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I. INTRODUCTION 

Th i s  i s  t h e  t h i r d  q u a r t e r l y  p r o g r e s s  r e p o r t  submi t t ed  i n  
accordance  w i t h  JPL  C o n t r a c t  951709. The r e p o r t  c o v e r s  t h e  p e r i o d  
from 1 A p r i l  1967 t h r u  30 June 1967. 

The program invo lves  t h e  expcsure  of  a n  assembled and f u e l e d  
b i p r o p e l l a n t  l i q u i d  p ropu l s ion  system t o  t h e  e t h y l e n e  o x i d e  (ETO) 
and h e a t  s t e r i l i z a t i o n  envi ronments  s p e c i f i e d  by JPL s p e c i f i c a t i o n  
VOL 50503 ETS. A f t e r  exposure ,  t h e  sys tem w i l l  be  f i r e d  f o r  300 
sec. 

The program p l a n  i n c l u d e s  a d e s i g n  and component s e l e c t i o n  
A phase  d u r i n g  which t h e  p r o p u l s i o n  sys tem d e s i g n  i s  evo lved .  

second phase  w i l l  i nvo lve  t h e  procurement  of components f o r  b o t h  
a Component t e s t  s e r i e s  and f o r  assembly i n t o  t h e  col?iplete s y s -  
tem. The t h i r d  phase  of t h e  program, which i s  b e i n g  c a r r i e d  on 
i n  p a r a l l e l  w i t h  t h e  d e s i g n  phase ,  i s  a m a t e r i a l s  i n v e s t i g a t i o n .  
During t h i s  phase ,  d a t a  a r e  be ing  c o l l e c t e d  and t e s t i n g  i s  t a k i n g  
p l a c e .  Where d a t a  d o  no t  e x i s t ,  t 'est ing i s  b e i n g  conducted t o  
p rov ide  t h e  n e c e s s a r y  in fo rma t ion .  The f o u r t h  phase  o f  t h e  p r o -  
gram i n v o l v e s  t h e  assembly and t e s t  O F  t h e  comple te  p r o p u l s i o n  
sys tem.  The system w i l l  be  a s senb led  and p r o p e l l e n t s  loaded and 
t h e n  exposed t o  ET0 and h e a t  s t e r i l i z a t i o n  c y c l e s .  No a t t e m p t  
w i l l  be made t o  s t e r i l i z e  o r  t o  v e r i f y  s t e r i l i z a t i o n .  The i n t e n t  
i s  t o  prove t h e  f e a s i b i l i t y  o f  expos ing  a loaded b i p r o p e l l a n t  
p r o p u l s i o n  system t o  both  t h e  ET0 and h e a t  s t e r i l i z a t i o n  e n v i r o n -  
ments  w i t h o u t  system d e g r a d a t i o n .  T h i s  w i l l  be proved by a 300- 
sec h o t  f i r i n g  o f  t h e  system immediately a f t e r  exposure  t o  t h e  
envi ronments .  A s  a f i n a l  v e r i f i c a t i o n  t h e  system w i l l  be d i s -  
assembled and t h e  component p a r t s  t e s t e d  and i n s p e c t e d  f o r  deg- 
r a d a t i o n .  

During t h i s  r e p o r t  p e r i o d  t h e  d e t a i l  d e s i g n  o f  t h e  module was 
completed and r e l e a s e d  f o r  f a b r i c a t i o n .  
t h e  components have been a c c e p t e d .  T e s t  f i x t u r e s  f o r  t h e  base1ir .e  
t e s t i n g  have been  des igned ,  assembled ,  and checked o u t ,  A l l  p r o -  
c e d u r e s  f o r  component b a s e l i n e  t e s t i n g  were completed and s u b -  
m i t t e d  f o r  a p p r o v a l .  Component b a s e l i n e  performance t e s t s  were 
40% comple te .  

S e v e n t y - f i v e  p e r c e n t  of 

The f a c i l i t y  m o d i f i c a t i o n s  t o  t h e  s t e r i l i z a t i o n  chamber have 
been  completed and q u a l i f i c a t i o n  t e s t s  were 90% comple te .  
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The long- te rm s t o r a g e  t e s t s  of  t h e  s m a l l - s c a l e  p r o p e l l a n t  
t a n k s  have .been  i n i t i a t e d .  The exposure t o  h i g h  t empera tu re  
p r o p e l l a n t  h a s  been completed and t h e  specimens a r e  i n  room tem- 
p e r a t u r e  s t o r a g e  f o r  a y e a r .  

During t h e  nex t  r e p o r t  per iod  a l l  components a r e  t o  b e  de l iv -  
e r e d  and s u b j e c t e d  t o  t h e  d r y  hea t  s t e r i l i z a t i o n  c y c l e s .  The 
f i n a l  assembly of t h e  p r o p u l s i o n  system i s  scheduled  t o  s t a r t  
e a r l y  i n  September .  

. 



MCR-67 -15 

e 

11. CONCLUSIONS 

The f o l l o w i n g  conc lus ions  were  made r e s u l t i n g  from t h e  work 
performed d u r i n g  t h i s  pe r iod :  

1) Normal s t e e l  we ld ing  p r a c t i c e s  t h a t  a l l o w  f o r m a t i o n  
o f  o x i d e s  a r e  n o t  a c c e p t a b l e  f o r  s t e r i l i z a t i o n  i n  
hydraz ine-based  f u e l s ;  

i n  hidden c a v i t i e s  i s  n o t  a c c e p t a b l e  for s t e r i l i z a -  
t ion  i n  hydraz ine-based  f u e l s .  

2)  Seain weld ing  o f  f a y i n g  s u r f a c e s  t h a t  may form o x i d e s  

3 

0 
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111. RECOMMENDATIONS 

The f o l l o w i n g  recommendations a r e  made a s  a r e s u l t  o f  t h e  
work performed d u r i n g  t h i s  per iod:  

Welding o f  s t ' ee l  o r  t i t a n i u m  parts t h a t  w i l l  s e e  
h y d r a z i n e  f u e l s  a t  s t e r i l i z a t i o n  t e m p e r a t u r e s  should  
be done i n  a n  i n e r t  a tmosphere,  p r e f e r a b l y  i n  a n  
i n e r t  g a s  purged glove box; 

A weld ing  development program shou ld  b e  implemented 
so t h a t  stbe1 s c r e e n s  may b e  a t t a c h e d  t o  o t h e r  b a s i c  
metals, A welded l e a k - t i g h t  sys tem i s  p r e f e r r e d  o v e r  
t h e  r iveted j o i n t  chosen i n  t h i s  program; 

An e x h a u s t i v e  t e s t  program should  be  i n i t i a t e d  t o  
d e t e r m i n e  t h e  mechanics gf f u e l  decompos i t ion  caused 
by m e t a l  o x i d e s .  
a l l  m e t a l  o x i d e s  cause f u e l  decompos i t ion  o r  whether  
t h e  p r o c e s s  i s  c a w e d  by on ly  a few of  t h e  m e t a l  o x i d e s  
used  i n  &'le m a t e r i a l  o f *  c o n s t r u c t i o n ,  

The program should  d e t e r n i n e  whether  
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* A ,  SYSTEM DESIGN AND ANALYSIS 

The system schematic i n  i t s  f i n a l  form i s  p r e s e n t e d  i n  F i g .  
1. No changes have been made s i n c e  t h e  f i n a l  s e l e c t i o n  o f  com- 
p o n e n t s .  

The system assembly and d e t a i l e d  f a b r i c a t i o n  drawings were 
completed d u r i n g  the r e p o r t  p e r i o d  and f a b r i c a t i o n  of the de -  
t a i l e d  p a r t s  was s t a r t e d .  
i n  F i g .  2 .  A t  t h e  complet ion of t h e  r e p o r t  p e r i o d  a l l  d e t a i l  
p a r t s  had been completed and p r e p a r a t i o n s  were b e i n g  made t o  
b e g i n  assembly o f  t h e  LAB6002501 truss and t h e  LAB6002519 n i t r o g e n  
system as sembly .  

k complete  drawing t r ee  i s ' p r e s e n t e d  

No s i g n i f i c a n t  problems o c c u r r e d  i n  t h e  f i n a l  s t a g e s  o f  s y s -  
t e m  d e s i g n  e x c e p t  f o r  t he  f u e l  t a n k  s c r e e n  t r a p  a s s e m b l i e s .  
i n g  t h e  p r e v i o u s  r e p o r t  p e r i o d  a n  u n s u c c e s s f u l  s e a r c h  had been 
made f o r  t i t a n i u m  woven mesh s c r e e n .  T i t an ium was t h e  p r e f e r r e d  
m a t e r i a l  because t h e  f u e l  t a n k  was t i t a n i u m  and a j o i n t  between 
t h e  t a n k  and t h e  sc reen  assembly would be  r e q u i r e d .  D i f f e r e n t  
t ank  and s c r e e n  m a t e r i a l s  would n o t  a l l o w  t h e  u s e  o f  a f u s i o n  weld 
j o i n t ,  which i s  t h e  b e s t  t ype  of  j o i n t  t o  use  from a l e a k a g e  and 
c o m p a t i b i l i t y  s t a n d p o i n t .  With t i t a n i u m  s c r e e n  no t  a v a i l a b l e ,  
s t a i n l e s s  s t e e l  was s e l e c t e d  a s  t h e  b e s t  a l t e r n a t i v e  m a t e r i a l .  

