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FOREWORD 

The work r epor t ed  he re in  was sponsored  by the Nat ional  
Aeronau t ics  and Space Admin i s t r a t i on  (NASA), Marsha l l  Space 
Fl ight  Cente r  (MSFC) ( I -E-J ) ,  under  System 921E, P r o j e c t  9194. 

The r e su l t s  of the t e s t s  p re sen ted  were obtained by ARO, Inc. 
Ca subs id ia ry  of Sverdrup & P a r c e l  and Assoc ia tes ,  Inc. ), con t rac t  
o p e r a t o r  of the Arnold Engineer ing  Development  Cen te r  (AEDC), 
Air  Fo rce  Sys tems Command (AFSC), Arnold Air  Fo rce  Station, 
Tennessee ,  under  con t rac t  AF40(600)-1200. P r o g r a m  d i r ec t i on  
was provided by NASA/MSFC; eng inee r ing  l i a i son  was provided  
by North A m e r i c a n  Aviation,  Inc . ,  Rocketdyne Division,  manu-  
f a c t u r e r  of the J - 2  rocke t  engine,  and Douglas A i r c r a f t  Company,  
m a n u f a c t u r e r  of the S-IVB s tage.  The tes t ing  r epo r t ed  h e r e i n  
was conducted on September  15, 1967, in P ropu l s ion  Engine Tes t  
Cell  (J-4) of the Large  Rocket Fac i l i t y  (LRF) under  ARO P r o j e c t  
No. KA1801. The m a n u s c r i p t  was submi t ted  fo r  publ ica t ion  on 
December  12, 1967. 

In fo rmat ion  in this  r epo r t  is embargoed  under  the Depar tment  
of State In te rna t iona l  Tra f f i c  in Arms  Regula t ions .  This  r epo r t  may  
be r e l e a s e d  to fore ign  gove rnmen t s  by depa r tmen t s  o r  agenc ies  of 
the U. S. Government  subject  to approva l  of NASA, M a r s h a l l  Space 
Fl ight  Cente r  ( I -E-J ) ,  or  h ighe r  au thor i ty .  P r i va t e  individuals  o r  
f i r m s  r equ i r e  a Depar tment  of State export  l i c ense .  

This  t echn ica l  r epo r t  has  been reviewed and is approved.  

Haro ld  Nelson, J r .  
Captain,  USAF 
AF Represen ta t ive ,  
D i r ec to ra t e  of Tes t  

LRF 

Leona rd  T. G l a s e r  
Colonel,  USAF 
Di r ec to r  of Tes t  
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ABSTRACT 

Two nonf i r ing  t e s t s  of the Rocketdyne J -2  rocket  engine were  
conducted on Sep tember  15, 1967, in P r o p u l s i o n  Engine Tes t  Cell  
(J-4) of the L a r g e  Rocket  Fac i l i ty ,  Arnold Eng inee r ing  Development  
Center .  The t e s t s  were  accompl i shed  dur ing tes t  per iod  J4-1801-09  
at p r e s s u r e  a l t i tudes  f rom 97,000 to 106,000 ft. The ob jec t ives  of 
the t e s t  included the de t e rmin ing  of the magni tude  of any side f o r c e s  
gene ra t ed  by the f lowing of p rope l l an t s  th rough  the engine under  p ro -  
pe l lan t  tank ul lage p r e s s u r e .  

This document is subiect to special export controls 
and each transmittal to foreign governments or foreign 
nationals may be made only with prior approval of 
NASA, '~|arshall Space Flight Center (l-E-J), Hunts- 
ville, Alabama. 

iii 



AEDC-T R-68-15 

CONTENTS 

A B S T R A C T  . . . . . . . . . . . . . . . . . . . .  
NO.MEN C L A T U R E  . . . . . . . . . . . . . . . . . .  

I. I N T R O D U C T I O N  . . . . . . . . . . . . . . . . .  
II. A P P A R A T U S  . . . . . . . . . . . . . . . . . .  

III. P R O C E D U R E  . . . . . . . . . . . . . . . . . . . .  
IV. R E S U L T S  A N D  D I S C U S S I O N  . . . . . . . . . . . . .  
V. S U M M A R Y  O F  R E S U L T S  . . . . . . . . . . . . . .  

R E F E R E N C E S  . . . . . . . . . . . . . . . . . . .  

P a g e  

i i i  
v i i  

1 
1 
6 
7 

I0  
I I  

APPENDI XES 

I. I L L U S T R A T I O N S  

F i g u r e  

1. T e s t  C e l l  J - 4  C o m p l e x  . . . . . . . . . . . . . . .  

2. T e s t  C e l l  J - 4 ,  A r t i s t ' s  C o n c e p t i o n  . . . . . . . . . .  

3. E n g i n e  D e t a i l s  . . . . . . . . . . . . . . . . . .  

4. S - I V B  B a t t l e s h i p  S t a g e  ( J - 2  E n g i n e  S c h e m a t i c )  . . . .  

5. E n g i n e  S c h e m a t i c  . . . . . . . . . . . . . . . . .  

6. E n g i n e  S t a r t  L o g i c  S c h e m a t i c  . . . . . . . . . . . .  

7. E n g i n e  S t a r t  and  S h u t d o w n  S e q u e n c e  . . . . . . . . .  

8. T h e r m a l  C o n d i t i o n i n g  H i s t o r y  of  T h r u s t  C h a m b e r .  

9. E n g i n e  A m b i e n t  and  C o m b u s t i o n  C h a m b e r  

P r e s s u r e ,  T e s t  09A . . . . . . . . . . . . . . . .  

10. O s c i l l o g r a m  O v e r l a y  o f  S ide  F o r c e s ,  T e s t  09A . . . .  

11. H i s t o g r a m  of  S ide  F o r c e s ,  T e s t  09A . . . . . . . . .  

12. I n t e r n a l  V i e w  of  T h r u s t  C h a m b e r  L o o k i n g  
U p s t r e a m ,  T e s t  0 9 A  . . . . . . . . . . . . . . . .  

13. E n g i n e  A m b i e n t  and  C o m b u s t i o n  C h a m b e r  
P r e s s u r e ,  T e s t  0 9 B  . . . . . . . . . . . . . . . .  

14. O s c i l l o g r a m  O v e r l a y  of  S ide  F o r c e s ,  T e s t  09B  . . . .  

13 

14 

15 

16 

17 

18 

19 

21 

22 

23 

24 

25 

26 

27 

V 



AEDC-T R-68-15 

F i g u r e  

15. H i s t o g r a m  o f  S ide  F o r c e s ,  

II. T A B L E S  

I. 

II. 

III .  

IV.  

T e s t  09B  . . . . . . . .  

M a j o r  E n g i n e  C o m p o n e n t s  . . . . . . . . . . .  

S u m m a r y  of  E n g i n e  O r i f i c e s  . . . . . . . . . . .  

E n g i n e  P u r g e  a n d  C o m p o n e n t  C o n d i t i o n i n g  
S e q u e n c e  . . . . . . . . . . . . . . . . . . .  

S u m m a r y  of  T e s t  R e q u i r e m e n t s  a n d  R e s u l t s  . . . .  

28 

29 

30 

31 

32 

III.  I N S T R U M E N T A T I O N  . . . . . . . . . . . . . . . .  33 

v i  



AE DC-T R-68-15 

NOMENCLATURE 

A 

ASI 

ES 

FM 

GG 

MOV 

STDV 

t o 

VSC 

X 

SUBSCRIPTS 

f 

m 

t 

A r e a ,  in. 2 

A u g m e n t e d  s p a r k  i g n i t e r  

Eng ine  s t a r t ;  d e s i g n a t e d  as the t i m e  tha t  h e l i u m  c o n t r o l  
and ign i t ion  p h a s e  s o l e n o i d s  a r e  e n e r g i z e d  

F r e q u e n c y  m o d u l a t i o n  

Gas  g e n e r a t o r  

Main  o x i d i z e r  v a l v e  

S ta r t  t ank  d i s c h a r g e  va lve  

Def ined  as the  t i m e  at wh ich  open ing  s igna l  is  app l i ed  to 
the  m a i n - s t a g e  c o n t r o l  s o l e n o i d  f o r  t e s t  09A and to the  
ign i t ion  p h a s e  s o l e n o i d  f o r  t e s t  09B 

V i b r a t i o n  s a f e t y  coun t s ,  de f ined  as  the  t i m e  at wh ich  eng ine  
v i b r a t i o n  was  in e x c e s s  of 150 g in a 960- to 6000-Hz  
f r e q u e n c y  r a n g e  

A r i t h m e t i c  a v e r a g e  

Force 

M a s s  

T h r o a t  

vii 
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SECTION I 
INTRODUCTION 

T e s t i n g  of the  R o c k e t d y n e  J - 2  r o c k e t  eng ine  (S /N J -2052)  wi th  an 
S- IVB b a t t l e s h i p  s t age  has  been  in p r o g r e s s  s i n c e  J u l y  1966 at AEDC, 
in suppor t  of the  J - 2  eng ine  a p p l i c a t i o n  on the  Sa tu rn  IB and Sa tu rn  V 
l a u n c h  v e h i c l e s  f o r  the  NASA Apollo P r o g r a m .  The two t e s t s  r e p o r t e d  
h e r e i n  w e r e  conduc ted  d u r i n g  t e s t  p e r i o d  J 4 - 1 8 0 1 - 0 9  on S e p t e m b e r  15, 
1967, in P r o p u l s i o n  Eng ine  T e s t  Ce l l  ( J -4)  (F ig s .  1 and 2 - A p p e n d i x  I) 
of the  L a r g e  Rocke t  F a c i l i t y  (LRF)  to d e t e r m i n e  the m a g n i t u d e  of any  
s ide  f o r c e s  g e n e r a t e d  b)" the  f lowing  of p r o p e l l a n t s  t h r o u g h  the  eng ine  
u n d e r  p r o p e l l a n t  t ank  u l l a g e  p r e s s u r e .  T h e s e  t e s t s  w e r e  a c c o m p l i s h e d  
at p r e s s u r e  a l t i t u d e s  r a n g i n g  f r o m  97 ,000  to 106,000 ft ( g e o m e t r i c  
p r e s s u r e  a l t i tude ,  Z, Ref.  1). 

Data  c o l l e c t e d  to a c c o m p l i s h  the t e s t  o b j e c t i v e s  a r e  p r e s e n t e d  
h e r e i n .  The  r e s u l t s  of the  p r e v i o u s  t e s t  p e r i o d  a r e  r e p o r t e d  in  
Ref .  2. 

