
H U G H E S

£  Y

PROJECT SURVEYOR

SURVEYOR 
MI S S I ON D 
HANDBOOK

JULY 1967 
SSD 78104





H U G H E S
HUGHES AIRCRAFT COMPANY 
S PACE  S Y S T EMS  DIVI SION

PROJECT SURVEYOR

SURVEYOR 
MI S S I ON D 
HANDBOOK

JULY 1967 
SSD 78104





I n t r o du c t i on

M i s s i o n  D F l i g h t  O b j e c t i v e s  

S u r v e y o r  D e s c r i p t i o n  

Laun ch  V e h i c l e  D e s c r i p t i o n  

A t la s  

C en tau r  

M i s s i o n  D S u m m a r y  

P ow e r e d  A s c e n t  

T r a n s i t

T e rm i n a l  D e s c e n t  

P o s t l a n d in g  E x p e r im e n t s  

S C -4 C oun td own  E v en t s  

SC -4 M i s s i o n  E v e n t s

G l o s  s a r y

TABLE OF CO NTENTS

P a g e

1

3

4 

8 

9

10

13

14 

16 

18 

26 

28

ii i
50



LIST OF TABLES

T a b l e  No.

1 Launch  W in d ow s  —  M i s s i o n  D

2 S p a c e c r a f t  L aun ch  C o n f i g u r a t i o n

3 C om m a n d  A s s i g n m e n t s

4 T e l e m e t r y  A s s i g n m e n t s

5 M a j o r  S e q u e n c e  Ind ex

6 Lunar O p t i on a l  M i s s i o n  S e q u e n c e s

7 N on s tand a rd  P r o c e d u r e s  Index

8 T im e  C o n v e r s i o n  Ch a r t  (DSIF)

IV

P a g e

21

22

34

38

43

44 

46 

49

*



LIST OF ILLUSTRATIONS
F igu r e  No. P a g (

1 Se le c ted  Landing Si te fo r S C -4 vi ii
2 S imula ted Lunar T rench ing Opera t ion - SM/SS 2
3 Surveyo r Space cra f t  Con f igurat ion 7
4 Surveyo r III Launch f r om  Pad 36 8
5 Atlas  V eh ic le 9
6 Centaur Veh ic le 10
7 Surveyo r  Launch C om p le x  Layout 11
8 M is s i o n  D Fl ight P r o f i l e 12
9 Typ i ca l  De ep  Space Station (Johannesburg, So. Afr ica) 15

10 Space c ra f t  T e rm ina l  De scen t 17
11 So i l M echan i c s  /Sur face S am p le r  Expe r imen t 19
12 TV C am e ra  F ea tu re s 19
13 Gas Jet E xpe r im en t 20
14 Lunar Tran s la t ion Expe r imen t 20
15 Magnet ic Expe r im en t 20
16 Countdown Ma jor  Events, Atlas /Centaur /Surveyor 23
17 Surveyo r  Fl ight C ompend ium 24
18 Earth  Track, M is s io n  D 32
19 Spa ce c ra f t  Sy stem  B lo ck  D ia g ram 33
20 Data F low  to DSN 47
21 Data F low  f r om  DSN 48



APPLICABLE DOCUMENTS

The  f o l l ow in g  d o c u m e n t s  w e r e  u s e d  as r e f e r e n c e s  in the p r e p a r a t i o n  o f  th i s  handbook.

HUGHES A IR CR A FT  COM PANY

224847B S u r v e y o r  S p a c e c r a f t  A-21 M o d e l  D e s c r i p t i o n

SSD 68169-3R S u r v e y o r  M i s s i o n  "D "  P o s t - i n j e c t i o n  S tanda rd  T r a j e c t o r i e s

SSD 68256-2R App en d ix  "A "  of S u r v e y o r  M i s s i o n  "D "  P o s t - in j e c t i o n  S tandard  
T r a j e c t o r i e  s

EPD-391, Vol. Ill, B o o k  B S u r v e y o r  M i s s i o n  D ep en d en t  E q u i pm en t  —  O p e r a t i o n a l  P r o c e d u r e s

EPD-391, Vol. Ill, B o o k  C S u r v e y o r  M i s s i o n  D ep en d en t  E q u i pm en t  —  D e t a i l e d  O p e r a t in g  P r o c e d u r e s

3023300, R e v i s i o n  F D e c om m u t a t o r  P a t c h b o a r d / T e l e m e t r y  O v e r  lay  C o n t r o l  S p e c i f i c a t i o n

3050566 C om m an d  S e q u e n c e  G l o s s a r y

3023904 S p a c e c r a f t  Da ta  Ch ann e l  A s s i g n m e n t s

3023905 S p a c e c r a f t  C om m an d  A s s i g n m e n t s



JE T  PROPU LS ION  LABORATORY

SAO-50650-DSN-A
9

D e s i g n  S p e c i f i c a t i o n ,  S u r v e y o r / C en tau r T a r g e t  C r i t e r i a ,  S u r v e y o r  
M i s s i o n  "D "

PD  No. 5 S u r v e y o r  S p a c e c r a f t / L a u n ch  V eh i c l e  In t e g r a t i o n  S c h e d u l e

PD  No. 14
3*

S u r v e y o r  S p a c e c r a f t / L a u n ch  V eh i c l e  Gu id an c e  and T r a j e c t o r y  In t e r f a c e  
S ch e d u l e

PD  No. 31 S u r v e y o r  P r o j e c t  O b j e c t i v e s  and F l i g h t  O b j e c t i v e s  f o r  M i s s i o n  "D "

PD -43-S/M D Su r v e y o r  Laun ch  C o n s t r a in t s  M i s s i o n  "D "

PD -58 -S /M D Su r v e y o r  M i s s i o n  "D "  OPS  P lan

ED P -  180-S/MD Sp a c e f l i g h t  O p e r a t i o n s  Plan, S u r v e y o r  M i s s i o n  "D "

IOM  312. 4-502 R e v i s e d  T r a j e c t o r y  C on s t r a in t s ,  S /M D

*
AY 62-0047

G EN ER A L  DYNAM ICS/CONVA IR  

C en tau r Un if ied  T e s t  P lan

AY63-007 1-11 Gu id an c e  and C o n t r o l  S y s t e m s  R e q u i r em e n t s ,  A t la s /C en ta u r  A C - 11

GDC  -BNZ66- 042 - 11 Cen tau r  L aunch  C oun td own  A u tom a t i c  S e q u e n c e  F u n c t i o n s  and Ev en t  
T im e s ,  AC-11

GDC-BPM64-00 1-1 Cen tau r T e c h n i c a l  Handbook, R e v i s i o n  B

C T P - IN T  -0004K C en t a u r / S u r v e y o r  Launch  Countdown, 14 June 1967
v i i



v i i i F i g u r e  1. S e l e c t e d  Land in g  S i te  f o r  S C -4

The S u r v e y o r  P r o g r a m  i s  u n d e r  the 
d i r e c t i o n  o f  the Je t  P r o p u l s i o n  L a b o r a t o r y  
(JPL), C a l i f o rn ia  In s t i tu te  o f  T e ch n o l o g y ,  
and i s  c o n t r a c t e d  f o r  by  the N at iona l  
A e r o n a u t i c s  and S p a c e  A dm in i s t r a t i o n  
(NASA).



INTRODUCTION

M i s s i o n  D o f  the S u r v e y o r  P r o g r a m  i s  the f ou r th  o p e r a t i o n a l  f l i gh t  o f  the A t la s  / C en ta u r/A 21 
(A C -11 laun ch  v e h i c l e  and SC-4  s p a c e c r a f t )  c om b in a t i o n  d e s i g n e d  to s o f t  land  s c i e n t i f i c  e q u ipm en t  
on  the lunar s u r f a c e  and to expand  m an ' s  k n ow l e d g e  o f  e a r th ' s  on ly  s a t e l l i t e .

F o r  M i s s i o n  D, the Cen taur, in  one th ru s t in g  p e r i o d ,  w i l l  l o f t  the SC-4  s p a c e c r a f t  in to  a 
d i r e c t - a s c e n t  t r a j e c t o r y  to the lunar s u r f a c e .

The lu n a r  t a r g e t  f o r  SC-4  is a land ing  s i t e  on  S inus M ed i i  (C en t ra l  Bay), l o c a t e d  at 0. 58 ° N 
lat itude, 0.83° W lon g i tu d e  —  a p p r o x im a t e l y  420 s ta tute m i l e s  e a s t  of the SC - I I I  land ing  point, and 
a p p r o x im a t e l y  800 s ta tu te  m i l e s  e a s t  o f  SC-I.  L aun ch - to - lan d in g  t im e  o f  the m i s s i o n  i s  n om in a l l y  
62 h ou r s .

In a dd i t i on  to the TV c a m e r a  and m i s c e l l a n e o u s  s e n s in g  e q u ipm en t  c a r r i e d ,  SC-4 i s  e q u ip p ed  
to p e r f o r m  s e v e r a l  p o s t l a n d in g  e x p e r im e n t s ,  in c lud in g :  s o i l  m e c h a n i c s / s u r f a c e  s a m p l e r  (SM/SS)
e x p e r im en t ,  g a s  j e t  f i r in g  e x p e r im en t ,  m a g n e t i c  e x p e r im en t ,  v e r n i e r  e n g in e s  r e s t a r t  ( s ta t i c  f i r in g ,  
l i f tof f, and t ran s la t ion).
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F i g u r e  2. S im u la t e d  Lunar T r e n c h in g  
O p e r a t i o n  —  SM/ SS



MISSION FLIGHT OBJECTIVES

PR IMARY  O B JE C T IV E S

1) A c c o m p l i s h  a s o f t  land ing  on the m o o n  at a s i t e  e a s t  o f  the S u r v e y o r  SC- I I I  land in g  s i t e

2) D em o n s t r a t e  the c a p a b i l i t y  o f  the s p a c e c r a f t  to s o f t  land on  the m oon ,  w ith  an ob l iq u e  
a p p r o a c h  an g le  o f  n o t  g r e a t e r  than 35 d e g r e e s .

3) Obta in p o s t l a n d in g  t e l e v i s i o n  p i c t u r e s

4) Obta in  data on r a d a r  r e f l e c t i v i t y ,  t ou chd own  d y n am ic s ,  t h e rm a l  c h a r a c t e r i s t i c s ,  and o th er  
m e a s u r e m e n t s  o f  the lunar s u r f a c e  th r ou gh  the u s e  o f  v a r i o u s  p a y lo a d  equ ipm en t,  in c lu d in g  
the s o i l  m e c h a n i c s / s u r f a c e  s a m p l e r



SURVEYOR DESCRIPTION

S T R U CTU R E

• T r i a n g u l a r  ( equ ilatera l) s p a c e f r a m e ,  t r u s s  c o n s t r u c t i o n  o f  th in-wall, p o l i s h e d  tubu lar 
a lum inum  a l l o y  (7075-T6)

• D e p l o y a b l e  land in g  l e g s  (3), e a c h  with  sh o c k  a b s o r b e r  and c r u s h a b l e  f o o t  pad

• C r u s h a b l e  land in g  b l o c k s  (3) p r o v i d e  a d d i t i on a l  im p a c t  c u sh io n in g

• A n t en n a / s o la r  p an e l  p o s i t i o n e r  m as t ,  s t r u t - b r a c e d  su p p o r t  c o l l a r

• T em p e r a t u r e  c o n t r o l l e d  c om p a r tm e n t s  (2) "A "  and " B "

PROPU LS ION

• Ma in  r e t r o r o c k e t  ( so l id  p rope l lan t) :  f ix e d  th ru s t  o f  9000 p ound s (nominal); 36-inch d i a m e t e r  
s p h e r i c a l  c a s e ,  s e m i - im b e d d e d  n o z z l e ;  p r o p e l l a n t  ( c om p o s i t e  type) —  fuel, PBAA; o x id i z e r ,  
am m o n ium  p e r c h l o r a t e .