D u r -  

A program was s e t  up  t o  deve lop  and a c c e p t a b l e  j o i n i n g  t e c h -  
n ique  f o r  s t a i n l e s s  s t e e l  t o  t i t a n i u m .  A g e n e r a l  c o n f i g u r a t i o n  
f o r  t h e  s c r e e n  t r a p  assembly was e s t a b l i s h e d  and i s  shown i n  F i g .  
3 .  

D e t a i l s  B and C o f  F i g .  3 a r e  t h e  j o i n t  c o n f i g u r a t i o n s  i n i -  
t i a l l y  a t t e m p t e d .  S e c t i o n  1 V . C  o f  t h i s  r e p o r t  d e s c r i b e s  i n  de- 
t a i l  t h e  we ld ing  i n v e s t i g a t i o n s  t h a t  were made i n  a n  a t t e m p t  t o  
f a b r i c a t e  a n  a c c e p t a b l e  j o i n t .  A f t e r  i t  w a s  concluded t h a t  weld- 
i n g  cou ld  no t  be used ,  a program was s e t  up t o  deve lop  a r i v e t e d  
j o i n t  between t h e  sc reen  and t h e  t r a p .  The b a s i c  problem t h a t  
c o u l d  n o t  be so lved  f o r  t h e  welded j o i n t s  was o x i d e  c o n t a m i n a t i o n  
caused  by t h e  we ld ing ,  which r e s u l t e d  i n  f u e l  decompos i t ion .  
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LAB 6002500 I 
S t e r i l i z a b l e  L iqu id  
P r o p u l s i o n  System 

I n s t a l l a  t i o n  

I 
I LAB 6002519 I 

System Assembly 

ILAB 6002521 I Development 

Tube Details1 

812500-501 

F i t t i n g  
Detai l  

rGB 6002515 I 
Prop e l  l a  n t 

1 T a n k  , J 
~YGGZ-~ 

Regula t o r  1 
[ LAB 6002503 1 LAB 2002516 

F i t t i n g  
Deta i l  Hand Valve 

ILAB 6002530 I ~~ 

[ L A B  6002522 I Ordnance 
Valve Screen Assy 

Bracket  Assy 
Component 
Mounting 

LAB 6002523 LAB 6002524 

Bracket  L o f t  Dwg 
Detai ls  Bracket  

Valve Flange 
I L A B  6002510 I 
Expul s i o n  
Bladder Ordnance 

Valve Brk t  

I Valve I 

F i g .  2 S t e r i l i z a b l e  L iqu id  P ropu l s ion  System Drawing Tree  
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The r i v e t e d  j o i n t  would n o t  be  concerned w i t h  t h i s  problem s i n c e  
t h e  p rec l eaned  p a r t s  would no t  be contaminated by r i v e t i n g .  
However, a new problem cou ld  e x i s t ,  j o i n t  l e a k a g e .  With t h e  
weld j o i n t s  l e a k a g e  was no t  a problem, With a r i v e t e d  j o i n t  
l eakage  became a pr imary problem. Some p r e l i m i n a r y  l e a k a g e  
checks  were made through a j o i n t  o f  s t a i n l e s s  s t e e l  s h e e t  r i v -  
e t e d  t o  s t a i n l e s s  s t e e l  s h e e t .  Both monel and aluminum r i v e t s  
were used .  The j o i n t s  u s i n g  t h e  aluminum r i v e t s  were much 
t i g h t e r  t h a n  t h e  j o i n t s  u s i n g  monel r i v e t s  and were p r e f e r r e d  
from a f a b r i c a t i o n  s t a n d p o i n t .  Another  problem e x i s t e d ,  however, 
w i t h  t h e  use of  aluminum i n  t h e  t r a p  a s sembly .  T h i s  problem i n -  
vo lved  t h e  p a s s i v a t i o n  o f  t h e  t r a p  assembly u s i n g  a mixture  o f  
water and MMH b e f o r e - i n s t a l l a t i o n  i n  t h e  f u e l  t a n k .  A w a t e r / W  
mixture i s  used i n i t i a l l y  as  a p a s s i v a t i o n  f l u i d  f o r  s a f e t y  rea- 
s o n s .  I f  a decomposi t ion r e a c t i o n  d o e s  o c c u r  t h e  w a t e r  d i l u e n t  
h o l d s  down t h e  hazard of f i r e .  A f t e r  p a s s i v a t i o n  w i t h  t h e  iiiix- 
t u r e ,  a second p a s s i v a t i b n  u s i n g  pu re  MMH i s  normally done.  
While a l u m i n u m  i s  completely compa t ib l e  w i t h  pu re  MMH, i t  i s  not  
compa t ib l e  w i t h  t h f  water/’MMH m i x t u r e .  T h i s  makes i t  n e c e s s a r y  
t o  do theamore hazardous, p a s s i v a t i o n .  S i n c e  t h e  t r a p  assembly 
i s  r e l a t i v e l y  l a r g e  (9 i n .  d i a m e t e r  x 2 i n .  d e e p ) ,  a l a r g e  v e s -  
s e l  i s  r e q u i r e d  f o r  p a s s i v a t i o n  and a l a r g e  q u a n t i t y  o f  MMH i s  
needed.  For  t h e s e  r e a s o n s  eve ry  a t t e m p t  was made t o  use monel 
r i v e t s .  

A second s e t  o f  r i v e t  j o i n t  samples were made. I n  t h i s  c a s e ,  
1 - i n . - d i a m e t e r  windows o f  s c r e e n  were assembled ( F i g .  4 )  and 
checked f o r  bubble  p o i n t .  Both monel and aluminum r i v e t s  were 
used t o  b u i l d  a s s e m b l i e s .  The assembly,  u s i n g  a l u m i n u m  r i v e t s ,  
bubble  p o i n t  t e s t e d  t o  6 i n .  of w a t e r  w h i l e  t h e  assembly u s i n g  
monel r i v e t s  was good f o r  3% i n .  o f  w a t e r .  
b l y  t o  be used i n  the f u e l  t a n k  h a s  a t o t a l  d e p t h  of  o n l y  2 i n . ,  
t h e  monel r i v e t  j o i n t  would b e  c a p a b l e  of mee t ing  t h e  r e q u i r e d  
performance and w a s  s e l e c t e d  f o r  t r a p  f a b r i c a t i o n .  

