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ABSTRACT 

T h i s  r e p o r t  d i s c u s s e s  t h e  p r o g r e s s  d u r i n g  t h e  f i f t h  q u a r t e r  of t h e  

development of a  h e a t  s t e r i l i z a b l e ,  s e a l e d ,  remotely  a c t i v a t e d  b a t t e r y  p e r  

c o n t r a c t  number 952214 between t h e  J e t  P r o p u l s i o n  Laboratory  and Eagle- 

P i c h e r  I n d u s t r i e s ,  I n c .  The work i s  be ing  conducted under Phase I1 of t h e  

c o n t r a c t  which i s  t h e  assembly of components s e l e c t e d  from Phase I i n t o  a  

b a t t e r y .  

A b r i e f  c e l i  s t u d y  was conducted t o  de te rmine  t h e  most e f f i c i e n t  

d e s i g n  f o r  t h e  requ i rements .  The t e s t s  c o n s i s t e d  of s e p a r a t o r  s t u d i e s  

w i t h  wet s t a n d  l i f e  and d i s c h a r g e  r a t e s  a s  t e s t  p a r a m e t e r s .  The r e s u l t s  

show t h a t  2409 c o t t o n  w e b r i l  i s  a n  e f f i c i e n t  s e p a r a t o r  i f  t h e  wet s t a n d  l i f e  

i s  no t  g r e a t e r  t h a n  30 minu tes .  I f  t h e  no-load a c t i v a t e d  s t a n d  i s  i n  e x c e s s  

of one h o u r  b u t  l e s s  t h a n  72 h o u r s ,  a  combinat ion of 43661 hemp and .010 

i n c h  t h i c k  a s b e s t o s  i s  more e f f i c i e n t .  Between t h e  30 minute and one 

hour  p e r i o d ,  t h e  two appear  t o  be e s s e n t i a l l y  e q u a l  i n  performance.  These  

d e t e r m i n a t i o n s  a r e  based on t h e  10 and 24 minute d i s c h a r g e  r a t e s  d e s c r i b e d  

i n  t h e  c o n t r a c t ' s  s t a t e m e n t  of work. 

I g n i t o r s  (NEI-3) manufactured by Network E l e c t r o n i c s  were proven 

c a p a b l e  of h e a t  s t e r i l i z a t i o n .  F i f t y  u n i t s  were s u b j e c t e d  t o  s i n u s o i d a l  

v i b r a t i o n  a t  l e v e l s  up t o  30 g ' s ,  n o - f i r e d  a t  0 .55  ampere f o r  16 seconds  

w h i l e  s t a b i l i z e d  a t  165OF, h e a t  s t e r i l i z e d  and s u b j e c t e d  t o  a  Bruceton 

t e s t .  The r e s u l t s  show t h a t  t h e  i g n i t o r s  w i l l  f u n c t i o n  w i t h  a  r e l i a b i l i t y  

of 0 .997 a t  a  c u r r e n t  l e v e l  of 1 .682  amperes.  

Components f o r  t h e  i n i t i a l  p r o t o t y p e  b a t t e r y  have been f a b r i c a t e d  

o r  p r o c u r e d .  The d e s i g n  c o n s i s t s  of 22 c e l l s  i n  s e r i e s .  The s e p a r a t o r  

sys tem i s  2409 w e b r i l .  A s  d e f i n e d  now, t h e  p h y s i c a l  s i z e  of t h e  b a t t e r y  

i s  6 .62  i n c h e s  by 7.12 inches  by 6 .03  i n c h e s .  
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1 . 0  INTRODUCTION 

This  r e p o r t  p r e s e n t s  t h e  r e s u l t s  of work dur ing  t h e  f i f t h  q u a r t e r  

ending 30 September 1969. Various c e l l  c o n f i g u r a t i o n s  l e a d i n g  towards 

t h e  f a b r i c a t i o n  o f  a  remotely  a c t i v a t e d  h e a t  s t e r i l i z e d  b a t t e r y  were 

s t u d i e d .  A d d i t i o n a l  t e s t i n g  was performed w i t h  i g n i t o r s  f o r  use  a s  t h e  

i n i t i a t i n g  mechanism of t h e  b a t t e r y .  A p r e l i m i n a r y  l a y o u t  of t h e  f i r s t  

p r o t o t y p e  b a t t e r y  h a s  been made. 