• V e r n i e r  s y s t e m  (liquid p rope l lan t) :  t h r e e  th ru s t  c h a m b e r s  (1 g im b a l e d ,  2 fixed), r e s t a r t -  
able, th r o t t l e a b l e  (variable) th ru s t  —  30 to 104 pound s  p e r  c h am b e r ;  p r o p e l l a n t s  (hyper- 
g o l i c )  —  fuel, MMH hydra te ;  o x i d i z e r  —  N 2 O 2 /NO; p r o p e l l a n t  tanks (6), w ith  p o s i t i v e  
e x p u l s i o n  b l a d d e r s  a c tua ted  by  c o m p r e s s e d  h e l ium  (He) —  1290 c u b i c  in ch  su pp ly  tank.



FL IG H T  C O N T R O L  SY ST EM  (FCS)

• A tt i tude c o n t r o l  s y s t e m  ( c o m p r e s s e d  n i tr ogen) :  t h r e e  att itude c o n t r o l  j e t  a s s e m b l i e s  
(6 n o z z l e s  c o n t r o l  R o l l ,  P it ch , Yaw att itudes); on e  412 - c u b i c  in ch  s u pp ly  tank.

• In e r t i a l  r e f e r e n c e  unit  (IRU); r a t e  g y r o s  (P, Y, R); l o n g i tu d in a l  a c c e l e r o m e t e r ;  in e r t i a  
sw itch.

• S e n s o r s  (op t ica l  a cqu is i t i on) :  sun —  (2) p r im a r y  and s e c o n d a r y ;  S tar (Canopus) — (1).

• S e n s o r s  (radar): a l t i tude  m a r k in g  r a d a r  (AMR); r a da r  a l t im e t e r  and d o p p l e r  v e l o c i t y
s e n s o r  (RADVS), 4-beam.

• F l i g h t  c o n t r o l  e l e c t r o n i c s :  A C /D C  p ow e r  c o n v e r t e r ;  c o n t r o l  c i r c u i t s ;  d i g i t a l  p r o g r a m m e r .

E L E C T R I C A L  POW ER

• Supply : main  b a t t e r y  —  3200 watt-hours, 22 v o l t s  ( r e ch a rg e a b le ) ;  a u x i l i a r y  b a t t e r y  —
900 w a t t-h ou r s ,  22 wat t s  ( n on ch a r g e a b l e ) ; s o l a r  panel, 792-ce ll,  89 watt output (nominal).

• P ow e r  m an a g em en t :  c e n t r a l  p ow e r  c o n t r o l  unit, a u x i l i a r y  b a t t e r y  c o n t r o l  unit.

T E LE COM M U N ICA T ION S  (S-BAND)

• R e c e i v e r / t r a n s p o n d e r s ,  r edundan t (2).

• T r a n sm i t t e r s ,  r edundan t (2).

• O m n id i r e c t i o n a l  antennas (2), m ou n t e d  on  d e p l o y a b l e  b o om s .

• P la n a r  a r r a y  antenna, h igh-ga in , s in g l e  d i r e c t i o n a l ,  e a r th  t ra ck in g .



• S u b c a r r i e r  o s c i l l a t o r s  (5); p u l s e  c o d e d  m od u la t i o n  (PCM) t e l e m e t r y  t r a n sm i s s i o n  at any 
o f  5 b i t - t r a n sm i s s i o n  ra te s .

• S u b c a r r i e r  o s c i l l a t o r s  (10); f o r  t r a n sm i s s i o n  o f  o th e r  than P CM  data.

S C IEN T IF IC  E X P E R IM E N T  EQ U IPM EN T

• TV c a m e r a  (1); p o s t l a n d in g  su rv ey ,  c a p a b l e  o f  two m o d e s  o f  t r a n sm i s s i o n :  200- o r  600-l ine 
r e s o lu t i o n .  A u x i l i a r y  v i ew  m i r r o r s .

• S o i l  m e c h a n i c s / s u r f a c e  s a m p l e r  (SM/SS); p o s t l a n d in g  s u r f a c e  m an ipu la t ion .

• M a gn e t i c  e x p e r im en t ;  a t t r a c t i o n  o f  n i c k e l - i r o n  p a r t i c l e s  (if any) in lunar s o i l .

• T em p e r a t u r e  s e n s o r s .

• S t ra in  g a u g e s  (p ropu l s ion ,  tou chdown, et c. )



A n t e n n a  & S o l a r  
P a n e l  P o s i t i o n e r

S e c o n d a r y  S o l a r  
Sensor#
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F i g u r e  3.
S u r v e y o r  S p a c e c r a f t  
C  on f i g u r a t i o n

P l a n a r  A r r a y  
H i g h  G a : -  
A n t e n n a S o l a r  P a n e l

V e r n i e r  Sy s t e m  
Fue l  P r e s s u r i z a t i o n  T a n k  

A " v i l i a r y  B a t t e r y  

A c c e l e r o m e t e r  
A m p l i f i e r

Leg N o . 3

Re t r o  R o c k e t  N o z z l e  

A M R  A n t e n n a

L a n d i n g  G e a r  R e l e a s e  
M e c h a n i s m  ( 3)  

O m n i - d i r e c t i o n a l  
A n t e n n a  " A " S i g n a l  Da ta 

Co n v e r t e r

O m n i - d i r e c t i o n a  I

C o m p a  r t m e n t  
"A"
Fue l  T a n k  
( V e r n i e r  E m y 

O x i d i z e r  Ta nk  
( V e r n i e r  Eng)

R A D V S  
A n t e n n a

Attitude 
Control Jet 
Assembly (3)

No.  2 Vernier 
Thrust Chamber
(3) Leg N o  . 2

C h r u s h a b l e  Fo o t  Pad (3)
Fe r r ous  M e t a  I s 
D e t e c t i o n  M a g n e t
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LAUNCH VEHICLE DESCRIPTION

8

Th e  launch  v e h i c l e  i s  c o m p r i s e d  o f  an A t la s  f i r s t  s t a g e  
and a C en ta u r  s e c o n d  s ta g e ,  e a ch  s t a g e  c o n s i s t i n g  o f  a c on s tan t  
10-foot d i a m e t e r  s t a i n l e s s  s t e e l  she l l .  The two s t a g e s  a r e  
m a t e d  t o g e t h e r  by  an i n t e r s t a g e  a d a p t e r  wh ich  i s  p e rm a n en t l y  
a t ta ch ed  to the A t la s  s ta g e .  The  A t l a s / C e n t a u r  laun ch  v e h i c l e  
w a s  d e s i g n e d  by  G e n e r a l  D y n am i c s  / C on v a i r  (GD/C).

w

*

#

F i g u r e  4. S u r v e y o r  III L aun ch  f r o m  P a d  36



The  a i r f r a m e  (a m o d i f i c a t i o n  o f  the A t la s  D 
m i s s i l e )  i s  c o m p o s e d  o f  two m a j o r  s e c t i o n s :  1) b o o s t e r
s e c t i o n  —  c on ta in in g  two g im b a l e d ,  l i q u id  p r o p e l l a n t  
e n g in e s  o f  164, 400 p ound s  th ru s t  ea ch , and 2) s u s t a in e r  
s e c t i o n  —  s in g l e  (s.ustainer) en g in e  o f  57, 000 p ound s  
thrust ; tw o v e r n i e r  e n g in e s  o f  670 p oun d s  th ru s t  ea ch ; 
and the A t la s  au top i lo t. A l l  e n g in e s  in the A t la s  s t a g e  
bu rn  a p r o p e l l a n t  c om b in a t i o n  o f  l i q u id  o x y g e n  and 
RP-1 fuel. A l l  a r e  i g n i t e d  at the t im e  o f  launch.

F i g u r e  5. A t l a s  V e h i c l e

L O 2 B o i l o f f  V en t

L O 2 Tank
P r e s s u r i z a t i o n  
Line

An t i - s l o s h  
Ba f f l e  A s s e mb l y

I n t e r me d i a t e  
Bu I k h ea d

Lowe r  I n - f l i g h t  
Equ i pmen t Pod

R e t r o - r o c k e t
(8)

Ve r n i e r  Thrus t  
C h amb e r  (2)
B2 Bo o s t e r  
Th rust
Chamber — ----- .

Ga s  G e n e  ra t or  
Exhaus t

Fo rwa r d  Bu l kh e a d

L O 2 Tank

Wiring Tunnel

Up p e r  I n - f l i g h t  
Eq u i pme n t  Pod

An t i - v o r t e x
Ba f f l e

I o o o s t e r  
Thrus t  C h amb e r
Su s t a i n e r  
Thrus t  C h amb e

9



CEN TAU R  STAGE

P r im a r y  p r o p u l s i o n  p o w e r  i s  p r o v i d e d  by two P ra t t  & 
Whitney  RL10A-3-3 l iq u id  p r o p e l l a n t  e n g in e s  o f  15, 000 p oun d s  
c on s t a n t  th ru s t  ea ch ,  wh ich  a r e  c a p a b l e  o f  m a k in g  m u l t i p l e  
s ta r t s .  The e n g i n e s  a r e  r e g e n e r a t i v e l y  c o o l e d  and u t i l i z e  a 
tu r b o  pum p  p r o p e l l a n t  f e e d  s y s t e m  (liquid h y d r o g e n  and l iq u id  
oxygen). E a c h  en g in e  can  be in d ep en d en t ly  g im b a l e d  ± 4 d e
g r e e s  f o r  att itude c on t r o l .  T h r u s t  to m a n e u v e r  the v e h i c l e  
d u r in g  u n p ow e r e d  f l i gh t  (dur ing s p a c e c r a f t  s e p a r a t i o n  and 
C en ta u r  r e t r om an e u v e r )  i s  p r o v i d e d  by a f o u r t e e n - j e t  r e a c t i o n  
c o n t r o l  s y s t e m  p o w e r e d  b y  p r e s s u r e - f e d  h y d r o g e n  p e r o x i d e .  
T h e  s y s t e m  in c l u d e s  f o u r  52. 5-pound th r u s t e r s ,  f ou r  3. 5- 
pound th r u s t e r s ,  two 6-pound th r u s t e r s ,  and f o u r  3-pound 
t h r u s t e r s .

The C en tau r  c on ta in s  i t s  own g u id an c e  and f l i gh t  c o n
t r o l  s v s t e m  f o r  t r a j e c t o r y  s t e e r i n g  and a tt itude c on t r o l .  An 
in e r t i a l  p l a t f o rm  ( c o n s i s t in g  o f  t h r e e  r a t e  in t e g r a t in g  g y r o s )  
and th r e e  p en du lum - typ e ,  p u l s e - r e b a l a n c e d  a c c e l e r o m e t e r s  i s  
the h e a r t  o f  the s y s t em .  A n a v ig a t i on a l  c om p u t e r  and an e l e c
t r o m e c h a n i c a l  p r o g r a m m e r  d i g e s t  the s e n s e d  in f o rm a t i o n  and 
r o u te  c o r r e c t i o n a l  c om m a n d s  to the f l i g h t  c o n t r o l  s y s t em .