SECTION II 

APPARATUS 

2.1 TEST ARTICLE 

The test article was a J-2 Rocket Engine (Fig. 3) designed and 
developed by Rocketdyne Division of North American Aviation, Inc. 
The engine uses liquid oxygen and liquid hydrogen as propellants, and 
has a thrust rating of 225,000 Ibf at an oxidizer-to-fuel mixture ratio 
of 5.5. An S-IVB battleship stage was used to supply propellants to 
the engine. A schematic of the battleship stage with the J-2 engine is 
shown in Fig. 4. 

A list of the major engine components and engine orifices for this 
test period are presented in Tables I and II (Appendix If), respectively. 
No engine modifications and component replacements were performed 
since the previous test period. The thrust chamber heater blankets 
were in place during this test period, although they were not i, tilized. 
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2.1.1 J-2 Rocket Engine 

The J - 2  r o c k e t  eng ine  (F igs .  
the  fo l lowing  m a j o r  c o m p o n e n t s :  

4. 

3 and 5 t h r o u g h  7, Ref. 3) f e a t u r e s  

I. T h r u s t  C h a m b e r  - The t u b u l a r - w a l l e d ,  b e l l - s h a p e d  t h r u s t  
c h a m b e r  c o n s i s t s  of an 1 8 . 6 - i n .  - d i a m  c o m b u s t i o n  c h a m b e r  
(8 .0  in. long f r o m  the  i n j e c t o r  m o u n t i n g  to the  t h roa t  in le t )  
with a c h a r a c t e r i s t i c  l eng th  (L *) of 24 .6  in . ,  a 1 7 0 . 4 - i n .  2 
t h r o a t  a r ea ,  and a d i v e r g e n t  n o z z l e  with an e x p a n s i o n  r a t i o  
of 27. I. T h r u s t  c h a m b e r  l eng th  ( f rom the i n j e c t o r  f l ange  to 
the  n o z z l e  exit)  is I07 in. Cool ing  is a c c o m p l i s h e d  by the  
c i r c u l a t i o n  of eng ine  fuel  f low downward  f r o m  the  fuel  m a n i -  
fo ld  t h r o u g h  180 tubes  and then  upward  t h r o u g h  360 t u b e s  to 
the i n j e c t o r .  

2. T h r u s t  C h a m b e r  I n j e c t o r  - The i n j e c t o r  is  a c o n c e n t r i c -  
o r i f i c e d  ( c o n c e n t r i c  fuel  o r i f i c e s  a round  the o x i d i z e r  pos t  
o r i f i c e s ) ,  p o r o u s - f a c e d  i n j e c t o r .  Fue l  and o x i d i z e r  i n j e c t o r  
o r i f i c e  a r e a s  a r e  25.0  and 16.0 in. 2 r e s p e c t i v e l y .  The 
p o r o u s  m a t e r i a l ,  f o r m i n g  the  i n j e c t o r  face ,  a l lows  approx i -  
m a t e l y  3 .5  p e r c e n t  of to ta l  fuel  f low to t r a n s p i r a t i o n  cool  the  
face  of the  i n j e c t o r .  

3. A u g m e n t e d  Spark  I g n i t e r  - The  a u g m e n t e d  s p a r k  i g n i t e r  uni t  
is  m o u n t e d  on the  t h r u s t  c h a m b e r  i n j e c t o r  and s u p p l i e s  the  
in i t i a l  e n e r g y  s o u r c e  to ign i t e  p r o p e l l a n t s  in the  m a i n  c o m -  
bus t ion  c h a m b e r .  The a u g m e n t e d  s p a r k  i g n i t e r  c h a m b e r  is  an 
i n t e g r a l  p a r t  of the  t h r u s t  c h a m b e r  i n j e c t o r .  F u e l  and o x i d i z e r  
a r e  ign i t ed  in the  c o m b u s t i o n  a r e a  by two s p a r k  p lugs .  

Fue l  T u r b o p u m p  - The t u r b o p u m p  is c o m p o s e d  of a t w o - s t a g e  
t u r b i n e - s t a t o r  a s s e m b l y ,  an i n d u c e r ,  and a s e v e n - s t a g e ,  
a x i a l - f l o w  pump.  The  pump is  se l f  l u b r i c a t e d  and n o m i n a l l y  
p r o d u c e s ,  at r a t e d  cond i t ions ,  a head  r i s e  of 35 ,517 ft 
(1225 ps ia )  of l iqu id  h y d r o g e n  at a f low r a t e  of 8414 gpm fo r  
a r o t o r  speed  of 26 ,702 rpm.  

5. O x i d i z e r  T u r b o p u m p  - The  t u r b o p u m p  is c o m p o s e d  of a two-  
s t age  t u r b i n e  s t a t o r  a s s e m b l y  and a s i n g l e - s t a g e  c e n t r i f u g a l  
pump.  The pump is  s e l f  l u b r i c a t e d  and n o m i n a l l y  p r o d u c e s ,  at 
r a t e d  cond i t ions ,  a head  r i s e  of 2117 ft (1081 ps ia )  of l iqu id  
oxygen  at a f low r a t e  of 2907 gpm fo r  a r o t o r  s p e e d  of 8572 rprn.  

6. Gas G e n e r a t o r  - The  gas  g e n e r a t o r  c o n s i s t s  of a c o m b u s t i o n  
c h a m b e r  con ta in ing  two s p a r k  p lugs ,  a p n e u m a t i c a l l y  o p e r a t e d  
c o n t r o l  va lve  con ta in ing  o x i d i z e r  and fuel  poppe ts ,  and an 
i n j e c t o r  a s s e m b l y .  The o x i d i z e r  and fuel  poppe t s  p r o v i d e  a fuel  

2 
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lead to the gas generator combustion chamber. The high-energy 
gases produced by the gas generator are directed to the fuel tur- 
bine and then to the oxidizer turbine (through the turbine cross- 
over duct) before being exhausted into the thrust chamber at an 
area ratio (A/A t ) of approximately Ii. 

7. Propellant Utilization Valve - The motor-driven propellant 
utilization valve is mounted on the oxidizer turbopump and by- 
passes liquid oxygen from the discharge to the inlet side of the 
pump to vary engine mixture ratio. 

8. Propellant Bleed Valves - The pneumatically operated fu/el and 
oxidizer bleed valves provide pressure relief for the boi%off of 
propellants trapped bet~veen the battleship stage prevalves and 
main propellant valves at engine shutdown. 

9. Integral Hydrogen Start Tank and Helium Tank - The integral 
tanks consist of a 7258-in. 3 sphere for hydrogen with a 
1000-in. 3 sphere for helium located within it. Pressurized 
gaseous hydrogen in the start tank provides the initial energy 
source for spinning the propellant turbopumps during engine 
start. The helium tank provides a helium pressure supply to 
the engine pneumatic control system. 

I0. Oxidizer Turbine Bypass Valve - The pneumatically actuated 
oxidizer turbine bypass valve provides control of the fuel tur- 
bine exhaust gases directed to the oxidizer turbine in order to 
control the oxidizer-to-fuel turbine spinup relationship. The 
fuel turbine exhaust gases which bypass the oxidizer turbine are 
discharged into the thrust chamber. 

ii. Main Oxidizer Valve - The main oxidizer valve is a pneumatically- 
actuated, two-stage, butterfly-type valve located in the oxidizer 
high pressure duct between the turbopump and the main injector. 
The first-stage actuator positions the main oxidizer valve at the 
14-deg position to obtain initial thrust chamber ignition; the 
second-stage actuator ramps the main oxidizer valve full open to 
accelerate the engine to main-stage operation. 

12. Main Fuel Valve - The main fuel valve is a pneumatically 
actuated butterfly-type valve located in the fuel high pressure 
duct between the turbopump and the fuel manifold. 

13. Pneumatic Control Package ~- The pneumatic control package 
controls all pneumatically operated engine valves and purges. 

14. Electrical Control Assembly - The electrical control assembly 
provides the electrical logic required for proper sequencing of 
engine components during operation. 
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15. P r i m a r y  and A u x i l i a r y  F l i gh t  I n s t r u m e n t a t i o n  P a c k a g e s  - The  
i n s t r u m e n t a t i o n  p a c k a g e s  con ta in  s e n s o r s  r e q u i r e d  to m o n i t o r  
c r i t i c a l  eng ine  p a r a m e t e r s .  The  p a c k a g e s  p r o v i d e  e n v i r o n -  
m e n t a l  c o n t r o l  f o r  the  s e n s o r s .  

2.1.2 5-1VB Battleship Stage 

The S- IVB b a t t l e s h i p  s t age  ,is a p p r o x i m a t e l y  22 ft in d i a m e t e r  and 
49 ft long  and h a s  a m a x i m u m  p r o p e l l a n t  c a p a c i t y  of 46, 000 lb of l i qu id  
h y d r o g e n  and 199, 000 lb of l iqu id  oxygen.  The p r o p e l l a n t  t anks ,  fue l  
above  o x i d i z e r ,  a r e  s e p a r a t e d  by  a c o m m o n  bu lkhead .  P r o p e l l a n t  p r e -  
v a l v e s ,  in the  low p r e s s u r e  duc t s  ( e x t e r n a l  to the  t anks )  i n t e r f a c i n g  the  
s t a g e  and the eng ine ,  r e t a i n  p r o p e l l a n t  in the  s t age  un t i l  be ing  a d m i t t e d  
into the  eng ine  to the  m a i n  p r o p e l l a n t  v a l v e s  and s e r v e  as  e m e r g e n c y  
eng ine  shutof f  v a l v e s .  P r o p e l l a n t  r e c i r c u l a t i o n  p u m p s  in both  fue l  and 
o x i d i z e r  t a n k s  a r e  u t i l i z e d  to c i r c u l a t e  p r o p e l l a n t s  t h r o u g h  the  low 
p r e s s u r e  duc t s  and t u r b o p u m p s  b e f o r e  eng ine  s t a r t  to s t a b i l i z e  h a r d -  
w a r e  t e m p e r a t u r e s  n e a r  n o r m a l  o p e r a t i n g  l e v e l s  and to p r e v e n t  p r o -  
p e l l a n t  t e m p e r a t u r e  s t r a t i f i c a t i o n .  Vent  and r e l i e f  va lve  s y s t e m s  a r e  
p r o v i d e d  fo r  bo th  p r o p e l l a n t  t anks .  

P r e s s u r i z a t i o n  of the  fuel  and o x i d i z e r  t a n k s  was  a c c o m p l i s h e d  by  
f a c i l i t y  s y s t e m s  u s i n g  h y d r o g e n  and he l i um,  r e s p e c t i v e l y ,  as  the  p r e s -  
s u r i z i n g  g a s e s .  

