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NOTICE 

Th i s  r e p o r t  was prepared  a s  a n  accoun t  of Government-sponsored 
work. N e i t h e r  t h e  Uni ted  S t a t e s ,  nor  t h e  N a t i o n a l  Aeronau t i c s  
and Space A d m i n i s t r a t i o n  (NASA), nor any person  a c t i n g  on b e h a l f  
o f  NASA : 

a .  Makes w a r r a n t y  o r  r e p r e s e n t a t i o n ,  exp res sed  o r  imp l i ed ,  
w i t h  respect t o  t h e  a c c u r a c y ,  comple t enes s ,  o r  u s e f u l n e s s  
of t h e  i n f o r m a t i o n  con ta ined  i n  t h i s  r e p o r t ,  o r  t h a t  t h e  
u s e  of  any i n f o r m a t i o n ,  a p p a r a t u s ,  method, o r  process d i s  
c l o s e d  i n  t h i s  r e p o r t  may n o t  i n f r i n g e  pr iva te ly- owned 
r i g h t s ;  o r  

b. Assumes any l i a b i l i t i e s  w i t h  respect  t o  t h e  use  o f ,  o r  
f o r  damages r e s u l t i n g  from t h e  u s e  of  any  i n f o r m a t i o n ,  
a p p a r a t u s  , method, o r  p roces s  d i s c l o s e d  i n  t h i s  r e p o r t .  

A s  used above,  "person  a c t i n g  on beha l f  o f  NASA'' i n c l u d e s  any 
employee o r  c o n t r a c t o r  of  NASA, o r  employee o f  s u c h  c o n t r a c t o r ,  
t o  t h e  e x t e n t  t h a t  such  employees o r  c o n t r a c t o r  o f  NASA, o r  em-  
ployee  of  such  c o n t r a c t o r  p r e p a r e s ,  d i s s e m i n a t e s ,  o r  p rov ides  a c-  
cess t o ,  any  i n f o r m a t i o n  pu r suan t  t o  h i s  employment w i t h  such  con 
t r a c t o r .  

I 

Reques ts  f o r  c o p i e s  of  t h i s  r e p o r t  should  be r e f e r r e d  t o :  

I 

N a t i o n a l  Aeronau t i c s  and Space A d m i n i s t r a t i o n  
O f f i c e  of  S c i e n t i f i c  and T e c h n i c a l  In fo rma t ion  
Washington 25 ,  D .  C .  

A t t e n t i o n :  AFSS -A 
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I .  INTRODUCTION 

1 

I 

Th i s  i s  t h e  second 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 ted  i n  
accordance  w i t h  JPL C o n t r a c t  951709. The r e p o r t  cove r s  t h e  
p e r i o d  from 2 J anua ry  1967 t h r u  31 March 1967. 

The program i n v o l v e s  t h e  exposure  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 r o p u l s i o n  system t o  t h e  e t h y l e n e  ox ide  (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  
3G0 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  
phase d u r i n g  which t h e  p r o p u l s i o n  system d e s i g n  i s  evo lved ,  A 
second phase w i l l  i nvo lve  t h e  procurement o f  components f o r  bo th  
a component t e s t  s e r i e s  and f o r  assembly i n t o  t h e  complete  s y s -  
tem. The t h i r d  phase o f  t h e  program, which i s  be ing  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  do n o t  e x i s t ,  t e s t i n g  i s  be ing  conducted 
t o  p rov ide  t h e  n e c e s s a r y  i n f o r m a t i o n .  The f o u r t h  phase of t h e  
program i n v o l v e s  t h e  assembly and t e s t  of  t h e  complete  p r o p u l s i o n  
sys tem.  The system w i l l  be assembled and p r o p e l l a 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  of  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  b o t h  t h e  ET0 and h e a t  s t e r i l i z a t i o n  
envi ronments  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 ho 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 isassembled  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  
d e g r a d a t i o n .  

During t h k s  r e p o r t  p e r i o d  t h e  b a s i c  system d e s i g n  was e s -  
t a b l i s h e d  and d e t a i l e d  s t r u c t u r a l  d e s i g n  was i n i t i a t e d .  The 
600-hr m a t e r i a l  s c r e e n i n g  t e s t s  were completed,  a l l owing  f i n a l  
s e l e c t i o n  of  components. Sc reen ing  t e s t  r e s u l t s  a r e  p re sen ted  
as an appendix  t o  t h i s  r e p o r t .  Component procurement o r d e r s  
were  p laced  w i t h  s u p p l i e r s .  The tes t  p l a n  f o r  b o t h  component 
and system t e s t i n g  was completed and xias submi t t ed  t o  JPL f o r  
a p p r o v a l .  

During t h e  nex t  pe r iod  d e t a i l e d  d e s i g n  w i l l  c o n t i n u e  and 
system s t r u c t u r a l  f a b r i c a t i o n  w i l l  be i n i t i a t e d .  Long-term 
p r o p e l l a n t  t es t s  w i l l  b e  s t a r t e d  u s i n g  small-scale s imu la t ed  
p r o p e l l a n t  t a n k s .  
w i l l  be p r e s e n t  i n  t h e  s m a l l - s c a l e  t a n k s .  

A l l  ? a t e r i a l s  p r e s e n t  i n  t h e  f u l l - s c a l e  t a n k s  

The ET0 and h e a t  s t e r i l i z a t i o n  chamber w i l l  become o p e r a t i o n a l  
and w i l l  be q u a l i f i e d .  
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11. CONCLUSIONS 

The f o l l o w i n g  c o n c l u s i o n s  were reached  as a r e s u l t  of  work 
d u r i n g  t h i s  r e p o r t i n g  pe r iod :  

1) The Marquardt  Model R-4D eng ine  should  be  s e l e c t e d  
s i n c e  a l l  m a t e r i a l s  used i n  i t s  c o n s t r u c t i o n  w i l l  
w i t h s t a n d  b o t h  decon tamina t ion  and t e r m i n a l  s t e r i l i -  
z a t i o n  c y c l e s ;  

2) P r o p u l s i o n  system hardware t h a t  w i l l  c o n t a c t  p r o p e l -  
l a n t s  d u r i n g  s t e r i l i z a t i o n  cycles should  b e  c o n s t r u c t e d  
of t h e  f o l l o w i n g  m a t e r i a l s :  

a )  P r o p e l l a n t  t a n k s  - 
(1) N204 - t i t a n i u m  (6AR-4V) 

( 2 )  MMH - t i t a n i u m  (6AR-4V), s t a i n l e s s  s t e e l  
(17-4) , aluminum (2014-T6 o r  2219-T8) , 

b) Plumbing l i n e s  - 
(1) N204 - t i t a n i u m  (6AR-4V) 

(2) MMH - s t a i n l e s s  s t ee l  (304, 304L, 321, o r  
347), aluminum (2014, 2219, 2024, o r  6061) ,  

c) Valve bod ie s  - 

(1) N204 - t i t a n i u m  (6AR-4V) o r  aluminum w i t h  

s u l f u r i c  o r  chromic a c i d  anodize  on a l l  s u r -  
f a c e s  t h a t  w i l l  be i n  c o n t a c t  w i t h  p r o p e l -  
l a n t  d u r i n g  s t e r i l i z a t i o n  

(2) MMH - aluminum (2014, 2024, o r  6061) o r  s t a i n -  
less  s t e e l  (304, 304L, 321, o r  347), 

d )  P o s i t i v e  d i sp l acemen t  d e v i c e s  f o r  p r o p e l l a n t s  - 
(1) N204 - T e f l o n  b l a d d e r  (TFE-FEP l amina te )  o r  

t i t a n i u m  s i e v e s  

(2) MMH - s t a i n l e s s  s tee l  s c r e e n  (304 o r  equ iva-  
l e n t )  aluminum s c r e e n  (6061 o r  5056) o r  T e f l o n  
b l a d d e r  (TFE-FEP l amina te )  , 
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’ e )  Burs t  d i s c s  - 

3 

(1) N204 - t i t a n i u m  (6Al-4V) 

(2)  MMH - aluminum (1100 o r  6061), o r  s t a i n l e s s  
s t e e l  (304, 321, o r  347); 

P r o p u l s i o n  system hardware t h a t  w i l l  n o t  be exposed 
t o  p r o p e l l a n t s  d u r i n g  con tamina t ion  and s t e r i l i z a t i o n  
c y c l e s  should  be  c o n s t r u c t e d  o f  t h e  m a t e r i a l s  l i s t e d  
i n  t h e  l i t e r a t u r e  su rvey  ( con ta ined  i n  t h e  f i r s t  
Q u a r t e r l y  Repor t )  as a p p l i c a b l e  t o  t h e  p a r t i c u l a r  
d e s i g n  a p p l i c a t i o n ;  

The AS1 vapor d e t e c t o r  f o r  N 0 i s  s u i t a b l e  f o r  use  

i n  an  e t h y l e n e  ox ide  a tmosphere ,  The MMH s e n s o r  w i l l  
n o t  f u n c t i o n  p r o p e r l y  and should n o t  be used;  

2 4  

An au toma t i c  v e n t  and purge  sys tem i s  r e q u i r e d  d u r i n g  
decon tamina t ion  s i n c e  e i t h e r  p r o p e l l a n t  can  r e a c t  
w i t h  t h e  e t h y l e n e  o x i d e .  I f  t h e r e  i s  a p r o p e l l a n t  
l e a k ,  a s e r i o u s  p r e s s u r e  r i s e  could  occur  i n s i d e  t h e  
chamber caus ing  r u p t u r e ;  

The e n t i r e  MMH system r e q u i r e s  s t r i n g e n t  c l e a n i n g ,  
fo l lowed by p a s s i v a t i o n  w i t h  p r o p e l l a n t - w a t e r  mix tu re  
t o  ensu re  t h a t  r e a c t i o n  o f  p r o p e l l a n t s  w i t h  contamina-  
t i o n  does  n o t  occu r  a f t e r  p r o p e l l a n t  l oad ing .  Th i s  
i s  e s p e c i a l l y  t r u e  f o r  s c r e e n s  and welded j o i n t s  t h a t  
may e n t r a p  o x i d e s  o r  o t h e r  r e a c t i v e  contaminants ;  

A d d i t i o n a l  t e s t i n g  of e f f e c t s  of Freon  1 2  on t i t a n i u m  
s t r u c t u r e s  should  be conducted.  I n f o r m a t i o n  a v a i l -  
a b l e ,  t o  d a t e ,  i s  n o t  c o n c l u s i v e .  
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111. RECOMMENDATIONS 

A s  a r e s u l t  o f  work d u r i n g  t h i s  q u a r t e r ,  t h e  fo l lowing  r e -  
commendations are made: 

A l l  s t a i n l e s s  s t e e l s  t e s t e d  have s u s t a i n e d  i n t e r -  
g r a n u l a r  c o r r o s i o n  d u r i n g  t h e  s t e r i l i z a t i o n  c y c l e  i n  
t h e  p re sence  o f  N 0 I n  a d d i t i o n ,  a v i s c o u s  brown 

d e p o s i t  h a s  been formed i n  t h e  p r o p e l l a n t .  I t  i s  r e -  
commended t h a t  t h e  compounds formed be ana lyzed  by 
i n f r a r e d  spec t roscopy  and X-ray d i f f r a c t i o n  w i t h  
f u r t h e r  c h a r a c t e r i z a t i o n  of  t h e  compounds by d i f -  
f e r e n t i a l  thermal  c a l o r i m e t r y  and a n a l y s i s ;  

2 4' 

Depending on t h e  r e s u l t s  of  1) above, i n v e s t i g a t i o n  
of  p o t e n t i a l  i n h i b i t o r s  shou ld  be s t u d i e d  and t e s t e d .  
It i s  a n t i c i p a t e d  t h a t  HO, HF, chromium i o n s  and 
n i t r a t e s  w i l l  be cons ide red ;  

Cur ren t  t e s t i n g  a t  s t e r i l i z a t i o n  t empera tu re s  i n d i c a t e s  
t h a t  i nadequa te  c l e a n i n g  and p a s s i v a t i o n  of  amine f u e l s  
such  a s  MMH, UDMH, o r  hydraz ine  can r e s u l t  i n  decomposi-  
t i o n .  The decomposi t ion  can  l e a d  t o  v e r y  h igh  p r e s s u r e s  
r e s u l t i n g  i n  t ank  r u p t u r e ,  fo rma t ion  of  c o r r o s i v e  com- 
pounds, o r  d e g r a d a t i o n  o f  normal performance.  A t e s t  
program should  be i n i t i a t e d  t o  develop  t echn iques  of  
c l e a n i n g  and p a s s i v a t i o n  of  r e p r e s e n t a t i v e  m a t e r i a l s  
and c a v i t i e s  s i m u l a t i n g  t ankage ,  plumbing s c r e e n s ,  
b l a d d e r s ,  and components.  C lean ing  methods should  i n -  
c l u d e  chemical  and mechanica l  methods,  which may be 
augmented by u l t r a s o n i c  t echn iques ;  

R e s u l t s  o f  t e s t i n g  of  s c r e e n  m a t e r i a l s  has  r e v e a l e d :  

a )  The l a r g e  s u r f a c e  a r e a  of  s c r e e n s  r e n d e r  them f a r  
more s u s c e p t i b l e  t o  a t t a c k  t h a n  s h e e t  metal ,  

b )  There i s  l i m i t e d  s c r e e n  a v a i l a b i l i t y  i n  compat ib le  
m a t e r i a l s ,  

c )  F ine  s c r e e n s  and f o i l s  must be g i v e n  s p e c i a l  
hand l ing  and procedures  d u r i n g  c o n s t r u c t i o n  and 
f a b r i c a t i o n .  
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It is recommended that a program be initiated to fabri- 
cate titanium and tantalum screens. In the case of 
titanium, emphasis should be placed on obtaining duc- 
tile wire by chem-milling techniques. While tantalum 
is quite ductile and available in wire form down to 
0.003 in., we recommend a development program to ex- 
tend this to weaving a mesh of at least 200 lines per 
inch; 

5) It is recommended*that alternative methods of oxidizer 
propellant sterilization be investigated. Two tech- 
niques of nonthermal sterilization should be con- 
sidered -- ultraviolet radiation and filtration. Each 
technique should,be evaluated by bio-assay procedures; 

Teflon bladders have historically demonstrated a high 
permeability of propellants. Recently Teflon bladder 
material tests in N 0 at 275°F have shown a tendency 

to slough off Teflon particles that may cause filters 
to clog or pulsing valves to leak. It is recommended 
that a development program be set up to deposit tanta- 
lum, columbium, and/or gold on Teflon 1aminate.coupons 
and perform propellant compatibility tests and mechani- 
cal properties tests, such as abrasion, permeation, 
and adhesion; 

6 )  

2 4  

7) Current propellant combinations a l l  show undesirable 
characteristics at sterilization temperatures. Future 
propellants may possess more desirable characteristics 
such as lower vapor pressure, etc. It is recommended 
that materials prescreening tests be initiated to 
determine the reactions of such propellants as MON-10, 
IRFNA/55-N 0 45, MMH hydrate, and MAF-5 to steriliza- 

tion requirements. Propellants that show favorable 
corrosion, decomposition, and vapor pressure properties 
should then be exposed to a more comprehensive evalua- 
tion program. 

2 4 1  
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I V .  GENERAL REPORT 

A .  ROCKET ENGINE SELECTION 

A t  t h e  end o f  the  f i r s t  phase o f  eng ine  s e l e c t i o n ,  f i v e  en-  
g i n e s  were s t i l l  under c o n s i d e r a t i o n  f o r  use  on t h i s  program. 
The e n g i n e s  were as  f o l l o w s :  

1) Rocketdyne - Bery l l ium - h e a t  s i n k ;  

2)  Marquardt  - Model R-4D - r a d i a t i o n ;  

3 )  T h i o k o l ,  RMD - Model C - 1  - r e g e n e r a t i v e ;  

4 )  TRW Systems - MIRA-150R - r a d i a t i o n ;  

5) B e l l  Aerosystems - Model 8414 - r a d i a t i o n .  

Engine m a n u f a c t u r e r s  were c o n t a c t e d  t o  de te rmine  eng ine  a v a i l -  
a b i l i t y  and c o s t .  I n  a d d i t i o n ,  d e t a i l e d  performance d a t a  and 
eng ine  t e s t  h i s t o r i e s  were r e q u e s t e d .  A s  a r e s u l t  of t h e s e  i n -  
q u i r i e s ,  t h e  Rocketdyne and t h e  Be l l  e n g i n e s  were e l i m i n a t e d .  
The t h r e e  remaining e n g i n e s  were e v a l u a t e d  a s  t o  ET0 and thermal  
c o m p a t i b i l i t y .  A l l  a re  compat ib le  w i t h  t h e  d e f i n e d  s t e r i l i z a t i o n  
system r e q u i r e m e n t s .  The f i n a l  s e l e c t i o n  o f  t h e  eng ine  c o n s i d e r -  
i n g  the  a b i l i t y  o f  t h e  t h r e e  e n g i n e s  t o  meet t h e  s t e r i l i z a t i o n  
requ i rements  i s ,  t h e r e f o r e ,  based on p r e v i o u s  t e s t  e x p e r i e n c e  
w i t h  t h e  s e l e c t e d  p r o p e l l a n t s ,  system a d a p t a b i l i t y ,  component 
s i m p l i c i t y ,  r e l i a b i l i t y ,  and development s t a t u s .  

