e q u i r e d  on t h e  P ioneer  a r e  t o  
a  g r e a t e r  l e v e l  t h a n  those  of  the  Lunar O r b i t e r  but  the  b a s i c  
approach t o  hand l ing  t h e  d a t a  i s  t h e  same. 

V I .  1-3 Sp inn ing  S a t e l l i t e  Ana lys i s  - Anchored I n t e r p l a n e t a  
Moni to r ing  P l a t f o r m  CAIMP) - The b a s i c  AIMP s a t e l l i t e  t e l e m e t e r  - 
u t i l i z e s  p u l s e  f requency  modu1ati.cn and was des igned  t o  p rov ide  
t e l e m e t e r e d  d a t a  a t  d i s t a n c e s  up t o  600,000 KM. T h i s  system 
u t i l i z e s  VHF f r e q u e n c i e s  (136 & 142 MHz) f o r  r a n g i n g ,  commands, 
and t r a n s m i s s i o n  of  t e l e m e t e r e d  d a t a .  The sys tem i s  capab le  of 
encoding a n a l o g  d a t a  and m u l t i p l e x i n g  d i g i t a l  d a t a .  Both d a t a  
a r e  then p u l s e d  f requency  modulated o n t o  t h e  c a r r i e r  u t i l i z i n g  
f requency b u r s t s  which have a n  e q u i v a l e n t  b i n a r y  v a l u e  of  f o u r  
b i t s .  

The TIM o u t p u t  i s  composed of  f r equency  b u r s t s  t h a t  a r e  equiva-  
l e n t  t o  a  sequence of  1320 d i g i t a l  d a t a  b i t s ,  974 ana log  d a t a  
b i t s  and 128 s n y c h r o n i z a t i o n  b i t s  which r e q u i r e  81.92 seconds t o  
t r a n s m i t ,  r e s u l t i n g  i n  a n  average  b i t  r a t e  of 29.6 b i t s  pe r  second. 
The d a t a  exper iment  r equ i rements  f o r  t h e  A M P  and t h e  Pioneer  
a r e  the  same ( see  T a b l e  V I .  1 -2 ) .  The AIMP system i s  t o t a l l y  
inadequa te  t o  hand le  t h e  d s t a ;  t h e r e f o r e ,  a  new system i s  r e q u i r e d .  
S ince  t h e  exper iment  requirtimerlts a r e  t h e  same a s  f o r  t h e  P i o n e e r ,  
t h e  system shown i n  F i g u r e  VI.1-2 c a n  r e p r e s e n t  t h e  AIMP system 
w i t h  a l l  new hardware.  

V I .  1-4 Command and S e r v i c e  Modu1.e (C&SM) Ana lys i s  - The C&SM 
d a t a  and r a n g i n g  sys tem has  a s  i t s  prime f u n c t i o n  t h e  suppor t  
of t h e  Apol lo  ~ i s s i o n .  Excess  d a t a  c a p a c i t y  and t ime s h a r i n g  
a r e  t h e r e f o r e  t h e  o n l y  a r e a s  that .  may be c o n s i d e r e d  f o r  s u p p o r t  
o f  the  exper iments .  

The d a t a  r equ i rements  f o r  t h e  sample exper iment  groupings  f o r  
t h e  C&SM (Table  VI . l -2)  a r e  i n d i c a t e d  i n  t h e  d a t a  and system 
shown on F i g u r e s  VI.1-3 and VI.l-4 r e s p e c t i v e l y .  The major 
o b s t a c l e s  t o  accommodation of a l l  t h e  exper iment  d a t a  d i r e c t l y  
i n t o  t h e  Apol lo  f ? r m a t  f o r  e i t h e r  of  t h e  two C&SM exper iment  
groups of  Table  VI . l -2  a r e :  
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( a )  Limitad d i g i t a l  d a t a  c a p a c i t y ,  

(b) I n s u f f i c i e n t  d a t a  s t o r a g e  ( d i g i t a l  o r  FM),insuffi-  
c i e n t  s t o r a g e  t ime ( d u r a t i o n )  and i n s u f f i c i e n t  playback t o  record  
r a t i o  ( 1 : l )  of t h e  r e c o r d e r  ( i n  t h e  high b i t  r a t e  mode); 

( c )  Time s h a r i n g  of t h e  encoding system and the  FM l i n k s  
whicl~ coulcl impair  t h e  Apollo d a t a  a c c l u i s i t i o n  o r  t h e  experiment 
d a t a  a c q u i s i t i o n  o r  both ,  due t o  t h e  high d a t a  r a t e s  r e q u i r e d  by 
the  exper iments .  

The a d a p t a t i o n  o f  t h e  groupings  t o  t h e  C&SM system could be 
accomplished i n  s e v e r a l  ways. F igures  VI.1-3 and VI.l-4 p r e s e n t  
s i m p l i f i e d  methods of accommodating t h e  d a t a .  F igure  VI.1-3 
r e p r e s e n t s  a sys tem t h a t  would u t i l i z e  t h e  biomedical  s u b c a r r i e r s  
and t h e  6 MHz wideband FM c a r r i e r  i d e n t i f i e d  by North American 
Rockwell f o r  t r a n s m i s s i o n  of r e a l t i m e  and playback d a t a .  Updata 
l i n k ,  manual commands, and r a n g i n g  would be accomplished by t h e  
e x i s t i n g  C&SM onboard sys tems.  The t a p e  r e c o r d e r  used f o r  t h i s  
grouping would be o p e r a t e d  a t  1-7/8  i p s  and playback a t  a 10 : l  
r a t i o  f o r  a two hour r e c o r d i n g  t ime.  T h e r e f o r e ,  t h e  use  of t h e  
125 KHz s u b c a r r i e r  would be l i m i t e d  t o  about  12 minutes  pe r  o r b i t .  
This  d a t a  system h a s  a minimum impact upon t h e  C&SM system. 

The exper iment  daca  sys tem shown on F igure  VI.l-4 i s  more complex 
and p l a c e s  g r e a t e r  requirements  upon t h e  h ~ s i c  C&SM system. The 
g r o u p i r g  c o n t a i n s  exper iments  w i t h  high d a t a  r a t e s  and r e q u i r e -  
ments f o r  con t inuous  o p e r a t i o n ;  t h e r e f o r e ,  r e a l t i m e  and playback 
c a p a b i l i t y  i s  r e q u i r e d  t o  suppor t  them. The system shown would 
r e q u i r e  a PCM Encoder /mul t ip lexer ,  two r e c o r d e r s  and a modulator 
l o c a t e d  i n  t h e  SM. The t h r e e  s u b c a r r i e r s  of t h e  C&SM (85 KHz, 
125 KtEz, and 165 KHz) and t h e  s i x  MHz wideband FM channe l  would 
a l s o  be r e q u i r e d  t o  suppor t  t h i s  miss ion.  I f  t h e  s i x  MHz channe l  
i s  n o t  a v a i l a b l e ,  a s e p a r a t e  S-band t r a n s m i t t e r  would be r e q u i r e d .  
T o t a l  t r a n s m i s s i o n  t ime of t h e  wideband FM would be l i m i t e d  t o  
approximately  twelve minutes  p e r  o r b i t .  

VI.  1-5 Ground Checkout and Launch Requirements 

(a)  S u b s a t e l l i t e  Data Systems - The 1oc.ztion of t h e  
s u b s a t e l l i t e  dTr ing  p re launch  checkout  w i l l  be i n  t h e  S e c t o r  I 
of t h e  SM. I n  t h i s  p o s i t i o n ,  al.1 t h e  dep loyab le  an tennas  w i l l  
be stowed and open loop v e r i f i c a t i o n  w i l l  n o t  be p o s s i b l e .  
There fore ,  a l l  checkout  a f t e r  s a t e l l i t e  i n s t a l l a t i o n  w i l l  be 
accomplished c losed- loop  o r  by u s i n g  t e s t  o u t p u t s  t h a t  w i l l  be 
des igned  i n t o  t h e  system. The i n t e r f a c e  a f t e r  i n s t a l l a t i o n  w i l l  
be manual-disconnect-umbil ica ls  w i t h  t e r m i n a t i o n s  i n s i d e  
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S e c t o r  I t h e r e f o r e  no t  a c c e s s i b l e  a f t e r  cover  i n s t a l l a t i o n .  
C r i t i c a l  parameters  t h a t  r e q u i r e  moni to r ing  a f t e r  S e c t o r  I i s  
s e a l e d  and d u r i n g  t h e  i n t e r v a l  of t ime p r i o r  t o  deployment could  
u t i l i z e  spa re  c h a n n e l s  i n  t h e  C&SM d a t a  system. T h ~ r e f o r e ,  they  
could  be monitored a s  p a r t  of t he  normal C&SM d a t a  f low throughout  
pre launch and pre-deployment pnases  of  f l i g h t .  

The d a t a  system checkout  r equ i rements  under t h e  c o n s t r a i n t s  noted 
p rev ious ly  would be l i m i t e d  t o  v e r i f y i n g  t h e  c o r r e c t  o p e r a t i o n  of 
prime components. Pa ramete r s  such a s  o u t p u t  power and v o l t a g e  
l e v c l ~  and the v e r i f i c a t i o n  of s u b c a r r i e r  and c a r r i e r  f r e q u e n c i e ~ l ,  
the  b i t  r a t e s ,  command and command responses  and o t h a r  prime param- 
e t e r s  r e q u i r e d  wil.1 be  moni tored t o  e s t a b l i s h  t h e  i n t e g r i t y  o f  
the  sys tem.  Due t o  t h e  l i m i t e d  number of measurements and t h e  
non-standard b i t  r a t e s  of  each of  t h e  exper iments ,  complex au to -  
mat ic  checkout  equipment w i l l  p robab ly  no t  be used t o  v e r i f y  
systems o p e r a t i o n .  The ground checkout  equipment w i l l  u t i l i z e  
s t a n d a r d  ground s t a t i o n  equipment w i t h  t h e  p o s s i b l e  e x c e p t i o n  
of the  PCM decommutator. The deconunutator w i l l  r e q u i r e  t h e  f l e x i -  
b i l i t y  of  hand l ing  non-s tandard b i t  r a t e s .  

(b)  C&SM Data  System - The exper iments  s t u d i e d  t h u s  f a r  

f o r  f l i g h t  i n  t h e  C&SM u t i l i z e  t h e  RF loops and command sys tem 
provided by t h e  C&SM. T h e r e f o r e ,  t h e  checkout  of  any p o r t i o n  of 
t h e  d a t a  system l o c a t e d  i n  S e c t o r  I c a n  be performed u s i n g  the  
normal C&SM checkout  methods. S e l f  c a l i b r a t e  o r  s i m u l a t o r s  may 
be r e q u i r e d  t o  s u p p o r t  checkout  b u t  v e r i f i c a t i o n  of  t h e  parameters  
d e f i n i n g  exper iment  i n t e g r i t y  w i l l  be r e q u i r e d  i n  any c a s e .  Since  
the  recommended sys tems do u t i l i z e  t h e  s i x  MHz wideband FM channe l ,  
au tomat ic  checkout  equipment can be by-passed. T h i s  a l lows  use  of 
ground s t a t i o n  f a c i l i t i e s  t a i l o r e d  t o  meet t h e  S e c t o r  I d a t a  r e -  
d u c t i o n  requ i rements  w i t h  reduced complexi ty  i n  equipment and 
checkout methods. 