2.2 TEST CELL 

T e s t  Ce l l  J - 4 ,  F ig .  2, is  a v e r t i c a l l y  o r i e n t e d  t e s t  uni t  d e s i g n e d  f o r  
s t a t i c  t e s t i n g  l i q u i d - p r o p e l l a n t  r o c k e t  e n g i n e s  and p r o p u l s i o n  s y s t e m s  at 
p r e s s u r e  a l t i t u d e s  of I 0 0 , 0 0 0  ft. The  b a s i c  c e l l  c o n s t r u c t i o n  p r o v i d e s  a 
I. 5 m i l l i o n - l b f - t h r u s t  c a p a c i t y .  The c e l l  c o n s i s t s  of fou r  m a j o r  c o m -  
ponen t s :  (I) test capsule, 48 ft in diameter and 82 ft in height, situated 
at grade level and containing the test article; (9) spray chamber, I00 ft 
in diameter and 9.50 ft in depth, located directly beneath the test capsule 
to provide exhaust gas cooling and dehumidification; (3) coolant water, 
steam, nitrogen (gaseous and liquid), hydrogen (gaseous and liquid), 
liquid oxygen and gaseous helium storage and delivery systems for opera- 
tion of the cell and test article; (4) control building, containing test 
article controls, test cell controls, and data acquisition .equipment. Ex- 
haust machinery is connected with the spray chamber and maintains a 
low pressure before and after the engine firing and exhaust the products 
of combustion from the engine firing. Before a firing, the facility steam 
ejector, in series with the exhaust machinery, provides a pressure alti- 
tude of I00, 000 ft in the test capsule. A detailed description of the test 
cell is presented in Ref. 4. 
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The b a t t l e s h i p  s t age  and the J - 2  eng ine  w e r e  o r i e n t e d  v e r t i c a l l y  
downward  on the c e n t e r l i n e  of the  d i f f u s e r - s t e a m  e j e c t o r  a s s e m b l y .  
Th i s  a s s e m b l y  c o n s i s t e d  of a d i f f u s e r  duct (20 ft in d i a m e t e r  by 150 ft 
in length}, a c e n t e r b o d y  s t e a m  e j e c t o r  wi th in  the  d i f f u s e r  duct,  a dif-  
f u s e r  i n s e r t  (13.5  ft in d i a m e t e r  by 30 ft in length} at the  in le t  to the  
d i f f u s e r  duct,  and a g a s e o u s  n i t r o g e n  annu l a r  e j e c t o r  above the  d i f f u s e r  
i n s e r t .  The  d i f f u s e r  i n s e r t  was  p r o v i d e d  fo r  dynamic  p r e s s u r e  r e -  
c o v e r y  of the  eng ine  exhaus t  g a s e s  and to m a i n t a i n  eng ine  a m b i e n t  
p r e s s u r e  a l t i tude  (a t t a ined  by the  s t e a m  e jec to r}  d u r i n g  the  eng ine  f i r -  
ing. The a n n u l a r  e j e c t o r  was  p r o v i d e d  to s u p p r e s s  s t e a m  r e c i r c u l a -  
t ion  into the  t e s t  c a p s u l e  du r ing  s t e a m  e j e c t o r  shutdown.  The  t e s t  c e l l  
was  a lso  equ ipped  with (1) a g a s e o u s  n i t r o g e n  p u r g e  s y s t e m  fo r  con-  
t i n u o u s l y  i n e r t i n g  the  n o r m a l  a i r  i n - l e a k a g e  of the  ce l l ;  (2) a g a s e o u s  
n i t r o g e n  r e p r e s s u r i z a t i o n  s y s t e m  for  r a i s i n g  t e s t  ce l l  p r e s s u r e ,  a f t e r  
eng ine  cutoff,  to a l e v e l  equal  to s p r a y  c h a m b e r  p r e s s u r e  and fo r  r a p i d  
e m e r g e n c y  i n e r t i n g  of the  capsu le ;  and (3} a s p r a y  c h a m b e r  l iqu id  
n i t r o g e n  supply  and d i s t r i b u t i o n  m a n i f o l d  fo r  i n i t i a l l y  ine.r t ing the  s p r a y  
c h a m b e r  and exhaus t  duc t ing  and for  i n c r e a s i n g  the  m o l e c u l a r  weight  of 
the  h y d r o g e n - r i c h  exhaus t  p r o d u c t s .  

2.3 INSTRUMENTATION 

I n s t r u m e n t a t i o n  s y s t e m s  w e r e  p r o v i d e d  to m e a s u r e  engine ,  s tage ,  
and f ac i l i t y  p a r a m e t e r s .  The eng ine  i n s t r u m e n t a t i o n  was c o m p r i s e d  of 
(1) f l ight  i n s t r u m e n t a t i o n  fo r  the  m e a s u r e m e n t  of c r i t i c a l  eng ine  
p a r a m e t e r s  and (2} f ac i l i t y  i n s t r u m e n t a t i o n  which  was p r o v i d e d  to v e r i f y  
the  f l ight  i n s t r u m e n t a t i o n  and to m e a s u r e  add i t iona l  eng ine  p a r a m e t e r s .  
The  f l ight  i n s t r u m e n t a t i o n  was p r o v i d e d  and c a l i b r a t e d  by the  eng ine  
m a n u f a c t u r e r ;  f ac i l i t y  in s t rumen ta t . i on  was in i t i a l l y  c a l i b r a t e d  and 
p e r i o d i c a l l y  r e c a l i b r a t e d  at AEDC. Appendix  III c o n t a i n s  a l i s t  of al l  
m e a s u r e d  t e s t  p a r a m e t e r s  and the  l o c a t i o n s  of s e l e c t e d  s e n s i n g  po in t s .  

P r e s s u r e  m e a s u r e m e n t s  w e r e  m a d e  u s i n g  s t r a i n - g a g e - t y p e  p r e s -  
s u r e  t r a n s d u c e r s .  T e m p e r a t u r e  m e a s u r e m e n t s  w e r e  m a d e  u s i n g  
r e s i s t a n c e  t e m p e r a t u r e  t r a n s d u c e r s  and t h e r m o c o u p l e s .  O x i d i z e r  and 
fuel  t u r b o p u m p  shaf t  s p e e d s  w e r e  s e n s e d  by m a g n e t i c  p ickup.  F u e l  
and o x i d i z e r  f low r a t e s  to the  eng ine  w e r e  m e a s u r e d  by t u r b i n e - t y p e  
f l o w m e t e r s  which  a r e  an i n t e g r a l  p a r t  of the  eng ine .  The  p r o p e l l a n t  
r e c i r c u l a t i o n  f low r a t e s  w e r e  a l so  m o n i t o r e d  with t u r b i n e - t y p e  f low- 
m e t e r s .  V i b r a t i o n s  w e r e  m e a s u r e d  by a c c e l e r o m e t e r s  m o u n t e d  on 
the  o x i d i z e r  i n j e c t o r  d o m e  and on the  t u r b o p u m p s .  P r i m a r y  e n g i n e  
and s t age  v a l v e s  w e r e  i n s t r u m e n t e d  with l i n e a r  p o t e n t i o m e t e r s  and l i m i t  
s w i t c h e s .  
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Engine s ide  f o r c e s  were  m e a s u r e d  with dua l -b r idge ,  s t r a i n - g a g e -  
type load ce l l s  which were  l a b o r a t o r y  c a l i b r a t e d  p r i o r  to i n s t a l l a t i on .  
The load ce l l s  were  located  at 90 deg to each o the r  (see  Appendix III, 
Fig.  I I I - I f )  in a hor izon ta l  plane 67.25 in. below the engine g imbal  
cen te r .  Before  tes t ing ,  the load ce l l s  were  e l e c t r i c a l l y  c a l i b r a t e d  by 
the r e s i s t a n c e  subs t i tu t ion  method;  no phys i ca l  c a l i b r a t i on  of the s ide-  
fo rce  m e a s u r i n g  s y s t e m  was conducted.  

The data acquis i t ion  s y s t e m s  were  c a l i b r a t e d  by (1) p r e c i s i o n  
e l e c t r i c a l  shunt r e s i s t a n c e  subs t i tu t ion  for  the p r e s s u r e  t r a n s d u c e r s ,  
and r e s i s t a n c e  t e m p e r a t u r e  t r a n s d u c e r  units;  (2) vol tage subs t i tu t ion  
for  the t he rmocoup le s ,  (3) f r equency  subs t i tu t ion  for  shaft  speeds  and 
f l owmete r s ;  and (4) f r equency -vo l t age  subs t i tu t ion  for  a c c e l e r o m e t e r s .  

The types  of data acquis i t ion  and r e c o r d i n g  s y s t e m s  used  dur ing  
th is  t e s t  pe r iod  were  (1) a mu l t i p l e - inpu t  d igi ta l  data  acqu is i t ion  s y s t e m  
(MicroSADIC ®) scanning  each p a r a m e t e r  at 40 s a m p l e s  p e r  second and 
r e c o r d i n g  on magne t i c  tape, (2) s ing le - inpu t ,  c o n t i n u o u s - r e c o r d i n g  FM 
s y s t e m s  r e c o r d i n g  on magne t i c  tape, (3) pho tog raph i ca l l y  r e c o r d i n g  
g a l v a n o m e t e r  o s c i l l o g r a p h s  (4) d i r ec t - ink ing ,  null  ba lance  p o t e n t i o m e t e r -  
type X-Y p l o t t e r s  and s t r ip  cha r t s ,  and (5) opt ical  data r e c o r d e r s .  
Appl icable  s y s t e m s  were  ca l ib ra t ed  p r i o r  to each t e s t  ( a t m o s p h e r i c  and 
al t i tude ca l ib ra t ions ) .  Te l ev i s ion  c a m e r a s ,  in conjunct ion with video 
tape r e c o r d e r s ,  were  used to provide  v i sua l  coverage  dur ing  an engine 
f i r ing ,  as well  as  r ep l ay  capab i l i ty  for  immed ia t e  examina t ion  of unex-  
pected events .  

2.4 CONTROLS 

Control  of the J -2  engine, ba t t l e sh ip  s tage,  and t es t  ce l l  s y s t e m s  
dur ing  the t e r m i n a l  countdown was prov ided  f rom the tes t  ce l l  cont ro l  
room.  A fac i l i ty  cont ro l  logic ne twork  was provided  to i n t e r connec t  the 
engine cont ro l  s y s t e m ,  m a j o r  s tage s y s t e m s ,  the engine sa fe ty  cutoff 
sy s t em,  the o b s e r v e r  cutoff c i r c u i t s ,  and the countdown sequence r .  A 
s c h e m a t i c  of the engine s t a r t  cont ro l  logic is p r e s e n t e d  in Fig.  6. The 
sequence  of engine events  for  a n o r m a l  s t a r t  and shutdown is  p r e s e n t e d  
in F igs .  7a and b. Two contro l  logics  for  sequencing  the s tage  p r e v a l v e s  
and r e c i r c u l a t i o n  s y s t e m s  with engine s t a r t  for  s imu la t i ng  engine f l ight  
s t a r t  sequences  a re  p r e s e n t e d  in F igs .  7c and d. 

