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SECTION 1 

INTRODUCTION 

This  volume of the  F ina l  Technical  Repor t  s u m m a r i z e s  The Bendix 
Corpora t ion ' s  e f f o r t s  dur ing  the  SLRV P h a s e  I s tudy p r o g r a m  conducted 
under  JPL Con t rac t  No. 950656, Modification No. 1.  

The con t r ac t  s ta tement  of work r e q u i r e d  Bendix to conduct "a design 

The p r i m a r y  p u r -  
s tudy and engineer ing  t e s t  model  development  p r o g r a m  fo r  a roving vehicle  
payload fo r  the  Surveyor  luna r  soft landing spacec ra f t .  
pose  of the  roving vehicle  payload is to provide a capabi l i ty  fo r  making 
sur \ reys  to  obtain bas i c  da ta  in support  of the  manned luna r  landing p r o g r a m  
and to  cont r ibu te  new scient i f ic  knowledge about the  moon". 

Th i s  volume contains  the ove r -a l l  p r o g r a m  conclusions and recommeri- 
dat ions and a s u m m a r y  of the miss ion  and s y s t e m  s tudies  that led to these  
conclusions.  A desc r ip t ion  of the p r e l i m i n a r y  design of the 100-lb s y s t e m  
is given, and the a r e a s  of design e m p h a s i s  f o r  P h a s e  I1 a r e  indicated.  

The  o ther  vo lumes  of the F ina l  Technica l  Repor t  contain a l l  the  s ign i -  
f i can t  t rade-of f  s tud ies  and resul t ing des ign  de ta i l s  n e c e s s a r y  to e s t ab l i sh  
the feas ib i l i ty  of the  100-lb SLRV concept  and  to  de t e rmine  the pe r fo rmance  
and re l iab i l i ty  i n c r e a s e s  that  would r e su l t  f r o m  vehic les  weighing m o r e  
than  100 lb. 

I 1 - i  
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SECTION 2 

SUMMARY O F  PROGRAM CONCLUSIONS 

The o b j e c t i v e s  of the Phase  I SLRV study p r o g r a m  w e r e  threefold:  
( 1 )  to  define the specif ic  SLRV m i s s i o n s  and  the f ac to r s  influencing the i r  
se lec t ion  within the cons t r a in t s  e x p r e s s e d  in  EPD-98 ,  Revision 1, and 
o the r  appl icable  documents ;  ( 2 )  to d e t e r m i n e  the ex ten t  to  which it is feas ib le  
to  imp lemen t  these  m i s s i o n s  within a 100-lb g r o s s  weight l imi t :  and ( 3 )  t o  
ana lyze  the potent ia l  gains  i n  pe r fo rmance  and rel iabi l i ty  for  s y s t e m s  with 
g r o s s  weights  in  e x c e s s  of 100 lb  

Toward  these  object ives .  execution of the Phase  I study e f fo r t  has  
r e su l t ed  in the conclusions which a r e  s u m m a r i z e d  below and  d i s c u s s e d  in  
m o r e  detai l  in subsequent  sec t ions .  

2 .  1 MISSION ANALYSIS 

The m a j o r  conclusions f r o m  t k  m i s s i o n  ana lys i s  e f for t  a r e  a s  fol lows:  

1.  The p r i m a r y  mis s ion  fo r  SLRV should be defined to  r e l a t e  d i r ec t ly  
to  a s ignif icant  i n c r e a s e  in the probabi l i ty  of a success fu l  L E M  
landing.  

2 .  The i n c r e a s e  i n  probabili ty of success fu l  L E M  landing is  achieved  
by SLRV's  abi l i ty  to  locate and ce r t i fy  acceptab le  landing sites. 
Th i s  i n c r e m e n t  of success  probabi l i ty  should be achieved with a 
99% confidence.  

3 .  The SLRV approach  can be a t  l e a s t  four t i m e s  as  effective for the 
Apollo landing s i te  ver i f icat ion m i s s i o n  a s  any  o ther  ex is t ing  o r  
planned p r o g r a m .  

4 .  To max imize  the probabi l i ty  tha t  SLRV will  accompl i sh  th i s  m i s s i o n ,  
the SLRV should be r equ i r ed  to  co l lec t  only that  data  needed for s i te  
ident i f icat ion and cer t i f icdt ion 
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5.  Bes ides  de t e rmin ing  tha t  a point is acceptab le  o r  unacceptable  for 
L E M  landing, the S L R V  m u s t  a l s o  provide da ta  with which the 
L E M  a s t r o n a u t s  can  locate the acceptab le  landing points .  

6 .  Development  of the SLRV is w a r r a n t e d  i f  the probabi l i ty  tha t  a 
s ing le  vehicle will  accompl i sh  the p r i m a r y  mis s ion  is g r e a t e r  
than 0.  13. A probabi l i ty  of 0. 5 is r ecommended  a s  a goal.  

7 .  Assuming  a s a t i s f a c t o r y  confidence in the probabi l i ty  of a s u c c e s s -  
ful  Surveyor  landing, all other  e l emen t s  of the S L R V  concept  a r e  
completely f eas ib l e .  

2 .  2 SYSTEM ANALYSIS 

The SLRV s y s t e m  ana lys i s  s tudies  r e su l t ed  in  the following s ignif icant  
conclusions:  

1.  The s u r v e y  of a l imi t ed  port ion of the luna r  s u r f a c e ,  in  a carefu l ly  
se l ec t ed  pa t t e rn  of d i s c r e t e  L E M  landing points ,  h a s  been esta- 
bl ished as  the p r e f e r r e d  m o d e  of opera t ion  

2 .  The s y s t e m  m u s t  be capable  of pe r fo rming  a c c u r a t e  navigation 

3 .  To complete  a m i s s i o n  which sa t i s f i e s  the r e q u i r e m e n t s  es tab l i shed  
above,  the SLRV m u s t  provide a capabi l i ty  for  n e a r  r e a l - t i m e  
j u d g m e n t  of the surveyed  a r e a ' s  acceptab i l i ty .  

