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Results of the Surveys: 

I. Specification. 

The results on the survey on use and experience with 
the latest interim model specification S-761-P-6 appears 
below. It is somewhat disappointing to note that only 50 
of the 120 attendees took part. GSFC personnel were not 
included in the survey. Of the 50, nine were manufacturers. 

The consensus of opinion is that the majority of the 
spec is used but improvement and updating is necessary. The 
areas range from additional acceptance tests for materials 
to additional performance tests. However, some feel that 
the spec is too inclusive and others desire additional 
requirements. It depends on whether the individual is a 
manufacturer, user or in R&D. The comments from section 
5 of the question~.alre are listed for your interest. 

SPECIFICATION 

Since 1968, considerable progress has been made towards the 
development of a viable specification for aerospace nickel - 
cadmium cells. Starting with the Interim Model Specification 
developed by NASA/Industry users, an evolution of this speci- 
fication has developed. GSFC is currently revising specification 
S-761-P-6. We invite your cornrnents and appreciate your 
answers to the following questions related to this specification. 

1. Please check the appropriate space(s) 

A.  9 manufacturer 
B. 17 user 

5 aerospace (NASA) 
10 aerospace/military (DOD) 
6 commercial/industry 

C. 3 none of the above (explain) I) NASA Dev. 
2) R&Dt 3 )  R&D 

2. Have you used the GSFC specification in the procurement I 

of nickel - cadmium cells? 
A. 2 in total 
B. 9 partially (quoted excerpts from spec.) 
C. 7 referenced (used material in preparing 

company spec.) 
D. 7 not used 
E. 8 0th~- (explain) 

i 



3. What are your feelings or opinions toward this type of 
specification? 

A. 2 needed, no changes necessary 
B. 13 needed, requires minor improvement (includes 

6 manufacturers) 
C. 9 needed, requires considerable improvement (in- 

cludes 3 manufacturers) 
D. 1 not needed 
E. 7 other (briefly explain) 

4. Since the Interim Model specification was published, 
a great deal of knowledge has been acquired on the 
performance of nickel - cadmium cells. Which of the 
following do you feel should be emphasized in current 
generation of specificatians. 

Includes 
manufacturers 

A. 13 performance requirements on 5 
delivered cells 

B. 5 detail processing requirements 0 
C. 12 combination of above 3 
D. 6 other (briezly explain) 1 

5. Please list by subject and catagory those areas pertaining 
to the nickel - cadmium cell specification that you 
would like to see improved, changed, deleted, etc. 

' A B C D 
IMPROVE DELETE ADD - CHANGE 

A. Improve. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11 . 
12.. 
13. 
14. 
15. 
16. 
17. 

precharge to - calculation base 
carbonate ontent of the plates 
nitrate 
specification on separator 
amount of electrolyte 
seals 
tests per mission parameters 
terminal 
mass spectrometry leak test 
accelerated life test for prototypes 
flight acceptance cycling test 
control of carbonates and other impurities. 
cell acceptance testing 
electrolyte purity - low carbonate 
detail polypropylene processing 
plate ratio 
seal 



18. loading control 
19. plate properties 
20.  plaque properties 
21. terminal seals 
22. precharge measurement 
23.  electrolyte control 

B. Delete. 
1. test spec 

Add. 
1. 
2. 

Change. 
1. 
2. 
3. 
4 . 

polypropylene spec 
spec on carbonate content on the cell and step 
at which measured 
add duty cycles on general requirements 
seals 
increase maximum presslrre allowable in order 
to permit use of high jevels of electrolyte 
to increase cycle life 
high rate discharge (5c) at cold temperatures 
(oOF) or below as in situ method of 
detecting carbonate contamination 
Proof tests showing electrolyte quantity 
is correct 
K2C03 in positive electrodes 
decarburation procedures 
propylene standards 
control of carbona,~es and other impurities 
cell to cell performance variations 
control of reject rates that are allowable 
1.7:1 negative to positive ratio 

carbonates and nitrates 
cover x-ray exam, 99.4% A1203 
carbonate concentration less than 3 g / ~  
helium test for leaks in presence of 
electrolyte 
change retention test 1.15 or 1.17 
seals 
electrode physical inspection 
organic contaminents-- 

Additional comments. 
1. Spec should be on basis of performance requirements 

rather than on basis of material 

2. The manner in which the aerospace industry procures 
Ni-Cd cells and batteries does not permit adequate 
cell characterization before use. 



Somewhat less detail on processing that appears in 
current spec 

Need to get deeper into plaque and impregnation 
processes 

Needs to be tightened up in performance 

Requires some generalization allowing options which 
might be appropriate to different applications - 
(long life vs short life, low orbit vs synch orbit) 

Narrow down to pertinent performance and processing 
 requirement^ 

acceptance criteria for components and materials 

Avoid adding too much. Spec is too long and should 
be reduced -- particularly in general and environ- 
mental areas 

10. A number of question are still open 

11. If possible to deveiop new diagnostic screening 
tests 

11 Storage. 

The results of the survey on storage conditions and 
experience appear below. Although the 24 responses 
differred with respect to specific storage time or 
temperature, they agreed in tho following ways. 1) Cells 
should be purchased for specific flights or purchased in 
one batch and activated with electrolyte as necded. 
and 2) the: cells should be discharged and shorted 
during storage. 

STORAGE 

1. A spacecraft program consists of 5 missions, each 
launched on 1 year center. It is desired to obtain 
maximum in-orbit battery life. How would you approach 
the problem of supplying batteries to the program? 

A. 11 Procure cells for each spacecraft at fixed 
intervals to correspond with launch dates. 

B. 0 Procure cells for flight. Conduct cell 
acceptance test and place in storage, fabricating 
batteries as needed. 

C. 10 Procure and fabricate all cells, but not 
activate chemically (KOH). Store in dry 

Y 



c o n d i t i o n  under i n e r t  atmosphere, a c t i v a t e  
and acceptance  test ce l l s  a s  needed f o r  f l i g h t  
batteries. 

D. 3 Other  ( b r i e f l y  e x p l a i n )  

Under t h e  c o n d i t i o n  i n d i c a t e d  above, what would be t h e  
maximum per iod  of  s t o r a g e  a l lowable  wi thout  impacting 
miss ion  l i fe .  

Answer I n  Months 
From q u e s t i o n  1 above t h e  s p e c i f i c  s t o r a g e  t i m e .  

C - D - 
1 - 120 mo 1 - 100 mo 

1 - 1 8  w e t ,  36 d r y  
3 - 60 1 - 60 
1- - 48 1 - 12-24 
1 - 36 1 - s e v e r a l  y e a r s  
1 - 1 8  
1 - 12 

3 ,  What is t h e  b e s t  method f o r  ground s t o r a g e  of  cel ls  
andyor b a t t e r i e s  (non-standby s t a t u s ) ?  

1 low r a t e  con t inous  t r i c k e l  charge  ( i n d i c a t e  
r a t e  C/20)  

4 d i scharged  t o  3.0 v o l t  pe r  ce l l  o r  less and l e a v e  
open c i r c u i t  

1 4  d ischarged and s h o r t e d  (each cel l)  
2 charged and open c i r c u i t  wi th  p e r i o d i c  e l e c t r i c a l  

e x e r c i s e  
0 no s p e c i a l  p r o v i s i o n  
5 Other ( b r i e f l y  e x p l a i n )  

What e f f e c t  does  t h e  above environment have on b a t t e r y  
parameters  andvor l i f e ?  

6 no e f f e c t ,  n o t  s i g n i f i c a n t  t o  c o n s i d e r  
4 some e f f e c t ,  b u t  of no concern 
7 l a r g e  e f f e c t ,  s i g n i f i c a n t  t o  war ren t  change i n  

phi losophy 
7 do n o t  know 



If you as  a desigrAr!r were required t o  obtain the maxi- 
mum in-orbi t  battery l i f e  and could speci fy  ;. "ery life 
temperature with to l erance ,  what would you .:,fiat. , I?  