2 . 0  TECHNICAL DISCUSSION 

2 . 1  C e l l  Design 

As a  c o n t i n u a t i o n  of t h e  c e l l  s t u d y  d e s c r i b e d  i n  t h e  f o u r t h  q u a r t e r l y  

r e p o r t ,  t e s t s  were conducted on v a r i o u s  d e s i g n  c o n f i g u r a t i o n s .  The t e s t s  

involved d i scharged  a t  one of two r a t e s  a l o n g  w i t h  a c t i v a t e d  s t a n d s  of 

va ry ing  l e n g t h .  The two r a t e s  were 4 6 . 2  amperes (1200 w a t t s )  and 1 9 . 2  

amperes (500 w a t t s ) .  A l l  of t h e  c e l l s  t e s t e d  were enc losed  i n  f a b r i c a t e d  

p o l y s u l f o n e  c e l l  c a s e s .  I n  o r d e r  t o  remove excess  s o l v e n t  from t h e  po ly-  

s u l f o n e  s e a l s ,  each  c e l l  was s u b j e c t e d  t o  vacuum w h i l e  i n  a n  ambient of 

85OC b e f o r e  be ing  h e a t  s t e r i l i z e d .  

The f i r s t  s e r i e s  of t e s t s  were a c t u a l l y  a  c o n t i n u a t i o n  of t h o s e  r e p o r t e d  

i n  t h e  f o u r t h  q u a r t e r l y  r e p o r t .  Four  s i l v e r - o x i d e  and f i v e  z i n c  p l a t e s  were 

used i n  each c e l l .  The p o s i t i v e  p l a t e s  had a  nominal weight  of 2 .4  grams 

p e r  s q u a r e  i n c h  and a n  average  t h i c k n e s s  of .028 i n c h .  There  were two 

t y p e s  of n e g a t i v e  p l a t e s  used .  Three  of t h e  f i v e  n e g a t i v e  p l a t e s  averaged 

1 .18 grams p e r  s q u a r e  inch  and .027 i n c h  t h i c k .  The two o u t s i d e  n e g a t i v e  

p l a t e s  were .066 gram p e r  s q u a r e  i n c h  and .018 inch  t h i c k .  Each p l a t e  was 

s e p a r a t e d  w i t h  s i n g l e  l a y e r s  of .010 i n c h  t h i c k  a s b e s t o s  and 4366T hemp. 

The a s b e s t o s  was p o s i t i o n e d  a g a i n s t  t h e  p o s i t i v e  p l a t e .  Each c e l l  was 

a c t i v a t e d  w i t h  a  1 . 3 0  s p e c i f i c  g r a v i t y  s o l u t i o n  of po tass ium hydrox ide .  



2 . 1  C e l l  Design (Cont.inued) 

The c e l l s  were then  discharged a t  t he  time i n t e r v a l s  (wet s t a n d )  and amperages 

l i s t e d  below: 

C e l l  Number Wet Stand Discharge Rate 

8  30 minutes 46.2 amps 
9  45 minutes 19.2 amps 

10 72 hours 46.2 amps 
11 144 hours 46.2 amps 
12 216 hours 46.2 amps 
13 288 hours 46.2 amps 

Resul t s  of t he  d ischarges  i nd ica t ed  t h a t  t h e r e  was some capac i ty  l o s s  

w i th  r e spec t  t o  wet s tand t ime.  This  can be seen  by t h e  curves depic ted  

i n  F igures  I through V I .  C e l l s  having a  s h o r t  s tand  l i f e  performed s a t i s -  

f a c t o r i l y  a t  both the  1200 and 500 watt  r a t e s .  However, a t  t h e  end of 72 

hours ,  d i scharges  a t  both r a t e s  showed a  capac i ty  l o s s  of approximately 75 

percent  over those  c e l l s  subjec ted  t o  30 minute s tand  l i v e s .  P l a t e  vo l t ages  

were approximately .15 t o  .2  v o l t s  lower a f t e r  more lengthy wet s t a n d s .  

