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ABSTRACT 

The work r e p o r t e d  h e r e i n  i s  a c o n t i n u a t i o n  of a previous  
program of t e s t i n g  a n  exper imenta l  hydraz ine  e l e c t r o l y s i s  
c e l l .  The purpose of t h i s  program was t o  i n v e s t i g a t e  t h e  
performance of t h e  e l e c t r o l y s i s  c e l l  a t  extreme c o n d i t i o n s  
of v o l t a g e ,  c u r r e n t ,  and tempera ture  t o  determine i f  any 
c o n t r o l l a b i l i t y  problems e x i s t e d .  E a r l y  i n  t h e  planned 
tes t  program a f a i l u r e  which des t royed  t h e  e l e c t r o l y s i s  
c e l l  w a s  exper ienced .  The subsequent  f a i l u r e  i n v e s t i -  
g a t i o n  i n d i c a t e d  t h a t  t h e  probable  cause  w a s  thermal  
decomposi t ion due t o  l o c a l  h o t  s p o t  on t h e  cathode 
s c r e e n .  
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INTRODUCTION 

Th i s  r e p o r t  summarizes t h e  work performed under Tasks V I 1  
and V I 1 1  of J P L  Con t rac t  951720 d u r i n g  t h e  per iod  of 
1 A p r i l  t o  29 May 1969. This  e f f o r t  w a s  a c o n t i n u a t i o n  
of t h e  hydraz ine  e l e c t r o l y s i s  exper imenta l  work conducted 
under Task V of t h e  same c o n t r a c t  d u r i n g  1968, and had as 
i t s  o b j e c t i v e s :  

. Determine i f  a c o n t r o l l a b i l i t y  problem 
ex is t s .  

. Determine t h e  e f f e c t s  of a s h o r t  c i r c u i t  
i n  t he  e l e c t r o l y s i s  c e l l .  

The previous  work under Task V c o n s i s t e d  of d e s i g n ,  
f a b r i c a t i o n , a n d  t e s t  of a f u l l  scale exper imenta l  
hydraz ine  e l e c t r o l y s i s  c e l l .  That  tes t  program w a s  
devoted p r i m a r i l y  t o  c h a r a c t e r i z i n g  t h e  c e l l  performance 
and i d e n t i f y i n g  problem areas. A t  t h e  end of Task V, 
q u e s t i o n s  of e l e c t r o l y s i s  c e l l  o p e r a t i n g  s a f e t y  l i m i t s  
and c o n t r o l l a b i l i t y  remained unanswered. Hence , t h e  
c o n t r a c t  w a s  amended t o  inc lude  Tasks V I 1  and V I 1 1  
which involved  e x p l o r a t i o n  of c e l l  performance a t  
extreme o f f -des ign  c o n d i t i o n s .  T h i s  work w a s  performed 
us ing  t h e  same e l e c t r o l y s i s  c e l l  which had been b u i l t  
and s u c c e s s f u l l y  t e s t e d  f o r  over  950 hours  i n  Task V.  
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The expe r imen ta l  hydraz ine  e l e c t r o l y s i s  cell ,  p r e v i o u s l y  b u i l t  
and t e s t e d  under  Task V, was thoroughly c l eaned  and re-assembled 
f o r  t h e  t e s t  program d e s c r i b e d  i n  t h i s  r e p o r t .  Aside from a new wick, 
new e l e c t r i c a l  i n s u l a t i o n  m a t e r i a l ,  and new O-ring s e a l s ,  t h e  c e l l  
c o n s i s t e d  of t h e  same p a r t s  a s  p r e v i o u s l y  t e s t e d .  

To demonst ra te  adequate  s t r u c t u r a l  i n t e g r i t y ,  t h e  tank  s h e l l  was 
proof  t e s t e d  a t  300°F and 750 p s i g .  
l y s i s  c e l l  and l e a k  t e s t i n g  i t  and t h e  tes t  se t -up ,  t h e  f i r s t  series 
of e l e c t r o l y s i s  tests was s t a r t e d .  In accordance wi th  t h e  tes t  p lan ,  
t h e s e  tests were t o  c o n s i s t  of e l e c t r o l y s i s  of n e a t  hydraz ine  (no  
e l e c t r o l y t e )  up t o  60 v o l t s ,  w i th  t h e  l i q u i d  a t  t h r e e  d i f f e r e n t  
l e v e l s  i n  t h e  tank .  

A f t e r  assembly of t h e  e l e c t r o -  

The f i r s t  t e s t  was a v o l t a g e - c u r r e n t  survey wi th  t h e  tank  90 p e r c e n t  
f u l l  of n e a t  hydraz ine  (10 p e r c e n t  u l l a g e )  f o r  t h e  purpose of d e t e r -  
mining t h e  c e l l  c u r r e n t  c h a r a c t e r i s t i c s  a t  s e v e r a l  v o l t a g e s  up t o  60 
v o l t s .  The r e s u l t s  of t h i s  t e s t  i n d i c a t e d  a l i n e a r  v o l t a g e - c u r r e n t  
t r a c e .  It a l s o  i n d i c a t e d  a low r e s i s t a n c e  v a l u e  f o r  t h e  c e l l  t h a t  
went unno t i ced  a t  . the t ime.  

The second t e s t  c o n s i s t e d  of over  5 hours  of e l e c t r o l y s i s  w i th  the  
t ank  s t i l l  90 p e r c e n t  f u l l  of n e a t  hydraz ine .  Of t h i s  o p e r a t i n g  t i m e ,  
100 minutes  was a t  60 v o l t s ,  w i th  most of t h e  remaining t ime a t  40 and 
50 v o l t s .  During t h i s  test ,  two c u r r e n t  su rges  were d e t e c t e d .  One 
was n o t i c e d  i n  t ime t o  reduce power, b u t  t h e  o t h e r  t r i p p e d  a 15 ampere 
c i r c u i t  b r e a k e r .  The c e l l  r e s i s t a n c e  dropped t o  2 ohms b e f o r e  a p p a r e n t l y  
s h o r t i n g  o u t .  Subsequent a n a l y s i s  of t h e  tes t  d a t a  showed a g r e a t e r  
i n c r e a s e  i n  p r e s s u r e  than  cou ld  be accounted f o r  by e l e c t r o l y t i c  gas  
g e n e r a t i o n  and c e l l  t empera ture  r ise.  It i s  b e l i e v e d  t h a t  t h i s  ex- 
c e s s i v e  p r e s s u r e  r ise  was caused  by thermal  decomposi t ion r e s u l t i n g  
from a l o c a l  h o t - s p o t  on t h e  ca thode  s c r e e n .  The h o t - s p o t  r e s u l t e d  
from high  power d i s s i p a t i o n  a c r o s s  a n e a r  s h o r t  a r e a .  

P r i o r  t o  t h e  t h i r d  test, h a l f  of t h e  p r o p e l l a n t  was removed from 
t h e  tank, l eav ing  i t  45 p e r c e n t  f u l l  of n e a t  hydraz ine  (53  p e r c e n t  
u l l a g e ) .  The test c o n s i s t e d  of a v o l t a g e - c u r r e n t  survey up t o  60 v o l t s  
s i m i l a r  t o  t h e  f i r s t  test .  C e l l  o p e r a t i o n  appeared normal a s  v o l t a g e  
was i n c r e a s e d  s t epwise  t o  60v, t hen  down t o  20V. 
r i s i n g  tempera tures  were observed, immediately fol lowed by r u p t u r e  of t h e  
t a n k  and d e s t r u c t i o n  of t h e  e l e c t r o l y s i s  c e l l .  

A t  20V r a p i d l y  

A thorough f a i l u r e  i n v e s t i g a t i o n  was conducted f o r  v a r i o u s  f a i l u r e  
modes which a r e  d i s c u s s e d  i n  t h e  fo l lowing  s e c t i o n s  of t h i s  r e p o r t .  
The most probable  f a i l u r e  mode was concluded t o  be thermal  decomposition, 
r e s u l t i n g  from a l o c a l  h o t  s p o t  on t h e  ca thode  s c r e e n  above t h e  l i q u i d  
l e v e l  of t h e  45 p e r c e n t  l oad .  Without t h e  p r o p e l l a n t  a c t i n g  a s  a p a r t i a l  
h e a t  s i n k ,  t h e  h o t  s p o t  on t h e  s c r e e n  was a b l e  t o  g e t  o u t  of c o n t r o l .  
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The f a i l u r e  i n v e s t i g a t i o n  a l s o  inc luded  a rev iew of special  e l e v a t e d  
t empera tu re  and c u r r e n t  tes ts  conducted on t h e  NASA Goddard hydraz ine  
e l e c t r o l y s i s  f l i g h t  exper iment .  The f l i g h t  experiment  passed t h e  
140 F ambient  t es t  due t o  i t s  improved thermal  d e s i g n .  A c u r r e n t  
l imi te r  i n  t h e  c i r c u i t r y  p reven t s  t h e  u n i t  from ever see ing  above 
1 ampere t h u s  t h e  f l i g h t  experiment  w a s  found non- suscep t ib l e  t o  t h e  
type  of f a i l u r e  expe r i enced  i n  t h i s  program. T e s t  d e t a i l s  are 
p r e s e n t  l a t e r .  

0 
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CONCLUSIONS 

C o n t r o l l a b i l i t y  

To ma in ta in  c o n t r o l  of g a s  g e n e r a t i o n  a t  h igh  power l e v e l s ,  p roper  thermal  
management and ca thode  d e s i g n  f o r  t h a t  power level must be  des igned  i n t o  
t h e  e l e c t r o l y s i s  ce l l .  

Cause of F a i l u r e  

The r e s u l t s  of t h e  f a i l u r e  i n v e s t i g a t i o n  p o i n t s  t o  thermal  decomposi t ion 
r e s u l t i n g  from l o c a l  h e a t i n g  on t h e  ca thode  s c r e e n  as t h e  most l i k e l y  
f a i l u r e  mode. 

The source  of t h e  f a i l u r e  i s  probable  loose  w i r e s  on t h e  edge o r  bottom 
of t h e  s c r e e n  p e n e t r a t i n g  t h e  f i b e r g l a s s .  
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TEST DESCRIPTION 

TEST PLAN 

The d e s i g n  and t e s t  of a f u l l  scale expe r imen ta l  hydraz ine  e l e c t r o l y s i s  
c e l l  conducted under Task V of t h i s  c o n t r a c t  i s  desc r ibed  i n  Reference 1. 
A t  t h e  end of t h a t  program, q u e s t i o n s  r e g a r d i n g  t h e  o p e r a t i n g  s a f e t y  
l i m i t s  remained unanswered because t h e  primary e f f o r t  had been d i r e c t e d  
a t  e s t a b l i s h i n g  o p e r a t i n g  c h a r a c t e r i s t i c s  of t h e  c e l l  and i d e n t i f y i n g  
problem areas. The present  test program w a s  n e g o t i a t e d  as a n  e x t e n s i o n  
of t h e  prev ious  c o n t r a c t  and c o n s i s t e d  of Tasks V I 1  and V I I I .  The 
o b j e c t i v e s  of t h e s e  a d d i t i o n a l  t a s k s  were: 

Task V I 1  - To de termine  if a c o n t r o l l a b i l i t y  problem exis ts  
i n  t h e  hydraz ine  e l e c t r o l y s i s  process  a t  c o n d i t i o n s  
g r e a t l y  i n  excess  of t h e  normal l i m i t s  of e l e c t r o l y -  
s i s  c e l l  o p e r a t i o n .  

Task V I 1 1  - To de termine  t h e  e f f e c t s  of a s h o r t  c i r c u i t  i n  t h e  
e l e c t r o l y s i s  ce  11. 