SECTION III 
PROCEDURE 

P r e o p e r a t i o n a l  p r o c e d u r e s  were  begun s e v e r a l  hours  be fore  the t e s t  
per iod .  All consumable  s to rage  s y s t e m s  were  r ep len i shed ,  and engine 
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inspec t ions ,  leak  checks ,  and dry ing  p r o c e d u r e s  were  conducted. P r o -  
pe l lan t  tank p r e s s u r a n t s  and engine pneumat ic  and purge  gas s a m p l e s  
were  taken  to e n s u r e  that  spec i f i ca t ion  r e q u i r e m e n t s  were  met .  Chemi -  
cal  a n a l y s i s  of p r o p e l l a n t s  was provided  by the p rope l l an t  supp l i e r s .  
F a c i l i t y  sequence,  engine sequence,  and engine abor t  checks  were  con- 
ducted within a 24-h r  t ime  per iod  before  an engine f i r i ng  to v e r i f y  the 
p r o p e r  sequence  of events .  F a c i l i t y  and engine sequence  checks  con- 
s i s t ed  of v e r i f y i n g  the t iming  of va lves  and events  to be within spec i f i ed  
l im i t s :  the abor t  checks  cons i s t ed  of e l e c t r i c a l l y  s imu la t i ng  engine 
ma l func t ions  to v e r i f y  the o c c u r r e n c e  of an automat ic  engine cutoff 
s ignal .  A f inal  engine sequence  check  was conducted i m m e d i a t e l y  p r e -  
ceding the t e s t  per iod .  

Ox id i ze r  dome, gas g e n e r a t o r  ox id i ze r  in jec to r ,  and t h r u s t  cham-  
b e r  j acke t  p u r g e s  were  in i t i a ted  before  evacuat ing  the t e s t  cel l .  Af te r  
comple t ion  of i n s t r u m e n t a t i o n  ca l i b r a t i ons  at a t m o s p h e r i c  condi t ions ,  
the t e s t  cel l  was evacua ted  to app rox ima te ly  0 .5  ps i a  with the exhaus t  
m a c h i n e r y ,  and i n s t r u m e n t a t i o n  ca l i b r a t i ons  at a l t i tude condi t ions  
were  conducted.  I m m e d i a t e l y  before  loading p r o p e l l a n t s  on board  the 
vehic le ,  the ce l l  and exhaus t -duc t ing  a t m o s p h e r e  were  ine r t ed .  At 
th i s  same  t ime ,  the ce l l  n i t rogen  purge  was in i t i a ted  for  the dura t ion  of 
the t e s t  per iod,  except  for  the engine f i r ing .  The veh ic le  p rope l l an t  
t anks  were  then loaded, and the r e m a i n d e r  of the t e r m i n a l  countdown 
was conducted.  T e m p e r a t u r e  condi t ioning of the t h rus t  c h a m b e r  was 
a c c o m p l i s h e d  as r equ i red ,  us ing  the f a c i l i t y - s u p p l i e d  condi t ioning  
s y s t e m .  Table  III p r e s e n t s  the engine purge  ope ra t ions  dur ing  the t e r -  
mina l  countdown and i m m e d i a t e l y  fol lowing the engine t es t ing .  

SECTION IV 
RESULTS AND DISCUSSION 

4.1 TEST ~ R Y  

Two nonf i r ing  t e s t s  were  conducted dur ing  t e s t  J4 -1801-09  on 
Sep t ember  15, 1967, in suppor t  of the S - I V B / S - V  J - 2  engine develop-  
men t a l  p r o g r a m .  T h e r m a l  condi t ioning of the t h ru s t  c h a m b e r  was 
a c c o m p l i s h e d  (Fig.  8) to s imu la t e  the p r ed i c t ed  f l ight  engine t h e r m a l  
condi t ions .  Tes t  09A cons i s t ed  of f lowing l iquid n i t rogen  th rough  the 
t h r u s t  c h a m b e r  ox id i ze r  s y s t e m  for  a p p r o x i m a t e l y  32 sec.  Tes t  09B 
cons i s t ed  of f lowing l iquid hydrogen  th rough  the t h ru s t  c h a m b e r  fuel  
s y s t e m  for  a p p r o x i m a t e l y  24 sec.  

As s ta ted  in Section 2.3,  no phys i ca l  c a l i b r a t i o n  of the f o r c e -  
m e a s u r i n g  s y s t e m  was conducted.  However ,  as the magni tude  of s ide  
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f o r c e s  invo lved  was l e s s  than one p e r c e n t  of the  d e s i g n  l e v e l  of the  
s i d e - f o r c e  m e a s u r i n g  s y s t e m ,  it can be s t a t e d  that  any i n t e r a c t i o n  be-  
tween  the  p i t ch  and yaw f o r c e  m e a s u r i n g  c o m p o n e n t s  would be n e g l i g i b l e .  
F u r t h e r ,  the  a v e r a g e  l e v e l s  of m e a s u r e d  s ide  f o r c e s  (3, a func t ion  of 
p r o p e l l a n t  tank  u l l age  p r e s s u r e s  and f ac i l i t y  opera t ion}  a r e  of no p a r t i c u -  
l a r  s i g n i f i c a n c e ;  only  the  change  in ~ f r o m  p r e t e s t  to l iquid  flow cond i -  
t ions  is of c o n c e r n  in the  s u b s e q u e n t  a n a l y s i s .  

Speci f ic  t e s t  o b j e c t i v e s  and a b r i e f  s u m m a r y  of r e s u l t s  ob ta ined  a r e  
p r e s e n t e d  as fo l lows:  

T e s t  O b j e c t i v e s  R e s u l t s  

09A D e t e r m i n e  the  m a g n i t u d e  of 
any s ide  f o r c e s  g e n e r a t e d  by 
the  eng ine  whi le  f lowing 
l iqu id  n i t r o g e n  t h r o u g h  the  
t h r u s t  c h a m b e r  o x i d i z e r  
s y s t e m  u n d e r  tank u l l age  
p r e s s u r e .  

L o a d  ce l l  da ta  i nd i ca t e  that  s ide  
- fo r ce s  a t t r i b u t a b l e  to the  eng ine  
w e r e  l e s s  than  25 lbf. 

09B D e t e r m i n e  the  m a g n i t u d e  of 
any s ide  f o r c e s  g e n e r a t e d  by 
the  eng ine  whi le  f lowing  l iquid  
h y d r o g e n  t h r o u g h  the  t h r u s t  
c h a m b e r  fuel  s y s t e m  u n d e r  
t ank  u l l a g e  p r e s s u r e .  

Load  c e l l  da ta  i n d i c a t e  that  s ide  
f o r c e s  a t t r i b u t a b l e  to the  eng ine  
w e r e  l e s s  than 25 lb f .  

The  p r e s e n t a t i o n  of the t e s t  r e s u l t s  in the  fo l lowing  s e c t i o n s  wi l l  
c o n s i s t  of a d i s c u s s i o n  of each  eng ine  tes t .  The  da ta  p r e s e n t e d  wi l l  
be that  r e c o r d e d  by the  d ig i ta l  data  a c q u i s i t i o n  s y s t e m ,  excep t  as noted .  
Speci f ic  t e s t  r e q u i r e m e n t s  and r e s u l t s  a r e  s u m m a r i z e d  in Tab le  IV. 

4.2 TEST RESULTS 

4.2.1 Test J4-1801-09A 

T e s t  09A c o n s i s t e d  of f lowing  l iqu id  n i t r o g e n  t h r o u g h  the  t h r u s t  
c h a m b e r  o x i d i z e r  s y s t e m  u n d e r  t ank  u l l age  p r e s s u r e  fo r  a p p r o x i m a t e l y  
32 sec .  O x i d i z e r  pump in le t  p r e s s u r e  was  a p p r o x i m a t e l y  35 ps ia .  A 
s u m m a r y  of t e s t  r e q u i r e m e n t s  and r e s u l t s  is  p r e s e n t e d  in Tab le  IV. 
T h r u s t  c h a m b e r  p r e s s u r e  and t e s t  ce l l  a m b i e n t  p r e s s u r e  a r e  shown in 
Fig .  9. 
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Side-force data, as recorded on an oscillogram, are shown in 
Fig. I0. These data are typical l-sec steady-state time increments 
as recorded both pretest (approximately t o - 5 sec) and during liquid 
flow (approximately t o + 10 sec). The pretest data show the background 
forces imposed by operation of the test facility steam ejector and water 
systems. Figure II presents histograms of load cell (see Fig. lll-If 
for orientation) data as recorded by the digital data acquisition system 
over 5-sec intervals for both pretest and liquid flow conditions; a 
comparison shows the amplitude change from pretest to liquid flow con- 
ditions to be less than 25 Ibf. With reference to Fig. ii, the arithmetic 
averages pretest for pitch and yaw forces were 115 Ibf with an estimated 
standard deviation of 4-32 Ibf and -49 ibf with an estimated standard devia- 
tion of 4-84 Ibf, respectively. The arithmetic averages during liquid flow 
for pitch and yaw forces were 120 Ibf with an estimated standard devia- 
tion of 4-24 ibf and -45 Ibf with an estimated standard deviation of 4-83 Ibf, 
respectively. Results of a power spectral density analysis of load cell 
data recorded by the FM system show no frequency change from pretest 
to liquid flow conditions. 

Motion  p i c t u r e  da ta  showed  that ,  upon shu tdown,  a r i n g  of so l id  
m a t e r i a l  fe l l  f r o m  the  r e g i o n  of the t h r u s t  c h a m b e r  i m m e d i a t e l y  down-  
s t r e a m  of the  t h r o a t .  F i g u r e  12 shows  e n l a r g e m e n t s  of f o u r  f r a m e s  
f r o m  a 1 6 - m m  f i lm  e x p o s e d  at a r a t e  of 200 f r a m e s / s e c .  The f o u r  
f r a m e s  in th i s  f i g u r e  c o v e r  a span  of a p p r o x i m a t e l y  250 m s  b e g i n n i n g  
wi th in  1 s e c  a f t e r  shu tdown.  A n a l y s i s  showed  th i s  r i n g  cou ld  have  b e e n  
c o m p o s e d  of n i t r o g e n  f r o m  the  t h r u s t  c h a m b e r  i n j e c t o r  as  the  p r e s s u r e  
in the  t h r u s t  c h a m b e r  a p p r o x i m a t e d  the  t r i p l e - p o i n t  p r e s s u r e  of n i t r o g e n .  
Th i s  p h e n o m e n o n  was  not no ted  on T e s t  09B. 