'71.1-6 P e c u l i a r  Subsystem Suppor t  Requirements - It i s  a n t i c i -  
pated t h a t  any d a t a  subsystem used i n  t h e  C&SM o r  s u b s a t e l l i t e s  
w i l l  be des igned t o  meet t h e  expec ted  environments  w i t h o u t  s p e c i a l  
suppor t .  P r o t e c t i o n  w i l l  be r e q u i r e d  f o r  ext reme environments  
such a s  m i c r o m e t e o r i t e s  h igh  r a d i a t i o n  s o u r c e s ,  t empera tu res  

0 ' 
below O'F and above 160 F. 
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'Illc power 8ystc.m requ i rements  n e c e s s a r y  t o  s u p p o r t  the  s e l c c t a d  
experiment groupings  on each  of  f o u r  c a r r i e r s ,  the C&SM, tl~c? 
Lunar O r b i t e r  ( s m a l l  s t a b l e  s a t e l l i t e ) ,  the Pioneer   mall 
s p i n n i n g  s a t e l l i t e )  and t h e  Anchored I n t e r p l a q e ~ a r y  Moni tor ing 
P la t fo rm ( smal l  s p i n n i n g  s a t e l l i t e )  were  analyzed.  The l a t t e r  
t h r e e  c a r r i e r s  a r e  s u b s a t e l l i t e s  deployed from the  C&SM S e c t o r  
I. This s e c t i o n  p r e s e n t s  t h e  e x i s t i n g  v e h i c l e  Fower c o n f i g -  
u r a t i o n ,  r e f l e c t s  t h e  power r e q u i r e d  t o  s u p p o r t  the  sample 
groupings ,  and s u g g e s t s  t h e  r e v i s i o n s  t o  the  e x i s  t i n &  v e h i c l e  
power sys tems t o  p rov ide  t h e  r e q u i r e d  power. 

Based on t h e  exper iment  r equ i raments  and e roup ings  of S e c t i o n  
111, t h e  r e q u i r e d  power f ~ r  exper iments  exceeded t h e  e x i s t i n  
c a p a c i t y  of  a l l  f o u r  c a r r i e r s .  The c a p a c i t y  o f  t h e  t h r e e  s t , -  
s a t e l l i t e s  wi th  power o u t p u t  approx imate ly  doubled i s  summarized 
a s  fo l lows :  

Lunar O r b i t e r  S o l a r  a r r a y  - double  s i z e  - 766 w a t t s  
t o t a l  o u t p u t  

B a t t e r y  - add 2 f o r  a  t o t a l  of 3  252 w a t t s  

Pioneer  S o l a r  a r r a y  - double  s i z e  - t o t a l  170 w a t t s  
o u t p u t  

B a t t e r y  - add Lunar O r b i t e r  type  84 w a t t s  

S o l a r A r r a y - d o u b l e s i z e -  t o t a l  1 3 0 w a t t s  
o u t p u t  

B a t t e r y  - add Lunar O r b i t e r  Type 84 w a t t s  

However, even t h e  i n c r e a s e s  shown above a r e  inadequa te  t o  meet 
t h e  grouped exper iment  r equ i rements  o f  Table  111.1-2. The power 
system r e v i s i o n s  n e c e s s a r y  t o  s u p p o r t  t h e  exper iment  groupings  
i n  the  CGSM S e c t o r  I were ana lyzed  f o r  a three-day miss ion.  
S i n c e  t h e  CSSM does  n o t  have a  s o l a r  a r r a y ,  a l l  power r e q u i r e d  
must be provided by  t h e  a d d i t i o n  o f  b a t t e r i e s  t o  t h e  system. 

The r e v i s i o n s  t o  t h e  power sys tems sugges ted  h e r e i n  r e f l e c t  t h e  
rnaximun~ f e a s i b l e  i n c r e a s e s  based on u s i n g  m u l t i p l e s  of  t h e  e x i s t -  
i n g  s o l a r  pane l s  and b a t t e r i e s .  However, f u r t h e r  s t u d i e s  may 
r e v e a l  t h a t  i t  would be p o s s i b l e  t o  p rov ide  t h e  r e q u i r e d  power 
by complete r e d e s i g n  of t h e  s o l a r  a r r a y  and u s e  of a  b a t t e r y  w i t h  
a n  i n c r e a s e d  o u t p u t  c a p a c i t y .  It shou ld  a l s o  be noted t h a t  such 
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p e r t u r b a t i o n s  as changing t h e  o r b i t  from c i r c u l a r  t o  a l L i p t i c a J .  
cou ld  improve the  day  t o  night: r a t i o  and reduce tlla b a t t e r y  power 
r e q u i r e d ,  t h u s  reduc ing  t h e  b a t t e r y  c h a r g i n g  power r t ~ q u i r e d  of t h e  
s o l a r  a r r a y .  Experiment o p e r a t i n g  t i m e l i n e  r c v i o i o n s  can a l s u  
be used t o  reduce t h e  t o t a l  power r e q u i r e d  a s  opposed t o  the  
con t inuous  o p e r a t i o n  now r e q u i r r d  of  most exper iments .  

The experiment r equ i rement  t h a t  t h e  exper imant  a x i s  remain 
a l i g n e d  t o  the  l u n a r  l o c a l  v e r t i c a l  f o r  t h e  s m a l l  s t a b l e  s a t e l l i t e  
experiment groups ,  t o g e t h e r  w i t h  t h e  power sys tem requirement  t h a t  
t h e  s o l a r  a r r a y  be a l i g n e d  t o  the  s u n ,  n e c e s s i t a t e s  a  gimbal sys tem 
f o r  e i t h e r  the  s o l a r  a r r a y ,  the  exper iments  o r  both .  However, 
s i n c e  t h e  power o u t p u t  v a r i e s  a s  t h e  c o s i n e  of t h e  i l l u m i n a t i o n  
ang le  a  , s i x t y  d e g r e e  change w i l l  s t i l l  p rov ide  one h a l f  t h e  t o t a l  
power. The proposed b a t t e r y  d i s s i p a t i o n  d u r i n g  exper iment  opera-  
t i o n  i s  o n l y  25% and t h e  b a t t e r y  shou ld  p rov ide  f u l l  power f o r  
6000 c y c l e s  o r  500 days ,  

V I . 2 - 1  S u b s a t e l l i t e  Power - Each of  t h e  t h r e e  s u b s a t e l l i t e  
v e h i c l e s ,  t h e  Lunar O r b i t e r ,  t h e  P i o n e e r  and t h e  A W ,  has  a 
s o l a r  a r r a y / b a t t e r y  power system. Only t h e  Lunar O r b i t e r ,  
however, h a s  a  sys tem c a p a b l e  of r e c h a r g i n g  t h e  b a t t e r y  t o  p rov ide  
power f o r  v e h i c l e  o p e r a t i o n  d u r i n g  s u n  o c c u l t  f o r  a  c i r c u l a r  l u n a r  
o r b i t .  The use o f  t h e s e  v e h i c l e s  a s  s u b s a t e l l i t e s  f o r  f u t u r e  
Apollo miss ions  w i l l  r e q u i r e  a  sys tem t o  p rov ide  power d u r i n g  bo th  
o r b i t a l  day  and o r b i t a l  n i g h t  o p e r a t i o n ,  The power subsystem 
requ i rements  a r e  based on a  s i x t y  n a u t i c a l  m i l e ,  c i r c u l a r  l u n a r  
o r b i t  which p rov ides  a  n e a r  1:l day t o  n i g h t  r a t i o .  S i n c e  a l l  
power d i s s i p a t e d  by t h e  b a t t e r y  d u r i n g  o r b i t a l  n i g h t  must be 
rep laced  by the  s o l a r  a r r a y  v i a  t k e  charge  c o n t r o l l e r  d u r i n g  
o r b i t a l  day  and s i n c e  t h e  p r e s e n t  t i m e l i n e s  c a l l  f o r  con t inu-  
ous o p e r a t i o n  of most exper iments ,  t h e  day and n t g h t  exper iment  
power requ i rements  a r e  a lmos t  i d e n t i c a l ;  t h e r e f o r e ,  t h e  s o l a r  
a r r a y  o u t p u t  c a p a b i l i t y  must be approx imate ly  double  t h e  b a t t e r y  
ou tpu t .  Based on a  t h i r t y  day prime miss ion  and a  two hour 
o r b i t a l  p e r i o d  t h e  b a t t e r y  would r e q u i r e  360 c y c l e s .  

VI.2-2 Small S t a b l e  S a t e l l i t e  Power - The p r e s e n t  Lunar O r b i t e r  
power sys tem i s  a  s o l a r  a r r a y / b a t t e r y  system. The s o l a r  a r r a y  
is a f o u r  f l a t  p a n e l  n-p s o l a r  c e l l  power s o u r c e  composed of 
10816 2x2 cm c e l l s  connected i n  a  s e r i e s - p a r a l l e l  arrangement 
t o  p rov ide  a  v o l t a g e  of 26.6 t o  31,O W C  w i t h  a  maximum power of  
383 w a t t s .  The t o t a l  o u t p u t  power o f  t h e  s o l a r  a r r a y  may be 
inc reased  by i n c r e a s i n g  t h e  number of s o l a r  p a n e l s  composing t h e  
s o l a r  a r r a y  sys tem.  The maximum number cf p a n e l s  f e a s i b l e  con- 
s i d e r i n g  t h e  s t r u c t u r a l  and weight  c o n s t r a i n t s  imposed on t h e  
v e h i c l e  i s  p robab ly  about  e i g h t .  The e x i s t i n g  sys tem and a  
system w i t h  double  t h e  power a r e  shown below: 
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Eight  
Pane l  

Exia t ing  Des i g n  
Des i g n  

Power 383 Watts 
Voltage 28.- 

Power 766 W a t t s  
Voltage 28 VDC 

Weight 71 1bs Weight 142 Ibs 

The Lunar Orb i t e r  b a t t e r y  is  a 30-pound 12-ampere hour n icke l -  
cadmium power sotlrce t o  provi.de veh ic l e  power f o r  sun o c c u l t  
operat ion.  The major design cons i d e r a t i o n  f o r  e s t a b l i s h i n g  
t h e  number of b a t t e r i e s  requi red  however, is  t h e  f a c t  t h a t  t h e  
o r b i t a l  1:l dayln ight  r a t i o  t h e  c u r r e n t  d i s s i p a t e d  during t h e  
sun o c c u l t  ope ra t i on  must be replaced by the  s o l a r  a r r a y  v i a  
t h e  charge c o n t r o l l e r  during t h e  i l lumina ted  p o r t i o n  of t h e  
f l i g h t .  Therefore ,  t he  maximum cha: g e  r a t e  of  t h r e e  amps a t  
28 VDC limits the  b a t t e r y  ou tput  t o  84 wat ts .  Based on the  
weight and space c o n s t r a i n t s  f o r  t h e  Lunar O r b i t e r ,  t he  maxi- 
mum number of b a t t e r i e s  t o  be added would be two f o r  a  t o t a l  
o f  th ree  b a t t e r i e s .  The t h i e e  b a t t e r y  system w i l l  provide a 
t o t a l  continuous power during sun o c c u l t  of  252 wa t t s  a t  28 VDC. 
The weight of the  t h r e e  b a t t e r y  system I s  90 pounds. 

The t o t a l  veh i c l e  power t o  support  the  proposed missions includes 
subsystem power a s  w e l l  a s  t h e  power t o  opera te  t he  experiments.  
The subsystem power requirements  a r e  given by Table VI.2-1. The 
required experiment power and t o t a l  v e h i c l e  power f o r  t he  small  
s t a b l e  s a t e l l i t e  experiment groupings fol low i n  Table VT.2-2. 