To accomplish t h e s e  o b j e c t i v e s  a test p l a n  w a s  formula ted  which involved 
e l e c t r o l y s i s  c e l l  o p e r a t i o n s  w e l l  beyond t h e  normal l i m i t s  of ope ra t ion .  
Appendix A c o n t a i n s  t h e  complete Test P lan  f o r  Tasks V I 1  and V I I I .  It 
w a s  recognized  from t h e  s t a r t  t h a t  some of t h e s e  tes ts  would be hazardous ,  
and t h a t  a high p r o b a b i l i t y  e x i s t e d  t h a t  some type  of f a i l u r e  would occur  
b e f o r e  complet ion of t h e  program. Hence, a l l  r easonab le  p recau t ions  w e r e  
t a k e n  t o  i n s u r e  t h e  s a f e t y  of personnel  and f a c i l i t y  equipment should 
hazardous c o n d i t i o n s  arise d u r i n g  t h e  cour se  of t h e  program. The t e s t  
p l a n  included a matrix of a l l  t h e  tes ts  which were planned.  
planned v a l u e s  of tes t  parameters were: 

The maximum 

Cur ren t  - 30 amperes 
Vol tage  - 60 V o l t s  D.C. 
P r o p e l l a n t  Temperature - 300°F 
P r e s s u r e  - 400 p s i g  

To summarize; t h e  T e s t  P l a n  inc luded  t h e s e  g e n e r a l  t y p e s  of tes ts :  

a. High v o l t a g e ,  l o w  c u r r e n t ,  ambient tempera ture  wi th  nea t  
hydraz ine  a t  t h r e e  l i q u i d  levels i n  t h e  t ank .  

0 
b. Low Vol tage ,  h igh  c u r r e n t ,  ambient and 300 F tempera ture ,  

p r e s s u r e  up t o  400 p s i g  wi th  e l e c t r o l y t e  a t  r e q u i r e d  
c o n c e n t r a t i o n  and w i t h  t h r e e  l i q u i d  levels.  

c .  S h o r t  c i r c u i t  tests.  
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ELECTROLYSIS CELL CONFIGURATION 

The c e l l  c o n f i g u r a t i o n  w a s  t h e  same as t h a t  used p r e v i o u s l y  i n  Task V ,  
and i s  d e s c r i b e d  comple te ly  i n  Reference  1. It c o n s i s t s  of a n  e l e c t r o d e  
module which i s  i n s t a l l e d  i n s i d e  a Surveyor p r o p e l l a n t  t ank .  

ELECTROLYSIS CELL ASSEMBLY 

Before  assemblying  t h e  c e l l  f o r  t h e  tests of Task V I I ,  a l l  component 
parts w e r e  c l eaned  i n  accordance  w i t h  t h e  HAC S p e c i f i c a t i o n  f o r  
p rocess ing  parts f o r  hydraz ine  s e r v i c e ,  and t h e n  were s e a l e d  i n  
c l e a n  po lye thy lene  bags u n t i l  ready  t o  be  i n s t a l l e d  i n  t h e  u n i t .  
During assembly parts w e r e  handled only  w i t h  c l e a n  l i n t - f r e e  w h i t e  
g loves .  

A l l  parts were t h o s e  used p r e v i o u s l y  i n  Task V except f o r  t h e  wick,  
O-r ings ,  i n s u l a t i n g  material and thermocouple .  It has  been common 
p r a c t i c e  t o  r e p l a c e  t h e  wick on each  assembly of t he  c e l l ,  because t h e  
wick material i s  e a s i l y  f r a y e d  by e x c e s s i v e  hand l ing .  The new wick 
w a s  c u t  f rom t h e  same p i e c e  of material as a l l  p rev ious  wicks.  New 
O-r ings of t h e  same compound (Ethylene-Propylene Rubber) as used 
p r e v i o u s l y  were i n s t a l l e d .  I n s u l a t i n g  material pcevious ly  used on 
t h e  anode conductor  and t h e  i n n e r  c e l l  e n c l o s u r e  had been des t royed  
when removed f o r  c l e a n i n g  t h e s e  parts. New material of t h e  same type  
w a s  r e - i n s t a l l e d ,  ( p o l y o l e f i n  s h r i n k a b l e  s l e e v i n g  f o r  t h e  anode conductor  
i n s u l a t i o n  and po lye thy lene  f i l m  on t h e  i n n e r  c e l l  e n c l o s u r e ) .  The 
thermocouple p r e v i o u s l y  used w a s  found t o  be  f a u l t y  and w a s  r e p l a c e d  
w i t h  a new one of t h e  same t y p e ,  i . e . ,  enc losed  j u n c t i o n  i r o n - c o n t r a n t a n  
probe,  a d j u s t e d  i n  l e n g t h  t o  s e n s e  l i q u i d  t empera tu re  0.25 i n c h  below 
t h e  e l e c t r o l y s i s  module. 

A f t e r  complet ing t h e  assembly of t h e  e l e c t r o d e  module it w a s  i n s t a l l e d  i n  
t h e  t a n k ,  and t h e  complete  u n i t  w a s  l e a k  t e s t e d  a t  250 p s i g  wi th  n i t r o g e n  
g a s .  A small l e a k  w a s  found a t  t h e  tank  f l a n g e  j o i n t .  Upon i n v e s t i g a t i o n  
i t  w a s  found t h a t  t h e  t ank  f l a n g e  O-ring had a s m a l l  c u t .  It w a s  r e p l a c e d  
wi th  a new O-ring. The wick w a s  a l s o  r e p l a c e d ,  because t h e  f i r s t  wick had 
been damaged when t h e  u n i t  w a s  d i s -assembled .  A f t e r  re-assembly t h e  t a n k  
w a s  l e a k - t e s t e d  a g a i n  and found t o  b e  f ree  of any d e t e c t a b l e  leakage .  

The anodelca thode  r e s i s t a n c e  w a s  checked t o  v e r i f y  absence  of s h o r t  
c i r c u i t  and w a s  found t o  be ve ry  h i g h  (approximate ly  20 megohms). 
The c a t h o d e l t a n k  r e s i s t a n c e  w a s  v e r i f i e d  
grounding of t h e  ca thode .  The assembled 
i n s t a l l e d  i n  t h e  test  chamber f o r  sys tem 
t e s t i n g .  

PROOF TEST 

t o  be  z e r o ,  i n d i c a t i n g  proper  
e l e c t r o l y s i s  c e l l  w a s  t h e n  
l e a k  test and e l e c t r o l y s i s  

P r i o r  t o  f i n a l  assembly of t h e  e l e c t r o l y s i s  c e l l ,  t h e  t ank  s h e l l  and f l a n g e  
c l o s u r e  were proof t e s t e d  t o  i n s u r e  s t r u c t u r a l  i n t e g r i t y  a t  c o n d i t i o n s  
above t h e  expec ted  tes t  c o n d i t i o n s .  The proof test c o n s i s t e d  of h e a t i n g  
t h e  t ank ,  f i l l e d  w i t h  de - ion ized  w a t e r ,  t o  300 + 20°F and app ly ing  t h r e e  
p r e s s u r i z a t i o n  c y c l e s  t o  750 ps ig .  
and no a d v e r s e  e f f e c t s  w e r e  no ted .  

This  tes t  w a s  performed s a t i s f a c t o r i l y ,  
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TEST STAND DESCRIPTION 

The test chamber w a s  l o c a t e d  i n  a n  i s o l a t e d  hazardous  t es t  area as 
shown i n  F i g u r e  1. The e l e c t r o l y s i s  c e l l l t a n k  assembly w a s  p laced  
i n  t h e  chamber as shown i n  F i g u r e s  2 and 3 and w a s  connected i n  ac- 
cordance  w i t h  t h e  schemat ic  d iagram of F i g u r e  4 .  The power supply ,  
a l o n g  w i t h  a v o l t m e t e r  and a c l i p - o n  ammeter shown i n  F i g u r e  5 ,  
w e r e  l o c a t e d  i n  a p r o t e c t e d  area approx ima te ly  50 fee t  from t h e  
t es t  chamber. The voltrrieter and ammeter a t  t h i s  l o c a t i o n  w e r e  used 
t o  moni tor  v o l t a g e  and c u r r e n t  a t  t h e  power supply  l o c a t i o n .  The 
d a t a  a c q u i s i t i o n  c e n t e r  w a s  l o c a t e d  approximate ly  50 f e e t  f a r t h e r  
away where a l l  parameters w e r e  read  p e r i o d i c a l l y  on a d i g i t a l  
vo l tmeter  and recorded  by hand on t h e  d a t a  s h e e t .  Communication, 
by means of two-way in te rcom,  e x i s t e d  between t h e  power supply  room 
and t h e  d a t a  a c q u i s i t i o n  room. 

ELECTROLYSIS TESTS 

For  t h e  f i r s t  series of tes ts ,  t h e  tank  w a s  loaded wi th  23.50 pounds 
of n e a t  h y d r a z i n e ,  which i s  90% of t h e  t o t a l  t ank  c a p a c i t y .  Loading 
w a s  accomplished by evacua t ing  t h e  t ank ,  t h e n  t r a n s f e r r i n g  p r o p e l l a n t  
i n t o  t h e  tank  from a c l o s e d  c o n t a i n e r  l oca t ed  on a weighing s c a l e .  
P r o p e l l a n t  t r a n s f e r  i s  accomplished by p r e s s u r i z i n g  t h e  supply  con- 
t a i n e r  w i th  n i t r o g e n  t o  50 p s i .  

Vol tage  Cur ren t  Survey ( T e s t  713-1) 

I n  accordance  w i t h  t h e  t e s t  p l a n ,  t h e  f i r s t  test  w a s  a survey  of 
v o l t a g e - c u r r e n t  c h a r a c t e r i s t i c s  wi th  t h e  tank  90% f u l l  of n e a t  
hydraz ine .  A t  t h i s  l oad ing  t h e  l i q u i d  l e v e l  w a s  approximate ly  
one inch  below t h e  t o p  of t h e  anode. The d a t a  f rom t h i s  tes t  are 
p l o t t e d  i n  t h e  upper  cu rve  of F i g u r e  6 .  The i n f l e c t i o n  and h y s t e r s i s  
i n  t h e  cu rve  i s  no t  unusua l  and is  caused by p o l a r i z a t i o n  c h a r a c t e r -  
i s t i c s  of t h e  e l e c t r o l y s i s  c e l l  and by v a r i a t i o n  i n  e f f e c t i v e  e l e c t r o d e  
area due t o  fo rma t ion  and e x p u l s i o n  of g a s  bubbles  i n  t h e  w i c k / e l e c t r o d e  
i n t e r f a c e .  

The low r e s i s t a n c e  v a l u e  i s  a t t r i b u t e d  t o  a l o c a l  area of t h e  ca thode  
s c r e e n  be ing  i n  a nea r  s h o r t  c o n d i t i o n  w i t h  t h e  anode. T h i s  i s  based 
on t h e  f a c t  t h a t  t h e  d i s t a n c e  between ca thode  and anode i s  t h e  l a r g e s t  
r e s i s t a n c e  i n  t h e  u n i t  and is  t h e  on ly  v a r i a b l e  l a r g e  enough t o  e x p l a i n  
such a low read ing .  

E l e c t r o l y s i s  a t  6 0 V  ( T e s t  713-2) 

On t h e  day  f o l l o w i n g  t h e  v o l t a g e - c u r r e n t  su rvey ,  t h e  f i r s t  e l e c t r o l y s i s  
tes t  a t  h igh  v o l t a g e  w a s  conducted i n  accordance  w i t h  t h e t e s t  p lan .  
With t h e  t a n k  s t i l l  90% f u l l  of n e a t  hydraz ine ,  t h e  v o l t a g e  w a s  i nc reased  
i n  s teps  up t o  6 0 V .  The v o l t a g e ,  c u r r e n t ,  t empera ture  and p r e s s u r e  
h i s t o r y  of t h i s  test  is shown i n  F i g u r e  7 ti 8. The d a t a  acqu i r ed  du r ing  
t h i s  t es t  i s  inc luded  i n  Appendix B. 
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During t h i s  test a n  unexpec.ted c u r r e n t  i n c r e a s e  occurred  on two occas ions .  
A f t e r  118 minutes  of o p e r a t i b n  i t  w a s  noted t h a t  t h e  c u r r e n t  w a s  i n c r e a s i n g  
and exceeded 10 amperes .  T h i s  n e c e s s i t a t e d  a r e d u c t i o n  of v o l t a g e  t o  keep 
t h e  c u r r e n t  below t h a t  v a l u e .  L a t e r  i n  t h e  t e s t , t h e  c u r r e n t  suddenly 
i n c r e a s e d  and t r i p p e d  t h e  15 ampere c i r c u i t  b r e a k e r  on t h e  power supply.  
T h i s  c u r r e n t  s u r g e  w a s  c o i n c i d e n t  w i t h  t h e  f i r s t  v e n t  c y c l e  of t h e  
sys tem r e l i e f  va lve .  