4. A d i r e c t - l i n k  communicat ion system between the SLRV and the 
Deep Space  Ins t rumenta t ion  Fac i l i t y  (DSIF)  ground s ta t ion  is re  - 
qu i red .  

5 F o r  the above-def ined  m i s s i o n ,  the SLRV concept is feas ib le  wi th in  
the 100-lb l imitat ion The confidence l e v e l  a s soc ia t ed  with t h i s  
feasibi l i ty  cnn be improx-ed significdntly i f  the s y s t e m ' s  g r o s s  
weight a l locat ion is inc reased  to approximate ly  125 lb 

6 .  The 100-lb s y s t e m  rmust ope ra t e  i o r  a per iod o f  not l e s s  than 3 m o n t h s  
For equivalent  s u r f a c e  condi t ions,  a 125-lb sys tem wuuld be r e -  
qu i r ed  to o p e r a t e  for no  l e s s  than 2 months .  

2 - L  
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2. 3 SYSTEM DESIGN 

The s y s t e m  design effor t  has  r e s u l t e d  in  the following r%ajor conclu-  
s ions :  

1. The SLRV s y s t e m  wil l  requi re  a highly effect ive r e m o t e  cont ro l  
technique.  
for r e m o t e  cont ro l  and emphas ized  the s ignif icance and subt le ty  
of the p r o b l e m s  involved. 

The s tudy effor t  r e s u l t e d  in  s e v e r a l  feas ib le  techniques 

2. To max imize  the confidence in  the s u c c e s s  of the SLRV m i s s i o n .  
the SLRV des ign  m u s t  have the m a x i m u m  degree  of i n t r in s i c  
sa fe ty  (for  example ,  it m u s t  include high s tab i l i ty  and warning  
f ea tu re  s ) .  

3 .  Because of the sensi t ivi ty  of the SLRV pe r fo rmance  (mobil i ty ,  
maneuverabi l i ty ,  and mis s ion  time) to the luna r  s u r f a c e  condi t ions,  
equipment  flexibil i ty should be a des ign  r e q u i r e m e n t  P a r t i c u l a r l y ,  
the mobi l i ty  , ins t rumenta t ion ,  a n d  communica t ion  subs  y s te ms 
should al low f o r  modification a s  the flight p r o g r a m  p r o g r e s s e s .  

4. A high-gain d i rec t iona l  antenna is  r e q u i r e d  on the SLRV to provide  
suff ic ient ly  high data  r a t e s  fo r  video informat ion ,  thus ensu r ing  
that  m i s s i o n  t ime does not exceed  the e s t ab l i shed  va lue .  

5? A radioisotope t!;ermoelectric g e n e r a t o r  (RTG)  power supply is  
a f i rm requirer i ient .  

2 . 4  DETAIL DESIGN 

The p r e l i m i n a r y  des ign  effor t  h a s  r e su l t ed  in  the following s ignif icant  
conclus ions  : 

1. A vehicle  des ign  adequately ba lanced  among  mobil i ty ,  power ,  
t e lecommunica t ion ,  and  instrurne'ntation s u b s y s t e m s  has  been 
achieved  ins ide  the 100-lb l imi ta t ion .  A fu l l - s ca l e  E T M  has  s u b -  
s tan t ia ted  mbljility pred ic t ions .  

I 2-  3 
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2 .  No m a j o r  s ta te -of - the-ar t  advance  is  r e q u i r e d  f o r  de ta i l  d e s i g n  
and implementat ion of the S L R V  s y s t e m  concept .  

3 .  Cer ta in  bas ic  da ta  m u s t  be acqu i r ed  dur ing  P h a s e  11, p r i m a r i l y  
in  the a r e a s  of m a t e r i a l s ,  t h e r m a l  coa t ings ,  and  l u n a r  s o i l  be-  
havior  
but are s imply  a r e a s  where  m o r e  da ta  a r e  r e q u i r e d  to e n s u r e  a 
high degree  of confidence.  
m e n t  in  techniques will  be r e q u i r e d .  A 5- lb  i n c r e a s e  in weight 
a l locat ion for  re l iab i l i ty  is d e s i r a b l e .  

These  needs  a r e  not  cons ide red  l imi ta t ions  t o  feasibi l i ty .  

It i s  not an t ic ipa ted  tha t  any  advance -  

2 - 4  
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SECTION 3 

MISSION ANALYSIS 

The probabi l i tv  of a success fu l  Apollo LEM landing is d i r e c t l y  pro-  
por t iona l  to the percentage  of acceptable  a r e a  within the s i t e  i f  no p r i o r  
ver i f ica t ion  i s  m a d e ,  plus a s m a l l  i n c r e a s e  resu l t ing  f r o m  the LEM c r e w ' s  
capabi l i ty  fo r  ideptifying and avoiding obviously haza rdous  a r e a s .  However ,  
by loca t ion  and ident i f icat ion of specif ic  acceptab le  landing points in  a ca re fu l ly -  
s e l ec t ed  pa t t e rn  compat lb le  with the L E M  t rans l a t iona l  capabi l i ty ,  the p r o -  
babi l i ty  of a success fu l  landing can be s ignif icaxt ly  increased-even  when 
only a small por t ion  of the to ta l  a r e a  in  the s i t e  is acceptab le .  
the c r i t e r i o n  f o r  eva lua t ion  of the SLRV m i s s i o n  is the d e g r e e  of LEM s u c -  
c e s s f u l  landing probabi l i ty  and the confidence provided ,  r a t h e r  than the ab- 
so lu te  capabi l i ty  to  provide  ver i f icat ion of the acceptab i l i ty  of s o m e  pe rcen t  
of the  a r e a  within the s i t e  with a given confidence.  