The t o t a l  maximum power a v a i l a b l e  from the  e i g h t  panel s o l a r  
a r r a y  and the  t h r e e  b a t t e r y  system i s  not  s u f f i c i e n t  t o  support  
t h e  Group A and C experiments a s  noted i n  Table VI.2-2. There- 
f o r e ,  a  redes ign  of t he  s o l a r  a r r a y / b a t t e r y  system would be 
requi red  t o  f u r t h e r  5.ncreasc: t h e  output  c a p a c i t y  t o  support  such 
a mission. The Group B experiment t o t a l s ,  however, r evea l  t h a t  
t h e  e i g h t  panel,  t h r e e  b a t t e r y  system would be capable  of support-  
i ng  the mission a s  the  n i g h t t i ~ u e  discrepancy i s  s u f f i c i e n t l y  small  
and should he e a s i l y  so lvable .  
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TABLE V I .  2-1 
STABLE SATELLITE SUBSYSTEM POWER REQUIREMENTS 

ORBITAL DAYTIME ORBITAL NIGHTTIME 
WATTS WATTS 

Communi.cations Subsystem - 
T o t a l  (142.5) 

Timing (Time o f  Day) 

I ransponder  System 17.0 

Command Receiver 

Transmit  t c r  

TWT 70.0 

Data S t o r a g e  System 35 . O  

S igna l  Condi t ion ing  0.5 

PCM Encoder /Mul t ip lexer  (2 )  14.0 

Modulator 2.0 

Command Decoder 4.0 

Command Decoder Dr ive r  

Power Subsystem - T o t a l  ( 16.0) 

B a t t e r y  Charge (Var ies  w i t h  t o t a l  power - See g roup ings )  

Shunt Regu la to r  2.0 2  .O 

Charge Cont::o 1 l e r  14.0 

A t t i t u d e  C o n t r o l  Subsystem - T o t a l  (125.0) 

Thermal C o n t r o l  Subsystem - T o t a l  ( 43.0) 

T o t a l  Subsys tem Power 
(wi thout  a c t i v e  thermal  
c o n t r o l )  283.5 

(with a c t i v e  the rmal  con- 
t r o l )  326.5 

Note:  Thermal c o n t r o l  i s  based on t h e  s t a b l e  s a t e l l i t e  exper iment  
Group C on Tab le  VI,.2-2. 
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TABLE VI.2-2 
STABLE SATELLITE POWER SUMMARY 

GROUP A 

Geochemistry 
Radar Altimeter 
Gravity Gradiometer 
Electrcmagnetic Meas. 
Mass Spectrometer 
Meteoroids 
Noise Survey 

Experiment 

Total 

Power 
Watts 

- 1 222 watts 

Daytime Operation: 
Experiment Total 
Total Subsystem Power 
Battery Chrg. Power 
Total Daytime Power 
Max Power Available 
from 8 panel solar 

222.0 watts 
283.5 watts 
500.0 watts 
1005.5 watts 
766.0 watts 

array I 
Power margin from 8 1 

GROUP B I GROUP C 

Panel Solar Array 
Nighttime Operation: 
Experiment Total 
Total Subsystem Power 
Total Nighttime Power 
Power Available from 
3 batteries 

Power Msrgin from 3 
batteries 

- 239.5 watts 
222.0 watts 
173.5 watts 
395.5 watts 

252.0 watts - 
- 143.5 watts 

* Operates every other orbit, nigh 
* Operates every orbit nearside 

** Daytime power is total power min s the IR mapping radiometer 

Experiment 

Ceochemis try 
Mass Spectrometer 
Meteoroids 

Power 
Watts Experiment 

Power 
Watts 

7 5 
12 
5 

- 
92 watts 

92.0 watts 
283.5 watts 
375.0 watts 
750.5 watts 
766.0 watts 

+ 15.5 watts 

92.0 watts 

IR Mapping Radio- 
rcetefi 

IR Spectrometer 
Hd Radiometer 
RF Reflectance 
Bi-Static Radars 
Radar Altimeter 

173.5 watts 1 -  265.5 watts 

150 
15 
40 
70 
2 
70 

216.5 watts 
618.5 watts 

252.0 watts 

- 366.5 watts 1 

Electromagnet Meas. 5 0 
Noise Survey 1-2 

402 watts i 
'M252.0 watts 

326.5 watts 
800.0 watts 
1378.5 watts 
766.0 watts 

- 
- 612.5 watts 
402.0 watts 

% w 
& i2 
0 C 

I 

3 z 
I W 
F 
3 

252.0 watts 

- 13.5 watts 
time 
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The t h r e e  groups  d i s c u s s e d  h e r e  p rov ide  a  t o t a l  power range 
s u f f i c i e n t l y  broad t o  a l l o w  any grouping from the  S e c t i o n  111 
roadmaps t o  be ana lyzed .  Assuming the  subsyrltem power is  con- 
s t a n t ,  t h e  t o t a l  exper iment  power f o r  any such grouping may be 
compared w i t h  the  t o t a l  exper iment  power of t h e  sample groupings  
g i v e n  i n  Table  VI.2-2 and the  f e a s i b i l i t y  determined.  

VI.2-3 S m a l l  Spinning S a t e l l i t e  Power - Two e x i s t i n g  s a t e l l i t e s ,  
t h e  P icneer  and  the  Anchored I n t e r p l a n e t a r y  Moni tor ing P l a t f o r m  
(AIW), were c o n s i d e r e d  f o r  use  a s  s p i n n i n g  s u b s a t e l l i t e s .  Both 
liave s o l a r  a r r a y l b a t t e r y  power system and the  main d i f f e r e n c e  
i s  i n  s t r u c t u r a l  d e s i g n  c o n f i g u r a t i o n .  

The Pioneer  s o l a r  a r r a y  sys tem c o n s i s t s  of  approximate ly  10,000 
n - p  type s o l a r  c e l l s  2x2 cm s p r e a d  over  t h e  c y l i n d r i c a l  
s p a c e c r a f t  s u r f a c e .  The c e l l s  a r e  connected i n  a  s e r i e s - p a r a l l e l  
combinat ion t o  provI.de 24 t o  33 VDC w i t h  a  maximum power of  85 
w a t t s .  From a  2ower p o i n t  of  view, s p i n n i n g  s a t e l l i t e s  a r e  
normal ly  used  when t h e  t o t a l  power r e q u i r e d  from t h e  s o l a r  a r r a y  
i s  100 w a t t s  o r  l e s s .  When t h e  power r e q u i r e d  i s  i n  e x c e s s  of  
l O G  t h e  small s t a b l e  s a t e ' l l i t e  w i t h  t h e  sun  o r i e n t e d  s o l a r  a r r a y  
i s  s e l e c t e d .  

F o r  the  purpose  of t h i s  s t u d y ,  doub l ing  t h e  s i z e  of t h e  s o l a r  
a r r a y  was assumed t o  be f e a s i b l e ,  t h u s  doub l ing  t h e  power o u t p u t  
c a p a c i t y .  The e x i s t i n g  sys tem and t h e  double  c a p a c i t )  conf igura -  
t i o n  a r e  shown below. 

Doub 1e 
E x i s  t i n g  Output 

Design Des ign  

Power 8 5 W a t t s  
Vol tage  28 VDC 
Weight: 17 l b s  

Power 170 
V o l t a g e  28 
Weight 34 

Watts 
VDC 
l b s  

MARFPPIJW MARIETTA CORPORATION 
D E N V E R  D I V I S I O N  



PR34-113 
Page VI-18 

The A I M P  s o l a r  a r r a y  is  composed o f  f o u r  f l a t  p a n e l s  w i t h  7680 
2  x  2 cm s o l a r  c e l l s .  The c e l l s  a r e  connected i n  a  s e r i e s  - 
p a r a l l e l  combinat ion t o  p rov ide  19.8 VDC wi th  a  maximum power 
of  66 w a t t s .  The maximum number of  s o l a r  p a n e l s  f e a s i b l e  i s  
probably  abou t  e i g h t .  The e i g h t  p a n e l  c o n f i g u r a t i o n  w i l l  double  
t h e  s o l a r  a r r a y  o u t p u t  c a p a c i t y .  The number of  c e l l s  i n  s e r i e s  
w i l l  be i n c r e a s e d  t o  p rov ide  t h e  28 VDC r e q u i r e d  by t h e  e x p e r i -  
ments. The e x i s t i n g  sys tem and e i g h t  panel  c o n f i g u r a t i o n  t o  
double t h e  power o u t p u t  a r e  shown below. 

g t ing Design E i g h t  Pane l  Design 

PI 

Power 66 watts 
Vol tage  19 .8  VDC 
Weight 2 1  I b s  

Power 1 3 0 w a t t s  
Vol tage  28 VDC 
Weight 4 2  I b s  

Ne i the r  t h e  P i o n e e r  two ampere-hour s i l v e r - z i n c  b a t t e r y  nor  t h e  
AIMP e l e v e n  ampere-hour s i l v e r  cadmium b a t t e r y  have t h e  c a p a c i t y  
t o  p rov ide  t h e  con t inuous  power r e q u i r e d  f o r  sun  o c c u l t  opera-  
t i o n .  To s u p p o r t  t h e  proposed groupings  one Lunar O r b i t e r  type 
t h i r t y  pound, twelve  ampere hour ,  n i c k e l  cadmium b a t t e r y  r e p l a c e s  
the  e x i s t i n g  b a t t e r y  f o r  e i t h e r  v e h i c l e .  The maximum charge  
r a t e  of  3 amps a t  28 VDC l i m i t s  t h e  t o t a l  d i s s i p a t i o n  t o  84 w a t t s  
per o r b i t .  

The t o t a l  v e h i c l e  power t o  s u p p o r t  t h e  proposed miss ions  i n c l u d e s  
su t sys tem power a s  w e l l  a s  t h e  power r e q u i r e d  t o  o p e r a t e  t h e  
exper iments ,  Tab le  VI.2-3 g i v e s  t h e  subsystem power requ i rements .  

The r e q u i r e d  t o t a l  v e h i c l e / e x p e r i m e n t  power f o r  t h e  smal l  s p i n n i n g  
s a t e l l i t e  i s  g i v e n  i n  Table  VI.2-4. 

The t o t a l  maximum power a v a i l a b l e  from t h e  s o l a r  a r r a y s  a s  shown 
i n  Tab le  VI.2-4 i s  n o t  s u f f i c i e n t  t o  s u p p o r t  e i t h e r  Group A o r  
Group B. T h e r e f o r e ,  a  r e d e s i g n  of  t h e  s o l a r  a r r a y  system would 
be r e q u i r e d  t o  f u r t h e r  i n c r e a s e  t h e  t o t a l  o u t p u t  c a p a c i t y .  The 
Lunar O r b i t e r  type  b a t t e r y  added t o  e i t h e r  v e h i c l e  would p rov ide  
s u f f i c i e n t  power f o r  sun  o c c u l t  o p e r a t i o n  a s  shown i n  Table  VI.2-4, 
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TABLE VI. 2-3  
SPINNING SATELLITE SUBSYSTEM POWER REQUIREMENTS 

ORBITAL ORBITAL 
DAYTIMIS NXGllTTIME 

WATTS WATTS 

TWT 
T r a n s m i t t e r  
Modulator 
Command Rece ive r  
Cornmand Decoder 
Command Decoder D r i v e r  
Data S to rage  System 
PCM E n c o d e r I D i g i t a l  M u l t i p l e x e r  
S i g n a l  Condi t ion ing  
Time (Time of Day) 

Power ( 8.0 ) ( 4 * 5  

Shunt Regu la to r  1 . O  1.0 
Charge C o n t r o l l e r  7 .O 2 , 5  
B a t t e r y  Charge (Var ies  w i t h  t o t a l  power - s e e  g roup ings )  

A t t i t u d e  Cont ro l  ( 5.0 ) ( 5 - 0  ) 

Therrnal Con t ro l  ( 5.0 ( 5.0  ) 

T o t a l  Subsystem Power 93.75 39.75 

IWARWN MARRkrrA C0,QPORAIRON 
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TABLE VI.2-4 
SPLNNXNG SAITELLITE POWER SUMMARY 

MAR7fM MARfh-A CORPORATION 
D E N V E R  D I V I S I O N  

GROUP A EXPERIMENTS 
POIJER 

EXPERIMENT WATTS 

k2agnetometer - DC 1.5 
Magnetometer - AC 2.0 
Plasma Probe 3 .5  
E l e c t r i c  Field 3.0 
Low Energy P a r t i c l e s  5  . O  
Solar  Energet ic  P a r t i c l e  5.0 
Meteoroids 5  . O  - 

Exper iment To ta l  25.0 wa t t s  

Daytime Operation: 
Experiment t o t a l s  25 .OO wa t t s  
Subsystem Totals  93.75 w a t t s  
Bat tery Charging 100.00 wa t t s  
Total  Daytime Power 218.75 wa t t s  
Max, Power Avail from 

Double Capacity Picneer170.00 w a t t s  
Max. Power Avail from 

8 Pane l  ALMP 130.00 wa t t s  

Pioneer Power Margin - 48.75 wa t t s  
A T W  Power Margin - 88.75 wa t t s  

Nighttime Operat ion: 
Experiment t o t a l s  25.0 wa t t s  
Subsystem t o t a l s  39.75 wa t t s  
Tota l  Nighttime Power 64.75 wa t t s  
Power Avai l  from Lunar 
Orbi tor  Type Bat te ry  on 
Both A I M P  & Pioneer 84.00 w a t t s  

Power Margin Pioneer & 
AIMP 4-19.25 wa t t s  

GKOUl? B EXPERIMXNTS 
POIJER 

EXPERIMENT WATTS 

Magnetometer - DC 1.5 
Magnetometer - A C  2.0 
Plasma Probe 3 .5  
E l e c t r i c  F ie ld  3 . O  
Low Energy P a r t i c l e s  5  . O  
So la r  Energet ic  P a r t i c l e s  5.0 

- 
20.0 wa t t s  

20.00 wat t s  
93.75 wa t t s  

100.00 wa t t s  
213.75 wa t t s  

170.00 wa t t s  

130.00 wa t t s  

- 43.75 wa t t s  - 88.75 wa t t s  

20.00 wat t s  
39.75 wat t s  
59.75 wa t t s  

84.00 wa t t s  

3-24.25 wa t t s  



PR.34-113 
Page VI-21 

The f e a s i b i l i t y  of us ing  t h e  smal l  sp inn ing  s a t e l l i t e  t o  support  
o the r  experiment groupings r a s u l t i n g . f r o m  t h e  roadblocks of Sec- 
t i o n  111 can be analyzed by comparing the  t o t a l  experiment power 
requi rad  f o r  such a grouping wi th  t h e  experiment power of Group A 
and B of  Tabla VX.2-4, assuming t h a t  t h e  subsystem power i s  con- 
e t an t .  