T h r o t t l i n g  o f  t h e  r o c k e t  eng ine  i s  no t  a requ i rement  f o r  t h e  
s t e r i l i z a t i o n  system and t h e  a d d i t i o n a l  components r e q u i r e d  make 
t h e  eng ine  more complex. Also ,  a n  eng ine  w i t h  maximum t e s t  ex- 
p e r i e n c e  i s  d e s i r e d  t o  p r o v i d e  a good bench mark. The TRW MIRA- 
150R eng ine  h a s  been o m i t t e d  f o r  t h i s  r e a s o n ,  and because  t h e  
h i g h  i n l e t  p r e s s u r e  o f  350 p s i  minimum, f o r  t h i s  eng ine  i s  much 
h i g h e r  t h a n  n e c e s s a r y  f o r  t h i s  sytem. The vapor  p r e s s u r e  o f  MMH 
a t  275'F i s  63 p s i a ,  t h e r e f o r e ,  t h e  p r o p e l l a n t  t a n k  p r e s s u r e  re-  
quirement was e s t a b l i s h e d  t o  meet t h e  minimum o p e r a t i n g  supp ly  
p r e s s u r e  of  t h e  a v a i l a b l e  e n g i n e s .  The Marquardt  and RMD nominal 
supp ly  p r e s s u r e s  a r e  180 p s i a  and were used a s  t h e  b a s i s  f o r  a 
s e l e c t e d  system p r o p e l l a n t  t a n k  o p e r a t i n g  p r e s s u r e  of  260 k 10 
p s i a .  Nominal performance and d e s i g n  pa ramete r s  f o r  t h e  a v a i l -  
a b l e  e n g i n e s  a r e  p r e s e n t e d  i n  Tab le  1. 
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Table 1 Nominal Performance and Design Parameters for the Available Engines 

Parameters 

('"1 Vacuum Thrust 

Specific Impulse (sec) 
(vacuum nominal) 

Characteristic Velocity (fps) 
[nominal (C*) ] 

Thrust Coefficient 
(vacuum nominal) 
Operating Life (sec) 
(demonstrated) 
Maximum Steady-State Duration 
with NTO/MMH (sec) 
Chamber Pressure (psia) 
(nominal) 
Oxidizer, N 0 to Fuel, MMH 

Mixture Ratio 
(nominal) 
Nozzle Area Ratio, without Bell 
Nozzle Area Ratio 

Throat Area (in.2> 

Characteristic Length (LJc) 
Contraction Ratio 

Injector Type 
Surge Pressure Capability (psi) 
Valve Inlet Pressures, Nominal 

2 4  

Supply (Psi) 
Fuel 
Oxidizer 

Overall Length (in.) 
Maximum Diameter (in,) 
Thrust Mount 

Marquardt 
R- 4D 

100 

293 

5350 

1.70 

12,960 

1020 

97 

1.6 

6.7:l 
40:l 

0.592 
11.2 
4.17:l 
Multidoublet 
1000 

180 
180 
13.4 

6.5 
Flange Injector 
End 

RMD 
c-1 

100 

295 

5295 

1.80 

12,706 

1400 

93 

1.6 

5:l 
60: 1 
(overturned bell) 

0.586 

10.7 
3.38:l 
Vortex 
480 

178-191 
178-191 
17.29 
6.75 
Flange Injector 
End 

TRW 
MIRA-150R 

100 

291 

5330 

1.76 

-- 

-- 
-- 

1.6 

33.7:l 
(80% bell) 

0.785 
18 
5.5:l 
Coaxial sheet 
1000 

350-750 
350-750 
17.5 

8.2 
Engine Mount 
Bracket 
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The eng ine  s e l e c t i o n  c r i t e r i a  f o r  f i n a l  s c r e e n i n g  between 
t h e  Marquardt  R-4D and RMD C - 1  e n g i n e s  a r e  p r e s e n t e d  i n  T a b l e  2 .  
The e n g i n e s  were r a t e d  t o  p r o v i d e  t h e  b a s i s  o f  f i n a l  s e l e c t i o n  
i n d i c a t e d  i n  T a b l e  2 .  

The Marquardt  engine  was s e l e c t e d  based on t e s t  e x p e r i e n c e  
of  t h e  f i x e d  R-4D d e s i g n .  The RMD C - 1  e n g i n e  h a s  more d e s i r a b l e  
d e s i g n  f e a t u r e s ,  b u t  l a c k s  t h e  t e s t  and development e x p e r i e n c e .  
On t h i s  b a s i s ,  t h e  Marquardt  eng ine  h a s  been s e l e c t e d  a s  t h e  
prime eng ine ,  and t h e  RMD C - 1  eng ine  was chosen a s  a c l o s e  a l t e r -  
n a t e ,  i f  r e q u i r e d .  

I n  a d d i t i o n  t o  t h e  a n a l y s i s  performed t o  e n s u r e  i n t e g r i t y  o f  
t h e  s e l e c t e d  eng ine ,  Marquardt  a l s o  i n d i c a t e s  t h a t  t h e  eng ine  and 
v a l v e s  a re  compat ib le  w i t h  program s t e r i l i z a t i o n  r e q u i r e m e n t s .  

The R-4D r o c k e t  eng ine  w i l l  p r o v i d e  a 275 s e c  minus t h r e e  
sigma minimum vacuum s p e c i f i c  impulse  a t  100 l b  t h r u s t  u s i n g  

N 0 and MMH p r o p e l l a n t s  a t  a n  o x i d i z e r - t o - f u e l  r a t i o  o f  1.6 

and a nozz le  expansion r a t i o  o f  40 :1 ,  a s  r e q u i r e d .  

f 

2 4  

Before  d e l i v e r y  o f  the  engine  t o  Mar t in  M a r i e t t a ,  t h e  eng ine  
c o n t r a c t o r  w i l l  perform eng ine  h o t  f i r e  c h a r a c t e r i z a t i o n  by p re-  
a c c e p t a n c e  t e s t i n g  t h e  e n g i n e .  Marquardt  w i l l  s u p p l y  t h e  fo l low-  
i n g  d a t a :  p r o p e l l a n t  f low r a t e s ,  c h a r a c t e r i s t i c  v e l o c i t y ,  t h r u s t  
c o e f f i c i e n t ,  chamber pressure ,  v a l v e  i n l e t  p ressure ,  t h r u s t ,  
s p e c i f i c  impulse ,  o x i d i z e r - t o - f u e l  r a t i o ,  p r o p e l l a n t  t e m p e r a t u r e s ,  
t e s t  c e l l  p r e s s u r e ,  and t e s t  p r o f i l e .  The eng ine  w i l l  be h o t  f i r e  
c h a r a c t e r i z e d  u s i n g  a f u l l  b e l l  w i t h  a r e a  r a t i o  o f  4 0 : l .  The 
t h r u s t  c o e f f i c i e n t  o b t a i n e d  w i l l  be used t o  c o r r e c t  f o r  s i t e  l e v e l  
f i r i n g  o f  t h e  eng ine  f o l l o w i n g  s t e r i l i z a t i o n  t e s t i n g  o f  t h e  p r e -  
packaged sys tem.  The eng ine  b e l l  w i l l  n o t  be used i n  t h e  system 
s i t e  l e v e l  h o t  f i r e  demons t ra t ion  t e s t ,  

A copy o f  t h e  Components and System T e s t  P l a n ,  MCR-67-20, h a s  
been s e n t  t o  Marquardt  f o r  review and a p p r o v a l .  I n t e r f a c e  requi re-  
ments have been e s t a b l i s h e d  and o n l y  t h e  d e t a i l e d  c o n f i g u r a t i o n  
of  t h e  eng ine  c o n t r o l  v a l v e s  remains  a s  a n  open i t e m ,  

The eng ine  w i l l  be purged w i t h  GN2 f o l l o w i n g  t h e  s t e r i l i z a -  

t i o n  system h o t  f i r e  demons t ra t ion  t e s t .  Subsequent ly  t h e  en- 
g i n e  w i l l  undergo Freon MF f l u s h  of  t h e  o x i d i z e r  s i d e  and methyl 
a l c o h o l  f l u s h  o f  t h e  f u e l  s i d e  t o  decontaminate  i t  f o r  hand l ing  
and i n s p e c t i o n .  



Ta
bl
e 
2 

Fi
na
l 
En
gi
ne
 S
el
ec
ti
on
 

'a
lv

e 
-
 

0.
99
6 

@
 5
0%
 C
on

- 

Th
e 
re
li
ab
il
it
y 
is
 

th
e 
sa
me
 f
or
 A
-5
0 

an
d 

MM
H 
si
nc
e 
pr
o-
 

pe
ll
an
t 
ch
an
ge
 a
f-

 
fe
ct
s 
on
ly
 p

er
- 

fo
rm
an
ce
 

fi
de
nc
e 10
 

Ma
rq
ua
rd
t 
R-
4D
 

No
. 
of
 A
lt
it
ud
e 
Te
st
s:
 
63
3 

No
. 
of
 A
lt
it
ud
e 
St
ar
ts
: 

1,
14
1,
00
0 

Ac
cu
mu
la
te
d 

Bu
rn

 D
ur
at
io
n:
 
48
9,
40
0 

se
c 

To
ta
l 
Va
lv
e 
Cy
cl
es
: 

5,
81
2,
80
0 

qu
al
lf
lc
at
lo
n 

co
mp
le
te
d 
fo
r 

NT
O/

M
M

H 
fa

r 
u

se
 

on
 S

M
. 

44
5 
en
- 

gl
ne
s 
de
li
ve
re
d 

Wi
th
 2
08
 r
em
ai
n-
 

in
g 
to
 b
e 
de

- 
li
ve
re
d.
 

10
 

NT
O/
A-
50
 

Ma
xi
mu
m 
Du
ra
ti
on
, 
On
e 
En
gi
ne
: 

13
,0
00
 s

ac
 

No
. 
of
 S
ta
rt
s:
 
10
3,
00
0 

Ma
xi
mu
m 

St
ea
dy

-S
ta
te
 D
ur

at
io

n:
 
21
00
 s

ec
 

10
 

"
 

Th
re
e 
Qu
al
if
ic
at
io
n 
En
gi
ne
s 

No
. 
of
 A
lt
it
ud
e 
St
ar
ts
: 

26
.8
64
 

pi
ck
up
 

ad
eq
ua
te
. 

10
 

Ac
cu
mu
la
te
d 

Bu
rn

 D
ur
at
io
n:
 
21
36
 s
ec
 

No
. 
of
 A
lt
it
ud
e 
St
ar
ts
: 

50
00
 

Ac
cu
mu
la
te
d 
Bu
rn
 D
ur
at
io
n:
 
20
00
 s

ec
 

Ma
xi
mu
m 

St
ea
dy
-S
ta
te
 D
ur
at
io
n:
 
10
20
 s

ei
 

Tw
o 
De
ve
lo
pm
en
t 
En
ni
ne
s 

Ra
ti
ng
: 

10
 

Re
qu
ir
ed
 t
o 
de
mo
n-
 

st
ra
te
 6
9 
su
cc
es
s-
 

fu
l 
en
gi
ne
 f
ir
in
gs
. 

Mo
st
 

s
e

v
e

re
 d
ut
y 

cy
cl
e:
 
28
 e
ng
in
es
. 

20
 e
nv
ir
on
me
nt
al
 

en
gi
ne
s.
 
Te
st
 t
o 

fa
il
ur
e:
 
25
 o
f 
48

 
en
gi
ne
s 
to
ta
l.
 

0.
99
 

@
 5

0%
 C
on

- 

RM
D 
c-
1 

NT
O/
A-
50
 a
nd
 N

TO
/M

MH
 

No
. 
of
 T
es
ts
: 

40
92
 

No
. 
of
 S
ta
rt
s:
 
43
1,
00
0 

Ac
cu
mu
la
te
d 
Bu
rn
 D
ur
at
io
n:
 
14
8,
00
0 

se
c 

(6
0%
 o
f 
ab
ov
e 
te
st
s 
wi
th
 N

TO
/M

M
H)

 

De
ve
lo
pe
d 
an
d 
to
 

be
 q
ua
li
fi
ed
 b
y 

15
 J
ul
y 
19
67
, 
as
 

ba
ck
up
 f
or
 S
M,
 

LE
M,
 S
-I
VB
, 
an
d 

AA
P.
 
Us
es
 b
ot
h 

NT
O/
A-
50
 a
nd
 N

TO
/ 

M
M

H.
 

Ov
er
 1
00
 e
ng
in
es
 

in
 p
ro
gr
am
; 
so
me
 

al
re
ad
y 
de
li
ve
re
d 

"
 

Ma
xi
mu
m 
hr
at
io
n 
fo
r 
On
e 
En
gi
ne
: 

12
,7
06
 s
et
 

No
. 
of
 S
ta
rt
s:
 
99
20
 

Ma
xi
mu
m 
St
ea
dy
-S
ta
te
 D
ur
at
io
n:
 
14
00
 s
ec
 

Co
mp
at
ib
le
 

10
 

I Rati
ng
: 

8 

Su
pp
ly
 

pr
es
su
re
 :
 

17
9-
19
1 

ps
i.
 

Ex
is
ti
ng
 

th
ru
st
 

mo
un
t 
an
d 

ch
am
be
r 

pr
es
su
re
 

pi
ck
up
 

ad
eq
ua
te
. 

10
 

En
gi
ne
s 

Qu
al
if
ic
at
io
n 

De
ve
lo
pe
d 
an
d 

NA
A:

 
55
18
 C
yc
le
s 

qu
al
if
ie
d 
fo
r 

0.
93
5 

@ 
50
% 
Co
n-
 

I SM, L
EM
, 
an
d 

:n
ai

"e
 

fi
de
nc
e 

I Lun
ar
 O
rb
it
er
 

0.
98
3 

(3 
90
% 
Co
n-
 

wi
th
 N
TO
/A
-5
0.
 

Co
mp
le
xi
ty
 

-
 

'a
lv

es
 

In
di
vi
du
al
 f
ue
l 

an
d 
ox
id
iz
er
 

so
le
no
id
 v
al
ve
s.
 

" e
ct
or
 
k
 flt 

In
- 

je
ct
or
 a
ss
em
bl
y,
 

sm
al
l 
in
je
ct
or
 

su
sc
ep
ti
bl
e 

or
if
ic
e 
ho
le
s to

 

cl
og
gi
ng
 a
nd
 

di
st
or
ti
on
. 

8 
se
ts
, 
mu
lt
i -

 
tr
ip
le
t 
ty
pe
 

wi
th
 o

n
e 
se
t 

pr
ei
gn
it
io
n.
 

8 

-
 

'a
lv

e 
-
 

Si
ng
le
 i
nt
eg
ra
te
d 

to
rq
ue
 m
ot
or
 o
p -
 

er
at
ed
 b
ip
ro
pe
l-
 

la
nt
 v
al
ve
. 

Al
l 
we
ld
ed
 i
n-
 

je
ct
or
 a
ss
em
bl
y 

mo
de
ra
te
 i
nj
ec
to
r 

or
if
ic
e 
ho
le
s.
 

4
 s
et
s,
 v
or
te
x 

ty
pe
. 

10
 

12
%

 ET
0 

38
% 
Fr
eo
n 

12
 

hn
pa
ti
bi
li
t!
 

a 
50'C
 

(1
22

9 

Co
mp
at
ib
le
 

10
 

Co
mp
at
ib
le
 

1 

Ph
ys
ic
al
 P
ro
pe
rt
 

He
at
 C
yc
le
 

Co
mp
at
ib
il
it
y 

Ex
te
nd
ed
 
Du
ra
ti
o 

@
 1
35'
C 

(2
75
'F
) 

Co
mp
at
ib
le
 

10
 

Co
mp
at
ib
le
 

10
 

hn
pa
ti
bz
li
ty
 

su
re
' 

18
0 

ps
i.
 
Ex
is
t 

m
g
 t
hr
us
t 

mo
un
t 
an
d 

ch
am
be
r 

rx
es
su
re
 

Hi
gh
 

Te
mp
er
at
ur
e 

Co
mp
on
en
t 

Ex
po
su
re
 

Fo
ur
 

so
le
no
id
 

va
lv
es
; 

tw
o 
fu
el
, 

tw
o 
ox
i -

 
di
ze
r 

su
bj
ec
te
d 

to
 2
50'
F 

no
no
pe
ra
t-
 

in
g 
te
mp
er

- 
at
ur
e 
an
d 

fu
nc
ti
on
al
l:
 

ev
al
ua
te
d.
 

No
 

ti
on
 de
gr
ad
a-
 

in
 

fu
nc
ti
on
 

ev
id
en
ce
d.
 

9 

Va
lv
e 

fu
nc
- 

ti
on
al
ly
 

te
st
ed
 w
it
h 

av
er
ag
e 
co
il
 

te
mp
 a
t 

500
'F 

wi
th

- 
ou
t 
de
tr
i-
 

me
nt
al
 

ef
fe
ct
s.
 