As a s a f e ty  p r e c a u t i o n  in the e v en t  the f l i gh t  m igh t  
e n d a n g e r  l i f e  o r  p r o p e r t y ,  the A t l a s / C en t a u r  v e h i c l e  (and 
the S u r v e y o r  s p a c e c r a f t )  c an  b e  d e s t r o y e d  by  e x p l o s i v e  
c h a r g e s  on c om m a n d  o f  the R an g e  Sa fe ty  o f f i c e r  d u r in g  any 
p h a s e  o f  f light.

C e n t a u r  
I n s u I  a t i o n  
P a n e l s  (4)

LC>2

I n t e r s t a g e
A d a p t e r

Cl am She l l
Fa i r i n g  (2)
Su r v e y o r  
S p a c e c r a f t

Tank\ ^

H2 Tank

I n t e rme d i a t e  
B u I k Ire a d

En g i n e  Thrus t  
Bar r e l

m
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F i g u r e  7. S u r v e y o r  L aun ch  C o m p l e x  L a y ou t



To Sun

Launch

Launch 
through 
Separa tion

In je c t io n  and 
S epara tion

Position o f  M oon a t Touchdown 
Touchdown | 

V e rn ie r  descent (n o m in a lly  \ 
last 3 5 ,0 0 0  f t  o f  f l ig h t )  \ \

To Sun Retro phase ( in it ia te d  \  \
a t nom ina l range o f \  1 
60 m iles from  M oon) <

Sun a c q u is it io n S tar a c q u is it io n  and 
v e r if ic a t io n  (n o m in a lly  
6 hrs a fte r  Launch)

P re -te rm in a l 
Descent maneuvers and 
ope ra tions  (n o m in a lly  30 
m inutes be fo re  Touchdow n)

R eacqu is ition  o f Sun and 
S tar ( im m e d ia te ly  a fte r  
m idcourse c o rre c tio n )

M idcou rse  co rre c tio n  ^
(n o m in a lly  15 hrs 
a f te r  Launch)

Position  o f 
M oon a t Launch

F i g u r e  8. M i s s i o n  D F l i g h t  P r o f i l e
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MISSION SUMMARY

A fter  c om p l e t i n g  the v a r i o u s  s y s t em  and s u b s y s t em  t e s t s  and v e r i f y in g  that a l l  f u n c t i o n s  in the 
D e e p  S p a c e  N e tw o rk  and the S p a c e  F l i g h t  O p e r a t i o n s  F a c i l i t y  a r e  in an o p e r a t i o n a l  s ta tus, the SC-4 
S u r v e y o r  s p a c e c r a f t ,  a top  the A t la s / C en t a u r  launch  v eh i c l e ,  w i l l  b e  l aun ch ed  f r o m  c o m p l e x  36, pad A, 
at the A ir  F o r c e  E a s t e r n  T e s t  R ange,  C a p e  Kennedy.

At l if toff, the launch  v e h i c l e  r i s e s  v e r t i c a l l y  as the A t la s  b o o s t e r  e n g in e s  d e v e l o p  389, 000 p ound s 
o f  th ru s t  and v e r n i e r  e n g in e s  a s s i s t  w ith  att itude s ta b i l i z a t io n .  Du r in g  th is  in i t ia l  th ru s t in g  p e r i o d ,  the 
launch  v e h i c l e  p e r f o r m s  a p r o g r a m m e d  r o l l  to a p r e s e l e c t e d  az imuth, f o l l ow in g  w h ich  the v e h i c l e  
p i t c h e s ,  s en d in g  it d own  range . A f te r  a p r o g r a m m e d  p e r i o d  o f  f i r in g ,  the A t la s  b o o s t e r  e n g in e s  a r e  shut 
d own  and j e t t i s o n e d  (BECO). A s  the f l i gh t c on t inu e s ,  the A t la s  s u s t a in e r  e n g in e s  p r o v i d e  th ru s t  wh i l e  
the C en tau r  g u id an c e  s y s t e m  s u p p l i e s  s t e e r i n g  s i g n a l s  to the A t la s  au top i lo t  in a c l o s e d - l o o p  s y s t em  of 
o p e r a t ion .  The C en tau r  in su la t i o n  pan e l s  and n o s e  f a i r in g s  ( s p a c e c r a f t  sh r oud s)  a r e  j e t t i s o n e d  du r in g  
th is  p e r i od .

A f t e r  the A t la s  s u s t a in e r  and v e r n i e r  e n g in e s  a r e  shut d own  (SECO and VECO), the A t la s  
r e t r o r o c k e t s  a r e  f i r ed ,  and the C en tau r  i s  s e p a ra t e d .  A b r i e f  c h i l ld ow n  p e r i o d  p r e c e d e s  the s ta r t  
o f  C en tau r ' s  m a in  en g in e s  (MES) wh ich  in j e c t  the v eh i c l e  into the t r a n s lu n a r  t r a j e c t o r y .  A f te r  a 
t h ru s t in g  p e r i o d  o f  a p p r o x im a t e l y  7 m in u t e s  11 s e c o n d s ,  the C en tau r  m a in  en g in e s  a r e  shut down 
(MECO) by  c om m a n d  f r o m  the C en tau r  g u id an c e  s y s t em .  S h o r t l y  th e r e a f t e r ,  the SC-4  s p a c e c r a f t  
r e c e i v e s  s i g n a l s  f r o m  the C en tau r to d e p lo y  om n i d i r e c t i o n a l  antennas and land in g  l e g s ,  and i s  c o m
m an d ed  to sw it ch  i t s  t r a n sm i t t e r  to h igh  p ow e r .  A p p r o x im a t e l y  10 s e c o n d s  la t e r ,  C en tau r and the 
s p a c e c r a f t  a r e  s e p a r a t e d ,  and SC-4  i s  on i t s  own. T o  m i n im i z e  the p o s s i b i l i t y  o f  i n t e r f e r e n c e  
( phy s ica l  o r  e l e c t r i c a l )  by the s p en t  Cen taur, C en tau r  p e r f o r m s  a 180-degree  turnaround , f i r e s  i ts  
r e t r o r o c k e t  p l a c in g  it into a n ew  t r a j e c t o r y  that w i l l  c a u s e  it to m i s s  the moon), and tu rn s  o f f  all 
e l e c t r i c a l  p ow er .



A f t e r  s e p a r a t i o n ,  s i g n a l s  f r o m  S u r v e y o r ' s  f l i gh t  c o n t r o l  s y s t e m  a c t iv a t e  the a tt itude c o n t r o l  g a s  
j e t s  to r e m o v e  any s p a c e c r a f t  sp in, o r d e r  the s o l a r  p an e l  to d ep lo y ,  and c om m a n d  the s p a c e c r a f t  to 
s e a r c h  f o r  and l o c k o n  to the Sun ( p rov id in g  the s p a c e c r a f t  w ith  a o n e -p o in t  att itude r e f e r e n c e ) .  The 
s p a c e c r a f t  r em a in s  in th i s  a tt itude un t i l  f u r th e r  c om m a n d e d  by a d e e p  s p a c e  s ta t io n  (after in i t ia l  
a cqu is i t ion) .

In i t ia l  a c q u i s i t i o n  o f  the s p a c e c r a f t  by  a g r o u n d  t r a c k in g  s ta t io n  o c c u r s  n om in a l l y  at J oh ann e sbu rg ,  
So. A f r i ca .  A n e tw o rk  o f  g r o u n d  s ta t i o n s  p r o v i d e s  a c om m a n d  and t e l e m e t r y  l ink to the s p a c e c r a f t  f o r  
p u r p o s e s  o f  c o n t r o l ,  a s  w e l l  a s  to f o r m  a tw o-w ay  d o p p l e r  t r a c k in g  l o op .  F o r  t r a c k in g ,  a t r a n s p o n d e r  
m o d e  is a ch ie v e d ,  w h e r e b y  the t r a n sm i t t e r  i s  p h a s e - l o c k e d  to the r e c e i v e r  th r ou gh  s o p h i s t i c a t e d  c i r
cu i t ry ,  e n s u r i n g  c o h e r e n c y  b e tw e e n  r e c e i v e d  and t r a n sm i t t e d  s igna l.  Du r in g  the f i r s t  p h a s e  o f  the 
m i s s i o n ,  the f o l l ow in g  m a n e u v e r s  a r e  p e r f o rm e d :

1) C an opu s  l o c k o n  —  p r o v i d e s  the r e q u i r e d  c e l e s t i a l  th i r d - a x i s  r e f e r e n c e  ( a c c om p l i s h e d  6 
h o u r s  ( app rox im a te ly )  a f t e r  l aun ch  by r o l l i n g  the s p a c e c r a f t  about i ts  l on g i tu d in a l  ax is).

2) M i d c o u r s e  c o r r e c t i o n  —  p r o v i d e s  the c a p a b i l i t y  to c o r r e c t  in i t ia l  i n j e c t i o n  e r r o r s  ( p e r f o rm e d  
15 h ou r s  (app rox im a te ly )  into the m i s s i o n  by  v e r n i e r  e n g in e s  o p e r a t i o n  to a c h ie v e  the d e s i r e d  
i n c r em e n t  o f  v e lo c i ty) .

3) Sun and C an opu s  l o c k o n  —  r e t u rn s  the s p a c e c r a f t  to i ts  p r e m i d c o u r s e  m an e u v e r  att itude 
( a c c om p l i s h e d  b y  g a s  j e t  c o n t r o l  im m e d i a t e l y  a f t e r  m i d c o u r s e  c o r r e c t i o n  maneuver) .

A s  SC-4  a p p r o a c h e s  the im m e d i a t e  v i c in i t y  o f  the m o o n  (a p p r o x im a t e ly  1000 m i l e s  a b ov e  the 
su r fa ce) ,  a r o l l  and p i t c h  (or yaw) m a n e u v e r  i s  p e r f o r m e d  to a l i g n  the th ru s t  a x is  o f  the r e t r o  e n g in e  
w ith the v e l o c i t y  v e c t o r  o f  the s p a c e c r a f t .  A t a s lan t  r a n g e  o f  60 m i l e s  (approx imate ly)  the a l t i tude 
m a r k in g  r a d a r  (AMR) in i t i a t e s  a t r i g g e r  s i g n a l  wh ich, a f t e r  a su i t a b l e  d e lay, i g n i t e s  the v e r n i e r  
en g in e s .  One s e c o n d  a f t e r  v e r n i e r  i gn i t ion , the m a in  r e t r o  en g in e  i s  a c t iv a t ed ,  b l ow in g  away the 
a l t i tude  m a r k in g  r a d a r  (AMR) antenna f r o m  i t s  p o s i t i o n  o v e r  the r e t r o  n o z z l e .  A h a l f - s e c o n d  d e la y  
p r e c e d e s  t u rn - on  o f  the r a d a r  a l t im e t e r  and d o p p l e r  v e l o c i t y  s e n s o r  (RADVS). The  v e r n i e r  e n g in e s  
a r e  f i r e d  at l ow  t h ru s t  p o w e r  to s t a b i l i z e  the c r a f t  and to d am p en  any v ib r a t i o n s  that c o u ld  a f f e c t  the 
RADVS s ig n a l s .



