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INTRODUCTION 

The m a t e r i a l  in  th i s  r e p o r t  h a s ,  f o r  the 
m o s t  p a r t ,  been adopted  f r o m  NASA documents  
and  working pape r s .  In s o m e  c a s e s ,  the  in fo r -  
ma t ion  i s  a n  approx ima t ion  and  i s  m e a n t  to be 
used  only as a guide.  

As addi t ional  o r  m o r e  e x a c t  i n fo rma t ion  
becomes  ' ava i lab le ,  it wil l  be i nco rpora t ed  in 
subsequen t  rev is  ions. 

- 1 -  
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I. L I T T L E  J O E  11 L A U N C H  V E H I C L E  

OBJECTIVE 

Thr. p r i m a r y  pu rpose  of the Litt le Joe 11 launch vehicle  will  be to 

rioth thc l aunch-escape  and s e r v i c e  module mcthocls 
provide  t r a j e c t o r y  to  the Apollo prototype s p a c e c r a f t  f o r  tes t ing  the a b o r t  
s y s t e m s  a t  high a l t i tude .  
\\rill be u s e d .  

DES C RI P T I 0  iY 

The  des ign  of Li t t le  Joe I1 is not yet  f i r m ;  the desc r ip t ions  a n d  
conf igura t ions  given a r e  only appr0ximat .e .  

The Li t t le  Joe I1 i s  tmrice as Large and four  t i m e s  as heavy as  the Littic, 
Joe  I boos t e r .  It is a s t aged- f i r ed ,  f i n - s t ab i l i zed ,  so l id- fue l  rocke t  boos t e r  
des igned  to  accomrnodatc  up to seven  Algol rocke t  m o t o r s  with provis ions  to 
CLliininate m o t o r s  to  change pe r fo rmance  c h a r a c t e r i s t i c s .  
c o n s i s t s  of t h r e e  m a j o r  asst.rqb1ic.s: thc. f o r w a r d  body, the a f t e r -body ,  and 
the  f in s .  (See F i g u r e  1 .  ) 

The boos ter  

The va r ious  sequences  of s tag ing  which m a y  be ut i l ized,  clepcnding 
upon the p e r f o r m a n c e  r equ i r ed ,  a r e  given in  Table  1. 

P K O P U  LSION 

R O C K E T  MOTORS 

U p  to s e v e n  Algol ( f i r s t - s t a g c  Scout )  so l id- fue l  rocke t  m o t o r s  m a y  
hc :15ed. 

SID 62-148 
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P R O P E L L A N T  

T o  p e r f o r m  s a t i s f a c t o r i l y ,  the Algol rocke t -moto r  propel lan t  m u s t  be 
main ta ined  a t  a t e m p e r a t u r e  of 7 0  to 90 F before fl ight.  

INSTRC'MENT UNIT (NOT APPLICABLE)  

GUIDANCE AND CONTROL 

A con t ro l  s y s t e m  wi l l  be r equ i r ed ;  however ,  t h e s e  r e q u i r e m e n t s  has-e 
not  be  e n  e s ta b li s he d . 

INSTRUMENTATION 

DESCRIPTION 

MONITORING 

MEASUREMENT LlST 

Mandatory  

Optiona I 

T E L E M E T R Y  AND RADIO FREQUENCY SYSTEMS 

ABORT SENSING AND DESTRUCT SYSTEMS 

ABORT SYSTEMS 

DESTRUCT SYSTEhI 

- 5 -  - 
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A E ROD Y N AMI C 

C O N T R O L  D Y N A M I C S  

MISSION-TRAJECTORY /PAY LOAD CAPABILITIES 

E N V I R O N M E N T A L  PROF1 LES 

PH Y S I C A L C 0 N F I  G U Ii A TI0 i‘< 

OI’EIRALL DIiVF.NSIONS 

The  o v e r a l l  d imens ions  given in  F i g u r e  1 inc lude  the  Li t t le  J o e  I1 
b o o s t e r ,  adapter .  s ec t ion ,  prototype Apollo s p a c c c r a f t ,  and launch cscapc.  
to\% e r . 

WE IC H ‘rs AP: r? c E x TE R - o F - G RA VI T Y LO c A TIC xs 
I A l i s t  of \vc.ights and cen te r -o f -g rav i ty  s t a t ions  a r e  incluclc~tl i n  TatJici 1 .  

- 6 -  
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N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORhlATION SVSTh%qs !>I \ ’ !~I@.% 

Weight 

LIMITATIONS 

SURFACE WIND VELOCITIES 

WIND SHEAR 

LAUNCH ANGLE 

PAY LOAD 

C e n t e r  -of -Gravi ty  Loca t ion  

- 7 -  - 
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The i n s t r u m e n t  uni t  contains  the S a t u r n  C - 1  launch  vehic le  guidance 
and  in s t rumen ta t ion .  It h a s  a no,minal d i a m e t e r  of 154 inches .  (See  F i g u r e  4. ) 

\ -  

P R O P U L S I O N  

FIRST STAGE (S -1 )  

Engines  

The S-1 s t age  power plant  cons i s t s  of e ight  engines .  F o u r ,  i nboa rd  
engines ,  a r e  mounted in  a c losed  s q u a r e  pa t t e rn .  
eng ines ,  a r e  mounted on the points of a l a r g e r  s q u a r e  ro t a t ed  45  d e g r e e s  
f r o m  the inne r  pa t t e rn .  
* l o  d e g r e e  s q u a r e  g imbal  pa t t e rn  in  any  d i r ec t ion  f r o m  the  nul l  pos i t ion  by 
m e a n s  of two hydraul ic  a c t u a t o r s .  
f o r  pi tch,  yaw, and r o l l  con t ro l  of the launch vehic le .  

The  o t h e r  f o u r ,  ou tboa rd  

E a c h  outboard  engine is des igned  to  p e r m i t  a 

This  gimbal ing e s t a b l i s h e s  p r o p e r  f o r c e s  

The Rocketdyne H - l  engine is a g r e a t l y  s impl i f ied  and  r e p a c k a g e d  S - 2 D  
engine .  The engine p a r a m e t e r s  a r e  shown in Table  2. 

P rope l l an t  

Con t ro l  S y s t e m  

E a c h  outboard  engine i s  equipped with a n  independent c losed - loop  :N 

hydraul ic  s y s t e m  which suppl ies  hydraul ic  p r e s s u r e  f o r  engine girnbaling. 
Two e l e c t r i c a l l y  cont ro l led ,  hydraul ica l ly  ope ra t ed  a c t u a t o r s ;  a m a i n  
hycirauiic pump; a n  auxiiia1:y iiiotor a n d  pur-p; -and ar, accurr,u!at~r-rcser.:c?ir 
a s s e m b l y  a r e  the m a j o r  components  in  t h e  S-1 s t a g e  con t ro l  sys t em.  

SECOND STAGE ( S - I V )  

Engines  

Six 15 ,  000-pound vacuum- th rus t  LO2/LH2 RL10-A-3  engines  a r e  u s e d  
o n  the  S - I V  s t age .  
r o c k t' t c' rig in e . 

E a c h  engine is a r egenc ra t ive ly  cooled,  turt iopump-fc.d 

- 1 1  - 
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Tab le  .2 .  H-1 E.ngine P e r f o r m a n c e  Paramctc9rs  
( R a s e d  o n  Sa tu rn  SA-1 Fl ight  Da ta )  

N () r n  i na 1 e 1 ig in  c s  t h r u s t 

T h r u s t  vari ,ation 

T h r u s t  o v e r s h o o t  

T i m e  f ro rn  ignit ion t o  9070 t k L r u s t  
( m a x i m u m )  

Nominal  spe.cific i m p u l s e  

Engine m i x t u r e  r a t i o  

Cutoff i m p u l s e  ( sea  level)  

Cutoff i m p u l s e  (a l t i tude)  
M a x i m u m  
M i n i m u m  
Average  

Cutoff i m p u l s e  va r i a t ion  
M a x i m u m  (sea l eve l )  

LO2 pump NPSH ( r e q u i r e d )  

F u e l  pump NPSH ( r e q u i r e d )  

T h r u s t  bui ld-up rate ( a v e r a g e )  

T h r u s t  bui ld-up deviat ion ( for  
3 CT conf idence  l eve l )  

188K It, ( s e a  lc.vcL) 

* 3 %  

5 70 

1.  3 s e c  

255. 0 l h - s e c / l b  ( s e a  Level) 

2 .  26 

4 2 ,  000 l h - s e c  

98, 400 l b - s e c  
73,  640 l b - s e c  
82, 170 l b - s e c  

*7, 500 l b - s e c  

60 f t  

3 5  f t  

71,  300 l b / 1 0  ms 

27, 200 l b / 1 0  ms 

I 

- 13 - -v!wwMP 
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Table, 5 .  RL10-A-3 Engine P e r f o r m a n c e  P a r a m e t e r s  a I I 

GUIDANCE AND CONTROL 

The  guidance s y s t e m  f o r  the S a t u r n  C - 1  veh ic l e s  wi l l  be in t eg ra t ed  fo r  
a l l  s t a g e s ,  and  only switching ne tworks  wil l  be n e c e s s a r y  within each  s t a g e .  
The  con t ro l  s y s t e m  ut i l izes  att i tude in fo rma t ion  f r o m  the  i n e r t i a l  p l a t fo rm,  
a t t i tude  r a t e  de r ived  f r o m  r a t e  gy ros  o r  d i f fe ren t ia ted  a t t i tude  s i g n a l s ,  and 
l a t e r a l  con t ro l  de r ived  f r o m  control  a c c e l e r o m e t e r s  o r  "Q-Bal l"  t r a n s d u c e r .  
T h e s e  s igna l s  a r e  s u m m e d  and ampl i f ied  in a n  ana log  con t ro l  coniputer  f o r  
t r a n s m i t t a l  of d -c  s igna l s  t o  the a c t u a t o r s  of the  ac t ive  s t age .  
c o n t r o l  s y s t e m  of the  vehic le  is  shown in  F i g u r e  5, and the in t eg ra t ed  
po la r i ty  c h a r t  f o r  S-I and  S-IV s t a g e s  a r e  shown in F i g u r e  6.  The  exci ta t ion 
vol tage f o r  the engine posi t ion po ten t iome te r ,  both f o r  con t ro l  and  m e a s u r i n g  
in s t rumen ta t ion ,  s h a l l  be supplied f r o m  the ins txument  unit. 