Number of responses: 



6 .  I t  has  been s t andard  p r a c t i c e  i n  t h e  p a s t  t o  i n t e g r a t e  
f l i g h t  u n i t s  ( i n c l u d i n g  b a t t e r i e s )  i n t o  t h e  s p a c e c r a f t  
for environmental t e s t i n g  a t  t h e  s p a c e c r a f t  l e v e l .  
During t h e  i n t e g r a t i o n  and t e s l i n g  of t h e  s p a c e c r a f t  and 
pr ior  t o  launch,  t h e  f l i g h t  b a t t e r i e s  a r e  used i n t e r -  
m i t t e n l y  t y p i c a l l y  exper ienc ing  prolong p e r i o d s  of 
overcharge and open c i r c u i t  s t and .  Prom exper ience ,  
what is  t h e  average  t ime a f l i g h t  b a t t e r y  i s  s u b j e c t e d  
t o  t h e  i n t e g r a t i o n  and pre-launch environment? 

(months) 

2 1 month 
1 2 months 
1 5 months 
1 6 months 
3. 9 months 
1 3-4 months 
2 3-6 months 
1 2-12 ncjnths 
1 6-8 months 
1 12-24 months 
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tape+notes  
LINDA -dhl  FORD: This  morning we have one gentleman who 

would l i k e  t o  make some comments; apparen t ly  h e ' s  had some 
t i m e  t o  t h i n k  about  some d i s c u s s i o n  t h a t  was he ld  y e s t e r d a y  
on t h e  s e p a r a t o r ,  and he approached me t h i s  morning and 
s a i d  h e ' s  ,3 k e  a chance t o  comment on some of t h e  t h i n g s  
he heard y e s t e r d a y ,  s o  a t  t h i s  t i m e ,  I ' d  l i k e  t o  i n t r o d -  
uce M r .  A r t  Wincski from GAF.  

WROTNOWSKI: Thank you, Floyd. I ; r t  Wrotnowski, GAF 
Corporat ion.  

Ac tua l ly ,  I'm t a l k i n g  about  Wex 1242. There 
was some q u e s t i o n ;  t h i s  i s  a product ion  i tem. The o t h e r  -- I have f i v e  p o i n t s ;  I'll j u s t  go down them q u i c k l y ,  and 
t h e  o t h e r  one is Oncadmiummigra t i~n ,  I ' d  j u s t  l i k e  t o  p o i n t  
o u t  t h a t  t h i s  carbonate  c o n t r n l ,  a s  p r a c t i c e d  by D r .  King 
and h i s  Canadian co l l eagues  g,,a a l o t  of advantages of 
caamlum rniurat ion being one of them. I ius:  wanted t o  

p o i n t  t h h t  o u t ,  r e f  e r r i n g  t o  Tom Hennigan's t e s t  r e s u l t s .  
and once more I ' l l  mention t h a t  t h e  A l r o u e t t e  1 and 2 a r e  
s t i l l  i n  producing -- t h i s  is as opposed t o  t h e  cpen 
c i r c u i t  tests t h a t  Tom observed on h i s  cadmium migra t ion .  
I j u s t  t h i n k  t h a t  carbonate  c o n t r o l  may h e l p  o u t  i n  this 
a r e a .  

Two o t h e r  s u b j e c t s .  now, they  were t a l k i n g  about  
t h e  polypropyZena s t a b i l i t y ,  and i t  is nylon stability and 
polypropylene s t a b i l i t y .  We did  some au toc lave  s t a b i l i t y  
tests b e f o r e  we g o t  s t a r t e d  on the b a t t e r y  s e p a r a t o r  work, 
i n  which c a s e  we used a 10 p e r c e n t  c a u s t i c  s o l u t i o n ,  and 
a t  265 degrees  Fahrenhe i t ,  and founci t h a t  w e  had complete 
s t a b i l i t y  of Tef lon ,  n a t u r a l l y ,  aeoprene,  and polypropylene 
under t h e s e  c o n d i t i o n s  . 

Again, t h a t  was 10 p e r c e n t  c a u s t i c  NAOH a t  265. 
The t h i n g s  t h a t  degraded secondly were -- t h a t  i s ,  a f t e r  Tef lon ,  
polypropylene,  neoprene, were Nylon 11, c o t t o n ,  Nylon 
66 ,  and Nylon 6 ,  and a l l  of  t h e  o t h e r  t e x t i l e  f i b e r s  had 
no s t a b i l i t y  a t  all. 

Dr. F i s h e r  mentioned, o r  was d i s c u s s i n g  d e n i e r  
yesterday; the e f f e c t  of d e n i e r  is p r e t t y  w e l l  covered i n  
a -.- t h e  F i l t r a t i o n  S o c i e t y ,  which r e p o r t s  t h e i r  paper i n  
the f i l i t r a t i o n  and s e p a r a t i o n ,  the September i s s u e ,  1968, 
has a pore-s ize  model f o r  f i b e r s  which would i n c l u d e  poly- 
propylene s t r u c t u r e & .  They as8w.e a s t r a i g h t  p a r a l l e l  
arrangement of f i b e r s ,  and i t  t a k e s  c a r e  of t h e  denier 
d i f f e r e n c e ,  whether  you ' r e  going from 1.835, as w e l l  a s  



t h e  d e n s i t y  of t h e  s t r u c t u r e ,  acd y o u ' l l  f i n d  t h a t  you g e t  
a cons ide rab le  d i f f e r e n c e  i n  j u s t  a  s i n g l e  d e n i e r  change. 

T h a t ' s  a l l  I had t o  say, and thank you very  
much. 

FORD: Okay, are t h e r e  any q u e s t i o n s ?  Discussion? 

( N o  response.  ) 

FORD: Okay, t o  move i n t o  t h e  s u b j e c t  t h i s  morning, 
we're going t o  b e  t a l k i n g  about  data p rocess ing ,  s t a t i s t i c a l  
a n a l y s i s ,  p h y s i c a l  approach t o  c o l o r a t i v e  t e s t i n g ,  and then  
we're going to  move i n t o  t h e  area of  s t o r a g e  and cel l  test  
da ta .  

A t  t h i s  time, I ' d  l i k e  t o  i n t r o d u c e  John Waite 
. to  d i s c u s s  new r e s u l t s  i n  p rocess ing  b a t t e r y  d a t a .  John? 

WAITE: I want t o  t a k e  j u s t  a  very few minutes 
of your tiine. I ' m  going t o  h i g h l i g h t  some of t h e  new 
process ing  techniques  f o r  looking a t  b a t t e r y  d a t a ;  i t ' s  
a l s o  been very s i ~ c c e s s f u l  i n  looking a t  medical  d a t a .  

On t h e  Air Force c o n t r a c t  j o i n t l y  with B a t t e U e  
we've been t r y i n g  to  g e t  a b e t t e r  ho ld  on v o l t a g e ,  ckarge- 
d i scharge  r e l a t i o n s h i p s  t h a t  you can p u t  on a computer and 
then use some s t a t i s t i c s .  We've t r i e d  curve  f i t t i n g ;  t h a t  
d i d n ' t  work because the d i f f e r e n t  environments change the 
curve; they 've  tried h i s t o g r a m  of  a l l  k i n d s ,  and I ' m  s u r e  
t h a t  some t h i n g s  were i n t e r e s t i n g  i n  it, b u t  b a s i c a l l y ,  
the problem is,  i n s t e a d  of  looking a t  a d a t a  element ,  which 
is a measurement, you look a t  a n  in fo rmat ion  element.  

Now, what makes an  informat ion  element is r e a l l y  
a d a t a  element a s s o c i a t e d  wi th  ano the r  one f o r  a s i g n i f i c a n t  
meaning. Now, i n  t h e  charge-discharge f o r  the A i r  Force,  
this is on a synchroncus o r b i t ,  t a k i n g  t h e  long one,  w e  
decided t h a t  it would be n i c e  t o  t a k e  some p o i n t  on t h e  
d i scharge ,  and a l s o  some p o i n t  on t h e  charge ,  and f l i p  
t h e s e  around; t a k e  t h i s  h e r e ,  match it h e r e ,  f l i p  it around 
and t a k e  it back. 