F i g u r e  9. T y p i c a l  D e e p  S p a c e
S ta t ion  (Johannesbu rg ,  
So. A fr i ca )
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The  th ru s t in g  c a p a b i l i t y  o f  the m a in  r e t r o  en g in e  ( a p p r o x im a t e ly  9000 pound s)  r e m o v e s  m o s t  o f  
the i n c om in g  v e l o c i t y  o f  the s p a c e c r a f t  d u r in g  the r e t r o  s e q u e n c e .  A s  r e t r o  f u e l  d e p l e t e s ,  an in e r t ia  
sw i t c h  s e n s e s  a d e c r e a s e  in a c c e l e r a t i o n  to 3. 5 g, at w h ich  po in t v e r n i e r  en g in e  th ru s t in g  i s  i n c r e a s e d  
to fu r th e r  d e c r e a s e  the v e l o c i t y  o f  the s p a c e c r a f t  and to f a c i l i t a t e  r e t r o  s e p a ra t i o n .  Upon s u f f i c i e n t  
r e d u c t i o n  o f  r e t r o  th ru s t in g ,  s e p a r a t i o n  b o l t s  a r e  b l o w n  and the r e t r o  e n g in e  f r e e  f a l l s  to the lunar 
s u r fa c e .

T e rm i n a l  d e s c e n t  c on t in u e s  w ith  v e r n i e r  t h ru s t  r e d u c e d  to c o r r e s p o n d  to an ax ia l  a c c e l e r a t i o n  
o f  0. 9 g. T h e  RADVS a c q u i r e s  the luna r s u r f a c e  and p r o v i d e s  r a n g e  and v e l o c i t y  m e a s u r e m e n t s  unti l 
a p r e p r o g r a m m e d  r a n g e / v e l o c i t y  c on t o u r  s i g n a l s  the v e r n i e r  t h ru s t  to i n c r e a s e  un t i l  a d e s c e n t  s p e e d  
o f  10 f p s  i s  attained. With the th ru s t  a x i s  o f  the s p a c e c r a f t  a l i g n e d  w ith  the v e r t i c a l ,  the s p e e d  i s  
f u r th e r  r e d u c e d  t o  5 fp s  and i s  m a in ta in ed  unti l the v e h i c l e  r e a c h e s  a v e r t i c a l  d i s t a n c e  o f  13 f e e t  a b o v e  
the lunar s u r fa c e .  At 1. 5 s e c o n d s  p a s t  that m ark ,  v e r n i e r  e n g in e s  shu tdown o c c u r s  and the s p a c e c r a f t  
i s  a l l ow e d  to f r e e  fa l l  the r em a in in g  5. 5 f e e t  ( a pp rox im a te ly )  to the m o o n ' s  s u r fa c e .

O n c e  a lu na r  land in g  ha s b e e n  a ch ie v e d ,  a l l  s p a c e c r a f t  f l i gh t  c o n t r o l  e q u ipm en t  i s  shut d own  to 
c o n s e r v e  b a t t e r y  p ow e r .  T he  s p a c e c r a f t  i s  then  c om m a n d e d  to o r i e n t  the s o l a r  p an e l  to a s p a c e c r a f t -  
sun  l in e  in o r d e r  to e n s u r e  o p t im um  b a t t e r y  c h a r g in g .  T h e  h ig h - g a in  p lan a r  a r r a y  i s  then a l i g n e d  to 
a s p a c e c r a f t - e a r t h  l in e  f o r  data t r a n sm i s s i o n .  One o f  the p ow e r  m o d e s  (high o r  low) i s  s e l e c t e d  c o n
s i s t e n t  w ith  the u s a b l e  p ow e r  ava i la b le .  The  s u r v e y  c a m e r a  (TV-3) i s  then  a c t iv a t e d ,  and in i t ia l  lunar 
TV  data t r a n sm i s s i o n  i s  in it ia ted.
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(Ap p r o x i ma t e  Al t i t u d e s  and 
V e l o c i t i e s  g i v e n)

C r u i s e  A t t i t u d e

Pr e - r e t r o  Man e u v e r  
30 min,, b e f o r e  
Tou c hd ow n a l i g n s  
Ma i n Ret ro  
wi t h  F l i ght  Path Mai n Ret ro  Star t  by A l t i t u d e  

Mar k i ng  Radar  wh i c h  e j e c t s  
f r om n o z z l e ;  Cr a f t  s t a b i l i z e d  
by Ve r n i e r  Eng i ne s  at  52 mi . ,  
a l t i t u d e ,  5,900 mph

Ma in Ret ro  Burnout  
and E j e c t i o n ,
Ve r n i e r  Ret ro  Sy s t em 
T a k e o v e r  at 26,000 f t . ,  
250 mph

Ve r n i e r  Eng i ne s  Shut  O f f  
1.5 s e c o n d s  a f t e r  13 ft. 
Mark,  3.5 mph

Touch d ow n 
at l ess than 5 mph

F i g u r e  10, S p a c e c r a f t  T e rm in a l  D e s c e n t



POSTLAND ING  EX PER IM EN T S

The SC-4 s p a c e c r a f t  i s  e qu ipp ed  to p e r f o r m  s e v e r a l  p o s t lan d in g  e x p e r im en t s  d e s i g n e d  to 
p r o v i d e  add i t i ona l  in f o rm a t i o n  abou t the lunar s u r f a c e ' s  c om p o s i t i o n :

TV C am e r a  —  P h o t o g r a p h s  o f the lunar s u r fa c e ,  the s p a c e c r a f t  i t se l f ,  and o the r  o b j e c t s  o f 
i n t e r e s t  c an  be  taken (in e i th e r  200- o r  600-line mode). T h r ou gh  the u s e  o f c o l o r  f i l t e r s ,  b l a c k  
and white  ph o to s  can  be r e c o n s t i t u t e d  into  c o l o r  p r in t s  wh ich  a c c u r a t e l y  d e p i c t  the su b j e c t .  V i ew s  
n o rm a l l y  h idden  benea th  the s p a c e c r a f t  c an  be  ph o t o g r a ph e d  b y  r e f l e c t i o n  f r o m  b e r y l l i u m  m i r r o r s  
a t ta ch ed  to the inn er  p o r t i o n  o f the s p a c e f r am e .  Ph o t o g r a p h i c  d o cum en ta t i o n  o f  p o s t lan d in g  
e x p e r im en t s  w i l l  inc lude :

S o i l  M e ch a n i c s / S u r f a c e  S am p l e r  —  A 2- inch w ide  s c o o p / d i g g e r , m oun ted  at the end of a 
s p r i n g - e x t e n d e d  s c i s s o r s - a r m ,  i s  u t i l i z e d  to p r e s s ,  s c r a p e ,  p ick , tr ench, and im p a c t  the lunar 
su r f a c e .  F o r c e  m e a s u r em e n t s  and p h o t o g r a p h s  o f the o p e r a t i o n s  p r o v i d e  d o cum en ta t i o n  wh ich  can  
b e  eva luated.

M a gn e t i c  E x p e r im e n t  —  T o  a s s i s t  in the in t e r p r e t a t i o n  o f  lunar s u r f a c e  m a t e r i a l ,  the s p a c e
c r a f t  c a r r i e s  a sm a l l  (1 -ounce) m a gn e t  m oun ted  on the v e r t i c a l  e d g e  o f  land ing  pad No. 2. Su r f a c e  
m a t e r i a l  i s e x p e c t e d  to b e  k i c k e d  upon the m a gn e t  in the c o u r s e  o f  landing. (The SM/SS can  a l s o  
b e  u t i l i z e d  to d r o p  m a t e r i a l  on  the m agnet .  ) If n i c k e l - i r o n  c on s t i tu en t s  a r e  p r e s e n t  in the s o i l ,  they 
w i l l  a dh e r e  to the m agnet .  A b a r  o f n onm a gn e t i c  m e ta l  a l o n g s i d e  the m a gn e t  w i l l  p r o v i d e  n on
m a g n e t i c  a d h e s i v e  c om p a r i s o n .

S ta t i c  F i r in g  —  The s p a c e c r a f t ' s  th r e e  v e r n i e r  e n g in e s  w i l l  be  c om m an d e d  on f o r  a p p r o x i
m a t e l y  0. 5 s e c on d ,  im m ed i a t e l y  f o l l ow in g  wh ich  ph o t o g ra ph s  w i l l  be taken to r e c o r d  the d e g r e e  o f 
s o i l  d i s t u r b a n c e  c a u s e d  by  en g in e  exhaust.

L i f to f f  and Lunar T r a n s l a t i o n  —  The s p a c e c r a f t  can  be p r o p e l l e d  to ano th er  p o s i t i o n  o r  a r e a  
c l o s e  to the in i t ia l  land ing s i t e  ( range a p p r o x im a t e l y  6 f e e t )  by r e s t a r t i n g  the v e r n i e r  en g in e s .  
R ep o s i t i o n i n g  can  p r o v i d e  a s t e r e o p t i c a l  v i ew  o f a r e a s  p h o t o g r a ph e d  f r o m  the in it ia l  s i t e  and p e rm i t  
p h o t o s  (and s o i l  s amp l in g)  o f  a r e a s  in i t ia l ly  b l ind to the equ ipm en t.

G a s  Jet E x p e r im e n t  —  By  r e l e a s i n g  a known ch a r g e  of g a s  downward  f r o m  at ti tude c o n t r o l  
j e t  No. 2 and ph o to g ra ph in g  the r e su l t in g  s u r f a c e  d i s t u rb an c e ,  c e r t a i n  p h y s i c a l  c h a r a c t e r i s t i c s  o f 
the lunar s u r f a c e  can  b e  eva lua ted.



DIGGING AND 
SCOOPING AREA 
(DOTTED OUTLINE) 
ABOUT 24 SQ. FT

F i g u r e  12. TV C a m e r a  F e a t u r e s

F i g u r e  11. S o i l  M e c h a n i c s / S u r f a c e  S am p l e r  
E x p e r im e n t  G e n e r a l  C o n f i g u r a t i o n
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F i g u r e  13.
G a s  J e t  E x p e r im e n t

F i g u r e  15. 
M a gn e t i c  E x p e r im e n t

TRANSLATION 
—  DISTANCE - 

6-10 ft.

F i g u r e  14. 
Lunar  T r a n s l a t i o n  E x p e r im e n t
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T A B L E  1. LAUNCH  W INDOWS -  MISS ION D

Laun ch  W indow W indow A r r i v a l  T im e s Land in g  L o c a t i o n s
E a r l i e s t , L a te s t , Durat ion, E a r l i e s t , L a te s t ,

L aun ch  Date H ou r/M in H ou r/M in M inu te s A r r i v a l  Date Hour / Min H ou r /M in Lat i tude L on g i tu d e

13 Ju ly 4:03 4:07 4 15 Ju ly 21:20 21:29

14 Ju ly 4:41 5:30 49 16 Ju ly 18:58 20:27
0. 58 ° N. 0. 83 ° W.

15 Ju ly 5:32 7:02 90 17 Ju ly 19:25 20:55

16 Ju ly 6:32 8:08 96 18 Ju ly 20:42 21:00

17 Ju ly 7:33 9:10 97 19 Ju ly 21:46 22:03

N o t e s :
1. A l l  d ay s  and t im e s  r e f e r e n c e  to P a c i f i c  D a y l i g h t  T im e.  

T o  c o n v e r t  t im e s  to G r e e n w i c h  M ean  T im e ,  add 7 h ou r s  
to P a c i f i c  D a y l i g h t  T im e .