The  fl ight 

Vehicle  con t ro l  dur ing  S-I s t age  ope ra t ion  is main ta ined  by gimbal ing 
the  four  outboard  engines  to  provide pi tch,  yaw, and  r o l l  con t ro l  f o r c e s .  
The  hydraul ic  a c t u a t o r s  tha t  provide the n e c e s s a r y  engine gimbal ing f o r c e s  
a r e  capable  of def lect ing the engine plus o r  minus  8 d e g r e e s .  
(a t t i tude ,  a t t i tude  r a t e ,  angle-of :attack, o r  l a t e r a l  a c c e l e r a t i o n )  s igna l  
e r r o r s  a r e  s e n s e d  and t r ansmi t t ed  t o  the  con t ro l  compute r .  
c o m p u t e r  d i s t r i b u t e s  c o r r e c t i o n  s igna ls  t o  the  s e r v o - v a l v e s  on the outboard 
engine a c t u a t o r s .  

Vehicle  

The con t ro l  

S-IV s t a g e  in-fl ight cont ro l  is  accompl i shed  by gimbal ing the  s i x  

The amoun t  of 
engines .  
f o r c e s  a r e  capable  of deflecting the engine *4 d e g r e e s .  
def lect ion i s  propor t iona l  to  the command  s igna ls  fu rn i shed  by the  con t ro l  
c o m p u t e r  in  the  i n s t r u m e n t  unit. 

The hydraul ic  ac tua to r s  tha t  p rovide  the n e c e s s a r y  engine gimbal ing 

The i n s t r u m e n t  unit  wi l l  p rovide  vehicle  s t r u c t u r e  f o r  s t ab i l i zed  
p l a t f o r m s ,  guidance and  ins t rumenta t ion  equipment .  The  des ign  d i c t a t e s  
t ha t  sk in  cu touts  be made  only where  manda to ry ;  t h e r e f o r e ,  a l l  an t ennas  o r  
o t h e r  e x t e r i o r  equipment  sha l l  be s u r f a c e  mounted.  

- 17 - 



Tab le  4 .  Condensed S-I Mt.asu rcmen t  List 

Pa r a m e t  e r 

F l igh t  s e q u e n c e r  s t e p s  
F i r s t  motion 
Cut-off s igna l  
Engine cut-off 
LO2 leve l  cut-off 

F u 1 - 1 C'V e 1 c ut - C) f f  
R e t  r o r o c ke t i gn i t ion s i g na 1 ( E B W ) 
B r e a k w i r e ,  r e t r o r o c k e t  ignition 
T e m p e r a t u r e ,  bas  e ,  t a i l  
Actua tor  suppor t  t e m p e r a t u r e  

T e m p e r a t u r e  a t  va r ious  inboard and  
outboard  locat ions 

Ou t r igge r  t h r u s t  a s s e m b l y  liquid- 
propel lan t  t e m p e r a t u r e  

Lower  t h r u s t  r ing  t e m p e r a t u r e  
Ou t r igge r  suppor t  t e m p e r a t u r e  

l iquid - p r o p  e 1 la n t as 5 e m b  1 y 
Engine sh roud  t e m p e r a t u r e  

T h r u s t  f r a m e  a r e a  t e m p e r a t u r e  
Ratliation sh ie ld  t e m p e r a t u r e  
Tank s h r o ud t c m p e r a t u r  e 
Shroud skin t e m p e r a t u r e  
S- I /S- IV i n t e r s t a g e  t e m p e r a t u r e s  

B a s e  p r e s s u r e  t a i l  
R c,t r o r o c ke  t p r e s s u r  e 
S u r f a c e  p r e s s u r e ,  va r ious  s ta t ions  
hlvunting s t u d  s t r a i n  
Radiat ion sh ie ld  longitudinal v ibra t ion  

I 

S t r a i n ,  t0.p s k i r t  3. ,b 

R e t r o r o c k e t  longitudinal v ibra t ion  
S pi de  r be am long i t  ud ina 1 vi b r a t  i o n 
Sound in tens i ty ,  f ine 
Sound in tens i ty ,  c o a r s e  

b 

- 19 - 

Range 

On-off 
on -off 
On -off 
on -off 
0 1 1  -off 

on - 4 f f  
On -off 
on -off 
0 to  1500 C 
-50 to  t500 C 

-50 to  t 9 0 0  C 

-50 to $300 C 

-50 to  t 3 0 0  C 
-50 to  t 3 0 0  C 

0 to  500 C 

-50 to  t100 C 
0 t o  800 C 
0 to 300 C 
0 t o  800 C 
0 to 825 C 

0 to  20 ps i a  
0 to  2500 ps i a  
0 to 2 5  ps i a  
0 .  0008 to 0. 008 in  
*50 g 

0 .  0005  t o  0.  0 0 5  in .  / i n .  
0 to  4 0  p 
0 t o  4 0  g 
10 db 
110 to 190.d'. 





Tab le  4 .  Condensed S- I  M e a s u r e m e n t  L i s t  (Cont )  

Pa r a m  e t  c r 

Fue 1 t e m p  e r a t u r  e 
Main f u e l  va lve  posi t ion 
Main fue l  flow r a t e ,  dc 
Main LO2 flow r a t e ,  dc  
Main LO2 valve posi t ion 

Main fue l  flow r a t e ,  a c  
Main LO2 flow r a t e ,  a c  
P r o p e l l a n t  ut i l izat ion compute r  output,  

P rope l l an t  u t i l i za t ion  compute r  output,  

LO2 l eve l ,  discre,te 

c o a r s e  

fine 

F u e l  l eve l ,  d i s c r e t e  
G a s  top fue l  tank t e m p e r a t u r e  
Gas  top LO2 tank t e m p e r a t u r e  
Skin LO2 tank t e m p e r a t u r e  
Skin fuel  tank t e m p e r a t u r e  

Range  

LO2 t e m p  e r a t  u r  e 
LO2 pump in le t  t e m p e r a t u r e  
LO2 flow rate to  hea t  exchange,  a c  
Heat -exchange  0 2  outlet  t e m p e r a t u r e  
H i g h - p r e s s u r e  s p h e r e s  t e m p e r a t u r e  

0 2  manif o l d  t e m p e r a t u r e  
P r e s s u r i z a t i o n  Gas  in  fuel  tank 
P r e s s u r i z a t i o n  G a s  in LO2 t ank  
P r e s s u r i z a t i o n  G a s  h i g h - p r e s s u r e  

Pr -essur iza t io i i  0 2  manifold 
s p h e r e s  

G a s  g e n e r a t o r  c h a m b e r  t e rppe ra tu re  
P r e s s u r i z a t i o n  g a s  in fue l  tank 
P r e s s i i r i z a t i o n  gas  h i g h - p r e s s u r e  

P r e s s u r i z a t i o n  gas  gene ra to r  LO2 

Turb ine  r p m  

s p h e r e s  

in j ec to r  - 
SID 62-1-18 

0 t o  40 C 
On-off 
0 t o  40 g a l / s e c  
0 to  50 g a l / s e c  
On -of f  

0 to  40 g a l / s e c  
0 to 50 g a l / s e c  

On-off 

On-off 
-50 to +50 C 
-50.t0 + Z O O  C 
-185 to t 1 5 0  C 
0 to  300 C 

-190 to -4u c 
-200 to  -160 C 

33 gpm I '  

0 to  300 C 
-70 to  t 1 5 0  C 

- 
-200 to t 7 0 0  C 
0 to 30 p s i  
0 to 100 psi 
0 to 3500 ps i  

0 to  400 psi  

0 to 1000 c 
0 to 30 p s i  
0 to 3500 ps i  

0 to 800 ps i a  
! '. 

0 to 7000 r p m  



0 tu  1000 c; 
-20  to  ti 35  c 
I) to 1000 c 
0 t o  1 500 c 
0 to  600 psia 

0 t o  65Q ps1n 

0 t o  LO psiti 
0 t o  30 ]>51 

0 t o  4 0  p s i  

0 to 890 psia 

*3(700 p s i r l  
'1 t o  1 0 0  psi 
0 t o  20 p s i d  
(1 to  6 psia  
0 to 1000 psia 



N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  ' SPAC'F: and L l r ~ O I t M A I  ION > \ * I  1. \ l -  1)1\ IhlOh 

P a r a m e t e r  

G imba l  point s u p p o r t  vib'ration, 
1 on g it udi na 1 

vi  b r a t  ion,  long i t udina 1 

v ibra t ion  

P ropu l s ion  unit d i s t r ibu t ion  9A1 

T h r u s t  c h a m b e r  dome l a t e r a l  

P i t c h  a c t u a t o r  posi t ion 
Ac {ua t o r po s i t  ion 

AI pi tch a c t u a t o r  
A I  yaw a c t u a t o r  
Level ,  hydraul ic  o i l  
L O 2  t e m p e r a t u r e ,  pump bea r ing  No.  1 
Hydraul ic  o i l  t e m p e r a t u r e  

G e a r  c a s e  lub r i can t  t e m p e r a t u r e  
Turb ine  sp inne r  c a s e  t e m p e r a t u r e  
F i r e  de tec t ion  t e m p e r a t u r e  
Hydraul ic  s o u r c e  p r e s s u r e  
G a s  g e n e r a t o r  fue l  in jec tor  p r e s s u r e  

Combust ion  s tab i l i ty  moni tor  \ - 
vi  b ra t ion ,  longitudinal 

Range  

t 5 0  g 

*33 g 

*50 g 

* l o  deg 

b 

* l o  deg  

* l O  ma 
*10 ma 
0-3. 7 5 2  
-20 to t 2 0 0  c 
-20 t o  t 1 3 5  C 

I '  

- 

0-150 C 
-50 to  -100 C 

max 23 p s i  
0 to  800 p s i  

* l o o  g 

- 
I '# 

- 2 3  - 
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.I 

Tab le  5. Condensed S-IV M e a s u r e m e n t s  L i s t  (Cont )  
~~ ~~ 

P a r a m e t e r  

Vibra t ion  (aft s k i r t ,  r ad ia l  d i r ec t ion )  
Vibra t ion  (aft s k i r t ,  t h r u s t  a x i s )  
V i  b rat ion ( t e l e m e t r y  pa c ka g e ) 
Vibra t ion  (ou te r  tank s u r f a c e )  
S ta t i c  i n v e r t e r  i n n e r  t e m p e r a t u r e  

b 
B a t t e r y  t e m p e r a t u r e  
R e f e r e n c e  vol tage ,  h igh .  
R e f e r e n c e  vol tage,  low 
S ta t i c  i n v e r t e r  11 5 v vol tage 
B a t t e r y  vol tage 

D-c  c o n v e r t e r  negat ive 6-vol t  output 
D-c c o n v e r t e r  negat ive 12-volt  output 
D-c c o n v e r t e r  pos i t ive  28-volt output 
Range sa fe ty  AGC vol tage 
T e l e m e t r y  an tenna  SWR 

E B W  c o n v e r t e r  output voltage 
D-c  power  s igna l  to in t e r f ace  
LH2 T e m p e r a t u r e ,  suct ioy 1i;e in le t  
LO2 T e m p e r a t u r e ,  suct ion manifold 
Ox id ize r  tank ul lage t e m p e r a t u r e ,  8570 l eve l  

F u e l  tank ul lage t e m p e r a t u r e  8570 l eve l  
T e m p e r a t u r e  p robe ,  LH2 tank ,  40% l eve l  
T e m p e r a t u r e  p robe ,  LH2 tank ,  570 l eve l  
T e m p e r a t u r e  p robe ,  LH2 tank ,  1% l eve l  
T e m p e r a t u r e  p robe ,  LO2 tank ,  40% l eve l  

I '. 