10
 

Sa
ti
sf
ie
s 

Pr
og
ra
m 

Pe
rf
or
ma
nc
e 

Re
qu
ir
em
en
ts
 

Sa
ti
sf
ac
to
ry
 

10
 

Ra
ti
ng
 9

7 

Sa
ti
sf
ac
to
ry
 

10
 

Ra
ti
ng
 9
4 



10 MCR-67-15 ( I s s u e  2) 

B .  SYSTEM DESIGN AND ANALYSIS 

System components have been s e l e c t e d  and d e t a i l e d  d e s i g n  o f  
t h e  module and component procurement h a s  been i n i t i a t e d  d u r i n g  
t h i s  q u a r t e r .  I n  c a s e s  where components changed i n  s i z e  o r  shape,  
t h e  system d e s i g n  was r e v i s e d .  A major s t r u c t u r a l  change was 
caused by a change i n  t h e  mounting p r o v i s i o n s  on t h e  p r o p e l l a n t  
t s n k s .  The o r i g i n a l  i n t e n t  was t o  mount t h e  t a n k s  t o  t h e  r e c -  
t a n g u l a r  t r u s s  i n  t h e  h o r i z o n t a l  p l a n e  w i t h  t h e  t a n k . i n l e t s  and 
o u t l e t s  on t h e  v e r t i c a l  ax i s .  The s e l e c t e d  t a n k s  have no mount- 
i n g  p r o v i s i o n s  o t h e r  t h a n  t h e  i n l e t  and o u t l e t  b o s s e s .  Since  
t h e  o u t l e t s  must remain on t h e  v e r t i c a l  ax i s ,  t r u s s  work was 
added t o  c a r r y  t h e  mounting l o a d s  from t h e  i n l e t  and o u t l e t s  t o  
t h e  main r e c t a n g u l a r  t r u s s  ( F i g .  1).  

During t h i s  r e p o r t  p e r i o d ,  the  600-hr m a t e r i a l  c o m p a t i b i l i t y  
t e s t s  were completed,  a l l o w i n g  f i n a l  s e l e c t i o n  of  components. 
I n  p a r t i c u l a r ,  t h e  e x p u l s i o n  d e v i c e s  t o  be used w i t h  each  pro-  
p e l l a n t  were e s t a b l i s h e d  and procurement a c t i o n  was s t a r t e d .  A 
Tef lon- lamina ted  h e m i s p h e r i c a l  diaphragm w i l l  be used i n  t h e  ox- 
i d i z e r  t a n k  and a s c r e e n  t r a p  assembly w i l l  be used i n  t h e  f u e l  
t a n k .  I n  a d d i t i o n ,  aluminum a l l o y  hand v a l v e s  and ordnance oper-  
a t e d  v a l v e s  w i l l  be used even though t h e r e  i s  a mi ld  incompat i-  
b i l i t y  of aluminum w i t h  N 0 a t  e l e v a t e d  t e m p e r a t u r e s .  The a l -  

t e r n a t i v e  t o  t h i s  i s  t o  use  t i t a n i u m  components e x c l u s i v e l y  i n  
t h e  o x i d i z e r  system, which i s  p r o h i b i t i v e l y  expens ive  f o r  t h i s  
program. 

2 4  

A schemat ic  t h a t  c u r r e n t l y  r e p r e s e n t s  t h e  sys tem i s  i n  F i g .  
2 .  

Severa l  r e v i s i o n s  were made t o  t h e  d e s i g n  c r i t e r i a  t o  r e f l e c t  
component changes o c c u r r i n g  immediate ly  a f t e r  f i n a l  component 
s e l e c t i o n .  
because  t h e  material ( t i t a n i u m  7AR-4Mo) w a s  ex t remely  d i f f i c u l t  
t o  weld.  Two o t h e r  t i t a n i u m  (6AR-4V) b o t t l e s  were c o n s i d e r e d  
t h a t  had d i f f e r e n t  volumes and p r e s s u r e  r a t i n g s  t h a n  t h e  f i r s t  
b o t t l e .  Th i s  r e q u i r e d  recomputa t ion  of  n i t r o g e n  l o a d s  and sys tem 
o p e r a t i n g  p r e s s u r e s .  The t h r e e  b o t t l e s  are compared i n  t h e  f o l -  
lowing t a b u l a t i o n .  

The g a s  b o t t l e  i n i t i a l l y  s e l e c t e d  was l a t e r  r e j e c t e d  
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B o t t l e  

Comparison 

Material 

Volume (cu  i n . )  

Load P r e s s u r e  ( p s i a )  

Proof  P r e s s u r e  ( p s i a :  

Mass Loaded (GN2) 

(Ib,> 

Mass Required (Ib,) 

(Ib,> Margin 

F i r  s t  Se 1 ec t i o n  
Menasco 

78 5000- 503 

T i t an ium 7AQ-4Mo 

1272 

1475 f 25 

4500 

5.35 

3.56 

1 .75  

P r e s s u r e  Systems 
80009-4 

T i tan ium 6AQ-4V 

900 

2150 ? 50 

6700 

5 .51  

3 .56  

1 .95 

F i n a l  S e l e c t i o n  
Menasco 

812500-501 

T i tan ium 6AR-4V 

1275 

1650 ? 50 

4875 

5.45 

3 .56 

1.89 

During t h i s  r e p o r t  pe r iod  t h e  problem o f  c o r r o s i o n  of  s t r e s s e d  
t i t a n i u m  was r e v e a l e d .  The mechanism i n v o l v e s  c o r r o s i v e  a t t a c k  
by c h l o r i n e  i n  any form t h a t  i s  no t  h i g h l y  i o n i z e d .  S ince  t h e  
Freon 12 component of  t h e  decontaminant  g a s  m i x t u r e  c o n t a i n s  
c h l o r i n e ,  i t s  u s e  i s  n o t  recommended w i t h  t i t a n i u m  components. 
An i n v e s t i g a t i o n  was conducted t o  f i n d  s u i t a b l e  s u b s t i t u t e s  f o r  
t h e  Freon 1 2 .  S e v e r a l  commercia l ly  a v a i l a b l e  decontaminants  were 
found t h a t  were combinat ions  o f  ca rbon  d i o x i d e  and e t h y l e n e  o x i d e .  
Carboxide ,  a mix tu re  of  90% carbon d i o x i d e  and 10% ETO, i s  non- 
flammable i n  a i r  b u t  requi res  a h i g h  chamber p r e s s u r e  (56 p s i a )  
t o  m a i n t a i n  t h e  p roper  ET0 c o n c e n t r a t i o n  o f  600 mg p e r  gaseous  
l i t e r .  
r e s p e c t i v e l y ,  w i t h  ca rbon  d i o x i d e  and are b o t h  flammable i n  a i r .  
Another  approach t o  t h e  problem invo lved  t h e  s e a r c h  f o r  a d i r e c t  
r ep lacement  f o r  t h e  Freon 12 i n  t h e  m i x t u r e .  Freon C 318 a p p e a r s  
t o  meet a l l  t h e  n e c e s s a r y  r e q u i r e m e n t s  o f  no t  c o n t a i n i n g  any  
c h l o r i n e ,  n o t  be ing  flammable i n  a i r ,  and r e q u i r i n g  a chamber 
p r e s s u r e  of  o n l y  15 p s i a .  A p r o p o s a l  t o  u s e  t h i s  m a t e r i a l  and a 
mater ia ls  c o m p a t i b i l i t y  e v a l u a t i o n  program h a s  been submi t t ed  t o  
JPL f o r  a p p r o v a l .  

Oxyfume 20 and Oxyfume 30 a r e  mixtures o f  20 and 30% ETO, 

C , COMPONENT DESIGN AND ANALYSIS 

A t  t h e  beg inn ing  of t h e  r e p o r t  p e r i o d  p r o p o s a l s  were r e c e i v e d  
from component s u p p l i e r s ,  Each d e s i g n  was r a t e d  u s i n g  t h e  system 
e s t a b l i s h e d  d u r i n g  t h e  e a r l i e r  p o r t i o n s  o f  t h e  program, This sec- 
t i o n  p r e s e n t s  t h e  r a t i n g s  and any a d d i t i o n a l  p e r t i n e n t  comments. 
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1. P r e s s u r a n t  Tank (Table  3 )  

The Menasco t ank ,  P/N 812500-501, was s e l e c t e d  because  i t  
scored  h i g h e r  than  t h e  o t h e r  s u p p l i e r  t a n k s ,  p r i m a r i l y  i n  t h e  
area o f  t e s t  e x p e r i e n c e .  Another  Menasco d e s i g n ,  P/N 785000-503, 
had been i n i t i a l l y  s e l e c t e d  because  i t  had b e t t e r  mounting pro-  
v i s i o n s  and lower c o s t .  However, t h e  mater ia l  was t i t a n i u m ,  
7Aj-4M0, which i s  ex t remely  d i f f i c u l t  t o  weld .  A d e c i s i o n  was 
made n o t  t o  r i s k  t h e  we ld ing  problems d e s p i t e  t h e  lower c o s t .  
Only a s i n g l e  b o t t l e  f a b r i c a t e d  from t h e  7AR-4Mo m a t e r i a l  e x i s t e d .  
I n  a d d i t i o n ,  Menasco i n d i c a t e d  t h a t  no a d d i t i o n a l  b o t t l e s  o f  t h i s  
m a t e r i a l  would be made, t h e r e f o r e ,  l o s s  o f  t h e  b o t t l e  a t  any p o i n t  
i n  t h e  program would r e q u i r e  a change t o  a n o t h e r  b o t t l e  c o n f i g u r a-  
t i o n .  

Tab le  3 P r e s s u r a n t  Gas Sphere S e l e c t i o n  

1) B a s i c  Design A n a l y s i s  
a )  Envelope S ize  (-15 -+ i-15) 
b)  Mounting P r o v i s i o n s  (- 15 + 4-15) 
c )  S t r u c t u r a l  C a p a b i l i t y  (0  --j 10) 
d) Complexity (0 -+ 10) 

2) M a t e r i a l  of  C o n s t r u c t i o n  (0 -+ 10) 
3)  Leakage 

4 )  Cycle L i f e  (0 + 15)  
5 )  Vendor 

E x t e r n a l  Leakage (0 + 10) 

a )  D e l i v e r y  Target Date (One n e g a t i v e  

b) C lean ing  (0  + 5 )  
c )  

p o i n t  f o r  each week p a s t  t a r g e t  d a t e )  

P r e v i o u s  Exper ience  a t  B u i l d i n g  Tanks 
0 -+ 10) 

6) Weight (0  + 5 )  
7) Q u a l i f i c a t i o n  S t a t u s  

a )  Degree of T e s t i n g  i n  Compliance w i t h  

b) Changes Required (0  - 10) JPL 30250B (0  -+ 15) 

T o t a l  P o i n t s  

F ina l  S e l e c t i o n :  Menasco Company P/N 812500-501 
2 o s t :  $2380.00 
qof i f  i c a  t i o n  Required : None. 
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2 .  P r o p e l l a n t  Tanks (Table  4 )  

F i n a l  s e l e c t i o n  of p r o p e l l a n t  t a n k s  was even more p o s i t i v e  
than  t h e  t e c h n i c a l  r a t i n g  s c o r e  i n d i c a t e s .  The t a n k  d e s i g n  se-  
l e c t e d  i s  t h e  same d e s i g n  a s  used i n  t h e  JPL Advanced L igh twe igh t  
P r e s s u r i z a t i o n  System (ALPS) Generant  Tank Program w i t h  a few m i -  
nor  d e s i g n  changes ,  The i n l e t  and o u t l e t  p o r t s  w i l l  be s t r e n g t h -  
ened t o  accommodate mounting p r o v i s i o n s .  I n  a d d i t i o n ,  t h e  f o r g -  
i n g s  t h a t  w i l l  be  used f o r  t h e  f u e l  t a n k s  w i l l  a l l o w  ext ra  meta l  
nea r  t h e  o u t l e t  p o r t .  T h i s  e x t r a  meta l  w i l l  p e r m i t  machining 
of a r i n g  t o  a l l o w  welding of  t h e  s c r e e n  t r a p  t o  t h e  t a n k .  The 
b l a d d e r  material  w i l l  be T e f l o n  r a t h e r  t h a n  b u t y l  o r  e t h y l e n e  
p ropy lene  compounds a s  used i n  t h e  ALPS program. 

3 .  Expuls ion  Bladder  (Tab le  5) 

F i n a l  s e l e c t i o n  o f  a b l a d d e r  f o r  t h e  o x i d i z e r  t a n k s  invo lved  
more t h e  s e l e c t i o n  of a type  of b l a d d e r  than  t h e  s e l e c t i o n  o f  a 
s u p p l i e r .  Both metal and T e f l o n  d e s i g n s  were c o n s i d e r e d .  The 
T e f l o n  d e s i g n  was s e l e c t e d  p r i m a r i l y  because  of  i t s  q u a l i f i c a t i o n  
s t a t u s  and c y c l e  l i f e  c a p a b i l i t y .  The T e f l o n  b l a d d e r . ( F i g .  3 )  
w i l l  c o n s i s t  of l a m i n a t e s  of TFE ( 4  m i l s  t h i c k )  and FEP ( 4  m i l s  
t h i c k ) .  It w i l l  a l s o  i n c o r p o r a t e  a crown o f  FEP (0.030 t o  0.035 
i n .  t h i c k )  a t  t h e  g a s  i n l e t  a r e a  t o  p r e v e n t  e x t r u d i n g  of  t h e  
T e f l o n  through t h e  b a r r i e r  p l a t e  l o c a t e d  i n  t h e  i n l e t  p o r t .  
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T a b l e  4 P r o p e l l a n t  S to rage  Sphere  S e l e c t i o n  

1) B a s i c  Design A n a l y s i s  
a )  Envelope S i z e  (-15 + +15) 
b )  Mounting P r o v i s i o n s  (-15 4 +15) 
c )  
d )  Complexity ( 0  + 10) 
Material o f  C o n s t r u c t i o n  (0  + 10) 

S t r u c t u r a l  C a p a b i l i t y  ( 0  -+ 10) 

2) 
3 )  Leakage 

4 )  Cycle L i f e  (0  4 15)  
5) Vendor 

E x t e r n a l  Leakage (0 + 10) 

a )  D e l i v e r y  T a r g e t  Date (One n e g a t i v e  p o i n t  

b )  C lean ing  (0 -+ 5) 
c )  P r e v i o u s  Exper ience  a t  B u i l d i n g  Tanks (0  --f 10) 

f o r  each  week past  t a r g e t  d a t e )  

6) Weight (0  --f 5) 
7) Q u a l i f i c a t i o n  S t a t u s  

a )  

b)  

Degree o f  T e s t i n g  i n  Compliance w i t h  JPL 
30250B (0 + 15)  
Changes Required (0 --f 10) 

T o t a l  P o i n t s  

F i n a l  S e l e c t i o n :  P r e s s u r e  System, I n c .  P/N 80011-1 
Cos t :  

M o d i f i c a t i o n  Required : 
The p r o p e l l a n t  t a n k  o u t  p o r t  must be  d r i l l e d  t o  a large 
d i a m e t e r  s i z e .  
Mounting b o s s e s  must b e  p rov ided  

$4,250.00 each p l u s  e s t i m a t e d  c o s t  f o r  m o d i f i c a t i o n  
$,500.00 each .  

1. 

2 .  
3 .  Change b l a d d e r  material. 
4 .  Barrier p l a t e  a t  g a s  i n l e t ,  h o l e s  d r i l l e d  smaller. 
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Table 5 Expulsion Bladder Selection 

1) Basic Design Analysis 
a) Design Concept (-20 -+ $20) 
b )  Mounting Provisions (0 -+ 10) 
c) Structural Capacity (0 + 10) 
d) Complexity (0 + 10) 

2) Materials of Construction (0 + 10) 
3 )  Permeation Characteristic 

a) Nitrogen (0 -+ 2) 
b) Monomethyl Hydrazine (0 + 3 )  

4 )  Performance Cycle Life Capability (0 -+ 10) 
5) Vendor 

a) Previous Experience at Building Bladders 

b) Delivery Target Date (One negative point 
( 0  --f 10) 

for each week past target date) 
6) Qualification Status 

Previously Qualified Similar Type Hardware 
(0 -+ 40) 

Total .Points 

Final Selection: Dilectrix 
Cost: $3000 each 
Modification: New Design (in size only) 



18 MCR-67-15 ( I s sue  2) 

0.030 R 7.996 2 0.010 
I n s i d e  D i a m e t e r  
of C y l i n d r i c a l  
Sec t ion  

Gas ke t M a  ter i a  1 
1100-0 AR Al loy  
Hard Anodize 

f 0.005 *Tank - 

De ta i 1 "A" 

f 
2.109 
Ref * I  

Note: A l l  dimensions i n  inches .  