2. M i d c o u r s e  v e l o c i t y  c o r r e c t i o n  w i l l  b e  at a p p r o x im a t e l y  
L+15 h ou r s .

3. A l l  a r r i v a l  t im e s  r e f l e c t  a n om in a l  62-hour t r a n s i t  
p e r i o d .
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T a b l e  2. S p a c e c r a f t  L aun ch  C o n f i g u r a t i o n

T r a n sm i t t e r  B low  p ow e r  

T r a n s p o n d e r  B 

F i l am e n t  B ON 

550 b p s

C o a s t  pha s e  c om m u ta t o r  
A/D C o n v e r t e r  No. 1 

P h a s e  m odu la t i o n  s um m in g  am p l i f i e r  
P r e s u m m in g  am p l i f i e r  ON 
O m n id i r e c t i o n a l  an tenna B

Low m od u la t i o n  in d e x  s u b c a r r i e r  o s c i l l a t o r  
I s o l a t i o n  am p l i f i e r  ON 
F l i g h t  c o n t r o l  ON 

Rate  m o d e
A c c e l e r o m e t e r  am p l i f i e r  1, 3, and 4 ON 

O v e r l o a d  und e r  v o l t a g e  t r i p  c i r c u i t  en ab l e  ON 

Main b a t t e r y  m o d e  

B a t t e r y  p r e s s u r e  l o g i c  en ab le d  
O p t im um  c h a r g e  r e g u l a t o r  ON —  b y  p a s s  O FF  
S o l a r  pane l  d e p l o ym en t  l o g i c  ON 

V e r n i e r  l in e s  t h e rm a l  c o n t r o l  p ow e r  ON 
AMR h ea t e r  ON



T -  MINUTES 5hr 4 hr 3 hr 2 hr I hr
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COUNTDOWN EVENTS

T im e
T- S ch e d u l e d A c tua l E ven t

T - 5:35:00 Sta r t  r a n g e  c oun tdown

T-4:20:00 SRT  c o m p l e t e  ( s ta r t ed  at T-620)

T - 2:0 0:0 0 C en tau r  p r o p u l s i o n  p r e p  c om p l e t e ,  s ta r t  t ow e r  
r em o v a l

T- 1:50:00 A t la s  p r o p u l s i o n  p r e p  c om p l e t e

T- 1:30:00 P lann ed  60 m inu t e  ho ld
T - 1:30:00 S tar t  s p a c e c r a f t  c oun tdown 30 m inu t e s  p r i o r  to 

p i c k in g  up coun t

T- 1:30:00 Status check , t ow e r  r em o v a l  c om p l e t e
T- 1:23:00 A rm  and sa f e  s p a c e c r a f t  r e t r o
T - 1:10:00 S p a c e c r a f t  p ow e r  and a c c e l e r o m e t e r  c h e c k s ,  

s ta r t  C en tau r LC>2 tanking
T - 1:0 0:0 0 Cen tau r  LC^ s e c u r e  at 55 p e r c e n t ,  s ta r t  A t la s  

LO^ tank ing
T-0:50:00 S ta r t  A t l a s / C en t a u r  g u id an c e  r e a d y  p r e p a r a t i o n s
T -0:40:00 F r e q u e n c y  r e p o r t  ( t ran sm i t te r  B), A t la s  LC>2 

tank ing c om p l e t e ,  s ta r t  LH^, tank ing
T-0:30:00 Sta r t  A t l a s / C en t a u r  LO 2 top p in g

26 T - T im e  i s  iji h ou r s im i n u t e s : s e c o n d s  (0:00:00) b e f o r e  launch.



C oun td own  Ev en t s  (continued)

T im e
T- S ch ed u l e d A c tua l Even t

T-0:22:00 Sta r t  f in a l  r a n g e  s a f e t y  c h e c k

T-0:20:00 F r e q u e n c y  r e p o r t ,  t r a n sm i t t e r  B

T - 0 :1 8:00 C om p l e t e  RS c h e c k

T - 0:12:0 0 F in a l  A /C  GA P  t e s t  c om p l e t e

T-0:05:00 P lann ed  10 m inu te  h o ld

T-0:05:00 Status c h e c k  (counting)

T -0:04:00 Cen tau r  to i n t e r n a l  p ow e r

T -0:04:00 S p a c e c r a f t  to i n t e r n a l  p ow e r

T-0:02:35 S e c u r e  A t la s  LC^ t op p in g

T-0:02:00 S p a c e c r a f t  r e t r o  a rm , A t la s  to in t e r n a l  
p ow e r

T-0:01:30 S e c u r e  LH^ tank ing

T -0 :01:15 S e c u r e  Cen tau r  LO^ t op p in g

T -0 :01:00 Set f l i gh t  a z im u th

T-0:00:30 F in a l  s ta tu s  c h e c k

T-0 :00 :10 E n g in e s  s ta r t

T-0:00:00 Lift o f f



MISSION EVENTS

T im e S ch e d u l e d A c tu a l Ev en t

L+0:00:02 S ta r t  r o l l  to launch  a z im u th
L+0:00:15 End r o l l  to laun ch  az imu th ; s ta r t  p i t ch  

p r o g r a m
1 L+0:02:23 B o o s t e r  en g in e  c u t o f f  (BECO)
2 L+0:02:26 A t la s  b o o s t e r  en g in e  j e t t i s o n

3 L+0:02:57 C en tau r  i n su la t i o n  p an e l  j e t t i s o n
4 L+0:03:24 C en tau r  n o s e  f a i r in g  j e t t i s o n

5 L+0:03:58 S u s t a in e r / v e r n i e r  en g in e  c u to f f  (SECO/VECO)
6 L+0:04:00 A t l a s / C e n t a u r  s e p a r a t i o n

7 L+0:04:09 C en tau r  m a in  en g in e  s t a r t  (MES)

8 L+0 :11:22 C en tau r  m a in  en g in e  c u t o f f  (MECO)

9 L+0 :11:54 Land ing  g e a r  d e p l o y  c om m a n d  sent; s p a c e
c r a f t  p r e s e p a r a t i o n  a rm in g

10 L+0 :12:04 O m n id i r e c t i o n a l  antenna d e p l o y  c om m an d  sen t

11 L+0 :12:25 S p a c e c r a f t  h igh  p ow e r  t r a n sm i t t e r :  ON

12 L+0 :12:30 C e n t a u r / S u r v e y o r  e l e c t r i c a l  d i s c o n n e c t

13 L+0 :12:35 C e n t a u r / S u r v e y o r  s e p a r a t i o n

T im e  i s in h o u r s :m i n u t e s : s e c o n d s  (0:0Cf:00). L = launch; M = m i d c o u r s e  m an eu v e r ;  R - r e t r o  
i gn i t ion ; T = touchdown. A l l  t im e s  a r e  n om ina l.



M i s s i o n  E v en t s  (continued)

M a rk
Even t T im e S ch e d u l e d A c tu a l Even t

L+0 :12:38 B e g in  s o l a r  pan e l  d e p l o ym en t

14 L+0 :12:40 B e g in  C en tau r  tu rn -a r ound

L+0 :16:35 Star t  C en ta u r  p r o p e l l a n t s  b low d ow n
L+0:20:45 End C en tau r  p r o p e l l a n t s  b low d ow n
L+0:20:45 P ow e r  c h a n g e o v e r  sw it ch  (end o f  r e t r o  

m an eu v e r )  '

T h e  f o l l ow in g  t im e s  a r e  a p p r o x im a t e  and b a s e d  on  a n om in a l  m i s s i o n .

L+0:32:00 In i t ia l  s p a c e c r a f t  o p e r a t i o n s  by  DSS-51
L+6:09:00 S tar  a c q u i s i t i o n  and v e r i f i c a t i o n  b y  DSS-61
(M id c o u r s e  t im e s)
M -0 :19:00 F i r s t  p r e m i d c o u r s e  m an e u v e r
M-0:00:00 M i d c o u r s e  v e l o c i t y  c o r r e c t i o n
M+0:07:00 F i r s t  p o s tm i d c o u r s e  m an eu v e r
M+0:20:00 Star  a c q u i s i t i o n  and v e r i f i c a t i o n  b y  DSS-11
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M i s s i o n  E v en t s  (continued)

M ark
Even t T im e S ch e d u l e d A c tu a l Even t

T h e  f o l l ow in g  s e q u e n c e s  r e f l e c t  t im e s  b e f o r e  and a f t e r  r e t r o  i gn i t io n  th r ou gh  touchdown.

(Retro  ign i t ion  t im e s)

R-0:05:00 A l t i tu de m a r k in g  ra da r :  ON
R-0:00; 10 A lt i tu de  m a r k in g  r a d a r  m a r k
R-0:00:0 1 V e rn i e r  en g in e  i gn i t io n
R-0:00:00 Main  r e t r o  i gn i t io n
R+0:00:01 RADVS: ON
R+0:00:40 Main  r e t r o  b u rnou t  (3. 5 g) i n c r e a s e  v e r n i e r  

t h ru s t  output
R+0:00:48 Main  r e t r o  e j e c t  s i g n a l
R+0:02:15 1000-foot m a r k
R+0:02:03 10- f e e t / s e c  m a r k
R+0:02:11 13-foot m a r k
R+0:02:13 T ou chd ow n
(T ou chdown t im e s)

TD+0:08:00 S t ep  s o l a r  p an e l
TD+0:54:00 200- l in e  TV  p i c t u r e
TD+1:40:00 End  o f  t r a n s i t  m i s s i o n  pha s e

NOTE : S e e  O p t i on a l  M i s s i o n  S e q u e n c e s ,  p a g e  44.



NOTES
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F i g u r e  18. S p a c e c r a f t  S y s t e m  B l o c k  D i a g r am



T a b l e  3. C om m a n d  A s s i g n m e n t s

CMD NAME CMD NAME

0101 X M T R  A LOW  PW R ON 0201 A /D  CONV 1 PW R  ON
0102 X M TR  A F ILA  PWR ON 0202 A /D  CONV 2 PW R ON
0103 X M T R  HI VOLTS  ON 0203 A /D  CONV PW R  O F F
0104 X M TR  B LOW  PWR ON 0204 A /D  COAST  PH C LK  RATES
0105 X M TR  B F ILA  PWR ON 0205 A /D  CLK  RATE  1100 BPS
0106 X M TR  HI VOLTS  ON 0206 A /D  CLK  RATE  4400 BPS
0107 X M T R  HI VOLTS  O F F 0207 PRE  SUMMING A M P  ON
0110 XM TR  F ILA  PWR O F F 0210 PHASE  SUMMING A M P  A ON
0111 X M T R  LOW  PW R O F F 0211 PHASE SUMMING A M P  B ON
0112 NARROW  BAND VCXO  ON 0212 F R E Q  SUMMING A M P  A ON
0113 NARROW  BAND VCXO  O F F 0213 F R E Q  SUMMING A M P  B ON
0116 X M T R  B T O  PA 0214 SUMMING A M PL IF IE R S  O F F
0117 X M T R  A T O  PA 0215 3. 9KC A /D  SCO  ON
0120 S E L E C T  OMNI A 0216 7. 35KC A /D  SCO  ON
0121 S E L E C T  OMNI B 0217 33KC A /D  S CO  ON
0122 X PON DR  A PW R  ON 0220 33, 7.35, 3. 9KC SCO 'S  O F F
0123 X PON DR  B PW R  ON 0221 GYRO  S P E E D  SIG PR OC  ON
0124 X PON DR  PW R  O F F 0222 S E L E C T  NEXT  GYRO  SPD  CNL
0125 SVR  SW A HI PWR 0223 GYRO  S P E E D  SIG P R O C  O F F
0126 X F R  SW A LOW  PWR 0224 BASIC  BUS A C C E L  CNLS ON
0127 X F R  SW B HI PWR 0225 BASIC  BUS A C C E L  CNLS O F F
0130 X FR  SW B LOW  PWR 0226 EN GR  C M T R  1 ON
0131 SMSS PWR O N /EX E CU T E 0227 EN GR  CM T R  2 ON
0132 SMSS D IG ITAL  1 0230 EN GR  CM T R  3 ON
0133 SMSS D IG ITAL  0 0231 EN GR  C M T R  4 ON
0134 SMSS AUX PWR O F F 0232 EN GR  CM TR S  O F F
0135 SMSS AUX H E A T E R  O F F 0233 CM D  R E J /EN A BLE  S CO  ON
0136 SMSS AUX H E A T E R  ON 0234 CM D  R E J /EN A BLE  SCO  O F F
0200 LOW MOD  INDEX  SCO  ON 0235 A /D  ISOLTN  A M P  ON