T e m p e r a t u r e  p robe ,  LO2 tank ,  570 l eve l  
Tempera ture  p r o b e ,  LO2 tank ,  1% l e v e l  
F u e l  tank g a s  supply or i f ice  d i f fe ren t ia l  

F u e l  tank ul lage p r e s s u r e  
Ox id ize r  tank ul lage p r e s s u r e  

F u e l  tank inne r  sk in  t e m p e r a t u r e  
B'a s e t h  r us t s t r uc t u r  e t emp  e r a t  u r  e 
Aft d o m e  s t r e s s  
S ide  tunnel  t e m p e r a t u r e  ( i n t e r n a l )  
Engine  mount  s t r e s s  

p r e s s u r e  

- 2 5  - 

Range  

0 to  20 g rms 
0 t o  20 g rms 
0 t o  20 g r m s  
0 t o  20 g rms 
0 to  160 F 

0 t o  160  F 
t 5  v dc 
0 v dc  
110 to  120 vac  
27 to  Z 9 1 V  dc  

-5 .5  t o - 6 . 5 ~  dc 
-10 to  -14 v dc 

- 

26 t o  30 v dc 

0 to  2 8  v dc 

-100 t o  -300 F 

-200 t o  -423 F 
-323 t o  -423 F 
-413 to  423 k 
-413 t o  -423 F 
-187 t o  1297 F 

-287 to  -297 F 
-287 t o  -297 F 
0 to  500 ps id  

0 t o  40 ps ia  
0 to  50 ps ia  

S I D  62-148 



Pa r a rn 6 t c r 

LH-, tank \.c.nt L-alve c l o s e d  
LO;! tank \.cBnt va lve  c losed  
F u c l  tank s t e p  p r c s s u r e  s igna l  
LH2 point l e \  e l  sc'nsor 
LO2 point leve l  s c n s o r  

L 

Ambient  h e l i u m  hot t le  pressurck 
Anibi e nt hc  1 i urn r e  g ula  to  r out l e t  p r  e s 3 u r  c 
Hel ium ht ,s t t . r  combust ion  t e m p e r a t u r e  
O u t e r  s u r f a c e  tc ' inpera ture  helium h e a t e r  
A n ~ b i e ~ i t  he l ium Lottlc gas t e m p e r a t u r e  

Ilc.titini hc;itt r oxi(!izc.r .,.;1iv(. closeci 
Hel ium 1ici;itc.r ; ic. t i \~atc s igna l  
Hel ium 1ic.atc.r f u e l  va lvc  open 
Hel ium h e a t e r  fuc.1 va lve  c losed  
H r ' l i u m  h c a t c r  o x i d i z e r  valve open 

I l r l i u m  h t . a t e r  igni t ion exc i t e r  c o m m a n d  
T h r u s t  c h a m b e r  p r e s s u r e  
Ox id ize r  pump s p e e d  
T u r b i n e  i n 1 e t  t e  m pe  ra tu  r e 
Fucl pump iiitiuccr in le t  t e m p .  r a t u r e  

O x i d i z e r  p u m p  in le t  t e m p e r a t u r e  
Fut.1 pump housing temperature 
O x i d i z c ~ r  pump housing t e m p e r a t u r e  
Th r us t c ha mlJe r p r  e s s u r e 
T h r u 5 t  c h a m b e r  p r e s s u r e  (low r a n g e )  

R a n g < '  

0 t o  5 v tlc 
0 to  5 v d c  
0 to 5 v dc  
r! to 5 v d c  

0 tu 2 8  \ clc 
0 to  2 8  v dc 
0 to  28 v dc 
0 t o  28 \J dc 
0 to  28 v dc 

- 2 2 5  to  -423  F 
- L O O  to  -400  F 
0 t o  20 ps ia  
0 to  3500 p i a  
0 t u  600  ps id  

? t i >  3500 psia 
0 t o  7 > I I . !  

0 to t 1 5 0 0  F 

-100 t o  + l o o  1- 

0 to 28 v d c  
0 t o  2 8  v clc 
0 t o  28  v dc  
0 t o  28 1. dc  
0 t o  28  v dc 

0 t o  2 8  v dc  
0 t o  400 p s i a  

-100  to  2 5 0  F 
(0  t o  6 0  c p s )  

- 4 1 5  to -423 F 

-275 to  - 3 0 0  F 
$110 t o  - 4 2 3  F 
t 1 1 0  t o  -423 F 
325 to 375  ps i a  
0 t o  50 ps i a  



Tab le  5. Condensed  S - I V  M e a s u r e m e n t s  List (Cont)  

P a r a m e t e r  
~ ~ ~~~~ 

F u e l  i n j ec to r  d i f fe ren t ia l  p r e s s u r e  
Ox id ize r  i n j ec to r  d i f fe ren t ia l  p r e s s u r e  
Ventur i  in le t  p r e s  s u r e  
TurbiAe d i f fe ren t ia l  p r e s  s u r e  
F u e l  pump out le t  p r e s s u r e  

Ox id ize r  pump out le t  p r e s s u r e  
Ox id ize r  pump in le t  p r e s s u r e  
F u e l  pump induce r  in le t  p r e s s u r e  
Accumula to r  G N 2  p r e s s u r e ,  engine yaw 

Accumula to r  GH2 p r e s s u r e ,  engine p i tch  
a c tua to  r 

a c t u a t o r  

Rese rvo i r -  oil p r e s s u r e  
High-p res  s u r e  o i l ,  vehic le  pump engine 
Hydraul ic  pump in le t  oil t e m p e r a t u r e  -engine 
Yaw a c t u a t o r  r e s e r v o i r  s u r f a c e  temp-erature ,  

P i t c h  a c t u a t o r  r e s e r v o i r  su r f ace  t e m p e r a t u r e ,  

\ engine 

engine 

Engine p i tch  pos i t ion  
Engine  yaw pos i t ion  
Engine  pos i t ion  mon i to r  r e f e r e n c e  vol tage 
Engine  posi t ion mon i to r  r e f e r e n c e  vol tage 
P r o p e l l a n t  ut i l izat ion r a t i o  valve pos i t ion  

P rope l l an t  ut i l izat ion e r r  o r  s igna l  
P rope l l an t  ut i l izat ion s t a r t  s igna l  t o  

P r o p e l l a n t  ut i l izat ion depletion s igna l  to  

Hydraul ic  a c c u m u l a t o r s  solenoid valve 

Ignition e x c i t e r  box output 

s equenc e r 

s e q u e n c e r  

open Command 

Range  
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0 to.50 ps id  
0 to 80 ps id  
-1200 ps i a  
0 to  600 ps id  
0 to  1500 ps i a  

0 t o  600 ps ia  
0 to  50 ps i a  I '  

0 to  50 ps ia  

0 to  3400 ps i a  - 

0 to  3400 ps i a  

0 to 300 ps ia  
0 to  3400 ps i a  

0 to  500 F 
-40 t 350 F 

0 to  500 F 
1 '. 

t 5  v dc  

0 to  5 v dc 
-5 v dc  

0 to 2 0  v dc 

0 to 2 8  v dc  

0 to 2 8  v dc 

0 to  6 v dc  

. ., 
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c i ty ,  Pi tch 

0 to 130  c 
0 to 800 c 
0 to 100  c 
0 to 100 c 
- i O  to t i 0  C 

10 to b 5  c 
0 t u  20  ps1la 

0 t o  69 PSlCl 

0 t o  800 ps1a 
0 to 3500 p s i  

* t j  p s i  
1 5  ps i  
0 to L O  p3ia 



Tab le  6 .  Condensed Ins t rumen t  Unit M e a s u r e m e n t  L i s t  (Cont )  

Pa r a m e  t e  r 

P i t c h  angu la r  veloci ty  
Yaw angu la r  veloci ty  
Roll  angu la r  veloci ty  
Q bal l ,  angle  of a t t ack ,  pitch 
Q bal l ,  angle  of a t t a c k ,  yaw 

R a m  A i r  Dens i ty  

P i t c h  posi t ion,  ST-90  minus 

Yaw posi t ion,  ST-90  
Roll  pos i t ion ,  ST-90  
S e r v o  s igna l ,  c r o s s  range  

a c c e l e r a t i o n  

p r o g r a m  

Slant  r a n g e  a c c e l e r a t i o n ,  ser;vo 

S lan t  r a n g e ,  s e r v o  s igna l  
T i m e  b a s e  s e l e c t o r  output 
T i m e  b a s e  s e l e c t o r  z e r o  indicat ion 
I n s t r u m e n t  c o m p a r t m e n t  

s i g n a l  \ -  

t e m p e  r a tu  r e 

T e m p e r a t u r e  In le t  A i r  F o r  Air  Bea r ing  
A i r - B e a r i n g  Supply P r e s s u r e  
A i r - B e a r i n g  Supply P r e s s u r e  ST-90  
Con t ro l  Equipment  P r e s s u r e ,  Supply 
Con t ro l  equipment  p r e s s u r e  

r egu la to r  

Range  

* lo0  d e g / s P c  
* lo0  d e g / s e c  
* l o 0  d e g / s e c  
*15 deg 
*15 deg 

10 to 10 m b ,  i n  5 range  
2 - 3  

s t e p s  

- 
*15 deg 

*15  deg 
*15 deg 
* lo0  m v  

* lo0  m v  

* lo0  m v  

on-off a 

0 t o  60 C 

- 
0 t o  5 v ,,. 

20 to 30 C 
0 to  60 ps id  
0 t o  3500 ps ig  
0 t o  3500 ps ig  
0 t o  800 ps i  
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Second Stage  (S-IV) 

The t e l c m v t r y  of the S-IV s t a g e  U S E S  t h r e e  R F  l inks .  The  l inks a r e  
th re t .  P D M / F M / F h l  s e t s .  
ana log  channels  and 405 commuta tcd  channe l s .  
stage' i s  the r a n g e  yafety (-oninland d e s t r u c t  link. 

This t e l e m e t r y  s y s t e m  h a s  24 s t a n d a r d  IRIG 
The  only o t h e r  R F  l i n k  in the  

The  f r cqucnc ic s  a r e  as  io l lows:  

T e l e m e t r y  251.  5 m c  
255. 1 m c  
2 5 8 .  5 mc 

C o milia nd (C las  s if  i ed  S e c r e t )  

In s t r ume nt  U ni t  

The t e l e m e t r y  in  the i n s t r u m e n t  uni t  c o n s i s t s  of t h r e e  F M / F M  s e t s  
This  t e l e m e t r y  s y s t e m  has  4 8  s t a n d a r d  JRIG and  one PCM/FM/FM s e t .  

ana log  channels  and  a P C M  bit r a t e  of 36, 000  p e r  second.  
f o r  t r ack ing  a r e  c a r r i e d  in the i n s t r u m e n t  c o m p a r t m e n t .  