4.2.2 Test J4-1801-OgB 

Test 09B consisted of flowing liquid hydrogen through the thrust 
chamber fuel system under tank ullage pressure for approximately 24 sec. 
Fuel pump inlet pressure was approximately 32 psia. A summary of test 
requirements and results is presented in Table IV. Thrust chamber 
pressure and test cell ambient pressure are shown in Fig. 13. 

Side-force data, as recorded on an oscillogram, are shown in 
Fig. 14. These data are typical l-sec steady-state time increments as 
recorded both pretest (approximately t O - 5 sec) and during liquid flow 
(approximately t O + i0 sec). The pretest data show the background forces 
imposed by operation of the test facility steam ejector and water systems. 
Figure 15 presents histograms of load cell (see Fig. lll-lf for orienta- 
tion) data as recorded by the digital data acquisition system over 5-sec 

9 
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i n t e r v a l s  fo r  both p r e t e s t  and l iquid flow condi t ions;  a c o m p a r i s o n  shows 
the ampl i tude  change f rom p r e t e s t  to l iquid flow condi t ions  to be l e s s  
than 25 lbf.  With r e f e r e n c e  to F ig .  15, the a r i t h m e t i c  a v e r a g e s  p r e t e s t  
fo r  p i tch and yaw f o r c e s  we re  145 lbf with an e s t i m a t e d  s t a n d a r d  devia-  
t ion  of +32 lbf and -37 lbf with an e s t i m a t e d  s t a n d a r d  devia t ion  of +65 lbf, 
r e s p e c t i v e l y .  The a r i t h m e t i c  a v e r a g e s  dur ing l iquid flow fo r  pi tch and 
yaw f o r c e s  were  136 lbf with an e s t i m a t e d  s t a n d a r d  devia t ion  of +32 lbf 
and -52 lbf with an e s t i m a t e d  s t a n d a r d  devia t ion  of +57 lbf, r e s p e c t i v e l y .  
Resu l t s  of a power  s p e c t r a l  dens i ty  a n a l y s i s  of load cel l  data  r e c o r d e d  
by the FM s y s t e m  shows no f r equency  change f rom p r e t e s t  to l iquid 
flow condi t ions .  

SECTION V 
SUMMARY OF RESULTS 

The r e s u l t s  of two nonf i r ing  t e s t s  of the J -2  engine conducted on 
Sep tember  15, 1967, in P r o p u l s i o n  Engine Tes t  Cel l  (J-4) a r e  sum-  
m a r i z e d  as fol lows:  

I. 

. 

Load ce l l  data  indica te  that  s ide f o r c e s  g e n e r a t e d  by the f lowing 
of l iquid n i t rogen  under  tank u l lage  p r e s s u r e  th rough  the t h r u s t  
c h a m b e r  ox id i ze r  s y s t e m  were  l e s s  than 25 lbf. 

Load ce l l  data indica te  that  s ide f o r c e s  gene ra t ed  by the flow- 
ing of l iquid hydrogen  under  tank u l lage  p r e s s u r e  th rough  the 
t h ru s t  c h a m b e r  fuel s y s t e m  were  l e s s  than 25 lbf. 
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Fig. 2 Test Cell J-4, Artist's Conception 
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Time Index  L i n e s ,  1 - s e c  I n t e r v a l s  
E ng i ne  S t a r t  - ~ ~ - - -  ----T--" ~ ~ 1 I ' ' ' ' ' " 1 [  [ 

i 

qp He C o n t r o l ,  S t a r t  Tank D i s c h a r g e  Delay[  [ 
Timer ,  ASI and GG S p a r k s  on I g n i t i o n -  [ I 

B l eed  V a l v e s  C l o s e  D Phase  C o n t r o l  S o l e n o i d  E n e r g i z e d  [ [ 
O x i d i z e r  Dome and GG ' ; '  I I I I 

, O x i d i z e r  Purge  Flow o M a i n  ; u e l  Valve  Open [ I 
' . s ASI O x i d i z e r  Va lve  Open | | 

Main F u e l  and ASI ~ ~  ;====;=3 , 
P r o p e l l a n t  Flow VASI I g n i t i o n  D e t e c t e d  
Fue l  T e m p e r a t u r e  OK S i g n n l ~  I I I 

V S t a r t  Tank D i s c h a r g e  De l ay  T imer  E x p i r e s  
I g n i t i o n - P h a s e  T i mer  E n e r -  STDV De lay  0 . 6 4 0  ± 0 . 0 3 0  a e c  
g l z e d  0 . 4 5 0  ~ 0 . 0 3 0  s e c  • I I I [ 

D STDV Open ! , 

Pump B u i l d u p  ~ B y p a s s  F l o w  t h r o u g h N o r m a l l y  Open 
/ O x i d i z e r  T u r b i n e  B y p e s e  Valve  

I g n i t i o n - P h a s e  T imer  E x p i r e s  r Pf [ [ I i 
M a i n - S t a g e  S i g n a l  [ ~ M a l n - S t a g e  C o n t r o l ,  S o l e n o i d  Energ i zed  

S p a r k s  D e - E n e r g i z e d ,  T imer  E n e r g i z e d  

. . o v  , , . . .  ' o , o -  , o  i I " O * y  . ' o , . o  
Main O x i d i z e r  Flow t ' 

° , I I I 
, 

c:GG V a l v e s  Open 
GG P r o p e l l a n t  Flow ~ ~  

O x i d i z e r  T u r b i n e  B y p a s s  Va lve  C l o s e d  ---- '  [ [ .MOV F 
M a i n - S t a g e  OK S i g n a l  [ I V[ 

[ I 9 0 - p e r c e n t  T h r u s t V  
ASI and  GG S p a r k s  D e - E ~  J 

a. Start Sequence 

S i g n a l  Time,  sec 0 0 . 1  0 . 2  0 . 3  0 . 4  0 . 5  0 . 6  0 . ?  0 . 8  0 . 9  1 . 0  
t I I , I i I I 

C u t o f f  S i g n a l  

GG Valve  Clone  ( O x i d i z e r )  
GG Valve  C l o s e  ( F u e l )  

ASI O x i d i z e r  Va lve  C lone  

MOV Clone  

Main F u e l  Va lve  C l o s e  

O x i d i z e r  Dose Purge  and C~ 
O x i d i z e r  Purge  on 

[ ]  

[ - 1  

r - - ~  

He C o n t r o l  S o l e n o i d  
D e - E n e r g i z e s  

B l e e d  V a l v e s  Open 

b. Shutdown Sequence 

Fig, 7 Engine Start and Shutdown Sequence 
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Time Index  L i n e s ,  

F i r e  Command ~L 

P r e v a l v e s  Open S i g n a l  ~L 

R e c i r c u l a t i o n  Pumps 
Off  S i g n a l  

1 - s e c  I n t e r v a l s  

1 
~L 

R e c t r c u l a t i o n  V a l v e s  
C l o s e  S i g n a l  

EnKine S t a r t  SLgnal  

1 

L 

S t a r t  Tank D i s c h a r g e  
Valve  Open S i g n a l  

2 

1Nominal  O c c u r r e n c e  Time ( F u n c t i o n  o f  P r e v a l v e e  OpenLng TXme) 

2 0 n e - s e c  F u e l  Lead  ( S - I I / S - V  and S - IYB/S- IB)  

3 E t g h t - s e c  F u e l  Lead  (S-IVB/S-V and  S- IB O r b i t a l  R e s t a r t )  

¢. "Normal" Start Sequence 

3 
A~ 

Time I n d e x  L£nes ,  1 - e e c  I n t e r v a l s  

F £ r e  Command Z 

P r e v a l v e s  Open S$gna l  L 

E n g l n e  S t a r t  8 1 g n a l  

O x i d l z e r  R e c l r c u l a t l o n  
Pump Off  S i g n a l  

F u e l  R e c t r c u l a t t o n  t 
Pump Off  SLgnal  

R e c L r c u l a t i o n  V a l v e s  ~ 
C l o s e  S i g n a l  

S t ' a r t  Tank DLscha rge  1 '~ 
Va-lve Open S i g n a l  

1 T h r e e - e e c  F u e l  Lead  (S-IVB/S-V F i r s t  Burn)  

d. "Auxiliary" Start Sequence 

Fig. 7 Concluded 
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TABLE I 
MAJOR ENGINE COMPONENTS 

P a r t  N a m e  . P / N  S /N  

T h r u s t  C h a m b e r  Body 

T h r u s t  C h a m b e r  I n j e c t o r  A s s e m b l y  

F u e l  T u r b o p u m p  A s s e m b l y  

O x i d i z e r  T u r b o p u m p  A s s e m b l y  

Start T a n k  

Augmented S p a r k  Igniter 

Gas Generator Fuel Injector and Combustor 

Pneumatic Control Assembly 

Electrical Control Package 

Primary Flight Instrumentation Package 

Auxiliary Flight Instrumentation Package 

Main Fuel Valve 

Main Oxidizer Valve 

Gas Generator Control Valve 

Start Tank Discharge Valve 

Oxidizer Turbine Bypass Valve 

Propellant Utilization Valve 

Main-Stage Control Valve 

Ignition Phase Control Valve 

Helium Control Valve 

Start Tank Vent and Relief Valve 

Helium Tank Vent Valve 

Fuel Bleed Valve 

Oxidizer Bleed Valve 

Augmented Spark Igniter Oxidizer Valve 

P/A Purge Control Valve 

S t a r t  T a n k  F i l l / R e f i l l  Va lve  

F u e l  F l o w m e t e r  

O x i d i z e r  F l o w m e t e r  

F u e l  I n j e c t o r  T e m p e r a t u r e  T r a n s d u c e r  

R e s t a r t a b l e  Ign i t ion  D e t e c t  P r o b e  

206600-31 

208021-11 

459000-181  

458175-71 

303439 

206280-21 

308360-11 

558130-41 

502670-11 

703685 

703680 

409120 

411031 

309040 

306875 

409940 

251351-11 

558069 

558O69 

106012000 

557828-X2 

106012000 

309034 

309029 

308880 

557823 

558000 

251225 

251216 

NA5-27441  

XEOR915389  

4076553 

4084917 

4O62O85 

6623549 

0064 

3661349 

2O08734 

4092999 

4081748 

4078716 

4078718 

4O56924 

4089563 

4074190 

4079062 

4048489 

4068944 

8313568 

8275775 

3793-0 

4046446 

342277 

4077749 

4077746 

4077205 

4073021 

4079001 

4077752 

4074114 

12401 

211 
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TABLE It 

SUMMARY OF ENGINE ORIFICES 

O r i f i c e  N a m e  P a r t  N u m b e r  D i a m e t e r .  I n s t a l l a t i on  C o m m e n t s  
in, Date 

