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ABSTRACT 

S i g n i f i c a n t  improvements i n  s p e c i f i c  energy f o r  Ni-H b a t t e r y  c e l l s  
2  have been and w i l l  b e  achieved. Current f l i g h t  c e l l  des igns  i n  ope ra t ion  

on mul t ip l e  s a t e l l i t e s  have achieved a  s p e c i f i c  energy of 52 Whr/Kg ( t h i s  
va lue  may b e  compared t o  45 WhrIKg f o r  advanced, l ight-weight  Ni-Cd space 
c e l l s ) .  Ba t t e ry  c e l l s  ope ra t ing  a t  increased  p re s su res  (600 t o  900 p s i )  
have been manufactured and s u c c e s s f u l l y  t e s t e d  demonstrat ing a s p e c i f i c  
energy of 6 3  Whr/Kg. Fur ther  op t imiza t ion  of e l e c t r o d e  s u b s t r a t e  and c e l l  
terminal lconductor  assembly designs w i l l  permit achievement of s p e c i f i c  
energ ies  between 75-80 Whr/Kg . Energy dens i ty  ( o u t l i n e  volume) w i l l  be  
improved from 49 Whr/L t o  73 WhrIL. 

INTRODUCTION 

To achieve a  Ni-H2 b a t t e r y  c e l l  o f f e r i n g  a  s p e c i f i c  energy of 75-80 
Whr/Kg, system design opt imiza t ion  was undertaken i n  t h e  fol lowing spe- 
c i f i c  a r eas  which evolved from previous work (1): 1. The s p e c i f i c  energy 
of t h e  e l e c t r o d e  s t a c k  was increased  p r imar i ly  through t h e  enhancement of  
t h e  s p e c i f i c  capac i ty  of t h e  p o s i t i v e  e l ec t rode .  2. Pressure  v e s s e l  mass 
sav ings  were achieved through s i z e  reduct ion  a s soc i a t ed  wi th  h i g h e r  pres- 
s u r e  ope ra t ion  and weld r i n g l c e n t e r  rod redesign.  3. The weight consumed 
by t h e  e l e c t r i c a l  f eed th ru l cu r ren t  conductor assemblies  w a s  reduced by 
more e f f i c i e n t ,  s h o r t e r  pa th  designs.  

This paper d i scusses  t h e  r e s u l t s  of design v a l i d a t i o n  t e s t i n g  and 
planned des ign  v a l i d a t i o n  s t e p s  t o  be  undertaken. 

The " ~ n t e l s a t "  type Ni-H b a t t e r y  c e l l  design has  been chosen f o r  ex- 
pos i to ry  purposes.  However, $t should b e  recognized po r t ions  of t h e  impro- 
ved technology could be  appl ied  t o  t he  " A i r  Force" type  Ni-H b a t t e r y  c e l l  
design wi th  equal  b e n e f i t .  

2  



DESIGN OPTIMIZATION 

ELECTRODE STACK 

Negative e l e c t r o d e  design improvement has  been achieved by t h e  s imple  
r educ t ion  of plat inum c a t a l y s t  loading. A reduct ion  of 67% from t h e  c u r r e n t  
f l i g h t  product ion l e v e l  produced t h e  e l e c t r o d e  th ickness  and mass improve- 
ments presented  i n  Table I (17 and 28% reduct ion  r e spec t ive ly ) .  

With r e s p e c t  t o  design v a l i d a t i o n ,  work w a s  i n i t i a t e d  i n  t h i s  tech- 
~ o l o t y  i n  1974 w i t h  t h e  goa l  of component c o s t  reduct ion.  Comparative 
t e s t i n g  r epor t ed  i n  1975 (2) demonstrated equiva len t  performance and t h e s e  
r e s u l t s  were subsequent ly corroborated by m u l t i p l e  Ni-H2 and Ag-H c e l l  
product ion and t e s t i n g .  More r e c e n t l y ,  COMSAT Labora tor ies  repor$ed equiv- 
a l e n t  performance (3) wi th  a plat inum loading reduct ion  of 94% of cu r r en t  
f l i g h t  product ion l e v e l s .  