Al l  of the  R F  links 

The  frcxquencics a r e  a s  fol lows:  
I 

T c  temc.try 248 .6  mc 
2 5 2 . 4  m c  
256.  2 m c  
1 u n a s s i g n r d  

UDOP 900 mc and  450 m c  

Azusa  500 mc  

R a d a r  a l t i m e t e r  Unass igned  . 

C.-ba!i d r a d a r  5555 inc 

- j t j  - 



DESTRUCT SYSTEMS I 

\ *  

INTERFACES 

MECHANICAL 

P r o p e l l a n t  S y s t e m s  

Hydraul ic  S y s t e m s  

E L E C T R I C A L  

Ins t rumen ta t ion  S y s t e m  

Guidance and Con t ro l  S y s t e m s  

E l e c t r i c a l  P o w e r  Sys t em 

Abor t  Sens ing  and  D e s t r u c t  S y s t e m s  

DESIGN CRITERIA 

VEHICLE CONFIGURATION 

The S a t u r n  C-1 Apollo space  vehic le  c o n s i s t s  of a n  S-I s t a g e ,  and  S - I V  
s t a g e ,  a n  i n s t r u m e n t  unit ,  and  a s p a c e c r a f t  ( F i g u r e  7 ) .  

The  S - I  s t a g e  h a s  four  LO2 and f o u r  fue l  con ta ine r s  mounted 
c i r c u m f e r e n t i a l l y  a round  a cen te r  LO2 con ta ine r  a n d  is loaded with 850, 000 
pounds of useab le  propel lan ts .  
loca ted  on the  aft s e c t i o n  of the  s t age  ( F i g u r e  2 ) .  

F ins  a r e  provided  for  f l ight  s t ab i l i t y  and  a r e  

The S-IV s t a g e  is a cy l indr ica l  conf igura t ion ,  220 inches  in d i a m e t e r  
and  is loaded wi th  100, 000 pounds of useab le  p rope l l an t s .  
eng ines ,  the  S - I V  s t age  basical ly  cons i s t s  of fou r  m a j o r  units:  
p rope l lan t  c o n t a i n e r s ,  the fo rward  i n t e r s t a g e  s t r u c t u r e ,  the  a f t  i n t e r s t a g e  
s t r u c t u r e ,  and  the  hea t  sh ie ld  ( F i g u r e  3) .  

Exc lus ive  of 
the 

- 31 - 
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The  i n s t r u m e n t  unit  is located on top  of the S-IV s t age  and  houses  the 
a c t i v e  and  p a s s e n g e r  guidance s y s t e m s  and  instrum-entat ion,  power supp l i e s ,  
an t ennas  , and a n  X-shaped  p r e s s u r i z e d  cy l ind r i ca l  s ec t ion  ( F i g u r e  4 ) .  

The  s p a c e c r a f t  c o n s i s t s  of a c o m m a n d  module,  s e r v i c e  module ,  a d a p t e r ,  
and  a launch  e s c a p e  s y s t e m .  

MASS CHARACTERISTICS 

P r e l i m i n a r y  mass c h a r a c t e r i s t i c s  and  weight  breakdown of the  S a t u r n  
C-1  Apollo s p a c e  vehicle  f o r  a 100-nau t i ca l -mi l e  o r b i t  a r e  shown in  Tab les  
7 ,  8, and  9. M a s s  moment s  of i n e r t i a ,  c e n t e r  of g rav i ty  sh i f t ,  and  d e c r e a s e  
i n  weight  v e r s u s  burning t i m e  a re  shown in F i g u r e s  8 through 1 1 .  

DESIGN TRAJECTORIES 

Des ign  t r a j e c t o r i e s  of the S a t u r n  C-1 Apollo s p a c e  veh ic l e s  f o r  a *  , 

1 0 0 - n a u t i c a l i m i l e  o r b i t  a re  shown in  Tab les  10 through 13. 
a r e  f o r  both 7-engine  and  8-engine con t ro l  of the S-I s t age .  

T r a j e c t o r i e s  

ENVIRONMENTAL CONDITIONS 

The  following n a t u r a l  and induced env i ronmen t s  a r e  those  expe r i enced  
by  the  S a t u r n  C-1  vehic les  during the  manufac tu re ,  s t o r a g e ,  t e s t ,  t r a n s p o r t a -  
t ion,  launch,  and  f l ight  phases .  

Ground Wind C r  i te  ria 
.b 

Vehicle  F r e e  Standing on Launcher  

While f r e e  s tanding on  the Launcher at Cape  C a n a v e r a l ,  F l o r i d a ,  the  
S a t u r n  C-1  vehic le ,  empty  o r  fue led ,  wi l l  be des igned  to  be s t r u c t u r a l l y  
capable  of withstanding the conditions s t a t e d  in  Table  14. 

Vehicle  S e c u r e d  on Launcher  

Dur ing  pe r iods  when ground wind s p e e d s  a r e  expec ted  to  exceed  the 
condi t ions s t a t ed  i n  Table  14, the vehic le  m u s t  be s e c u r e d  to  p reven t  e x c e s s  
loading. 
i t  to  the s e r v i c e  s t r u c t u r e  with the propel lan t  tanks p r e s s u r i z e d .  

The  vehicle  m a y  be s e c u r e d  by placing it in  a s h e l t e r  o r  by tying 

Vehicle  During Launch 

The  peak wind s p e e d s  to be  c o n s i d e r e d  f o r  a S a t u r n  C - 1  vehic le  
95 -pe rcen t  launch  capabi l i ty  a r e  s t a t e d  in  Tab le  15. 

- 3 3  - 
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Table  7. Prcli i i i i i iarb- M,iss C h a r a c t e r i s t i c s  During F i r s t - S t a g e  Burriiilg 
( 1  00 -Nau t i ca l -Mi le  Orb i t )  

Moment  of h e r  ti;i 
( K~. -M-SC&)  Vehicle 

Scnter of G r a v i t y  
( i n .  ) Itern R o l l  PltCh 

312, 7 0 0  

379, 7 1 0  

3 ( j l ,  b 5 0  

T o t a l  d r y  f i r s t  s t a g e  
F 1 r s t i 11 t e r s tag  e 
Firs t  s t a g e  r e t r o -  

r u c k e t  cases  a n d  
m o  Lints 

Rcs id iw 1s 

9 4 , 0 0 0  
1 , 8 7 9  

1 , 6 6 0  
1 7 , 4 2 3  

375 
1060 

922 
286 

30, 150  

F i r s t  s t a g e  a f t e r  
ret r o r o c  Ice t 
b u r  no u t  

r ( >  c lie t p r u p  e lld 11 t 

F1r s t -  stag<’ r e t r o  - 
114 ,  9 6 2  

1 ,  340 

380 

9 2 2  

3 4 , 6 7 7  

F i r s t  s t age  a t  f i r s t  
s e p i t  r a t io 11 c c ) n i  ma  nd 

propulsioii  syaterii  

s t a g e  ignition 

Apc’llo l a ~ l n c h  esc<rpt. 

Vchicle  ;it s econd-  

3 8 7  

11180 

1242 

1 1 6 ,  3 0 2  

3, 700 

135 ,  018 

35, 320 

3 9 , 5 4 9  255, 020 

m54,  3 6 ~ 1  

370 

1 ,  1 0 9 ,  7 6 3  

1 5 .  3’51 

1 ,  i 2 , S ,  146 

2 , 0 1 8 ,  7 3 3  

550 

1 2 7 3  

L o b ,  770 

1125 21 0,463 

I 



- 

N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  4 SPA< E and I . S F O H M A T I 0 . N  Y \ S T F \ l s  I ) I \  1 5 1 c ) \  

Tab le  8. P r e l i m i i i a r y  M a s s  C h a r a c t e r i s t i c s  During Second-Stage Burning  
(1 00-Nautical-Mile  Orb i t )  

Moment  of I n e r t i a  1 ( K ~ - M - s &  

I 

\ 

Vehicle  
C e n t e r  of Grav i ty  

( in .  ) Rol l  I tem 

To ta l  d r y  second 

R e s i d u a l s  
R e s e r v e  p rope l l an t s  

s t a g e  219 
192 
157 

11, 700 
494  
500 

2 ,  268 

Second s t age  a t  
second s e p a r a t i o n  
coin in and 

Vehicle  ins  t r  unient 
uni t  a s s e m b l y  

Apollo o r b i t a l  payload 

12, 694 

4 , 4 0 5  
17, 300 

216 

516 
697 

2,  281 

Vehicle  'at end of 
s econd  s t age  t h r u s t  
decay  

p rope l l an t s  ( includ-  
ing t h r u s t  decay  and 
he l iun i  h e a t e r  
p r o p c 1 1 ants  ) 

Second-s tage  m a i n  
34, 399 

100,  090 

496 

199 

3 , 9 5 5  

Second-  s t age  vehic le  

Second-s tage  weight 
l o s s  between f i r s t -  
s t a g e  sepa ra t ion  and 
s c c o nd - s t a g e s t a r t 

a t 1 i f t  - off::: ::: 134, 489 

529 

275 

216 

3 , 9 7 1  

1 3 5 , 0 1 8  4 , 1 0 6  
Vehicle  a t  second-  

s t a g e  ignit ion 2 7 5  

::::::Lift-off = The t i m e  a t  which m a i n  s t a g e  r e a c h e s  90 -pe rcen t  thrust ' .  I 
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Tab le  9.  I n s t r u m e n t  Ln i t  A s s e m b l y  Weight Breakdown 
( 1  00-Naut ica l -Mi le  O r b i t )  ( C o n t )  

\ -  

I t e m  

T e l e m e t r y  sys t e rn  (Con t )  
T e l e m e t e r  f o r  P C M  ( X  07) 
T e l e m e t e r  aux i l i a ry  equipment  
T e 1 e m e t  e r a n t e n na s 

Range  sa fe ty  and  t r ack ing  
Azusa  t r a n s p o n d e r  
Azus  2 antenna  
Hor i zon  s e n s o r  
H o r i z o n  s e n s o r  power  supply 
C-band r a d a r  
C-band r a d a r  an tenna  
R a d a r  a l t i m e t e r  
R a d a r  a l t i m e t e r  an tenna  
UDOP t r a n s  ponder  
UQOP an tennas  
P o w e r  d i v i d e r s  
M i s t r a m  t r a n s p o n d e r  
M i s t r a m  antenna  
C o m m a n d  antenna  

In-f l ight  cool ing s y s t e m  
iiu'2 c o o i e r  (wet )  
Ducting and  valve 

A i r  bea r ing  s y s t e m  (2  s p h e r e s )  

Ins u l a t i  o n 

Abor t  d i s t r i b u t o r  

At t a  c hi  ng ha  r dwa re  

T o t a l  i n s t r u m e n t  uni t  

Weight ( lb )  

30 
16 
40 

42 
2 

60 
20 
1 1  

2 
16  
8 

24 
15  

1 
17 

2 
10 

130 
50 

:::D u r in  g f i I s t - s t a g e bur  ni  n g 

2 30 

180 

94 

40 

20 

20 

4405 

Vehic le  
C e n t e r  of Grav i ty  

( in .  )::: 

1481 

1483 

1453 

1488 

1449 

1472 
~~ 

1483 
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S-IV STAGE BURNING TIME (SECONDS) 

Figure  9.  M a s s  Moment  of Ine r t i a  During Second-Stage Burning 
(100-Nautical-Mile  Orbi t )  
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F i g u r e  11. Vehicle  Weight and C e n t e r  of Grav i ty  During 
Second-Stage Burning (1 00 - Nautical-Mile  Orbi t )  
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I :::+St(.arlyXtatt. Wind: Average  wind  speed  o v e r  a pcxriod of t - 1 1 1 ~  ( 1 )  
in inute .  

