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D u r i n g  accep tance  t e s t i n g  of 
t h e  Space  S h u t t l e  Endeavour ' s  
hydrogen f low c o n t r o l  v a l v e s  (GH2 
FCVs), used  i n  t h e  O r b i t e r ' s  f u e l  
t a n k  p r e s s u r i z a t i o n  system, two of 
t h e  va lves  expe r i enced  f r a c t u r e  of 
t h e  poppet f l a n g e .  T h e  poppets a r e  
made of 440C,  a h igh  s t r e n g t h ,  wear 
r e s i s t a n t ,  low d u c t i l i t y ,  m a r t e n s i t i c  
s t a i n l e s s  s teel .  The i n v e s t i g a t i o n  
which was i n i t i a t e d  t o  determine t h e  
cause  of these f a i l u r e s  i s  t r a c e d  i n  
t h i s  p a p e r .  A l l  a s p e c t s  of t h e  
poppet p rocess ing  t h a t  may have i n -  
t r o d u c e d  a d e f e c t  were a s s e s s e d .  - This  included machining, hea t  t r e a t -  
ing, pas s iva t ion ,  assembly, and test. 
In add i t ion ,  s e v e r a l  p o t e n t i a l  f a i l -  
ure modes were i n v e s t i g a t e d .  These 
i n c l u d e d  s t a t i c  ove r load ,  dynamic 
over load  ( p a r t i c l e  impact ) ,  f a t i g u e ,  
and hydrogen e m b r i t t l e m e n t .  The ex- 
t e n s i v e  i n v e s t i g a t i o n  r e v e a l e d  no 
obvious cause  of t h e  f a i l u r e s ,  bu t  
did r e s u l t  i n  a recommendation f o r  a 
d i f f e r e n t  m a t e r i a l  app l i ca t ion .  

T h r e e  flow c o n t r o l  va lves ,  one 
per e n g i n e  sys t em,  a r e  used  t o  
c o n t r o l  t h e  flow of gaseous hydrogen 
from t h e  f u e l  turbopump o u t l e t  of 
each engine  through t h e  O r b i t e r  t o  
t h e  E x t e r n a l  Tank (see Figure  1 ) .  
The hydrogen g a s  p r e s s u r i z e s  t h e  
u l l a g e  volume above  t h e  l i q u i d  
hydrogen i n  t h e  f u e l  tank t o  maintain 
t h e  s t r u c t u r a l  c a p a b i l i t y  of t h e  
t a n k ,  under  t h e  dynamic p r e s s u r e  
loads  of f l i g h t ,  and t o  maintain n e t  
p o s i t i v e  s u c t i o n  p r e s s u r e  a t  t h e  
engine f u e l  pumps. 
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Figure 1. S h u t t l e  Hydrogen 
P res su r i za t ion  System 

The G H 2  FCV i s  des igned  t o  
supply t h e  high p res su re  hydrogen gas  
a t  e i t h e r  of two p r e s e l e c t e d  flow 
r a t e s  through a poppet c o n t r o l l e d  by 
feedback from p res su re  sensors  i n  t h e  
e x t e r n a l  t a n k .  The poppe t  i s  
solenoid opera ted  t o  t h e  low flow po- 
s i t i o n  and  s p r i n g  and  p r e s s u r e  
a s s i s t e d  t o  t h e  h igh  flow p o s i t i o n  
(see Figure  2 ) .  The s t r o k e  of t h e  
poppet i s  a d j u s t e d  by i n s t a l l i n g  
shims t o  a l t e r  t h e  p o s i t i o n s  of t h e  
poppet s t o p s .  The gas  passes  through 
t h e  v a l v e ' s  annular  o r i f i c e ,  c r e a t e d  
between t h e  poppet and i t s  s leeve ,  a t  
sonic  v e l o c i t y  (see Figure 3 ) .  Thus 
t h e  p re s su re  and flow r a t e  of t h e  gas 
a r e  c o n t r o l l e d  t o  m e e t  t h e  
requirements of t h e  e x t e r n a l  tank .  

1 