T h e r e f o r e ,  

F o r  tk SLRV p r o g r a m  t o  be at l e a s t  four  t i m e s  as ef fec t ive  f o r  the 
Apollo landing s i t e  ver i f ica t ion  mis s ion  as any  o ther  exis t ing o r  planned 
p r o g r a m ,  i t  m u s t  have zi single- launch probabi l i ty  of s u c c e s s  g r e a t e r  than 
0 .  1 3  (based  on a to ta l  of eight launches) .  The four - to-one  e f fec t iveness  
r a t i o  is cons ide red  a p r e r e q u i s i t e  to development  af the  p r o g r a m .  How- 
e v e r ,  i f  an  0. 99 probabi l i ty  of es tab l i sh ing  one acceptab le  LEM lanchng s i t e  
is d e s i r e d .  the co r re spond ing  s ingle- launch probabi l i ty  of s u c c e s s  would 
b e  0. 5. This  l a t t e r  va lue  is es tab l i shed  as the s y s t e m  goal.  

C o m m e n s u r a t e  with a defined m i s s i o n  of ver i fying spec i f ic  LEM 
landing points ,  the S L R V  s y s t e m  mus t  provide m e a n s  for  site ident i f icat ion 
and navigat ion to an acceptab le  landing point by the LEM c r e w ;  o the rwise ,  
a negl igible  i n c r e a s e  in  the confidence of a s u c c e s s f u l  LEM landing is ob- 
ta ined.  

Ins t rumenta t ion  and o ther  data  col lect ion capabi l i t i es  ex t r aneous  to 
the p r i m a r y  m i s s i o n  object ive should be excluded f r o m  the s y s t e m  to  maxi- 
m i z e  the probabi l i ty  of successfu l iy  accompl ish ing  the p r i m a r y  object ive.  

In the  ana lys i s  to e s t a b i i s h  the s ing le- launch  probabi l i ty  of s u c c e s s  
r e q u i r e d  for  a feasible  m i s s i o n ,  it w a s  de t e rmined  tha t  the probabi l i ty  p a r t i a l  
having the lowes t  confidence is that per ta ining to the Surveyor  landing. 

3 -  1 
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SECTION 4 

SYSTEM ANALYSIS 

The p r i m a r y  f a c t o r s  that  aifect  all S L R V  s y s t e m  t r a d e - o f f s  a r e  r e -  
l labiirty.  xveight. and powrer. F o r  s y s t e m  des ign  i t  is useful  t o  e s t ab l i sh  
a feas ib le  poxber-trJ-Lveight r a t io  € o r  the power supply s u b s y s t e m  and then 
conduct a l l  s y s t e m  trade-offs  in t e r m s  of composi te  Lveight, i e 
u t i g h t  plus eqiiil a lent  polver s u p p l y  weight. 
t inie a r e  the dominat ing p a r a m e t e r s  in the re l iab i l i ty  pred ic t ions  
the c r i t i c a l  f a c t o r s  used  i n  sys t em dps ign  a r e  composi te  weight.  s y s t e m  
coniplexity.  and m i s s i o n  t ime  

subsys t em 
Coniplexity and totdl  <-tpe rat ing 

Thus.  

Funct ions tha t  affect  the miss ion  t ime  a re  vehicle  speed  total  mi s -  
sion range r e q u i r e m e n t s .  da ta  t r a n s m i s s i o n  r a t e .  and o p e r a t o r  dec is ion  
time A l l  s y s t e m  e l e m e n t s  affect and a r e  affected by  the composi te  \\.eight 
hlission t i m e  is e s sen t i a l ly  unrelated t o  vehicle  speed  i n  the range  of p r a c -  
t i ca l  speeds  fo r  the 100-lb weight cons t r a in t .  T h e r e f o r e .  total  \ enic le  
r a n g e .  the o p e r a t o r ' s  dec is ion  t i m e ,  and the communic;rt ion da ta  r a t c  a r e  
the m o s t  s ignif icant  cont r ibu tors  to the total  imission t ime .  

A p r i n i a r )  S L R V  m i s s i o n  ope ra t ion  h a s  been developed,  i .  e . a s e -  
qiiei-,ce of 19 d i s c r e t e  LEM landing point s u r v e y > .  
the to t a l  vehicle  range  r equ i r emen t  to  br predic ted  with reasondble  a< c u r a c y  
T h e r e f o r e .  the effect  of the total  range  r equ i r emen t  on mission t i m e  does 
r,ot change apprec iab ly  \ \hen other sys ten i  functlons aEe va r i ed  
second f a c t o r ,  f Jp t , ra tor ' s  decis ion t i m e .  is m o r e  s ignif icant  i n  de te rmining  
to t a l  m i s s i o n  t ime  ,ind h a s  a d i r ec t  bear ing  on s y s t e m  re l iab i l i ty .  

This definit ion n1lou.s 

Thus .e the  

O p e r a t o r  dec i s ion  t i m e  requi red  fo r  execut ing commands  can  be de -  
The major va r i ab le  in deLision t i m e  

Jllo\cance for  dt:termining u h e t h e r  the su rveyed  drea is acceptab le  
t e r m i n e d  mith r easonab le  accu racy .  
l:, 

o r  i r r ,  t ( ,-ptable 
con:,' - ' lap (produced f r o m  da ta  suppl ied by the S L R V ) ,  then a iundaniental  
s t r a t e g y  dec is ion  niust  be made .  
v ideo  and t e l e m e t r y  da t a  into a contour m a p  (for  one pair o f  i m a g e s )  i d n  be 
ds m u c h  as  f o u r  h o u r s .  