I n  o t h e r  words, it's a h y s t e r e s i s  type  of  loop. 
And f i n d  o u t  i f  it recovered t h e  same way i t  went down. 
Of  course ,  it d o e s n ' t ,  and i f  you then  look a t  t h e s e  
h y s t e r e s i s  p r o f i l e s  on r e a l  d a t a  f o r  f a i l e d  cells and f o r  
non-fai led cells, w e  found t h a t  t h i s  p o r t i o n  h e r e  was s i g n i f -  
i c a n t l y  d i f f e r e n t  i n  this r e s p e c t :  



The f a i l e d  ones would have a b i g  a r e a .  The non- 
f a i l e d  ones would have a much s m a l l e r  a r e a ,  s o  you had q u i t e  
a few p o i n t s  t o  measure. So, i n s t e a d  of  looking a t  j u s t ,  t h e n ,  
t h e  d i s c h a r g e ,  t h i s  r e a l l y  r e l a t e d  t o  many more p o i n t s  on 
your charge-discharge curve ,  and s i n c e  I ' m  n o t  a  b a t t e r y  man, 
I p u t  t h i s  i n  t h i s  workshop f o r  b a t t e r y  people  t o  t h i n k  about .  
I n  working wi th  Erv Schulman i n  RCA, I r e a l l y  a p p r e c i a t e d  
having an o l d  timer look a t  t h e s e  ccncepts  and s a y ,  "Well,  
does it have a meaning?" 

Sa I propose t h a t  you do p l e a s e  look a t  t h a t .  I 
have run  r e a l  d a t a  on it, a11d i t ' s  p r e t t y  c o n s i s t e n t  when 
r e l a t e d  t o  f a i l e d  and u n f a i l e d  cells. 

Now t h i s  is  assuming t h a t  c e r t a i n  d e f e c t s  i n  t h e  
cell  i t s e l f  w i l l  be r e f l e c t e d  by vo l t age .  I t  does seem t h a t  
soce of them a r e  r e f l e c t e d  by v o l t a g e .  It  might  be  impor tan t  
to  f i n d  o u t  what is  the optimum o r b i t  l eng th  t o  use  an  i d e a  
l i k e  t h i s .  C e r t a i n l y  t h e  r e a l l y  s h o r t  o r b i t s  a r e  n o t  go ing  
t o  b e  a s  e f f e c t i v e ,  s o  you might want t o  change your exper-  
iment t o  g i v e  you the optimum o r b i t  l e n g t h ,  i f  t h i s  is a 
measurable c r i t e r i a .  

Now t h e  o t h e r  technique  t h a t  is  new comes o u t  of 
e m p i r i c a l  s t u d i e s  t o  crack codes. Now, t h e  code-cracking 
problem is r e a l l y  one o f  -- le t  m e  ge t  a  s t i c k  over  h e r e  -- 
is r e a l l y  one of comminatorial work. 

I f  you look a t  Harvey S e i g e r ' s  work, where h e  s 
g o t  m a t e r i a l  r e s e a r c h  f a c t o r s ,  you look a t  i d e n t i f i e r s  l i k e  
General  Electric, t h e  manufacturer ,  you look a t  measurements 
l i k e  v o l t a g e ,  you can p u t  t h e s e  a l l  t o g e t h e r .  Now,  you c a n ' t  I 

p u t  t h i s  on t h e  computer e a s i l y  t o  look a t  comminatorial 
s t u d i e s ,  s o  you code them. Each one r e s u l t s  i n  a  code, 
t h e  code can r e f l e c t  parameters  and l e v e l s .  

Then w5en t h i s  i s  coded, they  a l l  s t a r t  o u t  i n  one 
b i n ,  l i k e  t h i s  -- so t h a t  one l i n e ,  and t h i s  l i n e ,  t h i s  is 
only  r e p r e s e n t a t i v e .  This  l i n e  g e t s  t o  about  50 c h a r a c t e r s  
long. One l i n e  would be a  f i l t e r  o r  a  r educ t ion  of t h e  d a t a  
k n w n  on t h i s  cell. 

( .  Now, you t a k e  t h e s e  technique-  and you s t a r t  sub- 
s e t t i n g  it by t h i n g s  t h a t  you know. You know t h a t  t h e s e  
r e l a t i o n s h i p s  must be -- you s u b s e t  it, and it s t a r t s  making 
other b i n s .  These a l l  have p r o p e r t i e s  due , t o  known f a c t s .  

A f t e r  you've run  this through u n t i l  where you t h e n  
soa rch  mathematically t o  f i n d  f a c t o r s  t h a t  appear  i n  h e r e  t h a t  . 

L C .  i .. * -*w,.< . , I  1:; '- w - 3 .  



you don' t know. These a r e  r e l a t i o n s h i p s  a s s o c i a t e d  wi th  
ones t h a t  a r e  known, and when you f i n a l l y  c a n ' t  g e t  any more 
changes, you r e t r a n s l a t e  it back i n t o  meaning. 

Now t h i s  p a r t i c u l a r  a p p l i c a t i o n  was a drug a n a l y s i s .  
They claim t h e  drug does c e r t a i n  t h i n g s .  So you write up a l l  
the c la ims ,  run  through h e r e ,  and y o u ' l l  f i n d  h e r e  they  had 
d e a t h s  i n  t h e s e  a r e a s ,  t h i s  drug d i d  n o t  g e t  passed by t h e  FDA. 

But h e r e  y o u ' l l  f i n d  t h a t  t h e s e  c la ims a r e  100 
p e r c e n t  s i g n i f i c a n t ,  and very  good. So, t h i s  r o u t i n e  has  
p icked o u t ,  s a i d  "Your c la ims a r e  wrong, t h i s  i s  what you 
shou ld  be  c la iming,  and your d a t a  w i l l  confirm it s t a t i s t i c a l l y . "  

Then you go t o  your s t a t i s t i c a l  model, and you can 
g e t  your c l ea rance .  Now, I t h i n k  t h i s  technique  should  be 
looked a t  f o r  b a t t e r y  work, because you can r e l a t e  t h e  r e s e a r c h  
wi th  t h e  tests, wi th  t h e  envi ronmenta l ,  w i th  t h e  t e s t ,  a c t u a l  
c y c l i n g  test,  l i f e  tes t ,  and come up wi th  some in fo rmat ion  
t h a t  t h i s  b a t t e r y  s c i e n t i s t  can  t h e n  i n t e r p r e t .  

I t ' s  a d i s c i p l i n e  t h a t  t a k e s  a l o t  of work on 
t h e  mathematician s i d e ,  and I do f e e l  t h a t  t h e  p rogress  comes 
from two t echno log ies  g e t t i n g  t o g e t h e r ,  and he lp ing  each 
o t h e r .  

So thank you ve ry  much. 

(Applause. ) 

FORD: Any q u e s t i o n s ?  Discussion? 

STEINHAUER: S t e i n h a u e r  , Hughes. 

WAITE:' Yes. 

STEINHAUER: On your  h y s t e r e s i s  loop on the syn- 
chronous o r b i t ,  i s  i t  necessa ry  f o r  t h a r  type  o f  a n a l y s i s  t o  
t a k e  t h e  ce l l  o r  b a t t e r y  over  t h e  knee of  the curve ,  o r  w i l l  
it work by s tudy ing  it w i t h i n  t h e  range t h a t  you normally 
would use  a t  s a y  50-60 p e r c e n t  depth? 

WAIT$: We gained t h a t .  I t ' s  very impor tan t  which 
p o i n t s  you t ake ;  I d i d n l  t want t o  go  i n t o  t h a t ,  and we've 
found by gaming it t h a t  t h e  most r e l i a b l e  p a r t  was dropping 
o f f  the end of d i s c h a r g e  and the t o p  p a r t  of charge  and the 
t o p  part  of  d i scharge ,  t a k i n g  t h e  middle p o r t i o n .  

I t h i n k  t h a t  maybe i f  more c a r e  i s  taken  i n  g e t t i n g  



t h e  d a t a ,  you might want t o  t a k e  more of t h e  curve.  T h a t ' s  
a s  far a s  we went,  b u t  I do th ink  i t  has  q u i t e  a  l o t  of 
p o t e n t i a l ;  needs some e x t r a  work done on it. 

FORD: Okay, thank you, John. 

Okay, a t  this t i m e ,  w e  have one p r e s e n t a t i o n  t h a t  
we'd l i k e  t o  p ick  up that w e  d i d  n o t  have t i m e  f o r  yes te rday .  
The s u b j e c t  is  nickel-cadmium c e l l  magnetic  p r o p e r t i e s .  
John Rubenzer from NASA-AMES . 

RUBENZER: One word b e f o r e  I go i n t o  t h e  n icke l -  
cadmium s u b j e c t .  Yesterday,  a t  t h e  end of Chuck P a l a n d a t i ' s  
p r e s e n t a t i o n .  One member of our  group asked a  q u e s t i o n  con- 
ce rn ing ,  a s  I r e c a l l ,  what cells w e  would b e  us ing  i n  t h e  
s i l v e r - z i n c  b a t t e r i e s  t h a t  Chuck t a l k e d  abou t ,  and I s o r t  
of copped o u t  an answer by say ing ,  i f  you want some i n f o r -  
mation, w r i t e  our  program o f f i c e .  