One c e l l  (number 13) was completely se l f -d ischarged  a f t e r  180 hours of open 

c i r c u i t .  Ce l l  number 12 had a  f o u r  minute d ischarge  l i f e  a t  t h e  end of 260 

hours .  The remaining c e l l s  performed a t  l e a s t  11.75 minutes a t  46.2 amperes. 

I n  each case  t h e  vol tage  cu tof f  was 1.0 v o l t s .  Af t e r  d i scharge  the  expended 

c e l l s  were disassembled i n  an  at tempt  t o  v i s u a l l y  determine poss ib l e  f a i l u r e  

modes. No evidence of a  d i r e c t  s h o r t  was found. The p o s i t i v e  e l ec t rodes  

had a  smooth cream t e x t u r e  which i s  r ep re sen ta t ive  of a  completely discharged 

c e l l .  I n  view of t h i s ,  i t  was theor ized  t h a t  the  degrada t ion  of t he  c e l l  was 

a  r e s u l t  of the  sepa ra to r  becoming loaded wi th  s i l v e r  e f f e c t i n g  a  high r e s i s -  

t ance  s h o r t  between the  p o s i t i v e  and negat ive p l a t e s .  This type  of f a i l u r e  

would r e q u i r e  a  lengthy period of time t o  d ischarge  the  c e l l  and the  cQuse 

of f a i l u r e  would be d i f f i c u l t  t o  f i n d .  Examination of t h e  s e p a r a t o r s  removed 















2 . 1  C e l l  Design (Cont inued)  

from c e l l s  s u b j e c t e d  t o  long  s t a n d s  d i d  d i s c l o s e  some s i l v e r  i n c l u s i o n .  

These t e s t s  i n d i c a t e d  t h a t  c e l l s  s e p a r a t e d  w i t h  a  hemp and a s b e s t o s  combina- 

t i o n  shou ld  be  c a p a b l e  of wet a c t i v a t e d  l i v e s  of a t  l e a s t  72 h o u r s .  

The second s e r i e s  of t e s t s  were made i n  o r d e r  t o  e s t a b l i s h  a  d i r e c t  

comparison between t h e  hemp-asbestos combina t ion  and 2409 c o t t o n  w e b r i l .  

The c e l l  d e s i g n s  were i d e n t i c a l  t o  t h e  f i r s t  s e r i e s  w i t h  t h e  e x c e p t i o n  of 

s e p a r a t o r s .  These c e l l s  were s u b j e c t e d  t o  v a r i o u s  a c t i v a t e d  s t a n d  p e r i o d s  

and d i s c h a r g e d  a t  e i t h e r  1200 o r  500 w a t t  r a t e s .  The r e s u l t s  of  t h e  t e s t s  

a r e  shown i n  F i g u r e s  VII th rough  X I I .  C e l l s  d i s c h a r g e d  a f t e r  1 0  minutes  of 

a c t i v a t e d  l i f e  r e v e a l e d  t h a t  t h o s e  s e p a r a t e d  w i t h  2409 w e b r i l  e x h i b i t e d  

b e t t e r  d i s c h a r g e  c h a r a c t e r i s t i c s  t h a n  t h o s e  s e p a r a t e d  w i t h  hemp and a s b e s t o s .  

However, a t  t h e  end of 30 minutes  a t  t h e  500 w a t t  r a t e  t h e  d i s c h a r g e  c h a r a c -  

t e r i s t i c s  f o r  b o t h  s e p a r a t o r  t y p e s  were e s s e n t i a l l y  t h e  same. C e l l  number 19 

( F i g u r e  X I I )  showed some d e g r a d a t i o n  i n  performance a f t e r  one hour  of  wet 

l i f e .  T h i s  c e l l  was s e p a r a t e d  w i t h  t h e  2409 c o t t o n  w e b r i l .  From t h e  d a t a  

i t  may be concluded t h a t  t h e  c o t t o n  s e p a r a t o r  o f f e r s  a  b e t t e r  c e l l  p e r f o r -  

mance w i t h  wet s t a n d s  of 30 minutes  o r  l e s s .  Beyond t h i s  p o i n t  c o t t o n  

a p p a r e n t l y  t e n d s  t o  d e g r a d e .  With wet s t a n d s  i n  e x c e s s  of 30 minutes  and 

l e s s  t h a n  72 hours  t h e  hemp-asbestos combinat ion should  b e  s a t i s f a c t o r y .  I n  

t h e  d e s i g n  a p p l i c a t i o n  f o r  t h i s  c o n t r a c t  t h e  w e b r i l  s e p a r a t i o n  should  b e  

s a t i s f a c t o r y .  One l e s s  c e l l  would be  r e q u i r e d  t o  meet t h e  26 v o l t  r equ i rement  

i f  w e b r i l  i s  used i n s t e a d  of hemp and a s b e s t o s .  