4.  CGSM Power - Experiments hardmounted i n  Sec to r  I of t he  
e rv i ce  M- arls suppl ied  10 KWH power from the  C&SM power 
ystem. A l l  a d d i t i o n a l  power r equ i r ed  w i l l  come from b a t t e r i e s  

added f o r  t h a t  purpose. The t o t a l  power requirements a r e  based 
on a  60 n a u t i c a l  m i l e ,  c i r c u l a r  l u n a r  o r b i t  and r e f l e c t  a th ree  
day miss ion. 

Table VI.2-5 r e f l e c t s  t h e  power r equ i r ed  by subsystems added t o  
t h e  C&SM t o  support  t h e  proposed experiments.  They i n t e r f a c e  
w i t h  t h e  app rop r i a t e  C&SM sys",ms t o  complete t h e  des i r ed  func- 
t i o n s  where appl icab le .  

Two groupings of experiments,  Group t: and Group B, are i d e n t i f i e d  
by  Table VI.2-6 and VZ.2-7. The t o t a l  power f o r  each experiment 
i s  computed on the  b a s i s  o f  t o t a l  ope ra t i ona l  t i m e  f o r  t he  desig- 
na ted  missions.  Ten KWH power is  reserved  f o r  experiments from t h e  
b a s i c  C&SM power syetem. The b a t t e r i e s  added provide f o r  t he  addi-  
tional power required.  

VI.2-5 Power System Ground Checkout and Lzunch Requirements 

(a) S u b s a t e l l i t e  Power Systems - Ground checkout of  
t h e  s u b s a t e l l i t e  power system w i l l  be  completed p r i o r  t o  t h e  
i n s t a l l a t i o n  of the  s u b s a t e l l i t e  i n  Sec to r  I o f  t h e  C W M .  Com- 
p l e t e  checkout w i l l  inc lude  b a t t e r y  load tests, s o l a r  panel 
ou tput  v e r i f i c a t i o n  and c o n t i n u i t y  checks of t h e  e l e c t r i c a l  
power and d i s t r i b u t i o n  system. No f u r t h e r  t e s t i n g  w i l l  be re- 
qu i r ed  a f t e r  the s u b s a t e l l i t e  is  i n s t a l l e d  i n  S e c t o r  I. The 
s u b s a t e l l i t e  power syetem is n o t  ope ra t i ona l  u n t i l  t h e  sub- 
satellite is deployed from t h e  CMM. 

(b) CGSM Experiment Power Syst$ - The powitr system 
requi red  f-o support t h e  experiments hardmounted I n  Sec to r  I of 
t h e  C M M  w i l l  be checked o u t  using t h e  C U M  checkout umbi l ica l  
and w i l l  be part: of t h e  normal CMM checkout sequence, 

M A R P b W  MARRE-A O Q H P O W A r R O I Y  
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Communications 

TABLE VT.2-5 
ChSM SUBSYSTEM POWER REQUIREMENTS 

WATTS - 
(42 .O) Experiment Group A 

(See Table  VI.2-6) 

PCM Encodcr /Mul t ip lcxer  7 ,O 
Data S to rage  System 35 .O 

Communications (75 .O) Experiment Group B 
(See Tab le  VI.2-7) 

PCM Encoder lMul t ip lexer  7 " 0  
Data S to rage  System 67 . O  
Modulator 1.9 

Power ( 5.0)  

A l t i t u d e  Cont ro l  (Provided by 
C&SM) 

Thermal Concrol  ( 5 .0 )  Experiment Group A 

Thermal Cont ro l  (43.0) E x ~ e r i m e n t  Group R 

To ta l  Subsystem Power 

To ta l  Subsys tern Power 

5 2 Experiment Group A 

123 Expe r iment Group B 

MARI IN  MAISfETTA CQRPORArf ON 
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TABLE V I .  2-6 
C&SM POWER SUMMARY - GKOUP A EXPERIMENTS 

EBRk! TOTAL 
EXPERIMENTS OPERATION POWER 

Met r i c  & S t e l l a r  80 . O  Every 4 t h  O r b i t  . 7  
Camera Day1 i g h t  

Panoramic Camera 500.0 1 H r  1st Day 1 .1  
1 .2  H r  2nd day 
1 Hr 3rd  Day 

P h o t o e l e c t r i c  
Photometer 

Geochemistry 
Experiment 

4.0  Every Other  .1 
O r b i t  Day l igh t  

75 -0 
Continuous 

Laser A l t i m e t e r  100.0 Continuous 7 .2  

So la r  Wind F o i l  0 Every O r b i t  0 
Day l igh t  (30 Hrs 
r e q u i r e d )  

T o t a l  759 . O  T o t a l  14.5 KWH 

TOTAL EXPERIMENT SUPPORT POWER REQUIREMENTS 

Experiment T o t a l  759 Watts  14.5 KWH 
Communications Subsystem 42 Watts 3.0 KWH 
Power Subsystem 5 Watts  .4 KGnr 
A t t i t u d e  Cont ro l  Subsystem C&SM PROVIDED - 
Thermal Cont ro l  Subsystem 5 Watts  .4 KWH - 
T o t a l  Experiment Loads 811 Watts 18.3 KWH 

VEHICLE POWER SYSTEM REVISION 

Power Ava i l ab le  from C & SM 10 KWH 
Add 1 S i l v e r - Z i n c  B a t t e r y  3 Day Miss ion  12 KWH 130 LBS. 
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TABLE V I .  2-7 
C&SM POWER SUMMARY - GROUP B EXPERIMENTS 

POWER TOTAL 
EXPER'LMENTS WATTS OPERATION POWER 

I R  Mapping 
Radiome t c r  

Everyo the r  O r b i t  
150 .O Uarkside  5.4 

I R  Spect rometer  15 .O Continuous 1.1 

MW Radiometer 40.0 Continuous 2.9 

Met r i c  and Every 4 t h  O r b i t  
S t e l l a r  Camera 80.0 D a y l i g h t  0.7 

RF Ref lec tance  10.0 Continuous 0.7 

Every O r b i t  
B i - S t a t i c  Radar 2.0 Near S ide  0 . 1  

Radar A l t i m e t e r  70 .O Continuous 5 .O 

Every 4 t h  O r b i t  
Radar Imager 340.3 Day & Night 6 . 1  

Every o t h e r  
W Imager 24.0 O r b i t ,  Day 0 .4  

T o t a l  731.0 T o t a l  22.4 KWH 

TOTAL EXPERIMENT SUPPORT POWER REQUIREiiiENTS 

Experiments 731 Watts  22.4 KWH 
Communications Subsystem 75 Watts 5.4 KWH 
Power Subsystem 5 Watts .4 KWH 
A t t i t u d e  Cont ro l  Subsystem C&SM Provided - 
Thermal Cont ro l  Subsystem 43 Watts 3 . 1  KWH -- 

854 Watts 31.3  KWH 

VEHICLE POWER SYSTEM REVISION 

Power Ava i l ab le  from C&SM 10 KWH 
Add 2 S i l v e r - Z i n c  B a t t e r i e s  3 Day Miss ion 24 KWH 260 LBS 
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VI. 1 G U I D A N C E  & CONTROL 

Tliis s e c t  Lori d e s c r i b e s  the  a t t i t u d e  c o n t r o l  subi  ys  tem suppor t  
f o r  lunar  o r b i t a l  scLpnce exper iments .  The e x p e r i m c n L ~  r e q u i r e  
e v n  l u a t i o n  of t l i ree t icpara te  c o n t r o l  c o n c e p t s :  

Continuous o r i e n t a t i o n  of SM S e c t o r  I mounted exper iments  
a l o n g  the  l u n a r  l o c a l  v e r t i c a l .  

Continuous long term o r i e n t a t i o n  of  exper iments  on a  sub- 
s a t e l l i t e  a l o n g  the  l u n a r  l o c a l  v e r t i c a l .  

Spin  s t a b i l i z a t i o n  of  a s u b s a t e l l i t e .  

Subsystem s t u d y  e f f o r t  was l i m i t e d  t o  a n  i n v e s t i g a t i o n  of t h e  
f e a s i b i l i t y  of  meet ing exper iment  r equ i rements  and i t  was con- 
c luded  t h a t  p r o v i s i o n  of t h e  n e c e s s a r y  a t t i t u d e  c o n t r o l  t o  meet 
t h e s e  requ i rements  i s  f e a s i b l e .  No unreasonab le  problems were 
i d e n t i f i e d ,  a l though  n o t  a l l  hardware i s  a v a i l a b l e  "off  t h e  
s h e l f t '  a t  t h e  p r e s e n t  t ime.  I n  a l l  c a s e s ,  r equ i rements  may be 
met by a l t e r n a t e  methods. P r i n c i p a l  i d e n t i f i e d  a l t e r n a t i v e s  
a r e  d e s c r i b e d ,  bu t  mode s t u d i e s  have n o t  been performed and no 
s e l e c t i o n  i s  in ip l ied .  

VI.3-1 Command and S e r v i c e  Module - Three  sys tems f o r  a c h i e v i n g  
l o c a l  v e r t i c a l  o r i e n t a t i o n  and a t t i t u d e  h o l d  of  S e c t o r  I mounted 
exper iments  a r e  d e s c r i b e d  below: - 

a .  PGNCS and RCS ; 

b. O r b i t a l  S t a b i l i z a t i o n  System (OSS) and RCS w i t h  
S e c t o r  I mounted h o r i z o n  s e n s o r s  ; 

c .  Independent  a u x i l i a r y  sys tem i n  S e c t o r  I. 