Planned v a l i d a t i o n  f o r  t h i s  component and t h e  remaining des ign  improve- 
ments d iscussed  below w i l l  involve  75-80 Whr/Kg s p e c i f i c  energy b a t t e r y  c e l l  
product ion f o r  q u a l i f i c a t i o n  and l i f e  t e s t i n g .  This a c t i v i t y  i s  now i n  t h e  
t o o l i n g  and p a r t  procurement phase. 

A major advance was achieved wi th  r e s p e c t  t o  t h e  p o s i t i v e  e l ec t rode .  
A s  i nd ica t ed  i n  Table. I,  a s m a l l  i nc rease  (17%) i n  s i n t e r  s u b s t r a t e  (n i cke l )  
t h i ckness  permi t ted  a 5% i n c r e a s e  i n  s i n t e r  poros i ty .  S ince  t h e  s i n t e r  
s u b s t r a t e  c o n t r i b u t e s  more than  60% of t h e  f i n i s h e d  e l e c t r o d e  weight b u t  
occupies only  20% of t h e  volume, a sma l l  i n c r e a s e  i n  po ros i ty  t r a n s l a t e s  
i n t o  a s i g n i f i c a n t  mass savings.  

The r e s u l t i n g  i n c r e a s e  i n  void volume (w) al lows t h e  f u r t h e r  deposi- 
t i o n  of a c t i v e  m a t e r i a l  wi thout  v i o l a t i n g  t h e  p re sen t ,  proven f l i g h t  l e v e l  
l i m i t .  The measured capac i ty  of t h e  convent ional  " I n t e l s a t "  p o s i t i v e  
e l e c t r o d e  is inc reased  by 35%. I n  f a c t  t h e  weight of t h e  a d d i t i o n a l  a c t i v e  
m a t e r i a l  is  almost e x a c t l y  o f f - se t  by t h e  reduct ion  of n i c k e l  s i n t e r  per- 
m i t t i n g  t h e  s ta tement  t h e  s p e c i f i c  capac i ty  of t h e  p o s i t i v e  e l e c t r o d e  has  
been increased  by 35%. 

Design v a l i d a t i o n  has been s u c c e s s f u l l y  c a r r i e d  through s i n t e r  sub- 
s t r a t e  mechanical s t r e n g t h  c h a r a c t e r i z a t i o n ,  and f i n i s h e d  e l e c t r o d e  dy- 
namic stress and b o i l e r p l a t e  performance cycl ing.  

When t h e s e  advanced e l e c t r o d e  technologies  a r e  combined i n t o  a s t a c k ,  
a sho r t ed  s t a c k  (25%) o f f e r i n g  h ighe r  capac i ty  per  u n i t  mass i s  achieved 
(33% i nc rease  i n  s p e c i f i c  energy) a s  presented  i n  Table I. An i n i t i a l  
ana lys i s  might i n d i c a t e  t h e  s p e c i f i c  energy a t  t h e  s t a c k  l e v e l  should b e  
h igher  because of t he  component count r educ t ion  (37%) . However, t h e  e lec-  
t r o l y t e  l e v e l  a s s o c i a t e d  wi th  t h e  p o s i t i v e  e l e c t r o d e  group remains unchanged 
and the  t o t a l  c e l l  e l e c t r o l y t e  i s  reduced by only 12%. 



PRESSURE VESSEL 

Figure  1, p r e s e n t s  a photograph of t he  redesigned p re s su re  v e s s e l  weld 
r ing .  This  l ight-weight  design o f f e r s  enhanced dynamic load  t o l e r a n c e  i n  
t h e  c r i t i c a l  c e l l  l o n g i t u d i n a l  a x i s ,  I n  add i t i on ,  t h e  design is  intended 
t o  s p e c i f i c a l l y  accommodate t h e  more u n i v e r s a l  "dual s tack" c e l l  assembly 
technique, 

By s h i f t i n g  t h e  fulcrum stress t o  a more c e n t r a l i z e d  l o c a t i o n ,  a l i g h t -  
er weight hollow c e n t e r  rod may be  u t i l i z e d .  T o t a l  mass savings f o r  t hese  
redesigned components is es t imzted  t o  b e  30%. 