2 . 2  P y r o t e c h n i c s  

During t h e  p a s t  q u a r t e r  e v a l u a t i o n  was made of a n  e l e c t r i c  i n i t i a t o r  

manufactured by Network E l e c t r o n i c s  of Chatsworth ,  C a l i f o r n i a .  Th i s  i g n i t o r ,  

a l t h o u g h  s i m i l a r  p h y s i c a l l y  t o  t h o s e  p r e s e n t l y  used a t  E a g l e - P i c h e r ,  i s  new 















2 . 2  (Continued) 

i n  t h a t  the  br idgewire i s  made'of pyrofuze. The e l e c t r i c a l  c h a r a c t e r i s t i c s  

of the  i g n i t o r  c o n s i s t  of a  0.55 ampere n o - f i r e  f o r  16 seconds a t  165°F and 

a  guaranteed a l l - f i r e  of 1 .75 amperes a t  130°F. Several  of these  u n i t s  were 

s t e r i l i z e d ,  no- f i red  and then  f i r e d  a t  Eagle-Picher without  any f a i l u r e s .  

In  order  t o  v e r i f y  t he  c a p a b i l i t i e s  of t h e  i g n i t o r  t o  s a t i s f a c t o r i l y  perform 

a f t e r  hea t  s t e r i l i z a t i o n  a  Bruceton t e s t  was performed wi th  50 of t h e  NEI-3 

i g n i t o r s .  This  t e s t  i s  designed t o  e s t a b l i s h  s t a t i s t i c a l l y  t h e  r e l i a b i l i t y  

of t he  u n i t  a t  s p e c i f i c  cu r r en t  l e v e l s .  The t e s t  a l s o  provides an i n d i c a t i o n  

of t he  s a f e t y  margin between n o - f i r e  and f i r e  l e v e l s .  

The procedure by which a  Bruceton t e s t  i s  performed involved a  s e l e c t i o n  

of a  s t a r t i n g  p o i n t  and an increment of change. I n  t h i s  case  the  s t a r t i n g  

poin t  was 1 .6  amperes and t h e  increment was 0 .1 .  The f i r s t  u n i t  i s  subjec ted  

t o  t h e  1 . 6  ampere c u r r e n t .  I f  i t  f i r e s ,  t h e  second i g n i t o r  i s  s e l e c t e d  and 

subjected t o  a  cu r r en t  one increment lower (1 .5  amperes). Should the  second 

u n i t  not f i r e ,  t he  cu r r en t  i s  increased one increment (1.6 amperes) and the  

t h i r d  u n i t  i s  t e s t e d .  However, i f  t he  second u n i t  does f i r e ,  t he  cu r r en t  

l e v e l  i s  aga in  decreased by one increment.  Each match t h a t  f a i l s  t o  f i r e  i s  

s e t  a s i d e .  This  procedure i s  continued u n t i l  each u n i t  has been subjec ted  

t o  t e s t .  Af te r  a l l  u n i t s  have been t e s t e d  those  which did not f i r e  a r e  

subjected t o  a  c u r r e n t  l e v e l  a t  which a l l  t h e  i g n i t o r s  should f i r e  (1.7 amperes). 