A d e t a i l e d  accuracy  s t u d y  has  n o t  been performed, however, 
p r e v i o u s  work has  shown t h a t  a  p o i n t i n g  accuracy  on t h e  o r d e r  
of 1 deg.  is  r e a s o n a b l e .  The PGNCS c o u l d  be expec tea  t o  do 
somewhat b e t t e r  t h a n  t h i s  dep+>ndent on t h e  f requency  of 
I n e r t i a l  Measurement Uni t  a l ig , lmen ts .  The PGNCS would p rov ide  
l o c a l  v e r t i c a l  p o i n t i n g  througri a p p r o p r i a t e  computer programming 
t o  c a l c u l a t e  t h e  d i r e c t i o n  of i o c a l  v e r t i c a l  from a n  i n e r t i a l  
c o o r d i n a t e  sys tem p l u s  f u r t h e r  t r a n s f o r i n a t i o n s  K O  de te rmine  
t h e  o r i e n t a t i o n  of S e c t o r  I r e l a t i v e  t o  t h e  l o c a l  v e r t i c a l .  On 
t h i s  b a s i s  t h e  v e h i c l e  could  be maneuvered t o  t h e  p roper  a t t i t u d e  
and main ta ined  t h e r e  i n  t h e  a u t o m a t i c  command module computer 
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a t t i t u d e  hold  mode. Th i s  sys tem would r e q u i r e  no a d d i t i o n a l  
hardware and i s  o b v i o u s l y  lowest  i r ~  component we igh t .  Cost  would 
depend on the  e x t e n t  of computer reprogramming r e q u i r e d  and 
a v a i l a b i l i t y  of  memory, Crew time would be r e q u i r e d  f o r  p e r i o d i c  
r ea l ignment  of t h e  I M U .  Power requ i rements  a r e  r e l a t i v e l y  h i g h  
and t h e  a d d i t i o n a l  o p e r a t i n g  time of  C&SM components would some- 
what r educe  the  p r o b a b i l i t y  of  miss ion  s u c c e s s .  

Thc OSS and RCS system wculd o b t a i n  a  l o c a l  v e r t i c a l  a t t i t u d e  
r e f e r e n c e  from hor izon  s e n s o r s  mounted i n  S e c t o r  I and a l i g n e d  
w i t 1 1  tile exper iment  s e n s i t i v e  a x i s .  S i g n a l  p r o c e s s i n g ,  i n c l u d i n g  
compensation,  p u l s e  modula t ion and t h r u s t e r  command l o g i c ,  i s  
provided by the  MSC developed OSS. The OSS o u t p u t s  would i n t e r -  
f ace  w i t h  the  RCS f o r  c o n t r o l  a c c ~ ? l e r a t i o n s .  However, i n  t h i s  
case  t h e  d i f f e r e n c e  between the  c o o r d i n a t e  sys tem which would be 
d e f i n e d  by the  s e n s o r s  and t h e  c o o r d i n a t e  sys tem e s t a b l i s h e d  by 
the  RCS must be cons ide red .  The r e l . a t i o n s h i p  between t h e  s e n s o r  
r e f e r e n c e  (R) sys tem and t h e  body (B) system e s t a b l i s h e d  by t h e  
t h r u s t e r s  i s  i n d i c a t e d  i n  g i g u r t  VI.3-1 where s u p e r s c r i p t s  d e n o t e  
the  c o o r d i n a t e  frame and X = X . 
Since t h e  ang le  B (on F i g u r e  VI.3-1) i s  abou t  32 degrees  t h e  
c r o s s  c o u p l i n g  i s  s e v e r e  and,  i n  a d d i t i o n ,  t h e  normal h o r i z o n  
sensor  o u t p u t  p o l a r i t y  i s  r e v e r s e d .  To c o r r e c t  t h i s ,  t h e  sys tem 
must i n c l u d e  r e s o l v e r  c i r c u i t r y .  Also ,  s i n c e  a  h o r i z o n  s e n s o r  
p rov ides  p i t c h  and r o l l  a t t i t u d e  i n f o r m a t i o n  o n l y ,  a  gyrocompass 
o r  e q u i v a l e n t  t echn ique  i s  n e c e s s a r y  f o r  3 - a x i s  a t t i t u d e  c o n t r o l .  
The r e s u l t i n g  sys tem b lock  diagram i s  shown i n  F igure  VX.3-1. 
This sys tem overcomes some of t h e  d i s a d v a n t a g e s  a s s o c i a t e d  w i t h  
the  PGNCS but  w i t h  a weight  and p o s s i b l y  a  r e l a t i v e  c o s t  p e n a l t y .  
A h o r i z o n  sensor  f o r  l u n a r  a p p l i c a t i o n  i s  n o t  p r e s e n t l y  a v a i l -  
a b l e  h u t  a  s u i t a b l e  ins t rument  has  been under development by t h e  
Barnes Eng ineer ing  Co. I f  a  s e p a r a t e  pcqel: s u p p l y  i s  f u r n i s h e d  
f o r  t h e  components i n  S e c t o r  I ,  i t  would a l s o  be n e c e s s a r y  t o  
provide  i s o l a t i o n  between t h e  r e s o l v e r  o u t p u t  and t h e  OSS. 

Both t h e s e  sys tems would u t i l i z e  t h e  C&SM RCS f o r  c o n t r o l  and 
t h e r e f o r e  i t  i s  necessa ry  t o  e v a l u a t e  RCS p r o p e l l a n t  usage 
r a t e s .  I n  the  a p p l i c a b l e  l u n a r  o r b i t ,  t h e  p r i n c i p a l  dynamic 
d i s t u r b a n c e  t o r q u e  would r e s u l t  from g r a v i t y  g r a d i e n t  e f f e c t s .  
However, t h e  f o l l o w i n g  d i s c u s s i o n  demons t ra tes  t h a t  t h i s  e f f e c t  
may be n e g l e c t e d  f o r  t h i s  c a s e  and t h a t  RCS p r o p e l l a n t  may be 
c a l c u l a t e d  on t h e  b a s i s  of a n  u n d i s t u r b e d  l i m i t  c y c l e .  

Taking p), 8 and 9 a s  r o l l ,  p i t c h  and yaw r e s p e c t i v e l y  and moments 
of i n e r t i a  a s  c u s t o m a r i l y  d e f i n e d  f o r  the  C&SM, t h e  g r a v i t y  g r a -  
d i e n t  t o r q u e s  w i l l  appear  e s s e n t i a l l y  i n  p i t c h  i f  i t  i s  assumed 
t h a t  a n g u l a r  d i sp lacements  a r e  s m a l l  and t h a t  I y y  r / I z z .  
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C&SN V i e w  AFT 
Loo- For :art3 

Figure V I . 3 - l a  O r b i t a l  S t a b i l i z a t i o n  Coordinate System 
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Figure VI.3-lb Orbital Stab i l i za t ion  System and RCS Mechanization 
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The s o l u t i o n  t o  t h e  e q u a t i o n  i s :  

0 ( t )  = 0 c o s h d t  + - @o s i n h d t  
4 

where Q and Q0 a r e  t h e  a t c i t u d e  deadband and t h e  a t t i t u d e  r a t e  
0 

produced by a  t h r u s t e r  f i r i n g  r e s p e c t i v e l y .  

I t  i s  p o s s i b l e  t o  p l o t  propel . lant  usage ,  W a s  a  f u n c t i o n  of 
P ' 

CdQ - , and t h i s  r e s u l t s  i n  F i g u r e  VI.3-2 where a one j e t  l i m i t  

Q 
c y c l e  has  been a s s  med wi th  a  minimum impulse p r o p e l l a n t  usage ,  -3 
wml 

of 5.48 x 10 l b / p u l s e .  Values o b t a i n e d  d i r e c t l y  from t h e  

f i g u r e  woul4. be v a l i d  on ly  f o r  a  symmetric c a s e  w i t h  8 t h e  same 
0 

a f t e r  each  impulse a l t h o u g h  i t  a p p e a r s  p o s s i b l e  t o  o b t a i n  W £01 
P  

non-symmetric c a s e s  by summing t h e  AW f o r  segments of a  l i m i t  
P  

c y c l e .  For the  s t u d y ,  however, i t  i s  adequa te  t o  n o t e  t h a t  the  
a s t r o n a u t  could  r e - i n i t i a l i z e  and e l i m i n a t e  p a r t i c u l a r l y  bad 
cases  and i n s p e c t  t h e  f i g u r e  f o r  t h e  a p p l i c a b l e  v a l u e  of 
which i s  approx imate ly  1.8 x 10-3 s e c  -1. I n s e r t i n g  numerical  
d a t a  f o r  Qo of 0 .5  deg.  aad  a  go g i v e n  by: 

r e s u l t s  i n :  

"0 = -0.28 and W Q 0.08 l b / h r  -- P  

@o 

By c o n t r a c t ,  t h e  p r o p e l l a n t  f o r  a n  u n d i s t u r b e d  l i m i t  c y c l e  i s  g iven  by: 

N 3650 1% 
2  2 

W -  ('rain) 
P 8 
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where : 

r = 6.4 f t . ,  moment arm 
n = no.  of t h r u s t e r s  f  i r e d  

Imin 
= 0.93 l b - s e c ,  , minimutn impulse b i t  

4 I = 5.43 x 10 f t - l b - s e c 2 ,  p i t c h  mount of  i n e r t i a  
YY 

Qd = 8.73 x l o m 3  r e d . ,  p i t c h  deadband 

I 5 170 s e c . ,  p u l s e  s p e c i f i c  impulse 
s  P 

from which : 

The t o t a l  u n d i s t u r b e d  symmetric l i m i t  c y c l e  p r o p e l l a n t  i s :  

A North American Rockwell (NR) r e p o r t ,  IL190-320-S & C-68-70, 
8 Aug 1968, i n c l u d e s  a f a c t o r  of 1.1 of  minimum impulse v a r i a -  
t i o n s  based on s i m u l a t i o n  r e s u l t s  and g i v e s  a p r o p e l l a n t  
consumption f i g u r e  of  3.388 l b j h r .  The v a l u e  computed above 
c l o s e l y  a g r e e s  w i t h  t h e  NR v a l u e  and i s  cons ide red  a good 
e s t i m a t e .  It i s  a l s o  s e e n  t h a t  most of t h e  p r o p e l l a n t  i s  
consumed by the  l i m i t  c y c l e  about  t h e  r o l l  a x i s  and t h a t  t h e  
e f f e c t s  of  g r a v i t y  g r a d i e n t  d i s t u r b a n c e s  i n  t h e  p i t c h  a x i s  
a r e  i n c o n s e q u e n t i a l  f o r  nomina 1 parameter  va l u e s  . However, 
changes such a s  a r e d u c t i o n  of  t h e  deadband t o  0 . 1  deg.  cou ld  
s u b s t a n t i a l l y  i n c r e a s e  ? i t c h  a x i s  p r o p e l l a n t  usage a s  t h e  
nominal o p e r a t i n g  p o i n t  would be on t h e  n o n l i n e a r  p o r t i o n  
of t h e  curve .  

The t h i r d  a l t e r n a t i v e ,  an  independent  a u x i l i a r y  system mounted 
i n  S e c t o r  I ,  would a l s o  u t i l i z e  a h o r i z o n  sensor/gyrocompass 
system a s  t h e  a t t i t u d e  r e f e r e n c e .  E l e c t r o n i c s  s i m i l a r  i n  
f u n c t i o n  t o  t h e  OSS would be n e c e s s a r y  t o  p r o c e s s  t h e  s e n s o r  
s i g n a l s  and p r o v i d e  o u t p u t  commands t o  t h e  c o l d  gas  v a l v e s .  

A s imple  b lock  diagram i s  shown i n  Eigure  VI.3-3 where gyro- 
compassing i s  assumed b u t  r e s o l v e r  c i r c u i t r y  i s  unnecessa ry .  
The c o l d  gas  v a l v e s  could  be o r i e n t e d  t o  avo id  any d i r e c t  i m -  
pingement i n t o  t h e  f i e l d  o f  view of  exper iment  s e n s o r s  a.nd would 
nut produce combustion p roduc t  con taminan t s .  It i s  a l s o  p o s s i b l e  
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t o  s u b s t a n t i a l l y  reduce t h e  minimum impulse w i t h  a  c o l d  gas  sys tem.  
With a  v a l u e  of Wm = 0 . 1  l b - s e a . ,  ex t remely  low l i m i t  cyc1.e r a t e s  

r e s u l t  and s u b s t i t u t i o n  i n  t h e  p reced ing  e q u a t i o n  f o r  W g i v e s :  
PT 

WpT = 0.014 I b l h r .  

tIowevcr, t h i s  v a l u e  and t h e  a s s o c i a t e d  r a t e s  a r e  s o  low t h a t  
crew motion d i s t u r b a n c e s  could  be expec ted  t o  be the  de te rmin ing  
f a c t o r  i n  p r o p e l l a n t  usage r a t e s .  The low l i m i t  c y c l e  r a t e s  
would make i t  p o s s i b l e  t o  reduce t h e  a t t i t u d e  deadbands f o r  more 
a c c u r a t e  p o i n t i n g  w i t h o u t  i n c u r r i n g  s i g n i f i c a n t  p r o p e l l a n t  weight  
p e n a l t i e s .  An e s t i m a t e  of subsystem add-on weight  and power f o r  
both t h e  OSS/RCS and a u x i l i a r y  sys tem i s  g iven  i n  Table VI.3-1. 
The a d d i t i o n a l  component weight  o f  25 l b  f o r  t h e  a u x i l i a r y  sys tem 
compared t o  t h e  OSS/RCS would be p a r t i a l l y  o f f s e t  by lower a t t i t u d e  
c o n t r o l  p r o p e l l a n t  r equ i rements .  However, t h e  t o t a l  weight 
p e n a l t y  of the  a u x i l i a r y  sys tem would exceed t h a t  of t h e  OSS/RCS 
up t o  t h e  p o i n t  where s u f f i c i e n t  p r o p e l l a n t  i s  inc luded  i n  both  
systzm weigh t s  f o r  75-100 h r s  of o p e r a t i o n .  