S i n c e  t h e  t r a p  assem- 

The f u l l - s c a l e  assembly o f  two t r a p s  was i n i t i a t e d  and r e -  
q u i r e d  approx ima te ly  one month f o r  comple t ion .  The s c r e e n  win- 
dow p a n e l s  were bubble p o i n t  t e s t e d  t w i c e  i n  t h e  assembly s e -  
quence.  The f i r s t  t e s t  was immediately a f t e r  r i v e t i n g .  Spec ia l  
f i x t u r e s  were used t o  check e a c h  window s e p a r a t e l y  b e f o r e  major 
t r a p  a s sembly .  A second l e a k  check was made o f  t h e  completed 
t r a p  assembly t o  o b t a i n  a n  o v e r a l l  bubble  p o i n t .  No f u r t h e r  
problems w i t h  bubble  p o i n t  o f  t h e  s c r e e n s  o c c u r r e d ,  w i t h  bubble  
p o i n t s  of 2 . 5  t o  7 i n .  of  w a t e r  measured on i n d i v i d u a l  windows, 
and 2 and 2 . 5  i n .  on t h e  complete  a s s e m b l i e s .  
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F ig .  4 R i v e t e d  Screen  Samples 

Welding o f  t h e  cone s e c t i o n  o f  t h e  t r a p s  a t  t h e  l a r g e  d i a m e t e r  
end t o  t h e  f l a t  s h e e t  p o r t i o n  o f  t h e  tfrap d i d  c a u s e  a p rob lem,  
Al though a n  i n e r t  gas purge  was used  f o r  t h e  w e l d s ,  a q u a n t i t y  o f  
d a r k  c o l o r e d  o x i d e  was c r e a t e d  i n  t h e  a c u t e  a n g l e .  T h i s  area i s  
n o t  a c c e s s i b l e  f o r  mechanica l  c l e a n i n g  and a p rocedure  f o r  chem- 
i c a l  c l e a n i n g  had t o  be worked o u t .  A m i x t u r e  of  n i t r i c  a c i d  and 
HF was used ,  w i t h  g r e a t  c a r e  t a k e n  t h a t  t h e  s o l u t i o n  d i d  n o t  con- 
t a c t  t h e  s c r e e n  m a t e r i a l .  The r e a c t i o n  i s  a d i r e c t  s u r f a c e  a t t a c k  
on  t h e  b a s e  m e t a l  a l lowing  t h e  o x i d e  c o a t i n g  t o  l i f t  o f f .  
t h i s  a t t a c k  i s  n o t  s i g n i f i c a n t  on  s h e e t  metal p a r t s  i t  i s  s i g n i f i -  
c a n t  on t h e  s c r e e n  which h a s  a l a r g e  s u r f a c e  area t o  volume r a t i o .  

A l though  

Due t o  the weld oxide  problem a 1 - i n . - d i a m e t e r  h o l e  was c u t  i n  
t h e  c a p ,  which was welded t o  t h e  s m a l l  d i a m e t e r  end of  the  c o n e ,  
T h i s  a l lowed  a f i n a l  v i s u a l  i n s p e c t i o n  o f  i n t e r n a l  w e l d i n g .  The 
1 - i n .  h o l e  was c l o s e d  w i t h  a p a t c h  u s i n g  b l i n d  r i v e t s  w i t h  o n e  
f i n a l  l e a k  check  h o l e  l e f t  i n  t h e  c e n t e r  of  t h e  p a t c h .  A f t e r  
l e a k  check t h i s  h o l e  too w a s  s e a l e d  w i t h  a b l i n d  r i v e t .  The f i n -  
i s h e d  s c r e e n  t r a p  assembly i s  shown i n  F i g .  5 .  
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Fig. 5 Screen Trap Assembly 

B .  COMPONENT D E S I G N  AND D E L I V E R Y  

During t h i s  r e p o r t  p e r i o d  component d e l i v e r i e s  were s t a r t e d  
and w i l l  c o n t i n u e  through 14 J u l y  1967, a t  which  t i m e  a l l  com- 
p o n e n t s  n e c e s s a r y  f o r  t he  Phase  I1 t e s t i n g  s h o u l d  be  r e c e i v e d .  
A summary o f  t h e  s t a t u s  o f  components i s  l i s t e d  i n  t h e  f o l l o w i n g  
t a b u l a t i o n .  
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i Component 

P r e s s u r a n t  
Tank (1) 

P r o p e l l a n t  
Tanks (4) 

Hand Valve 
(9 )  

Gas Regu- 
l a t o r  (2) 

So 1 e no i d  
Valve (2) 

M a r t i n  
M a r i e t t a  
P a r t  No. 

None 

LAB 6002514 

LAB 6002512 

LAB 6002515 

LAB 6002516 

LAB 6002513 

LAB 6002510 

None 

No ne 

None 

None - 

Vendor and 
P a r t  N O .  -- - - 

Menasco 
812500-501 

Pr e s s u r  e 
Systems 
80391-1 OX 
80092-2 Fuel 

Vacca 
NVB 32181 

S t e r e r  
35570 

S t e r e r  
35580 

we s't e r n 
2047 7 -5  

D i l e c  tr i x  
1660-4 

M a r t i n  
M a r i e t t a  
LAB 6002530 

Mzrquard t 
225684 Ox 
228683 Fue l  

GFE 

Mar q ua r d t 
R4-D 

GFE 

Scheduled 
De 1 i v e r y  

- __-I- - - 
61301 67 

7/14/67 (2) 
7/28/67 (2) 

61 5/ 67 

71 1/ 67 

* 

71  1/ 67 

6/2/67 

61 151 67 

6/ 1/ 67 

5 /  151 67 

7 /  141 67 

9/ 11 67 

7 1  141 67 
-- 

A c t u a l  
D e  1 i v  e r  y 
I 

6/26/67 

6 /9 /67  (1) 
6 / 2 3 / 6 7  (8) 

71 71 67 

51 291 67 

6/16/67 (1) 
6/17/67 (2) 

61 5 /  67 

5/16/67 

11/28/66  

71 71 67 

Remarks 

Date of  7/14/67 
f o r  two t a n k s  
h a s  no t  
s l i p p e d  

D e l i v e r y  
a n t i c  ipa. t e  d 
on 7/12/67 

No problem i n  
d e l i v e r y  i s  
expec ted  

I n  e a c h  c a s e  a components eng inee r  o r  a M a r t i n  M a r i e t t a  a r e a  
q u a l i t y  c o n t r o l  man w i t n e s s e d  accep tance  t e s t i n g .  
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The o n l y  c u r r e n t  problems conce rn  t h e  mee t ing  o f  r e q u i r e d  
d e l i v e r y  d a t e s  f o r  t h e  p r o p e l l a n t  t a n k s  and t h e  g a s  r e g u l a t o r s .  

' A t  t h e  c l o s e  of  t h e  r e p o r t i n g  p e r i o d  t h e  p l a n  was t o  send a com- 
ponen t s  e n g i n e e r  t o  the Los Angeles  a r e a  t o  s t a y  w i t h  b o t h  s u p -  
p l i e r s  u n t i l  t h e  p a r t s  had been s h i p p e d .  The t a n k  assembly i s  
t h e  most complex and i f  s l i p p a g e  o c c u r s  i t  i s  expec ted  t o  happen 
i n  t h i s  a r e a .  T h i s  i tem i n v o l v e s  secondary  s u p p l i e r s  i n  b o t h  
t h e  o x i d i z e r  and t h e  f u e l  t a n k  a s s e m b l i e s .  A t  t h e  c l o s e  o f  t h e  
r e p o r t  p e r i o d  t h e  e x p u l s i o n  diaphragms and t h e  s c r e e n  t r a p  as -  
s e m b l i e s  had been r e c e i v e d  by P r e s s u r e  Systems and i n s p e c t i o n  o f  
t h e  p a r t s  was i n  p r o g r e s s .  An e x t r a  diaphragm had been o r d e r e d  
t o  allow f o r  a t  l e a s t  one r ep lacemen t  d u r i n g  f i n a l  t a n k  a s sembly .  
I n  f ac t  one diaphragm had been r e j e c t e d  a t  P r e s s u r e  Systems be-  
cause o f  a f o l d  n e a r  the s e a l i n g  r i n g  and a small h o l e  a t  a 
t h r e e - c o r n e r  f o l d .  Dimensional t o l e r a n c e s  of t h e  diaphragms i n  
t h e  sea l  area had n o t  been w i t h i n  t h e  drawing t o l e r a n c e ,  however, 
t h e  t a n k  s e a l  c a v i t y  w i l l  be t a i l o r e d  t o  f i t  t h e  a s - b u i l t  d i a -  
phragm. 

A problem o c c u r r e d  w i t h  t h e  hand v a l v e s  i n  t h a t  t h e  v a l v e  
b o d i e s  were i n i t i a l l y  r e j e c t e d  du2 t o  roughness  and s c r a t c h e s  i n  
t h e  v a l v e  s e a t  a r e a .  A f t e r  reworking t h e  v a l v e s  t h e y  were r e a d y  
f o r  a c c e p t a n c e  and were s h i p p e d .  

C . MATERIALS INVESTIGATION 

The M a t e r i a l  Engineer ing S e c t i o n  s u p p o r t e d  t h e  program i n  
s e v e r a l  a r e a s  o f  t e s t  a c t i v i t y .  During t h e  r e p o r t  p e r i o d  a Freon 
and t i t a n i u m  c o m p a t i b i l i t y  t e s t  was conduc ted ,  t h e  Long-term ex- 
posu re  t e s t  of model p r o p e l l a n t  t a n k s  was i n i t i a t e d ,  a program 
was conducted t o  c l e a n  and p a s s i v a t e  t h e  d e l i v e r a b l e  s c r e e n  t r a p s ,  
and f i n a l l y  s e v e r a l .  small  m i s c e l l a n e o u s  t e s t s  were conducted i n  
s u p p o r t  o f  t h e  program. 