This i s  t o  demonstrate t h a t  none of t h e  u n i t s  a r e  duds. P r i o r  t o  a c t u a l  pe r fo r -  

mance of t h e  Bruceton t e s t  each i g n i t o r  was subjec ted  t o  c e r t a i n  t e s t s  among 

which was a  100 percent  n o - f i r e  of 0 .55 ampere f o r  16 seconds while  s t a b i l i z e d  

a t  100°F. This  t e s t  was performed subsequent t o  t he  matches having undergone 

v i b r a t i o n  of 10 and 30 g ' s  s inuso ida l  and 135OC heat  s t e r i l i z a t i o n .  The 

r e s u l t s  of t h e  30°F Bruceton t e s t  were a s  fol lows:  



2 .2  Pyro techn ics  (Continued) 

1. Mean v a l u e  of f i r e s  = 1.446 amperes 

2 .  Sigma ( 6 )  v a l u e  = 0.0786 

3 .  Mean p l u s  t h r e e  sigma = 1 .682  (0 ,997  r e l i a b i l i t y )  

4 .  A l l  u n i t s  no t  f i r e d  were f i r e d  a t  1 . 7  amperes.  

The r e s u l t s  o f  t h e  Bruceton t e s t  i n d i c a t e  t h a t  t h e  matches a r e  c a p a b l e  

of meeting t h e  requ i rements .  

2 . 3  B a t t e r y  Design 

The e f f o r t  expended d u r i n g  t h e  l a t t e r  p a r t  of t h e  p a s t  q u a r t e r  was 

d i r e c t e d  towards t h e  d e s i g n  and f a b r i c a t i o n  of components f o r  p r o t o t y p e  

b a t t e r i e s .  The c e l l  components were s e l e c t e d  from t h e  d a t a  accumulated 

d u r i n g  t h e  t e s t i n g  d e s c r i b e d  i n  pa ragraph  2 . 1  of t h i s  r e p o r t .  Each compon- 

e n t  of t h e  b a t t e r y  was t h e n  designed i n  accordance w i t h  t h e  c e l l  d e s i g n .  

The v a r i o u s  components s h a l l  be  d e s c r i b e d  s e p a r a t e l y .  The b a s i c  d e s i g n  

c o n s i s t s  of 22 c e l l s  u s i n g  t h e  w e b r i l  s e p a r a t o r .  The assembly s h a l l  b e  

encapsu la ted  and con ta ined  w i t h i n  a  f a b r i c a t e d  s t a i n l e s s  s t e e l  hous ing .  

2 . 3 . 1  P o s i t i v e  P l a t e  

S i l v e r - o x i d e  e l e c t r o d e s  were  p a s t e d  and e l e c t r i c a l l y  formed t o  a 

weight  of 2 .40 grams p e r  square  i n c h .  The average  d e n s i t y  i s  approximately  

8 5  grams p e r  cub ic  i n c h .  Each p l a t e  was c u t  t o  dimensions s l i g h t l y  under 

t h o s e  r e q u i r e d  t o  a l l o w  f o r  a  permanent i n c r e a s e  i n  s i z e .  Each p l a t e  was 

t h e n  exposed t o  a  p a r t i a l  h e a t  s t e r i l i z a t i o n  c y c l e  t o  s t a b i l i z e  i t s  p h y s i c a l  

s i z e  and minimize g a s s i n g  i n  t h e  b a t t e r y .  The f i n a l  p l a t e  s i z e  i s  shown i n  

F i g u r e  X I I I .  F i v e  p l a t e s  a r e  used p e r  c e l l .  Assuming l o s s e s  due t o  c e l l  

e f f i c i e n c y  (25% of t h e o r e t i c a l )  and h e a t  s t e r i l i z a t i o n  (30% of t h e o r e t i c a l )  

t h e  t h e o r e t i c a l  p o s i t i v e  c a p a c i t y  i s  9 . 5  ampere-hours.  
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2.3 .2  Negative P l a t e  

The negat ive  e l ec t rode  was electroformed t o  a  weight of 1 .25 grams 

per  square inch and pasted t o  a  dens i ty  of 48 grams per  cubic  inch .  No 

s p e c i a l  t reatment  was requi red  p r i o r  t o  assembly of t he  c e l l  s i n c e  t h e  

zinc p l a t e  i s  r e l a t i v e l y  s t a b l e  through heat  s t e r i l i z a t i o n .  S ix  p l a t e s  

a r e  used per  c e l l .  With expected lo s ses  deducted, t h e  z inc  capac i ty  of 

the  c e l l  i s  es t imated t o  be approximately 13 ampere-hours. The p l a t e  s i z e  

i s  shown i n  F igure  X I I I .  