The redesigned weld r i n g  has been v a l i d a t e d  by a c e n t r a l i z e d  dynamic 
loading technique, I f  t h e  photograph of F igure  1. is observed c l o s e l y ,  
t h e  permanent deformation of t h e  cu r r en t  weld r i n g  des ign ,  a f t e r  t h e  same 
l e v e l  of testing, can b e  noted, 

The reduced l eng th  and corres'ponding p re s su re  v e s s e l  mass sav ings  
a s soc i a t ed  with increased  c e l l  nominal ope ra t ing  p re s su re  (900 p s i )  i s  
s t r a i g h t  forward and has  been t h e  s u b j e c t  of previous papers (1).  The 
present  v e s s e l  is  q u i t e  conserva t ive ly  designed wi th  a nominal b u r s t  pres- 
s u r e  i n  excess  of 3,000 p s i  and an  es t imated  y i e l d  p re s su re  i n  excess  of 
2,700 p s i ,  

Design v a l i d a t i o n  has been accomplished v i a  h y d r a u l i c  p re s su re  cyc l ing  
a t  Eagle-Picher and through a f r a c t u r e  a n a l y s i s  performed f o r  Eagle-Picher 
by Martin Mar i e t t a  Aerospace, Denver, Colorado. 

ELECTRICAL FEEDTHRU/CURRFNT CONDUCTORS 

To minimize t h e  number of cu r r en t  conductors ( e l e c t r o d e  l eads )  requi red ,  
t h e  reduced s t a c k  component des ign  descr ibed  above is f u r t h e r  enhanced a s  
depic ted  i n  Figure 2. The "notchedq' l e a d  access  and reduced " w a l l  gap" 
(0,20 cm t o  0,10 cm) accommodates a 12% i n c r e a s e  i n  e l e c t r o d e  area, A 33% 
i n c r e a s e  i n  e l e c t r o d e  edge perimeter  is a l s o  accommodated enhancing t h e  h e a t  
r e j e c t i o n  c a p a b i l i t y  of t h e  e l e c t r o d e  s t a c k ,  

F igure  2, f u r t h e r  d e p i c t s  e l imina t ion  of t h e  busbar  arrangement i n  pre- 
f e r ence  f o r  t h e  more m a s s  e f f i c i e n t ,  continuous l e a d  design,  

F igure  3. o f f e r s  an overview comparison between t h e  cu r r en t  and advan- 
ced c e l l  designs.  Shown are t h e  i n t e r n a l l y  mounted, 45' o f f - se t  e l e c t r i c a l  
f eed th ru ' s  cons iderably  reducing t h e  cu r r en t  conductor pa th  l eng th ,  The 
f eed th ru  des ign  f e a t u r e s  a redundant s e a l a n t  ( t e f l o n ) ,  hydrau l i c  seal 
mechanism. 



Also shown is  t h e  r e l a t i v e  r educ t ion  i n  p re s su re  v e s s e l  l eng th  and t h e  
continuous l e a d ,  e l e c t r o d e  s t a c k  conductor arrangement. A 50% mass sav ings  
wi th  r e spec t  t o  t h e  e l e c t r i c a l  conductors and a 17% mass sav ings  w i t h  re- 
s p e c t  t o  t h e  reduced p re s su re  v e s s e l  s i z e  a r e  pro jec ted .  I n  a d d i t i o n ,  an 
o v e r a l l  o u t l i n e  volume reduct ion  of 33% is achieved. 