These c u r r e n t  s u r g e s  were probable  due t o  t h e  n e a r - s h o r t  area of t h e  
ca thode  c o n t a c t i n g  t h e  anode. It could  have been caused by h i g h e r  
p r e s s u r e ,  de fo rma t ion  of t h e  s c r e e n  a t  much h i g h e r  t e m p e r a t u r e s ,  o r  
t h e  a c t i o n  of g a s  bubbles  when t h e  r e l i e f  v a l v e  opened. 
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POWER SUPPLY AND METERS 

FIGURE 5 
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Aside  from t h e s e  e v e n t s  t h e  o p e r a t i o n s  of t h e  c e l l  appeared t o  be 
normal throughout  t h i s  tes t .  However, later a n a l y s i s  of t h e  d a t a  
showed t h a t  t h e  a c t u a l  p r e s s u r e  r ise  dur ing  t h e  f i r s t  238 minutes  of 
t h i s  tes t  ( i . e . ,  up t o  t h e  t i m e  t h e  r e l i e f  v a l v e  f i r s t  vented)  w a s  
much g r e a t e r  t han  could be accounted f o r  by tempera ture  rise and 
e l e c t r o l y t i c  g a s  g e n e r a t i o n .  For  r e f e r e n c e  purposes  t h e  p r e s s u r e  
i n c r e a s e  due t o  t h e s e  two f a c t o r s  i s  p l o t t e d  i n  F i g u r e  8. Fo r  
f u r t h e r  d i s c u s s i o n  of t h i s  abnormal p r e s s u r e  r ise and c u r r e n t  s u r g e s  
see paragraph on “ F a i l u r e  I n v e s t i g a t i o n ” .  

Voltage-Current  Survey (Test 713-3) 

The next  t es t  scheduled w a s  t h e  v o l t a g e - c u r r e n t  survey  up t o  60V 
w i t h  t h e  t a n k  45% f u l l  of n e a t  hydraz ine .  P r e s s u r e  remaining i n  
t h e  t ank  from t h e  previous  day ’ s  t es t  w a s  used t o  expel1 h a l f  
(11.75 l b )  of t h e  hydraz ine  which w a s  weighed i n  a r e c e i v e r  v e s s e l  
as it w a s  o f f - loaded .  

A f t e r  complet ion of p r o p e l l a n t  o f f  - loading  and l e a k  t e s t i n g ,  t h e  
v o l t a g e - c u r r e n t  survey  w a s  s t a r t e d .  Vol tage  w a s  i nc reased  i n  
s t e p s  up t o  60V. C e l l  o p e r a t i o n  aFpeared normal and s a t i s f a c t o r y .  
Data from t h i s  t es t  are inc luded  i n  Appendix B ,  and t h e  c u r r e n t -  
v o l t a g e  d a t a  are  p l o t t e d  i n  t h e  lower curve  of F igu re  6.  

A f t e r  r eco rd ing  t h e  d a t a  on 60V, t h e  v o l t a g e  w a s  lowered t o  40V, d a t a  
w a s  recorded t h e r e  then  lowered t o  20V. While r eco rd ing  d a t a  a t  20V, i t  
w a s  observed t h a t  t h e  tempera tures  were r i s i n g  ve ry  r a p i d l y  ( s e e  n o t e s  
on d a t a  s h e e t  i n  Appendix 8). Before t h e  p r e s s u r e  d a t a  channel  could 
be s e l e c t e d  t o  o b t a i n  a r ead ing  of p r e s s u r e ,  t h e  tank  r u p t u r e d .  The 
e l e c t r o l y s i s  c e l l  and t es t  chamber were severelydamaged by t h e  f o r c e  
of t h e  exp los ion  and t h e  subsequent  f i r e ,  which w a s  f ed  l a r g e l y  by t h e  
thermal  i n s u l a t i o n  of t h e  t es t  chamber. 

FAILURE INVESTIGATION 

The f a i l u r e  i n v e s t i g a t i o n  s t a r t e d  by no t ing  t h e  l o c a t i o n  and c o n d i t i o n  
of a l l  par ts  of t h e  e l e c t r o l y s i s  c e l l  which could be  found.  The n o t e s  
made a t  t h a t  t i m e  are reproduced i n  Appendix C .  The photographs of 
F i g u r e s  9 through 12 show t h e  test  chamber and some of t h e  e l e c t r o l y s i s  
c e l l  parts fo l lowing  t h e  f a i l u r e .  F i g u r e  13  shows all of t h e  c e l l  parts 
which could be found ar ranged  on a d i s p l a y  t a b l e .  

Four  p o s s i b l e  f a i l u r e  modes were cons idered  i n  t h e  i n v e s t i g a t i o n .  These 
w e r e  : 

1. Shor t  c i r c u i t  

2.  E lec t r ica l  a r c i n g  

3.  Thermal decomposi t ion 
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4 .  Chemical r e a c t i o n  ( p o s s i b l y  invo lv ing  changes i n  com- 
p a t i b i l i t y  of some materials r e s u l t i n g  from t empera tu res  
reached  i n  p rev ious  days  t e s t i n g ) .  

The f a i l u r e  i n v e s t i g a t i o n  inc luded  t h e  fo l lowing  s p e c i f i c  t a s k s :  

1. Examine i d e n t i f i a b l e  parts and d e b r i s  f rom e l e c t r o l y s i s  

2. Analyze t a n k  f ragments  f o r  ev idence  of stress c o r r o s i o n .  
3. Examine power supply  and c l i p - o n  ammeter f o r  ev idence  

4.  I n v e s t i g a t e  r eason  f o r  e r roneous  p r e s s u r e  d a t a  i n  prev ious  

5. Analyze d a t a  f rom T e s t s  713-2 and 713-3 f o r  c l u e s  t o  cause  

6 .  Analyze s a m p l e  of p r o p e l l a n t  f o r  same b a r r e l  as t h a t  used 

7.  V e r i f y  t h a t  p r e s s u r i z a t i o n  g a s  w a s  n i t r o g e n .  
8. I n v e s t i g a t i o n  p o s s i b i l i t y  of e l e c t r i c a l  a r c i n g  a t  20 and 

9 .  I n v e s t i g a t e  c o m p a t i b i l i t y  of q u e s t i o n a b l e  materials a t  

c e l l ,  t a n k ,  and tes t  chamber. 

of ma l func t ion  o r  damage. 

day t e s t .  

of f a i l u r e .  

f o r  tes t .  

60 v o l t s .  

t empera tu res  up t o  240 F .  

of f a i l u r e  and de te rmine  what o t h e r  e l ec t r i ca l  equipment 
w a s  o p e r a t i n g  a t  t h a t  t i m e .  
R e v i e w  s p e c i a l  test  r e s u l t s  of NASA Goddard f l i g h t  exper iment  
e l e c t r o l y s i s  c e l l .  

0 

10. Determine a c t i v i t y  of o t h e r  tes t  s t a t i o n  personnel  a t  t i m e  

11. 

Examinat ion of C e l l  Debr i s  

The fo l lowing  o b s e r v a t i o n s  were made i n  t h e  c o a r s e  of c o l l e c t i n g  and 
examining t h e  p a r t s  and d e b r i s  f rom t h e  e l e c t r o l y s i s  c e l l :  

a. The o u t e r  e n c l o s u r e  of t h e  e l e c t r o d e  module w a s  bulged o u t  
l o c a l l y  a t  i t s  lower edge from a h igh  i n t e r n a l  p r e s s u r e .  
T h i s  w a s  a ve ry  l o c a l  cond i t ion ,  The remainder  of t h e  part 
w a s  s t i l l  round and r e l a t i v e l y  undamaged except f o r  t h e  top  
edge be ing  t o r n  o u t  a t  t h e  a t tachment  screw ho le .  

b .  The i n n e r  e n c l o s u r e  of t h e  e l e c t r o d e  module w a s  c o l l a p s e d  
inwardly  a t  i t s  lower end from a n  e x t e r n a l  f o r c e .  Some 
meta l  w a s  mi s s ion  from a long  one s i d e  o f  t h e  lower edge.  

c .  The lower I t o  2 i n c h e s  of t h e  anode were s h a t t e r e d  i n t o  many 
s m a l l  f r agmen t s ,bu t  t h e  remainder  of t h e  part w a s  s t i l l  i n t a c t .  

d. Many pieces of t h e  c e l l  w e r e  found s c a t t e r e d  on t h e  h i l l s i d e  
up t o  20 f e e t  away. Some of t h e s e  showed damage from h e a t ,  
w h i l e  o t h e r s  d i d  no t .  
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The a v a i l a b l e  ev idence  i n d i c a t e s  t h a t  a r e a c t i o n  s u f f i c i e n t l y  v i o l e n t  
t o  damage t h e  aluminum i n n e r  and o u t e r  e n c l o s u r e s  and s h a t t e r  t h e  lower 
end of t h e  anode occurred  between t h e  i n n e r  and o u t e r  e n c l o s u r e s .  Based 
on t h e  o r i e n t a t i o n  of  t h e  p a r t s ,  t h e  l o c a t i o n  of t h e  r e a c t i o n  w a s  es- 
t a b l i s h e d  n e a r  t o  t h e  bot tom of t h e  c e l l  and a l s o  n e a r  t h e  s u r f a c e  of 
t h e  main body of l i q u i d  i n  l i n e  w i t h  t h e  ca thode  connec to r .  

Upon examinat ion  i n  t h e  Power Systems Labora tory  t h e  ammeter probe 
connec to r  w a s  found t o  be loose .  A f t e r  t i g h t e n i n g  t h i s  connec to r ,  
and de-gauss ing  t h e  probe,  t h e  ammeter could  be "zeroed" and appeared 
t o  o p e r a t e  normally a l though  i t  w a s  r e p o r t e d  t o  be somewhat more 
s e n s i t i v e  t h a n  t h e  t y p i c a l  ammeter of t h i s  t ype .  

The power supp ly ,  l e a d s ,  system grounding ,  e tc .  were a l s o  examined. 
There  w a s  no ev idence  of any damage, ma l func t ion  o r  o t h e r  d i s c r e p a n c i e s  
which could  p o s s i b l y  be r e l a t e d  t o  t h e  c e l l  f a i l u r e .  