If this  dec is ion  depends on the in te rpre ta t ion  of d 25-cni 

The t ime requ i r ed  to p r o c 6 s s  the  rdw 

Many pdirs a r e  needed t o  cL)\er a single  LEhi 

P 
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landing point 
prodtic txd I t  edch  s top  of the vehicle nitk1-R the landing point o r  to d t r c c t  
thc vchicle  to roniplcte  :he da ta -ga ther ing  mis s ion  and p roceed  t o  another  
potential  ldndicg point \ \ i th ver i f icat ion of the landing point j u s t  exani,ned 
b e i n g  e s t , ~ b l . s ~ . e d  Iiiiich l a t e r .  
before  the \.clhi( li. proceeds - -  i s  obviousl)  i m p r a c t i c a l  s ince  the nonilrial 
point siirvcy- t i m e  for da ta  collection would i n c r e a s e  f r o m  approximate ly  
8 hour s  to , is  niucfi <is 300 h o u r s  

It may t h e r e f o r e  be decided c i the r  to  wait  until thc m d p  I S  

Thc  f i r s t  a l te rna t ive  - - waiting fur  the m a p  

On  the o ther  h a n d  i f  d z t a  a r c  ga thered  a t  one landing point and thc 
vc’!:icle is theh d i r cc t cd  a t  once t o  the next point.  it  IS  highly probably (be -  
cause  in 3 rcasorLablc lur-ar surfact> model  approximate ly  50 ‘b of the landing 
points s u n - e y e d  may h e  cindcccptable) that  the vehicle  \vi11 have  to  be r e -  
d i r e c t e d  f r o m  t h e  unuciep tab le  paint to s c a r c h  for  a n  acceptab le  one This 
. ipproach a l s o  Mould i n c r e a s e  the n i i ss ion  t i m e  in two u.ays: ( 1 )  a n  additional 
eight hour s  would be r equ i r ed  to  su rvey  a new landing point, and ( 2 )  addi-  
t ional  t i m e  would be r equ i r ed  to  mo\~e to  the new point and reduce  the r e -  
siilting n e w  dxta .  

These  s tudies  indicate  tha t  the feasibi l i ty  of the S L R V  concept  requirtas 
the dcveiopment  of hi.qh-confident e tt.c.hniques: for de t e rmin ing  the  accc-p:a- 
b:lity o f  d l3inding point i n  re-11 t ime (niirrutes ra t l ier  than h o u r s )  as the s i l r -  

\.e\; progr t ’ s5es .  
solut ions 2i-c d i s c u s s e d  ir, Vo1un:e 11. 
developmerit  e f fo r t  does  not cons t ra in  the ove r -a l l  feasibi l i ty  of the bds jc  
S L R V  concept .  

Seve ra l  s u c h  techniques ha\c been  invest igated and tentativt-l. 
,4lthuugh n iore  wrork is r equ i r ed .  :his 

The th!.rd fac tor  tha t  contr ibutes  to  m i s s i o n . t i m e .  and thus to  r e l i a -  

The 

But examinat ion of the lunar  s u r f a c e  mode l s  specif ied in  

b i l i ty ,  is the d a t a - r a t e  capabili ty f o r  both video and s t a tus  t e l e m e t r y  infor -  
ma t ion  f r o m  the SLRV to  the ground s ta t ion.  
Su rveyor  s p a c e c r a f t  could be used a s  a n  a r t i ve  r e l a y  link between the 
S L R V  and DSIF. 
EPD-98 5.r.d a s u r v e y  of s i m i l a r  types of t e r r a i n  ( such  a s  ex i s t  in the Bonito 
Lava Fln\x,)  indicate  tha t  the abiiity t o  h i a i ~ t a i n  l ine -o f - s igh t  contact  t eyond  
s e v e r a l  hundred feet  f rom the Surveyor  spacec ra f t  is ex t ren ie iy  doubtful: 
a n d  in  a r r l d v  s y s t e m .  the l o s s  of l ir ie-of-sight contact  m e a n s  the l o s s  of 
communi (  It ions.  

Two approaches  ex is t .  

Connzequently , the  requi red  high da ta  rd t e  m u s t  be achiek ed bv optimizing 
3 d I r e c t  c u n i m u r ~ c ~ t i o n s  link bet\xeen the S L R V  and DSIF 
cho ice  between a high-gain antelnna arid d high-po\ver t r r lnsmi t te r  I S  d s b s t e m  
d e s i g n  decisiofi  

The rcsu l t ing  

I 4 - 7  
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To satisfy- the p r i m a r y  mis s ion  object ive of s i t e  ver i f ica t ion  within 
the capabi i i t ies  of a 100- lb  s y s t e m ,  the m i s s i o n  m u s t  cons i s t  of the c e r t i -  
f icat ion and identification of a number  of d i s c r e t e  landing points which a r e  
at  l e a s t  40 m e t e r s  in d i a m e t e r  and spal,ed no m o r e  than 528 m e t e r s  a p a r t  
In t e r m s  of xrehicle capdbi l i tv ,  t h i s  is s e v e r a l  o r d e r s  of magriltude l e s s  
s e v e r e  than comple te  sur\rcy of the 3200-meter  a r e a  
penal ty .  however  ~ in t e r m s  of S L K V  navigation a c c u r a c y  r equ i r emen t s  for  
locating the landing points and the r e f e r e n c e  m a r k s  to be used in naxigating 
LEM to  the acceptab le  poixts.  The penalty In t e r m s  of SLRV miss ion  r ange ,  
and thus mis s ion  t ime  and re l iab i l i ty ,  i n c r e a s e s  appros ima te iy  in propor t ion  
to the s q u a r e  uf the e r r o r s  in  the navigation s y s t e m .  However .  by using 
s t a t e - o f - t h e - a r t  t echniques ,  navigation s y s t e m s  nrith suff ic ient  a c c u r a c y  
can  be developed s o  that  the percent  i n c r e a s e  in  m i s s i o n  range  a t t r ibu tab le  
to navigation e r r o r s  will be negligible. 