I s o r t  of assumed t h a t  you would be  somewhat 
f a m i l i a r  with t h e  -- o u r  predicament ,  which was i n c o r r e c t  
on my p a r t ,  so I ' d  l i k e  t o  g i v e  you a  very quick  s h o t  a t  
why I answered t h e  q u e s t i o n  t h a t  way. 

I ' m  a t  A m e s  Research Center  on the Pioneer-Venus 
s t u d y  team, and a t  t h e  p r e s e n t  t i m e ,  we have two prime con- 
t r a c t o r s  performing a des ign  s t u d y ,  o r  what w e  c a l l  t h e  
phase B of t h e  c o n t r a c t ,  and these t w o  c o n t r a c t o r s  a r e  i n  
compet i t ion  w i t h  each o t h e r ,  and a s  a  r e s u l t  of t h i s ,  w e  a r e  
most c a r e f u l  i n  what w e  s a y  abou t  what b a t t e r i e s  w e '  11 be 
us ing ,  n o t  only  b a t t e r i e s ,  b u t  any hardware i n  a s p a c e c r a f t ;  
s p a c e c r a f t  des ign  f e a t u r e s ,  miss ion  o p e r a t i o n s  -- anything 
a long this l i n e  which might  p r e j u d i c e  or b i a s  i n  ona way 
o r  ano the r  e i t h e r  o f  t h e s e  c o n t r a c t o r  des igns .  We want as 
pure  a  s t u d y  from them as w e  can g e t .  

We r e a l i z e  t h a t  w e ,  l i k e  most people ,  have p e t  
s u b j e c t s ,  o r  f a v o r i t e s ,  both  i n  d e s i g n  and p h i l o s o p h i e s ,  s o  
we t r y  and keep our mouth s h u t  as much a s  w e  can,  t o  minimize 
a f f e c t i n g  t h e i r  s t u d i e s ,  because t h a t ' s  r e a l l y  what w e  con- 
t r a c t e d  with t h e m  f o r ;  t o  f i n d  o u t  how they  t h i n k ,  n o t  how 
we would do it. 

So anyway, my answer has  t o  remain t h e  same. I'm 
sure you won' t  f e e l  bad ,  because we probably d o n ' t  know a t  
t h i s  p o i n t  anyway. Now w e ' l l  g e t  i n t o  a  l i t t l e  b i t  of work 
we d i d  on nickel-cadmium cells; we're i n  the process  -- could 
I have t h e  f i r s t  -- 

I 

( S l i d e  89.)  



About a y e a r  ago, a s  a r e s u l t  of some d i s c u s s i o n s  
between Eagle-Picher  pe r sonne l  and some magnetics t e s t  people 
a t  A m e s  Research Center  concerning p o s s i b l e  b a t t e r i e s  f o r  
use i n  s p a c e c r a f t  f o r  long d u r a t i o n  miss ions ,  p l a n e t a r y  -- 
i n t e r p l a n e t a r y  miss ions .  The nickel-cadmium c e l l  as w e l l  
a s  silver-cadmium, s i l v e r - z i n c ,  e t  c e t e r a ,  were d i s c u s s e d ,  
b u t  w e  were looking a t  b a t t e r i e s  t h a t  w e  would be us ing  on 
s p a c e c r a f t  t h a t  c a r r i e d  magnetometers a s  experiment  hardware, 
and of course ,  a s  y o u ' r e  I ' m  s u r e  w e l l  aware, nickel-cadmiums 
a r e  a b i t  of a magnetic  b e a s t ,  and we're t a l k i n g  about  p r e t t y  
c l e a n  s p a c e c r a f t .  

And as a r e s u l t  of t h e s e  d i s c u s s i o n s ,  i t  was sug- 
g e s t e d  t h a t  perhaps a nickel-cadmium cel l  could be packaged 
i n  Mumetal i n  p l a c e  of one of t h e  more s t a n d a r d  m a t e r i a l s  
used i n  a case ,  s p e c i f i c a l l y ,  i n  t h i s  i n s t a n c e ,  s t a i n l e s s  steel.  

So a few months l a t e r ,  t h e  Eagle-Picher  represen-  
t a t i v e  d e l i v e r e d  t o  Ames two cells which were i d e n t i c a l  t o  
t h e i r  8 ampere-hour ce l l ,  s e a l e d  c e l l ,  t h a t  they  package f o r  
space  a p p l i c a t i o n s ,  t y p i c a l l y ,  only  they w e r e n ' t  cased i n  
Mumetal. H e  a l s o  gave us two o t h e r  cells which were i d e n t i c a l .  
excep t  they had t1.e s t a n d a r d  -- can you s l i d e  it up j u s t  a tab? 

The c e l l  c a s e  d a t a  is  g i v e n  down h e r e ,  t h e  th ick-  
nesses  and t h e  304 L s t a i n l e s s  s t e e l  cabe,  e t  c e t e r a .  This  
viewgraph g e n e r a l l y  shows the c o n s t r u c t i o n  of t h e  c e l l  which 
is  s t a n d a r d  i n  most r e s p e c t s .  Again, t h e  c a s e  i s  Mumetal, 
and on t w o  of  t h e  cells -- and on two s t a i n l e s s  s t e e l .  

So .  we gave t h e s e  t o  our magnetics peop le ,  and took 
a look a t  them magne t i ca l ly .  The r e s u l t s  of t h i s  look are 
on this viewgraph. 

( S l i d e  9 0 . )  

I t  t u r n s  o u t  t h a t  i n  c a s i n g  a ce l l  i n  Mumetal, 
produces r a t h e r  impress ive  r e s u l t s .  A s  you can see on this 
elide, our  magnetics people  took a l l  thc ir measurements a t  
50 cen t ime te r s  from t h e  geometr ic  c e n t e r  of t h e  cell, the 
axes are i d e n t i f i e d  a s  shown i n  this s k e t c h .  

Whore people i n i t i a l l y  exposed t h e  cells to  25 
gauss  f i e l d ,  and took measurements a long the three axes ,  
which a r e  l i s t e d  h e r e ,  and then  degaussed t h e  cells with 
a standard degauss ing  procedure of -- as I r e c a l l ,  these 
diminishing AC f i e l d ,  and remove whatever remnants they  
can from the ce l l  -- i t 's  s o r t  of s t a n d a r d  pzocedure. 



SO anyway, they expose t h e  c e l l s  t o  a f i e l d  and 
then deperm them, and the  r e s u l t s  a r e  as shown here  -- 
a f t e r  a 25  gauss exposure, the  Mumetal cased c e l l s  were 
considerably lower i n  t h e i r  magnetic s igna tu re  than either 
t h e  s t a i n l e s s  s t e e l ,  and then a l s o  one c e l l  t h a t  I took 
and took t h e  s t a i n l e s s  s t e e l  case  of f  o f .  I removed no t  
only the  case b u t  t h e  cover, and l e f t  everything else on t h e  
c e l l ,  and-- oh, and I took of f  t h i s  f i l l  tube,  which tu rns  
ou t  was a non-magnetic s t a i n l e s s  a l s o ,  so w e  can sor: of 
f o r g e t  about t he  f i l l  tube. T h a t ' s  a l i t t l e  note sdded on 
the  bottom. 

Then they deperm the  c e l l s  and the  s igna tu re s  
were as shown here.  I t ' s  an order  of 1 0  f o r  the  pos t  deperm 
remnants and as you can see, 2 t o  3 t o  4 ,  and sometimes 
more i n  t he  Y component, which turned out  t o  be minimum 
f o r  the  25 gauss exposure. 

Okay, let 's  look a t  t h e  next  viewgraph, 

(S l ide  91 . )  

I n  terms of spacec ra f t  u t i l i z a t i o n ,  I j u s t  ran 
through some numbers b r i e f l y ,  and used some rough and d i r t y  
s ca l ing  f a c t o r s ,  bu t  genera l ly  f o r  these t h r e e  cases ,  i f  
we consider a 25 c e l l  b a t t e r y ,  which i s  probably more than 
we've ever  used, b u t  s o r t  of a worst-case condi t ion ,  o r  
design as  f a r  a s  the  number of c e l l s  i s  concerned, w e  would 
end up a t  t he  end of a 1 0  f o o t  boom, which would be roughly 
12 f e e t  from the  b a t t e r y ,  because w e  want t o  l oca t e  t h e  ba t -  
tery a s  f a r  away from the magnetometer head a s  poss ib l e ,  s o  
you put  them i n  t he  o the r  s i d e  of t he  cen te r  l i n e  of t h e  
spacec ra f t ,  d i ame t r i ca l ly  opposed from the  magnetometer. 