Erroneous P r e s s u r e  Data 

During t h e  t es t  of t h e  day preceding  t h e  c e l l  f a i l u r e ,  e r roneous  p r e s s u r e  
d a t a  had been a c q u i r e d  because of a dec imal  e r r o r  i n  r ead ing  p r e s s u r e  on 
t h e  d i g i t a l  v o l t m e t e r  used f o r  d i s p l a y i n g  a l l  t h e  parameters from t h i s  
t e s t .  T h i s  e r r o r ' o c c u r r e d  because a s i n g l e  d i g i t a l  v o l t m e t e r  w a s  used 
t o  d i s p l a y  each  of t h e  f i v e  parameters ( v o l t a g e ,  c u r r e n t ,  t a n k  t empera tu re ,  
l i q u i d  t empera tu re ,  and p r e s s u r e )  by s e l e c t i n g  t h e  d e s i r e d  parameter wi th  
a s e l e c t o r  swi t ch .  When swi t ch ing  from one parameter t o  a n o t h e r  it was 
necessa ry  t o  m e n t a l l y  r e l o c a t e  t h e  dec imal  p o i n t  because of d i f f e r i n g  
s e n s i t i v i t y  of s i g n a l  c o n d i t i o n i n g  equipment i n  t h e  v a r i o u s  channe l s .  
T h i s  led  t o  confus ion  and r e s u l t e d  i n  a n  e r r o r  when i n i t i a l l y  p r e s s u r i z i n g  
t h e  t ank  p r i o r  t o  T e s t  713-2. T h i s  e r r o r  w a s  c a r r i e d  through t h e  rest of 
t h a t  t e s t  and w a s  n o t  d e t e c t e d  u n t i l  t h e  f o l l o w i n g  day when p r e s s u r i z i n g  
t h e  t ank  t o  perform a l e a k  test .  These e r roneous  p r e s s u r e  d a t a  w e r e  
i d e n t i f i e d ' a n d  c o r r e c t e d  p r i o r  t o  t es t  713-3 and hence have no d i r e c t  
b e a r i n g  on t h e  f a i l u r e  o t h e r  t h a n  t h e  t a n k ' s  be ing  exposed t o  h ighe r  
p r e s s u r e s  than  had been planned on t h e  day b e f o r e  f a i l u r e  Jccu r red .  
However, t h e s e  o v e r p r e s s u r e  c o n d i t i o n s  s t i l l  d i d  not  exceed t h e  
s t r e s s - t e m p e r a t u r e  c o n d i t i o n s  of t h e  proof t es t .  

The ca thode  e lectr ical  connec tor  t a b  and clamp r i n g ,  which hold i t  t o  
t h e  e l e c t r i c a l  feed- through conductor ,  were found on t h e  h i l l s i d e  
s e v e r a l  f e e t  from t h e  t e s t  chamber. These parts showed no damage 
from h e a t  o r  e lec t r ica l  a r c i n g .  It must be concluded t h a t  t h e y  
were blown c l e a r  by t h e  f o r c e  of t h e  e x p l o s i o n  and were no t  involved  
i n  i n i t i a t i n g  t h e  r e a c t i o n .  The s t u d  which w a s  screwed i n t o  t h e  anode 
t o  form a n  e l e c t r i c a l  connec tor  a t t achmen t  w a s  no t  found. However, h a l f  of 
t h e  aluminum s l e e v e  which connected t h i s  s t u d  t o  t h e  p o s i t i v e  e l e c t r i c a l  
f eed - th rough  w a s  found. The s l e e v e  a p p a r e n t l y  w a s  broken i n  t h e  middle 
by t h e  f o r c e  of t h e  e x p l o s i o n  wi th  t h e  miss ing  p a r t  perhaps s t i l l  a t t a c h e d  
t o  the  anode s t u d .  There w a s  no ev idence  of e l e c t r i c a l  damage ( a r c i n g  
o r  burn ing)on  the  p a r t  of t h e  sleeve which w a s  found. 
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S t r e s s  Cor ros ion  I n v e s t i g a t i o n  

S e c t i o n s  of t h e  6A1-4V t i t a n i u m  t ank  s h e l l  were s u b j e c t e d  t o  m e t a l l o g r a p h i c  
examinat ion  by pe r sonne l  of  t h e  Hughes A i r c r a f t  Company Materials Technology 
D e p a r t m e n t .  There w a s  no ev idence  of stress c o r r o s i o n  o r  any o t h e r  t ank  
s h e l l  d e f e c t .  The r e p o r t  on t h i s  examinat ion  i s  inc luded  i n  Appendix C .  

Power Supply and Ammeter 

The power supply  and c l i p - o n  ammeter used i n  t h e  t es t  w e r e  examined f o r  
damage and /o r  ev idence  of mal func t ion .  
by pe r sonne l  of t h e  Hughes A i r c r a f t  Company Power Systems Labora tory .  
Fol lowing  t h e  e l e c t r o l y s i s  c e l l  f a i l u r e ,  i t  w a s  found t h a t  t h e  ammeter 
could  no t  be  ' z e roed '  and t h a t  i t s  need le  w a s  v e r y  s l i g h t l y  b e n t .  

These examinat ions  were performed 

A n a l y s i s  of T e s t  Data 

The r a w  t e s t  d a t a  from Tests 713-1, and -2 and -3 are p l o t t e d  i n  F i g u r e  6 ,  
7 and 8. These r a w  d a t a  do n o t  show any unusual  c h a r a c t e r i s t i c s  o r  
d e p a r t u r e  from a n t i c i p a t e d  performance of t h e  e l e c t r o l y s i s  c e l l  a t  high 
v o l t a g e s .  However, as p r e v i o u s l y  r e p o r t e d ,  t h e  a c t u a l  p r e s s u r e  i n c r e a s e  
measured d u r i n g  T e s t  No. 713-2 w a s  s i g n i f i c a n t l y  g r e a t e r  t h a n  could be  
accounted  f o r .  Based on t h e  c u r r e n t - t i m e -  tempera ture  h i s t o r y  recorded  
f o r  t h a t  t e s t ,  t h e  p r e s s u r e  rise due t o  g a s  g e n e r a t i o n  by e l e c t r o l y s i s  
and t o  tempera ture  rise w a s  c a l c u l a t e d  as 274 p s i .  up t o  t h e  p o i n t  a t  
which t h e  re l ie f  va lve  f i r s t  ven ted .  The a c t u a l  measured p r e s s u r e  r ise  
d u r i n g  t h e  same t i m e  pe r iod  w a s  757 p s i .  Applying t h e  same a n a l y s i s  t o  t h e  
meager amount of d a t a  ob ta ined  d u r i n g  T e s t  713-3 b e f o r e  f a i l u r e  gave a 
p o s s i b l e  p r e s s u r e  rise of 0.4 ps i ,whereas  t h e  tes t  d a t a  showed 7 D s j .  
The g a s  g e n e r a t i o n  ra te ,when compared t o  t h e  p r e d i c i e d  r a t e  i n c r e a s e d  w i t h  power 
leve l  from 150 t o  400% d u r i n g  T e s t  713-2 and t o  a lmost  900% immediately 
p r i o r  t o  f a i l u r e  i n  T e s t  713-3. P o s s i b l e  e x p l a n a t i o n s  f o r  t h e s e  d i s -  
c r e p a n c i e s  i n c l u d e :  

a .  E r r o r  i n  tank u l l a g e  volume. 
b .  P r e s s u r e  measurement e r r o r s .  
c .  Thermal decomposi t ion.  

To account  f o r  t h e  p r e s s u r e  d i sc repancy  observed f o r  Tes t  713-2, t h e  u l l a g e  
volume would have t o  be  3.6% i n s t e a d  of 10% of t h e  t o t a l  t ank  volume. Th i s  
would r e q u i r e  a n  e r r o r  of 1 .7  l b s  i n  t h e  amount of p r o p e l l a n t  loaded i n t o  
t h e  tank .  Such a n  e r r o r  i s  h i g h l y  u n l i k e l y  s i n c e  t h e  loaded p r o p e l l a n t  
weight  could  be  c o n t r o l l e d  t o  0.01 lb , and  t h e  load ing  weight  c a l c u l a t i o n s  
were v e r i f i e d  t o  be c o r r e c t .  Fur thermore ,such  a n  u l l a g e  e r r o r  w i th  t h e  
t ank  90% f u l l  would have comple te ly  inadequa te  t o  e x p l a i n  t h e  e x c e s s i v e  
p r e s s u r e  r ise noted i n  T e s t  713-3 when t h e  nominal u l l a g e  volume w a s  55%. 
Previous  tests a t  low v o l t a g e s  show ve ry  good c o r r e l a t i o n  between a c t u a l  
p r e s s u r e  r ise and t h e  cu r ren t - t ime- t empera tu re  h i s t o r y  of t h e  tes t .  
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A f t e r  c o r r e c t i n g  t h e  p r e s s u r e  d a t a  f rom T e s t  713-2 f o r  a dec imal  e r r o r ,  
i t  appears ve ry  u n l i k e l y  t h a t  t h e s e  d a t a  could  have been i n  e r r o r  by 

' more t h a n  abou t  2%. When t h e  p r e s s u r e  s i g n a l  c o n d i t i o n i n g  equipment 
w a s  re-checked by resistance s u b s t i t u t i o n  p r i o r  t o  Test 713-3, it w a s  
found t o  have d r i f t e d  less t h a n  LO p s i  i n  600 s ince t h e  p rev ious  
c a l i b r a t i o n  24 hour s  earlier. The t r a n s d u c e r  had been c a l i b r a t e d  
a g a i n s t  a p r e c i s i o n  p r e s s u r e  gage j u s t  p r i o r  t o  Test  713-1, two days  
b e f o r e  t h e  c e l l  f a i l u r e .  The r e l i e f  v a l v e  v e n t i n g  p r e s s u r e  w a s  indepen- 
d e n t l y  v e r i f i e d  by two t e c h n i c i a n s  p r i o r  t o  t h e  start of t e s t i n g  as be ing  
750 p s i g .  Fol lowing  c e l l  f a i l u r e  t h e  r e l i e f  valve w a s  checked a g a i n ,  and 
t h e  v e n t i n g  pressure w a s  found t o  be 740 t o  750 p s i .  The r e l i e f  v a l v e  
w a s  l o c a t e d  i n  t h e  lower compartment of t h e  t e s t  chamber ( sepa ra t ed  from 
t h e  c e l l  by a s h e l f  of 1/2" steel  plate) and hence w a s  undamaged by t h e  
e x p l o s i o n  and f i r e .  During t h e  T e s t  713-2 t h e  r e l i e f  v a l v e  appeared  t o  
v e n t  a 812 p s i a  t h e  f i r s t  t i m e  and subsequen t ly  vented  and r e s e a t e d  t o  
m a i n t a i n  p r e s s u r e  between 712 and 805 p s i g .  The r e l i e f  v a l v e  o p e r a t i o n  
d u r i n g  t h e  tests tend  t o  confirm t h a t  t h e  p r e s s u r e  data on T e s t  713-2 could 
no t  have been i n  e r r o r  by more t h a n  abou5 50 p s i ,  whereas a n  e r r o r  of 
a lmos t  500 p s i  would have been r e q u i r e d  t o  e x p l a i n  t h e  high observed 
p r e s s u r e .  These f a c t o r s  would seem t o  e l i m i n a t e  p r e s s u r e  measurement e r r o r  
as a probable  e x p l a n a t i o n  f o r  t h e  e x c e s s i v e  p r e s s u r e  r i s e .  

S ince  t h e  a c t u a l  gas  g e n e r a t i o n  rates d i s p a r i t y  i n c r e a s e s  w i t h  p r e d i c t e d  
rates s i g n i f i c a n t l y  wi th  power l e v e l ,  i t  w a s  concluded t h a t  thermal  de-  
composi t ion  r e s u l t i n g  from high power d i s s i p a t i o n  i s  t h e  most probable  
sou rce  of t h e  p r e s s u r e  d i sc repancy .  

P r  ope 1 la n t Ana lys i s  

The hydraz ine  used f o r  t h i s  program w a s  s u p p l i e d  by t h e  JPL Edwards AFB 
Tes t  S t a t i o n .  A s a m p l e  from t h i s  drum of hydraz ine  w a s  a s sayed  by t h e  
Hughes Materials Technology Labora tory .  A t i t r a t i o n  t echn ique  w a s  u sed ,  
and two s a m p l e s  proved t o  be 99.92% and 99.997, hydraz ine .  The trace 
i m p u r i t i e s  w e r e  n o t  i d e n t i f i e d .  

P r e s s u r i z a t i o n  Gas 

A s a m p l e  of g a s  used f o r  p r e s s u r i z a t i o n  d u r i n g  t h e s e  tes ts  w a s  checked 
t o  v e r i f y  t h a t  i t  w a s  n o t  oxygen. The gas  w a s  t a k e n  from a compressed 
g a s  c y l i n d e r  c l e a r l y  marked "Ni t rogen  Gas". 
f a i l e d  t o  suppor t  combustion, t h u s  v e r i f y i n g  t h a t  i t  w a s  n o t  oxygen bu t  
r a t h e r  a n  i n e r t  gas .  