'.>::.>:l'eak Wincl: F3ased 011 a g u s t  f a c t o r  of 1 .  ~3 a p p l i e d  to  a s t e a d y - s t a t e  
wind magnitude I 

interest (thc.rtxI)y s i m u l a t i n g  thc t r a n s i e n t  conditions o f  l aunch  and f l igh t ) .  
T h e s e  levels a r e  to  Le di\ . ided by  two to obta in  the  l evc~ l s  f o r  a 5-niinii te 
dwcl l  a t  the m a j o r  rc*sonances of t h e  h a r d w a r e  uiidc'r inves t iga t ion  ( t h c ~ r t ~ h ) ;  
5iniulat ing the  s tcady-st ; t te  o r  'ma ins t agc"  por t ion  o f  f l igh t ) .  

Thc. s h o c k  c r i t e r i a  l c v e l s  g i v e n  in  Figurc. 1 7  art '  ii<put le \  c > l s  o f  it half-sine 
s h o c k  p u l s c  of 8 mi l l i s econds  dura t ion .  
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- 

L h  = lo00 m 

Notes 

1. A h  Scale-of-distance 
i.e., distance (ol t i tude change) 
below given al t i tude (h) 
Dota are far use w i th  
9 Y o  probabil ity level  
wind prof i le envelope for 
Saturn vehic le studies, 
Cape Canaverol,, Florida 

2 .  

1 I 1 I I I 1 

O I O  20 Q 40 M 60 70 80 m I 0 0  

WIND SPEfD C H A N G E ,  d w  (METER/SECOND) 

b 
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.. 

ZONE 
NO. 5 

- 
ZONE 
NO. 4 

I 

ZONE 
NO. 3 

Vibrotion Level Shock Level- 

Zone Area (Tmnsient Condition) ing's bok 

16 to 37 cprat 0.45-in. double amplitude 

84 to 11 9 cpr at 0.09-in. doublo amplitude 
119 to 2ooo cpr at 65-9 peak 

37 to 84 c p  at 32-g peak 

16 to 29 cpr at 0.35-in. double amplitude 
29 to 100 cpr at IS-&! peok 
100 to 189 cpr at 0.029-in. double amplitude 
189 to 2000 cpr at 52-g peak 

100 

16 to 35 c p  at 0.35-in. double ompiitude 

16 to 40 cps at 0.33-in. double amplitude 

1Wto 114cprot0.053-in.doubleamplitude 
\ \ 4 to2000cpra t  35-gpeok 

40 to 100 cpr at 27- peak 

16 to 42 cpr at 2-g peak 
42 to 95 c p  at 0.022-in. double amplitude I 95 to 2000 cp, at 10% peak 

NO. 2 NO. 1 

.-.\ 

F i g u r e  17. Sa tu rn  C-1 Launch Vehicle  Vibra t ion  
and Shock Env i ronmen t  
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N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  i SPACE arid INb'ORMATION SYS'I'Bhlh I > I \  I S I O N  

./' 

Tab le  20. Maximum Sound P r e s s u r e  Loading f o r  Major  Ground Suppor t  
Equ ipmen t  and  Fac i l i t i e s  During Launch P h a s e  (Befo re  L i f t - o f f )  

Ident i f icat ion 
- 

Launch pedes t a l  
Umbi l i ca l  t ower  
Automat ic  ground con t ro l  

P e r i p h e r y  c a m e r a  pad B-1 
P e r i p h e r y  c a m e r a  pad B-4 
P e r i p h e r y  c a m e r a  pad B-2  
P e r i p h e r y  c a m e r a  pad B-3  
G e n e r a t o r  pad 
P o w e r  pedes t a l  pad 
Cooling tower  
High p r e s s u r e  gas  s t o r a g e  

R P - 1  s t o r a g e  a r e a  
LO2 s t o r a g e  a r e a  
LH2 s t o r a g e  a r e a  
C a m e r a  s t a t ion  37-2 
C a m e r a  s ta t ion  37-4 
C a m e r a  s ta t ion  37-1 
C a m e r a  s t a t ion  37-3  
E l ec  t r i c a  1 equipment  

Launch con t ro l  building 
Opera t ions  suppor t  

s t a t ion  

area 

building B 

building 

Locat ion F r o m  
Vehicle Axis ( f t )  

0 
58 

110 
2 50 
2 50 
285 
285 
300 
340 
420 
500 

6 80 
740 
87 5 
87 5 
87 5 
930 
9 30 

960 
1175 
1645 

J .  ,I. 

1 5 9 . 7  

1 5 4 . 4  
150. 8 
1 4 9 . 6  
1 4 9 . 4  
149. 5 
145. 1 
148. 1 
144. 0 
141. 5 

138. 3 
139. 3 
1 3 6 . 6  
139. 8 
1 3 9 . 3  
139. 3 
1 3 9 . 0  

135. 1 
136. 2 
1 3 3 . 4  

:::NO va lue  l i s ted  because  of pa r t i c l e  imp ingemen t  in  the  i m m e d i a t e  
exhaus t  s t r e a m .  
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Tab le  2 2 .  Launch Complex  37, M a x i m u m  Sound P r e s s u r e  Loading f o r  
Var ious  Vehicle Al t i tudes  (Af t e r  Lift-off) 

~ 

Vehicle  Alt i tude (ft):: 
-~ 

80 
90 

100 
120 
140 
160 
180 
200 
2 50 
300 
3 50 
40 0 
500 
600 
7 50 

1000 
1500 
2000 

Radia l  D i s t ance  
F r o m  Vehicle  

V e r t i c a l  Axis ( f t )  

67. 3 
75. 6 
84. 0 

1 0 0 . 7  
1 1 7 . 7  
134 .6  
151. 5 
168 .0  
210 .0  
252. 0 
2 9 4 . 0  
336. 1 
4 2 0 . 0  
504 .0  
630 .0  
840 .0  

1257. 0 
1680. 0 

:::Feet above nozzle  ex i t  plane.  

Max SPLoa  (db)  
Ref 0 .002  d y n e s / c m 2  

156. 1 
1 5 5 . 1  
154 .2  
152 .6  
151 .7  
150. 1 
149 .1  
148 .1  
146. 2 
1 4 4 . 6  
143 .3  
142. 1 
140. 2 
138 .6  
136 .7  
134. 2 
130 .6  
128. 3 

M a x i m u m  ang le  of a t t a c k  v e r s u s  burning t i m e  f o r  a 2 s i g m a  wind is 
shown in  F i g u r e  36. 
s i g m a  wind is shown in  F i g u r e  37. 

Max imum g imba l  ang le  v e r s u s  burning t i m e  f o r  a 2 

STRUCTURAL CHARACTERISTICS 

Load Data  
I 

C u r v e s  on s h e a r  a n d  bending m o m e n t  v e r s u s  vehic le  s t a t ion  dur ing  
v a r i o u s  f l i gh t  t i m e s  a r e  shown i n  F i g u r e s  38  th rough  43. Longi tudinal  f o r c e  
v e r s u s  vehic le  s t a t i o n  at rebound, l if toff ,  a n d  v a r i o u s  f l ight  t i m e s  a r e  shown 
in  F i g u r e s  44 through 46. 

B ending F r e quenc i e s 

F r e e - f r e e  f r e q u e n c y  v e r s u s  f l ight  time c u r v e s  a r e  shown in  F i g u r e  47. 
Re la t ive  ampl i tude  v e r s u s  vehic le  s t a t ions  f o r  f i rs t  and second  f r e e - f r e e  
bending modes  a r e  shown in  F i g u r e s  4 8  and  49. 
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\ \  
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~ 1000M 4 + ‘OBqA 

, w \ \  -- POWEROFF 
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. 
F i g u r e  31. D i s t r ibu t ion  of L o c a l  N o r m a l  F o r c e ,  C- 1 Apollo 

F i r  st Stage (By Second-Order  Shock Expans ion  Theory )  
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2 - 1  
N 

% 

0 
0 

l f D  

dCzcf d(X/D)Sin2 a 
Czcf = ’ d(X/D)Sin2 a 

1 2 3 4 5 6 

X/D 

7 8 

DISTRIBUTION BASED ON Cdc = 1.20 / f (M, a ) 

F i g u r e  3 3 .  Distribution of V i scous  Cross f low N o r m a l  F o r c e ,  
C-1 Apollo First Stage 

I 
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F i g u r e  35. Loca i  Axia l  F o r c e  V e r s u s  ’v’ehicle Siaiioii, 
C -  1 Apollo First Stage 

- 7 9  - 

SID 6 2 - 1 4 8  



16 

14 

I 2  

10 

a 

6 

4 

2 

(? 

WITH FINS 

0 ?O 10 60 60 IO0 120 140 

5-1 STAGL BURNING Tlh't! (SECONDS) 



. 
’ / ’  -- 

I 

7 ENGWES 
(VVlTY FINS) 

- 8 ENGINES 
(WITH FINS) 

\ -  

I ‘. 

0 20 40 60 80 100 120 140 

S-I STAGE BURNING TIME (SECONDS) 

. .  