Wall Thickness 
T r a n s i t i o n  

1 . 3  Diameter 

I n s i d e  Sphere 

+U.ULU 
8*240 -0.000 

Blend Radius 
t o  C y l i n d r i c a l  
Sec t ion  

) /--See 
Detai 

-t( 
- 7 --' Tank + 

0.630 2 0.005 

F ig .  3 Teflon Bladder 

.1 A 
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4. Screen Trap  ( F i g ,  4 )  

19 

A s c r e e n - t r a p  d e s i g n  was e s t a b l i s h e d  and t h e  requ i rements  were 
submi t t ed  t o  Western  F i l t e r  Company f o r  p r o p o s a l .  N o  o t h e r  com- 
pany i s  known t o  have e x p e r i e n c e  i n  t h e  d e s i g n  and manufacture  o f  
s u r f a c e  t e n s i o n  d e v i c e s .  S ince  t h e  t r a p  was des igned  by Mar t in  
Marietta C o r p o r a t i o n ,  c o n s i d e r a t i o n  i s  b e i n g  g i v e n  t o  b u i l d i n g  
t h e  t r a p  in- house  

S ince  t h e  t a n k  material i s  t i t a n i u m ,  a n  a t t e m p t  was made t o  
f i n d  a s u p p l i e r  o f  t i t a n i u m  woven s c r e e n  i n  t h e  mesh s i z e  neces-  
s a r y  t o  s u p p o r t  a t  leas t  2 i n ,  o f  MMH. It was found t h a t  s c r e e n  
of  t h i s  s i z e  i s  beyond t h e  c u r r e n t  s t a t e - o f - t h e - a r t  i n  b o t h  wire 
drawing and weaving,  The material becomes h i g h l y  s u s c e p t i b l e  t o  
c o r r o s i o n  i n  small d i a m e t e r s  and i s  q u i t e  b r i t t l e ,  making weaving 
ex t remely  d i f f i c u l t .  F u r t h e r  i n v e s t i g a t i o n  r e v e a l e d  e t c h e d  t i t a -  
nium screen w a s  a v a i l a b l e  i n  p roper  mesh s i z e s  a l t h o u g h  t h e  m a -  
t e r i a l  t h i c k n e s s  was a problem. The s u p p l i e r  cou ld  e t c h  h o l e  d i -  
ameters no smaller than  t h e  material gage.  Samples o f  m a t e r i a l  
0.001 i n .  t h i c k  e t c h e d  t o  t h e  r e q u i r e d  mesh s i z e  were o b t a i n e d  and 
exposed t o  f u e l  (MMH) a t  e l e v a t e d  t e m p e r a t u r e  (275'F) w i t h  no m a-  
t e r i a l  d e g r a d a t i o n  o r  f u e l  decomposi t ion.  Welding o f  t h i s  e t c h e d  
f o i l  i n t o  a t r a p  assembly,  however, was a p o t e n t i a l  problem re-  
q u i r i n g  a we ld ing  development program, One a l t e r n a t i v e  s o l u t i o n  
was a v a i l a b l e :  use  t i t a n i u m  s h e e t  t o  b u i l d  up a frame assembly 
and a t t a c h  s t a i n l e s s  s tee l  s c r e e n  window a s s e m b l i e s  u s i n g  a crimp-  
i n g ,  r i v e t i n g ,  o r  b o l t i n g  t echn ique .  A seam welding t e c h n i q u e  
was developed in- house  t o  form a j o i n t ,  as shown i n  F i g .  4. The 
s t a i n l e s s  s t e e l  s c r e e n  i s  sandwiched between s h e e t s  of  t i t a n i u m ,  
A seam weld is  made o u t s i d e  t h e  s c r e e n  t o  f u s e  t i t a n i u m  t o  t i t a -  
nium and a second seam i s  made through t h e  s c r e e n .  Th i s  l a t t e r  
weld does  n o t  p r o v i d e  complete  f u s i o n  of t h e  two metals; however, 
i t  does  p r o v i d e  a good mechanical  bond and seals t h e  j o i n t  a g a i n s t  
f u e l  l eakage  around t h e  edge of  t h e  s c r e e n .  F u e l  a t  e l e v a t e d  
t e m p e r a t u r e  t e s t i n g  w i l l  be  done w i t h  t h i s  j o i n t  d u r i n g  t h e  n e x t  
p e r i o d ,  and i f  no decomposi t ion problems are  e v i d e n t  s c r e e n  t r a p s  
o f  t h i s  c o n f i g u r a t i o n  w i l l  be  made. The s c r e e n  t r a p s  w i l l  be  
c o n i c a l  i n  shape w i t h  a n  en t rapped  volume o f  approx imate ly  54 cu 
i n .  They w i l l  c o n s i s t  of  a f l a t  9 .4- in . -d iameter  c i r c u l a r  t i t a -  
nium s h e e t  w i t h  a 2 - in . - square  p o r t  c u t  i n  t h e  c e n t e r ,  j o i n t e d  a t  
i t s  edge w i t h  a 8 .5- in .  c o n i c a l  d i sh- shape  t i t a n i u m  s h e e t .  Four 
r e c t a n g u l a r  p o r t s  w i l l  be c u t  i n t o  t h e  d i s h  segment w i t h  s t a i n -  
l e s s  s tee l  s c r e e n i n g  welded o v e r  t h e  p o r t s  u s i n g  t h e  d e s c r i b e d  
we ld ing  t e c h n i q u e .  
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165x800 Mesh 

165x800 Mesh 

Titanium 

SECTION A-A 

Note: Diinensions i n  inches, - 

A f 

8.562 
Dia * 

h 
Fig .  4 Screen Trap 
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5. Hand Shu tof f  Valve (Tab le  6 )  

2 1  

R e s u l t s  o f  t h e  600-hr c o m p a t i b i l i t y  program i n d i c a t e d  t h a t  
i r o n  o r  n i c k e l  b e a r i n g  a l l o y s  cou ld  n o t  be used i n  c o n t a c t  w i th  
o x i d i z e r .  I n  a d d i t i o n ,  aluminum w a s  m i l d l y  i n c o m p a t i b l e  w i t h  
N 0 a t  600 h r ,  b u t  n o t  a t  300-hr exposure .  Only t i t a n i u m  proved 

t o  be a comple te ly  compat ib le  metal .  A l l  p r o p o s a l s  o r i g i n a l l y  
r e c e i v e d  i n d i c a t e d  use  o f  s t e e l  hand v a l v e s .  A second round o f  
p r o p o s a l  r e q u e s t s  i n d i c a t e d  no t i t a n i u m  component d e s i g n s  and 
o n l y  a s i n g l e  aluminum d e s i g n .  T h e r e f o r e ,  d e s p i t e  t h e  p a r t i a l  
i n c o m p a t i b i l i t y ,  t h e  aluminum v a l v e  d e s i g n  by Vacco was s e l e c t e d .  
T h i s  d e c i s i o n  was i n f l u e n c e d  by t h e  f a c t  t h a t  a l t h o u g h  c o r r o s i v e  
a c t i o n  would o c c u r  on t h e  aluminum t h e  p r o p e l l a n t  would n o t  be  
degraded as would b e  t h e  c a s e  wi th  s t e e l s .  S ince  b o t h  t h e  cus-  
tomer- suppl ied  aluminum ordnance v a l v e s  and the  hand v a l v e s  were 
over- des igned  s t r u c t u r a l l y ,  t h e  a t t a c k  could  n o t  cause  s t r u c t u r a l  
f a i l u r e .  I f  a f l i g h t  sys tem were t o  be  b u i l t ,  t i t a n i u m  compo- 
n e n t s  should  be used throughout  t h a t  p a r t  o f  t h e  sys tem exposed 
t o  o x i d i z e r  (N204) d u r i n g  h e a t  s t e r i l i z a t i o n .  

2 4  

6. Gas P r e s s u r e  Regu la to r  (Table  7) 

The s e l e c t e d  d e s i g n ,  S t e r e r  Dwg 35570, was chosen i n  prefer-  
ence t o  S t e r e r  Dwg 23010 because  i t  i s  a proven and q u a l i f i e d  
d e s i g n .  It i s  b a s i c a l l y  t h e  same d e s i g n  as t h a t  used on Mariner  
I1 ( S t e r e r  Dwg 18910). 
p i n  was changed from 2024 T 4  AR t o  s t a i n l e s s  s t e e l .  Other  changes  
i n c l u d e  t h e  a d d i t i o n  o f  a lop  f i l t e r  on t h e  i n l e t  s i d e ,  change o f  
i n l e t  and o u t l e t  p o r t s ,  and change of p r e s s u r e  s e t t i n g  t o  conform 
t o  t h e  p r e s e n t  a p p l i c a t i o n .  

Material i n  t h e  cap  and b a l l  r e s e a t i n g  

7.  Solenoid  Valve (Tab le  8) 

The chosen d e s i g n  w a s  s e l e c t e d  because  i t  i s  b a s i c a l l y  the 
same as  S t e r e r  Dwg N o .  31580, which was q u a l i f i e d  f o r  u s e  on t h e  
b i o s a t e l l i t e .  Minor changes i n c l u d e  t h e  s u b s t i t u t i o n  of Kynar 
f o r  a nylon t h r e a d l o c k .  T h i s  t h r e a d l o c k  i s  i n  a n o n c r i t i c a l  area 
and is backed up by a f i n a l  w i r e  l o c k .  The s o l e n o i d  p o t t i n g  
compound was changed t o  one t h a t  i s  compat ib le  w i t h  e t h y l e n e  ox- 
i d e  and t h e  p o r t s  were changed t o  conform t o  t h e  p r e s e n t  a p p l i c a -  
t i o n ,  

T h i s  v a l v e  i s  a good d e s i g n  f o r  a f i l l - a n d - d r a i n  v a l v e  i n  t h a t  
b o t h  t h e  i n l e t  and o u t l e t  p o r t s  a re  p r o t e c t e d  by f i l t e r s ,  t h e r e b y  
r e d u c i n g  t h e  p o s s i b i l i t y  of seat  con tamina t ion  d u r i n g  b o t h  t h e  
f i l l  and d r a i n  o p e r a t i o n .  A l s o ,  s i n c e  t h i s  v a l v e  m u s t  be  c l o s e d  
d u r i n g  t h e  the rmal  c y c l i n g ,  t h e  a l l-meta l  seat p r e c l u d e s  any deg- 
r a d a t i o n  by c o l d  f low t h a t  might be  p r e s e n t  i n  a s o f t  seat d e s i g n .  
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T a b l e  6 Hand Shutoff  Valve S e l e c t i o n  

1) B a s i c  Design A n a l y s i s  
a )  I n s e n s i t i v i t y  t o  Thermal Change (- 5  -, +5) 
b )  Stem Sea l  Design (-10 + +20) 
c )  Sea t  Sea l  Design (0  + 5 )  
d )  
e)  Complexity (0  + 10) 

S t r u c t u r a l  C a p a b i l i t y  (0  -+ 10) 

2 )  Materials o f  C o n s t r u c t i o n  ( 0  -+ 10) 
3 )  Leakage 

a )  I n t e r n a l  ( 0  + 5 )  
b )  E x t e r n a l  (0  + 5 )  

a )  Flow (0 + 5) 
b )  P r e s s u r e  Drop (0  -+ 5 )  

a )  P r e v i o u s  Exper ience  Required Minimum 

b)  D e l i v e r y  (one n e g a t i v e  p o i n t  f o r  each  week 

4 )  Performance 

5 )  Vendor 

Development ( 0  + 10) 

past  t a r g e t  d a t e )  
6 )  Envelope and Weight ( 0  -+ 5) 
7) Q u a l i f i c a t i o n  S t a t u s  

a) Degree of  T e s t  i n  Compliance w i t h  JPL 

b)  Changes Required (0 -+ 20) 
30250 ( 0  -+ 20) 

T o t a l s  

F i n a l  S e l e c t i o n :  Vacco Valve Company PIN NVB32181 

c o s t :  $220.22 each 

M o d i f i c a t i o n s  Required:  None 

+3 
0 
3 

Unk. 
6 

10 

4 
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3 
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0 
- 15  
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Tab le  7 Gas P r e s s u r e  Regu la to r  S e l e c t i o n  

1) B a s i c  A n a l y s i s  
a )  I n s e n s i t i v i t y  t o  Thermal Changes 

b )  P r o t e c t i o n  o f  Small O r i f i c e s  

c )  Complexity (0  -+ 5) 
d )  S e a t  Design (0 + 5) 
e )  S t r u c t u r a l  C a p a b i l i t y  (0 -+ 10) 

(-10 -+ +lo)  

(-10 + + l o )  

2) Materials of C o n s t r u c t i o n  - C o m p a t i b i l i t y  

3 )  Leakage 
(0 -+ l o )  

a )  I n t e r n a l  ( 0  + 5 )  
b) E x t e r n a l  (0  + 5 )  

a )  R e g u l a t i o n  P r e s s u r e  Band/Width 

b)  Overshoot on Lockup (0  + 5 )  
c )  Overshoot on I n l e t  "Squib Valve" 

d)  P r e s s u r e  Band D r i f t  Due t o  

e )  Al lowable  I n l e t  P r e s s u r e  V a r i a t i o n  

4 )  Performance 

( 0  -* l o )  

I n i t i a t i o n  ( 0  -+ 5 )  

Environmental  Changes (0  + 5)  

(0  + l o )  
5 )  Vendor 

a )  P r e v i o u s  Exper ience  Requ i r ing  
Minimum Development (0 + 10) 

b) D e l i v e r y  (one n e g a t i v e  p o i n t  f o r  
each week p a s t  t a r g e t  d a t e )  

6 )  Envelope and Weight (0 + 5) 
7) Q u a l i f i c a t i o n  S t a t u s  

a )  Degree of  T e s t i n g  i n  Compliance w i t h  

b )  Changes Required (0  -+ 20) 
JPL 30250B ( 0  -+ 20) 

T o t a l  

F i n a l  S e l e c t i o n :  S t e r e r  Dwg No, 35570 

Cos t :  $ 3 , 4 5 5  each .  
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Tab le  8 1 / 4 - i n .  So leno id  Valve S e l e c t i o n  

1) Bas ic  Design A n a l y s i s  

(-8 4 4-8) 

( - 8  + +8) 

a )  I n s e n s i t i v i t y  t o  the rmal  changes 

b )  P r o t e c t i o n  o f  small o r i f i c e s  

c )  Complexity (0 + 5)  
d )  Sea t  Design (0  + 5) 
e )  S t r u c t u r a l  c a p a b i l i t y  (0  + 10) 

2 )  Materials o f  C o n s t r u c t i o n  - C o m p a t i b i l i t y  

3 )  Leakage 
(0 -+ +lo) 

a )  I n t e r n a l  ( 0  + 5) 
b) E x t e r n a l  ( 0  + +5) 

a )  Response (0  + 2 )  
b)  Vol tage  (0 + 2)  
c )  C u r r e n t  ( 0  4 2 )  
d )  Flow ( 0  + 2 )  
e )  P r e s s u r e  d rop  (0 -+ 2 )  

a )  P rev ious  e x p e r i e n c e  r e q u i r i n g  minimum 

b)  D e l i v e r y  (one n e g a t i v e  p o i n t  f o r  each 

4 )  Performance 

5 )  Vendor 

development (0  + 10) 

week p a s t  t a r g e t  d a t e )  
6)  Envelope and Weight (0  + 5) 
7) Q u a l i f i c a t i o n  S t a t u s  

a )  Degree o f  t e s t i n g  i n  compliance w i t h  

b) Changes Required (0 + 20) 
JPL 30250B (0  + 20) 

T o t a l  

F i n a l  S e l e c t i o n :  S t e r e r  Dwg 35580. 

P r i c e :  $1,500.00 e a c h .  
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8 .  F i l t e r  (Tab le  9)  

The Vacco f i l t e r  and Western f i l t e r  d e s i g n s  were r a t e d  e q u a l  
on a t e c h n i c a l  b a s i s  a s  shown i n  Tab le  9. However, t h e  Vacco 
f i l t e r  c o s t  more t h a n  doub le  t h e  Western f i l t e r  and was t h u s  down- 
r a t e d  t o  second c h o i c e .  A l l  f i l t e r  d e s i g n s  d e s i g n a t e  s t a i n l e s s  
s t e e l ,  b u t  t h i s  i s  no t  a problem s i n c e  t h e  f i l t e r  a s s e m b l i e s  w i l l  
be i s o l a t e d  from p r o p e l l a n t s  d u r i n g  t h e  h e a t  s t e r i l i z a t i o n  c y c l e s .  

Table  9 F i l t e r  S e l e c t i o n  

1) Bas ic  A n a l y s i s  
a )  I n s e n s i t i v i t y  t o  Thermal Change 

b) F i l t e r  Element Design and I n s t a l l a t i o n  

c )  Assembly S e a l i n g  Design (0  + 10) 
d )  
e )  Complexity ( 0  + 10) 

’ (-10 + +lo)  

( 0  + l o )  

S t r u c t u r a l  C a p a b i l i t y  (0  + 10) 

2) Materials of  C o n s t r u c t i o n  ( 0  + 10) 
3) Leakage 

a )  I n t e r n a l  (0  + 5) 
b) E x t e r n a l  (0 + 5) 

a )  Flow Rate  ( 0  + 5) 
b )  P r e s s u r e  Drop ( - 5  -j $5) 
c )  E f f e c t i v e  Area (0  -+ 5) 

a )  P r e v i o u s  Exper ience  Requ i res  Minimum 

b)  D e l i v e r y  (one n e g a t i v e  p o i n t  f o r  each 

4 )  Performance 

5) Vendor 

Development (0 4 10) 

week p a s t  t a r g e t  d a t e )  
6 )  Envelope and S i z e  ( 0  + 5) 
7 )  Q u a l i f i c a t i o n  S t a t u s  

a )  Degree o f  T e s t  i n  Compliance w i t h  

b) Changes Required (0  + 20) 
JPL 30250 (0  + 20) 
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F i n a l  S e l e c t i o n :  Western F i l t e r  Co , ,  I n c .  P/N 20477-10 
Cost :  $237.00 each 
M o d i f i c a t i o n s  Required:  None 
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D . MATERIAL INVESTIGATIONS 

M a t e r i a l s  i n v e s t i g a t i o n  h a s  con t inued  throughout  t h e  p e r i o d .  
The 600-hr m a t e r i a l  s c r e e n i n g  t e s t s  were completed and a re  re-  
p o r t e d  upon i n  t h e  Appendix o f  t h i s  r e p o r t .  I n  a d d i t i o n  many 
p r e s c r e e n i n g  and s p e c i a l  t e s t  r e s u l t s  a r e  p r e s e n t e d .  