So, I used a 1 2  f o o t  boom length ,  which i s  not  
t oo  d i f f i c u l t  t o  design o r  achieve,  b u t  I s o r t  of picked 
the number ou t  of t he  a i r .  I t ' s  no t  f i xed  i n  any case;  
you can s u b s t i t u t e  what ever number you want, But using 

the t en th  of a gamma remnants shown after degaussing i n  
the previous viewgraph, w e  would end up with  the  remnants 
of f ive  thousandths gamma a t  the end of a 1 2  f o o t  boom, which 
is  mighty l o w ,  bu t  t h a t ' s  kind of o p t i m i s t i c ,  because t h a t ' s  
wi th  a t o t a l  degauss, and you always pick up some perming as 
you launch and handle a s p a c e c r a f t  f o r  whatever environment. 

I n  case number two, the fou r  aqd a h a l f  gamma used 
was the post-25 gauss exposure, which c e r t a i n l y  is worse case ,  
because there's no way on e a r t h  tho t!!ing is going t o  perm up 
to ,  you know, a 25 gauss f i e l d ,  As a mat te r  of fact, earth's 
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f i e l d  is  somewhere around 5 gauss.  

So i n  t h e  t h i r d  case, I used t h e  5 gauss  a s  a 
t y p i c a l  f i e l d ,  and es t ima ted  -- I c a l l  a wors t  c a s e ,  I guess  
I should  s a y  t h e  r e a l  c a s e  -- w i t h  a  25 cell b a t t e r y ,  and 
s c a l e  t h e  perming t o  match t y p i c a l l y  a  5 gauss f i e l d ,  f i g u r i n g  
it permed a s  much a s  p o s s i b l e  d u r i n g  launch,  and used t h e  
70 p e r c e n t ,  which i s  a s c a l i n g  f a c t o r ,  when you t a k e  s i n g l e  
cel l  d a t a  and s t a c k  them up. I t ' s  n o t  a d d a t i v e ,  s o  you nave 
t o  throw i n  a number which I g o t  from o u r  magnetics people ,  
and apparen t ly ,  i t ' s  proven t o  be a f a i r l y  a c c u r a t e  number. 

Anyway, t o  make a long s t o r y  s h o r t ,  we would end 
up with a f i e l d  less than ,041 gamma, which is q u i t e  low. 
I t ' s  amazingly low for a nickel-cadmium b a t t e r y ,  and i n  
looking a t  t h e s e  numbers, i t  t u r n s  o u t  t h a t  if we could make 
an e s t i m a t e  of what t h e  a c t u a l  remnants 02 such a b a t t e r y  
would be a f t e r  launch -- this i s  once you achieve  o r b i t ,  o r  
burnout  of  your l a s t  s t a g e ,  we'd guess  t h a t  t h e  remnants 
would be somewhere on t h e  o r d e r  of 2 hundredths ,  of .02 
gamma, which is  very  low. 

To g i v e  you a r e f e r e n c e  number i n  this, i f  you ' r e  
i n t e r e s t e d ,  on the Pioneer  1 0  s p a c e c r a f t ,  which is on i t s  way 
t o  J u p i t e r ,  t h e  t o t a l  measured remnants a t  t h e  magnetometer 
head was -- I b e l i e v e  it was .O3 gamma, and t h a t  was a very 
c l e a n  s p a c e c r a f t .  A l o t  of money was s p e n t  making i t  c lean .  
And t h a t  p a r t i c u l a r  s p a c e c r a f t ,  which has  t y p i c a l l y  a  two 
yea r  t r i p  time, and i t ' s  a swing-by miss ion  f o r  those  of  
you who a r e n ' t  f a m i l i a r  wi th  it, they use  silver-cadmium 
cells wi th  r a t h e r  e x t e n s i v e  cel l  p r o t e c t i o n ,  ce l l  charging,  
ce l l  i s o l a t i o n ,  the b a t t e r y  pack is -- I d o n ' t  r e ~ s m b e r  t h e  
e x a c t  numbers, b u t  i t ' s  roughly  a t  h a l f  e l e c t r o n i c s ,  s o  
you pay k ind of a n a s t y  price when you s t a r t  f l y i n g  t h a t  
sort  of cel l  f o r  a  long mission.  

A s  a  r e s u l t  of t h e s e  t e s t s ,  we have o rde red  from 
Eagle-Picher , 28 nickel-cadmium c e l l s  , encased i n  Mumetal, 
as were t h e s e  cells,  wi th  sponge-negative e l e c t r o d e s  t o  
f u r t h e r  reduce  the n i c k e l  c o n t e n t  and subsequent ly ,  the 
s i z e  of t h e  cells. I f  w e  crank this f a c t o r  i n t o  spme o f  
these numbers, it'll probably come o u t  a l i t t l e  less than  .02 .  
The reason we've o rde red  the c e l l s ,  o r  t h e  primary reason is ,  
we're going t o  take them t o  o u r  magnetics  f a c i l i t y ,  and s t a r t  
p l a y i n g  wi th  them l i k e  a bunch of Dorinoes, and s t a c k i n g  them 
up, and f i n d  o u t  what the minimum, or what the optimum ce l l  
c o n f i g u r a t i o n  w i l l  be t o  minimize the remnant f i e l d  i n  the 
a x i s  on which t h e  magnetometer would be loca ted .  



This  in fo rmat ion ,  al though o r i g i n a l l y  wanted f o r  
c o n s i d e r a t i o n  f o r  va r ious  p l a n e t a r y  a p p l i c a t i o n s ,  t u r n s  o u t  
looking r a t h e r  i n t e r e s t i n g  i n  r egards  t o  our  Venus O r b i t e r  
Mission yes te rday ,  Chuck P a l a n d a t i  t a l k e d  about  t h e  Venus 
Probe mission.  That i s  one of  two types  f o r  t h e  P ioneer  
Venus miss ion  a s  p r e s e n t l y  envis ioned.  The second i s  an 
o r b i t e r .  An o r b i t e r  miss ion  of  Venus invo lves  a t r i p  t i m e  
of roughly three months, and it i s  then i n s e r t e d  i n  o r b i t  
above Venus. The o r b i t a l  parameters  have n o t  been se t ;  they  
w i l l  be a p a r t  of v a r i o u s  s t u d i e s ,  b u t  t y p i c a l l y  i t ' l l  b e  
somewhere i n  the neighborhood, perhaps ,  of a 2 4  hour orbi t .  

And i t  w i l l  be designed t o  remain i n  o r b i t  f o r  
a Venus-sidereal  yea r ,  which i s  l i k e  225  ear th-days .  So, 
it has  t o  l a s t  pre- launch,  t h r e e  months t o  Venus, and then  
225 days i n  o r b i t  minimum. So w e  w i l l  t a k e  these c e l l s  
when w e  g e t  them, roughly i n  a  couple  of  months, and f i n d  
o u t  what they look l i k e  when w e  s t a c k  them up i n  b a t t e r y  
c o n f i g u r a t i o n ,  and hopefu l ly  come up w i t h  some good numbers. 

I f  any of you have any q u e s t i o n  regard ing ,  o r  
a r e  cu r ious  a s  t o  what t h e  cells look l i k e  dur ing  a c o f f e e  
break,  we have a couple cells which E a r l  Car r  brought  along.  
Some of them -- one of them is one of the cells w e  t e s t e d ,  
and i t s  twin i n  s t a i n l e s s  s t e e l  and t h e  sample of t h e  ex t ruded  
c a s e s  s i t t i n g  on the t a b l e  over  h e r e  -- I guess  t h e y ' r e  block- 
ed from your view by the b r i e f c a s e ,  b u t  you can t a k e  a  look 
a t  them. 

That's all I have. 

(Applause. ) 

FORD: Thank you, John. 

Ques t ions?  

CHARLIP: S t e v e  C h a r l i p ,  Gulton 

Can you te l l  me what the a l l o y  Mumetal is? This  
is  a tradenams by Inco. What i s  the g e n e r i c  a l l o y  composition 
of Mumetal. 