C om m an d  A s s i g n m e n t s  (cont. )

CMD NAME CMD NAME

0236 A /D  ISOLTN  A M P  O F F 0412 CO M P T  A THRM  C T R L  AUTO
0237 LOW MOD INDEX  SCO  O F F 0413 CO M P T  A HTR  PWR O F F
0300 F L T  C T L  COA ST  PH PWR ON 0414 CO M P T  B HTR  PWR ON
0301 EN ABLE  B A T T  PRESS  LOG IC 0415 C O M P T  B THRM  C T R L  AUTO
0302 D ISABLE  B A TT  PRESS  LO G IC 0416 CO M P T  B HTR PWR O F F
0304 BYPASS  MAIN O T C 0500 COAST  PH  I A /D  SCO  ON
0305 EN A BLE  MAIN O T C 0501 COAST  PH  II A /D  SCO  ON
0306 O CR  ON + BYPASS  O FF 0502 COA ST  PH A /D  SCO 'S  O F F
0307 O CR  BYPASS  ON + O CR  O F F 0503 A /D  CLOCK  R A T E  550 BPS
0310 OCR  O FF 0504 A /D  CLOCK  R A T E  137.5 BPS
0311 A L L  F L T  C T R L  PWR O F F  *1* 0505 A /D  C LO CK  R A TE  17.2 BPS
0314 NON ESSEN  LOADS O F F  *1* 0506 COA ST  PH CM TR  ON
0315 S P  D E P L O Y M E N T  LOG IC  ON 0507 TH R ST  PH BACK  UP  CMTR  ON
0316 S P  D E PL O Y M E N T  LOG IC  O F F 0510 AUX COM M U TATOR S  O FF
0317 AUX BATT  M ODE  ON 0511 AUX A C C E L  AM PS  ON
0320 R E S T O R E  MAIN BA TT  MODE 0512 AUX A C C E L  AM PS  O F F
0321 D ISABLE  BA T T  XFR  LOG IC 0513 AUX A C C E L  DATA CHAN ON
0322 HI CURREN T  MODE ON 0514 AUX A C C E L  DATA CHAN O F F
0323 HI CURRENT  MODE O F F 0515 TD STRA IN  GAUGE PWR ON
0337 COMMAND PU LSE  T E ST 0516 TD  STRA IN  GAUGE PWR O F F
0401 S T E P  SOLAR  PA N EL  PLUS 0517 TD STRN  GA DATA CHAN ON
0402 S T E P  SOLAR  PANEL  MINUS 0520 TD STRN  GA DATA CHAN O F F
0403 S T E P  POLAR  AXIS  PLUS 0521 P R O P U L  STRN  GA PWR ON
0404 S T E P  POLAR  AXIS  MINUS 0522 P R O P U L  STRN  GA PWR O F F
0405 S T E P  R O L L  AXIS  PLUS 0530 ENG PAYLOAD  T E ST  CMD
0406 S T E P  R O L L  AXIS  MINUS 0600 E X TE N D  LANDING GEAR
0407 S T E P  E L E V  AXIS  PLUS 0601 E X T E N D  OMNI ANTENNAS
0410 S T E P  E L E Y  AXIS  MINUS 0604 AMR H EATER  O F F
0411 CO M PT  A HTR  PWR ON 0605 UNLK V E R E N G ,  PRESS  SYS * I*



C om m a n d  A s s i g n m e n t s  (cont. )

CMD NAME CMD NAME

0607 UNLOCK  R O LL  AXIS *1* 0706 EN A BLE  GAS JET  AM PS
0610 DUMP H EL IUM  *1* 0707 INHIBIT GAS JET  AM PS
0611 VER  L INES  2 T C P  ON 0710 POS IT IV E  AN GLE  M ANEUVER
0612 VER  FU E L  TANK 2 T C P  ON 0711 R OLL
0613 VL 2 + VFT  2 T C P  O F F 0712 P IT CH
0614 VER L INES 1 T C P  ON 0713 YAW
0615 VER  O X D Z  TANK 2 T C P  ON 0714 SUN AND R OLL
0616 VL 1 + VOT 2 T C P  O F F 0715 MANUAL DELAY  M ODE  ON
0617 VER  L INES 3 T C P  ON 0716 MANUAL LOCKON  *SUN/STAR*
0620 VER  O X D Z  TANK 3 T C P  ON 0720 R E SE T  SE T  IV O UTPU TS
0621 VL 3 + VOT 3 T C P  O F F 0721 VERN IER  IGN IT ION  *1*
0622 BASIC  BUS A C C E L  AM PS  ON 0722 VERN IER  THRUST  LO
0623 BASIC  BUS A C C E L  AM PS  O F F 0723 VERN IER  THRUST  HI
0624 AM R  H E A T E R  ON 0724 R E T R O  S E Q  M O DE  ON *1*
0625 AM R  P OW ER  ON 0727 F L T  C T R L  TH R ST  PH PW R  ON
0626 EN A BLE  AM R 0730 E M E R  AM R  S IGNAL
0627 AMR  POW ER  O F F  *1* 0731 E M E R  R E T R O  IGNITION
0630 RAD VS P OW ER  O F F  *1* 0732 E M E R  R E T R O  E J E C T
0631 UNLOCK  SO LA R  PANEL  * T * 0733 E M E R  STA R T  PGRM D  THRUST
0632 UNLOCK  R O LL  AXIS *T * 0734 E M E R  RAD VS ON SIGNAL
0634 UNLOCK  E L E V  AXIS  *1* 0735 E M E R  VERN IER  ENG INES O F F
0635 UNLOCK  SO LA R  PANEL  *L * 0737 THRUST  PH PW R O F F
0636 LO CK  LANDING GEAR 1100 STA R T  FRAM E
0637 RAD VS P OW ER  ON *1* 1101 TV  NULL
0700 INERT IAL  M ODE  ON 1103 SURVEY  CAM ERA  PWR ON
0701 RATE  M ODE  ON 1104 SURVEY  CAM ERA  PWR O F F
0702 SUN A C Q  M ODE  ON 1105 SH U T T E R  NORMAL
0703 SUN AND ST A R  A CQ  M ODE  ON 1106 SH U TT ER  O PEN
0704 CRU ISE  M ODE  ON 1107 E M E R  TV M ODE  ON



CMD

1110
m i
1112
1113
1114
1115
1116
1117
1120
1121
1122
1123

C om m a n d  A s s i g n m e n t s  (cont. )

NAME CM D NAME

SE T  25 MM FO C A L  L EN G TH 1124 S T E P  FOCU S  OUT
SE T  100 MM FO C A L  LENGTH 1125 MULT  S T E P  FOCU S  IN
IRIS S ERV O  ON 1126 MULT  S T E P  FOCU S  OUT
S T E P  IRIS O PEN 1127 S T E P  F L T R  POS IT ION  RIGHT
S T E P  IRIS C L O S E D 1130 S T E P  F L T R  POS IT ION  L E F T
S T E P  M IRROR  R IGHT 1131 SH U T T E R  INHIBIT OVERR IDE
S T E P  M IRROR  L E F T 1133 SURVEY CAM ERA  VTC  ON
2 S T E P S  M IRROR  RIGHT 1134 SURVEY CAM ERA  VTC  O F F
2 S T E P S  M IRROR  L E F T 1136 SURVEY CAM ERA  E T C  ON
S T E P  M IRROR  DOWN 1137 SURVEY CAM ERA  E T C  O F F
S T E P  M IRROR  UP  
S T E P  FOCUS  IN

3617 IN T ER L O CK

37



Tab le 4. T e l em e t r y  A s s i g nm en t s

DES SIGNAL DES SIGNAL

D-l OMNI A XMTD PWR EP-11 SLR CLL  ARRY CUR
• D-2 XMTR A FILA ON EP-12 SLR CLL  ARRY TMP

D-3 OMNI B XMTD POWER EP-13 B/R TEM P
• D-4 XMTR B FILA ON EP-14 REG OUTPUT CUR
• D-5 XPNDR A 0 LCKD EP-15 OM ITTED
• D-6 XPNDR B 0 LCKD EP-16 OCR OUTPUT CUR

D- 7 SPE A EP-17 RADVS & SQB CUR
D-8 SPE B EP-18 FSC CALIB ESP
D-9 RCVR A AGC EP-19 MSC CALIB ESP
D- 10 RCVR B AGC EP-20 ZSC CALIB ESP

• D- 11 MESS REJECT EP-21 CMPT A HTR CUR
• D- 12 CENTRAL DCDR A ON EP-22 CMPT  B HTR CUR

D-l 3 XMTR A TMP EP-23 AUX BAT V
D-14 XMTR B TMP EP-24 SLR CLL  ST4 CUR

• D-l 5 MESS ENABLE EP-25 SLR CLL  ST6 CUR
D-16 RCVR A AFC EP-26 AUX BAT TMP
D- 1 7 RCVR B AFC EP-27 FSC CALIB AESP

• D-18 CNTRL DCDR B ON EP-28 MSC CALIB AESP
EP-1 29V NONESS EP-29 ZSC CALIB AESP
EP-2 UNRG BUS V EP-30 B/R PREREG V
EP-3 MN BAT MAN PRSS • EP-31 AUX BAT MD ON
EP-4 UNRG OUTPUT CUR • EP-32 HI CUR MD OFF
EP-5 MN BAT V • EP-33 RADVS PYRO SW TMP
EP-6 BAT CHRG CUR EP-34 BAT CHRG REG TMP
EP-7 B/R D IFF CUR EP  -40 FC UNREG CUR
EP-8 MN BAT TEMP FC-1 RLL  GYRO SPD
EP-9 BAT DSCRG CUR FC-2 P ITCH GYRO SPD
EP-10 SLR CLL  ARRY V FC-3 YAW GYRO SPD

FC-4 NTRGN GS PRSS
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T e l e m e t r y  A s s i g n m e n t s  (cont. )

DE S S IGNAL DE S SIGNAL

FC-5 PR  SN SNSR P  ERR • FC-34 RODVS
FC -6 PR  SN SNSR Y ERR FC-35 RDR ALT  RNG SIG
FC-7 SEC  SN SNSR C L L  A • FC-36 10 F T  PR  SE C  MK
FC -8 SEC  SN SNSR C L L  B • FC-37 1000 F T  MK
FC -9 SEC  SN SNSR C L L  C • FC-38 13 F T  MK
FC-10 SEC  SN SNSR C L L  D FC-39 D P P L R  V EL  Vx
FC-11 O M ITT ED FC-40 D P P L R  V EL  V y
FC-12 C N P S E R R FC-41 D P P L R  VEL  VZ

• FC-13 CN PS  L -O • FC-42 ST RADVS CN T  DE S
FC-14 STR  INTNSTY  SIG FC-43 R L L  A CT  SIG
FC-15 ACC  ERR FC-44 F /C  E L  UNT T M P  1
FC-16 P IT CH  GYRO  ERR FC-45 F / C  E L  UNT T M P  2
FC-17 YAW GYRO  ERR FC-46 R LL  GYRO  TM P