During t h e  n e x t  p e r i o d  t h e  long- term s t o r a g e  t e s t s  w i l l  be 
s t a r t e d  and w i l l  c o n t i n u e  th roughout  t h e  remainder  of  t h e  pro-  
gram. S u f f i c i e n t  t e s t i n g  d u r i n g  t h e  material  s c r e e n i n g  program 
h a s  been completed t o  a l l o w  f i n a l  s e l e c t i o n  and procurement o f  
a l l  system components w i t h  t h e  e x c e p t i o n  of  t h e  s c r e e n  t r a p .  
T e s t i n g  o f  t h e  s t a i n l e s s  s t e e l  s c r e e n- t o- t i t a n i u m  s h e e t  j o i n t  
w i l l  be completed d u r i n g  t h e  n e x t  r e p o r t  p e r i o d ,  

Y. -.. 

E .  TEST PLAN 

During t h e  pe r iod  t h e  t es t  p l a n  f o r  t h e  component and sys tem . 
t e s t  phases  o f  t h e  program w a s  completed.  T h i s  document, MCR-67-20, 
was i s s u e d  i n  f i n a l  form and submi t t ed  t o  JPL f o r  a p p r o v a l .  It 
d e f i n e s  t e s t  equipment and t e s t  sequences  and p r o v i d e s  f low c h a r t s  
and a t e s t  schedu le  f o r  e a c h  t e s t i n g  phase .  
modi f i ed ,  i f  r e q u i r e d ,  a s  d e t a i l e d  p l a n n i n g  and t e s t  f i x t u r e  de-  
s i g n  p roceed .  

The p l a n  w i l l  b e  

F.  TEST FACILITIES 

1. Decontamination/Sterilization Chamber 

Mechanical  d e s i g n  of  t h e  chamber and i t s  subsystems was com- 
p l e t e d .  A d e s i g n  review o f  t h e  sys tem was conducted,  and a l l  
drawings  have been r e l e a s e d  t o  beg in  f a b r i c a t i o n .  Before  t h e  
chamber d e s i g n  was made f i n a l ,  a n  a n a l y s i s  of  chamber performance 
w i t h  a 1 2 %  ETO/88% Freon C 3 1 8  s t e r i l a n t  g a s  was completed.  The 
e x i s t i n g  chamber w i l l  perform s a t i s f a c t o r i l y  on t h e  a l t e r n a t i v e  
s t e r i l a n t  g a s ,  i f  t h a t  g a s  i s  used .  

Design of  the  combined decon tamina t ion  and s t e r i l i z a t i o n  
chamber h a s  been modif ied  so t h a t  t h e  e l e c t r i c a l  h e a t e r s  ( h e a t  
source  f o r  s t e r i l i z a t i o n  t e s t s )  w i l l  be removed from t h e  chamber 
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d u r i n g  ET0 decon tamina t ion  t e s t s .  A t r a d e o f f  s t u d y  was made be-  
tween t h e  i n c r e a s e d  c o s t s  o f  p r o v i d i n g  ETO-compatible e l e c t r i c a l  
h e a t e r s ,  c a b l i n g  and p r e s s u r e t i g h t  pass- th roughs  v e r s u s  t h e  c o s t  
of u s i n g  noncompat ib le ,  removable h e a t e r s  a t  t h e  expense o f  hav- 
i n g  t o  r u n  two chamber q u a l i f i c a t i o n  t e s t s .  The s t u d y  favored  
t h e  two-geometry system, and t h e  e x i s t i n g  chamber d e s i g n  accord-  
i n g l y  f e a t u r e s  a removable e l e c t r i c a l  h e a t e r  a r r a y .  The h e a t e r  
a r r a y  w i l l  be removed when t h e  chamber i s  used f o r  ET0 decon-  
t a m i n a t i o n .  The chamber w i l l  be q u a l i f i c a t i o n - t e s t e d  f o r  b o t h  
g e o m e t r i e s ,  

F a b r i c a t i o n  of  hardware f o r  t h e  decontamination/sterilization 
chamber and t h e  a s s o c i a t e d  h e a t i n g ,  c o o l i n g ,  humid i fy ing ,  and ET0 
i n j e c t i o n  systems i s  i n  p r o g r e s s .  

The c o n t r o l  system d e s i g n  f o r  t h e  chamber i s  be ing  f i n a l i z e d .  
I n  a d d i t i o n  t o  t h e  pr imary f u n c t i o n  of  c o n t r o l l i n g  t h e  chamber 
environment t o  t h e  c o n d i t i o n s  r e q u i r e d  f o r  decon tamina t ion  and 
h e a t  s t e r i l i z a t i o n ,  t h e  c o n t r o l  system i s  b e i n g  des igned  t o  e f -  
f e c t  a s a f e ,  a u t o m a t i c  shutdown of  t h e  chamber i f  any  o f  t h e  
f o l l o w i n g  c o n d i t i o n s  o c c u r :  

1) Oxid ize r  vapor  i n  chamber; 

2)  F u e l  vapor  i n  chamber ( s t e r i l i z a t i o n  o n l y ) ;  

3 )  Chamber o v e r t e m p e r a t u r e  (chamber r e f e r e n c e  tempera-  
t u r e  measurement);  

4 )  Hot wa te r  supply  o v e r  56OC (decon tamina t ion  o n l y ) ;  

5) Excess ive  p r e s s u r e  i n  p r o p e l l a n t  t a n k s ;  

6) Power f a i l u r e .  

I f  a power f a i l u r e  o c c u r s ,  t h e  chamber system w i l l  o p e r a t e  from 
a n  independent  a u x i l i a r y  power s u p p l y .  

P a r t s  f a b r i c a t i o n  and assembly of  t h e  decon tamina t ion  and 
s t e r i l i z a t i o n  chamber w i l l  be i n  p r o g r e s s  th roughout  A p r i l ,  i n  
p r e p a r a t i o n  f o r  shakedown t e s t s  e a r l y  i n  May. Chamber q u a l i f i -  
c a t i o n  t e s t s  w i l l  f o l l o w  t h e  shakedown t e s t s .  

2 .  P r o p e l l a n t  Vapor D e t e c t o r s  

C o m p a t i b i l i t y  t e s t i n g  o f  t h e  vapor  d e t e c t o r s  w i t h  t h e  ET0 
s t e r i l a n t  g a s  m i x t u r e  h a s  been completed.  The o x i d i z e r  vapor  
d e t e c t o r  performed s a t i s f a c t o r i l y  throughout  long- term exposures  
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t o  the  s t e r i l a n t  g a s ,  g i v i n g  t h e  expec ted  o u t p u t  s i g n a l  r e sponse  
t o  p e r i o d i c  i n j e c t i o n  of 5 ppm N 0 vapor  samples .  The o x i d i z e r  

vapor  d e t e c t i o n  system h a s  t h e r e f o r e  been i n c o r p o r a t e d  i n t o  t h e  
s t e r i l i z a t i o n  chamber system t o  i n i t i a t e  t h e  shutdown sequence on 
d e t e c t i o n  of  N 0 vapor  d u r i n g  t h e  ET0 decon tamina t ion  and h e a t  

s t e r i l i z a t i o n  t e s t s .  

2 4  

2 4  

E x t e n s i v e  t e s t i n g  o f  t h e  f u e l  vapor  d e t e c t o r  h a s  shown t h a t  
t h e  d e v i c e  i s  u n s u i t a b l e  f o r  use  w i t h  ETO. I n i t i a l  t e s t s  i n d i -  
c a t e d  t h a t  t h e  d e t e c t o r  would s t a r t  t o  show anomalous behav io r  
a f t e r  3 t o  5 h r  of  exposure  t o  t h e  s t e r i l a n t  g a s  m i x t u r e .  An 
a n a l y s i s  of t h e  c h e m i s t r y  of  t h e  d e t e c t o r  c e l l  i n d i c a t e d  t h a t  
con t inuous  rep len i shment  o f  t h e  r e a g e n t  would m a i n t a i n  t h e  chem- 
i c a l  b a l a n c e  (pH) of  t h e  c e l l .  A t e s t  r u n  made w i t h  con t inuous  
rep len i shment  of  t h e  r e a g e n t  demonstrhted t h a t  t h e  chemical  b a l -  
ance  was i n  f a c t  ma in ta ined ;  however, t h e  d e t e c t o r  e x h i b i t e d  a 
d i f f e r e n t  k ind of  a b e r r a t i o n  t h a t  could  o n l y  be a t t r i b u t e d  t o  
ET0 r e a c t i o n  w i t h  t h e  c e l l  e l e c t r o d e .  A t  t h i s  p o i n t  i t  was r e c -  
ognized t h a t  a complete  r e d e s i g n  of t h e  f u e l  d e t e c t o r  would b e  
r e q u i r e d  t o  make i t  perform s a t i s f a c t o r i l y .  Such a major e f f o r t  
could  no t  be  accommodated w i t h i n  t h e  scope of  t h i s  program. A s  a 
r e s u l t ,  a d e c i s i o n  was made t o  e l i m i n a t e  t h e  requ i rement  f o r  f u e l  
vapor  d e t e c t i o n  d u r i n g  ET0 decon tamina t ion .  T h i s  d e c i s i o n  was 
based on t h e  f o l l o w i n g  i t e m s :  

1) During ET0 decon tamina t ion  t h e  p o r t i o n  o f  t h e  module 
c o n t a i n i n g  f u e l  i s  o p e r a t i n g  w i t h  a n  ex t remely  high 
f a c t o r  of  s a f e t y .  T h i s  sys tem i s  s t r u c t u r a l l y  iden-  
t i c a l  t o  t h e  o x i d i z e r  system t h a t  was des igned  t o  
o p e r a t e  a t  1000 p s i a .  Fuel  p r e s s u r e  d u r i n g  decon- 
t a m i n a t i o n  i s  on t h e  o r d e r  o f  3 p s i a ;  

w i t h  ETO; 
2 )  The e x i s t i n g  f u e l  d e t e c t o r  proved u n s u i t a b l e  f o r  u s e  

3 )  No a l t e r n a t i v e  system i s  a v a i l a b l e ;  

4 )  Design and development o f  a s u i t a b l e  sys tem canno t  
be accommodated i n  t h e  scope of  t h e  e x i s t i n g  program, 

To compensate f o r  t h e  i n a b i l i t y  t o  d e t e c t  a f u e l  l e a k  i n  t h e  
chamber, a f u e l  t ank  o v e r p r e s s u r e  s w i t c h  h a s  been i n c o r p o r a t e d  i n  
t h e  sterilizationldecontamination chamber c o n t r o l  sys tem,  s i n c e  
t h e  p r o b a b i l i t y  o f  f u e l  l e a k  could be  expec ted  t o  i n c r e a s e  a t  e l e -  
v a t e d  p r e s s u r e s .  T h i s  sys tem w i l l  a c t i v a t e  t h e  chamber shutdown. 

I 
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3 .  Humidity I n d i c a t o r  T e s t s  

2 9  

T e s t s  o f  t h e  e l e c t r o h y g r o m e t e r  humidi ty  moni to r  a r e  i n  prog-  
r e s s .  E a r l i e r  t e s t s  i n  t h e  s t e r i l a n t  g a s  a t  ambient  t e m p e r a t u r e  
i n d i c a t e d  t h a t  t h e  sys tem would perform s a t i s f a c t o r i l y .  The t e s t  
f i x t u r e  i s  now b e i n g  modif ied  t o  p e r m i t  t e s t i n g  a g a i n s t  t h e  Alnor  
dew-pointer  a t  5OoC w i t h o u t  i n c u r r i n g  s a t u r a t i o n  i n  t h e  samples 
drawn i n t o  t h e  Alnor .  

The e l e c t r o h y g r o m e t e r  i s  i n t e n d e d  t o  moni to r  chamber humid i ty  
r a t h e r  t h a n  c o n t r o l  t h e  humid i ty  sys tem.  The t i m e  c o n s t a n t  of t h e  
water vapor  supp ly  system i s  expec ted  t o  be such t h a t  manual con- 
t r o l  o f  t h e  w a t e r  vapor  i n j e c t i o n  system i s  mandatory.  I f  t h e  
c u r r e n t l y  p lanned t e s t s  show t h a t  t h e  e l e c t r o h y g r o m e t e r  w i l l  no t  
o p e r a t e  s a t i s f a c t o r i l y  i n  ETO, t h e  Alnor  dew-pointer  w i l l  be used 
t o  check r e l a t i v e  humid i ty  i n  t h e  decon tamina t ion  chamber on a 
p e r i o d i c  b a s i s .  

4 .  S a f e t y  Equipment C o m p a t i b i l i t y  

T e s t i n g  of p e r s o n n e l  s a f e t y  equipment f o r  s h o r t - t e r m  compati-  
b i l i t y  w i t h  vapor- phase  s t e r i l a n t  g a s  was completed.  The i t e m s  
t e s t e d  i n c l u d e d  a l l  p a r t s  of  a s p l a s h  s u i t  ensemble and g a s  masks 
w i t h  two t y p e s  o f  c a n i s t e r s ,  The t e s t  r e s u l t s  i n d i c a t e d  t h a t  t h e  
e x i s t i n g  s p l a s h  s u i t  ensemble i s  s u i t a b l e  f o r  p e r s o n n e l  p r o t e c -  
t i o n  a g a i n s t  s t e r i l a n t  g a s  s p i l l s ,  and t h a t  t h e  e x i s t i n g  g a s  
masks and o r g a n i c  vapor  removal c a n i s t e r s  a r e  s u i t a b l e  f o r  use  
i n  a n  ETO-contaminated a tmosphere .  

5 .  F u n c t i o n a l  T e s t  F i x t u r e s  

Design o f  t h e  t e s t  f i x t u r e s  f o r  t h e  component f u n c t i o n a l  t e s t s  
i n  Task I1 i s  i n  p r o g r e s s .  A l l  procurement i t e m s  r e l a t e d  t o  t h e s e  
f i x t u r e s  have been o r d e r e d .  Design e f f o r t  was 80% complete  a t  t h e  
c l o s e  of t h i s  r e p o r t i n g  p e r i o d  and w i l l  be completed i n  t h e  nex t  
p e r i o d  t o  p r o v i d e  a f i r m  b a s i s  f o r  t i m e l y  comple t ion  o f  t h e  func-  
t i o n a l  t e s t  p r o c e d u r e s .  P a r t s  f a b r i c a t i o n  and f i x t u r e  assembly 
i s  scheduled f o r  a l a t e r  p o i n t  i n  t h e  program schedu le ,  c o n s i s -  
t e n t  w i t h  planned r e c e i p t  d a t e s  f o r  t h e  components. 

6.  T e s t  P rocedures  

P r e p a r a t i o n  o f  t e s t  p rocedures  f o r  t h e  decon tamina t ion ,  s t e r i -  
l i z a t i o n  and chamber q u a l i f i c a t i o n  t e s t s  was i n  p r o g r e s s  a t  t h e  
end o f  t h e  r e p o r t i n g  p e r i o d .  The p rocedures  a r e  b e i n g  modif ied  
c o n c u r r e n t  w i t h  t h e  f i n a l i z i n g  o f  t h e  c o n t r o l  system e l e c t r i c a l  
d e s i g n .  
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Procedure  p r e p a r a t i o n  w i l l  c o n t i n u e  th rough  t h e  n e x t  r e p o r t -  
i n g  p e r i o d ,  i n  r e a d i n e s s  f o r  t h e  chamber shakedown t e s t s .  T e s t  
p rocedures  w i l l  a l s o  be  w r i t t e n  f o r  t h e  component f u n c t i o n a l  t e s t s  
and f o r  t h e  n e c e s s a r y  p r e s t e r i l i z a t i o n  p r e p a r a t i o n  o f  components 
and i n s t a l l a t i o n  i n  t h e  chamber. 

7 .  P r o p u l s i o n  Module T h r u s t  Measurement 

O r i g i n a l l y  t h e  t h r u s t  measurement was t o  be made u s i n g  load 
c e l l s  l o c a t e d  a t  t h e  m o d u l e- t o- t e s t  s t a n d  i n t e r f a c , e  p o i n t s .  
T h i s  would r e q u i r e  a f a i r l y  complex computat ion of t h r u s t  s i n c e  
c e n t e r  o f  g r a v i t y  and p r o p e l l a n t  mass v a r i a t i o n s  would be  super-  
imposed on t h r u s t .  S e v e r a l  a l t e r n a t i v e  methods were s t u d i e d  t o  
see i f  a more a c c u r a t e  system cou ld  be  d e v i s e d .  The system f i n a l -  
l y  decided on c o n s i s t s  o f  washer- type l o a d  c e l l s  mounted a t  t h e  
eng ine  i n t e r f a c e .  The eng ine  i s  suppor ted  on t h e  module main 
r e c t a n g u l a r  t r u s s  by t h r e e  s u p p o r t  r o d s .  The r o d s  a t t a c h  t o  a 
mounting r i n g  b o l t e d  d i r e c t l y  t o  t h e  e n g i n e ,  Washers w i l l  be  
mounted between t h e  s u p p o r t  r o d s  and t h e  engine  a t t a c h m e n t  r i n g .  
T h i s  w i l l  a l l o w  d i r e c t  measurement of e n g i n e  t h r u s t  s i n c e  t h e  
o n l y  l o a d s  a p p l i e d  t o  the  washers  w i l l  be t h r u s t ,  eng ine  w e i g h t ,  
and mounting b o l t  t e n s i o n  l o a d s .  The e n g i n e  we igh t  and b o l t  t e n -  
s i o n  l o a d s  can  be  e l i m i n a t e d  d u r i n g  c e l l  c a l i b r a t i o n .  
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I. INTRODUCTION 

A t e s t  program was i n i t i a t e d  i n  November 1966 t o  s e l e c t  mate- 
r i a l s  of c o n s t r u c t i o n  f o r  a l i q u i d  b i p r o p e l l a n t  p r o p u l s i o n  module 
t h a t  c o u l d  w i t h s t a n d  decon tamina t ion  and d ry- hea t  t e r m i n a l  s t e r i l -  
i z a t i o n  environments .  