1. FreonIT i t an ium C o m p a t i b i l i t y  T e s t  

Data developed by o t h e r  i n v e s t i g a t o r s ,  namely NASA-MSC, Boeing,  
duPon t ,  and Aerospace C o r p o r a t i o n ,  have shown t h a t  t i t a n i u m  6A.l-4V 
a l l o y  i s  n o t  compat ible  w i t h  Freon MF, b u t  t h a t  i t  i s  compa t ib l e  
w i t h  F reon  TFIOxyfume 1 2  m a t e r i a l .  The d e c o n t a m i n a t i o n  a g e n t  i n  
s t e r i l i z a t i o n  exposure c o n t a i n s  Freon 1 2  which i s  e q u i v a l e n t  t o  a 
DF o r  "d i f  l u o r o "  d e s i g n a t i o n  between MF-"monofluoro" and T F - " t r i -  
f l u o r o "  f o r m u l a t i o n s .  T h e r e f o r e ,  i t  was d e c i d e d  t o  perform t e s t s  
t o  a s c e r t a i n  t h e  c o m p a t i b i l i t y  of t h e  m a t e r i a l s .  
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The problem i n v o l v e s  t h e  a v a i l a b i l i t y  o f  c h l o r i n e  i n  t h e  
F reon  1 2  and i t s  e f f e c t  on t i t a n i u m .  S p e c i f i c a l l y ,  i t  w e s  de-  
s i r e d  t o  know i f  t h e  decontaminat ion atmosphere would i n i t i a t e  
s t r e s s  craclcing o r  whether  a n  e x i s t i n g  s t r u c t u r a l  f l a w  would 
p r o p a g a t e .  Four specimens were t e s t e d .  Each was a Langley 
sample s t r e s s e d  t o  125,000 p s i .  Two specimens were notched i n  
t h e  area o f  maximum s t r e s s  a n d  two were n o t .  

The t e s t  was r u n  f o r  168 h r  u n d e r  t h e  f o l l o w i n g  c o n d i t i o n s :  

1) The decon tamina t ion  mixture  was 12% e t h y l e n e  o x i d e  
and 88% Freon 1 2  a t  a c o n c e n t r a t i o n  of  600 mg p e r  
l i t e r  of chamber volume; 

2) Relative humidty was maintained a t  45% f 10%; 

3) The t empera tu re  was 122 k 1 ° F  at a l l  times. The 
decon tamina t ion  g a s  was p r e h e a t e d  t o  122°F b e f o r e  
i n t r o d u c t i o n  i n t o  t h e  t e s t  chamber. 

The photomoncgraphs of t he  specimens shown i n  F i g .  6 show no 
d e t r i m e n t a l  e f f e c t s  r e s u l t i n g  from t h e  t e s t s .  

2 .  Low-Term S to rage  T e s t  

A l ong- t e rm s t o r a g e  t e s t  h a s  been i n i t i a t e d  t o  de t e rmine  
whe the r  m a t e r i a l s  t h a t  have been s u b j e c t e d  t o  s t e r i l i z a t i o n  ex-  
p o s u r e  i n  c o n t a c t  w i t h  p r o p e l l a n t s  and then  s t o r e d  f o r  one y e a r  
a t  room t e m p e r a t u r e  undergo any  d e g r a d a t i o n  of p r o p e r t i e s .  The 
f i n a l  combina t ion  o f  m a t e r i a l s  r e p r e s e n t i n g  b o t h  t h e  p r o p e l l a n t  
t a n k s  and t h e  i n t e r n a l  e x p u l s i o n  d e v i c e s  a r e  b e i n g  t e s t e d .  

E i g h t  s m a l l - s c a l e  t a n k s  were f a b r i c a t e d  , f o u r  r e p r e s e n t i n g  
f u e l  and f o u r  r e p r e s e n t i n g  o x i d i z e r  t a n k s .  Three o f  each have 
been exposed t o  t h e  s t e r i l i z a t i o n  c y c l e s  and one  each  have been 
h e l d  a s  a c o n t r o l  sample f o r  l a t e r  compar i sons .  Each t a n k  was 
f a b r i c a t e d  from t i t a n i u m  6Al-4V s h e e t  s t o c k  u s i n g  welded end 
c l o s u r e s .  F i g u r e  7 shows t h e  t e s t  i t e m s .  The fuel- t a n k s  have 
plumbing l i n e s  a t t a c h e d  t o  allow f o r  c o n t i n u o u s  m o n i t o r i n g  of 
t h e  v a p o r  p r e s s u r e  because of  t h e  decompos i t ion  p o t e n t i a l .  

The o x i d i z e r  t a n k s  c o n t a i n  a s t r i p  of  TFE-FEP T e f l o n  l a m i n a t e  
and a NASA-Langley p r e s t r e s s e d  t i t a n i u m  specimen. The specimen i s  
of 6A$-4V t i t a n i u m  s t r e s s e d  t o  125,000 p s i  having a weld i n  t h e  
a r e a  o f  maximum s t r e s s .  The t a n k  was loaded w i t h  N 0 and exposed 

t o  s t e r i l i z a t i o n  t e m p e r a t u r e s  f o r  600 h r .  Exposure began on May 
2 4  

5 and ended on May 31. a 
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The f u e l  t a n k s  c o n t a i n  a r i v e t e d  assembly o f  304L s t a i n l e s s  
s t e e l  s c r e e n  sandwiched between 304L s t a i n l e s s  s t e e l  s h e e t s .  The 
s t a i n l e s s  s t e e l  s h e e t s  were subsequen t ly  r i v e t e d  t o  a 6AQ-4V t i -  
t a n i u m  s h e e t ,  which i n  t u r n e w e r e  welded t o  t h e  w a l l  o f  t h e  v e s s e l .  
T h i s  r e p r e s e n t s  t h e  s c r e e n  t r a p  d e v i c e  f o r  p o s i t i v e  e x p u l s i o n  
employed i n  t h e  f u e l  t a n k .  The v e s s e l s  were loaded  w i t h  MMH and 
exposed t o  s t e r i l i z a t i o n  t empera tu re '  12 May 1967 .  The 600-hr ex- 
p o s u r e  concluded o n  6 June 1967.  

The v e s s e l s  a r e  now h e l d  i n  ambient s t o r a g e .  One e a c h  w i l l  
b e  opened and examined i n  four-month i n c r e m e n t s  t o  e s t a b l i s h  a 
y e a r - l o n g  storage h i s t o r y .  

During t h e  t e m p e r a t u r e  exposure  t h e  N 0 vesse ls  e x h i b i t e d  

normal vapor  p r e s s u r e - t e m p e r a t u r e  h i s t o r i e s .  However t h e  f u e l  
v e s s e l s  e x h i b i t e d  e r r a t i c  p r e s s u r e  h i s t o r i e s .  During t h e  exposure  
p r e s s u r e s  from 60 p s i g  t o  143 p s i g  were e x p e r i e n c e d .  The h i g h e r  
p r e s s u r e  was a peak v a l u e  experienced 7 days  a f t e r  t h e  s t a r t  of  
t h e  t e s t .  The p r e s s u r e  l e v e l  g r a d u a l l y  subs ided  u n t i l  a t  t h e  end 
o f  t h e  t e s t  p r e s s u r e  l e v e l s  o f  75 ps ig  were p r e s e n t .  The pre's- 
sure  t r a n s i e n t  s u g g e s t s  con tamina t ion  of  o x i d e s '  d u r i n g  f a b r i c a -  
t i o n .  T h i s  e f f e c t  i s  d i s c u s s e d  i n  the  nex t  s e c t i o n .  

2 4  

3 .  Screen Welding 

8 
DesLgn - L a t e  i n  March a s c r e e n  t r a p  d e s i g n  approach  was s e -  

l e c t e d  u s i n g  s t e e l  s c r e e n s  seam welded between t i t a n i u m  s h e e t s  a s  
shown i n  F i g .  3 ,  pending v e r i f i c a t i o n  t e s t i n g  of  t h e  welding t e c h -  
n i q u e .  Subsequent we ld ing  and c o m p a t i b i l i t y  t e s t s  have now been 
comple t ed .  Two s e r i e s  of t e s t  s p e c i m e n s  were made: one w i t h  
s t a i n l e s s  s t e e l  s c r e e n i n g  sandwiched between t i t a n i u m  s h e e t ,  and 
one w i t h  s t a i n l e s s  s t e e l  s c r e e n i n g  sandwiched between s t a i n l e s s  
s t e e l  s h e e t s .  