VI.3-2 S u b s a t e l l i t e  Mounted Experiments 

Spin  S t a b i l i z e d  S u b - S a t e l l i t e  

The a t t i t u d e  c o n t r o l  s t u d y  of  a  s p i n  s t a t i l i z e d  s a t e l l i t e  r educes  
t o  the  q u e s t i o n s  of  s p i n  a x i s  s t a b i l i t y  and s p i n  a x i s  o r i e n t a t i o n  
accuracy .  Two s a t e l l i t e  c o n f i g u r a t i o n s ,  P ioneer  and ATMP, have 
been b r i e f l y  i n v e s t i g a t e d  and some p e r t i n e n t  c h a r a c t e r i s t i c s  a r e  
p r e s e n t e d  i n  Tab le  VI.3-2. 

It i s  w e l l  e s t a b l i s h e d  t h a t  s t a b i l i t y  of  t h e  s p i n  a x i s  i n  t h e  
absence of e x t e r n a l  t o r q u e s  r e q u i r e s  t h a t  t h e  s p i n  a x i s  co in -  
c i d e  w i t h  t h e  p r i n c i p l e  a x i s  of maximum i n e r t i a .  Th i s  i s  a  
m a t t e r  of o b t a i n i n g  t h e  p roper  mass d i s t r i b u t i o n  d u r i n g  d e s i g n  
and f a b r i c a t i o n  and n o t  a  q u e s t i o n  of  f e a s i b i l i t y .  An a r e a  
r e q u i r i n g  f u r t h e r  s t u d y  i s  t h e  e f f e c t  of  t h e  e x t e r n a l  t o r q u e  
r e s u l t i n g  from g r a v i t y  g r a d i e n t  dynamics. A q ~ a r ~ t i t a t i v e  
e v a l u a t i o n  of  t h i s  i s  beyond t h e  scope of  t h e  p r e s e n t  s t u d y  
but  t h e  r e s u l t s  c i t e d  i n  a  NASA r e p o r t ,  NASA CR-433, E f f e c t  
of G r a v i t y  Grad ien t  Torque on t h e  Motion of t h e  Spin  Axis of 
a n  Asymmetric V e h i c l e ,  A p r i l  1966, i n d i c a t e  t h a t  p e r t u r b a t i o n s  
could  be v e r y  s m a l l .  F u r t h e r ,  t h e  magnitude of t h e  to rque  i s  
a  f u n c t i o n  of t h e  v e h i c l e  mass d i s t r i b u t i o n  and i s ,  t h e r e f o r e ,  
s u b j e c t  t o  c o n t r o l .  
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Table VI.3-1 
Command and Serv ice  Module At t i t ude  Control  Add-on Al te rna tes  

oss /RCS Auxi l ia ry  S ys 
Weight Power Weight Power 

Horizon Sensor  Sys ten1 22 lb 20 W 22 l b  20 W 

3-Axis Gyro Sys tern 15 4 0 15 40 

I n t e r f a c e  E lec t ron ic s  10 10 13  15 

OSS 5 5 

G a s ,  Valves, Plumbing, Tank 2 7 

To ta l  5 2 1 b  75W 77 I b  75 W 

Table VI.3-2 
S u b s a t e l l  i t e  Charac ter i s  t i c s  A t t i t u d e  Control 

Lunar O r b i t e r  AlMP Pioneer 

Spin  Axis Or i en ta t ion  
Accuracy 

0.3 Deg A 

Spin  Rate NA 2 5 + 5 m  6 0 ~ ~  

Impulse Capab i l i t y  8.6 x I& lb-sec 2.1 x lo4 0 
Ib-sec 

Spacecraf t  and 
P/L Weight 

A t t i t u d e  Control  
Propel lan t  

A - Estimated 
B - Dependent on spin-up and sepa ra t ion  mechanism 
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The P ioneer  sys tem i n c l u d a s  a  cotnmand l i n k ,  e l e c t r o n i c s  and a  
s i n g l e  g a s  j e t .  T h i s  sys tem makes i t  p o s s i b l e  t o  a d j u s t  t h e  
o r i e n t a t i o n  of t h e  s p i n  v e c t o r  about  e i t h e r  o r  bo th  of t h e  two 
a x i s  o r thogone l  t o  the  s p i n  a x i s  by p u l s i n g  t h e  gas  j e t  a t  t h e  
proper f i x e d  p o i n t  i n  t h e  s p i n  c y c l e .  Con t ro l  i s  f u r n i s h e d  by 
e a r t h  commands and t h e  n e c e s s a r y  a t t i t u d e  r e f e r e n c e  i s  the  
rece ived  s i g n a l  s t r e n g t h  from the  v e h i c l e  h i g h  g a i n  an tenna .  
The relatively narrow an tenna  p a t t e r n  l e a d s  t o  an  e s t i m a t e  of  
0 .3  deg.  f o r  the  ac l l i evab le  o r i e n t a t i o n  accuracy .  Th i s  t echn i -  
que has been s u c c e s n f u l l y  used on past: P ioneer  f l i g h t s  a l though  
ambigui ty  i n  the  a p p a r e n t  a t t i t u d e  may r e q u i r e  some t r i a l  and 
e r r o r  p u l s i n g  of t h e  gas  j e t  t o  de te rmine  a t t i t u d e  from the  
r e s u l t i n g  response .  The P ioneer  c o n f i g u r a t i o n  does  no t  i n c l u d e  
a  p ropu l s ion  sys tem and would no t  be capab le  of performing 
o r b i t a l  changes.  

The A W  c o n f i g u r a t i o n  does  i n c l u d e  a  p r o p u l s i o n  sys tem capab le  
of performing a  maneuver a l o n g  t h e  f i x e d  t h r u s t  v e c t o r  a x i s .  
However, t h e  AIMP does n o t  i n c l u d e  a system f o r  a d j u s t i n g  t h e  
s p i n  v e c t o r  o r i e n t a t i o n .  Thus, t h e  s p i n  c h a r a c t e r i s t i c s ,  i n c l u d i n g  
p r e c e s s i o n  and n u t a t i o n  of  t h e  s p i n  v e c t o r ,  would be determined 
by t h e  s e p a r a t i o n  and spin-up mechanisms which e s t a b l i s h  t h e  
i n i t i a l  c o n d i t i o n s .  A paper  p r e s e n t e d  by Lunar O r b i t  Miss ion  
Analys is  f o r  t h e  Improved D e l t a  Launch Vehic le  and AIKP-D 
S p a c e c r a f t  , AIMA 4 t h  Aerospace Sc iences  Meeting,  June 1966, 
c i t e s  i:hree sigma e l e v a t i o n  and azimuth f l i g h t  p a t h  a n g l e  
e r r o r s  of  1.1 deg.  each d u r i n g  eng ine  burn of  t h e  s p i n  s t a b i l i z e d  
s t a g e .  Spin-up i s  ach ieved  on a  s p i n  t a b l e  p r i e r  t o  s e p a r a t i o n  
from t h e  p reced ing  s t a g e .  

S t a b l e  S u b s a t e l l i t e  - 
The Lunar O r b i t e r  C o n f i g u r a t i o n  was i n v e s t i g a t e d  a s  a n  a v a i l a b l e  
s a t e l l i t e  w i t h  a n  a c t i v e ,  non-spinning:  a t t i t u d e  s t a b i l i z a t i o n  
system. Th i s  v e h i c l e  was devel.oped t a  photograph d i s c r e t e ,  
s e l e c t e d  p o r t i o n s  of t h e  l u n a r  s u r f a c e .  The a t t i t u d e  c o n t r o l  
system i s  of c o u r s e  compatib1.e w i t h  t h i s  p a r t i c u l a r  s e t  o f  
r equ i rements .  A s i m p l i f i e d  b lock  diagram i s  g iven  i n  F i g u r e  
VI.3-4. I n  o p e r a t i o n ,  t h e  sys tem i s  i n e r t i a l l y  s t a b i l i z e d  
wi th  s o l a r  a r r a y s  o r i e n t e d  toward t h e  sun.  The i n e r t i a l  ho ld  
o r i e n t a t i o n  i s  e s t a b l i s h e d  by t h e  v e h i c l e - s u n  a x i s  d e t e c t e d  by 
the  sun  s e n s o r  sys tem and t h e  vehic le-canopus  a x i s  d e t e c t e d  by 
the  s t a r  t r a c k e r .  The programmer i n i t i a t e s  r e q u i r e d  f u n c t i o n s  
through t ime r e f e r e n c e  s e q u e n t i a l  s t o r e d  commands o r  r e a l  t ime 
e a r t h  u p l i n k  commands. Maneuvers a r e  performed by summing r a t e  
mode gyro o u t p u t  w i t h  a  f i x e d  " s leev ing"  v o l t a g e  t o  command t h e  
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Figure VI.3-4 Lunar O r b i t e r  Block Diagram 
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gas j e t s .  Maneuver a t t i t u d e  excursion i s  determined by in tegra-  
t i o n  o?  the r a t e  s i g n a l .  This maneuver procedure must be followed 
to  o r i e n t  the  cameras t o  the  nadi r  f o r  a photographic sequence 
and than  r e o r i e n t  t o  the  b a s i c  i n e r t i a l  a t t i t u d e  f o r  r e a c q u i s i t i o n  
of the sensors .  