T h e r e  is an  a s soc ia t ed  

F r o m  the r e s u i t s  of the sys t em ana lys i s  and the subsequent  eva lua-  
tion of the p r e l i m i n a r y  design given in Volume V ,  i t  is concluded that  the 
postulated p r i m a r y  m i s s i o n  can be accompl ished  by a 100-lb vehicle  with 
a s a t i s f ac to ry  probabi l i ty  of s u c c e s s .  including mechanica l  re l iab i l i ty .  but 
confidence in the s y s t e m ' s  abil i ty to  achieve this  leve l  of per formance  is 
undesirably- iow 
1 2 5  Ib. the coE;tider>ce level dssociated with s y s t e m  feasibi l i ty  can be i m -  
p r  ove d s ig nif 1 cant  1 x 7 .  

If g r o s s  sys t em weight i s  i nc reased  to  approximate ly  

s y s t e m  ;inai) 51s has  defined maxm-iuni Anticipated miss ten  t ime a s  
f r o m  3 t o  3 - 1 / 2  months for the 100-lb S L H V  and f r o m  2 to L - I / Z  months 
f o r  !he 125-Ib S L K V .  dependzng on lunar  s u r f a c e  cond:tions. 

A computer  e v a l u i t ~ o n  p r o g r a m  was developed to  zirlalyze the p c r f o r -  
mance c h a r a c t e r i s t i c s  and probabili t l-  of s u c c e s s  of the 100-!b SLRV con- 
c e p t . 
xiiobllAty, maneuverabi l , tv .  and misslor, t ime) is highly dependent on the 
lu r , a r  s l i r f a c e  niodel used  I ?  the  evaluation 
need for  3 high d e g r e e  o i  re ta ined des ign  flexibil i ty s o  thar the SLRV can be 
quickly tiiGdified 
t ions  show tha t  modifications a r e  needed. 

R e s 1 : I t  s s h owe d t h & t t h e  v e h i c 1 e pe r f o r manc  e opt ;mi z a t  ion ( p" r t i c u i a r 1 y 

This  dependence indi-cates the 

ddtd f rom other  !unar p r o g r a m s  and e a r l y  S L R V  ope rd -  

4 - 3  
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SECTION 5 

PRELIMINARY DESIGN 

The m a j o r  t r ade -o f f s  in the s y s t e m  des ign  involved opt imizing power 
da ta  r a t e ,  and vehicle speed  to achieve the s h o r t e s t  m i s s i o n  time. The 
most sens i t ive  of t hese  t r ade  -offs was  the difference between high -gar, 
d i rec t iona l  an tennas  and o m n i -  direct ional  an tennas  
s tud ie s  for  t hese  two approaches  show tha t  the d i f fe rence  in mls s ion  t i h e ,  
and  the r e su l t i ng  effect  on re l iab i l i ty ,  is  d i r ec t ly  propor t iona l  to the da ta  
ra tes  of the two antezna  configurat ions.  
w a s  e s t ab l i shed  as a f i rm  requ i r emen t  for  S L R V  feas ib i l i ty .  

Weight trade-off 

On this  b a s i s ,  a direct ionhl  anten-la 

Other  p r i m a r y  t rade-of fs  a r r i v e d  at  in achieving s y s t e m  des ign  w e r e  
concerned  main ly  with the t rade-off  uf mobil i ty  s u b s y s t e m  weight v s .  weight 
a l loca ted  far rel iabi l i ty  i n  t e r m s  of  redundancy and i m p r o v c m t n t  ir. the bas ic  
s u b s y s t e m  de s i g n  However ,  the compute r  evaluat ion p r v g r a m  indi;.a?ed 
tha t  the r e s u l t  of th i s  t rade-of f  is  highly sens i t ive  to  the choice o f  lunar  
- su r face  model .  T h e r e f o r e ,  only qualified conclusions could be m a d e ,  wh: c k. 
a r e  d i s c u s s e d  in  Volume V. 

a 

A th i rd  mdjor conclusioi> i r i  s y s t e m  des ign  dea l t  with \.eh:cle coritr' 1 
and sa fe ty .  
t r o l s  fo r  sa fe ty  because  of the possibil i ty of losing contact  with the \,ehjcle 
The unknown na tu re  of the lunar  s u r f a c e  and  the inhererrt  t r a n s m i s s i o n  
t i m e  de lay  between the moon and the e a r t h  make  i t  e s s e n t i a l  tha t  the vehicle 
d e s i g n  have in t r in s i c  sa fe ty  f ea tu res  to the m a x i m u m  prac t i ca l  extent .  i n -  
c luding the use of such  s e n s o r s  a s  the  inc l inometer .  
h e r e n t  des ign  safe ty  is  the s ta t ic  and  dynamic  s tabi l i ty  limits of the vehicle  
as  r e l a t e d  to  the veh ic l e ' s  abil i ty to  place i tself  in a condition of m a r g i n a l  
s t ab i l i t y  Other  i nhe ren t  safety f e a t u r e s  include the ab i l i ty  to  ope ra t e  with 
e q u a l  capabi l i ty  i n  both the fore and  aft d i r ec t ions  and the avoidance of p r o -  
t u b e r a n c e s ,  low u n d e r c a r r i a g e  c l ea rance ,  e tc .  , which migh t  irnmobiliLe 
the vehicle .  

It is rlnt adLisable  to r e l y  en t i r e ly  o n  o p e r a t o r  display a n d  con-  

One m e a s u r e  o f  i n -  

I 5 - 1  
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In addition to  the inhe ren t  safety f e a t u r e s  of the vehicle ,  s tudies  of 
ground o p e r a t o r  d i sp lay  and  control  p r o b l e m s  have shown that i t  i s  feas lb le  
to accompl i sh  the p r i m a r y  miss ion  with the 100-lb s y s t e m  containing a 
monoptic  image  - s e n s o r  mechan i sm.  However, the ab i l i ty  to control  the 
vehicle would be improved  apprec iab ly  by the inclusion of a f ixed-based  
s t e r e o  imaging  s e n s o r  on the vehicle:  this  would r e q u i r e  approximate ly  
7 l b  additional lveight 