RUBENZER: I knew you'd ask something l i k e  that, so 
I asked Ear l  to  be on s tandby,  and he can g i v e  you t h o s e  d e t a i l s .  
X h o n e s t l y  d o n ' t  know. 

CHARLIP : I have another  ques t ion .  You have  made 
a -- I believe i t ' s  n o t  q u i t e  a realistic comparison between 



Mumetal and s t a i n l e s s  s t e e l ,  because you've used Type 3 o r  
4 ,  which when welded and worked, p r e c i p i t a t e s  fe r r i  tes, and 
becomes s l i g h t l y  magnetic. May I sugges t  t h a t  you do, i f  
somebady would try and do t h e  same comparison u s i n g  Type 
310 s t a i n l e s s  e teel,  which a u s t i n e t i c  even dur ing  working 
and welding. And I t h i n k  you may g e t  a more r e a l i s t i c  
comparison be tween s t a i n l e s s  s teel and Mumetal. 

CARR: T h i s  is  E a r l  Carr of Eagle P i c h e r .  

F i r s t  of a l l ,  from John ' s  d a t a ,  I d i s p u t e  t h a t ,  
because -- John, can you p u t  t h e  s l i d e  up? Which shows 
t h e  f i v e  d i f f e r e n t  c e l l s ?  

RUBENZER: C e r t a i n l y .  

( S l i d e  90.) 

CARR: I c a n ' t  r e a d  t h a t  from way back h e r e ,  b u t  
t h e r e  is one c e l l ,  which is  t h e  bottom cel l  -- is t h a t  
r i g h t  , John? 

RUBENZER: T h a t ' s  c o r r e c t .  

CARR: Which has  no case  a t  a l l .  And t h e  numbers 
for t h a t  p a r t i c u l a r  c e l l  a r e  very c l o s e  t o  the two cells 
t h a t  are encased i n  s t a i n l e s s  steel. So t h e  c o n t r i b u t i o n  
of the c a s e  i t s e l f  seems t o  be  very  l i t t l e .  Is t h a t  t r u e ,  
John, from the d a t a ?  

RUBENZER: It looks  t h a t  way. 

CARR: The Mumetal is  p r i m a r i l y  a n i c k e l  a l l o y .  
I d o n ' t  remember t h e  e x a c t  composition. The only  t h i n g  t h a t  
ie of any major concern t o  us  is  t h a t  i t  has  some copper i n  
it -- approximately 3 or 5 p e r c e n t  copper.  I t 's  I t h i n k  
i n  the o r d e r  of 65 p e r c e n t  or s o  n i c k e l ,  and then  t h e r e ' s  
some i r o n  and some chromiun. 

RUBENZER: E a r l ,  do you make a s t a i n l e s s  case of  
the a l l o y  the man r e f e r r e d  to, of 3103 

CARR: I'm p e r s o n a l l y  n o t  t h a t  f a m i l i a r  w i t h  
the d i f f e r e n t  s t a i n l e s s  steels, b u t  I d o n ' t  r e a l l y  see why 
n o t ,  so that we could d o  this, and I ' m  s u r e  that -- w e l l ,  
these p a r t 8  are deep-drawn cases, b u t  I ' m  c e r t a i n  t h a t  i t  
could be a l s o  made with  o t h e r  a l loys .  

RUBENZER: The reason  I asked him that r e a l l y  is ,  



d h l l  i n  t a k i n g  a look a t  t h i s  Mumetal i n  case  L,  w e  j u s t  took 
s t a n d a r d  o f f - the - she l f  type  cells which were r e a d i l y  a v a i l a b l e .  
We made no a t t empt  t o  p i n p o i n t  t h e  optimum s t a i n l e s s  s teel ,  
the a l l o y  t o  use ,  o r  anything a long t h a t  l i n e .  

CHARLIP: L e t  me answer M r .  Carr .  Some y e a r s  
ago, a company I worked f o r  b u i l t  some c a s e s  made of t h r e e  
or f o u r  f u l l y  annea . le&tain less  s t e e l ,  which Tom Hennigan's 
group t e s t e d  f o r  magnetism and found them s l i g h t l y  magnetic.  
On t h e  o t h e r  hand, w e  a l s o  s e n t  some c a s e s  made of Type 310, 
which i s  a h i g h e r  nickel-chromium a l l o y ,  and they were almost 
n i l .  So I j z s t  s u g g e s t  perhaps t h i s  may t a k e  t h e  .p lace  of  t h e  
nickel-copper a l l o y  which i s  more expensive ,  much more d i f f i -  
c u l t  t o  f a b r i c a t e  than  Type 310 s t a i n l e s s  steel.  

STROUP: S t roup  from Goddard. What does that 
gamma mean, q u a n t i t a t i v e l y ,  I n  terms o f  gauss .  T h a t ' s  
one ques t ion .  The o t h e r  q u e s t i o n  i s ,  I wonder, do you 
have a technique  f o r  compensating f o r  t h e  c u r r e n t  t h a t  is  
going o u t  of t h e  b a t t e r y  dur ing  opera t ion .  

RUBENZER: Okay, we're going t o  look a t  t h a t .  We 
have a few i d e a s  a g a i n  on t h e  c u r r e n t  compensation q u e s t i o n  
I ' m  address ing  now. We have no g r e a t  godawful schemes i n  
mind, b u t  a few i d e a s  which we're going t o  t r y  a l s o .  

F i r s t  we're going t o  look a t  j u s t  s t r a i g h t  remnants 
with no c u r r e n t  f low a t  a l l .  But t h e  reason  I h a v e n ' t  worr ied  
about  c u r r e n t  f low is  whether w e  use  silver-cadmium, z i n c ,  or 
n i c k e l ,  it I s  go ing t o  be p r e  Lty much t h e  same. That  problem 
is more o r  less s t a n d a r d  xegardfess  of t h e  type  cel l  w e  use.  I 

I f  t h a t ' s  e a t i s f s c t o r y ,  a gariuna, a s  used i n  o u r  
work i s  e q u a l  t o  10-5 gauss.  I t ' s  j u s t  a s m a l l e r  u n i t  which 
is used q u i t e  f r e q u t m t l y ,  and I thought  q u i t e  e x t e n s i v e l y ,  
b u t  perhaps i t  i s n ' t  a s  e x t e n s i v e  a s  I thought .  

GROSS: S i d  Gross,  Boeing. We've had magnetic  
problems and tested nickel-cadmium c e l l s .  We found t h e  
cells had what we  thought  was an unacceptably l a r g e  magnetic  
a f f e c t ,  and then decided w e  probably had t o  do something 
about  t h a t ,  and t e s t e d  a l l  t h e  complements i n  t h e  cells, 
t h e  p lacques  and t h e  p l a t e s  and t h e  covers  and the c a s e s ,  
and so forth, and we found t h a t  we c o u l d n ' t  p r e d i c t  t h e  
cel l  magnetic e f  fecfcs from t h e  components. But  we found 
t h a t  a l l  the c e l l s  were about  t h e  same e f f e c t ,  t h e n  w e  b u i l t  
b a t t e r i e s  and found we c o u l d n ' t  p r e d i c t  b a t t e r y  e f f e c t s  from 
cell measursment8. 



And w e  found o u t  t h a t  -- w e  th ink  we know some of 
the reasons  why; we  h a v e n ' t  -- I d o n ' t  want t o  go i n t o  t h a t  
p a r t  of it. But t h e  b i g  problem was n o t  r e a l l y  what t L c  
magnetic e f f e c t  i s ,  b u t  whether o r  n o t  it s t a y s  c o n s t a n t .  
If you have a b a t t e r y  t h a t  i t ' s  moderately magnetic ,  t h a t ' s  
no g r e a t  sweat  t o  most of t h e  exper imenters ,  because they  
can compensate f o r  it. But t h e  problem i s  t o  keep it con- 
s t a n t ,  and t h i s ,  tile b i g g e s t  problem t h e r e  is  dur ing  t h e  
launch. Because you ' r e  pass ing  through a magnetic f i e l d ,  and 
t h e  b a t t e r y ' s  undergoing v i b r a t i o n ,  and t h i s  is  very d i f f i c u l t  
t o  p r e d i c t .  