F i g u r e  37 .  M a x i m u m  Gimba l  Angle V e r s u s  Burning T i m e  S-I S tage ,  
S a t u r n  C- 1 Apollo (Two-Sigma Winds) - - 81 - 

SID 62 - 148 



i 
r- 



60 

50 

40 

IO 

0 

-10 

- 

- 

- 

3 0 -  
v) 
n 
Z 
3 

v B 
E 20 - 
Q 
I 
w 

Vl 

- 

- 

* 

-20 I I I I I I . ,  I 

800 600 4 t h  200 0 2000 1800 1600 1400 1200 IO00 

VEHICLE STATION (INCHES) 

F i g u r e  39. Shear V e r s u s  Vehic le  Stat ion,  
S a t u r n  C-1 Apollo(t  = 75 Seconds )  

f ‘  

- 8 3  - - 
SID 62-148 



I I I I I 
P 

1 I I 

N E ? ? P N 0 
I I 

- Q - 
I 

$01 X aNnOd-ki3NI) lP43WOW 3 N l a N 3 8  

L I I I J .  
0 I 7  N - 

0 0 0 

* 
0 

( 6 ) 1013vj avo1 IVWION i v i o ~  

c 

I '. 

a r: 
0 
.V 
al 
v) 

0 I 
9 

II 
~ 

+J 
Y 

i d 
I u I 

c 
k 

- 84 - 

SID 62-1-18 



N O R T H  A M E R I C A N  

3 

3 

( *O l  XaNnOd-H3NI )  lN3WOW 9 N l a N 3 Q  

I I 1 I 
0 7 

0 
c) c! 
0 0 

( 6 )  NG13V4 avo1 1VWON lV101 

. - a 5  - 

STD 62-148 



t 

I '. 

! 
I _  

t 

.. . ,- - . .. . . "d 

, 

. .  



(,+01 X a N n O d - H 3 N I )  l N 3 W O W  3NlaN39 

- '87  - 

h 

m a 
c 
0 
U 
Q) 
tn 
In 
r- 
II 
+I 
Y 

. 

SID 6 2 - 1 4 8  



-1.0 - 

-0.8 

-0.6 - 

43.4 - 

-0.2 - 

II 0 -  

0.2 - I 1 I I 1 1 1 .  I 1 

2000 1800 1600 1400 1200 1000 800 600 400 200 0 

VEHICLE STATION (INCHES) 

F i g u r e  44. Longitudinal Force '  V e r s u s  Vehicle  Station, 
S a t u r n  C-1  Apollo (t = Liftoff) 

- 88 - 

SID 6 2 -  1-18 



-1.6 

-1.4 

-1.2 

- 1  .o 

-0.8 

-0.6 

0 .  

-0.4 

-0.2 

J 

L 

\ ,  

r 

0.2 1 1 I I I 1 I 1 I 

2Ooo 1800 1 600 1400 1200 lo00 800 600 400 200 0 

VEHICLE STATION (INCHES) 

F i g u r e  45. Longitudinal F o r c e  V e r s u s  Stat ion,  
S a t u r n  C-1  Apollo (t = 60 Seconds)  

- 89 - 

SID 62-  148 



N O R T H  A M E R I C A N  A V I A T I O N .  I N C  , s l ’ . . ~ ~ ’ k . : ~ , l l d  I S 1  0 1 * \ 1  VI I O \  5\51 I \ l -  Ill\ I % l C I \  

-1.6 

-1.4 

- 1 . 2  

-1.0 

4 . 8  

4 . 6  

4 . 4  

-0.2 

G 

0.: 

#- 
I 

I 
L. 

. 



7 0  

0 0  

5 ! I  

4 0  

3 3  

2 11 

1 3  

. 
I '  

I 
I '  



1 .o 

0.8 

w > 0.2 

-0.2 

I I I I I 
: 

I I 1 

800 600 400 200 0 
-0.4 

2000 1800 1600 1400 1200 lo00 

VEHICLE STATIONS (INCHES) 

Figl i re  48. S a t u r n  C- 1 Apollo Space Vehicle  Re la t i \ - e  Ampli tude V e r s u s  
Vehicle  S ta t ions  F i r s t  F ree -Free  Bending Modes  

1 

-0.4 I ! 1 I , I I I I 

lo00 800 600 400 200 0 2000 1800 1600 1400 1200 

VEHICLE 5TATlONS (INCHES) 

E’i 2:i 

- 9 2  - 



T I T .  C - 5  L A U N C E 1  V E H I C L E  

O R  J E C T I V E  

Tlle pr-i inar) pu rpose  of the \ a t u r n  C - i  veh ic l e  ili be to providc  the 
  pol lo SpCtcecraIt \sitti the  nec 'essar :  euidance and propuls ion  f o r  c i r c \ i m -  
l u n a r ,  c i rcu i i i lunar  witti l u n a r  o r b i t ,  anci l u n a r  la r iu ing  miss ions .  

\ *  

DLS C R I P  TI 0 N 
/ '. 

Tile Sa tu rn  C - 5  vcii icle xi11 lze capablc of performing a two-s t age ,  9 

lo%, \  - o r b i t  ( p r i m a r y )  miss ion  and a tliree - s t a c e  d i r e c t - e s c a p e  ( s e c o n d a r v )  
i i : i s > i o ~ i .  I ~ o r  tlie p r i m a r y  m i s s i o n ,  ttie C - 5  cont ' icuratlon c o n s i s t s  oi an 
S- IC  s t age ,  a n  S-I1 s t a g e ,  a n  Apoiio s p a c e c r a i t  ( c o m m a n d ,  s e r v i c e ,  and 
Lunar landing inocluies) and a ref t ie i inp t anke r .  The  S-IVR is u s e d  P-S the  
tiiirr! s t a g e  for the t i i ree-s tage  d i r e c t - e s c a p e  mis s ion .  ( S e e  E i g u r e  50. ) .. 

STAGEL s - I C  

T i l e  f i rs t  s t a g e  (S - IC)  \ \ i l l  be  p o x e r e d  by f ive  E'-1 engines  developing 
ii tot,iI t i i r u s t  of 7 .  j mi l l ion  pounds. 
c ,~ i i : i s t  o f  R P - 1  arid L O L .  

P r o p e l l a n t s  for these  engines  wil l  

- IC  ' -11 Ih'TERSTF.Cf.3 SECTION 

S T P G E  S-.I1 

The second s t age  (S-11) u i l l  be  po\vered by f ive J - L  eng ines  developing 

The  S-I1 s t age  \\.ill be 390 inches  in d i a m e t e r .  
a tot:ii t h r u s t  of 1 mi l l ion  pounds. 
O I  LO2 and  L f l ~ .  

P r o p e l l a n t s  f o r  t hese  engines  wil l  c o n s i s t  

S-11: S - I V H  I N T E R S T A G E  SE;CTIC?r.! 

* v  

The th i rd  s t a g e  (S-IVR) wil l  be powered  by  one ' J -L  engine  developing 
P r o p e l l a n t  f o r  th i s  engine w i l l  c o n s i s t  of a total  t h r u s t  of L O O ,  000 pounds. 

- 0 3  - 
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APOLLO PAYLOAD 
(LUNAR LANDING) 
WEIGHT - 141, 900 LB 7 

L 

5-11 
(5 J'2 

ENGINES) 

s - IC  
(5 F-1 

ENGINES) 

3% 
DIA 

c -  

TANKER k 
\ 

5-11 
(5 J-2 

i NG INES 

5- IC 
(5 F-l 

i NG I N ES' 

APOLLO - TYPE 
PAYLOAD 

-\ 

s-ll 
(5 J-2 

ENGINES 

5-IC 
(5 F-l  

ENGINES' 

ENGINE) 

L 

SATURN C-5 
.MANNED PAYLOAD 

RENDEZVOUS MISSION 

SATURN C-5 
rANKER PAYLOAD 
IWO-STAGE ORBIT 

(PRIMARY) 

SATURN C-5 
MANNED PAYLOAD 

THREE-STAGE ESCAPE 
(ALTERNATE) 

F i g u r e  50. C-5 Vehic les  
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LO2 and  LH2. 
d i a m e t e r  conf igura t ion  is p re sen t ly  u n d e r  study. 

The  S - I V B  s t a g e  i s  220  i n c h e s  i n  d i a m e t e r ,  but a 2bO-inch 

Instrument! Unit 
~~~ 

STAGING 

I '  

PROPULSION 

8 

FIRST S T A G E  (S- IC)  

Engines  

The  S-IC s t a g e  power  plant  w i l l  c o n s i s t  of f ive  engines .  F o u r  o u t e r  

The fixed c e n t e r  enqine 
enginus wil l  be  niounted p a r a l l e l  to the,  c e n t e r l i n e  ( z e r o  can t  angle)  on a 
3u4-inch c i r c l e  arid wil l  be g imbaled  fo\r c'ontrol. 
\x i l l  be  niounted to the t h r u s t  s t r u c t u r e  o n  the c e n t e r l i n e  of the s t age .  

P r  u pe 1 I an t s 

T h e  S-IC stagr '  p rope l l an t s  will be  R P - 1  and  LOL. The  fuel  f i l l  r a t e  
\vi11 be L O O 0  gal lons  p e r  minute ,  and the LO2 f i l l  r a t e  will be  10 ,  000 ga l lons  
p e r  millute.  The  p rope l l an t  con ta ine r s  \\,ill h a v e  a capac i ty  f o r  4, 600,  000 . 
po \ i n  d s o f p 1-0 pe 11 a n t s  . 

Control  S y s t e m  

'I'he g imba l  ang le  r e q u i r e m e n t  ( p e r  engine model  spec i f ica t ion)  is 
*ti degi-<>es ( s q u a r e  pa t t e rn )  of u n r e s t r i c t e d  con t ro l  t r ave l  and 1 d e g r e e  for 
snubbing,  o v e r t r a v e l ,  mi sa l ignmen t ,  e tc .  The  s t r u c t u r a l  c l e a r a n c e  f o r  the 
:;imb;iling engines  wi l l  be  7 d e g r e e s .  

SECONP ST4GF3 (S-11) 

Lngl l les  

T h e  fou r  o u t e r  engines  of the S-I1 wil l  be  mounted  pa ra l l e l  to the stage 
c e n t e r l i n e  and  w i l l  be  equal ly  spaced  o n  a 210-inch c i r c l e .  
\ \ i l l  b e  1mourlted on the s t age  cen te r l ine .  
a l igned  \vith the co r re spond ing  F-1 engine  on the S- IC s tage.  
Si i tnmariLes the  e s t i m a t e d  nominal p e r f o r m a n c e  c h a r a c t e r i s t i c s  of the S-I1 
s tagc% for the two-s tage  and t h r e e - s t a g e  m i s s i o n s .  

The  fifth engine  
E a c h  S-I1 engine wil l  b e  v e r t i c a l l y  

Tab le  2 3  

- 9 5  - 
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N O R T H  A M E R I C A N  A V I A T I O N ,  I N C  SPAC'E and I .?. l ~ ' ~ ~ I ~ ~ i . ~ r i o x  st s l'l.:\l+ 1)I \ 1 9 1 0 \  - 
Table  23. Nominal  P e r f o r m a n c e  C h a r a c t e r i s t i c s  for Two-Stage Low-Orbi t  

and  Three-Stage  E s c a p e  Miss ions  

I t e m  

S-I1 p rope l l an t  loading,  l b  

Ini  t ia 1 c o nd i t io 11 s 
Velocity ( m / s e c )  
Alti tude (km) 
Dynamic  p r e s s u r e  ( k g / s q  m) 

( T  - D ) / W  ra t io  
:::Flight path angle  (cleg) 

End-boos t  condi t ions 
Veloci ty  ( m / s e c )  
Alt i tude ( k m )  

( T  - D ) / W  ra t io  
:::Flight path angle  (deg)  

M i s s i o n  payload weight  (lb):::: 
Spec i f ic  i m p u l s e ,  vacuum (sec)  
T h r u s t ,  vacuum (lb) 
:::::Nominal burning t irne ( s e c )  

Rel iab i l i ty  
Miss ion  
S y s t e m s  
Manned r a t ing  

Two-Stage 
Low-Orbi t  Miss ion  

Two-Stage C-5 
C onf i g u r a t ion 