One of the e a r l y  s y s t e m  design conclusions ( a f t e r  the approximate  mis -  
s i o r  times \vere e s t ab l i shed)  was thdt a radioisotope power supply (RTG)  is 
r equ i r ed .  Studies  indicated thdt fo r  da:ftime opera t ion  only,  without night-  
t ime  su rv iva l ,  a s o l a r - a r r a y  power sbpply would be m o s t  p rac t i ca l .  How- 
e v e r ,  with the advent  of the r equ i r emen t  to su rv ive  as  m a n y  as t h r e e  luna r  
n ights ,  the addition to the s o l a r  a r r d y  o f  b a t t e r i e s  o r  aux i l i a ry  R T G s  r e -  
su l ted  in a n  o : < ~  e s s i v e  subsys t em weigkt. The only p rac t i ca l  s y s t e m  
(based  on 3-month  opera t ion  i n  the 1967 t i m e  pe r iod )  is  a n  RTG with a 
power- to-weight  ratio of 1 85 wat t / lb .  D i scuss ions  with both JPL and the 
Atomic  Ene rgy  C o m m i s s i o n  have conf i rmed  the bas i c  feasibi l i ty  of deve l -  
oping such  a n  R T G  

, 
T 
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R F  RANGING ANTENNA 
DIRECTIONAL ANTENNA 

RTG POWER SUPPLY 
TELEVISION 

CAMERA 

i -  

SOLAR ASPECT 
SENSOR 

TRACTION DRIVE ASSEMBLY 

F i g u r e  5- 1 S L R V  Configuration 
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It; the stowred cc)nfiguration, the SLRV is hinged to  the Surveyor  s t r u c -  
t u r e  and held by sp r ing - loaded .  squib-actuated deployment  la tches .  De - 
ployment commands  i tre rece ived  by the SLRV through an umbil ical  located 
n e a r  the deployment  sp r ings  
Surveyor  s p a c e c r a f t  a f t e r  deployment;  i t  wi l l  communica te  d i r ec t ly  with 
the ground complex  

The SLRV c a n  ope ra t e  independently o f  the  

The vehicle  is s t e e r e d  b y  different ia l  cont ro l  of the speed  of the four  
independent!) powered t r s c k s ,  allowing the  a r t i cu la t ed  ~ t r u c t u r e  to  p ivot  
n e a r  the cen te r  of graLrity. The SLRV t h e r m a l  cont ro l  subsys t em is main ly  
pass ive  (the TV c a m e r a  is s e m i - a c t i v e )  and p r i m a r y  power : S  supplied by 
the RTG. The SLRV is designed to s u r v i v e  in the lunar  night envi ronment  

T e l e m e t r y  da ta  c dn be t ransrni t ted continuously to  the e a r t h  Scientific 
inforniat ion is obtzined \t i th  the TV s y s t e m .  p e n e t r o m e t e r .  i nc l inomete r .  
and odomete r .  
mented  by R F  ranging when the Surveyor  is in the l ine-of -s ight  
sion is p e r f o r m e d  i n  a n  in te rmi t ten t  m a n n e r  by  commanding the SLRV to 
proceed  in  s t eps  of dbout t h r e e  m e t e r s ,  cornmarids a r e  based  on TV infor -  
mat ion obtained while the SLRV is stopped 
the ground s ta t ion  b) dn oper  i t o r - d i r e c t e d .  compute r - implemen ted  proc e d u r e  

Navigation i s  based on a dead-reckoning  technique supple - 
The n i i s -  

Steer ing is control led f r o m  

The b e h i c l e  lids a. grourid cleardnc e of 27 cn i  under  luna r  g rav i t )  loading  
~ ~ 1 n c ! , : ~ , , l ~ s  

provide a czpah1lit) , I f  t raversi1ig ;1 wide r ange  o f  anticipated luna r  su r fdce  
conditions ( e  g , 4 0 - c n i  s t e p s .  ? 9 - c m  c r e v i c e s .  s lopes  up t o  2 5  . and 
1 p s i / f t  bear ing  s t rvng th )  The p r e f e r r e d  mis s ion  opera t ion  c o v e r s  a c l r -  
c u l a r  a r e a  3 2 0 0  m e t e r s  i n  d i ame te r  f r o n i  the point of i t s  deployment .  but 
the pa t t e rn  c a n  be va r i ed  :it wi l l  

Thc s t - t b l i l t )  o f  the  \ - ch ic  le arid the niobility deslgn f e a t u r e s  

0 

I 
. .  
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The SLRV televis ion equipment  provides  p i c t u r e s  fo r  ( 1 )  the e a r t h -  
based  o p e r a t o r  to s t e e r  the vehicle ,  ( 2 )  p h o t o g r a m m e t r y ,  mapping,  o r  
char t ing ,  and ( 3 )  se lec t ing  promis ing  a r e a s  for sur \ .ey .  In addition, the 
T V  proLidcs for  c lose - r ange  monitor ing of the s u r f a c e  before  or  a f t e r  pene-  
t r o m e t e r  expe r imen t s  to  c o r r e l a t e  with b e a r  s t r eng th  data .  The T V  
field of .iriew is control lable  (10  , 22 .  5 dnd 50 ) ,  thus providing for r e a -  
sonable  s ide  vis ion in a wide -angle poslt ion and long-range  detect ion of 
small obs t ac l e s  o r  c r e v i c e s  in the n a r r o w  angle  posi t ion.  The IOo s e t t m g  
is used  fo r  t r iangulat ion and fo r  making  c h a r t s  of the l u n s r  s i t e  
reso lu t ion  p e r m i t s  p r o p e r  control  of the vehicle and  expe r imen ta l  coverage  
The f o r m a t  is s q u a r e  with equal  horizontal  and v e r t i c a l  resolut ion ( 5 1 7  
p i c tu re  e l e m e n t s )  
t o  p e r m i t  a c lose  %iew of the t r a c k s  and e x p e r i m e n t s  at ground leve l  and to  
p e r m i t  views of the hor izon  when the vehicle is t ipped dov.-nward a t  1 5 O .  