Gas Generator  
Fuel  RD- 251-4107 0.480 8- 18- 67 F T P  Replacement 

Gas Generator  RD-251-4106 0.281 8-18-67 F T P  Replacement 
Oxldiz  e r  

O x i d i z e r  
Tu rb ine  By-  RD-273-8002  1. 571 7 -31-67  R F D - A E D C  58-67 
p a s s  Va lve  

Main O x i d i z e r  
Valve Closing 410437 8.65scfm 8-28-67 RFD-AEDC 17-1-67 
Control 

Oxidizer Tur- 
RD- 251-9004 10.0 1- 18-67 Size V e r i f i c a t i o n  

brae Exhaus t  

A u g m e n t e d  406361 0, 137 8-10-  67 R F D -  AEDC 62- 67 
Spark  I g n i t e r  None 0. 125 
O x i d i z e r  

3O 
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TABLE Ill 
ENGINE PURGE AND COMPONENT CONDITIONING SEQUENCE 

T u r b o p u m p  and Gas  
G e n e r a t o r  Purl~e 
( P u r ~ e  Mnnzfold 
S~xtem)  

O z ~ U z e r  Dome and 
G u  GeneratOr LLquid 
Ox.v|en Injector 
( E n g i n e  P n e u m a t i c  
Sys t em)  

O x i d i z e r  Dome 
(l~acil t ty L i n e  to 
P n r t  CO3A) 

~ | d i c e r  T u r b o p u m p  
I n t e r m e d i a t e  Sea t  
Cavi ty  ( E n g i n e  
P n p u m a t l e  Sys t em)  

T h r u a t  C h a m b e r  
Jncko t  
(CUStOmer Cmmec t  ) 
P s ~ e l  

H e h u m .  8J  - 126 pu~* 
SO - | 0~*F  

I (Nommat )  5 a e f m  
s t  C u s t o m e r  Connect  

Ni t rogen .  400 ~ 25 p s ~  
6 0  - | 0 0 " F  

M i n i m u m )  230 u c f m  

N t t r o i [ e n :  4 0 0  - 4 S 0  p n l g  
1 0 0  - 2 0 0 " F  

( H o z ~ d . )  2 0 0  s c t ' m  

HetUm3° 400 * 25 peii| 
Amb~mt 
Temperature 
~600 - 7000 srfrn 

Hel/um, 40 - 60 pall; 
SO - |00 'F 

(Nominal) 60 m.fm 

Hei |um.  l g  - 14 p e ~  
S0 - 2 0 ~ F  

( N c ~ i n ~ )  10 ec fm 

ThMmt C h a m b e r  He l i um,  1000 psi  8 
T e m p e r a t u r e  - 3 0 r F  to  Ambten t  
C o n d i t i o n i c i  10 - 20 L b m l m i n  

Y ~ p  I n l e t  GskflZero 35 to 48 pe te  
P r e s s u F e  a~d -BO8 to  -280eF 
T e m p e r a t u t ' e  Fuel ;  28 to 4~S pe la  
CoDditk~nm e -424 to  - 4 1 r F  

t - 8 0  
Time, rain 

t - 7 0  t - 6 0  t - S 0  t - 4 0  t - 3 0  t - 2 0  t - 1 0  t - • 

. - L - = . m , ~ , , ,  N I 
Rectrc~ i t l o n  ~ I 

~ - - p r o p e l l  _x~ U r o p  . 1 t o  3 m m - - - ~  : °r" J 

I n  Addt t i cn  to..-m 

i 

/ - ' / / / / $5  

o e  I t  m q l n e  

P / / / / / / i / ~  

Msm-Sta£o Operation -~ 
(Suppl ted bY Kns tne  
H e l i u m  Tank)  

t 4  10 

m -  

r l  N c  (Supplied by,  
p E n s m e  H e l i u m  T I M  
during Start sad 
Cutoff Transients) 

m | 
m 

- I  

; u  

u 1  
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TABLE IV 
SUMMARY OF TEST REQUIREMENTS AND RESULTS 

Tent  Eumber ,  J 4 - 1 8 0 1 -  
59A 

T a r g e t  ActJa l  

09B 

T a r g e t  J Anti.hi 

T|me of Day, h r lTea t  Date 1052 hr September 15, t907 1125 hr  Sap:ember 15. 1967 

P r e s s u r e  A~tttLde, ft t0C, C00 97 ,505  200, OOO 106, OO0 

T e s t  Duratinn, sec  20 31 9 20 23 6 

. . . . . .  32 O 3 1 . 9  Fuel Pump in le t  Pressure, lssta 

Condit ions at t o ' T e m p e r a t u r e . ' l ~  

i 
Oxid i ze r  Pump Inlet 
Cond.t,.ons at  t o 

P r e s s u r e ,  pma 

,~emperature. 'F 

P r e s s u r e .  pe t s  

T e m p e r a t u r e ,  *P 

Pressure. ps ta  

T e m p e r a t u r e ,  "F, 

Th roa t  

Ave rage  

34. O [ 35. l 

! S tar t  Tank  Condit ions 
at P-r~lr,~ S t a ~  

Helh.m Tank  Condit ions 
at Engine S t z ~  

Th rus t  Chamber  T e m p e r a t u r e  
! CondO:tone at Eng:ne ~art, sF 

C r o s s o v e r  Duet 
T m p e r e t u r e  st 
Engine Star t ,  °F  

-317.2 -3"4 9 

- 2 6 5  - - -  

TF'TD- S . . . . . .  

TFTD-3 . . . . . .  

T F T D -  8 . . . . . .  

Mare O x i d i z e r  Valve Clonlr~  Control  L ine  
T e m p e r a t u r e  at Engine Start .  "F  

Main O x i d i z e r  Valve Second-Stage Actua tor  
T e m p e r a t u r e  at Er.g.r.e Star t ,  "F  

Pneumat ic  Control  Pac.kage T e m p e r a t u r e  at 
Engine Star t ,  "P  

l~uei Lead T+.me. sen  

P rope l l an t  in Engine Tune ,  man 

P rope l l an t  Ree t rcu la t ton  T/me,  m m  

P r e y s . r e  Seqt.en~zng LosLc 

TOSS 
BootMrap Line  T e m p e r a t J r e  
at  Engine Start ,  °F  ' ' lOBS 

TOSS 

Star t  Tank  Discharge  Valve  Body T e m p e r a t u r e  
at Engine Star t .  "F  

Gas Ger . e ro t a r  Control  Valve  Body T e m p e r a t u r e  
at Engine Start, *F 

V:bra tmn Safety Cnt.at Durat ion (mseu)  L.lc 
O c c u r r e n c e  T i m e  (sen) f rom t o 

Gas Generator Outlet 

Temperature, °F Overshoot 

Main C.~oJrnbe.-- I ~ i t t m l  (Pc = 100 pats) 
T i m e .  seu (Ref. t 5) 

Main  Ox id i ze r  Valve Secor.d-Stage Inttin! 
AIovement, sec  (Ref to) 

Main-Stage P r e s s u r e  No, 2 " O . K  ", 
J see  (Ref, to) 

I n i t ~ l  Peak  

90 97 

l0  10 

Normal  Kor ma l  

5SO-peta Chamber  P r e s s u r e  Attained,  see  
(Rag t 0) 

P rope l l an t  Ut i l iza t ion  Valve  Pos i t ron  at Engine 
Start, de 8 Engine S~art / t  5 + 10 sea  

-420  2 - 4 : 9  7 

-260 - - -  

60 33 

1O 10 

Norm,," No.me]  
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APPENDIX III 
INSTRUMEI~TATION 

The  i n s t r u m e n t a t i o n  f o r  A E D C  T e s t  J 4 - 1 8 0 1 - 0 9  is t a b u l a t e d  in 
T a b l e  I I I -1 .  The  l o c a t i o n  of s e l e c t e d  m a j o r  eng ine  i n s t r u m e n t a t i o n  
is  shown in F ig .  I I I -1 .  
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,AEDC 
Code 

ICC 
llC 

EECL 
EECO 
EES 
EFBVC 
EFJT 
EFPVC/O 
EHCS 
EID 
EIPCS 
E~CS 
EMP-I 
EMP-2 
EOBVC 
EOPVC 
EOPVO 
ESTDCS 
RASIS- 1 
RASIS-3 
RGGS-I  
RGGS- 2 

Q F - I A  
Q F - 2  
Q F -  2SD 
Q F R P  
QO- 1A 
QO-2 
qoaP 

RSP - 1 

FSY- I 

R T C E P  

L F V T  
LGGVT 
L O T B V T  
LOVT 
L P U T O P  
LSTDVT 

P A l  
PA2 
PA3 
P C - I P  
P C - 2  
P C - 3  
PCASI-  2 

P C G G - 1 P  

PC'GG- 2 

TABLE II1-! 
LIST OF ENGINE INSTRUMENTATION 

P a r a m e t e r  

Cu r r en t  

Control  
Igmt ion  

Event  

E~gme Cutoff Locktn 
Engine Cutoff Signal 
Engine Star t  Command  
Fue l  Bleed Valve Closed L i m i t  
Fuel  In j ec to r  T e m p e r a t u r e  OK 
Fuel  P r e - V a l v e  C losed /Open  L i m i t  
H e h u m  Control  Solenoid 
Ignit ion Detected 
Igni t ion P h a s e  Control  Solenoid 
Ma i n - S t age  Control  Solenoid 
Ma i n - S t age  P r e s s u r e  No. 1 
Ma in -S tage  P r e s s u r e  No. 2 
Oxidizer" Bleed Valve  Closed L i m i t  
Ox id i ze r  P r e - V a l v e  Closed L i m i t  
O x i d i z e r  P r e - V a l v e  Open L i m i t  
Star t  T a n k  D i s c h a r g e  Control  Solenoid 
Augmented  Spark Ign i t e r  Spark .~'o. 1 
Augmented  Spark Ign i t e r  Spark  No. 2 
Gas  G e n e r a t o r  Spark  No. 1 
Gas  G e n e r a t o r  Spark  No, 2 

Flows 

Fuel P F F  
Fue l  P F F A  
Fuel  Flow" Stall Approach  Moni tor  
Fue l  Rec i r cu l a t i on  
Ox id i ze r  P O P  
Ox id i ze r  POFA 
Ox id i ze r  Rec l rcu la t lon  

F o r e e s  

Side Load (l~tch) 
Side Load (Yaw) 

Heat Flux 

Had-atxon T h r u s t  C h a m b e r  Exhaus t  P l u m e  

Pos i t ron  

.Maxn Fuel Valve 
Gas  G e n e r a t o r  Valve 
Ox id i ze r  Turb ine  Bypass  Valve  
Mare Oxtd tze r  Valve 
Prope l lan t  U t i h z a t i o n  Valve  
Star~ Tank  D i s c h a r g e  Valve 