T e s t i n g  r e q u i r e d  f o r  s e l e c t i o n  of materials  of  c o n s t r u c t i o n  of 
t h e  module h a s  been completed.  T h i s  appendix  s e r v e s  as a f i n a l  re-  
p o r t  on materials  t e s t i n g  w i t h  t h e  e x c e p t i o n  of long- term s t o r a g e  
t e s t s  and c e r t a i n  minor c o n f i r m a t i o n  t e s t i n g .  

11. OBJECTIVE 

The pr imary o b j e c t i v e  of t h i s  program was to* determine mate- 
r i a l s  s u i t a b l e  f o r  c o n s t r u c t i o n  of a p r o p u l s i o n  module t h a t  would 
be  loaded  w i t h  p r o p e l l a n t s  t h e n  s u b j e c t e d  t o  t h e  decon tamina t ion  
and d r y  h e a t  t e r m i n a l  s t e r i l i z a t i o n  c y c l e s  d e s c r i b e d  below. 
piece pa r t s  t e s t  program w a s  conducted t o  p r o v i d e  r e q u i r e d  d a t a .  

A 

Decontamination - S u b j e c t  hardware  t o  s i x  c y c l e s  of 29-hr ex-  
posure  t o  t h e  f o l l o w i n g  c o n d i t i o n s :  

1) 12% e thy lene /88% Freon 12 environment ;  

2) 35 t o  55% r e l a t i v e  humid i ty ;  

3) 122°F + 2°F. - 
Dry-Heat Cycle  - S u b j e c t  hardware t o  s i x  c y c l e s  of 76 h r  of 

d r y  h e a t  a t  275°F. 

To s i m p l i f y  t h e  m a t e r i a l s  s e l e c t i o n  t e s t  program c e r t a i n  mod- 
i f i c a t i o n s  were made t o  t h e  c y c l e s  d e f i n e d  above.  These were as 
fo l lows :  

1) Decontaminat ion c y c l e  t e s t i n g  w a s  n o t  performed. Suf-  
f i c i e n t  i n f o r m a t i o n  was a v a i l a b l e  from i n d u s t r y  l i t e r -  
a t u r e  t o  p r o v i d e  c o m p a t i b i l i t y  d a t a  i n  t h i s  area; 

2)  Dry h e a t  exposure  c y c l e s  were modi f i ed  t o  cause  ex-  
posure  of  materials  a t  275°F f o r  600 h r  c o n t i n u o u s l y  
w i t h  no cooldown. The p r i n c i p a l  r e a s o n  f o r  t h i s  change 
w a s  t o  p r e c l u d e  r e f l u x i n g  a c t i o n  from o c c u r r i n g  i n  t h e  
p r o p e l l a n t  t e s t  chamber. 
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A d d i t i o n a l  s t u d i e s  were performed, i n  c o n j u n c t i o n  w i t h  t h e  
o v e r a l l  t e s t  program, r e l a t e d  t o  s a f e t y  and t o  g e n e r a t e  t e s t  pro-  
c e d u r e s  f o r  t h e  completed module. These i n c l u d e d :  

R e a c t i v i t y  of t h e  e t h y l e n e  ox ide lFreon  12 atmosphere 
w i t h  p r o p e l l a n t  vapors  i n  t h e  e v e n t  of  a l e a k ;  

E f f e c t  of t h e  e t h y l e n e  o x i d e  g a s  on vapor  s e n s o r s  
p lanned f o r  u s e  d u r i n g  t h e  decon tamina t ion  c y c l e s ;  

P a s s i v a t i n g  p rocedures  f o r  f u e l  sys tems t o  e n s u r e  
t h a t  decomposi t ion of t h e  p r o p e l l a n t  w i l l  n o t  occur  
as a r e s u l t  of  a r e a c t i v e  ox ide  o r  a c a t a l y t i c  con-  
t aminant ; 

E v a l u a t i o n  of p r o p e l l a n t s  a f t e r  exposure  t o  a mate-  
r i a l  t h a t  s u s t a i n e d  no a t t a c k  t o  v e r i f y  t h a t  t h e  pro-  
p e l l a n t  was m u t u a l l y  compat ib le  w i t h  t h e  m a t e r i a l  i n  
t h e  s e n s e  t h a t  t h e  p r o p e l l a n t  d i d  n o t  degrade;  

E v a l u a t i n g  e f f e c t s  of  Freon 12 on t i t a n i u m  s t r u c t u r e s .  

111. RECOMMENDATIONS 

The Marquardt  Model R-4D eng ine  shou ld  be s e l e c t e d  s i n c e  a l l  
of i t s  mater ia ls  of c o n s t r u c t i o n  w i l l  w i t h s t a n d  b o t h  decontamina-  
t i o n  and t e r m i n a l  s t e r i l i z a t i o n  c y c l e s .  

P r o p u l s i o n  system hardware t h a t  w i l l  c o n t a c t  p r o p e l l a n t s  dur-  
i n g  s t e r i l i z a t i o n  c y c l e s  shou ld  be c o n s t r u c t e d  of  t h e  f o l l o w i n g  
m a t e r i a l s :  

1) P r o p e l l a n t  t a n k s  - 

a )  N204 - t i t a n i u m  (6AR-4V), 

b) MMH - t i t a n i u m  (6AR-4V), s t a i n l e s s  s t e e l  (17-4) 
aluminum (2014-T6 o r  2219-T8) ; 

2) Plumbing l i n e s  - 

a)  N2O4 - t i t a n i u m  (6AR-4V), 

i 
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b) MMH - s t a i n l e s s  s t e e l  (304, 304L, 321, o r  347),  
aluminum (2014, 2219, 2024, o r  6061) ;  

3) Valve b o d i e s  - 

a )  N204 - t i t a n i u m  (6AR-4V) o r  aluminum w i t h  s u l f u r i c  

o r  chromic a c i d  anod ize  on a l l  s u r f a c e s  t h a t  w i l l  
c o n t a c t  p r o p e l l a n t  d u r i n g  s t e r i l i z a t i o n ,  

b) MMH - aluminum (2014, 2024, o r  6061) o r  s t a i n l e s s  
s t ee l  (304, 304L, 321, o r  347) ;  

4 )  P o s i t i v e  d i sp lacement  d e v i c e s  f o r  p r o p e l l a n t s  - 

a)  N204 - T e f l o n  b l a d d e r  (TFE-FEP l a m i n a t e )  o r  t i t a n -  

ium s i e v e s ,  

b) MMH - s t a i n l e s s  s t ee l  s c r e e n  (304 o r  e q u i v a l e n t )  
aluminum s c r e e n  (6061 o r  5056) o r  T e f l o n  b l a d d e r  
(TFE-FEP lamina te )  ; 

5) B u r s t  d i s c s  

a )  N204 - t i t a n i u m  (6AR-4V), 

b) MMH - aluminum (1100 o r  6061) ,  o r  s t a i n l e s s  s t e e l  
(304, 321, o r  347) .  

P r o p u l s i o n  system hardware t h a t  w i l l  n o t  be  exposed t o  p r o p e l -  
l a n t s  d u r i n g  decon tamina t ion  and s t e r i l i z a t i o n  c y c l e s  shou ld  be 
c o n s t r u c t e d  of t h e  ma te r i a l s  l i s t e d  i n  t h e  l i t e r a t u r e  s u r v e y  (con-  
t a i n e d  i n  t h e  f i r s t  Q u a r t e r l y  Repor t )  as a p p l i c a b l e  t o  t h e  p a r t i c -  
u l a r  d e s i g n  a p p l i c a t i o n .  

The AS1 vapor  d e t e c t o r  l o r  N204 i s  s u i t a b l e  f o r  u s e  i n  an e t h -  

y l e n e  o x i d e  a tmosphere .  The MMH s e n s o r  w i l l  n o t  f u n c t i o n  p roper-  
l y  and shou ld  n o t  be used.  

An au tomat ic  v e n t  and purge sys tem i s  r e q u i r e d  f o r  use  d u r i n g  
decon tamina t ion  s i n c e  e i t h e r  p r o p e l l a n t  can  react w i t h  t h e  e t h y l -  
ene o x i d e .  I n  t h e  e v e n t  of a p r o p e l l a n t  l e a k ,  a s e r i o u s  p r e s s u r e  
r i s e  c o u l d  occur  i n s i d e  t h e  chamber c a u s i n g  r u p t u r e .  



A-4 
MCR-67-15 ( I s s u e  2) 

The e n t i r e  MMH system r e q u i r e s  s t r i n g e n t  c l e a n i n g  fo l lowed  by 
p a s s i v a t i o n  w i t h  p r o p e l l a n t - w a t e r  m i x t u r e  t o  e n s u r e  t h a t  r e a c t i o n  
of p r o p e l l a n t s  w i t h  con tamina t ion  does  n o t  occur  a f t e r  p r o p e l l a n t  
l o a d i n g .  T h i s  i s  e s p e c i a l l y  t r u e  f o r  s c r e e n s  and f o r  welded j o i n t s  
t h a t  may e n t r a p  o x i d e s  o r  o t h e r  r e a c t i v e  c o n t a m i n a n t s .  

A d d i t i o n a l  t e s t i n g  of  e f f e c t s  of Freon 1 2  on t i t a n i u m  s t r u c -  
t u r e s  shou ld  be conducted.  I n f o r m a t i o n  a v a i l a b l e  t o  d a t e  i s  n o t  
c o n c l u s i v e .  

I V .  RESULTS 

Chap te r  V,  P rocedure ,  o u t l i n e s  t h e  v a r i e t y  of t e s t s  conducted.  
R e s u l t s  of t h e s e  t e s t s  are p r e s e n t e d  i n  t h i s  c h a p t e r .  The d a t a  
a r e  o r g a n i z e d  by mater ia l  and d e s i g n  a p p l i c a t i o n ,  ra ther  t h a n  t h e  
type  o r  d u r a t i o n  of t e s t i n g  performed. No d a t a  are l i s t e d  r e g a r d-  
i n g  c o m p a t i b i l i t y  of m e t a l s  i n  t h e  d r y  h e a t  c y c l e  u n l e s s  t h e y  were 
i n  c o n t a c t  w i t h  p r o p e l l a n t s ,  s i n c e  a l l  metals  c o n s i d e r e d  were capa- 
b l e  of w i t h s t a n d i n g  t h e  t e m p e r a t u r e .  

A. TITANIUM ALLOY 

Ti tanium a l l o y s  t e s t e d  i n c l u d e d  commercia l ly  p u r e  6AR-4V. 

N 0 Exposure - No a t t a c k .  -2 4 
F i g u r e s  A-1 and A- 1 5  i l l u s t r a t e  

t h e  r e s i s t a n c e  o f  t h i s  m a t e r i a l  t o  c o r r o s i o n .  

MMH Exposure - No a t t a c k  occur red  ( s e e  F i g .  2 1 ) .  

B.  ALUMINUM ALLOYS 

Aluminum a l l o y s  t e s t e d  i n c l u d e d  1100-0, 2014-T6, 2219-T-87, 
and 6061-T6. 

N 0 Exposure - A l l  a l l o y s  were a t t a c k e d  by t h e  p r o p e l l a n t  re-  -2-4 
s u l t i n g  ( u s u a l l y )  i n  i n t e r g r a n u l a r  c o r r o s i o n  o r  i n  p i t t i n g .  I n  a l l  
i n s t a n c e s ,  a r e s i d u a l  c o r r o s i o n  product  was formed. T h i s  p roduc t  
v a r i e d  from a w h i t e ,  g r a n u l a r  d e p o s i t  t o  a t h i c k ,  v i s c o u s ,  semi- 
f l u i d .  The p roduc t s  were amorphous. 
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A-6 MCR-67-15 ( I s s u e  2)  

F i g u r e s  A- 2 ,  A- 3 ,  A- 4 ,  A- 5 ,  and A- 1 5  i l l u s t r a t e  t h e  d e g r e e  and 
t y p e  of a t t a c k  s u s t a i n e d .  A l l  a l l o y s  t e s t e d  were u n a c c e p t a b l e  f o r  
u s e  when i n  c o n t a c t  w i t h  N 0 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  e x c e p t  

f o r  l i m i t e d  a p p l i c a t i o n s  d i s c u s s e d  i n  Chap te r  111, Recommendations. 
2 4  

MMH Exposure - No a t t a c k  occur red  on any a l l o y  t e s t e d  ( s e e  
F i g .  A- 1 9 ) .  

C .  STAINLESS STEEL ALLOYS 

S t a i n l e s s  s t e e l  a l l o y s  t e s t e d  i n c l u d e d  304, 321, 347, 17-4 PH, 
and 1 7 - 7  PH. 

N 0 Exposure - A l l  a l l o y s  were a t t a c k e d  by t h e  p r o p e l l a n t ,  -2-4 
r e s u l t i n g  i n  i n t e r g r a n u l a r  c o r r o s i o n  and p i t t i n g .  I n  a l l  i n s t a n c e s ,  
a r e s i d u a l  c o r r o s i o n  p roduc t  w a s  formed. The product  was ex t remely  
v i s c o u s ,  amorphous on d r y i n g ,  and a c c e l e r a t e d  c o r r o s i o n  of d i s s i m-  
i l a r  metals,  e x c e p t  t i t a n i u m .  Spect i .ographic  a n a l y s i s  of a t y p i -  
c a l  c o r r o s i o n  product  i n d i c a t e d  t h a t  e l ements  p r e s e n t  were t h e  same 
as t h o s e  c o n t a i n e d  i n  t h e  a l l o y .  

F i g u r e s  A- 6 ,  A- 7,  A- 8 ,  A- 9,  A- 1 0 ,  and A- 1 5  i l l u s t r a t e  t h e  t y p e  
of a t t a c k  s u s t a i n e d .  A l l  a l l o y s  were u n a c c e p t a b l e  f o r  use  when i n  
c o n t a c t  w i t h  N 0 a t  s t e r i l i z a t i o n  temperatures because  of t h e  a t -  2 4  
t a c k ,  as w e l l  as t h e  con tamina t ion  g e n e r a t e d ,  which would be d e t r i -  
menta l  t o  t h e  p r o p u l s i o n  sys tem.  

T e s t  v e s s e l s  c o n t a i n i n g  t h e  specimens were c o n s t r u c t e d  of  a 
v a r i e t y  of 300 se r ies  s t a i n l e s s  s t ee l s .  These v e s s e l s  g e n e r a t e d  
t h e  v i s c o u s  d e p o s i t  t o  a degree  t h a t  t h e y  c o u l d  n o t  be d r a i n e d  
of p r o p e l l a n t  through a 1 / 4 - i n .  o u t l e t .  See F i g .  A - 2 4  f o r  an  il- 
l u s t r a t i o n  of t h e  amount of c o r r o s i o n  p roduc t s  formed on t h e  spec-  
imen c o n t a i n e r  r a c k .  

i 

MMH Exposure - No a t t a c k  o c c u r r e d  ( s e e  F i g .  A- 2 0  and A - 2 1 ) .  

I 
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A- 16 MCR-67-15 ( I s s u e  2)  

D .  MARAGING STEEL 

N 0 Exposure - Severe  a t t a c k  s u s t a i n e d .  A l l  specimens s u f -  -2 4 
f e r e d  p i t t i n g ,  i n t e r g r a n u l a r  c o r r o s i o n ,  and s t ress  c o r r o s i o n .  A l l  
specimens were broken.  Large  q u a n t i t i e s  of a v i s c o u s  c o r r o s i o n  
product  were found.  F i g u r e  A- 1 1  i l l u s t r a t e s  t h e  degree  of a t t a c k .  

MMJ3 Exposure - T h i s  material  w a s  n o t  t e s t e d  f o r  use  w i t h  MMH 
because ,  u n l i k e  o t h e r  mater ia ls  c o n s i d e r e d ,  i t  h a s  a low degree  
of r e s i s t a n c e  t o  r u s t i n g .  I f  manufac tu r ing  p rocess  c o n t r o l  were 
n o t  p e r f e c t ,  t h i s  t y p e  of c o r r o s i o n  cou ld  cause  decomposi t ion o r  
p o s s i b l y  i g n i t i o n  of  t h e  f u e l .  

E .  CARPENTER 20Cb 

N 0 Exposure - A minor  amount of s t r u c t u r a l  a t t a c k  w a s  no ted .  -2- 4 
Cor ros ion  p r o d u c t s  were formed t h a t  would i m p a i r  eng ine  performance.  
F i g u r e  A- 1 2  i l l u s t r a t e s  t h e  degree  of a t t a c k  s u s t a i n e d .  

MMH Exposure - No a t t a c k  o c c u r r e d  ( s e e  F i g .  A-23). 

F. HASTELLOY C 

N 0 Exposure - L i g h t  c o r r o s i o n  and a minor amount of p i t t i n g  -2-4 
o c c u r r e d .  Specimens were d i s c o l o r e d .  T h i s  material  h a s  p o t e n t i a l  
a p p l i c a t i o n  excep t  where a s t r e n g t h- t o- w e i g h t  r a t i o  i s  i m p o r t a n t .  
It does n o t  p r e s e n t  s u f f i c i e n t  c o r r o s i o n  r e s i s t a n c e  o r  s t r u c t u r a l  
p r o p e r t i e s  t o  be c o n s i d e r e d  a good c a n d i d a t e  material .  F i g u r e  
A-13 i l l u s t r a t e s  t h e  degree  of  a t t a c k .  