• FC-18 MAG REG  RDT FC-47 CN PS  SNSR T M P
• FC-19 PROG  R LL  SIG FC-48 N IT GS TNK T M P

FC-20 O M IT T ED FC-49 R LL  P R E S  CMND
• FC-21 PROG  P T C H  SIG FC-50 P T C H  P R E S  CMND

FC-22 O M ITT ED FC-51 YAW P R E S  CMND
• FC-23 PROG  YAW SIG • FC-52 NOM  EG TR ST  BIAS

FC-24 O M ITT ED FC-53 SEC  SN SNSR C -C
FC-25 TR ST  CMND V EG 1 FC-54 P T C H  GYRO  TM P
FC-26 TRST  CMND V EG 2 FC-55 YAW GYRO  T M P
FC-27 TRST  CMND V EG 3 • FC-56 MN DEL  MD ON

• FC-28 V IG SIG • FC-57 GS JT  AM P  INHIBTD
• FC-29 R E T  IG SIG • FC-58 R A T E  MD ON
• FC-30 R E T  BRNT  SIG • FC-59 SUN MD ON
• FC-31 R E T  E J C T  SIG • FC-60 STAR  MD ON

FC-32 R ET  A CC • FC-61 CR S E  MD ON
• FC-33 RORA • FC-62 R E T  SEQ  MD ON



T e l e m e t r y  A s s i g n m e n t s  (cont. )

D E S SIGNAL DES SIGNAL

• FC-63 INRTA  SW SIG • M - l  4 SLR PNL  LNCH LK UN
• FC-64 AMR SIG • M - l  5 SLR PNL  D E P  LGC  ON
• FC-65 M /C  V EL  CO RR  SIG P-1 HLM  PRES S
• FC-66 TR ST  0 PWR ON P-2 OXD PR E S S  3
• FC-67 PROG  + ANG MAN P-3 U P PR  R E T  CA SE  TM P

FC-68 O M ITT ED P-4 VRN LN 2 TM P
• FC-69 PRM  SN SNS C - C  L -O P-5 VRN F L  TNK 2 TM P

FC-70 ATT  GS JT  2 TM P P-6 VRN OXD TNK 3 TM P
FC-71 R L L  A CT  TM P P-7 VRN EG  1 TM P
FC-72 O M IT T ED P-8 VRN LN 1 TM P

• FC-73 MN L -O  SN/STR P-9 VRN LN 3 TM P
• FC-74 P  GYRO  HTR  CNT  O F F P-10 VRN EG  2 TM P
• FC-75 R GYRO  HTR  CNT  O F F P-11 VRN EG  3 TM P
• FC-76 ACQ SN SNSR ILL P-12 LWR R E T  C S  TM P

FC-77 F /C  R E F  R ET P-13 VRN F L  TNK 1 TM P
FC-79 YAW GYRO  HTR  O F F P-14 VRN F L  TNK 3 TM P

• M - l OMNI ANT A EX T P-15 VRN OXD TNK 1 TM P
• M-2 OMNI ANT B E X T P-16 VRN OXD TNK 2 TM P

M-3 SLR PNL  POS P-17 HLM TNK TM P
M-4 PLR  AXS POS P-18 VRN EG  1 STRN G
M- 5 D E L E T E D P-19 VRN EG  2 STRN  G
M-6 EL  AXS POS P-20 VRN EG  3 STRN  G
M-7 R LL  AXS POS P-21 D E L E T E D
M-8 PLR  ARRY TM P P-22 R ET  N Z L  TM P

• M- 9 V CLE  S E P • R - l AMR ON
M-10 SLR PNL  ST P  M T  TM P R-2 RADVS R AMP

• M - l l SLR PNL  LK TRN PO S R-3 RADVS D i  AMP
M - l  2 E L  AXS ST PG  MT TM P R-4 RADVS D 2 AMP

• M - l  3 R L L  AXS LK TRN POS R-5 RADVS D 3 AMP



T e l e m e t r y  A s s i g n m e n t s  (cont. )

DE S S IGNAL DE S SIGNAL

R-6 AMR ANT T M P  (MOD) • S-6 F F  R100 MD C
R-7 AMR E L  T M P S-7 CM  UNBLNC V LT  AESP
R-8 ALT  & D O P  KLY ON T M P • SS-1 SMSS D E C O D E  PW R ON
R-9 RDR SIG DTA  CV  TM P • SS-2 CM D  E N T E R E D
R- 10 D O P P  RDR SNSR TM P SS-10 M O TO R  CU R R EN T

• R- 11 AMR EN BLD SS-12 AUX T E M P
R-12 AMR PWR OUT TV-1 CAM  ON
R- 13 ALT  RDR  SNSR TM P TV-2 MRR  AZ
R-14 AMR AGC TV-3 MRR  EL

• R - 15 RADVS D i  TRKR  LK TV-4 LNS F C L  LG TH  STG
• R - 16 RAD VS D 2 TRKR  LK T V - 5 LNS F C S  STG
• R-17 RADVS D 3 TRKR  LK TV-6 L N S IR S  STG
• R- 18 RADVS R TRKR  LK • TV-7 L N S IR S  SRV O FF /O N
• R- 19 RADVS D j  GN 1 TV-8 F L T R  WHL POS
• R- 20 RADVS D l GN 2 TV-9 VDCN F C P L T  TM P
• R-21 RADVS D2 GN 1 TV- 10 CAM  E L C T  TM P
• R- 22 RADVS D2 GN 2 • T V - 11 SH TTR  MD OPN /NORM
• R- 23 RADVS D 3 GN 1 TV-12 C L B R T  VLT
• R-24 RADVS D 3 GN 2 • T V - 13 M T P  ST F C S  ON /O FF
• R-25 RADVS R GN 1 T V - 14 C O M P  V IDEO
• R-26 RADVS R GN 2 TV-15 O M ITT ED

R- 27 AMR ANT T M P  2 TV-16 SVY CAM  E L C T  TM P
• R- 28 RADVS ON SIG Z23 TV-17 SVY CAM  MRR AS TM P

R- 29 AMR L T  GT  SIG V - l LNDG GR 1 E X T
S- l R EF  VLT • V-2 LNDG GR  2 E X T
S-2 R EF  R E T • V-3 LNDG GR 3 E X T

• S-3 F F  R500 MD 2 o r  3 • V- 4 R TR O  N OT  E J E C T E D
• S- 4 F F  R501 MD 3 o r  4 V- 5 LNDG GR 1 D E F

S-5 CM  UNBLNC CUR E S P V-6 LNDG GR 2 D E F



T e l e m e t r y  A s s i g n m e n t s  (cont. )

DE S SIGNAL DES SIGNAL

V-7 LNDG GR 3 D E F V- 28 L /SF  T M P  UND C M P  B
V-8 V ACC  1 CO L  B -LEG  1 V-29 WRG HRNS TM P  TRM  T
V- 9 V ACC  2 C O L  B -LEG  2 V- 30 SHK ABS 1 TM P
V- 10 V ACC  3 C O L  B -LEG  3 V- 31 LG 2 UPR  WB TM P
V- 11 V ACC  4 F C  SNSR G R P V- 32 SHK ABS 2 TM P
V-12 SHK ABSBR  1 ST G V- 33 SHK ABS 3 TM P
V- 1 3 SHK ABSBR  2 ST G V- 34 A /SP  M ST  TM P
V- 1 4 SHK ABSBR  3 ST G V- 35 U/SF  TM P  2
V- 15 C M P  A TM P  TR M L  TR TP V- 36 L /SF  T M P  UND C M P  A
V- 16 C M P  A TM P  LWR SUP V- 37 RET  A T T  P T  1 TM P
V- 17 C M P  A TM P  INS R ET V- 38 R ET  A T T  P T  2 TM P
V- 18 C M P  A TM P  CN STR V- 39 R ET  A T T  P T  3 TM P
V- 19 C M P  A T M P  SW 5 CR V- 40 V A CC  5 A/SD M ST
V- 20 C M P  A TM P  SW 5 FR V- 41 V ACC  6 V EL  SNS ANT
V- 21 C M P  B TM P  TRY TC V- 42 V A CC  7 C M P  A
V- 22 C M P  B TM P  LWR SUP V- 43 V A CC  8 C M P  B
V- 23 C M P  B TM P  CN STR V- 44 CRUSH  BLK TMP
V-24 C M P  B TM P  SW 4 FR V- 45 CM P  B T M P  SW 1 FR
V-25 C M P  A TM P  SW 8 FR V- 46 CM P  B T M P  SW 5 FR
V-26 C M P  B TM P  SW 4 CR V- 47 CM P  A TM P  SW 2 FR
V- 27 U/SF T M P  1
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T a b l e  5. M a j o r  S e q u e n c e  Ind ex

M a j o r
S e q u en c e
N um b e r D e s c r i p t i o n

M a j o r
S e q u en c e
N um b e r D e s c r i p t i o n

0040 In it ia l s p a c e c r a f t  o p e r a t i o n s 0242 P o s t - t o u c h d ow n  v e r n i e r  en g in e  s ta t i c
0041 Star i d e n t i f i c a t i o n  and a c q u i s i t i o n f i r in g
0042 P r em a n e u v e r  in t e r r o g a t i o n 0243 P o s t - t o u c h d ow n  1-foot l i f t o f f  and
0043 M id c o u r s e  c o r r e c t i o n t r a n s la t i o n
0044 T e rm in a l  m an e u v e r  and d e s c e n t 0244 P o s t - t o u c h d ow n  6- f o o t  l i f t o f f  and
0045 P o s t la n d in g  e n g in e e r in g  a s s e s sm e n t t r a n s l a t i o n
0046 E n g in e e r in g  i n t e r r o g a t i o n 0245 Ga s  j e t  e x p e r im e n t
0047 Spare 0246 Spare
0140 200 l in e  TV  to  e n g in e e r in g  i n t e r r o g a t i o n 0247 Spa r e

(PM) 0340 Spa r e
0141 E n g in e e r in g  i n t e r r o g a t i o n  (PM) to 200 thru Spa r e

l in e  TV 0747 Spa r e
0142 600 l in e  TV  to e n g in e e r in g  in t e r r o g a t i o n 1040 SM/SS in i t i a l i z a t i o n  and e n g in e e r in g

(FM) (high power) to 600 l in e  TV v e r i f i c a t i o n
0143 So la r  p an e l/ p la n a r  a r r a y  p o s i t i o n in g 1041 SM/SS a z im u th  r i gh t  50 d e g r e e s

(keyboard) f in e
0144 RF c om m u n i c a t i o n s  t e s t 1042 SM/SS b e a r in g  s t r en g th  t e s t
0145 T e l e c o m m u n i c a t i o n s  s i g n a l  p r o c e s s i n g 1043 SM/SS a z im u th  l e f t  50 d e g r e e s

te st c o a r s e
0146 600 l in e  TV  to e n g in e e r in g  i n t e r r o g a t i o n 1044 SM/SS extend  18 i n c h e s

(PM) 1045 SM/SS a z im u th  r igh t  50 d e g r e e s
0147 E n g in e e r in g  i n t e r r o g a t i o n  (PM) to c o a r s e