RUBENZER: Okay, y o u ' r e  p o i n t ' s  w e l l  taken.  I ' d  
c o m e n t  on it, b u t  I ' m  a f r a i d  we're g e t t i n g  i n t o  t h i s  a r e a  
aga in  where w e  don' t want t o  p r e j u d i c e  'the des ign  work be ing  
done by our  two c o n t r a c t o r s .  They're  each looking a t  t h i s  
problem; independently I ' m  s u r e  -- i n  f a c t ,  I ' m  positive of 
it, and well, i t ' s  t h e  same s o r t  of t h i n g .  We j u s t  d o n ' t  want 
t o  b i a s  t h e i r  d e ~ i g n  work by throwing i n  any i d e a s  a long o u r  -- 
t h a t  w e  might have. 

But you ' r e  p o i n t ' s  w e l l  t aken ,  and it c e r t a i n l y  w i l l  
be looked a t .  T e l l  m e  one t h i n g ,  though, d i d  you f i n d  when 
you conf igured  the c e l l s  i n t o  b a t t e r i e s ,  d i d  you f i n d  the 
b a t t e r i e s  were r e p e a t a b l e ,  even i f  you c o u l d n ' t  s c a l e  a 
b a t t e r y  e f f e c t  up from c e l l  d a t a ,  or --? 

GROSS : We d i d n '  t test  t h a t  many b a t t e r i e s ,  b u t  
i n  g e n e r a l ,  it was. 

RUBENZER: Okay. Thank you. 

FORD: Next quea t i o n .  

STEINHAUER: Were t h e s e  two cells taken a p a r t ,  
namely the concern wi th  t h e  copper,  any problems? 

RUBENZER: I ' m  n o t  p o s i t i v e ,  b u t  I ' m  q u i t e  c e r t a i n  
they  have n o t  been disassembled.  I know one of  them has  them. 
It 's up here. 

E a r l ?  I presume both  of them a r e  s t i l l  assembled, 
you h a v e n ' t  taken either of them a p a r t  y e t ?  

CARRI Right.  

RUBENZER: When w e  g e t  our 28 cells, i n c i d e n t a l l y ,  
w e ' l l  r e p e a t  the t e s t i n g  on t h e  two cells t h a t  we've tested 
a l r e a d y ,  and I hope a180 the s t a i n l e s s  cells, just  t o  make 



s u r e  t h a t  o u r  d a t a ' s  r e p e a t a b l e ,  and -- 
STE1:WlUER: We'd be i n t e r e s t e d ,  of  course .  The 

Mumetal is a commoc m a t e r i a l  used i n  the vacuum tube  f i e l d ,  
where you ' r e  us ing  n igh course  of  f o r c e  m a t e r i a l s .  I t  53 
a s h i e l d  type  m a t e r i a l .  So i t ' s  n o t  unusual  t h a t  t h i s  occurs .  
I guess my q u e s t i o n  i s ,  you ' r e  g e t t i n g  i n  t h e s e  28 cel ls ,  
w i l l  t h a t  d a t a  be g e n e r a l l y  a v a i l a b l e ?  

RUBSNZER: Oh, yes .  When I cop o u t  wi th  one of 
t h e s e  program o f f i c e  type  answers,  I d o n ' t  r e a l l y  mean t o  
cop o u t ,  b u t  whenever we get in fo rmat ion ,  w e  d i s semina te  it. 
We're n o t  t r y i n g  t o  keep any secrets. I t ' s  j u s t  t h a t  w e  
d o n ' t  want t o  make problems, and i f  you e v e r  work f o r  Uncle, 
you f i n d  o u t  t h a t  i f  you s a y  something a t  t h e  wrong t i m e ,  
you can g e t  i n  a l o t  of t r o u b l e .  

(Laughter . ) 
WERTHEIM: W e r t h e i m ,  Grum~an. J u s t  one c l a r i f i c e -  

t i o n ,  John. When you made t h e  measuremerks t h a t  a r e  i n d i c a t e d  
i n  t h e  c h a r t  you've g o t  up r i g h t  now, was t h e  ce l l  o p e r a t i n g ?  

RUBENEER: I t  was no t .  

WERTIIEIM: Thank you. 

RUBENZER: NO, no c u r r e n t  i'low a t  a l l .  

GROSS: May 1 make a s m a l l  c o r r e c t i o n  of what I 
said e a r l i e r .  I s a i d  you c a n ' t  p r e d i c t  b a t t e r y  magnetic 
e f f e c t s  from the cells. What I meant t o  s a y  is  you c a n ' t  
scale up d i r e c t l y .  You can p r e d i c t .  

RUBENZER: Okay. Which is  what w e  suspec ted  a 
l i t t l e  b i t ,  and wae m e  of the reasons t h a t  we thought  it 
was worth briying 28 cells t o  con t inue  looking a t  t h i s .  It  
looks good enough for t h a t ,  anyway, 

MAUER: Mauer, B e l l  Labs. Why d o n ' t  you simply 
p u t  a M w e t a l  s h i e l d  around of a l l  28 cel l  b a t t e r y  of 

L 

s t a n d a r d  c e l l s ?  

RUBENZER: We might t r y  t h a t ,  b u t  I c a n ' t  r e a l l y  
answer your q u e s t i o n ,  because I wasn ' t  i n  on the o r i g i n a l  

. discunsionn when it was decided t o  t r y  t h i s  approach. But 
I t h i n k  Earl can ,  because h e ' s  g o t  h i s  hand up. 

C A M :  E a r l  Cart, Eagle-Picher,  There ' s  a l o t  of 



t h i n g s  t h a t  can be done t h a t  we t h i n k  -- t h i s  r e p r e s e n t s  L!e 
f i r s t  c rack  a t  something t h a t  w e  thought  was i n t e r e s t i n g .  
For example, a t y p i c a l  nickel-cadmium c e l l  has  a l o t  of  
pe r t ruberances  on t h e  cel l .  The t e r m i n a l s  -- t h e r e ' s  j u s t  
a l o t  of bad a r e a s ,  and t h e r e ' s  des ign  work t h a t  can be 
done on a cel l  t o  opt imize  it wi th  r e s p e c t  t o  t h e s e  -- I 
guess  I c a l l  them "eddytt a r e a s ,  and then  i n  a d d i t i o n ,  t h e  
b a t t e r y  work i s  ve ry  d e f i n i t e l y  a promising a r e a  t o  reduce 
t h e  -- a very s i m p h  munetal f o i l ,  a s  D r .  Mauer has  sugges ted ,  
is c e r t a i n l y  a th ing  t h ~ i t  could be done t o  f u r t h e r  reduce  
t h i s  -- the magnetic p r o p e r t i e s .  

So what w e  thought  was w e  would s t a r t  h e r e ,  and 
t h e  cells t h a t  John is  going t o  scc w i l l  b e  used f o r  -- l i k e  
you s a y ,  a Dominoe e x e r c i s e  t o  s e e  '.ow t h e  thing works when 
i t ' s  p u t  t o g e t h e r  i n  va r ious  ways, and t h e n  beyoqd t h a t ,  t h e r e  
are t h e s e  o t h e r  packaging techniques  t h a t  can be used. 

So I t h i n k  i t ' s  very promising,  and I t h i n k  i t ' s  
r e a l  good and new informat ion .  

RUBENZER: Once I g e t  t h e  cells,  I can wrap 
Muvetal around a l l  of t h e  c e l l s ,  b u t  i t ' s  k ind  of  tough 
f o r  m e  t o  t ake  t h e  s t a i n l e s s  c a s e s  o f f  and p u t  Mumetal on 
i n  p i a c e  of them, and s o  I took t h e  easy  weiy ou t .  We'll p l a y  
with every th ing  w e  can t h i n k  of. 

HENNIGAN: I j u s t  wanted t o  mention h e r e  t h a t  -- 
I j u s t  wanted t o  mention h e r e  t h a t  i t ' s  been 

about  12 y e a r s  t h a t  we've been f l y i n g  t h e s e  non-magnetic 
b a t t e r i e s ,  and des ign ing  them h e r e ,  and s o  f o r t h .  I j u s t  
hope t h e  c o n t r a c t o r s  biddint.  on t h i s  d o n ' t  t r y  t o  r e i n v e n t  
t h e  wheel again .  

Thank you. 

KLEIN: Kle in ,  Energy Research. Did you map j u s t  
a n  empty Mumetal c a s e  with t e rmina l s?  

RUSENZER: N o ,  w e  did not .  We d i d n ' t  have one. 
I d o n ' t  know i f  we would have i f  we had. 

FORD: Let's t a k e  one more ques t ion .  Bob? 