The t e s t  coupons of  s t e e l  s c reen  sandwiched between t i t a n i u m  
s h e e t  were exposed t o  MMH a t  275'F. One coupon was exposed t o  
v a p o r s  o n l y ,  one was comple t e ly  submerged i n  l i q u i d ,  and one was 
exposed t o  a v a p o r - l i q u i d  i n t e r f a c e .  On t h e  t h i r d  day o f  t h e  
specimen submerged i n  l i q u i d  MMH caused decompos i t ion  d e v e l o p i n g  
p r e s s u r e s  i n  the  t e s t  v e s s e l  up t o  a r e l i e f  s e t t i n g  of  200 p s i g .  
F u r t h e r  t e s t i n g  was d i s c o n t i n u e d .  F i g u r e  8 shows t h e  type  o f  weld 
o b t a i n e d  by t h e  seam welding t echn ique .  

. 
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F i g .  8 Micrograph o f  S t a i n l e s s  S t e e l  
304L S c r e e n  Seam Welded be tween 
Shee t s  of  6AR-4V T i t a n i u m  (200X) 

From t h e  r e su l t s  o f  the above t e s t i n g ,  coupons of s t e e l  s c r e e n  
sandwiched between s t a i n l e s s  s t e l l  were f a b r i c a t e d ,  Examinat ion  
i n d i c a t e d  t h e  q u a l i t y  of weld was n o t  improved o v e r  t h a t  shown i n  
F i g .  8, Var ious  machine s e t t i n g s  of t h e  seam w e l d e r  a lways  r e -  
s u l t e d  i n  t h e  f o r m a t i o n  of heavy o x i d e s .  A t t e m p t s  t o  p r o v i d e  a n  
i n e r t  a tmosphe re  a t  t h e  weld ing  heads  were  u n s u c c e s s f u l .  These 
r e s u l t s  d i c t a t e d  t h a t  t h e  w e l d i n g  o f  s c r e e n s  b e  abandoned be-  
c a u s e  t h e  combina t ion  o f  h e a t ,  wa te r ,  o x i d i z i n g  a tmosphe re ,  and 
small c a v i t i e s  c o u l d  n o t  be  e l i m i n a t e d .  A r i v e t e d  s c r e e n  sand-  
wich  d e s i g n  was adop ted  to  ' e l i m i n a t e  w e l d i n g  of d i s s i m i l a r  metals.  

F a b r i c a t i o n  - D e s p i t e  p r e c a u t i o n a r y  measu res  t o  make t h e  cone 
w e l d s  i n  a n  i n e r t  a tmosphere some o x i d e s  were  formed on  b o t h  t h e  
i n s i d e  and o u t s i d e  o f  t h e  t r a p .  Our background i n  c o n t a m i n a t i o n  
o f  p a r t s  d e s i g n e d  f o r  f u e l  s e r v i c e  i n d i c a t e d  t h e  q u a n t i t i e s  of 
o x i d e s  formed was u n a c c e p t a b l e .  The o x i d e s  formed e x t e r n a l l y  
were e a s i l y  removed by b u f f i n g  w i t h  a b r a s i v e  c l o t h .  The o x i d e s  
formed i n t e r n a l l y  had t o  be removed c h e m i c a l l y  s i n c e  t h e  seam 
was i n a c c e s s i b l e .  

The o x i d e s  were  s u c c e s s f u l l y  removed by v e r y  c a r e f u l l y  a p p l y -  
i n g  h y d r o c h l o r i c  a c i d  fo l lowed by a s o l u t i o n  o f  n i t r i c  a c i d  f o r -  
t i f i e d  w i t h  17% h y d r o f l u o r i c  a c i d .  Extreme c a r e  was t a k e n  n o t  t o  
expose  t h e  s c r e e n  m a t e r i a l .  
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By r e p e a t e d l y  a p p l y i n g  t h e  c l e a n i n g  s o l u t i o n  and i n s p e c t i n g  
t h e  p a r t s ,  t h e  o x i d e s  were removed w i t h o u t  damaging t h e  s c r e e n  
m a t e r i a l .  

C lean ing  was v e r i f i e d  by i n s t a l l i n g  t h e  t r a p s  i n  a bomb de -  
v i c e  c o n t a i n i n g  100% MMH and h e a t i n g  t o  275°F f o r  76 h r .  
bomb p r e s s u r e  d i d  n o t  exceed 90 p s i g  and t h e  t r a p s  were a c c e p t e d  
a s  s u c c e s s f u l l y  c l e a n e d .  

The 

4 .  M i s c e l l a n e o u s  T e s t i n g  

S e v e r a l  a d d i t i o n a l  mater ia ls  were exposed t o  p r o p e l l a n t s  f o r  
600 h r  a t  275'F. The r e s u l t s  a re  a s  f o l l o w s :  

1) A t r a n s i t i o n  j o i n t  specimen of 304L s t a i n l e s s  steel 
and t i t a n i u m  a l l o y  was s u b j e c t  t o  MMH e x p o s u r e ,  No 
a t t a c k  was noted o n  the specimen and no f u e l  decom- 
p o s i t i o n  o c c u r r e d ;  

t o  N 2 0  . No a t t a c k  was n o t e d ;  ' 
2 )  A welded 6AR-4V t i t a n i u m  be l lows  s e c t i o n  was exposed 

4 
3 )  Ardeform 301 s t a i n l e s s  s t e e l  was exposed t o  N 0 

2 4 '  
The d e g r e e  o f  a t t a c k  was s u b s t a n t i a l l y  l e s s  than  t h a t  
o f  any  o t h e r  300 s e r i e s  s t e e l  a l l o y .  Although t h e  
amount o f  t h e  v i s c o u s  a d d u c t  was s u b s t a n t i a l l y  l e s s ,  
t h e  m a t e r i a l  i s  n o t  cons ide red  s u i t a b l e  f o r  p r o p u l -  
s i o n  system c o n s t r u c t i o n  when s t e r i l i z a t i o n  i s  a 
r e q u i r e m e n t ;  

4 )  F l u o r o s i n t  was exposed t o  N 0 NO s i g n i f i c a n t  , 2 4 '  
change i n  we igh t  o r  dimensions was n o t e d .  

A r ev iew of  o u r  r e c o r d s  i n d i c a t e s  t h a t  a t r a n s i t i o n  j o i n t  of 
t i t a n i u m - a l u m i n u m  h a s  no t  been .exposed  t o  N 0 a s  p l a n n e d .  T h i s  

t e s t  w i l l  be performed d u r i n g  the n e x t  r e p o r t  p e r i o d .  
2 4  
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P r e  - 
s t e r i l i z a t i o n  

z e r o  

z e r o  

19 

Mid- ?os t - 
s t e r i l i z a t i o n  s t e r i l i z a t  

a- 

N / A  

D .  COMPONENT TESTING AND FACILITIES 

N / A  

1. T e s t  P rocedures  

P r e p a r a t i o n  o f  p rocedures  f o r  Task I1 t e s t i n g  was completed 
and submi t t ed  t o  JPL i n  e a r l y  June'. P r e p a r a t i o n  of Task I V  p ro -  
c e d u r e s  was i n  p r o g r e s s  a t  t h e  end o f  t h i s  r e p o r t i n g  p e r i o d .  Work 
on t h e s e  p r o c e d u r e s ,  which i n c l u d e  t h o s e  f o r  i n s t a l l i n g  t h e  module 
i n  t h e  de  con tamina t ion /  s t e r  i 1 i z a  t i o n  charnb e r  a nd f o r  conduc t ing  
t h e  f i r i n g  t es t ,  w i l l  be i n  p r o g r e s s  th roughou t  t h e  coming month. 

' 2 ,  Component Test P r o g r e s s  

A t  t h e  end of t h e  r e p o r t i n g  p e r i o d ,  i n i t i a l  f u n c t i o n a l  t e s t s  
had been completed o n  the ordnance v a l v e  and t h e  two t h r u s t  chamber 
v a l v e s .  T e s t i n g  of  the f i l t e r  was i n  p r o g r e s s  a t  t h e  end o f  t h e  
p e r i o d ,  and t h e  hand s h u t o f f  v a l v e  t e s t  i t e m  was b e i n g  p repa red  
f o r  t e s t  immediately f o l l o w i n g  t h e  f i l t e r .  