0 0 

The T V  

An elevat ion movemen t  from f 1 5 O  t o  -6O0 is provided . 

The command r e c e i v e r  accep t s  commands  from the e a r t h  via the 
S-band l ink through a n  SLRV omni-d i rec t iona l  antenna and u s e s  F S K  modu- 
l a t ion  for  compat ibi l i ty  with the p r e s e n t  Surveyor  c s m m a n d  s y s t e m  

The data  -handling equipment  p r o c e s s e s  r ece ived  m e s s a g e s ,  p rovides  
execut ion  s igna ls  tu va r ious  subsys t ems ,  and mul t ip lexes  inputs  f r o m  tcle - 
m e t r y  s e n s o r s  and the TV subsys t em f o r  t r a n s m i s s i o n  to  e a r t h  The c o m -  
m a n d  p r o c e s s o r  can  decude d i s c r e t e  and propor t iona l  a m m a n d s  genera ted  
by the DSIF command and data-hai;dlirig consoles .  
decode r  uni t s  are included. 
nitude s igna ls  for  controllirig the teleLrision s u b s y s t e m ,  the mobil i ty  of the 
vehic le ,  

Redundant cemmand  
The p r o c e s s o r  a l s o  provides  a d d r e s s  and m a g .  

scient i f ic  e x p e r i m e n t s ,  dnd gene ra l  engineer ing  functions.  

The communicat ion l ink fcJr video da ta  hses  a tw-o-watt t r a n s m i t t e r  
wi th  a 17-db d i rec t iona l  antenna a t tached  to  the top of the SLRV. The o m n i -  
d i rec t iondl  antenna is used  for t e l e m e t r y  t r a n s m i s s i o n .  The des ign  is bdsed 
on a e r r o r  rd t e  cdpabi l i ty ,  ail 8-db p e r f o r m a n c e  m a r g i n .  and the \ise 
of the 210-ft antenna a t  the Goldstone s ta t ion.  
c a n  be r ece ived  with dn 85-ft  DSIF antenna.  

T e l e m e t r y .  but not \.ideo, 

The navigation subsystern will locate  the SLRV i n  luna r  su r face  coordin - 
a t e s  re la t ive  to  the Sur.ireyor spacec ra f t  o r  o t h e r  r e f e r e n c e s .  
f a c e  d is tance  t r ave led ,  instantaneous hedding, and ins tan taneous  slope ~ T C  

Data on su i  - 

5 - 3  
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a l s o  used  in  de t e rmin ing  the su r face  contour .  
l u n a r  s u r f a c e  is obtained from s o l a r  a s p e c t  s e n s o r s  in conjunction with a n  
inc l inometer  t ha t  s e n s e s  loca l  ve r t i ca l .  Dis tance  t r ave led  is m e a s u r e d  b y  

I 
1 

a n  odomete r  and b y  R F  ranging  to a n  ac t ive  t r ansponder  on Surveyor  when 
ava i lab le .  

a r e  p r e s e n t .  I 

The SLRV heading on the 

~ 

Triangula t ion  by T V  can  be p e r f o r m e d  when wel l -def ined objec ts  

I 

Posi t ive  con t ro l  of the vehicle a t  a l l  t i m e s  is e s s e n t i a l  for  maneuver ing  
the SLRV around i r r e g u l a r i t i e s  and to s t e e r  along a d e s i r e d  path.  
s t e e r i n g  cont ro l  is p e r f o r m e d  f rom the ground s ta t ion  by  a n  o p e r a t o r -  
d i r e c t e d ,  compute r  - implemented  p r o c e d u r e .  

This 

The cont ro l  function is pe r fo rmed  a t  the ground s ta t ion o p e r a t o r ' s  con-  
s o l e  with the a id  of computer  inputs.  A small amount  of cont ro l  logic  is 
a l s o  needed on the vehicle  to conver t  the s t e e r i n g  commands  into c s n t r o l  
s igna l s  to  the d r i v e  m o t o r s .  
vis ion d i sp lay  on which the ope ra to r  ind ica tes  the d e s i r e d  pa th ;  the computer  
d e t e r m i n e s  and d isp lays  a predic ted  path,  including the vehicle s t e e r i n g  
e f f ec t s .  
evaluat ion of the commands  he has  d i r e c t e d  before  the commands  are  
ac tua l ly  s e n t  to the vehic le .  

The o p e r a t o r ' s  console  i n c o r p o r a t e s  a t e l e -  

This  technique suppl ies  feedback informat ion  to the o p e r a t o r  for  

5. 3 DESIGN S T A T U S  

The des ign  a n a l y s e s ,  t e s t s ,  and demons t r a t ions  conducted dur ing  Phase  i 
dre s u m m a r i z e d  f o r  e a c h  SLRV s u b s y s t e m  in Table 5-1.  
a r e a s  of f u r t h e r  s tudy  dur ing  Phase I1 a r e  ident i f ied.  
t a ined  in Table 5 -  1 is  taken  p r i m a r i l y  f r o m  Volume 111, Books 1 and 2 

In addi t ion,  key 
The information c o n -  

. 
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TABLE 5-1 

STATUS OF 100-LB PREWtMINARY DESIGN 

.. 

_ _ _ -  
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SECTION 6 

R E L I A B I L I T Y  

6 1 R E L I A B I L I T Y  P R O G R A M  

The S L R V  P h a s e  I re l iabi l i ty  p r o g r a m  was c o m p r i s e d  of the f d l l v n  - 
iiig ac t iv i t ies :  

1 .  P a r a m e t r i c  s tud ie s  of subsys t em concepts  t o  provide  r e !  a b i l i t v  
t rade-of f  c r i t e r i a  for  s y s t e m  concept  f r e e z e .  

2. Es t ab l i shmen t  of detai led re l iab i l i ty  mode l s  for each  subsya teru .  
c o ~ s i s t i n g  of re l iab i l i ty  block d i z g r a m s  and  assucidted ni;then:~itlcCtl 
equat ions.  