2 . 3 . 3  Separa tor  

As a  r e s u l t  of t e s t s  performed afid i n  cons ide ra t ion  of t he  wet l i f e  

requirements of t h e  work s ta tement ,  2409 c o t t o n  a s  manufactured by Kendall 

Mi l l s  i s  being used as  t h e  s e p a r a t o r .  This ma te r i a l  o f f e r s  t o t a l  wet l i f e  

c a p a b i l i t i e s  of 1 . 5  hours .  The work s tatement  r equ i r e s  a  maximum wet s tand 

under no-load of 30 minutes followed by a  maximum discharge time of 24 

minutes.  The c o t t o n  s e p a r a t o r ' s  c a p a b i l i t i e s  under t hese  condi t ions  have 

been v e r i f i e d  during t e s t s  descr ibed i n  paragraph 2.1.  A s i n g l e  l a y e r  of 

s epa ra to r  s h a l l  be folded around the  lower edge of t he  p o s i t i v e  p l a t e .  No 

sepa ra t ion  s h a l l  be used around the  negat ive .  By using the  c o t t o n  s e p a r a t o r  

b e t t e r  c e l l  e f f i c i e n c y  should be r e a l i z e d .  

2 .3.4 C e l l  Case 

The c e l l  case  i s  a  22 c a v i t y  f ab r i ca t ed  polysulfone box wi th  f o u r  

c a v i t i e s  on the  s i d e .  The fou r  c a v i t i e s  s h a l l  be used t o  con ta in  any excess 

e l e c t r o l y t e .  A p i c t o r i a l  view of t he  c e l l  case  i s  shown i n  F igure  X I V .  The 

so lvent  used i n  t h e  f a b r i c a t i o n  process  was e thylene  d i c h l o r i d e .  I n  o rde r  

t o  a s su re  s a t i s f a c t o r y  bonds a f t e r  hea t  s t e r i l i z a t i o n ,  t h e  so lvent  r e t a ined  

i n  t h e  p l a s t i c  was removed by vacuum i n  an ambient of 85OC. 
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2.3 .4  C e l l  Case (Continued) 

The b a t t e r y  manifold was machined of po lysul fone .  F igure  XV provides 

a  d e s c r i p t i o n  of the  p a r t  without t h e  c e l l  e n t r y  ho le s .  These s h a l l  be 

match d r i l l e d  before  attachment of t h e  manifold t o  t he  c e l l  c a s e .  A manifold 

cover p l a t e  (See F igure  X V I )  s h a l l  be bonded t o  the  manifold a s  t he  f i n a l  

s e a l .  These s e a l s  must a l s o  be subjec ted  t o  t h e  thermal vacuum t o  remove a l l  

r e s i d u a l  so lvent  . 

2.3 .5  E l e c t r o l y t e  Reservoir  

A t ubu la r  copper r e s e r v o i r  capable of holding approximately 800 c c ' s  

of e l e c t r o l y t e  has been f a b r i c a t e d .  The connect ion between the  r e s e r v o i r  

and t h e  b a t t e r y  manifold s h a l l  be made through the  use of an O-ring s e a l  

coupled wi th  a  threaded f a s t e n e r .  The O-ring ma te r i a l  i s  e thylene  propylene. 

A high temperature epoxy, EC 2214, s h a l l  be used t o  e f f e c t  a  redundant s e a l  

on the  connect ions.  The e l e c t r o l y t e  i s  contained wi th in  the  r e s e r v o i r  by 

two .004 inch t h i c k  copper diaphragms a t  each end of the  r e s e r v o i r .  A f i v e  

percent  void was l e f t  i n  t h e  r e s e r v o i r  t o  a l low f o r  any expansion during 

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

2 .3 .6  E l e c t r o l y t e  So lu t ion  

A s o l u t i o n  of potassium hydroxide wi th  a  s p e c i f i c  g r a v i t y  of 1 .30 

was used t o  f i l l  t h e  r e s e r v o i r .  The c e l l  design r equ i r e s  approximately 30 

c c ' s  per  c e l l  f o r  100 percent  a c t i v a t i o n .  However, due t o  l o s s e s  expected 

both i n  t h e  r e s e r v o i r  and i n  t he  b a t t e r y  proper ,  approximately 36 c c ' s  per  

c e l l  s h a l l  be used. 