R e s u l t s  o f  t h e  f c n c t i o n a l  t e s t s  o f  t h e  ordnance v a l v e  and t h e  
t h r u s t .  chamber v a l v e s  a r e  shown on t h e  d a t a  s h e e t s  i n  F i g .  9 and 
10.  Performance of  the t e s t  i t e m s  was a c c e p t a b l e  i n  a l l  r e s p e c t s .  
The r e s t  o f  t h e  t e s t  i t ems ,  namely, t h e  hand s h u t o f f  v a l v e ,  r egu-  
l a t o r ,  s o l e n o i d  va lve ,  and  p . r o p e l l a n t  t a n k s  w i l l  be f u n c t i o n a l l y  
t e s t e d  i n  t h e  n e x t  r e p o r t i n g  p e r i o d .  

H40107 

S t e r i l i z a b l e  Liquid P r o p u l s i o n  System, 

TASK I1 

SUMMARY DATA SHEET 

COMPONENT: Name: Ordnance Valve 
P a r t  No. : 5315-7853 
S e r i a l  No.: 015 

A .  Leakage Rate, Helium ( s c c / s e c )  

I n t e r n a l :  

E x t e r n a l :  

B .  Response (dPo / d t ) ( p s i / s e c )  

C .  P r e s s u r e  Drop, Design Flow ( p s i )  

F i g .  9 Pcrformance Da ta ,  Ordnance Valve 
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H40107 

S t e r i l i z a b l e  Liquid Propuls ion System 

TASK I1 

SUMMARY DATA SHEET 

COMPONENT: T h r u s t  Chamber Valves 

A. O x i d i z e r  Valve, S/N 575 

1. P u l l - i n  Voltage (VDC) Max : 

2 .  Opening Response ( s e c )  Max : 

3 .  C l o s i n g  Response, ( s e c )  Max : 

Min : 

Min : 

1 Min : 

4 .  P r e s s u r e  Drop, Design Flow ( p s i )  

5. I n s u l a t i o n  R e s i s t a n c e  (megohms) 

B .  Fuel  Valve,  S/N 576 

1. P u l l - i n  Voltage (VDC) Max : 

2 .  Opening Response ( s e c )  Max : 

Min : 

Min : 

3 .  C l o s i n g  Response ( s e c )  Max : 

Min : 

4 .  P r e s s u r e  Drop, Design Flow ( p s i )  

5 .  I n s u l a t i o n  R e s i s t a n c e  (megohms) 

Post- 
s t e r l  i z a  t ion  

1 4  I 4 . O  .O I 
0,0120 

0.0120 - 
0.0084 

0.0084 

0.0081 

C .0088 

0.0083 

13.8 I 
500 4- I 

F i g .  10  Performance Data, Thrus t  Chamber Valves 
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Pho tos  o f  t he  t e s t  f i x t u r e s  f o r  t h e  t h r u s t  chamber v a l v e s  and 
t h e  f i l t e r  a r e  shotin i n  F i g .  11 and 1 2 .  

3 .  T e s t  F a c i l i t i e s  

Component F u n t i o n a l  T e s t  F i x t u r e s  - Assembly o f  a l l  t e s t  f i x -  
t u re s  f o r  t h e  component f u n c t i o n a l  t e s t s  h a s  been completed w i t h  
t h e  e x c e p t i o n  of t h e  f u e l  t ank  l o a d i n g  f i x t u r e ,  which i s  i n  t h e  
p r o c e s s  o f  b e i n g  cleaned and p a s s i v a t e d  f o r  MMH s e r v i c e .  The 
t e s t  f i x t u r e s  f o r  t h e  t h r u s t  chamber v a l v e s  and t h e  ordnance 
v a l v e s  have been used i n  t e s t .  

. D e s i g n  drawings of t h e  component h o l d i n g  f i x t u r e s  f o r  u s e  i n  

F a b r i -  
the s t e r i l i z a t i o n  chamber have been completed and were b e i n g  
checked f o r  r e l e a s e  a t  the end o f  t h i s  r e p o r t i n g  p e r i o d ,  
c a t i o n  o f  t h e  component h o l d i n g  f i x t u r e s  i s  schedu led  f o r  com- 
p l e t i o n  n e x t  month, c o n s i c t e n t  w i t h  t h e  a n t i c i p a t e d  d e l i v e r y  d a t e s  
f o r  t h e  l a s t  of t h e  t e s t  components. 

S t e r i l i z a t i o n  Ck.amber - Assembly of t h e  d e c o n t a m i n a t i o n / s t e r -  
i 1 i z a t i o n i : h a m b e r  was contpleted,  and checkout  t e s t s  were conducted 
t h a t  culminated i n  q u a l i f i c a t i o n  t e s t s  of t h e  chamber i n  b o t h  t h e  
s t e r i l i z a t i o n  and decon tamina t ion  c o n f i g u r a t i o n s .  F i g u r e  13 shows 
t h e  chamber c o n t r o l  console  and d a t a  r e c o r d i n g  sys t em.  F i g u r e  14  
shows t h e  open chamber w i t h  t h e  shroud removed. The e l e c t r i c a l  
h e a t e r s  ( h e a t  s o u r c e  f o r  s t e r i l i z a t i o n  t e s t s )  a r e  l o c a t e d  on t h e  
lower f l a n g e  of t he  shroud,  F i g u r e  15 i s  a view i n t o  t h e  chamber 
showing t h e  blower assembly and '  t h e  h o t  w a t e r  h e a t  exchange r .  
The h o t  w a t e r  h e a t  exchanger i s  t h e  h e a t  s o u r c e  f o r  ET0 decon- 
t a m i n a t i o n  t e s t s .  

Check r u n s  were completed on t h e  chamber and i t s  c o n t r o l  s y s -  
tems, c u l m i n a t i n g  i n  q u a l i f i c a t i o n  t e s t i n g  of  t h e  chamber i n  b o t h  
t h e  s t e r i l i z a t i o n  t e s t  c o n f i g u r a t i o n  and t h e  d e c o n t a m i n a t i o n  t e s t  
c o n f i g u r a t i o n ,  

The r e s u l t s  of the s t e r i l i z a t i o n  chamber q u a l i f i c a t i o n  ( t e m -  
p e r a t u r e  d i s t r i b u t i o n )  t e s t  a r e  shown i n  T a b l e s  1 and 2 .  Note t h a t  
t h e  r e f e r e n c e  t empera tu re  h i s t o r y  d u r i n g  t h e  a u t o m a t i c a l l y  con- 
t r o l l e d  t empera tu re  a s c e n t  phase d e v i a t e d  a maximum of  12'F from 
t h e  d e s i r e d  program; however, t h i s  d e v i a t i o n  w i l l  be s u b s t a n t i a l l y  
reduced by r e s h a p i n g  the t empera tu re  c o n t r o l l e r  cam. 
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F i g .  11 Test Fixture, Thrust Chamber Valves 



23 MCR- 6 7 - 1 5 

t 



I 

a 24 MCR- 67-1 5 

* F i g .  13 S t e r i l i z a t i o n  Chamber.Contro1 Console  and Data Recording System 
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TABLE 1 

STERILIZATION CHAMBER QUALIFICATION 

TEMPERATURE ASCENT AND CONSTANT TEMPERATURE PHASES 

TEST DATA 

ELAPSED Tref-OF DISTRIBUTION TEMPERATURES - DEVIATION FROM ACT, Tref-OF 

HR:MIN DES. ACT. T1 T2 T3 T4 T5 T6 T7 T8 T9 T1O 
TIME 

Temperature As c e n t  Phase 

0:oo 

0: 10 

0: 20 

l:oo 
1: 10 

1: 20 

2:oo 

2:lO 

2:20 

3 : O O  

3: 10 

3:20 

4: 00 

4: 10 

4:20 

5:OO 
5: 10 

5:20 

5:50 

0: 10 

0: 14  

0: 17 

0:21 

0: 24 

0:27 

0: 3: 