MMH Exposure - No a t t a c k  was n o t e d  (see F i g .  A-23). 
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A- 20 MCR-67-15 ( I s s u e  2) 

G .  A-286 

N 0 Exposure - P i t t i n g  and i n t e r g r a n u l a r  c o r r o s i o n  o c c u r r e d .  -2 4 
Large q u a n t i t i e s  of c o r r o s i o n  p r o d u c t s  were formed ( s e e  F ig .  A- 14) .  

MMH Exposure - No a t t a c k  was n o t e d  ( s e e  F i g .  A-23). 

H.  MATERIALS FOR POSITIVE DISPLACEMENT OF PROPELLAI~T UNDER ZERO- 
GRAVITY CONDITIONS 

This s e c t i o n  i s  s e p a r a t e  s i n c e  a s p e c i f i c  d e s i g n  a p p l i c a t i o n  
i s  invo lved .  It d i s c u s s e s  b o t h  meta l l ic  and n o n m e t a l l i c  mater ia ls .  

1. N2C4 Exposure 

M a t e r i a l s  t e s t e d  i n c l u d e d :  

T e f l o n  (TFE/FEP 
Laminate) 

Bu ty l  Rubber 

E thy lene  Propylene 
Rubber 

N i c k l e  Screen  

N i t r o s o  Rubber 

Aluminum Screens  
(6061 and 5056) 

S i l a s t i c  Rubber 

Etched Ti tanium F o i l  

Kynar 

T e f l o n  Laminate ( b l a d d e r  m a t e r i a l )  - T h i s  material r e t a i n e d  
more t h a n  80% of  i t s  p h y s i c a l  p r o p e r t i e s .  A s l i g h t  degree  of s u r -  
f a c e  a t t a c k  w a s  no ted .  T h i s  a t t a c k  d i d  n o t  change t h e  s t r u c t u r e  
of m a t e r i a l  removed, s t e a d ,  i t  a p p a r e n t l y  broke t h e  c o h e s i v e  
bond of t h e  s i n t e r e d  mater ia l .  

A w h i t e  f l o c k  was v i s i b l e  i n  t h e  specimen c o n t a i n e r s  which 
were of such  i n c o n s e q u e n t i a l  weight  t h a t  a weight  l o s s  of t h e  
specimen (measured t o  0 .1  m i l l i g r a m )  was n o t  a p p a r e n t .  The f l o c k  
w a s  s u b j e c t e d  t o  m i l l i p o r e  f i l t r a t i o n  and t h e  f i l t r a t e  mic roscop i-  
c a l l y  examined f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n ,  l i s t e d  below: 

Ranpe (microns) T o t a l  Count 

25 t o  100 2000 
100 t o  300 127 
300 t o  500 25  
Over ‘500 5 
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MCR-67-15 ( I s s u e  2)  

Maximum p a r t i c l e  s i z e  w a s  650 mic rons .  T h i s  f l o c k  is  n o t  cons id-  
e r e d  t o  be  d e t r i m e n t a l  t o  t h e  p r o p u l s i o n  sys tem f o r  t h e  f o l l o w i n g  
r e a s o n s  : 

1) Pa r t i c l e  s i z e  i s  d e c e p t i v e  because  s u f f i c i e n t  c o h e s i v e  
f o r c e s  e x i s t  t o  c a u s e  many s m a l l  p a r t i c l e s  of T e f l o n  
t o  cohere  and p r e s e n t  t h e  e f f e c t  of  a l a r g e  p a r t i c l e ;  

2 )  T e f l o n  par t i c les  of t h i s  t y p e  are e a s i l y  ex t ruded  
th rough  a f i l t e r  o r  i n j e c t i o n  p l a t e .  

Aluminum Screens  - Aluminum s c r e e n s  were p i t t e d ,  l o s t  s e c t i o n  
t h i c k n e s s ,  and were p a r t i a l l y  c logged by c o r r o s i o n  p roduc t s  ( s e e  
F i g .  A-16). 

Bu ty l  Rubber - The rubber  i g n i t e d  a f t e r  1 2  minu tes .  

E t h y l e n e  Propy lene  Rubber - T h i s  r u b b e r  l o s t  a l l  measurab le  
p h y s i c a l  p r o p e r t i e s  and exper ienced  e x c e s s i v e  s w e l l i n g .  

S i l a s t i c  Rubber - T h i s  r u b b e r  d i s s o l v e d .  

Etched T i t an ium F o i l  - No s i g n i f i c a n t  a t t a c k  occur red  on t h i s  
f o i l .  T h i s  material  would be u s a b l e  p r o v i d i n g  i t  cou ld  be manu- 
f a c t u r e d  w i t h  a t h i c k n e s s  s u f f i c i e n t  t o  s a t i s f y  i t s  s t r u c t u r a l  a p -  
p l i c a t i o n  ( s e e  F i g .  A-17). 

N i c k l e  Screen - The n i c k e l  s c r e e n  was s e v e r e l y  a t t a c k e d  w i t h  
a r e s u l t a n t  heavy d e p o s i t  of n i c k l e  n i t r a t e  ( s e e  F i g .  A- 1 8 ) .  

Kynar - The Kynar was s e v e r e l y  a t t a c k e d .  It i s  of no v a l u e  
f o r  t h i s  a p p l i c a t i o n .  

N i t r o s o  Rubber - T h i s  r u b b e r  l o s t  a l l  measurab le  p r o p e r t i e s .  

2 .  MMH Exposure 

M a t e r i a l s  t e s t e d  inc luded :  

304 S t a i n l e s s  S t e e l  Kynar 
Screen  Aluminum Screen  
T e f l o n  (TFE/FEB (6061 and 5056) 
Laminate) 

A-23 

304 Screen  - There  was no a t t a c k  on t h e  304 s c r e e n .  



A-24 MCR-67-15 (Issue 2) 

i 



(a
) 

B
ef

or
e 

E
xp

os
ur

e 
to

 N
20

&
 

(b
) 

A
ft

er
 6

00
 h

r 
a

t 
27

5'
F 

(Z
OO

X)
 

r
c
\ 

H
 

v1
 :
 

iD Iu
 

W
 

an
d 

m
ic

ro
se

ct
io

n
 e

x
am

in
at

io
n

. 

No
 

w
ei

g
h

t 
lo

ss
 w

as
 n

o
te

d
 w

he
n 

sa
m

pl
e 

w
as

 w
ei

gh
ed

 
to

 0
.1

 m
il

li
g

ra
m

. 

V
ar

ia
ti

o
n

 o
f 

ap
p

ea
ra

n
ce

 o
f 

th
e

 f
o

il
 w

as
 

th
e

 r
e

su
lt

 o
f 

li
g

h
ti

n
g

 d
u

ri
n

g
 p

h
o

to
g

ra
p

h
in

g
, 

n
o

t 
ch

em
ic

al
 a

tt
a

c
k

. 

2.
 

3
. 

F
ig

. 
A

-1
7 

E
tc

h
ed

 T
it

an
iu

m
 F

o
il

 a
ft

e
r 

E
xp

os
ur

e 
to

 N
 0

 
fo

r 
60

0 
h

r 
a

t 
27

5'
F 

2
4

 

? N Ln
 



A-26 



i MCR-67-15 ( I s s u e  2) A-2 7 

Kynar - The Kynar was s e v e r e l y  a t t a c k e d .  It i s  of no v a l u e  
f o r  t h i s  a p p l i c a t i o n .  

Tef lon  (TFE/FEP) - The Tef lon  s u f f e r e d  no attack. 

Aluminum s c r e e n s  - No a t t a c k  occurred on t h e  aluminum s c r e e n s .  

I. NONMETALS NOT I N  CONTACT WITH PROPELLANTS DURING TERMINAL DRY 
HEAT STERILIZATION CYCLES 

1. Adhesives 

I t e m s  t e s t e d  included:  

Dow-Corning 93-046 S i l i c o n e  Adhesive 

Armstrong A-6 Epoxy Adhesive 

Hysol 1 - C  Epoxy Adhesive 

Aluminum F i l l e d  Epoxy Adhesive 

See Table  A - 1  f o r  phys ica l  p r o p e r t i e s .  

2 .  P l a s t i c s  and Rubber Sheet Film 

Items t e s t e d  included:  

Kynar 

Tef lon  (TFE and FEP) 

SR 634 Butyl 

S-9711 S i l i c o n e  Rubber 

Aluminized Mylar 

EPR-1 

S i 1  icone Rubber A-60 

See Table  A - 2  f o r  phys ica l  p r o p e r t i e s  
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3 .  P o t t i n g  E n c a p s u l a t i n g  and S e a l i n g  Res ins  

I t e m s  t e s t e d  inc luded :  

Epon 828 - Mica F i l l e d  (amine c u r e )  

PR-1527 Po lyure thane  C a s t i n g  Resin  

RTV 602 S i l i c o n e  P o t t i n g  Res in  

Dow-Corning 4-9-0031 S i l i c o n e  Res in  ( s p e c i f i e d  i n  M a r t i n  
Marietta M a t e r i a l s  S p e c i f i c a t i o n  MMS M138) 

Epon 828lVersamide 140 P o t t i n g  Res in  

M a r t i n  MMS M138 S i l i c o n e  S e a l a n t  (Dow-Corning) 

See Tab le  A- 3  f o r  p h y s i c a l  p r o p e r t i e s .  

4 .  Coa t ings  and F i n i s h e s  

I t ems  t e s t e d  i n c l u d e d :  

M a r t i n  M a r i e t t a  MMS K227 White A c r y l i c  Missi le Lacquer 

M a r t i n  M a r i e t t a  MMS K456 A b l a t i v e  Coa t ing  

M a r t i n  M a r i e t t a  MMS K474 High E m i s s i v i t y  S i l i c o n e  Coa t ing  

MMS K227 

Cont ro l :  E x c e l l e n t  adhes ion .  No f l a k i n g  w i t h  checker- board 
c u t  and tape  t e s t .  Good adhes ion  a f t e r  bending 180 
deg around 1 / 4 - i n .  mandrel .  

T e s t  : E m b r i t t l e d ,  adhes ion  f a i r  t o  good. F l a k e s  away w i t h  
checkerboard c u t .  Loses adhes ion  i n  t h e  bend area 
a f t e r  180 deg bend around a 1 / 4 - i n .  mandrel  (300 h r  
t e s t ) .  

T e s t :  E m b r i t t l e d ,  adhes ion  f a i r .  F lakes  away w i t h  checker -  
board c u t .  Loses adhes ion  i n  t h e  bend area a f t e r  
180 deg bend around a 114- in .  mandrel .  Specimen 
yellowed s i g n i f i c a n t l y  (600 h r  t e s t ) .  
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MMS K456 

Con t ro l  : 

Test:  

Test :  

MMS K474 

Con t ro l :  

T e s t  : 

Test :  

E x c e l l e n t  adhes ion ,  t y p i c a l l y  s o f t .  F a i l e d  180 deg 
bend on 1 / 4 - i n .  mandrel  due t o  c o a t i n g  t h i c k n e s s .  
Passed  90 deg bend on 1 - i n .  mandrel .  

E x c e l l e n t  adhes ion .  Tougher and d a r k e r  t h a n  c o n t r o l  
specimens i n  c r o s s  s e c t i o n .  F a i l e d  90 deg bend o v e r  
1 / 4 - i n .  and 1 - i n .  mandre ls  (300 h r  t e s t ) .  

E x c e l l e n t  adhes ion .  Tougher and d a r k e r  t h a n  c o n t r o l  
specimens i n  c r o s s  s e c t i o n ,  F a i l e d  90 deg bend ove r  
1 / 4 - i n .  and 1 - i n .  mandre ls  (600 h r  t e s t ) .  

Good adhes ion .  Coat ing  normal ly  l o w  s t r e n g t h .  
Passed  180 deg bend ove r  1 / 4 - i n .  mandrel .  
i n g .  

No f l a k -  

Good adhes ion .  Coa t ing  somewhat s t r o n g e r  t h a n  con- 
t r o l  sample.  Passed  180 deg bend ove r  1 / 2 - i n .  man- 
d r e l .  No f l a k i n g  (300 h r  t e s t ) .  

Good adhes ion .  Coat ing  somewhat s t r o n g e r  t h a n  con- 
t r o l  sample. Passed  180 deg bend ove r  1 / 2 - i n .  man- 
d r e l .  No f l a k i n g .  The c o a t i n g  yel lowed s i g n i f i c a n t -  
l y  (600 h r  t e s t ) .  

S o l a r  A b s o r p t i v i t y  and E m i s s i v i t y  

Con t ro l  300 h r  600 h r  
Mater i a1  Absorb E m i s s  Absorb E m i s s  Absorb E m i s s  

MMS K227 0.22 0 . 8 5  0 .28  0 .86  0.36 0.86 

MMS K474 0.14 0.86 0.18 0 .84  0 .16  0.85 

J. REACTIVITY OF ETHYLENE OXIDE/12%,  FREON 12/88% WITH PROPELLANT ' 

LEAKS 

MMH was i n j e c t e d  i n t o  a t e s t  chamber c o n t a i n i n g  t h e  decontam- 
i n a t i n g  gas  (main ta ined  a t  22 ps ia  a t  122'F) i n  s u f f i c i e n t  q u a n t i -  

t y  t o  produce a c o n c e n t r a t i o n  of 5x10 ppm. 
r e s u l t e d  w i t h  a t empera tu re  i n c r e a s e  l e s s  t h a n  5OF. 

5 
A 6 - p s i  p r e s s u r e  r i s e  



MCR-67-15 ( I s s u e  2) A- 33 

N 0 was i n j e c t e d  i n t o  t h e  same atmosphere r e s u l t i n g  i n  a 26- 2 4  
p s i  p r e s s u r e  r i s e  and a 22'F t empera tu re  i n c r e a s e .  
a c t i o n  a p p a r e n t l y  o c c u r r e d ;  however, t h e  p r e s s u r e  i n c r e a s e  c o u l d  
r e s u l t  i n  r u p t u r e  of t h e  decon tamina t ion  chamber i f  p roper  d e t e c -  
t i o n  and purge sys tems a r e  n o t  i n c o r p o r a t e d .  

A low-grade re- 

K. CAPABILITY OF AS1 PROPELLANT DETECTION UNITS TO OPERATE I N  AN 
ATMOSPHERE OF THE DECONTAMINANT GAS 

The f u e l  c e l l  r e a c t e d  e r r a t i c a l l y  when exposed t o  t h e  s t e r i l -  
a n t  gaseous  a tmosphere .  It was n o t  found s u i t a b l e  i n  t h i s  a p p l i -  
cat  i o n .  

The o x i d i z e r  c e l l  performed normal ly  and s a t i s f a c t o r y  f o r  use .  

L .  PASSIVATION OF MMH SYSTEMS 

A l l  s u r f a c e s  t h a t  c o n t a c t  MMH r e q u i r e  b o t h  c l e a n i n g  and pass i -  
v a t i o n  w i t h  e i t h e r  a MMH/water m i x t u r e  o r  pure  f u e l ,  b o t h  o p e r a t e d  
a t  e l e v a t e d  t e m p e r a t u r e s .  When any a l l o y  t e s t e d  was exposed t o  
h e a t e d  MMH w i t h o u t  p r o p e r  chemical  c l e a n i n g ,  decomposi t ion was ob- 
s e r v e d .  T h i s  was e v i d e n t  through r e l e a s e  of g a s  e v o l u t i o n  r e s u l t -  
i n g  i n  u n u s u a l l y  h i g h  p r e s s u r e  i n  t h e  t e s t  v e s s e l s .  
t e r i a l s  t e s t e d  were c h e m i c a l l y  c l e a n e d  and p a s s i v a t e d  and loaded 
i n t o  t h e  600-hr  t e r m i n a l  d r y  h e a t  t e s t  chamber, no unusual  p r e s-  
s u r e  i n c r e a s e s  were obse rved .  

When a l l  m a -  

P r o p e l l a n t  s a m p l e s  were t a k e n  from a g l a s s  c o n t a i n e r  w i t h  no 
metal (Tes t  Sample 1) s a m p l e  p r e s e n t  and from a n o t h e r  v e s s e l  con-  
t a i n i n g  a d i s s i m i l a r  combinat ion of metals (Tes t  Sample 2 ) .  T h i s  
s a m p l e  c o n s i s t e d  of a b i m e t a l l i c  specimen of 2014 aluminum and 304 
s t a i n l e s s  s t ee l  j o i n e d  w i t h  Monel r i v e t s .  

M a t e r i a l s  s e l e c t e d  were c o n s i d e r e d  of t h e  most p o t e n t i a l  reac- 
t i v e  n a t u r e  based on p rev ious  d a t a  from n o n p a s s i v a t e d  t e s t s .  

The p r o p e l l a n t  decomposi t ion i s  l i s t e d  i n  t h e  f o l l o w i n g  t abu-  
l a t i o n  (based on g a s  chromatograph r e s u l t s )  : 
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Standard  MMH T e s t  Sample 1 T e s t  Sample 2 

MMH 99.49% 98 .06% 97.61% 

Water 0 .46  1 . 4 8  1 . 9 4  

Hydrazine 0 .oo 0 . 2 2  0 . 2 0  

Ammonia 0.04 0 . 2 3  

A i r  0 .01  0 .01  

0 . 2 4  

0.01  

i 
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V. PROCEDURES 

A v a r i e t y  o f  t e s t  procedures  were used d u r i n g  t h i s  program. 
These procedures  inc luded :  p r e s c r e e n i n g ,  i s l o a t i o n  p r e s c r e e n i n g ,  
e q u i v a l e n t  s t e r i l i z a t i o n  c y c l e s ,  and decon tamina t ing  g a s  - p r o p e l-  
l a n t  r e a c t i o n s .  