600 l in e  TV 1046 SM/SS t r e n ch in g
0240 E n g in e e r in g  i n t e r r o g a t i o n  to  s tandby 1047 SM/SS g l o s s a r y  tape

m o d e  (OCR Off) 1140 Spa r e
0241 Standby m o d e  (OCR Off) to e n g in e e r in g thru Spa r e

i n t e r r o g a t i o n 3737 Spare



T a b l e  6. Lunar O p t i on a l  M i s s i o n  S e q u e n c e s

S e q u en c e T it le

Pad  3-2 s u r v e y  w id e  angle, 200 l in e

T ap e  No. 101

360-deg r e e  w id e  ang le  p an o ram a ,
600 l in e

T ap e  Nos. 201 and 202

N a r r ow  ang le  s e gm e n t  su rvey ,  600 l in e
Tap e  No. 241 
Tap e  No. 242 
Tap e  No. 243 
T ap e  No. 244 
T ap e  No. 245

S p e c i a l  a r e a  s u r v e i l l a n c e ,  600 l in e

T ap e  No. 801
Pho to  ch a r t  m i r r o r  su rvey , 600 l in e

T ap e  No. 803

F o c u s  ra n g in g  p r o f i l e ,  600 l in e

Tap e  No. 824

W id e  an g le  s e c t o r  su rvey , 600 l in e
T ap e  No. 311 
Tap e  No. 312 
Tap e  No. 313

S eq u en c e T it l e

T ap e  No. 314
Tape  No. 315
Tape  No. 316

N a r r ow  an g le  s e c t o r  su rvey , 600 l ine
T ap e  No. 411
Tape  No. 421
T ape  No. 431
T ape  No. 441
T ape  No. 451
T ap e  No. 611
T ape  No. 621
T ape  No. 631
T ape  No. 641
T ape  No. 651

W id e  an g le  c on s t a n t  ra n g e  su rvey ,
200 l in e

T ap e  No. 101

Su r f a c e  s a m p l e r  o p e r a t i o n s

T ap e  No. 802 n a r r ow  ang le-
w id e  an;g le  a r e a  s u r v e y

Tap e  No. 901 SM/SS in it ia l
o p e r a t i o n s

Tap e  No. 902 SM/SS c om m an d
g l o s s a r y



Lunar  O p t i on a l  M i s s i o n  S e q u e n c e s  (Continued)

S e q u en c e T it l e S e qu en c e T it le

10 (Not to  be u s e d  f o r  M i s s i o n  D) 18 E n g i n e e r i n g  i n t e r r o g a t i o n  to  s tandby
11 S o la r  p a n e l/ p la n a r  a r r a y  pos' it ioning (m a j o r  s e q u e n c e  0240)

(m a jo r  s e q u e n c e  0143) 19 600 l in e  TV  to FM  i n t e r r o g a t i o n  (high
12 E n g i n e e r i n g  m o d e  to 600 l in e  TV power)  t o  600 l in e  TV (m a jo r

(m a j o r  s e q u e n c e  0147) s e q u e n c e  0142)

13 600 l in e  TV  to e n g in e e r in g  m o d e  
(m a jo r  s e q u e n c e  0146)

20 Standby to e n g i n e e r i n g  i n t e r r o g a t i o n  
(m a j o r  s e q u e n c e  0241 )

14 E n g in e e r in g  m o d e  to  200 l in e  TV 
(m a jo r  s e q u e n c e  0141)

21 6-foot t r a n s la t i o n  
(m a j o r  s e q u e n c e  0244)

15 200 l in e  TV  to e n g in e e r in g  m o d e  
(m a jo r  s e q u e n c e  0140)

22 Static  f i r in g  
(m a j o r  s e q u e n c e  0242)

16 RF c om m u n i c a t i o n s  t e s t  
(m a jo r  s e q u e n c e  0144)

23 1-foot t r a n s l a t i o n  
(m a j o r  s e q u e n c e  0243)

17 T e l e c o m m u n i c a t i o n s  s i g n a l  p r o c e s s i n g 24 P o s t - t o u c h d ow n  g a s  j e t  f i r in g
t e s t  (m a j o r  s e q u e n c e  0145) (m a jo r  s e q u e n c e  0245)
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T a b l e  7. N on s tan d a rd  P r o c e d u r e s  In d ex

N SP NSP
No. NSP  T it l e No. N SP T it l e

- 1 Land in g  g e a r / om n i d i r e c t i o n a l -20 F l i gh t  c o n t r o l  th ru s t  f P a r t  I
antenna m e c h a n i sm s p ha s e  m i d c o u r s e  [ P a r t  II

- 2 C en tau r  s e p a r a t i o n v e l o c i t y  c o r r e c t i o n

- 3 F l i g h t  c o n t r o l  c r u i s e  m o d e -21 Att itude m a n e u v e r s

- 4 C o a s t  p h a s e  r o l l  c o n t r o l -25 L o s s  o f  s i g n a l  f r o m  s p a c e c r a f t

F l i g h t  c o n t r o l  p r o g r a m m e r -26 E l e c t r i c a l  f P a r t s  I and II- 5 p ow e r  [ P a r t s  III th r ou gh  VI
- 6 S p a c e c r a f t -D S IF  on e -w ay  

a c q u i s i t i o n -27 S igna l p r o c e s s i n g

- 7 S p a c e c r a f t -D S IF  tw o-w ay -30 T e rm in a l  d e s c e n t
a c q u i s i t i o n -31 L o s s  of c a r r i e r  upon  t ou chd own

-10 S o l a r  p an e l  p o s i t i o n in g -32 S p a c e c r a f t  r e v iv a l
-11 C o n s e r v a t i o n  of b a t t e r y  e n e r g y
- 12 S o la r  p an e l  n o t  in t r a n s i t  p o s i t i o n
-13 Sun a c q u i s i t i o n
-14 S o la r  p an e l  e l e c t r i c a l

-15 c , . . . .  \ P a r t  I Star a c q u i s i t i o n  { p a r t  n

-16 P la n a r  a r r a y  a s  r o l l  a tt itude 
r e f e r e n c e



DSIF  CON TROL

D eep  Spa ce DSIF A DM INISTRATIVE AND CONTROL
In strum en ta tion

F a c ility

SPAA
S p a ce c ra ft  

P e r fo rm a n c e  
A na ly sis Area

I/O CON SOLE 
AND CARD - 
READER

SSAA

Space S c ie n c e

COMMAND
DECISIONS

TRACKING
PRED ICT
REQUESTS

COMMAND 
D IRECTIV ES AND 

CON TROL  OF  
EXECUTION

7288

I

I
7044
I

DICE p v

t y U -

COMMAND 
M ESSAGES— *

TRACKING PRED ICTS

7094
PROCESSOR

COMMUNICATIONS CONTROL

ADM IN ISTRATIVE AND
CONTROL_________________
TRACKING PRED ICTS

COMMANDS
COMMANDS

VOICE,
TTY
TTY

VO ICE
TTY

DSS 11 
DSS 42 
DSS 51 
DSS 61 
DSS 71 
DSS 72

G o ld s t o n e ,  Calif.  
C an b e r r a ,  A u s t r a l i a  
J oh ann e sbu r g ,  So. A f r i c a  
M adr id ,  Spa in  
C ap e  Kennedy, F l o r i d a  
A s c e n s i o n  I s la n d

F i g u r e  19. Data F l o w  to DSN
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T im e  C o n v e r s i o n  C h a r t  (DSIF)
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^ D a y l i g h t  Sav ings t im e s  —  La s t  Sunday of Apr i l  to l a s t  Sunday i: 
T o  find t ime in another zone, r e a d  a c r o s s  (left o r  right) f r om



GLOSSARY

Common ly  Used Surveyor T e rm in o l o g y

ACE-1 SFOD
ADM Admin is t ra t ion
AFETR Air F o r c e  E a s t e rn  T e s t  Range
AMR Altitude mark ing radar
A/SPP Antenna/so lar panel po s i t i on e r
BECO Bo o s t e r  engine cutoff (Atlas)
Bus Chief SPAC D i r e c t o r
Bus-1 SPAC Command Con tro l le r
CDC Command and data handling c on s o l e
C omm Station_____ TTY ope ra to r
CP Command p r epa ra t ion
Dacon Data p r o c e s s i n g  p r o j e c t  eng in eer
DOP Deta il ed operat in g p r o c e du r e
DSIF Deep Space Instrumenta tion 

F ac i l i ty
DSN Deep  Space Network
DSS Deep Space Station
DSS 11 Goldstone, Calif.
DSS 42 Canbe r ra  (Tidbinbilla), Austra l ia
DSS 51 Johannesburg , So. A f r ica
DSS 61 Madrid (Robledo), Spain

DSS 71 Cape Kennedy, F lo r id a
DSS 72 A s c en s i o n  Island
D u c e - 1 A ss i s ta n t  SFOD
ECPO Eng ineer ing Computer P r o g r am  

Opera t ions
FPAA Flight Path Ana ly s is  A r ea
F PA C Flight Path Ana ly s is  and 

Command Group
GAP Te s t Guidance autopi lot t es ts
GMT Greenw ich  Mean T im e (Z, Zulu)
HRM Hughes Res iden t Manager
HSDL High sp e ed  data line
L T im e re la t iv e to launch
LOX Liquid o xygen  (LO^)

LH2 Liquid hydrogen
M Tim e re la t ive to m id c o u r s e  

thrust execu t ion
M/C M id cou r s e
MDE M is s ion  dependent equ ipment
ME CO Main engine cutoff (Centaur)
MES Main engine start (Centaur)

•>
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G lo s s a r y  (continued)

MIE M is s io n  independent equipment SPAA Space c ra f t  P e r f o rm an ce
Nominal A value a s s i g n ed  fo r conven ience Ana ly s is  Ar ea

NSP Nonstandard p r o c e du r e SPAC Space cra f t  P e r f o rm an ce  
Ana ly s is  and Command Group

Omni Omn id i r e c t iona l  antenna Squib E xp lo s iv e  dev ic e
OSDP On-site data p r o c e s s o r SRT Sy s t em s  r e l iab i l i ty  tes t
P P itch (around the X axis) SSAA Space S c ien c e  Analys is  A r ea
PA P e r f o rm an ce  ana lys i s SSAC Space S c ien c e  Ana ly s is  and
PAL P e r f o rm an ce  ana ly s i s  lead er Command Group
R Rol l  (around the Z axis); T im e T T im e p r i o r  to launch

re la t ive to r e t r o  fi r in g (countdown)
RAD VS Radar a l t imeter  and dopp ler TD Touchdown

v e lo c i t y  s en s o r T/D Te rm in a l  D e sc en t
RSC Range Safety Command T-FAG Trend and Fa i lu re  Ana ly s is
RTCF Rea l- t ime comput ing function Group
SCP Surveyo r  command p r epara t ion TIM Track ing Instruct ion Manual
SE CO Susta iner engine cuto ff  (Atlas) TLM, T/M Te l em e t ry
Se le nographic Having to do with the moon TPS T e l em e t r y  P r o c e s s in g  Station
SFO Space Flight Opera t ions Track DSS Net Con tro l le r
SFOD Space Fl ight Opera t ions  D i r e c t o r T rack  Chief DSS Track Chief
SM/SS So i l  m e ch an i c s / su r f a c e  samp le r T ra ck  C om m SFOF T ra ck  A rea  C ommun ic a
s o c Su rveyo r  Opera t ions  Chief tions Opera tor

SOCP Surveyo r on-s ite  computer TTY Te le type
p r o g r am VECO Vern ie r  engine cutoff

SOE Sequence of events VOS Vo i c e  of Su rveyo r  (JPL running 
commentary)

Y Yaw (around the Y axis)
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