2 . 3 . 7  Gas Generator 

The i n i t i a l  p ro to types  s h a l l  be a c t i v a t e d  by gas gene ra to r s  cons i s t i ng  

of t h e  N E I  i g n i t o r s  descr ibed previous ly  and the  Aerojet  General AN583AF 
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2 . 3 . 7  g a s  Genera to r  (Continued) 

p r o p e l l a n t .  The designed gas  o u t p u t  a s  determined i n  a  w a t e r  d isplacement  

f i x t u r e  (See Thi rd  Q u a r t e r l y  Repor t )  i s  approximately  3500 c c ' s .  The housing 

f o r  t h e  gas  g e n e r a t o r  i s  s t a i n l e s s  s t e e l .  An o r i f i c i n g  d e v i c e  i s  used t o  

m a i n t a i n  s u f f i c i e n t  p r e s s u r e  on t h e  burning p r o p e l l a n t  a s  w e l l  a s  t o  r e s t r a i n  

i t  from be ing  e x p e l l e d  i n t o  t h e  e l e c t r o l y t e .  

2 .3 .8  - C o n t a i n e r  

The c o n t a i n e r  s h a l l  be made of .025 i n c h  t h i c k  304 s t a i n l e s s  s t e e l .  

The cover  s h a l l  be  welded t o  t h e  c o n t a i n e r  t o  e f f e c t  a  he rmet ic  s e a l .  A 

g l a s s - t o - m e t a l  s e a l  connec to r  s h a l l  be brazed on to  t h e  c o n t a i n e r  t o  p r o v i d e  

e l e c t r i c a l  c o n t i n u i t y  through t h e  c o n t a i n e r  w a l l .  

3 . 0  CONCLUSIONS 

From t h e  r e s u l t s  of s t u d i e s  made d u r i n g  t h e  p a s t  q u a r t e r  t h e  f o l l o w i n g  

c o n c l u s i o n s  may be  made: The 2409 c o t t o n  w e b r i l  s e p a r a t o r  p rov ides  t h e  b e s t  

performance w i t h  a c t i v a t e d  no-load s t a n d s  of l e s s  t h a n  30 minu tes .  With 

wet s t a n d  p e r i o d s  i n  excess  of one hour  t h e  hemp-asbestos combinat ion i s  

b e t t e r .  C e l l s  s e p a r a t e d  w i t h  w e b r i l  and allowed t o  s t a n d  wet f o r  one hour  

s u f f e r e d  an  apparen t  l o s s  i n  c a p a c i t y  of approx imate ly  t e n  p e r c e n t  accompanied 

by a  n o t i c e a b l e  r e d u c t i o n  i n  on- load v o l t a g e .  Performance of c e l l s  s e p a r a t e d  

by hemp and a s b e s t o s  appeared t o  degrade  approx imate ly  72 hours  of wet s t a n d .  

The a b i l i t y  of t h e  Network E l e c t r o n i c s  i g n i t o r ,  NEI-3, t o  s u r v i v e  h e a t  

s t e r i l i z a t i o n  and meet d e s i g n  requ i rements  has  been v e r i f i e d  by t h e  p e r f o r -  

mance of t h e  Bruceton t e s t .  The r e s u l t s  of t h e  t e s t  i n d i c a t e  t h a t  a l l  u n i t s  

w i l l  f i r e  w i t h  a  r e l i a b i l i t y  of 0 .997 a t  a  c u r r e n t  l e v e l  of 1 . 6 8 2  amperes.  

Also t h e  a b i l i t y  of t h e  u n i t s  t o  w i t h s t a n d  a  no-load c u r r e n t  of 0 . 5 5  ampere 

f o r  16 seconds i n  an  ambient of 165°F wi thou t  dudding has  been proven.  



4.0 RECOMMENDATIONS 

P r o t o t y p e  b a t t e r i e s  a s  d e s c r i b e d  i n  t h i s  r e p o r t  s h a l l  be  manufactured 

f o r  t e s t i n g  under Phase I1 of t h e  c o n t r a c t .  

5.0 NEW TECHNOLOGY 

No new technology was developed d u r i n g  t h e  f i f t h  q u a r t e r  of t h i s  c o n t r a c t .  