~~~ 

Engine  - 
o u t  

800, 000 

2803 
66.728 
58 
68. 47 
0. 718 

7391 
185. 2 
90. 0 
2.455 

218, 000 
422 
800, 000 
413 

No 
Engine  - 

o u t  

1 ,000 ,000  

2410 
60. 22 
100.3 
66. 31 
0.744 

7391 
185.2 
90. 0 
2. 848 

235, 720 
422 
1,000,000 
414 

9 5 . 0  
99. 0 
99. 9 

T h r e e  -Stage 
E s c a p e  Miss ion  

T h r e e  -Stage 
C-5 Configurat ion 

NO I 

Engine  -Out t 

800, 000 

2670 
57. 36 
169.0 
72.28 
0. 818 

6836 
120.60 
90.67 
2.437 

94, 500 
422 
1,000,000 
338 

95.0 
99.0 
99. 9 

:::Measured f r o m  local  v e r t i c a l .  
::::::Maximum burning t i m e  422 s e c  if  100 p e r c e n t  of r e s e r v e  propel lan t  is 

used  f o r  c o r r e c t i o n .  

s c a r  weight  is included for 1 ,  000 ,  000-lb propel lan t  loading. 
:::::::::LH2 tank s i z e d  f o r  ac tua l  propel lan t  loading. At 800, 000-lb loading,  

- - 9 6 % -  
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P r o p e l l a n t s  

The p rope l l an t s  u sed  i n  the.S-I1 s t a g e  wi l l  be  LO2 aqd LHz. The 

p rope l l an t  c o n t a i n e r s  wi l l  have a capac i ty  of 940, 000 pounds.  
C 

Contro l  Sys  t e m  

The  f o u r  o u t e r  engines  wi l l  g imbal  f o r  con t ro l ,  and the fif th enginc 
wil l  be f ixed.  
1 l 2  d e g r e e  f o r  snubbing, o v e r t r a v e l ,  mi sa l ignmen t ,  e tc .  

The g imba l  angle  r e q u i r e m e n t  is *7 d e g r e e s  f o r  cont ro l  arld 

b 

THIRD STAGE (S-IVB) - 

Engine 

The  s ingle  J-2 engine w i l l  be  loca ted  on the c e n t e r l i n e  of the s t age  
d i r ec t ly  i n  l i ne  with the c e n t e r  engines  of the S-IC and the S-I1 s t ages .  

P r o p e l l a n t s  I 

\ . 
The propel lan ts  used  in  the S-IVB s t age  wi l l  be  LO2 and LHL. The 

p rope l l an t  con ta ine r  wi l l  have  a capac i ty  of 100, 000 poun+. 

Cont ro l  Sys  tern 

The engine wil l  g imbal  rt7 d e g r e e s  for cont ro l  and 1 / 2  d e g r e e  for  
snubbing, o v e r t  r ave l ,  mi sa l ignmen t ,  e tc. 

INSTRUMENT UNIT 

DESCRIPTION 

EQUIPMENT 

- 97 - 
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r '  

GUIDANCE AND CONTROL 

DESCRIPTION 

C O N C E P T  

INSTRUMENTATION 

DESCRIPTION 

MONITORING 

Crew 

M i s s i o n  Con t ro l  C e n t e r  - 

MEASUREMENT LIST 

Mandatory  

Optional 

T E L E M E T R Y  AND RADIO FREQUENCY 

Desc r ip t ion  

Frequencies 

ABORT SENSING SYSTEM 

DESTRUCT SYSTEhI 
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C I R C U hl L U  N.4R 

LUfl:-*R ORBITAL 

L u N .A R LA N r)I NC 

.. 

INTER FA C ES 

MEC MA NICAL 

Propel1 ant  

Hydrau l i c  

ELECTRIC A L 

Ins t rumen ta t ion  S y s  tern 

G u i d z n c e  and  Cont ro l  System 

E l e c t r i c a l  Power  S y s t e m s  

Abort Sens ing  and D e s t r u c t  S y s t e m s  

~ 

- 

\ -  

I 

/ '. 

AERODY NAklICS 

APOLLO SPACECR-AFT/C-S LAUNCH VEHICLE A E ; K O D Y N r ? n / l l c  L>:\T.A 

CONTROL DYNAMICS 

RI GI I> €3 0 13Y ' C 0 N T R  0 L P R  I N CI P LE S 

EL,J.S? IC BODY CONTKOL 
I 

.k. 



ENVIRONMENTAL P R O F I L E S  

ATMOSPHERIC 

P h v s i c a l  Proper t ies  

W i n d  Profiles 

PICCELERATION 

VIBRATION 

SHOCK 

AERODY KAhlIC PRESSURE 

TEMPERATURE 

ACOUSTIC NOISE 

PHYSICAL CONFIGURATION 

OVERALL DIMENSIONS 

WEIGHT AND CENTER O F  GRAVITY LOCATION 

LIhlIT-4 TIONS 

SURFACE hi-IND VELOCITIES 

WIND SHEAR 

LAUNCH A N G L E  ( N O T  APPLIC'ARLE) 

P A  'r' LOA D 

C c n t e r  <>i G r a \  i t )  Locr:tions 
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I 
\ -  

I V .  L A U N C H  F A C I L I T Y  C - ~ I T E R I A  

I 

The Sa tu rn  C-1 veh ic l e s  n , i l l  be  launched f rom AMR Complexes  34 and 
37 under  the  o v e r a l l  d i r ec t ion  of the M a r s h a l l  Space  F l ight  Cen te r  Launch 
Opera t ions  Di rec to ra t e .  Technical  respons ib i l i t J -  for p repa ra t ion  of each  
s t age ,  s p a c e c r a f t ,  o r  s ec t ion  of the tutal  space  veh ic l e  to a fl ight r e a d i n e s s  
condition r e s t s  \vith e a c h  individual c o n t r a c t o r .  . -  

LAUNCH COhlPLEX 

Launch Complex  34 basical ly  c o n s i s t s  of the  launch  con t ro l  c e n t e r ,  one  
launch  pad, one  s e r v i c e  s t r u c t u r e ,  p rope l lan t  s t o r a g e  f ac i l i t i e s ,  and 'one.  
long cab le  m a s t .  Launch  Complex 37  bas ica l ly  c o n s i s t s  of the launch control  
c e n t e r ,  two l aunch  pads ,  one s e r v i c e  s t r u c t u r e ,  p rope l lan t  s t o r a g e  f ac i l i t i e s ,  
and two p e r m a n e n t  unibi l ical  towers .  
i s  moved to and f r o m  the  pad on r a i l s .  Complex 37 s e r v i c e  s t r u c t u r e  i s  
moved f r o m  one  pad to the o the r  on r a i l s .  
e l e v a t o r s ,  and wrork p l a t fo rms  a r e  contained in both s e r v i c e  s t r u c t u r e s .  
Launch  Complex 34 will  be  modified to m e e t  the r e q u i r e m e n t  f o r  Launching 
Sa tu rn  C - 1  vehic les .  
Complex  37. 
F i g u r e s  51 and 52. 

Launch Complex  34 s e r v i c e  s t r u c t u r e  

Hoisting and e r e c t i n g  equipment ,  

Wind shields  a r e  provided on  the  s e r v i c e  s t r u c t u r e  of 
An o v e r a l l  p l a n  vieur of Launch Complex  37 is i l lustrate! i n  

.h. 

LAUNCH TASK SEQUENCE 

The p r e l i m i n a r y  m a j o r  task  sequence  for  the  S-I s t age  and the S - I V  
s t age  is shov,tn in  F i g u r e  53. 
au tomat ic  s equence  s t a r t i n g  2 m i n u t e s  be fo re  t i m e  z e r d .  

T i m e  va lues  ;ire curlsidered noriiinal wi th  the  

- 101  - 
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N O R T H  A M E R I C A N  A V I A T I O N ,  I N C  , SI’\( i ~ : s I I l c l  l h l . O I t \ l  \ I  IO\ h\\ I t \ I +  1 , 1 \  I-%IO\ 

RP-1 STORAGE 

L A U N C H  PEDESTAL 

PARKING CJ 
F i g u r e  51. Saturn Faci l i ty  11, Launch Complex 3 7  
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-CHECK CONTINI ' ITY.  I N S I A L L  ULLAGE A N D  R E T R O R ~ K E T S ,  SEPARATION DEVICE INITIATORS A N D  CONNECT ELECTRICAL PLUG! 