72 74 

78 79 
83 83 
106 105 

112 113 

117 120 

140 145 

146 151 

151- 158 

174 186 

180 190 

185 194 

207 214 

213 219 

218 223 

241 247 

247 252 

252 257 

269 272 

275 273 

275 272 

275 273 

275 272 

275 273 

275 272 

275 273 

-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 

0 - 1  0 0 0 0 0 0 0 0 

0 - 1  0 0 0 0 0 0 0 0 
-2 -2 -1 -1 -2 -1 -1 -1 -1 0 

-1 -1 -1 -1 -1 -1 -1 -1 -1 -2 

-1 -1 0 0 0 0 -1 -1 -1 -1 

-2  -2 -1 -P 0 c 0 +1 0 +2 

-2 -2 -1 -1 -1 -1 -1 -1 -1 +1 

-2 -2 -2 -2 -2 -1 -2 -1 -1 0 

-3  - 3  -2 -2 +1 0 0 +1 0 +1 

- 3  - 3  -2 -2 0 -1 0 0 0 +1 
- 2  -3  -2 -2 0 0 0 0 0 +2 

0 -1 +1 0 +2 +1 +1 +1 +1 +1 

-2 -3 -1 -1 -1 -1 0 . 0 -1 0 
-2  -2  -2 -2 -2  -2 -2 -2 -2 -2 

-1 -2 0 0 +2 +1 

-3  - -4 -3  -2 -2 -2 

-2  -3 -1 -1 0 -1 

-1 -2 -1 -1 -1 -1 

Constant  Temperature Phase 

0 0 +2 +1 +4 +3 

-3 -3 -3 - 3  -5  -3  

0 -1 +1 +1 +3 +2 

-4 -5 -4  -4 -5 -3 

0 -1 +1 0 +4 +2 

-3 -3 - 3  -3 .  - 3  -2 

+1 0 +1 +1 +2 +:! 

+1 +1 +1 +3 

-2 -2 -2 -1 

-1 -1 -1 -1 

-1 -1 -1 -1 

+3 +4 +3 +4 

-4 -5 -3 -3 

+2 +3 +2 +4 
-4  -4 - 4  -3 

+2 +3 i-2 +4 

-3  -4 -3 -4 

0 0 3 0  I 

. .  
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TABLE 2 

S TE RIL  I Z  AT I O N  CHAMBER QUALIFICATION 

TEMPERATURE DESCENT PHASE 

TEST DATA 

E LAPSED DISTRIBUTION TEMPERATURES - DEVIATION FROM ACT. Tref-OF 

T T1 T2 T3 T4 T5 T6 . T7 T8 T9 10 
Temperature Descent Phase 

TIME 
HR:MIN DES. ACT. - 

0:oo 

0: 10 
0: 20 

l:oo 
1:  10 

1:20 

2:oo 

2:lO 

3: 10 

3:20 

4 : O O  

4 :  10 

. 4:20 

5:40 

5 :  50 

6:OO 

275 273 

269 260 

264 252 

241 231 
235 227 

230 222 

207 206 

201 203 

196 199 

174 182 

168 178  

163 172 

140 149 

134 143 

129 138 

83 89 

78 82 

72 76 

+1 0 +1 +l +2 +2 0 0 0 0 
-8  -8 -8  -7 -8 -8  -8 -8  -8 -8 
-6 -6 -6 -6 -6 -6 -6 -6 -6 -6 

- 5  -5  -5 -4 -5  -5  - 5  - 5  -5  -5  

- 5  -5  -6 -5 -6 -6 -6 -6 -6 -6 

-5 -5 -5 -5 -5 -5  -5  - 5  -5 -5  

-3 -3 -3 -3 -4 - 3  -4 -4 -4 -4 
-4 -4 -4 -4 -4 -4' -4 -4  -4 -4 
-4 -4  -4 -3  -4 -4 -4 -4  -4 -4 
- 5  - 5  - 5  -4 -4 -4 -4 -4 - 5  - 5  

-5 -5  - 5  -4 -5  -5  -5 -4 - 5  -5 
-5  -5 -6 -5 -5 -4 -4 - 5  - 5  -4  

-4 -4 -4 -4 -2 -4  -4 -3  - 3  -4 
-4 - 3  - 2  -2 -4 - 3  -2  -2 -4 -2 

- 3  - 3  -2 -3  -2 -1 -2 -4 - 3  . -1 

+1 +l +1 t1 +1 +1 +1 +1 +1 +2 

+1 +1 +1 t1 +1 +1 0 0 0 0 

+2 +2 +2 t 2  +1 +1 +1 +1 +1 +2 

i 

4 .. 
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Maximum Temp Al lowab le  

Phase Spread (OF) Spread (OF) 

Temperature  Ascent  5 27.2 

Temperature  Descent 3 k7.2 

C o n s t a n t  Temperature (275'F) 5>k t 3 . 6  

*Within a l l o w a b l e  sp read .  

29 

The l o c a t i o n s  o f  t h e  d i s t r i b u t i o n  t e m p e r a t u r e  thermocouples  a r e  
shown i n  F i g u r e  1 6 .  

A s  a r e s u l t  o f  t h e  above q u a l i f i c a t i o n  t e s t i n g ,  i t  h a s  been 
concluded t h a t  t h e  ey ' s t i ng  s t e r i l i z a t i o n  chamber c o n f i g u r a t i o n  
i s  s a t i s f a c L o r y  f o r  u s e  i n -  t h e  program. The programed c o n t r o l l e r  
cam c o n t o u r  w i l l  be modified t o  p r o v i d e  t e m p e r a t u r e  a s c e n t  and 
d e s c e n t  ra tes  which more c l o s e l y  a d h e r e  t o  t h e  d e s i r e d  program. 

The r e s u l t s  o f  t h e  ET0 d e c o n t a m i n a t i o n  chamber q u a l i f i c a t i o n  
t e s t  a r e  shown i n  F i g .  1 7  ( t e m p e r a t u r e  a s c e n t  and d e s c e n t  h i s t o -  
r i e s ) ,  and i n  Table  3 ( t e m p e r a t u r e  d i s t r i b u t i o n  d a t a ) .  The gen- 
e r a l  r e s u l t s  of t h e  q u a l i f i c a t i o n  t e s t  were a s  f o l l o w s :  

The chamber programed h e a t i n g  and c o o l i n g  system p e r -  
formed s a t i s f a c t o r i l y ,  i n  t h a t  t h e  t e m p e r a t u r e  a s c e n t  
h i s t o r y  adhered t o  t h e  d e s i r e d  program w i t h i n  3°F a t  
a l l  times, and t h e  t e m p e r a t u r e  d e s c e n t  h i s t o r y  adhe red  
t o  t h e  d e s i r e d  program w i t h i n  2°F  a t  a l l  t i m e s .  I n  
a d d i t i o n ,  the c o n t r o l  system demons t r a t ed  t h e  capa-  
b i l i t y  o f  m a i n t a i n i n g  chamber t e m p e r a t u r e  a t  a con- 
s t a n t  v a l u e  w i t h  a v a r i a t i o n  o f  no t  more t h a n  t1.5'F; 

2 )  Temperature g r a d i e n t s  i n  t h e  chamber were a c c e p t a b l e ,  
a s  evidenced by t h e  f o l l o w i n g  maximum s p r e a d s  i n  d i s -  
t r i b u t i o n  t e m p e r a t u r e s .  

Maximum Temp Al lowab le  
Phase Spread ( O F )  Spread ( O F )  

Temperature A s c e n t  5 k7.2 

C o n s t a n t  Temperature 1 C3.6 

I'e nipe 1-a t u r e De s c e n t 1 5 7 . 2  L. - 

--. . 



30 MCR- 6 7- 1 5 

ci 
B 
c 
r 

B 

r 

FLOW G 
E4 
c 
U 

E-1 

I 



0 m 
rl 

MCR - 6 7 : 15 

aJ 
Ll 

U 
a 
& 

-3- 

-aJ a- 
E a .  
H 

! 
aJ a 
0) 
H 

_ _ E -  

11 

0 m 

0 co 

0 
h 

A 
v) 

aJ 

C 
E 

s : ! j  
.rl 

z -  
s z  

aJ 
E 

'u aJ 
o m  m a  

(0 
rl 

o w  
N 

0 
rl 

0 

0 m 

0 
a3 

0 
h 

n 
ln 
0) 

0 "  a 7  C 
*rl 
E o w  

ul 
al 
E $ z  
-0 al 

0 "  
- 2  

rl w 
0 
hl 

0 
4 

31 



32 MCR- 6 7 - 1 5 

TABLE 3 

ETD De c ont aminat ion Chamber Qu.ali f i .  ation Test 

DATA SHEET 

4 0 Time - Tref. Distribution Temperatures- Deviation from Trer - F  

T1 T2 T3 T4 T5 T6 T7 T$ T9 Tlo F 0 mins . 