A s a m p l e  from t h i s  c y l i n d e r  
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E lec t r i c a  1 A r c  i ng T e  s t s 

I n  o r d e r  t o  e v a l u a t e  t h e  p o s s i b i l i t y  of a n  e lec t r ica l  arc be ing  re- 
s p o n s i b l e  f o r  i n i t i a t i n g  a r e a c t i o n  which l e d  t o  f a i l u r e  of t h e  
e l e c t r o l y s i s  c e l l ,  a series of a r c i n g  tests were conducted. Tests 
were conducted wich s t a i n l e s s  steel  and t u n g s t e n  electrodes i n  open 
and c losed  c o n t a i n e r s  w i t h  t h e  s p a r k  gap above,  a t ,  and below t h e  
l i q u i d  hydraz ine  s u r f a c e  and a t  
both  room tempera ture  and 160 F .  A t  no t i m e  was any s u s t a i n e d  
hydraz ine  decomposi t ion r e a c t i o n  achieved .  Only one combinat ion of 
t es t  c o n d i t i o n s  appeared t o  g i v e  even a mild r e a c t i o n .  With tungs t en  
e l e c t r o d e s  touching  t h e  hydraz ine  s u r f a c e  i n  a c losed  tes t  tube  wi th  
t h e  hydraz ine  tempera ture  a t  155OF and 60 v o l t s  a p p l i e d ,  a l a r g e  
b r i g h t  b lue-green  spa rk  w a s  obse rved ,and  t h e  cap was blown o f f  t h e  t e s t  
tube .  However, t h e  r e a c t i o n  appeared l o c a l i z e d  around t h e  s p a r k  gap 
which would i n d i c a t e  t h a t  n e i t h e r  t h e  bu lk  of t h e  l i q u i d  nor t h e  bu lk  
of t h e  vapor  were involved i n  t h e  r e a c t i o n  o u t s i d e  t h e  immediate 
l o c a l i t y  of t h e  spa rk .  From t h e  r e s u l t s  of t h e s e  tests it i s  no t  
c o n c l u s i v e  t h a t  e l e c t r i c a l  a r c i n g  could  have been t h e  i n i t i a t o r  of 
t h e  r e a c t i o n  which des t royed  t h e  e l e c t r o l y s i s  c e l l  on T e s t  713-3. 

a t  z o l t a g e s  of 20, 40 and 60 v o l t s  

Compa t i b  i 1 i t  y T e s  t s 

Because d a t a  on t h e  c o m p a t i b i l i t y  wi th  hydraz ine  of s e v e r a l  of t h e  
e l e c t r o l y s i s  c e l l  materials a t  e l e v a t e d  t e m p e r a t u r e s  w a s  non-ex i s t an t  , 
o r  a t  least very  meager, a series of c o m p a t i b i l i t y  tests were i n i t i a t e d .  
Materials s u b j e c t e d  t o  t h e s e  tests were: 

a.  

b.  

C .  

d .  

e. 

I r r a d i a t e d ,  c r o s s - l i n k e d  p o l y o l e f i n  heat s h r i n k a b l e  
s l e e v i n g  used f o r  e l e c t r i c a l  i n s u l a t i o n  on t h e  anode 
connec tor .  

Graph i t e  - Grade ATJ - a fragment from t h e  s h a t t e r e d  
area of t h e  e l e c t r o l y s i s  c e l l  anode. 

Polypropylene - from same r a w  s t o c k  as used f o r  t h e  
upper and lower anode i n s u l a t o r s .  

Polye thylene  f i l m  - used as e l e c t r i c a l  i n s u l a t i o n  on 
o u t s i d e  of i n n e r  e l e c t r o d e  e n c l o s u r e  t o  prevent  i t  from 
a c t i n g  as a n  a u x i l i a r y  cathode.  

S t r i p  of 2024 aluminum a l l o y  r e p r e s e n t a t i v e  of material 
used of i n n e r  and o u t e r  e l e c t r o d e  e n c l o s u r e s  and o t h e r  
parts of t h e  e l e c t r o l y s i s  c e l l .  
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Specimens of t h e  above materials w e r e  c l eaned  i n  accordance wi th  
t h e  a p p r o p r i a t e  Hughes c l e a n i n g  s p e c i f i c a t i o n  f o r  hydraz ine  s e r v i c e .  
The specimens w e r e  t h e n  weighed, p laced  i n  g l a s s  combustion tubes  
p a r t i a l l y  submerged i n  hydraz ine ,and  p r e s s u r i z e d  i n i t i a l l y  t o  5 ps ig .  
The tubes  w e r e  t h e n  p laced  i n  a thermal  test chamber and s u b j e c t e d  
t o  envi ronmenta l  t empera tures  of 160,  200 and 24OoF f o r  e i g h t  hours  
each .  A f t e r  each  8 hour exposure ,  t h e  specimens were examined f o r  
changes i n  appearance and a f t e r  200 and 240 F exposures  t h e  specimens 
were weighed. P r e s s u r e  i n  each tube  w a s  monitored and recorded hour ly .  
None of t h e  specimens e x h i b i t e d  any p r e s s u r e  r ise  beyond t h a t  which 
could  be a t t r i b u t e d  t o  t h e  envi ronmenta l  t empera ture .  

0 

The test  

a. 

b.  

C.  

d .  

e. 

A 1  though 

r e s u l t s  are summarized below: 

P o l y o l e f i n  - A f t e r  ZOOOF t es t ,  specimen w a s  s l i g h t l y  
w h i t e r  and more opaque t h a n  t h e  or ig ina losample ,and  
showed a weight  g a i n  of 6.4%. A f t e r  240 F it w a s  
ve ry  wh i t e  and opaque, had reduced i n  d i ame te r  from 
1/4" t o  3/16" and showed a t o t a l  weight  g a i n  of 35.8%. 

Graph i t e  - no change i n  appearance ,  weight g a i n  of 
0.08%. 

Polypropylene - N o  change i n  appearance weight  g a i n  
of 0.29% a f t e r  2OO0F and 0.57% a r t e r  246'F. 

Polye thy lene  - A f t e r  200 F t g s t ,  no change i n  appearance ,  
no weight change. A f t e r  240 F ,  specimen had mel ted ,  could 
n o t  be removed completely from tube  so  no weight  measure- 
ment p o s s i b l e .  

0 

2024 Aluminum -one change i n  appearance ,  weight  g a i n  of 
0.08% a f t e r  240 F tes t .  

t h e s e  t e s t s  showed t h e  i n a d v i s e a b i l i t y  of u s ing  p o l y o l e f i n  
and po lye thy lene  i n  hydraz ine  a t  200'F o r  above, 
d i d  n o t  y i e l d  any c o n c l m i v e  ev idence  t h a t  t h e s e  materials could have 
c o n t r i b u t e d  i n  any way t o  t h e  e l e c t r o l y s i s  c e l l  f a i l u r e .  

These c o m p a t i b i l i t y  tests d i d  not  i n c l u d e  a l l  materials used i n  t h e  
e l e c t r o l y s i s  ce l l .  They might w e l l  be  expanded t o  i n v e s t i g a t e  5056 
aluminum s c r e e n  ( ca thode ) ,  g l a s s  c l o t h  wick material, t h e  EPR O-ring 
compound,and o t h e r  materials of c o n s t r u c t i o n  and be extended t o  
h i g h e r  tempera tures  which may have e x i s t e d  l o c a l l y  i n  t h e  e l e c t r o d e  
area. 

Concurrent  A c t  i v  i t i e  s 

It w a s  determined t h a t  t h e r e  w a s  no o t h e r  test s i t e  a c t i v i t y  immediately 
p r i o r  t o  e l e c t r o l y s i s  c e l l  f a i l u r e  which conce ivably  could have c o n t r i -  
bu ted  t o  t h a t  f a i l u r e .  Pe r sonne l  no t  d i r e c t l y  involved i n  t h e  e l e c t r o l y s i s  
c e l l  t es t  were i n s p e c t i n g  and c l e a n i n g  a p r o p e l l a n t  s e r v i c i n g  cart .  The 

they 
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on ly  major e l ec t r i ca l  equipment i n  o p e r a t i o n  a t  t h e  t i m e  w a s  t h e  motor 
d r i v i n g  a vacuum pump used on t h e  f a c i l i t y  a l t i t u d e  chamber. T h i s  
motor had been o p e r a t i n g  con t inuous ly  and normally f o r  approximately 
two hour s  b e f o r e  c e l l  f a i l u r e ,  and i t  con t inued  normal o p e r a t i o n  fo l lowing  
t h e  f a i l u r e .  No o t h e r  equipment w a s  i n  o p e r a t i o n  which conce ivab ly  cox15 
5ave caused a c u r r e n t  s u r g e  which might have a f f e c t e d  c e l l  o p e r a t i o n .  

NASA Goddard F l i g h t  Experiment T e s t i n g  

A s  a r e s u l t  of t h e  f a i l u r e  i n  T e s t  713-3, special  e l e v a t e d  t empera tu re  
and c u r r e n t  t es t s  were conducted w i t h  t h e  NASA Goddard f l i g h t  experiment 
e l e c t r o l y s i s  c e l l .  The t e s t  d a t a  w a s  reviewed as a part of t h e  f a i l u r e  
i n v e s t i g a t i o n  s i n c e  i t  might r e v e a l  something s i g n i f i c a n t  f o r  t h e  JPL 
u n i t .  Two ove r  tes ts  were conducted. The f i r s t  t e s t  c a l l e d  f o r  
o p e r a t i n g  t h e  u n i t  a t  140 F ambient t empera tu re  a n d ;  t h e  second tes t  
c a l l e d  f o r  o p e r a t i n g  t h e  u n i t  a t  4 amperes. (Normal o p e r a t i o n  i s  60 
t o  100°F and 1 agp). 
o p e r a t i n g  a t  140 F s i n c e  i t  i s  a h igh  mass d e s i g n  e s p e c i a l l y  around 
t h e  ca thode  and i n  o u t e r  t a n k .  The bottom of t h e  t ank  i s  a f l a t  p l a t  
used f o r  a t t a c h m e n t ,  and i t  p rov ides  good thermal  conductance.  

0 

The f l i g h t  experiment u n i t  had no d i f f i c u l t y  

The e n t i r e  u n i t  h a s  not  been s u b j e c t e d  t o  4 amperes. A s ta inless  s t e e l  
s p r i n g  used as t h e , a n o d e  e l ec t r i ca l  connec t ion  w a s  i d e n t i f i e d  as t h e  
weakest component i n  t h e  u n i t  and i t  w a s  s u b j e c t e d  t o  4 amperes. The 
s p r i n g  reached a n  e s t i m a t e d  200 t o  300°F. 
would be unwise. We are c u r r e n t l y  planning t o  t es t  t h e  e n t i r e  u n i t  a t  
2 a m p e r e s .  I n  f l i g h t  t h e  u n i t  w i l l  expe r i ence  1 / 2  t o  1 ampere maximum 
and as f u r t h e r  p r o t e c t i o n  a one ampere  c u r r e n t  l i m i t i n g  d e v i c e  is 
con ta ined  i n  t h e  power c o n d i t i o n i n g  c i r c u i t r y .  

Thus t e s t i n g  t h e  e n t i r e  u n i t  

Based on t h i s  s p e c i a l  t e s t i n g  and d e s i g n  d i f f e r e n c e s  i t  w a s  concluded 
t h a t  t h e  f l i g h t  e x p e r i m e n t  i s  not  s u s c e p t i b l e  t o  the  type  of f a i l u r e  
w e  expe r i enced .  The heavy metal c y l i n d e r  backing up t h e  cathode s c r e e n  
o f f e r s  a good h e a t  s i n k  f o r  h o t  s p o t s .  The wick and s c r e e n  are  r o l l e d  
away  from t h e  anode and back around t h e  same metal c y l i n d e r .  T h i s  p r e -  
c l u d e s  t h e  s u s p e c t  f a i l u r e  mechanism d i s c u s s e d  la ter .  