Design v a l i d a t i o n  of t h e  b a s i c  concepts a s soc i a t ed  wi th  t h e  0.10 cm 
w a l l  gap, continuous l ead  design and t h e  hydrau l i c  s e a l  is  assumed a s  t h e  
r e s u l t  of t h e  s u c c e s s f u l  work conducted by t h e  Hughes A i r c r a f t  Company, 
Technology Divis ion ,  E l  Segundo, C a l i f o r n i a  under t h e  A i r  Force "Nickel- 
Hydrogen Ba t t e ry  Advanced Development Program" (4 ) .  

CONCLUSION 

This  paper  has  summarized design op t imiza t ion  a c t i v i t i e s  which have 
evolved and v a l i d a t e d  the  necessary technology t o  produce Ni-H2 b a t t e r y  
c e l l s  e x h i b i t i n g  a  s p e c i f i c  energy of 75-80 Whr/Kg (energy dens i ty  approx- 
imate ly  7 3  Whr/L). F i n a l  design v a l i d a t i o n  is  c u r r e n t l y  underway wi th  t h e  
product ion of b a t t e r y  c e l l s  f o r  q u a l i f i c a t i o n  and l i f e  t e s t i n g .  

The s i g n i f i c a n c e  of t h e  progress  which has  a l ready  been achieved i s  
shown i n  Table 11 which begins  w i t h  s ta te -of - the-ar t ,  l ight-weight  Ni-Cd. 
The photograph presented  i n  F igure  4. shows two 70 Ah r a t e d  c e l l s  (nominal 
capac i ty  80 AH) mounted i n  aluminum thermal  c o l l a r s  i n  p repa ra t ion  f o r  
l i f e  cyc l e  t e s t i n g .  The p re s su re  v e s s e l s  f o r  t hese  c e l l s  a r e  approximately 
1 cm s h o r t e r  than  cu r ren t  f l i g h t  product ion 50 AH r a t e d  c e l l s  and t h e  mea- 
su red  s p e c i f i c  energy is  6 3  Whr/Kg. 
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Table I. ADVANCED ELECTRODE DESIGNS 

ADVANCED ELECTRODE DESIGNS 

NEGATIVE ELECTRODE 

P L A T I N U M  LOADING 

ELECTRODE THICKNESS 

ELECTRODE MASS 

P O S I T I V E  ELECTRODE 

S I N T E R  THICKNESS 

S INTER POROS I TY 

ELECTRODE LOADING 

ELECTRODE CAPACITY 

6 7 %  DECREASE 

1 7 %  DECREASE 

2 8 %  DECREASE 

1 7 %  INCREASE 

5 %  INCREASE 

NO CHANGE 

3 5 %  INCREASE 

STACK S P E C I F I C  CAPACITY 3 3 %  INCREASE 

STACK COMPONENT COUNT 3 7 %  DECREASE 

STACK LENGTH 2 7 %  DECREASE 



Table 11. BATTERY CELL SPECIFIC ENERGY 

BATTERY CELL SPECIFIC ENERGY 

LIGHT-WEIGHT NI-CD 

CURRENT (600 PSI) NI-H2 

45 WHR/KG 

52 WHRIKG 

HIGHER PRESSURE (900 PSI) NI-H2 63 WHR/KG 

ADVANCED (900 PSI) NI-H2 75-80 WHR/KG 



ADVANCED WELD RING CURRENT WELD RING 

Figure 1 



CELL 

PERIMETLR 
INCREASE 

ELECTRO D E  

/ CURRENT E L L  
CA5F DESIGN 

-20 CM (808" 
WALL GAP 

ASS 

1 

EMBLY 

,I0 CM (a04" ) 
WALL GAP 

AREA INCREASE 
l 2 O10 

A bVANCEh CELL 
DESIGN 

Figure 2. 



CURRENT CELL DESIGN 
600 PS I 

ADVANCED CELL DES IGN 
900 P S I  

(20% LENGTH REDU CT I ON) 

Figure 3. Projected 17% Mass Saving in Pressure Vessel and 50% Saving in Electrical 
Conductors. Outline Volume Reduction 33%. 



Figure 4. 70 AH Rated Cells (Nominal 80 AH), Specific Energy 63 Whr/Kg. 
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