0 

7 
20 

32 
40 
50 
62 
74 
90 

0 
10 
20 
26 

32 
35 
47 
65 

5 
30 
45 a 70 
$0 

90 

- -  Temperature Ascent Pha?e - - 
72 -1 -1 -3 -1 
78 +1 +2 +3 +3 
84 +1 +3 -2 -2 

88 0 0 0 0 
95 +1 +2 +2 +2 
100 -1 -1 -1 -1 

108 +2 +2 +3 +3 
116 0 +1 0 0 
121 -1 0 0 0 

- - Constant Temperature Phase - - B 

121 

123 
126 
126 

124 
126 
123 
124 

-1 -0 0 0 
-1 0 -1 -1 
-3 -2 -2 -2 
-2 -2 -1 -1 
-2 -2 -1 -1 
-2 -2 -2 -2 
-2 -2 -2 -1 
-1 -1 -1 -1 

- -  Temperature Descent Phase - - 
119 -3 -3 -3 -3 
104 -2 -3 -3 -3 

95 -3 -3 -3 -3 
83 -3 -3 -3 -3 
79 -3 -3 -3 -3 
75 -1 -1 -2 -A 

.. 

0 0 0 
+4 +4 +3 
-1 -1 -1 
0 0 0 

+3 +3 -1 
-1 -1 -1 . 

+ 3 .  +2 +2 
+1 +1 +1 
0 0 0 

0 0 0 
0 0 0 
-2 -2 -2 
-1 -1 -1 
-2 4 -1 
-2 -1 -2 
-1 -1 -1 
-1 -1 -1 

-3 -3 -3 
-3 -3 -3 
-3 -3 -3 
-3 -3 -3 
-3 -3 -3 
-1 -1 -1 

-1 -1 -1 
+2 +2 i 4  
+1 +1 +2! 

0 0  0 
-1 -1 0 

0 -1 0 

+2 +2 +3 
+1 +1 +2 
0 0 +1 

0 0 +1 
0 -1 0 

-2 -2 -2 
-1 -1 -1 
-1 -2 -1 
-2 -2 -1 
-1 -1 -1 
-1 -1 -1 

-3 -3 -3 
-3 -3 -3 
-3 -3 -3 
-3 -3 -3 
-3 -3 -3 
-1 -1 -1 
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The d e s i g n  drawings f o r  i n s t a l l a t i o n  o f  t h e  p r o p e l l a n t '  vapor  
d e t e c t o r s  a t  t h e  s t e r i l i z a t i o n  chamber have been r e l e a s e d ,  and 
f a b r i c a t i o n  w i l l  p r o g r e s s  t o  complet ion i n  t h e  n e x t  r e p o r t i n g  
p e r i o d .  The o x i d i z e r  vapor  d e t e c t o r  w i l l  be e n c a p s u l a t e d  w i t h i n  
a p r e s s u r e  chamber t o  p e r m i t  o p e r a t i o n  a t  t h e  22 -ps i a  chamber 
p r e s s u r e  used .du r ing  ET0 decon tamina t ion  (Task IV) . The f u e l  
vapor  d e t e c t o r  w i l l  not be e n c l o s e d ,  s i n c e  t h e  d e t e c t o r  w i l l  
o n l y  be used d u r i n g  the  a m b i e n t - p r e s s u r e  d r y  h e a t  s t e r i l i z a t i o n  
t e s t s .  

A check r u n  h a s  been completed on t h e  ET0  decon tamina t ion  
chamber hum'idifier system, w i t h  s u c c e s s f u l  r e s u l t s .  
r u n  demons t r a t ed  that  r e l a t i v e  humid i ty  c o u l d  be  m a i n t a i n e d  be- 
tween 45% and 55% d u r i n g  t h e  most d i f f i c u l t  p a r t  o f  t h e  t e s t ,  
i .e . ,  the t e m p e r a t u r e  a s c e n t  phase,  u s i n g  manual c o n t r o l  o f  t h e  
steam i n j e c t i o n  v a l v e  and m o n i t o r i n g  t h e  e l e c t r i c  hygrometer 
s i g n a l .  

The check 

The above-descr ibed humid i ty  system checkou t  was made w i t h -  
o u t  ETO, s i n c e  t h e  'e lectrohygrometer  c o m p a t i b i l i t y  t e s t i n g  h a s  
n o t  been .concluded. 
was de layed  because the broad band s e n s o r  was n o t  a v a i l a b l e ;  
however, t h e  equipment i s  now a v a i l a b l e  and t h e  t e s t i n g  w i l l  be  
resumed. 

Plakned t e s t i n g  of  t h e  e l e c t r o h y g r o m e t e r  

Laminar Flow Bench - The C l a s s  100 l amina r  f low bench i n s t a l -  
l a t i o n  i s  p r o g r e s s i n g  on s c h e d u l e .  Remodeling o f  t h e  c l e a n  room 
h a s  been completed and f low bench i s  t o  be  i n s t a l l e d  e a r l y  i n  t h e  
nex t  r e p o r t  p e r i o d .  A comple t ion  d a t e  o f  14  J u l y  1967 i s  ex- 
p e c t e d .  

I n s t r u m e n t a t i o n  Accuracy - A t e s t  program t o  v e r i f y  t h e  i n -  
s t r u m e n t a t i o n  accu racy  o f  t h e  Cold Flow L a b o r a t o r y  was completed.  
A d e t a i l e d  r e p o r t  was i s s u e d  t o  t h e  c o n t r a c t  t e c h n i c a l  monitor  on 
9 June .  

T y p i c a l  e m p i r i c a l  2a a c c u r a c i e s  f o r  p r e s s u r e  measurements 
u s i n g  t h e  nominal 2% f u l l - s c a l e  system a c c u r a c y  t echn ique  were 
b e t t e r  t han  1%. An in-system s t i m u l u s  c a l i b r a c i o n  was performed 
on the  same t r a n s d u c e r s  t o  demons t r a t e  t h e  nominal 1% f u l l - s c a l e  
a c c u r a c y  c a p a b i l i t y  and t h e  t y p i c a l  2c a c c u r a c i e s  were b e t t e r  
t h a n  0.32% f u l l - s c a l e  on a l l  r e c o r d e r s .  A 4-h r  d r i f t  e v a l u a t i o n  
o f  t h e  same parameters  i n d i c a t e d  a s l i g h t  deg rad ing  e f f e c t  o f  
system a c c u r a c i e s .  Accuracy v a r i e d  w i t h  t h e  type  o f  r e c o r d e r  
u sed .  T y p i c a l  end-to-end system a c c u r a c i e s  o v e r  a 4-hr  p e r i o d  
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' . were b e t t e r  t h a n  0.26% f u l l  s c a l e  u s i n g  t h e  CEC r e c o r d e r ,  0.32% 
f u l l  s c a l e  u s i n g  B r i s t o l  r e c o r d e r ,  and 0.68% f u l l  s c a l e  u s i n g  a 
Sanborn r e c o r d e r .  

A s i m u l a t e d  dynamic s t i m u l u s  was used t o  demons t r a t e  t h e  
m e r i t  o f  e l e c t r o n i c a l l y  f i l t e r i n g  dynamic s i g n a l s  t h a t  have f r e -  
quency components beyond t h e  r eco rde r  r e s p o n s e .  This f i l t e r i n g  
was performed a t  t h e  d a t a  a m p l i f i e r .  T y p i c a l  d a t a  showed no s i g -  
n i f i c a n t  change i n  t h e  a c c u r a c y  of t h e  CEC and B r i s t o l  r e c o r d i n g .  
A 250 Hz i n p u t  t o  t h e  Sanborn r e c o r d e r  produced a n  e r r o r  o f  9.58% 
f u l l  scale.  E l e c t r o n i c  . f i l t e r i n g  t o  10 Hz reduced t h i s  e r r o r  t o  
0.57% f u l l  s c a l e .  

T y p i c a l  2a a c c u r a c i e s  f o r  t h r u s t  measurements were b e t t e r  
t h a n  0.37% f u l l  s c a l e  o v e r  a 4-hr  p e r i o d .  

Temperature  d a t a  a c q u i s i t i o n  and  f e c o r d i n g  i n d i c a t e d  a b e t t e r  
t h a n  0.80% f u l l - s c a l e  a c c u r a c y  over a 4 - h r  p e r i o d  f o r  thermo- 
c o u p l e s  s u b j e c t e d  t o  a t e m p e r a t t r e  r ange  o f  -100°F t o  -1-250°F. 
The p l a t i n u m  temperatu.re probe demons,trated a 0.12% a c c u r a c y  
o v e r  t h e  same p e r i o d .  a 

b 

. 