Summary of F a i l u r e  I n v e s t i g a t i o n  

The f a c t s  d e r i v e d  i n  t h e  f a i l u r e  i n v e s t i g a t i o n  t end  t o  e l i m i n a t e  t h e  
fo l lowing  f a c t o r s  as p o s s i b l e  c o n t r i b u t o r s  t o  t h e  e l e c t r o l y s i s  c e l l  
f a i l u r e  : 

. S t r e s s  c o r r o s i o n  of t h e  t ank  s h e l l  

. Power supply o r  i n s t r u m e n t a t i o n  ma l func t ion  

. P r o p e l l a n t  contaminat ion 

. P r e s s u r a n t  g a s  contaminat ion 

. Other  concur ren t  a c t i v i t i e s  a t  t h e  t es t  s i t e .  

The tests which have been conducted t o  e v a l u a t e  e l ec t r i ca l  a r c i n g  as 
a p o s s i b l e  i n i t i a t o r  seem t o  have i n d i c a t e d  o n l y  a remote p o s s i b i l i t y  
t h a t  t h i s  could have c o n t r i b u t e d  t o  t h e  f a i l u r e .  
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A ca thode  s c r e e n  h o t - s p o t  i s  t h e  on ly  mechanism t h a t  f i t s  a l l  t h e  e v i -  
dence .  It a c c o u n t s  f o r  low r e s i s t a n c e  i n  a n e a r - s h o r t  c o n d i t i o n ;  it 
e x p l a i n s  t h e  a d d i t i o n a l  gas  g e n e r a t i o n  above p r e d i c t i o n  and why it  
i n c r e a s e s  w i t h  h i g h e r  power; i t  e x p l a i n s  t h e  two c u r r e n t  s u r g e s  as 
s h o r t s ;  and i t  e x p l a i n s  t h e  f a i l u r e  o c c u r r i n g  d u r i n g  t h e  second day 
r a t h e r  t h a n  t h e  f i r s t  day ,  since t h e  area i n  q u e s t i o n  i s  above t h e  
assumed p r o p e l l a n t  level i n  t h e  e l e c t r o l y s i s  c e l l  as evidenced by t h e  
f a i l e d  hardware d e s c r i p t i o n .  

Themost  probable  cause  of t h e  n e a r - s h o r t  c o n d i t i o n  i s  t h e  l o o s e  edge 
wires on t h e  s c r e e n  d i g g i n g  i n t o  o r  between t h e  l o o s e  weave of t h e  
wick. Th i s  c o n d i t i o n  h a s  occurred  a t  least  once b e f o r e  when a low 
r e s i s t a n c e  (5 ohms) w a s  r eco rded .  A t  normal c e l l  power levels i t  
would not  be a s e r i o u s  problem. Most of t h e  power d i s s i p a t i o n  would 
occur  a t  t h i s  p o i n t .  When t h e  l i q u i d  level w a s  above t h i s  p o i n t ,  as 
i n  T e s t  713-2, i t  a p p a r e n t l y  k e p t  t h e  t empera tu re  under c o n t r o l ,  b u t  
t h e  t empera tu re  w a s  s t i l l  h i g h  enough t o  decompose hydraz ine .  When 
t h e  l i q u i d  leve l  w a s  dropped f o r  T e s t  713-3 t h i s  area q u i c k l y  hea ted  
out  of c o n t r o l .  (5 minutes  above 40 v o l t s )  The wick r e t a i n e d  l i q u i d  
t o  a l l o w  c u r r e n t  f low. 
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1.0 INTRODUCTION 

T h i s  document d e s c r i b e s  t h e  t es t  program t o  be  conducted under Tasks V I 1  
and V I 1 1  of JPL C o n t r a c t  951720 on t h e  HS-209 Hydrazine E l e c t r o l y s i s  C e l l .  The 
tests d e s c r i b e d  h e r e i n  are of a margin l i m i t s  n a t u r e  t o  de t e rmine  i f  a c o n t r o l -  
l a b i l i t y  problem ex is t s  i n  t h e  e l e c t r o l y s i s  of hydraz ine  a t  c o n d i t i o n s  w e l l  
beyond t h e  normal l i m i t s  of e l e c t r o l y s i s  c e l l  o p e r a t i o n .  

The purpose of t h i s  document i s  t o  provide  in fo rma t ion ,  o u t l i n e  r e q u i r e -  
ments f o r  t h e  t e s t  program, and d e s c r i b e  t h e  g e n e r a l  t e s t  p lan .  D e t a i l e d  tes t  
procedures  and s p e c i f i c  requi rements  f o r  i n d i v i d u a l  tes ts  w i l l  be  prepared  as 
r e q u i r e d .  A l l  p r acedures ,  i n s p e c t i o n s  and tes ts  s h a l l  be approved by t h e  
cogn izan t  p r o j e c t  eng inee r .  

2.0 REFERENCE DOCUMENTS f 

The fo l lowing  docum n t s  are a p p l i c a b l e  t o  t h e  e x t e n t  i n d i c a t e d  h e r e i n :  

2 .1  Government Documents 

MIL-P-26536B Hydrazine 

2.2 HAC Documents 

X3106813 

CS 31023-400 

DP 30929-004 

SSD 80316R 

Hydrazine E l e c t r o l y s i s  C e  11, 
HS -209. 

P rocess ing  P a r t s  f o r  Hydrazine 
S e r v i c e .  

S p e c i f i c a t i o n  f o r  S a f e t y  of 
Pe r sonne l  and P r o p e r t y  i n  t h e  
Presence  of Hydrazine and 
Var ious  P a s s i v a t i o n  Agents .  

F i n a l  Repor t  JPL C o n t r a c t  951720 
August 1968. Hydrazine E l e c t r o l y s i s  
f o r  S p a c e c r a f t  Propuls ion .  

C o n t r a c t  Br ie f  No. 005 HS-209 Spacecra. f t  A t t i t u d e  Con t ro l -  
Dated 23 Janua ry  1969 Sta tement  of Work f o r  Tasks V I 1  
Reference  No. B 1 1 8 3  and V I 1 1  of JPL Con t rac t  951720 

3.0 GENERAL OBJECTIVES 

The g e n e r a l  o b j e c t i v e s  of t h i s  tes t  program are to :  

3.1 Determine i f  a c o n t r o l l a b i l i t y  problem e x i s t s  i n  the  hydraz ine  
e l e c t r o l y s i s  p rocess  a t  c o n d i t i o n s  i n  excess of t h e  normal l i m i t s  of e l e c t r o l y s i s  
c e l l  o p e r a t i o n .  
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3.2 Determine t h e  e f f e c t s  of a s h o r t  c i r c u i t  i n  t h e  e l e c t r o l y s i s  
c e l l .  

3.3 Main ta in  a r eco rd  l o g  book of a l l  Task V I 1  and V I 1 1  a c t i v i t i e s .  

3 .4  P repa re  and submit  a Task Report  d e s c r i b i n g  t h e  t es t  program, 
i n c l u d i n g  a d i s c u s s i o n  of t h e  r e s u l t s  and conc lus ions .  

4.0 SYSTEM CONFIGURATION 

The sys tem t o  be t e s t e d  c o n s i s t s  of a hydraz ine  e l e c t r o l y s i s  c e l l  i n s t a l l e d  
i n  a p r o p e l l a n t  tank .  The b a s i c  arrangement  i s  shown i n  HAC Drawing X3106813, 
d e f i n e d  i n  d e t a i l  by HAC Drawings X3106834 through X3106854 i n c l u s i v e ,  and 
modi f ied  as d e s c r i b e d  i n  HAC Report  SSD 80316R. 

5 .0  TEST PROGRAM 

NOTE: See F i g u r e  1 f o r  Tes t  System Schematic 

5 .1  Tank S a f e t y  Tests 

5.1.1 Proof T e s t  - Conduct a h y d r o s t a t i c  proof t e s t  of t ank  s h e l l  and 
f l a n g e  c l o s u r e  by p r q s s u r i z i n g  t o  750 p s i g  w i t h  GN w h i l e  t h e  t ank  s h e l l  i s  hea ted  
t o  300°F. Apply t h r e e  proof p r e s s u r e  c y c l e s  of 5 minutes  d u r a t i o n  each .  2 

5.1.2 Leak T e s t  - Conduct l e a k  t es t  of t ank  and f l a n g e  c l o s u r e  us ing  
GN a t  200 p s i g  and ambient tempera ture .  2 

5.2 Assembly and Check-Out 

5.2.1 Clean tank  s h e l l  and a l l  e l e c t r o l y s i s  c e l l  parts p e r  CS 31023-400. 

5.2.2 Assemble e l e c t r o l y s i s  c e l l  module as noted i n  Paragraph 4.0.  

5.2.3 Measure e l ec t r i ca l  r e s i s t a n c e  a c r o s s  e l e c t r o d e s  t o  v e r i f y  
absence  of a s h o r t  c i r c u i t .  

5 .3  C o n t r o l l a b i l i t y  Tests (See T e s t  Ma t r ix  i n  Tab le  I) 

S a f e t y  Note: 

Maximum v a l u e s  of test  parameters are as fo l lows :  

a .  Curren t :  30 amperes 
b .  Vol tage :  60 v o l t s  D.C. 
c.  Temperature ( P r o p e l l a n t )  : 300°F 
d .  P r e s s u r e :  400 p s i g  

Simultaneous o p e r a t i o n  a t  t h e  above l i m i t s  i s  n o t  planned. Tank 
p r e s s u r e  may be i n c r e a s e d  t o  a maximum of 600 p s i g  i f  t es t  d a t a  i n d i c a t e  a s t r o n g  
i n f l u e n c e  of p r e s s u r e  on t h e  e l e c t r o l y s i s  ra te .  
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T e s t i n g  s h a l l  proceed w i t h  c a u t i o n  and t e s t s  w i l l  be  t e rmina ted  
b e f o r e  t h e  above l i m i t s  are reached  i f  t h e r e  i s  ev idence  of i n s t a b i l i t y  o r  o t h e r  
hazard  t o  personnel  o r  equipment.  

5.3.1 High Vol tage  T e s t s  

5.3.1.1 I n s t a l l  e l e c t r o l y s i s  c e l l f t a n k  assembly i n  t es t  chamber and 
load  90% f u l l  w i th  nea t  hydraz ine .  

5.3.1.2 Survey - Conduct a v o l t a g e - c u r r e n t  su rvey  up t o  60V. 

5 .3 .1 .3  F u n c t i o n a l  T e s t  - O p e r a t e  c e l l  a t  60V u n t i l  o p e r a t i n g  parameters 
s t a b i l i z e .  Cont inue e l e c t r o l y s i s  f o r  one a d d i t i o n a l  hour .  

5.3.1.4 R e p e a t  Paragraph 5.3.1.1,  5.3.1.2 and 5.3.1.3 w i t h  t ank  45% 
f u l l  of nea t  N2H4. 

5.3.1.5 

5.3.2 High C u r r e n t ,  High Temperature  T e s t s  

5.3.2.1 Load t a n k  90% f u l l  w i t h  hydraz ine  p l u s  0.5% o x a l i c  a c i d .  

Repeat  Paragraph  5.3.1.4 wi th  t ank  10% f u l l  of n e a t  N2H4. 

5.3.2.2 Conduct v o l t a g e - c u r r e n t  survey  up t o  30 amperes o r  maximum 
a t t a i n a b l e  w i t h  a v a i l a b l e  power s u p p l i e s  i f  less t h a n  30 amperes. 

5.3.2.3 I f  unable  t o  r e a c h  30 amperes i n  Paragraph  5 .3 .2 .2 ,  change 
e l e c t r o l y t e  l e v e l  as necessa ry  t o  a t t a i n  a c u r r e n t  of 30 a.speres w i t h  a v a i l a b l e  
power s u p p l i e s .  

5.3.2.4 Opera te  c e l l  a t  fo l lowing  c u r r e n t  levels:  

a. 10 amperes 
b .  20 amperes 
c .  30 amperes 

Allow p r o p e l l a n t  tempera ture  t o  s t a b i l i z e  a t  each  c u r r e n t  level  
and a l l o w  p r e s s u r e  t o  i n c r e a s e  over  a g r e a t  enough range  t o  de te rmine  i f  p r e s s u r e  
level  h a s  a s i g n i f i c a n t  a f f e c t  on e l e c t r o l y s i s  ra te .  