The various o r b i t a l  reratLonships are depicted schemat ica l ly  i n  
Figure VX.3-5 where angular  r e l a t i o n s h i p s  are g r e a t l y  s imp l i f i ed  
f o r  c l a r i t y .  The plane of t h e  e a r t h ' s  equator  i s ,  of course,  in -  
c l ined  a t  about 23 dagraas t o  thrl plane of t he  e c l i p t i c  and the 
moon's o r b i t a l   plan^ is i nc l ined  5 degrees t o  e a r t h ' s  equa to r i a l  
plane. Tha s t a r  Canopus is  i n  the  r eg ion  of 50 degrees south 
l a t i t u d e .  It i s  adequate f o r  system i l l u s t r a t i o n  t o  consider  t h a t  
the sun ( s ) ,  e a r t h  (E) and moon (M) a l l  l i e  i n  the  plane of the 
paper of Figure VX.3-5, Canopus then  is  roughly along the  l i n e  
t o  t he  r eade r ' s  eye. The low i n c l i n a t i o n  o r b i t  of t he  Lunar O r -  
b i t e r  mission then a l s o  l i e a  roughly i n  the plane of t h e  paper 
and i s  denoted by t h e  c i r c l e  around M i n  the  pos i t i on  labe led  
"Launched." Although t h e  sun i s  occul ted  by t h e  moon on each 
o r b i t ,  Canopus i s  cont inuously v i s i b l e  from the  o r b i t  plane snd 
the  plane of  the o r b i t  does not  dev ia t e  r a d i c a l l y  i n  i t s  r e l a t i o n  
t o  the  sua  during t h e  annual r o t a t t o n  of  e a r t h  about the  sun. 1n 
the  mission p re sen t ly  considered, however, t he  l una r  o r b i t  plane 
would be inc l ined  at  90 degrees. This 3.8 shown i n  Figure VI.3-5 
by the l i n e  through M i n  t he  "Launch" p o s i t i o n  represent ing  an 
edge view of t he  o x h i t  plane--assr~med f o r  convenience t o  be about 
the terminator  a t  t h i s  time. Unber t h i s  condi t ion ,  Caaopus is 
occul ted by t h e  moon on each o r b i t .  Fur ther ,  i n  t h e  next  posi- 
t i on ,  "3 months" later, t h e  o r b i t  plane has r o t a t e d  through 90 
degrees r e l a t i v e  t o  t h e  sun. Conti.auing on t o  "6 months ," e tc .  
i t  i s  s een  t h a t  the o r b i t  plane r o t a t e s  360 degrees r e l a t i v e  t o  
the  sun i n  a year ,  c o r r e s p o d i n g  t o  t h e  e a r t h ' s  one year  o r b i t a l  
period. As a r e s u l t ,  the  i n e r t i a l  re fe rence  frame e s t ab l i shed  
by the  luna r  o r b i t a l  sensors  is not s u i t a b l e  f o r  a long dura t ion  
mission i n  a po la r  l una r  o r b i t .  Wlrther ,  t h e  sensors  e s t a b l i s h  
an  i n e r t i a l  frame r a t h e r  than  t h e  moon centered coordinate  fra- 
reqvired f o r  continuous experiment opera t ion .  Even i f  eech sen- 
s o r  were somehow provided wi th  360 degrees of angular  freedom to  
maintain the  l i n e  of s i g h t  t o  the re ference  sou rce ,  the  computa- 
t ions  requi red  t o  determine t h e  d i r e c t i o n  of l una r  l o c a l  v e r t i c a l  
from t h e  i n e r t i a l  frame would r e q u i r e  some genera l  purpose d ig  
i t a l  computer c a p a b i l i t y .  The p rog ramer  i n  t he  present  system 
does not  have t h i s  c a p a b i l i t y ,  These cons idera t ions  consider  
t h a t  i t  would be necessary  t o  r e p l a c e  t h e  e x i s t i n g  Lunar Orb i t e r  
a t t i t u d e  re ference  system. The bes t  a l t e r n a t i v e  would aga in  
u t i l i z e  a horizon sensor  s y ~ t e m  t o  provide a c losed  loop lunar  
su r f ace  a t t i t u d e  re ference .  The r e s u l t i n g  system wou1.d be essen- 
t i a l l y  a s  prev ious ly  shown i n  Figure VI.3-3, although f u r t h e r  
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studies could be expected t o  lead  t o  the  addLtion of momentum 
storage device wi th  the  cold gas system used f o r  desa tura t ion  
only. 

Figure VZ.3-5 a l s o  shows a problem with respect  t o  the present ,  
f ixed,  s o l a r  a r rays .  To provide the  mt ie ipaced  e l e c t r i c a l  
energy requirements f o r  a 30-day mission En a polar  o r b i t  with 
modes i n  the region of the  earth-moon l i n e  i t  would be necessary 
t o  provide a s i n g l e  degree of freedom gimbal system f o r  the so- 
l a r  arrays.  The ax i s  of r o t a t i o n  would be normal t o  the vehic le  
o r b i t  plane. For long durat ion missions i t  would be necessary 
t o  add a second degree of freedom with the  ax i s  of ro ta t ion  par- 
a l l e l  t o  the o r b i t  plane. Due t o  the  elow r a t e  of ro ta t ion  re- 
quired about t h i s  second ax i s  i t  could be mechanized with d is -  
c r e t e  changes i n  response t o  e a r t h  commands. 
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V1.4  THERMAL CONTROL SYSTEM - Thermal cont ro l  sys terns f o r  three  
s u b s a t e l l i t e  candidates and the  W M  were reviewed and compared 
t o  experiment requirements f o r  seve ra l  sample groupings generated 
during the  study. The impact on the  thermal control  systems of 
the four c a r r i e r s  is  as  follows: 

1. The f i r s t  and t h i r d  CMM groupings shown i n  Table VI.4-2 
can be passively cont ro l led ,  with the exception of the  l a s e r  a l -  
t imeter  which requi res  i t s  own cooling system (or  in te r face  with 
the c a r r i e r ) .  A second C&SM grouping a l s o  shown i n  Table VZ.4-2 
represents  a f a r  g rea te r  heat  load and w i l l  requi re  an ac t ive  
coolant sys tem,, 

2. Three experiment groupings were analyzed f o r  a s t a b l e  
s a t e l l i t e  (Lunar Orbi ter ) .  Two of the  groupings *posed no 
s t r i n g e n t  thermal cont ro l  requirements on the s a t e l l i t e  systems . 
However, the t h i r d  grouping required an a c t i v e  coolant system i n  
addi t ion  t o  the passive Lunar Orbi ter  system. 

3 .  Two spinning satell i te e x p e r h e n t  groupings were analyzed 
and compared t o  the t h e m 1  contro l  s y s t e m  of the Pioneer and 
AIMP s a t e l l i t e s .  The e x i s t i n g  passive thermal control, systems 
appear adequate f o r  these groupings. 

The analys is  r e s u l t s  show a g r e a t  dependence of  the  thermal con- 
t r o l  systems of the  carrier vehicles on experisrent groupings 
se lec ted .  

V I . 4 - 1  Exieting Thermal Control Configurations - The ex i s t ing  
thermal control  systems on each of the three s u b s a t e l l i t e  candi- 
dates a r e  presented i n  Table VI.4-1 and b r i e f l y  discussed i n  
the following paragraphs. 

Anchored In te rp lane ta ry  Monitoring Platform (AIMP) - The 
AIMP s a t e l l i t e  utili .zed a passive. thermal cont ro l  subsys tem (TCS) 
which consisted of  a f ibe rg las  heat sh ie ld  located between the  
spacecraf t ,  and the  retromotor, mult i- layer  insu la t ion  blankets ,  
and thermal con t ro l  coatings on t h e  i n t e r n a l  components and 
external  surfaces. The mult i- layer  insu la t ion  blanket cons is ts  
of between 20 and 30 layers  of three  m i l  mylar all.uminized on one 
s i d e  as  the outer  sh ie ld  and 114 m i l  mylar aluminized on both 
s ides  as the inner sh ie ld .  The small package6 ( l e s s  than 1 f t 2 )  
within the  s a t e l l i t e  were protected with 20 t o  20 layers  of 
cr inkled (NRC-2) with aluminum vapor d e p o ~ i t e d  on one s i d e  only. 
Larger components (more than a few f t 2 )  ut i l izec? 20 t o  30 l aye r  
mylar sh ie lds  with e i t h e r  dacron o r  nylon separa tors  between the  
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r 

Parameters 

System 

Heat Loads, BTu/HT 

Orbit  

Thermal Barr ier  

Coatings 

In te rna l  

External 

Temperatures, OF 

Prelaunch 
Orbi t  

In te rna l  
- External 

S a t e l l i t e s  

Pioneer 

Passive & Active 

290 

A-IMP 

Pass ive  

170 

Lunar Orbiter  

Passive & Heaters 

1300 t o  1400 

Heat shie ld  between space- 
craf  t j retromotor (f iberglas)  
Multllayer insula t ion 
blankets 

Components painted black 

White paint  oC= ,363 
€ 9  -85 

Cat-A-Lac black p a i n t K =  .95 
E= .87 

Buffed aluminum oC= .15 
€= .04 

41 t o  122? 

Si l icone oxide on a l d n h e d  Mulei-laper 
mylar I insulat5on 
3 layers  dacron 
3 layers sluniinized mylar 

Si l icone base paint with 
zinc oxide 
Pignaent E= .9, oC= -22 

35 to 85 
30 t o  425 

blankets 

77 -5 

30 to 90°F 
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e i t h e r  dacron o r  nylon sepa ra to r s  between the aluminized mylar 
s h i e l d s  . The i n t e r n a l  components w i th in  the s a t e l l i t e  were 
coated wi th  Cat-A-Lac black p a i n t ,  while  t he  e x t e r n a l  sur faces  
( t o p  and s i d e )  wore p r imar i ly  coated wi th  Dow Corning's white  
p a i n t ,  The o p t i c a l  p rope r t i e s  of the  coa t ings  a r e  r e spec t ive ly  
oc .95, € = .87, and oC - .363 and E - .85. 

Post  f l i g h t  d a t a  eva lua t ion  revealed t h a t  the  inc rease  i n  tem- 
pera ture  o f  c e r t a i n  components was due pr imar i ly  t o  a b s o r p t i v i t y  
changes, which increased by a f a c t o r  of two. A ma,lor contribuLor 
t o  the a b s o r p t i v i t y  change was contamination of  the  white painted 
sur faces  by the exhaust  products from t h e  retromotor .  

NASA-Goddard i s  p re sen t ly  e l  Fluinat ing m y  use  of  white pa in ted  
sur faces  and w i l l  u t i l i z e  tefl.on coated with e i t h e r  vapor depos- 
i t s  of aluminum o r  s i l v e r .  Future f l i g h t s  are a l s o  (;onsidering 
Kapton i n s t e a d  of  mylar, and the  a p p l i c a t i o n  o f  hea t  pipes.  

The average hea t ing  load t o  be d i s s i p a t e d  on these  s a t e l l i t e s  
was 170 b tu /h r .  

Lunar Orb i t e r  - The Lunar O r b i t e r  s a t e l l i t e  u t i l i z e d  a  
passive thermal con t ro l  gyatem and mounted e l e c t r i c  hea t e r s  on the  
c r i t i c a l  coniponents. A h e a t  s h i e l d  b a r r i e r  and mul t i - layer  i n -  
s u l a t i o n  b l anke t s ,  cons i s t i ng  of 3 l a y e r s  of aluminized mylar with 
l aye r s  of dacron separa tor8  were used. The ou te r  mylar s h i e l d  
was coated with s i l i c o n e  oxide. The equipment mount deck sur -  
faces  were a l s o  coated with white  p a i n t ,  conta in ing  z inc  oxide 
pigment and a  s i l i c o n e  base. The o p t i c a l  p rope r t i e s  were abaorp- 
t i v i t y , o C = . 2 2 ,  and emis s iv i ty ,  € m . 9 .  

Post f l i g h t  da ta  eva lua t ion  showed t h a t  t h e  i n t e r n a l  temperatures 
frequent::ly exceeded the  l i m i t s  of 1080F'. The h igh  temp.eratures, 
as fo r  those  of t h e  A M P ,  were a t t r i b u t e d  t o  degradat ion of the  
ex terna l  coa t ing  a b s o r p t i v i t y  property.  

To s t a b i l i z e  t he  temperatures during o r b i t ,  the  a t t i t u d e  con t ro l  
subsystem was u t i l i z e d  t o  change the  veh ic l e  sun l i n e  a t t i t u d e  
long enotgh t o  reduce temperatures.  

The i n t e r n a l  hea t ing  loads ranged between 1300 and 1400 b tu /hr .  

Pioneer - The Pioneer spinning s a t e l l i t e s  utilized primar- -- 
i l y  a  passive. thermal con t ro l  subsyetem, which cons i s t ed  of mul t i -  
lavnr  i n s u l a t i o n  blanketa .  Some of t h e  veh ic l e s  had proviaiona 
f o r  an a c t i v e  system i n  the  platform a r e a ,  which cons is ted  of 
louvers fnd iv idua l ly  ac tua ted  by b i m e t a l l i c  s p r i n g s ,  which sensed 
the  temperature of t he  equipment platform i n  t h e  reg ion  of t he  
louvers.  
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VI.4-2 CGSM Tl~ermal  C o n t r o l  Sys tem Analysis  

Three experiment groupin{-8 were i n v e s t i g a t e d .  The f i r s t  
two were given t o  North  American Hoclcwell e a r l y  i n  t h e  s t u d y ;  
t h e  t h i r d  grouping was g e n e r a t e d  l a t e r .  A l l  t h r e e  g roup ings  
shou ld  be ~ o r l s i d e r c d  as r e p r e s e n t a t i v e  samples of p o t e r l t i a l  C&SM 
exper iments  a q d  a r e  l i s t e d  i n  Table  ~ 1 ~ 4 - 2  f o r  convenience.  A l -  
lowable  tempcraturv  l i m i t s  f o r  a11 exper iments  a r e  g iven  i n  Table  
111,4,  Experiment Requirements Summary. 