Pressure 

Test Cell 
T e s t  Cell  
T e s t  Cell 
T h r u s t  C h a m b e r  CG1 
T h r u s t  C h a m b e r  CG1 
T h r u s t  C h a m b e r  CGIA 
Augmented  Spark  Ign i t e r  
C h a m b e r  IG1 
Gas  G e n e r a t o r  C h a m b e r  
P r e s s u r e  
Gas  G e n e r a t o r  C h a m b e r  GGIA 

T a p  Mie ro -  
No. Range SAE~C 

a m p  

0 to 30 x 
0 to 30 x 

Magne t ic  Ose t l lo -  St r ip  X - Y  

Tape  g raph  Char t  P l o t t e r  

O n / o f f  x x 
O ~ / o f t  x x x 
O n / o f f  x x 

Open /Closed  x 
O n / o f f  x x 

Glosed / Open x x 
On/Off  x x 
On/Off  x x 
On/Off  x x 
On/Off  x x 
On~oft x x 

O n ~ O f f  z x 

Open /C losed  x 
Closed x x 
Open x x 
On/Off  x x x 
On/Off  x 
O n / o f f  x 
On/Off  x 
O n / o f f  x 

0-9000 x x 

0-9000 x x x 
0-9000 x x 
0-160 x 
0-3000 x x 
0-3000 x x x 
0-50 x x 

lbf 

±20. 000 x x x 
+ 2 0 ,  0 0 0  x x x 

w 

Sr.  -e ra  2 
0-7 x 

P e r c e n t  Open 

0 to 100 x x 
0 to 100 x x 
0 to 100 x x 
0 to 100 x x x 
0 to 100 x x x 
0 to 100 x x 

0 -0 ,5  x x 
0 - 1 . 0  x x 
0 - 5 . 0  x x 

O- 1000 x x 
0 -15  x x 

0 - 5 0  x x x 

0-1000 x 

O- 1000 x x x 
0-1000 x 
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AEDC 
Code 

PFASIJ 

P F J - 1 A  
PFJ-2 
PFJGG- IA 

PFJGG=2 

PFMI 
PFOI- 1A 

PFPC- 1A 

PFPD = IP 
PFPD = 2 
PFPI-I 
PFPI-3 
P FPI- 3 
PFPS-  I P  
PFB PO  

P FRPR 

PFST-  1P 
PFST-2  
P F U T  
P FVI 

PFVL 

PGBNI 
PHECMO 

PHEOP 

PHES 
P H E T - I P  
P H E T - 2  
P H R O - I A  
POBSC 

POBV 

POJ-  1A 
POJ-2  
POJGG- I A 

POJGG- 2 

POPBC- IA 

POPD- 1P 
POPD- 2 
POPI-  1 
POPI-2  
POPI-  3 
POPSC- IA 

POHPO 

PORPR 

POTI-  1A 
POTO- IA 
POUT 

TABLE Ill-1 (Continued) 

Parameter 

Pressure 

Tap Micro-  
No. Range SADIC 

p s m  

Augmented Spark Ign i te r  Fuel 
in3eetto n 0-1000 
Mare Fuel Inleetlon CF2 0-1000 
.Ma/n Fuel Injec:ion CF2A 0- I000  
Gas  G e n e r a t o r  Fuel  
In~eetlon GF4 O- I000 
Gas  G e n e r a t o r  Fuel 
Injection GF4 O- I000 
Fuel Jacke t  Inlet Manifold CFI  0-2000 
Fuel Tapo.'£ Omftce  
Outlet  HF2 0-1000 
Fuel Pump Balance 
Pzston Cavity PF5 0-1000 
Fuel Pump D1sc.~arge PF3 0-1500 
Fuel Pump Discharge  PF2 0-1500 
Fuel Pump  Inlet 0-100 
Fuel Pump Inlet 0-200 
Fuel  P J m p  Inle'. 0-200 
Fuel Pump Interstage PF6 0-200 
~'~Jel Reclrc,Jlation Pump 
Outlet 0-60 
Fuel Reci reula t ion  Pump 
Return 0-50 
Fuel Start Tank TFI O-1500 
Fuel Start  Tank T F I  0-1500 
Fuel Tank Ullage 0-I00 
Fuel Tank P r e s s u m z a t t o n  
Line Nozz'-e Inlet  0-1000 
Fuel Tank P r e s s u m z a t i o n  
Line Nozzle  T'aroat  0-1000 
Bypass  Nozzle Inlet TG8 0-200 
Pneumat tc  Control Module 
Outlet 0- 750 
Oxld' .zer Rec:roulat ion Pump 0-150 
Purge 
Helium Supply 0-5000 
H e h u m  Tank NN1 0-3500 
H e h u m  Tank NN1 0-3500 
Hel ium Regula to r  Outlet NN2 0-750 
Oxid ize r  Bootstrap 
Condltionmg 0 - 50 
Gas G e n e r a t o r  Oxid izer  
Bleed Valve GO2 0- 2000 
Mare Oxid ize r  Injection CO3 0-1000 
Mare Oxid ize r  Injection CO3A 0-1000 
Gas  G e n e r a t o r  Oxid ize r  
ln~ectwn GO5 0-1000 
Gas  Ge ne ra to r  Oxid izer  
Injection GO5 0-1000 
Oxid izer  Pump Bea r ing  
Coolant POT 0- 500 
Oxidizer  Pump Dtseharge  PO3 0-1500 
O x l m z e r  Pump l ~ s c h a r g e  PO2 O-1500 
Oxid ize r  Pump Inlet 0 - I000  
Oxid ize r  Pump Inlet 0-200 
OxLdizer Pump Inlet 0-100 
Oxid ize r  Pi.mp P r i m a r y  
Seal Cavity PO6 0- 50 
Oxtd lzer  Reci rcula t lon  
Pump Outlet 0-115 
Oxidizer Reclrculatlon 
Pump Return 0-100 
Ox~dlzer Turbine  In 'e t  TG3 0- 200 
Oxid izer  Turbine  Outlet TG4 0-100 
Oxld ize r  Tar.k Ullage 0-100 

Magnetic Osci l lo-  Strip X-Y 
Tape graph Char t  P lo t t e r  

X 

X 

X X 

X 
X 

X X 

X 

X 

X 

Z 

X 

X 
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TABLE II1-1 (Continued) 

AEDC 
Code 

POVCC 

POVI 

POVL 

PPUVI-  I A 

PPUVO-  1A 

P T C F J P  

P T C P  
P T P P  

N F P - I P  
N F R P  
N O P - I P  
NORP 

TAI 
TA2 
TA3 
TA4 
T A I P - I A  
T B H R - I  
' I~HR-  2 
T B P M  
TBSC 
TCLC 

TECP- IP 
TFASD 

TFASIL- 1 

'IFASIL- 2 

T F B V -  I A 
T F D -  I 
T F J -  I P  
T F P B -  IA 
T F P D -  I P  
T F P D -  2 
T F P D D  
T F P I -  I 
T F P I -  2 
T F R P O  

TFRPR 

T F R T -  I 
T F R T - 2  
T F S T -  I P 
TFS'I:- 2 
T F T D -  I 
T F T D -  IR 

T F T D -  2 

Tap 
P a r a m e t e r  No 

P r e s s u r e  

Main O x i d i z e r  Valve 
Clos ing  Co~t ro!  
O x i d i z e r  Tank  P r e s s u r i z a t i o n  
L ine  Nozzle  Inlet  
O x i d i z e r  Tank  P r e s e u r : z u t i o n  
L ine  Nozzle  T h r o a t  
P r o p e l l a n t  U t d l z s t : o n  Va;ve  
inlet PO8 
Propel lant Ut i l izat ion 
Valve Outlet PO9 
Thrust  Chamber Fuel 
Jacket Purge 
Thrust  Chamber Purge 
T u r b o p u m p  and G a s  
G e n e r a t o r  P u r g e  

Fue l  P u m p  P ~  
Fue l  R e c l r e u l a t l o n  P u m p  
O x i d i z e r  P u m p  POV 
Oxldaze r  R e c l r c u l a t l o n  
P u m p  

T e m p e r a t u r e s  

Tes t  Cel l  (North)  
T e s t  Cell  (Eas t )  
Tes t  Cell  (South) 
Tes t  Cell  (West) 
A u x i l i a r y  I n s t r u m e n t  P a c k a g e  
H e h u m  Regular .or  Body (Nor th  Side) 
H e h u m  R e g u l a t o r  Body (South Side) 
B y p a s s  Mamfo ld  
O x i d i z e r  B o o t s t r a p  Condi t ioning  
Main O x i d l z e r  Valve C ios tng  
Con t ro l  L ine  Condl t lon ing  
E l e c t r i c a l  C o n t r o l s  P a c k a g e  NSTIA 
Augmen ted  S p a r k  Ign i t e r  
Fue l  Inj ectaon IFT1 
Augmen ted  Spa rk  Ign i t e r  
L ine  
Augmen ted  Spa rk  IgnI te r  
L ine  
F u e l  B leed  Valve GFT1  
F i r e  Detec t ion  
Main Fue l  In~ectlon C F T 2  
Fue l  P u m p  B e a r i n g  
Fue l  P u m p  D i s c h a r g e  P F T I  
Fue l  P u m p  D i s c h a r g e  P F T I  
Fue l  P u m p  D i s c h a r g e  Duct  
Fue l  P u m p  Inlet  
Fue l  P u m p  Inlet  
Fue l  R e c i r e u l a t l o n  P u m p  
Out le t  
Fue l  R e c l r e u ! a t t o n  P u m p  
R e t u r n  L ine  
Fue l  Tank  
Fue l  Tank  
F u e l  S t a r t  Tank  T F T I  
F u e l  S t a r t  Tank  T F T I  
Fue l  Tu rb ine  D i s c h a r g e  Duct  
Fue l  T u r b i n e  D i s c h a r g e  
Collector 
F u e l  Tu rb ine  [ h s c h a r g e  Duct 

M i c r o -  Magnet ic  Oec f l l o -  
SADIC Tape  g r a p h  

0 - 5 0 0  x x 

O- 1000 x 

0 - 1 0 0 0  x 

0 - 1 0 0 0  x 

0 - 5 0 0  x 

0 - 1 0 0  x 
0 - 1 5  x 

0-  250 x 

rpm 

0-  30,  000  x x x 
0 - 1 5 ,  0 0 0  x 
0 - 1 2 , 0 0 0  x x x 

0 - 1 5 , 0 0 0  x 

°F 

- 5 0  to + 8 0 0  x 
- 5 0  t o  + 8 0 0  x 
- 5 0  t o  + 8 0 0  x 
- 5 0  to + 8 0 0  x 
- 3 0 0  to + 2 0 0  x 
- 100 to - 5 0  x 
- 1 0 0  t o  TS0 x 
- 3 2 5  to + 2 0 0  x 
- 3 5 0  to + 1 5 0  x 