5.3.2.5 &f e q u i l i b r i u m  tempera ture  i n  Paragraph 5.3.2.4 a t  30 amperes 
w a s  less t h a n  300 F ,  t he rma l ly  c o n d i t i o n  t e s t  chamber u n t i l  p r o p e l l a n t  tempera ture  
r e a c h e s  30% gOoF. 
p r e s s u r e  r eaches  400 ps ig .  

Cont inue e l e c t r o l y s i s  f o r  a minimum of one hour  o r  u n t i l  t ank  

5.3.2.6 R e p e a t  tes ts  of Paragraph 5.3.2.2,  5.3.2.4 and 5.3.2.5 wi th  
t ank  45”/, f u l l  and t h e  e l e c t r o l y t e  c o n c e n t r a t i o n  t w i c e  t h a t  used i n  above tests. 

5.3.2.7 Repeat  tes ts  of Paragraph  5.3.2.6 w i t h  t ank  10% f u l l  and 
e l e c t r o l y t e  c o n c e n t r a t i o n  9 times t h a t  used i n  tes ts  of Paragraph 5.3.2.2,  
5.3.2.4 and 5.3.2.5. 
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5.4 Shor t  C i r c u i t  Tests 

5.4.1 Shor t  C i r c u i t  Below Liquid Level 

5.4.1.1 Re-build e l e c t r o l y s i s  c e l l  w i th  t h e  e l e c t r o d e s  e l e c t r i c a l l y  
s h o r t  c i r c u i t e d  by means of a wi re  between t h e  ca thode  and anode. The s h o r t  
c i r c u i t  i s  t o  be loca ted  below t h e  l i q u i d  level when t h e  t ank  is  90% f u l l .  

5.4.1.2 Load t ank  90% f u l l  of hydraz ine  w i t h  0.5% o x a l i c  a c i d .  

5.4.1.3 With t ank  a t  ambient tempera ture  and p r e s s u r e  of approximately 
50 p s i g ,  s lowly  i n c r e a s e  v o l t a g e  a p p l i e d  t o  c e l l  u n t i l  s h o r t  c i r c u i t  burns  o u t .  
Do no t  exceed l i m i t s  noted i n  Paragraph 5.3.  P r e s s u r e  i s  no t  t o  exceed 100 ps ig  
d u r i n g  t h i s  t e s t .  

5.4.2 Shor t  C i r c u i t  Above Liquid Level 

5.4.2.1 Repea t  Paragraph 5 . 4 . l . e x c e p t :  

a .  S h o r t  c i r c u i t  i s  t o  be loca ted  above t h e  10% f u l l  
l i q u i d  l e v e l .  

b. Tank i s  t o  be f i l l e d  10% f u l l  of hydraz ine  w i t h  
4.5% o x a l i c  a c i d .  

6.0 FACILITIES REQUIREMENTS 

6 .1  S a f e t y  

6 .1 .1  Hydrazine - Hydrazine i n  a ve ry  t o x i c  and combust ible  m a t e r i a l  
and must be handled wi th  extreme c a t u i o n  and s t r i c t l y  i n  accordance of t o  accepted  
procedures .  JIAC Document DP 30929-004 " S p e c i f i c a t i o n  f o r  S a f e t y  of Personnel  and 
P rope r ty  i n  t h e  Presence of Hydrazine and Various P a s s i v a t i o n  Agents" s h a l l  app ly  
t o  t h i s  program. 

6.1.2 Gases - One of t h e  products  of hydraz ine  e l e c t r o l y s i s  i s  hydrogen 
gas  which i s  h igh ly  combust ible  when mixed wi th  a i r  o r  i s  i n  t h e  presence  of o t h e r  
o x i d i z e r s .  The requi rements  f o r  t e s t  c e l l  v e n t i l a t i o n  and absence of sou rces  of 
combustion inc luded  i n  t h e  above document (DP 30929-004) r e l a t i v e  t o  hydraz ine  
s h a l l  b e  e q u a l l y  a p p l i c a b l e  t o  hydrogen gas .  
whenever t h e r e  i s  t h e  p o s s i b i l i t y  of hydrogen leakage  from t h e  system and when- 
e v e r  hydrogen i s  being vented .  

These requi rements  s h a l l  app ly  

6.1.3 P r e s s u r e  Vesse l s  - The Surveyor p r o p e l l a n t  t anks  s h e l l  (HAC 
P/N 254094 o r  P/N 254175) t o  be used i n  t h i s  program has d e s i g n  b u r s t  p r e s s u r e  
of 1050 p s i .  With a s a f e t y  f a c t o r  of 4:1, t h e  maximum man-rated o p e r a t i n g  
p r e s s u r e  i s  262.5 p s i .  The i n d i v i d u a l  t ank  t o  be used f o r  t h e  hydraz ine  e l e c t r o l y s i s  
c e l l  s h a l l  be p r o o f - t e s t e d  a t  750 p s i  and 3OO0F, and subsequen t ly  in spec ted  f o r  
damage b e f o r e  use .  Whenever a t ank  is  be ing  p r e s s u r i z e d  i t  s h a l l  be loca t ed  behind 
a s u i t a b l e  ba r racade .  Under no c i rcumstances  s h a l l  any pe r sonne l  be on t h e  t ank  
side of t h e  ba r racade  if t h e  tank  p r e s s u r e  should  exceed 262.5 p s i .  
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Should t h e  t ank  be  s u b j e c t e d  t o  any shock,  blow, be  dropped 
o r  o the rwise  mis-handled,  i t  s h a l l  be  a g a i n  p r o o f - t e s t e d  a t  750 p s i  b e f o r e  
i t  i s  used a g a i n  f o r  t es t  purposes .  

6 .2  I n s t r u m e n t a t i o n  and T e s t  Equipment - The fo l lowing  equipment 
i s  r e q u i r e d  f o r  performance of t h e  tests d e s c r i b e d  h e r e i n :  

Power S u p p l i e s  - Regulated D.G. NJE Model EQR-10-10 

- Sorensen  - 6V, 30 amperes  

- Kepco - 80V, 8 amperes  

P r e s s u r e  Transducer  0-500 p s i  

Thermocouples - 0-300°F, Chromel-Alumel, Immersion Type 

Thermis to r  - 0 -3OOOF (Tank s h e l l  t empera ture)  

Recorder  - P e r i o d i c a l l y  sample d a t a  on v o l t a g e ,  c u r r e n t ,  

p r e s s u r e  and t empera tu re .  

Solenoid  Valves  (1) 

Hand Valves  (6) 

L ines ,  F i t t i n g s ,  E t c .  

T e s t  Chamber - Enclosed ,  i n s u l a t e d ,  hea t ed  t o  300 F .  0 

6.3 Genera l  F a c i l i t y  Requirements - Genera l  F a c i l i t y  requi rements  
i nc lude  t h e  fo l lowing:  

Hydrazine - To b e  s u p p l i e d  by JPL 

S o l v e n t s  - IPA, F reon ,  E t c .  

N i t rogen  

He 1 ium 

D i s t i l l e d ,  de - ion ized  water 

P r o p e l l a n t  loading  and d i s p o s a l  f a c i l i t i e s  

S a f e t y  Equipment 

Recorder  Paper  

Other  equipment,  f a c i l i t i e s ,  s u p p l i e s  normally 
r e q u i r e d  f o r  hydraz ine  p ropu l s ion  system t e s t i n g .  
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TABLE I 

HS-209 HYDRAZINE ELECTROLYSIS 

TEST MATRIX 

T e s t  P r o p e l l a n t  E l e c t r o l y t e  Vo l t age  C u r r e n t  P r o p e l l a n t  P r e s s u r e  Remarks 
No. Q u a n t i t y  Conc. V o l t s  Amps Temperature PSIG 

% F u l l  % OF 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12  

13 

14 

15 

16 

1 7  

18 

100% 

9 0% 

9 0% 

45 

45 

10 

10 

90  

90 

90  

45 

45 

45 

10 

10 

10 

90 

10 

Water 

0 

0 

0 

0 

0 

0 

0.5 

0.5 

0.5 

1.0 

1.0 

1.0 

4.5 

4.5 

4.5 

0.5 

4.5 

- 

0-60 

60 

0-60 

60 

0-60 

60 

0-10 

A / R  
A / R  
A / R  

A / R  
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- 

5 

5 

5 

5 

5 

5 
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30 

30 

0-30 
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20 
30 

30 

0-30 
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20 
30 

30 
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300 
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Amb 

Amb 

Amb 

Amb 
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Amb 

Amb 
Amb 
Amb 

300 

Amb 

Amb 
Amb 
Amb 

300 

Amb 

Amb 
Amb 
Amb 

3 00 O F  

Amb 

Amb 
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50-200 

100 

50-200 

100 

50-200 

100 

50-200 
50-200 
50-200 

50 -400 

100 

50-200 
‘5 0 - 2 00 
50-200 

50-400 

100 

50-200 
50-200 
50 -2 00 

50-400 

50 max 

50 max 

Tank s h e l l  proof 
t es t  
Survey - Neat N2H4 

C e l l  o p e r a t i o n  a t  
60V 
Survey 

C e l l  o p e r a t i o n  a t  
6 OV 
Survey 

C e l l  Ope ra t ion  a t  
6 OV 
Survey w i t h  5% 
E l e c  t r o  
High Cur ren t  T e s t s  
a t  ambient temp. 

Heat t es t  chamber 

Survey 

Survey 

S h o r t  c i r c u i t  t e s t  

S h o r t  c i r c u i t  t es t  
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I 750 p s i  
R e l i e f  Valve 

I 
I 
I 

I n s u l a t e d  
T e s t  

Chamber 
I 
I 

Heater I 3 
+ Prope l l a n  t 

F i l l  

Power 
SUPP 1 Y  

a Hand Valve 

6- GN2 Source 

07 & TO 
Atmos 

G a s  Vent 
t o  Disposa l  

-@ Solenoid Valve 

@ Temperature Sensor 

P res su re  Transducer  

T e s t  System Schematic 

F i g u r e  1 
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T e s t  No. 713-2 4130169 

Tank 90% F u l l  of Neat Hydrazine 

J- 

T i m e  V o l t s  C u r r e n t  - Amps Tank L iqu id  P r e s s  u r e  
Simpson D i g i t a l  Cl ip-on D i g i t a l  Temperature F Temperature F p s i g  
M u l t i -  V o l t -  Ammeter Vo l t -  
meter meter meter 

1018 10.0 10.27 1.15 
C e l l  O f f  

1038 
1042 
1045 
1050 
1055 
1110 
1112 
1120 
1122 
1125 
1130 
1145 
1200 
12 15 
1230 

1245 
1300 
1302 
1315 
1330 
1345 
1400 
1402 
1407 
1415 
1430 
1435 
1438 
144 5 
1450 
15 15 
1516 
1530 
1532 
1540 
1550 
1552 

9:9: 12 3 5 

10.0 
20.0 
40.0 
40.0 
40.2 
40.4 
50.0 
50.1 
59 
59 
59 
59 
60 
60 
59 
40.1 
4 1  
41.5 
50 
50 
50 
50 
50 
58 
58 
58 
58 

0 
25 
25 
25.5 
30.0 
30.5 
40 

40.8 
0 

PIS 

- 

- 
21.24 
41.79 
41.75 
42.06 
42.48 
51.70 
51.95 
61.20 
61.37 
61.51 
61.84 
62.12 
61.97 
61.47 
42.37 
42.95 
43.44 
51.53 
51.76 
51.60 
51.52 
51.58 
60.23 
59.97 
59.98 
60.19 

1.18 
2.80 
6.4 
8 .2  
7.5 
6.35 
7.45 
6.70 
8.0 
7.6 
7 . 1  
6.1 
6.0 
6 .4 
8 .0  
9.2 
6.95 
5.65 
6.75 
6.40 
6.85 
7.10 
6.9 
8.4 
9.3 
9 .0  
7 .8  