Three t y p i c a l  d u t y  cycler were genera ted  based on t h e  
groupings  shown i n  Tab le  VI.4-2. These a r e  shown i n  F i g u r e s  
VI.4-1, VI.4-2, and  VI.4-3 f o r  groups  1, 11, and  I11 r e s p e c t i v e l y .  
The aversage h e a t i n g  l o a d  f o r  t h e  f i r s t  C&SM experiment g r o u ~ i r i g  
(Table  VI.4-2) is 715 b tu /h r ,  wi th  a peak of 2700 btu/k:lr f o r  a 
d u r a t i o n  o f  1 hour. The peak load i s  due p r i m a r i l y  t o  t h e  opera- 
t i o n  of t h e  Panoramic camera. However, t h e  camera h a s  s u f f i c i e n t  
thermal  c a p a c i t y  t o  a b s o r b  t h e  loac, and main ta in  its components 
w i t h i n  t h e i r  a l l o w a b l e  t empera tu re  l i m i t s .  The J a s e r  a l t i m e t e r  
experiment a p p e a r s  c r i t i c a l  f o r  cont inuous  o p e r a t i o n ,  and  a 
c o o l i n g  system i s  recommended f o r  t h i s  experiment only .  

For  t h e  second experiment grouping,  t h e  a v e r a g e  i n t e r -  
n a l  h e a t i n g  l o a d  t o  be d i s s i p a t e d  is 1260 btu/hr ,  and  peak 
l o a d i n g s  between 2330 and 2430 btu/hr  w i l l  be genera ted .  The 
average  1.260 btu/hr  cou ld  be  d i s s i p a t e d  by t h e  p r e s e n t  Apollo 
Bl.ock I1 C&SM c o o l a n t  l o o p  and environmental  c o n t r o l  subsystem 
(ECS) r a d i a t o r  c o n f i g u r a t i o n .  The r a d i a t o r  has a maximum c a p a b i l -  
i t y  of approx imate ly  8425 3 tu /h r  w i t h  a n  e f f e c t i v e  t o t a l  r a d i a t o r  
a r e a  of 56.0 f t 2 .  The m i ~ s i o n  o r b i t a l  requirements  f o r  t h e  C&SM 
a r e  approximately  6500 b tu /h r ,  l e a v i n g  a margin o f  1925 btu/hr.  
However, t o  avoid  e x t e n s i v e  r e q u a l i f i c a t i o n  of t h e  C&SM environ- 
mental  c o n t r o l  syntem due t o  experiment i n t e r f a c e ,  u s e  o f  a 
s e p a r a t e  experiment c o o l a n t  l o o p  i s  recommended. A schemat ic  
o f  a TCS c s ~ y b l e  o f  d i s s i p a t i o n  of t h e  average  h e a t i n g  load  is  
shown i n  F igure  VI.4-4. The c o o l a n t  loop  wculd u t i l i z e  t h e  f l u i d  
E - l a t  a coo lan t  f low r a t e  o f  400 lbs /hr .  A s  shown, t h e  sys tem 
would i n c l u d e  a by-pass arrangement ,  t empera tu re  c o n t r o l  v a l v e  
a n d  two of t h e  p r e s e n t  Apol lo  3 l o c k  T I  LM pumps. The r a d i a t o r  
s i z e  r e q u i r e d  would be  21.0 f t  . Cold p l a t e s  a r e  probably  r e q u i r e d  
f o r  s i x  exper iment  components. These a r e :  (1) IK happing Radi- 
ometer ,  (2) MW Radiometer,  (3) M e t r i c  Camera, (4) RZi R e f l e c t a n c e ,  
(5) Radar A l t i m e t e r ,  and (6) Radar Imager. The t o t a l  weight of  
t h e  sys tem would be 169 pounds. 
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TABLE ~1.4-2 C&SM-EXPEZIPIENT GROUPINGS 

M I O R T J N  MAR#-A CORPORANOW 
D E N V E R  D I V I S I O N  

GROUP I 

Metric Camera 
Stellar Camera 
Panoradc Camera 
Phot~electric Photometer 
Laser Altimeter 
RF Transponder 
Solar Wind Foil 

Extender 
Foil 

Geochemistry Expts. 
Gamma-Ray 
Neutron Albedo 
Gamma Particle 
X-Ray Sensors 
Solar X-Rag 
C o s ~ c  Ray 
Electronics 

GROUP I1 

Mapping Radiometer 
IR Spectrometer 

Electroaics 
MW Rzdiomet er 
Metric Camera 
Stellar Camera 
RF Reflectance 
Bistatic Radar 
Radar Altimeter 
RF Transponder 
Radar Imger 

Antennas 
Data Processor 
~rans/Rec. 
Film Record (optional) 

U.V. Imager 
Imager 

GIii)OP - I11 

Metric & Stellar Camera 
Panoramic Camera 
fhotoelectric Photometer 
Laser Altimeter 
RF Transponder 
Solar Wind Foil 

I Film Recorder 
I. 
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The I R  mapping rad iomete r  is  seen  as a the rmal  c o n t r o l  
problerri, :since t h e  experiment requ i rements  a p e c i f y  t h a t  i t 8  op- 
t i c a l  mi r ro r  be mainta ined a t  1 5 0 ° ~  by r a d i a t i o n  t echniquee.  
T h i s  p l a c e s  a requirement  t h a t  t n e  experiment r a d i a t o r  viewt 
deep  epacs d u r i n g  experiment o p e r a t i o n ,  The o r b i t a l  environmc~nt 
otherwise w i l l  n o t  e n a b l e  t h i s  t empera ta re  Level t o  be maintained.  
The average h e a t i n g  l o a d  f o r  t h e  t h i r h  C&SM experiment group i s  
545 btu/hr,  w i t h  a peak l o a d  o f  2460 btu/hr when a11 exper iments  
a r e  i n  o p e r a t i o n .  O p e r a t i o n  o f  t h e  exper iments  of this group- 
i n g  should n o t  r e q u i r e  i n t e r f d c c  w i t h  t h e  C&SM t h e r n a l  c o n t r o l  
sys tem with  t h e  p o m i b l e  excep t ion  of t h e  l a s e r  a l t i m e t e r .  Its con- 
t i n u o u s  o p - r a t i o n  w i l l  c ause  a component h e a t i n g  problerr. A s  i n  
Group I, a s e p a r a t e  c o c l i n g  system s h o ~ l d  be  cocs ldered  f o r  t h i s  
experiment.  A l l  experiment and  subsystem components should  r e -  
c e i v e  c o a t i n g s  s i m i l a r  t o  t h o s e  of t h e  Lunar O r b i t e r  s a t e l l i t e  
components, w i t h  good t h e r m ~ l  conduc t ioc  p a t h s  t o  t h e  mounting 
s t r u c t u r e .  

VI.4.3 S t a b l e  S a t e l l i t e  (Lunar Orbiter ' )  Thermal Control  Analysis  - 
Three c a n d i d a t e  experiment: groups  were i . n w s t i g a t e d  f o r  use  on a 
s t a b l e  s u b s a t e l l i t e .  The  grouping^ are presen ted  i n  Table  VI.4-3. 

Tab le  VI.4-3 
S t a b l e  S a t e l l i t e  Experiment Groupings - .-- 

Group I I Group 11 I Group 111 

Geochemistry 

Mass Spectrometer  I Mass Spec t romete r  IR Spectrometer  I 
Geochernis t r y  

Radar /Las e r  
A1 t ime te r  

IR Mapping Radiorne ter 

RF Transponder/  
Lase r  

R e t r o r e f l e c t o r  

EM Measurements 

N o i s e  Survey 

RF Transponder 

Meteoroid 

MW Radiometer 

RP R e f l e c t a n c e  

Bi-S t a t i c  Radar 

Radar A1 t h e  ter 

RF Transponder 

EM Measurements 
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G r a v i t y  G r a d i e n t  

Meteoroid 
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Noise Survey 
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H a t  inr: lori,i:; :'or ( ttv I ' i ~ w t ;  two r , * : l b l e  : i a t t* l l  i k t .  b:r.ou~~i r t j : : ,  ur1la 
ti:; foll.ow::: 

Hea tixg Lofidn ( b t u /  h r )  

Group I I Group I1 

Experiments '3 314 

Subsystems 

TOTALS 324 

These hea t  l o a d s  a r e  compat ible  wi th  t h e  Lunar O r b i t e r  p a s s i v e  
the rmal  contro: system. There fore ,  w i t h  t h e  excep t ion  of l o c a l  
i n s u l a t i o n ,  no changes a r e  r e q u i r e d .  

The t h i r d  a t a b l e  s a t e l l i t e  experiment group p r e s e n t s  a 
g r e a t e r  the rmal  c o n t r o l  problem. F i g u r e  VI.4-5 sl-,ows t h e  h e a t i n g  
l o a d s  f o r  t h i s  case .  An a c t i v e  c o o l a n t  l o o p  c i r c u i t  i s  r e q u i r e d  
t o  d i s s i p a t e  t h e s e  h e a t i n g  l o a d s .  A schemat ic  of a t y p i c a l  sys-  
tem i s  shown i n  F i g u r e  ~1.4-6. The c o o l a n t  f l u i d  recommended i s  
E-1 a t  a f low r a t e  o f  600 Ibs /h r .  The c o o l a n t  f low i s  d i v i d e d  
e q u a l l y  t o  t h e  subsystem and experiment components. The r a d i a t o r  
s i z e  r e  u i r e d  t o  d i s s i p a t e  t h e  average  1840 btu/hr  t o  space  i s  3 30.0 f t  . The s i z e  o f  this r a d i a t o r  poses  a s i g n i f i c a n t  i n t e g r a -  
t i o n  problem. Cold p l a t e s  a r e  probably  r e q u i r e d  on f i v e  experiment 
packages. These a r e :  

1. I R  mapping rad iomete r  

2. MV rad iomete r  

3. RIP r e f l e c t a n c e  

4. Radar a l t i m e t e r  

5. E lec t romagne t ic  measurements 

Also,  some subsystem components w i l l  u s e  co ld  p l a t e s .  The t o t a l  
weight of t h e  TCS i s  e s t i m a t e d  as 192  l b s . ,  i n c l u d i n g  20 I b s .  
of n u l t i - l a y e r  i n s u l a t i o n  b l a n k e t .  
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VX.4-4 Spinning S a t e l l i t e  (AIMP! Thermal Control Analysis - Two 
candidate  experiment groups were inves t iga t ed  f o r  the spinning 
s a t e l l i t e  missions. These a r e  11s ted i n  Table VI.4-4. 

Table VI.4-4 
Spinning S a t e l l i t e  Experiment Groupings 

Croup I 1 Group I1 

Magnetometer (D.C.) 

Magns tome t e r  (A, C. ) 

Plasma Probe 

E l e c t r i c  F i e l d  

Low Energy P a r t i c l e s  

S o l a r  Energet ic  
P a r t i c l e s  

Meteoroid 

RF ~ r a n s  ponder/I,aser 

Retroref  l e c  t o r  

Magnetometer (D.C.) 

Magnetometer (A.C.) 

' Plasma Probe 

E l e c t r i c  F i e l d  

Low Energy P a r t i c l e s  

S o l a r  Energe t ic  
P a r t i c l e s  

RF Trans ponder 

The average hea t ing  loads f o r  Groups I and T I  a r e  r e spec t ive ly  
135 and 279 btu /hr .  These hea t ing  loads a r e  w i th in  the  capa- 
b l l i t  i e s  of the pass ive  thermal c o n t r o l  techniques appl ied  on 
the  AlMP s a t e l l i t e s .  
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