3 Conduct of a f a i lu re  mode .  e f fec t .  and cr i t rca l i ty  inalysis e ? (  h 
s u b s y s t e m  down t o  the pdrt  l eve l  t o  the  extent  pnss ib l e  
frvm tlie s u b s y s t e m  falllure mode .  effect .  and c r i t ! c a l : t )  c * ~ ~ - ~ ! y s v s  
~ ~ ~ 2 r - e  used  in a compute r  p r o g r a m  to obta in  a c r i t i ca l i t>  r4nl i ing 
f r o m  a sys t cn ;  standpoint 

R e s u l t s  

4. S y s t e m  and s u b s y s t e m  rel iabi l i t> pred ic t ions  \vere  made  based  on 
ar, a v e r a g e  n i i ss ion  t ime  obtained from the s y s t e m  e \a lua t ,on  c om-  
purer  p r o g r a m .  

I 

, 

5. Sys t em and  s u b s y s t e m  g v a l s  were es tab l i shed .  

6 Maintaindbili ty of the vehicle s y s t e m  W d S  studied as the concept 
and des ign  \ \ e r e  developed to e n s u r e  
maintdinable  f r o m  assembly  through laiinch courtdo\s.n 

s \ s t e i n  which ulouid be 

6.  2 R E L I A B I L I T Y  R E S U L T S  

T?ie S L R V  rel idbi l i ty  g u a l  ;ind predic t , u n  t r c c  is shown in F ig iLr t .  6- 1 

A l s o ,  the  
The rel iabi l i ty  predictions a r e  \ c r y  c o n s e r v a t i v e ,  s ince  high- rc l ,db i lLty  
p a r t s  w e r e  not employed in the  initi.il d e s i g n  of  d l l  s u b s y s t e m s  

6 -  1 
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data  shown are  for a 4. 5-month mission.  
63% could be inc reased  considerably through the u s e  of h igh- re l iab i l i ty  
p a r t s .  

The TV s u b s y s t e m  predic t ion  of 

6. 3 CONCLUSIONS 

The re l iab i l i ty  ana lys i s  of the S L R V  s y s t e m  during P h a s e  I has  re-  
sul ted in  the folloxving conclusions.  

1. The rel iabi l i ty  goal  of 0. 50 for  a m i s s i o n  per%d requ i r ed  to 
su rvey  19 landing points can  be achieved with se lec t ive  redundancy 
a t  a weight penalty of 1 Ib. 
di t ional  redundancy and m o r e  extensive use  of high- re l iab i l i ty  
p a r t s  with a n  addi t ional  weight penalty of 3 lb. 

This  goal  can be  s u r p a s s e d  with ad-  

I 

2 .  The s u b s y s t e m s  contributing m o s t  to  s y s t e m  fa i lure  a r e  TV, da t a  
t r a n s m i t t e r ,  and mobility. 

The t h r e e  m o s t  c r i t i c a l  i t ems  in the s y s t e m  a r e :  3. 

a. The t r a c k  in the mobili ty s u b s y s t e m  

b. The vidicon tube in the T V  s u b s y s t e m  

c .  The coaxial  switch in the da ta  t r a n s m i t t e r  

4. The computer  evaluation p r o g r a m  has  provided a tool for  r e -  
ranking the c r i t i ca l i t y  of p a r t s  whose f a i lu re  does  not cause  
m i s s i o n  a b o r t  but pe rmi t s  the m i s s i o n  to  be completed in a d e -  
g raded  mode  of operat ion.  
a r e s u l t  of i nc reased  mis s ion  t ime  is the f ac to r  employed in re -  
ranking the c r i t i ca l i t y  of p a r t s .  

The effect  on s y s t e m  re l iab i l i ty  as 

I 

I .. 
I 

I 

I 
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SECTION 7 

PROGRAM RECOMMENDATIONS 

The feasibi l i ty  of the SLRV s y s t e m  and its potential  contr ibut ions to  
the probabi l i ty  of LEhI S U C C ~ S  s j u s t i f y  an  intensive development  p r o g r a m  
a i m e d  a t  e a r l y  s y s t e m  opera t ion .  If* poss ib le ,  th i s  development  e f fo r t  
should be based  on a s y s t e m  weight of at l e a s t  125 lb.  

Additional s tud ie s  tha t  would cont r ibu te  to the s u c c e s s  of the SLRV 
prGgram include : 

I .  

2 .  

3 .  

4. 

5 .  

I 

Maximum in tegra t ion  arid a s s i g n m e n t  of e x p e r i m e n t  p r i o r i t i e s  
to va r ious  luna r  p r o g r a m s .  For example ,  it a p p e a r s  that  s e v -  
e r a l  systems have n e a r l y  the same capabi l i t i es ;  o t h e r s  have only 
l imi ted  capabi l i ty .  

The addition of a l imited t e r m i n a l  guidance capabi l i ty  t o  Surveyor., 
Such a capabi l i ty  would s ignif icant ly  i n c r e a s e  the probabi l i tv  of 
SLRV p r i m a r y  miss ion  s u c c e s s .  

L a b o r a t o r y  invest igat ions to  expand our  p r e s e n t  knowledge o f  so i l  
s t r u c t u r e s  and dus t  under e x t r e m e  vacuum.  Such s tudies  would 
suppor t  des ign  of the SLRV and in te rpre ta t ion  of the data  i t s  
e x p e r i m e n t s  and s e n s o r s  obtain.  

Inclusion on e a r l y  Surveyor  f l ights  of t e s t  equipment  r e l a t e d  to 
c r i t i c a l  SLRV subsys t ems  (e .  g. , p e n e t r o m e t e r ,  t r ac t ion  d r i v e  
uni t s ,  d i rec t iona l  antenna,  and  communica t ions  s y s t e m ) .  

The development  of a l ightweight  r e l i ab le  beacon for use as  a 
s i t e  m a r k e r .  

. . . ,  . ?  ". . .- . 7 -  i 