I C H E C K  CONTINUITY,  INSTALL DESIRUCT SYSTEM INITI~TORS A N D  C O N N E C T  ELECTRICAL PLUGS - E N G I N E  SECTION AIR C O N D l I l O N I N G  

FILL LO2 I A N K  TO pesb I 
I 

REPLENISH LO2 TANK TO W-3/4?4 - FILL LH2 TANK TO 95% 

m HYDRAULIC POWER PACK ON A N D  f N G l N E S  GIMBALED 
REPLENISH LH, TANK TO 99-1/49, 

5 - IV  SEOUt NCE' 

i - LO? FINAL REPLENISH IOOI 
I 
I 
I 
I 

- LH2 F I N A L  REPLENISH 100% 

I CALIBRATICNS 

8 S-IV READY FOR L A U N C H  
I U'A@lLlCAL< 

DISCONNEC I I 
I 

I 1 1 I I ,  I . .  1 , 1 , ] I  I I :  I I 1 , I I i  I 
I 

HR 5 HR 4 HR 3 H R  2 HR I HR w ) M I N  26 MlN 300 SEC 100SEC 50SEC 0 + I  SEC $2 <EC 13SEC +3 3'+2 42 10 42 
I 

EXTERNAL POWER - PAD CLEAR OF PERSONNEL EXCEPT ORDNANCE CREW i 
I 
I 

-MOVE GANTRY I 

I 
b PAD CLEAR r)F I'ERS@r.ll\lEL 

I - INSIALL PRECONDITIONED SOLID-PROPELLANT TURBINE qPINNERS 

INSTALL HYPERGOL CARTRIDGES - CHECK C@'-ITINUIlY, I N I T A L L  TURBINE S P I N N E R  INITIATORS A N D  DESTRUCT SYSTEM INITIATORS, CONNECT ELECTRICAL PLUGS 

I 
I I - FILL L O 2  TANKS 

LO2 REPLENISHING 

I - FINAL FUEL LEVEL CORRECTION 
I I FIRING C O M M A N D  

I 
I I PCVff  R TRANSfER 

I 
I 
I 

I C O N T 9 O L  PRESSURES ON 

1 INSTRIJMENT UNIT RtADY 

I IGtIlTlON C O M Y A N D  I 
ENGINES 5 A N D  7 IURBINE 5PINNER 50?1185 FIRE 

I PRIMARY IGNITION 

0 5 APID 7 I - AND 0 MAINSTAGE 1 
I 

I 
1 0 2 A N D  

0 I A N D  3 
L A U t I C H  COMMIT I 

H O L D - D O W N  ARMS RELEASE 
LIFT-OFF I 

IEL MASTS, bMBILICALS D I S C G N N E C T I  

VEHICLE S I N G L E - l r J G I M  CUT-OFF CAPABILITY - 
WJLTIPLE ENGINE CUI-OFF CAPABILITY - 1 ,  I 

> I  

I 
1 1 I I .  1 1  I 1 1  * I I  1 I I 1 1 . 1  I 

6 W R  5 HR 4 HQ 3 HR 2 HR I HR 40 Mlti 26 F A I N  3x) SEC 100 SEC SI SEC 0 + I  SEC ' 2  SEC -3 5EC *3.3 ' 2  42 +C 42 

* T I M E  VALIJES ARf N O M I N A L  

Fip i i r e  53. Sattirii C-1 M a j o r  T a s k  Sequence 
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1 ‘. . 
F-1-1 engine  prtrar-ricters a r c  slio\\n in Tab le  L and  nomina l  t h r u s t  

bui ld-up i s  shown in  F i g u r e  A-1 .  
11-1 c’ngme i s  sho\\n in F i g u r e  A-2. 

Thrust dccay  d i s p e r s i o n  at a l t l t u d e  for 

I7L1 0-A-3  engine  p a r a i n e t c r s  a r e  shou n i n  ‘1 ab le  3 .  Est imatcd 
s t a r t i n g  t r a n s i e n t  for H L 1 0 - A -  3 c’nginc is  sho\ \n  in  F i g u r e  A -  3 and cs t in i a t cd  
S h U t d C J \ \ r I  t r a n s i e n t  is shown in F i g u r e  A-4. 

s - I STAG E R E T R 01: oc IC T s PA II AM I : ’r E R s 

S-I s t age  r e t r o r o c k e t  p a r a m e t e r s  a r e  shc1u.n in Table  A -  1 .  Typica l  
m e a n  a l t i t ude  t h r u s t  t i m e  c u r v e  \ \ , i [? i  l i m i t s  for S-I s t a g e  r c t r o r o c k e t s  a r e  
shown in  F i g u r e  A-5 .  
F i g u r e  A-6. 

Locat ion of S - I  s t a g e  r e t r o r o c k e t s  i s  sh0u.n in 

S - I V  STAGE ULLAGE ROCKETS A N D  R E T R O R O C K E T S  l’ARALf€<TEIIS 

S - I V  s t a g e  ul lage r o c k e t s  a n d  r e t r o r o c k e t  5 p a r a m e t e r s  a r e  shoum in 
Table 2 5  and  t h r u s t  v e r s u s  b u r n i n g  t i m e  is s1ion.n i n  F i g u r e  A-7.  

- 105 - 
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Tatilcx A- 1 .  Eietrorockct  Paramctcars 

L e n g t h  ( o v e r a l l )  
To ta l  Xveight (niaximum) 
ro ta1  weight  (nomina l )  
P rope  1 l a  n t we i g lit ( n o m  i ria 1) 
T i m e  of b ~ i r n i n g  (ti, a t  60 F) 
T h r u s t  ( d v c  r a g e  du r ing  ti, a t  250 ,  000 f t )  
To ta l  i m p u l s e  
P r o  pe  lla lit t l  e s i g ila t ion 
F la  r n  e t t’ tm p c ~  r a t  u r e (ad iaba t ic  ) 
Ig  11 i t i  o n 
E x p e r i m e n t a l  spec i f i c  in lpulse  
Tht-o r e t i c a l  sptscifjc inipuls  e 

6 4 .  2 8  in  
500 lb 
481  lb  
327 lb  
2 . 1 5  s c c  
3 7 , 0 0 0  l b  
7 4 ,  500 lb - sec  
ANP-512DS Mod 3 
4 6 0 0 ° F  
E xplo d i n  g b r id g e w i r c (E  B W ) 

2 3 2  l l - s e c / ’ l h  
224 1b-s c c  / l b  

Table A-2. Rocket  P a r a m e t e r s  

Lc>ngth (o \ - e ra l l )  
T (1 t a 1 w e i g ht  ( a p p r ox i rna t e ) 
P r o p e 1 la II t v, t x  i g h t 
T i m ( ,  of burning (nomina l  t b  a t  100,  000 f t  and  70 F) 
T h r u s t  ( a v e r a g e  du r ing  tb  a t  100 ,  000 f t  and  70  F)  
To ta l  i m p u l s e  ( a t  100,  000 ft  and  70 F) 
Spec i f ic  impulse  (at  100, 000 f t  and  70 F) 
Nozzle  expans ion  r a t i o  
N o  Lzle expans ion  cone  configurat ion 

34 .068  in  
85. 61 l b  
5 9 . 4  lb 
3 . 7 7 6  s e c  
3450 l b / r o c k e t  

225 l b - s e c / l b  
20. 6:l 
Bel l  

14 ,  570 1 b - s ~ ~  

. 
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CURVE EXTRAPOLATED FROM AVAILABLE 
ROCKETDYNE AND T E S T  DIVISION DATA 
ON 165 K H-1 ENGINE OPERATION 

\ -  

I '. 

NOMINAL THRUST BUILD-UP 
RATE = 7120 LBI'MS 

NOMINAL P TIME = 879 MS 
C 

I I I 1 

0.8 I . 2  1 .6 2 .o 2 . 4  2 . 8  0 0.4 

TIME (SECONDS) 

.. 

.A-% 



Note 

Maximum cut-off impulse - 98,400 Ib-rec 
Minimum cut-off impulse 73,640 Ib-sec 

0 0 . 4  ’ 0.8 1 . 2  1 .6 2 .o 2.4 2 .8  3 . 2  

TIME AFTER CUT-OFF SIGNAL (SECONDS) 

F 1 g u l - e  A - 2 .  Thrus t  Decay Dispers io i i  at  rlltitucle for  188 K €1- 1 Engiiie 
( B a s e d  01: S;ttiir:i SA- 1 Fliqht Tes t  Data)  

. 
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k-01 x SaNnOd) l S n l f H l  :. 
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0 
0 0.1 . 0.2 0 .3  0 .4  0.5 0.6 0.7 

TIME (SECONDS) 

I 
F i g u r e  A-4 .  E s t i m a t e d  Shut-Do\:n T r a n s i e n t  for  t h e  R L l 0 -  A - 3  Engine 

(At  300,000-Foot  Altitude) - - 110 - 
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\ ,  

I -I ADJUSTMENT 
____ ... A n  

EITHER SIDE OF 
VEHICLE CENTERLINE 

Notes 

1 ,  
2. 

Retrorockets ore located 45' from the f in  positions 
Alignment tolerances ore being developed 

i 
x c  



. 

1 .  

2. Stort impulse (95% thrust) 

Zero seconds taken os time 
of start r igml  

= 17M) Ib-sec 

I 

\ *  

I 

I 

I ’. 

TIME (SECONDS) 

Figure-  A-7 .  T h r u s t  V e r s u s  Burning  T i m e ,  Thiokol  TX-280 
Solid- P rope l l an t  Rocket  M o t o r s  

dammuml - 1 1 3  - 
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NORTH A M E R I C A N  A V I A T I O N .  I N C  . 

Lr 
Tab le  6.  Condensed  Ins t rumen t  Unit  M e a s u r e m e n t  List 

P a r a  m e t e r  

Q Ball ,  I n t e r n a l  T e m p e r a t u r e  
To ta l  t e m p e r a t u r e  
Wall t e m p e r a t u r e ,  dens i ty  gage 
A i r  t e m p e r a t u r e ,  dens i ty  gage 
Gas  n i t rogen  manifold t e m p e r a t u r e  

Azusa  t e m p e r a t u r e ,  i n t e r n a l  
Ins t r urn en  t c o m pa r t m e n t  p r e  s s u r e 
Air  bear ing  supply ST-90 p r e s s u r e  
Con t ro l  equipment  p r e s s u r e ,  supply 
C o nt r o 1 equipment  p r  e s s u r  e ,  

r egu la to r  

Dynaniic p r e s s u r e  (Q) 
Q bal l ,  D i f f e ren t i a l  p r e s s u r e ,  

Q ba l l ,  Di f fe ren t ia l  p r e s s u r e ,  yaw 
Di f f e ren t i a l  p r e s s u r e ,  Q compensa t ion  
P r e s s u r e  i n s t r u m e n t  compar tmen t  

pitch 

ST-90 ,  Y Axis Vibrat ion 
I n s t r u m e n t  Pane l ,  L a t e r a l  Vibrat ion 
Lower Suppor t ,  Longitudinal 

I n s t r u m e n t  Pane l ,  P i t ch  Vibrat ion 
Angular  Velocity,  P i t ch  

Angular  Veloci ty ,  Yaw 
Long i t ud i na 1 a c c e le r a t ion  
Long i t  ud ina 1 c oa  r s e a c  c e le ra t  ion 
Longitudinal a c c e l e r a t i o n  
P i t c h  c o n t r o l  a c c e l e r a t i o n  

V i  b r a ti o n 

Yaw c o n t r o l  a c c e l e r a t i o n  
P i t c h  con t ro l  angu la r  velocity 
Yaw c o n t r o l  angu la r  veloci ty  
Rol l  con t ro l  ang:ular veloci ty  
Local  angle  -of -a t tack  

- 28 - 

0 to 100 c 
-50 to t50 C 

10 to  65 C 
0 to 20 ps i a  . 
0 to 60 ps id  
0 to  3500 p s i  
0 to 800 ps i a  

5 to 750 P S F  
*5 ps i  

* 5  p s i  
1 5  p s i  
0 t o  20 ps i a  

*3 g 

*t20 g 
*5 

*3 g 
*lo  d e g / s e c  

* l O  d e g / s e c  
O t o 5 g  
O t o 5 g  

*I g 
*5 m / s e c  sq 

*5 m/sec  s q  

*IO d e g / s e c  
* lo  d e g j s e c  
*10 d e g .  

* l O  d e g / s e c  