- 3 2 5  to +200 x 
- 3 0 0  to + 3 0 0  x 

- 4 2 5  to + 1 0 0  x x 

- 3 0 0  to - 2 0 0  x 

- 3 0 0  to + 3 0 0  x 
- 4 2 5  to - 3 7 5  x 

0 t o  1 0 0 0  x 
- 4 2 5  to T 2 5 0  x x x 
- 4 2 5  to - 3 2 5  x 
- 4 2 5  to - 4 0 0  x x x 
- 4 2 5  t o  - 4 0 0  x 
- 3 2 0  to + 3 0 0  x 
- 4 2 5  t o  - 4 0 0  x 
- 4 2 5  t o  - 4 0 0  x 

- 4 2 5  t o  - 4 1 0  x 

- 4 2 5  to - 2 5 0  x 
- 4 2 5  t o  - 4 1 0  x 
- 4 2 8  t o  - 4 1 0  x 
- 3 5 0  to + 1 0 0  x 
- 3 5 0  t o  + ! 0 0  x 
- 2 0 0  to + 8 0 0  x 

- 2 0 0  to + 9 0 0  x 
- 2 0 0  t o + 1 0 0 0  x 

Str ip  X-Y 
C h a r t  P l o t t e r  
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AEDC 
Code 

T FT D -  3 
T F T D - 3 R  
T F T D - 4  
T F T D - 4 R  
T F T D -  5 
T F T D - 6  
T F T D -  7 
T F T D -  8 
T F T I -  1P 
T F T O  
TGGO- 1A 
T H E T -  I P  
TMOVC 

TNODP 
TOBS- I 
TOBS- 2 
TOBS-2A 
TOBS-2B 
TOBS- 3 
TOBS-4 
TOBSCI 

TOBSCO 

TOBV- IA 
TOPB-  I A 

TOPD- I P  
TOPD- 2 
TOPDS 

TOPI-  1 
TOPI-  2 
TORPO 

TORPR 

TORT- I 
TORT-3  
TOTI-  1P 
TOTO- 1P 
TOVL 

TPCC 
TRIP-  1P 
T P P C  

TSC 2- I 
TSC2-2 
TSC2-3 
TSC2 - 4 
TSC2-5 
TSC2- 6 
TSC2- 7 
TSC2-8 
T5C2-9 
TSC2-10 
TSC2-11 
TSC2 - 12 
TSC2 - 13 
TSC2-14 

TABLE II1-1 (Continued) 

Tap 
No......~. Parameters 

T e m p e r a t u r e s  

Fuel Turb ine  Discharge  Duct 
Fuel Turbine  Discharge  Line 
Fuel Turb ine  Discharge  Duct 
Fuel Turb ine  Discharge  Line 
Fuel Turb ine  Discharge  Duct 
Fuel  Turb ine  Discharge  Duct 
Fuel  Turbine  Discharge  Duct 
Fuel Turb ine  Discharge  Duct 
Fuel Turb ine  inlet T 1 ~ 1  
Fuel Turbine  Outlet T F T 2  
Gas  G e n e r a t o r  Outlet G G T I  
Hel ium Tank NNT1 
.Main Oxidizer  Valve 
Actua tor  Condlt lonmg 
LOX Dome P u r g e  
Oxid ize r  Boots t rap  Line  
Oxid ize r  Boots t rap  Line 
Oxld lze r  Boots t rap  Line  
Oxid ize r  Boots t rap  Line 
Oxld izer  Boots t rap  Line 
Oxid ize r  Boots t rap  Line 
Oxid ize r  Boots t rap  Condlt lomng 
Inlet  
Oxid ize r  Boots t rap  Conditioning 
Outlet  
Oxld ize r  Bleed Valve GOT2 
Oxid ize r  Pump Bear ing  
Coolant POT4 
Oxld lze r  Pump  Discharge  POT3 
Oxid ize r  Pump  Discharge  POT3 
Oxid izer  Pump Discharge  
Skin 
Oxid ize r  Pump Inlet 
Oxld~zer Pomp Inlet 
Oxid ize r  Rec l rcu la t ion  Pump 
Outlet 
Oxidizer  Reci rcula t ion  Pump 
Return  
Oxid ize r  Tank 
Oxidizer  Tank 
Oxid ize r  Turb ine  Inlet TGT3 
Oxid ize r  Turb ine  Outlet TGT4 
Ox~dlzer Tank P r e s s u r i z a -  
tion Line  Nozzle Throa t  
P rech lU  Cont ro l le r  
P r i m a r y  instrument Package  
Pneumat ic  Package  
Conditioning 
Thrus t  Chamber Skin 
Thrus t  C h a m b e r  Skin 
T h r u s t  Cha mbe r  Skin 
Thrus t  C h a m b e r  Skin 
Thrus t  C h a m b e r  Skin 
Thrus t  C h a m b e r  Skin 
T h r u s t  C h a m b e r  Skin 
Thrus t  C h a m b e r  Skin 
Thrus t  C h a m b e r  Skin 
Thrus t  C h a m b e r  Skin 
Thrus t  C h a m b e r  Skin 
Thrus t  Chamber  Skin 
T h r u s t  C h a m b e r  Skin 
Thrus t  C h a m b e r  Skin 

°F  

-200  to +1000 
-200  to +900 
-200  to +1000 
-200  to +900 
-200  to +1400 
-200  to +1400 
-200  to  +1400 
-200  t o  + 1 4 0 0  

0 to 1800 
0 t o  1800  
0 to 1800 

- 3 5 0  to  + 1 0 0  

-325  to +200 
0 t o  - 3 0 0  

-300  to +250 
-300  to +230 
-300  to +250 
-300  to +230 
-300  to +250 
-300  to +250 

0 to 100 

0 to 100 
- 3 0 0  to - 2 8 0  

-300  to -250  
-300  to -250  
-300  to -250  

- 3 0 0  to  - I 0 0  
- 3 0 0  t o  - 270  
- 3 0 0  t o  - 2 7 0  

-300  to -250  

- 300  t o  - 140 
-300  to -287  
-300  to -287  

0 to 1200 
0 to  1 0 0 0  

-300  to +100 
-425  to - 300  
-300  to +200 

-323  to +200 
-300  to +500 
-300  to +300 
-300  t o  +500 
-300  t o  +300 
-300  to +500 
-300  to  +500 
- 3 0 0  to  +500 
-300 to +500 
-300  to +500 
-300  to +500 
-300  to +500 
-300  to +500 
-300  to +800 
-300  to +500 

Micro-  
SADIC 

Magnetic Osei l lo-  Str ip X - Y  
Tape graph  Char t  P lo t t e r  

X X 

X X X 
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AEDC 
Code 

TSC2-15 
TSC2-16 
TSC2-17 
TSC2-18 
TSC2-19 
TSC2-20 
TSC2- 21 
TSC2- 22 
TSC2 - 23 
TSECP 

TSGGOC 

TSOB 

TSOVAL- l 

TSOVAL- 2 

TSOVC- I 
TSOVC- 2 

TSP IP 

TSTC 
TSTDVOC 

TTC-  1P 

T T C E P -  1 
TXOC 

UFPR 
UOPR 
UTCD- 1 
UTCD- 2 
UTCD- 3 
UIVSC 
U2VSC 

VCB 
VIB 
VIDA 
VPUTEP 

TABLE II1-1 (Concluded) 

P a r a m e t e r  

T e m p e r a t u r e s  

Thrus t  C h a m b e r  Skin 
Thrus t  C h a m b e r  Skin 
Thrus t  C h a m b e r  Skin 
Thrus t  C h a m b e r  Skin 
Thrus t  C h a m b e r  Skin 
Thrus t  C h a m b e r  Skin 
T h r u s t  C h a m b e r  Skin 
Thrus t  Cnar~ber  Skin 
Thrus t  Cha mbe r  Skin 
Engine Control Package  
Skin 
Gas  G e n e r a t o r  Opening 
Control  Por t  
Oxldxzer Boots t rap  Shroud 
Skm 
Oxid ize r  Valve Closing 
Control  Line 
Oxidxzer Valve Closing 
Control Line 
Oxxdxzer Valve Actua tor  Cap 
Oxid ize r  Valve Actua tor  
F11ter Flange 
P r u n a r y  In s t rumen t  Package  
Skin 
Start  Tank Condit~.onmg 
Start  Tank Dxscharge Valve 
Opening Control  P o r t  
T h r u s t  C h a m b e r  Jacke t  
(Control) 
Th rus t  C h a m b e r  Exit 
C r o s s o v e r  Duct Conditioning 

Vibra t ions  

Fuel  Pump Radial 90 deg 
Oxid ize r  Pump Radial  90 deg 
Thrus t  C h a m b e r  Dome 
Thrus t  Cha mbe r  Dome 
T h r u s t  C h a m b e r  Dome 
No. 1 Vibrat ion Safety Counts 
No, 2 Vibrat ion Safety Counts 

Voltage 

Control Bus 
lgn iUon B'Js 
Igmtton Detect  Ampl i f i e r  
Propells.nt L't~lization Valve 
ExcLtatton 

Tap 
No. 

CSI 

°F  

-300 to +500 
-300 to +300 
-300 to +500 
-300 to +500 
-300 to +500 
-300 to +500 
-300 to +300 
- 300 to -500 
-300 to +500 

-50  to +250 

-350 to +100 

-200 to +I00 

-200 to +I00 

-200 to "4-100 
-325 to +150 

-325 to +130 

-50 to +250 
-350 to +150 

-350 to +100 

- 425 ix) +500 
-425 to +500 
-325 to +200 

+200 
--.200 
:1:500 
+500 
4-500 

On/Off  
On/Off  

v 

0 to 36 
0 to 36 
9 t o  16 

0 t o  5 

Mxcro- Magnetic Oscl l lo-  
SADIC Tape graph 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 

X X 

X X 

X 

X 

X X 

X X 

X X 

Strip X-Y 
Chart  P lo t t e r  
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S e q u e n c e  
O u t l e t - - ,  

I n l e t  P o r t  

TSOVAL-2 

Open ing  P o r e  

a n c e  P r e s s u r e  P o r t  

t i P o r t  L o p e n l n g  

~vcc J 
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c. Main Oxidizer Valve 
Fig. II1-1 Continued 
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Four-Way Valve 

d. Start Tank l)ischarge Valve 
Fig. II1.1 Continued 
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