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
6.27 
6.62 
8.16 
9.20 
7.30 
5.85 
7.10 
6.65 
7.08 
7.36 
7.22 
8.65 , 

9.40 
9.27 
8 . 2 1  

55 .1  
55.3 
55.6 
55.9 
56.5 
60.0 
61.4 
64.3 
65.3 
67 -0  
70.0 
79.7 
88.6 
99.4 

110.2 
113.6 
125.8 
137.2 
138.5 
145.2 
153.1 
160.3 
166.2 
167.4 
170.1 
176.3 
185.7 

C i r c u i t  b r e a k e r  t r i p p e d  (15 amp) 
0 0 0 191.4 
26.42 8.6 8.40 191.3 
26.37 8.3 8.58 192.0 
27.08 6.2 6.53 193.3 
31.96 7.3 7.50 195.1 
32.25 6.3 6.46 195.5 
42.36 8.5 8 .72  196.3 
42.55 - 8.33 198.0 
42.65 7.65 7.98 199.6 
0 0 0 199.8 

60 
60 
62 
64 
66 
69 
70 
73 
73 
75 
77 
82  
88 
97 

10 7 
111 
122 
125 
128  
130 
138 
143 
148 
150 
155 
166 
178 

167 
176 
178 
178 
177 
1 7 8  
178  
179 
181 
180 

5.5 
5.6 
6.0 
7.0 
8.0 

10.3 
11.1 
12.4 
12.9 
14.0 
15.0 
18.8 
22.4 
27.2 
33.6 
35.0 
38.8 
42.4 
43.1 
48.0 
53.8 
59.9 
67.3 
68.9 
74.4 
79.8 
81 .2  

75.6 
71.8 
72.5 
71.2 
71.8 
72.3 
73.2 
78.0 
80.5 
78.8 
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T e s t  No. 713-2 (cont inued)  

* Note: 

M u l t i p l y  p r e s s u r e r e a d i n g s  by 10 t o  g e t  t r u e  p r e s s u r e  ( i . e .  E i n a l  
p r e s s u r e  w a s  788 p s i  not  78.8 p s i ) .  Th i s  w a s  due t o  mis loca ted  
dec imal  on d i g i t a l  v o l t  meter r eadou t  of p r e s s u r e .  

J. L Between 1230 and 1235 c u r r e n t  exceeded 10 amps .  Vol tage  w a s  lowered 
t o  40V t o  reduce  c u r r e n t  below 10 amps .  

-4 1- 



T e s t  No. 713-3 5 / 1 / 6 9  

Vol tage-Current  Survey - Tank 45% F u l l  of Neat Hydrazine 

Time V o l t s  Cur ren t  -Amp s Tank L iqu id  
Simpson D i g i t a l  Cl ip-on  D i g i t a l  Temperature  Temperature P r e s s u r e  
M u l t i -  V o l t -  Ammeter Vo l t -  OF F Ps ig  

0 

meter meter meter 

0958 
0 9  59 
1000 
1001 
1009 
1010 
1013 
1015 
1016 
1017 
1018 
10 19 
1020 

0 
1.1 
2.1 
5.2 
5.4 

10.0 
20.0 
30.0 
40.0 
50 .0  
60 .0  
4 0  
20  

0 - 
- 
5.50  
5.65 

10.23 
2 1 . 2 8  
32.40 
4 2 . 3 0  
51.97 
6 2 . 4 2  
42 .18  
20.56 

0 
.050 
.150 
.40 
.29 
.42 

1.00 
1.1 
1.53 
,2 . 0 
2.7 
1 .7  
J- 

0 - 
- 
.32 
.26 
- 4 2  

1.00 
1.15  
1 .59  
2.05 
2.67 
1 .74  
1.12 

5 4 . 4  - 
- 
54.3 
54.5 
54.6 
54.6 
54.7 
54.7 
54.7 
5 4 . 8  
5 4 . 8  
-'-a. ,. A 

59 
- 
- 
59 
59 
59 
59  
59 
59 
59 
6 0  
6 1  
.l.,L.L ,, ,, ,, 

52 
- 
- 
53 
52 
5 4  
53 
5 4  
5 4  
54 
57 
59 
J-.L.L-L 
I. ,. I. ,. 

it Clip-on ammeter w a s  s t i l l  r ead ing  1.1 amp a f t e r  tempera ture  rise w a s  f i r s t  
observed.  

9:9: 130 t o  150°F and r i s i n g  r a p i d l y  

Read as 810 F and r i s i n g  r a p i d l y  0 J I a- ,tit a, 

,t" r C d l i r  .L I- Tank r u p t u r e d  b e f o r e  p r e s s u r e  d a t a  could  be r ead .  
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FA ILURE I N V E  STIGATI ON 

Notes on Loca t ion  and Cond i t ion  of E l e c t r o l y s i s  

C e l l  P a r t s  

1. "Dome" - Found abou t  10 f e e t  from tes t  chamber. Had been den ted  
on t o p  from i m p a c t  w i t h  s o l i d  o b j e c t ,  probably t o p  of chamber. 
S e t  screw w a s  s t i l l  i n  dome had been s t r i p p e d  o u t  of top  of 
o u t e r  s h e l l .  Dome s t i l l  con ta ined  g a s  t r a n s f e r  t ube  and part 
of c o n t r o l  suppor t  t u b e  which f r a c t u r e d  through r a d i a l  gas  o u t l e t  
parts, 

2 .  Anode - Found on ground j u s t  below chamber w i t h  lower 1 t o  2 i n c h e s  
mis s ing .  Fragments of anode were found s c a t t e r e d  on  h i l l s i d e  up t o  
approximate ly  20 f e e t  f rom chamber. 

3 .  Cathode Sc reen  - A piece approximate ly  7" x 7" w a s  s t i l l  i n s i d e  
o u t e r  s h e l l .  A few f ragments  of ca thode  s c r e e n  w e r e  found on 
h i l l s i d e  i n c l u d i n g  piece w i t h  e l ec t r i ca l  connec tor  t a b .  Fragments 
found on h i l l s i d e  showed only  s l i g h t  e f f e c t s  & h e a t  wh i l e  t h e  
lower p a r t  of t h e  l a r g e  p i e c e  remaining i n s i d e  t h e  o u t e r  s h e l l  
w a s  damaged by h e a t  (probably  i n  r e s u l t i n g  f i r e ) .  

4 .  Wick - P a r t  of wick approximate ly  7" x 7" w a s  found i n s i d e  t h e  
o u t e r  s h e l l  a long  wi th  t h e  ca thode .  The lower edge w a s  badly  
blackened by t h e  f i r e .  A s m a l l  ' I '  x 1" piece of wick w a s  found 
about  10 f e e t  away on t h e  h i l l s i d e ,  i t  showed no ev idence  of h e a t ,  
w a s  on ly  ve ry  s l i g h t l y  d i r t y  from exposure .  

5. Outer  s h e l l  (2 1 /2"  d i a .  tube)  - Remained i n  t e s t  chamber, w a s  
blackened by f i r e .  S e t  screw a t t a c h i n g  o u t e r  s h e l l  t o  dome had 
s t r i p p e d  o u t  l o n g i t u d i n a l l y .  A t  lower edge ,  a s e c t i o n  about  1" 
wide w a s  bulged ou t  t e a r i n g  away some of t h e  metal f rom o f f  t h e  
edge of t h e  pa r t .  

6 .  Inne r  S h e l l  - Lower end (about  3" l e n g t h )  w a s  c o l l a p s e d  inward from 
a n  e x t e r n a l  f o r c e .  
c i rcumference .  I n s i d e  s u r f a c e  w a s  v e r y  c l e a n  i n  lower end of p a r t ;  
upper p a r t  s l i g h t l y  d i s c o l o r e d  i n s i d e .  Ou t s ide  s u r f a c e  w a s  badly  
b lacked  from f i r e  except  top  2" t o  4". 

A t  bot,tom edge ,  3/4" w a s  miss ing  over  18O0F of 

7. Screen  Compartments - Fragments ,  probably from top  compartment 
found on h i l l s i d e ,  no h e a t  damage. One of t h e  t h r e e  lower 
compartment, w i th  cup p a r t  mi s s ing ,  w a s  found on ground a t  base  
of tes t  chamber n e a r  anode. T h i s  w a s  p robably  t h e  top  s e c t i o n  
of t h e  l a r g e  s c r e e n  compartment and showed no h e a t  damage. 
Another  s e c t i o n  of s c r e e n  from t h e  l a r g e  s c r e e n  compartments 
w a s  found i n s i d e ,  p r o t r u d i n g  s l i g h t l y ,  t h e  i n n e r  s h e l l .  T h i s  
w a s  p robably  tile c e n t e r  compartment. A t h i r d  s e c t i o n  of s c r e e n  
w a s  found wedged i n  a c r a c k  i n  t h e  t ank  s h e l l  which remained 
a t t a c h e d  t o  the  t ank  f l a n g e .  T h i s  w a s  probably t h e  lower compartment. 
Both of t h e s e  l a t t e r  w e r e  bad ly  d i s c o l o r e d  from h e a t .  Fragments of 
s c r e e n  found on h i l l s i d e  were most ly  f ree  of h e a t  d i s c o l o r a t i o n ,  b u t  
a few small pieces showing h e a t  damage were a l s o  found. 
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8. C e n t r a l  suppor t  t ube  - Main p a r t  of t ube  w a s  found s t i l l  i n s i d e  
i n n e r  s h e l l .  Tube f r a c t u r e d  a t  t o p  face of j a m  n u t  locking  i t  
t o  f l a n g e  c l o s u r e .  Tube a l s o  f r a c t u r e d  a t  4 r a d i a l  g a s  o u t l e t  
p o r t s  i n s i d e  t o p  s c r e e n  compartment. S e c t i o n  of t ube  above t h e s e  
h o l e s  w a s  s t i l l  a t t a c h e d  t o  dome. P a r t  above dome w a s  sheared  
o f f ,  f l a t t e n e d .  

9. T e f l o n  Spacers  - lower spacer w a s  s t i l l  on t u b e ,  bad ly  damaged by 
h e a t .  Middle spacer s t i l l  on t u b e  blackened by f i r e  - b u t  d i s p l a c e d  
upward 2". Top long spacer w a s  found on ground nea r  anode. S h o r t  
f l a n g e d  spacer w a s  found on h i l l s i d e .  Both top  spacers were un- 
damaged by h e a t .  

0 
10. I n s u l a t o r s  - Top - Two pieces each about  90 qudran t  found on 

h i l l s i d e .  

Bottom - S e v e r a l  s m a l l  pieces bad ly  damaged by 
h e a t ,  u n i d e n t i f i e d .  

11. Tank Flange  Closure  - Disco lo red  by h e a t  b u t  no ev idence  of 
e l ec t r i ca l  damage, a r c i n g .  e t c .  Three screws hold ing  f l a n g e  
c l o s u r e  t o  t a n k  had heads popped o f f .  

1 2 .  Electr ical  Connectors  - Anode - Found p a r t  of aluminum s l e e v e  t o  
connect  f e e d  through connec tor  t o  s t u d  screwed i n t o  anode.  
It  showed no h e a t  damage b u t  w a s  broken i n  middle ,  on ly  
one h a l f  found. 

Cathode - Found connec to r  a t t a c h i n g  feedthrough conductor  
t o  t a b  on ca thode  s c r e e n .  N e i t h e r  i t  nor  t a b  nor f e e d -  
through were damaged by h e a t  except  f o r  feedthrough damaged 
by r e s u l t i n g  f i r e .  

13. Miss ing  P a r t s :  

a .  Anoi'e e l e c t r i c a l  connec tor  s t u d .  

b. I d e n t i f i a b l e  par ts  of lower i n s u l a t o r .  

c.  One-half of upper i n s u l a t o r  

d .  O-ring from bottom of o u t e r  s h e l l .  

e. I d e n t i f i a b l e  parts of upper s c r e e n  compartment. 
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This 
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