A l l  p r o p e l l a n t  exposures  were accomplished u s i n g  monomethyl 
h y d r a z i n e  (MIL-P-27402) and n i t r o g e n  t e t r o x i d e  (MIL-P-26539B). 
N i t r i c  o x i d e  (NO) was bubbled th rough  t h e  N 0 The p rocedures  
a r e  l i s t e d  i n  t h e  f o l l o w i n g  s e c t i o n s .  2 4 '  

A. PRESCREENING TESTS 

The m a t e r i a l s  were exposed t o  o x i d i z e r  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  by i n s e r t i n g  specimens i n  300 s e r i e s  s t a i n l e s s  s t e e l  Hoke 
c y l i n d e r s  t h a t  were c l e a n e d  i n  accordance w i t h  M a r t i n  Marietta D r a w -  
i n g  327-9020000, f o r  l i q u i d  oxygen u s e .  T e s t  c y l i n d e r s  were loaded  
w i t h  p r o p e l l a n t  and s t o r e d  i n  an oven a t  275°F f o r  d u r a t i o n  of ex- 
posure .  Throughout t e s t i n g  p r e s s u r e  and t e m p e r a t u r e  were moni tored 
u s i n g  : 

1) P r e s s u r e  - Tabor Model 17'6 t r a n s d u c e r ;  0-1000 p s i  
r ange  w i t h  Tabor i n d i c a t o r  (Model 236) f o r  p r e s s u r e  
r e a d o u t ;  

2) T e m p e r a t u r e  - Chromel/Alumel thermocouple ( c l o s e d  end) 
w i t h  Leeds and Northrup P o t e n t i o m e t e r  (Model 1214006).  

The m a t e r i a l s  were exposed t o  f u e l  a t  s t e r i l i z a t i o n  tempera-  
t u r e  by i n s e r t i n g  specimens i n  a 300 ser ies  s t a i n l e s s  s t ee l  f l a r e d  
t u b i n g  assembly t h a t  had been c l e a n e d  i n  accordance w i t h  M a r t i n  
Marieta Drawing 327-9020000, f o r  l i q u i d  oxygen u s e .  Tubing assem- 
b l y  w a s  t h e n  loaded  w i t h  p r o p e l l a n t  and s t o r e d  i n  an e t h y l e n e  g l y -  
c o l  b a t h  f o r  t h e  d u r a t i o n  of exposure .  Throughout t e s t i n g  pres-  
s u r e  and t empera tu re  w a s  moni tored us ing:  

1) For p r e s s u r e  - Tabor Model 176 t r a n s d u c e r ;  0-150 p s i  
r ange  w i t h  Tabor i n d i c a t o r  (Model 236) f o r  pressure;  

2 )  For t e m p e r a t u r e  - Chromel/Alumel thermocouple ( c l o s e d  
end) w i t h  Leeds and Northrup P o t e n t i o m e t e r  (Model 
1214006).  
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B. ISOLATION PRESCREENING TESTS 

Formation of c o r r o s i o n  p r o d u c t s ,  when samples were exposed t o  
N 0 i n  t h e  300 ser ies  s t a i n l e s s  s t e e l  c o n t a i n e r ,  c louded  r e s u l t s  

s i n c e  t h e  c o n t a i n e r s  were a t t a c k e d .  A s  a r e s u l t ,  a s e r i e s  of  t e s t s  
were conducted w i t h  t h e  t e s t  chamber of a s imi la r  f a m i l y  o r  t h e  
same a l l o y  e . g . ,  2014-T6 was t e s t e d  i n  a 6061-T6 v e s s e l  o r  a 6061- 
T6 specimen t e s t e d  i n  a 6061-T6 v e s s e l .  A l l  o t h e r  c o n d i t i o n s  were 
t h e  same as t h o s e  d e f i n e d  i n  p r e s c r e e n i n g  t e s t s  d e s c r i b e d  p rev ious-  

2 4  

l y .  

C .  EQUIVALENT STERILIZATION CYCLE TEST (SCREENING) 

Screen ing  t e s t s  exposed c a n d i d a t e  mater ia ls  t o  a l o n g e r  dura-  
t i o n  uqder h e a t  s t e r i l i z a t i o n  env i ronments ,  These t e s t s  i n c l u d e d  
two environmental  c o n d i t i o n s  -- exposure  of mater ia ls  i n  c o n t a c t  
w i t h  p r o p e l l a n t  and exposure  of materials  t o  d r y  h e a t .  

1. Exposure of Materials i n  Contac t  w i t h  P r o p e l l a n t  

Th i s  t e s t  was performed f o r  a l l  c a n d i d a t e s  f o r  p r o p u l s i o n  t ank-  
age and a s s o c i a t e d  plumbing. T e s t  parameters i n c l u d e d  t h e  f o l l o w-  
i n g  i t e m s .  

T e s t  specimens were p laced  i n  g l a s s  c o n t a i n e r s .  Each c o n t a i n e r  
r e c e i v e d  one o r  more specimen. No mixing of specimen t y p e s  occur red  
i n  any c o n t a i n e r .  

The g l a s s  c o n t a i n e r s  were f i l l e d  t o  314 volume w i t h  p r o p e l l a n t  
and p laced  i n  a t e s t  bomb. The bomb w a s  s e a l e d  and p r e s s u r i z e d  t o  
o p e r a t i o n a l  p r e s s u r e  w i t h  n i t r o g e n  g a s .  Temperature w a s  e l e v a t e d  
t o  275 +_ 3.5OP and main ta ined  throughout  t h e  d u r a t i o n  of t h e  t e s t .  

A t  t h e  i n i t i a t i o n  of t h e  t e s t ,  two bombs f o r  each p r o p e l l a n t  
were p repared  as d e s c r i b e d  above and were i d e n t i f i e d  as A-F, B-F, 
A- 0,  B - 0  (F and 0 r e f e r r i n g  t o  f u e l  a d  o x i d i z e r ,  r e s p e c t i v e l y ) .  
Bombs l a b e l e d  A-F and A- 0 were removed from t e s t  a f t e r  300 h r .  
Bombs l a b e l e d  B-F and B - 0  were removed from t e s t  a f t e r  600 h r .  
F i g u r e s  A- 2 5 ,  A-26, and A-27 show t h e  bomb and a s s o c i a t e d  equ ip-  
ment.  
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To Atmosphere 

P re s su r i za t ion  Mon’itoring and 
Vent System. Typical  f o r  N 0 2 4  

’9 In su l a t i on  

6- in.  S t a i n l e s s  S t e e l  900 ASA Rating 

3 C r / A 1  Temperature Measurements r 

Note: 1. Typical  t e s t  f i x t u r e  conf igura t ion  - 
f o r  N 0 test .  2 4  

2. See Fig. A-26 f o r  d e t a i l  sketch of  
cons t ruc t ion .  

3 .  Fuel test  f i x t u r e  i s  the  same except  
f o r  pressure  r a t i n g s  of f lange  and 
pipe and method of app l i ca t ion  of 
hea t  wi th  e thylene  g lycol  bath i n-  
s tead  of hea t e r  b lankets .  

Fig.  A-25 Compatibi l i ty Screening Test  F ix tu re  
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Note: T y p i c a l  f o r  N 0 bomb; f u e l  bomb i s  s i m i l a r  
2 4  

excep t  weld r i n g s  a r e  not  used.  

I , r 6 - i n .  900 l b  ASA Ring 
J o i n t  F lange  Assembly q \  

AN91 9 -1 2 
F i t t i n g  Machined 
f o r  Welding 
(Typica l  Both Ends) 

D r i l l  33 /64- in .  Hole t h r u  
Dome Cap and Blank Flange  

D e t a i l  A 

F i g .  A-26 T e s t  Vessel D e t a i l s  

1 
F i t t i n g  Machined 
f o r  Welding 

T D r i l l  33 /64- in .  Hole t h r u  
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3 / 8 - i n .  Stainless 

1/8-in. Stainless 

Fig. A-27 Glass Vessel Support Fixture 
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The s t a n d a r d  t e s t  f i x t u r e s  f o r  s c r e e n i n g  t e s t s  were made i n  
accordance w i t h  F i g .  A-25, A-26, and A-27. M a t e r i a l s  of  c o n s t r u c-  
t i o n  were 300 ser ies  s t a i n l e s s  s t e e l .  Specimens were s t o r e d  on 
f o u r  t i e r s .  Each level  accommodated n i n e  g l a s s  specimen c o n t a i n e r s .  

The o x i d i z e r  t e s t  f i x t u r e  was a seamless  c y l i n d e r  made of sched-  
u l e  80 - 304 s t a i n l e s s  s t e e l ,  6 i n .  d iamete r  and 24 i n .  long,  and a 
310 s t a i n l e s s  s t ee l  f l a n g e d  r i n g  s e a l  cap.  Flange r a t i n g  was 900 
l b  ASA. Each o x i d i z e r  f i x t u r e  was h y d r o s t a t i c a l l y  t e s t e d  t o  1600 
p s i g  w i t h  t h e  p r e s s u r e  h e l d  f o r  a p e r i o d  of  5 minu tes .  

The f u e l  t e s t  f i x t u r e  was c o n s t r u c t e d  i n  a s i m i l a r  manner t o  
t h e  o x i d i z e r  f i x t u r e  excep t  t h a t  s c h e d u l e  40 p i p e  w a l l  t h i c k n e s s  
was used and 1 5 0- l b  ASA f l a n g e s  were used.  Each f u e l  f i x t u r e  was 
h y d r o s t a t i c a l l y  t e s t e d  a t  250 p s i g  w i t h  t h e  p r e s s u r e  h e l d  f o r  a 
5-minute d u r a t i o n .  

The f i x t u r e s  and a s s o c i a t e d  hardware were c l e a n e d  accord ing  
t o  t h e  requ i rements  of M a r t i n  M a r i e t t a  Drawing 327-9020000, f o r  
l i q u i d  oxygen u s e .  

T e s t  specimens were c o n t a i n e d  w i t h i n  t h e  f i x t u r e  ( s e e  F i g .  A-2) 
i n  g l a s s  t e s t  v e s s e l s .  Each pyrex g l a s s  v e s s e l  was s t o r e d  i n  a 
s e a l e d  p o l y e t h y l e n e  p l a s t i c  bag u n t i l  immediate ly  b e f o r e  u s e .  At 
such t ime t h e  v e s s e l s  were hand led  w i t h  tongs  and l i n t - f r e e  g l o v e s .  
Each v e s s e l  w a s  c l e a n e d  by t h e  f o l l o w i n g  procedures :  

1) Remove from p l a s t i c  bag;  

2) I m m e r s e  v e s s e l  i n  an a c i d  s o l u t i o n  ( 1 / 4  l b  of p o t a s s i -  
um dichromate  i n  one l i t e r  of c o n c e n t r a t e d  s u l p h u r i c  
a c i d )  m a i n t a i n e d  a t  80 2 5OF f o r  30 minutes  minimum; 

3 )  Rinse  w i t h  d i s t i l l e d  water ;  

4) Immerse i n  c o n c e n t r a t e d  n i t r i c  a c i d  f o r  a minimum of 
10 minu tes ;  

5) Rinse  wi th  d i s t i l l e d  water; 

6 )  Immerse i n  c o n c e n t r a t e d  ammonium hydrox ide  f o r  10 min- 
u t e s  minimum (excep t  aluminum a l l o y )  ; 

7) Rinse  w i t h  d i s t i l l e d  water; 

8) I n s p e c t  v i s u a l l y ;  
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9) Repeat p rocedures  i f  n e c e s s a r y ;  

10) Rinse  w i t h  d e i o n i z e d  water,  check pH of t h e  runof f  
water and compare t o  pH of  f r e s h  d i s t i l l e d  and de-  
i o n i z e d  water.  Cont inue u n t i l  pH d i f f e r s  by less 
t h a n  2 0 . 5  u n i t s ;  

11) Blow d r y  w i t h  o i l - f r e e  n i t r o g e n  g a s  (Robbins f i l t e r e d ) ;  

1 2 )  Re tu rn  t o  s e a l e d  p l a s t i c  bag.  

A l l  t e s t  c o n t a i n e r s ,  r a c k s ,  and specimens remained s e a l e d  i n  
p l a s t i c  u n t i l  f i n a l  assembly.  Assembly was performed i n  t h e  s t e r i -  
l i z a t i o n  t e s t  area t o  e l i m i n a t e  t h e  need of moving loaded c o n t a i n e r s .  
I n d i v i d u a l  g l a s s  v e s s e l s  were unwrapped, loaded w i t h  specimens and 
p r o p e l l a n t ,  and p laced  i n  t h e  h o l d i n g  r a c k .  The r a c k  was lowered 
i n t o  t h e  metal c o n t a i n e r  a s t e p  a t  a t ime u n t i l  i t  r e s t e d  on the 
bottom. The r i n g  s e a l  and f l a n g e  head  were unwrapped and put  i n  
p l a c e .  The head was t h e n  b o l t e d  i n  place and a t t a c h e d  t o  t h e  s y s-  
t e m  plumbing. A s  each  c o n t a i n e r  w a s  s e a l e d ,  i t  w a s  p r e s s u r i z e d  
w i t h  n i t r o g e n  and l e a k  checked.  A c o n s t a n t  gaseous  n i t r o g e n  purge 
was m a i n t a i n e d  on t h e  t e s t  f i x t u r e  d u r i n g  l o a d i n g  o p e r a t i o n s .  

P r e s s u r e  and temperature measurements were made u s i n g  Tabor 
t r a n s d u c e r  Model 176 and Chromel/Alumel thermocouples .  Readout 
d e v i c e s  c o n s i s t e d  o f :  Sanborn r e c o r d e r ,  Honeywell V i s i c o r d e r ,  and 
John Fluke d i f f e r e n t i a l  v o l t m e t e r .  P r e s s u r e  t r a n s d u c e r s  were dead 
weighted (N2 s t a t i c )  a t  5 - p s i  inc rements  on lower  range t r a n s d u c e r s .  

Dead-weight p s i  a c c u r a c i e s  are ~ O . O O l o ! ,  of  f u l l  scale  (Heise  gage 
a c c u r a c i e s )  . Transducer  a c c u r a c i e s  i n c l u d e  a r e p e a t a b i l i t y  o f  5 
0.1% and a l i n e a r i t y  of 0.25% f u l l  scale w i t h  a the rmal  s e n s i t i v -  
i t y  s h i f t  of  0.005% of f u l l  scale  p e r  degree  F a h r e n h e i t .  Thermo- 
coup les  were c a l i b r a t e d  by s e l e c t e d  t e m p e r a t u r e  s t e p s  checked 
a g a i n s t  a l a b o r a t o r y  thermometer.  

P r e s s u r e  c o n t r o l  w a s  ma in ta ined  by s o l e n o i d  o p e r a t e d  v a l v e s ,  
c o n t r o l l e d  by a p r e s s u r e  s w i t c h .  Temperature c o n t r o l  was governed 
by a s t e p l e s s  power a p p l i c a t i o n  t o  r e s i s t i v e  h e a t e r s .  Using ac- 
c u r a t e  t e m p e r a t u r e  p robes ,  v e s s e l  t e m p e r a t u r e  w a s  c o n t r o l l e d  t o  
- +2OC of t h e  r e q u i r e d  t e m p e r a t u r e .  

2 .  Exposure of  Materials t o  Dry Heat Cycle  

T h i s  exposure  i n c l u d e d  c a n d i d a t e s  f o r  use  e x t e r n a l  t o  t h e  pro-  
p e l l a n t  t a n k  sys tem.  
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S t e r i l i z a t i o n  t e m p e r a t u r e  e f f e c t s  on p h y s i c a l  p r o p e r t i e s  of 
a l l  nonmetals and metals ( t h a t  are c o n s i d e r e d  m a r g i n a l )  w a s  e v a l -  
u a t e d .  

Specimens were p laced  i n  an  oven and m a i n t a i n e d  a t  275°F f o r  
600 h r  i n  a n i t r o g e n  a tmosphere .  

D , REACTIVITY OF DECONTAYINATION ATMOSPHERE WITH PROPELLANTS 

R e a c t i v i t y  of N204 and MMH w i t h  t h e  12% e t h y l e n e  oxide/88% 

Freon 12 atmosphere w a s  de termined by t h e  f o l l o w i n g  procedure  f o r  
each p r o p e l l a n t :  

1) Evacuate  a 0 .4- cu  f t  s t a i n l e s s  s t e e l  chamber; 

2) Heat chamber t o  122°F; 

3) I n t r o d u c e  s u f f i c i e n t  w a t e r  t o  e s t a b l i s h  a r e l a t i v e  
humid i ty  of 45%; 

4) P r e s s u r i z e  w i t h  t h e  decon tamina t ing  g a s  t o  1 2  p s i g ;  

5) I n j e c t  s u f f i c i e n t  p r o p e l l a n t  t o  e s t a b l i s h  a fume con- 
5 c e n t r a t i o n  of 5 x 10 ppm; 

6 )  Monitor f o r  t e m p e r a t u r e  and p r e s s u r e  r i s e .  
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