STEINHAUER: S t e i n h a u e r ,  Hughes. I f  t h e  copper ' s  
a l l  r i g h t  i n  the case, how about  sponge Mumeta l  p l a t e s ?  

(Laughter . ) 



RUBENZER: Well, I'm not  going t o  answer it. 

FORD: Okay, thank you, John. 

The next  s u b j e c t  w e  have f o r  t h i s  morning i s  a 
physical  approach t o  acce le ra ted  l i f e  test,  by John McCallum 
with Invention Ta len ts ,  Incorporated. john? 

MC CALLUM: During the  p a s t  s e v e r a l  yea r s ,  I ' v e  
been pr iv i leged  t o  work i n  the a rea  of t r y i n g  t o  develop 
accelera ted l i f e  tests f o r  spacec ra f t  b a t t e r i e s .  As you 
can gather  from t h e  content  of t h e  meeting, this is  a very 
complicated s i t u a t i o n ,  and t h e r e  a r e  many ideas  about how 
this should be gone a t  o r  indeed, whether t h e r e ' s  any hope 
of doing something l i k e  t h a t .  

Bas ica l ly ,  when I was a t  B a t t e l l e ,  we assumed t h a t  
t he re  were th ree  general  approaches t o  a r r i v i n g  a t  an 
accelera ted l i f e  test. And one we c a l l e d  an "empirical  
approach," i n  which you t r y  t h i s ,  o r  you t r y  t h a t ,  o r  you 
look a t  the d a t a  t o  see what t h e  da t a  w i l l  t e l l  you. 

John Waite here  mentioned t o  you some of t h a t  
kind of work. There have always been empi r ica l  t e s t s ,  and 
I suspect  there  always w i l l  be. 

The second major approach t o  a r r i v i n g  a t  such a 
test is  s t a t i s t i c a l ,  and i n  t h i s  p a r t i c u l a r  approach, you 
list the various kinds of va r i ab l e s ,  independent and dependent, 
and run your regress ion  ana lys i s  o r  some o t h e r  -- use your 
o ther  s t a t i s t i c a l  t o o l s  t o  a r r i v e  a t  i n t e r a c t i o n  c o e f f i c i e n t s  
between these  various va r i ab l e s .  

We had e paper he re  yesterday where someone s tud ied  
the processing va r i ab l e s ,  pu t t i ng  together  a b a t t e r y  t h a t  way, 
and it requi res  very many samples, and you again t r y  t o  f i n d  
o u t  what t h e  dat'l w i l l  te l l  you. 

The thi rdmainapproach t k a t  w e  have delved i n t o  
i s  what w e  c a l l  c physical  approach where w e  t r y  t o  g e t  a t  
the mechanis~~s  of f a i l u r e  and what 's going on i n  these  
b a t t e r i e s  and t h a t  p a r t i c u l a r  approach has been my main 
i n t e r e s t ,  and s o  as w e  discussed the  aspec ts  of aging and 
why b a t t e r y  performance degrades, w e  g o t  i n t o  the use of t h e  
concept of stress and it seems as though most men w i l l  accept  
the idea  t h a t  i f  you can stress a b a t t e r y  o r  i f  you can s t r e s s  
a man, t h a t  you can age him f a s t e r ,  o r  t h a t  you can br ing  
about this aging process. 



dh16 And s o  t h e  q u e s t i o n  t h a t  we addressed o u r s e l v e s  
to  was j u s t  what i s  meant by stress, and how inany a r e  t h e r e ,  
and how do they r e l a t e  t o  one ano the r  from a p h y s i c a l  view- 
po in t .  

Now may I have t h e  f i r s t  viewgraph? 

( S l i d e  92.) 

I have ,  from a r e c e n t  r e p o r t  on s t r e s s - s t r a i n  
modeling, i n  t h e  l e f t  hand column, f o u r  k inds  of k inds  of 
energy: Mechanical, e l e c t r i c a l ,  thermal ,  and chemical.  
And i n  t h i s  one t a b l e ,  I propose t o  you t h a t  t h e r e  a r e  a l l  
t h e  p h y s i c a l  stresses t h a t  a r e  involved i n  b a t t e r i e s .  

I n  t h e  nex t  columns 2 and 3 ,  there a r e  l i s t e d  t h e  
amount f a c t o r s  and i n t e n s i t y  f a c t o r s ,  and I b r i n g  those  up 

because one of them, s p e c i f i c a l l y  t h e  i n t e n s i t y  f a c t o r s ,  a r e  
r e l a t e d  t o  stress, and amount f a c t o r s  a r e  r e l a t e d  t o  s t r a i n  
o r  s t r a i n  r a t e ,  and s o  t h e r e  came t o  b e  q u i t e  a b i t  of  
d i s c u s s i o n  about ,  w e l l  how do you t e l l  t h z  d i f f e r e n c e  between 
t h e s e  f a c t o r s  i n  each energy form, and i n  Row 3, where w e  
l i s t  thermal energy,  y o u ' l l  see I ' v e  got two amount f a c t o r s  
o r  i n t e n s i t y  f a c t o r s  because tempera ture  i s  an oddba l l  when 
it  come- t o  t r y i n g  t o  f i t  i t  i n t o  t h i s  scheme. 

Anyhow, i n  t h e  nex t  two columns, w e  have t h e  
s p r i n g  analog,  i n  which s t r e s s  i s  p r o p o r t i o n a l  t o  s t r a i n ,  
Hook's Law i n  the f i r s t  row, mechanical s p r i n g s .  I n  t h e  
second row w e  have t h e  e l e c t r i c a l  analog of  t h e  s p r i n g ,  which 
is t y p i f i e d  by c a p a c i t o r s ,  o r  i n  t h e  c a s e  of a  b a t t e r y ,  w e  
can expec t  t o  stress a b a t t e r y  by a depth  of d i scharge .  

I n  t h e  next  column w e  have thermal  stress, an8 
s t r a i n ,  and f i n a l l y  chemical s t r e s s  and s t r a i n  i n  the bottom 
row, wherein c o n c e n t r a t i o n  o r  more p r e c i s e l y ,  w e  ought  t o  
b e  t a l k i n g  about  t h e  chemical p o t e n t i a l s ,  b u t  n e v e r t h e l e s s ,  
t h e  s p r i n g  analog h a s  t o  do wi th  chemical k i n e t i c s .  

I n  the 6 t h  and 7 th  columns, we  have t h e  dashpot  
analogs  i n  which, i f  you m u l t i p l y  t h e  stress t i m e s  the s t r a i n ,  
you end up with dimensions of power p e r  u n i t  volume. And 
t h e s e  dashpot  analogs  a r e  k ind  of  i n t e r e s t i n g ,  because a n  
ideal dashpot  always d i s s i p a t e s  and never s t o r e s  anything.  
And when you s t a r t  t a l k i n g  about  d i s s i p a t i o n ,  we're t a l k i n g  
about  wha t ' s  the m a t t e r  wi th  a b a t t e r y .  You would l i k e  your  
b a t t e r y  t o  be an  i d e a l  s p r i n g  and store energy and g e t  it 
back, b u t  your d i s s i p a t i n g  f o r c e s  show up wi th  dashpot  analog. 



And i n  t h e  second row, you have Ohm's Law, t h i r d  
row, you have Floray ' s  Heat ,  Conduction Law, and i n  the l a s t  
row, you have f i x e d  d i f f u s i o n  laws. 

Now, I propose t o  you t h a t  i n  v a r i c u s  combinations 
of those  s t r e s s e s  and s t r a i n s ,  and t h e r e ' s  q u i t e  a few i n  
t h a t  t a b l e ,  t h a t  t h e r e  a r e  a l l  t h e  stresses and s t r a i n s  invo l -  
ved wi th  aging and l o s s  9f performance of  b a t t e r i e s .  So, 
having proposed t h a t ,  I guess  t h e  r e a l  q u e s t i o n  t h a t  we've 
been t r y i n g  t o  answer w i t h  d i s c u s s i o n  and experiment  was 
f i r s t  of a l l ,  i s  t h i s  framework accep tab le?  That  i s ,  would 
men l i k e  yourse lves  i n  t h i s  room a c c e p t  t h i s  way o f  look ing  
a t  an a c c e l e r a t e d  l i f e  t e s t ?  

So i n  t h e  next  s l i d e ,  w e  -- Tom, i f  I could  have 
t h e  n e x t  viewgraph. 

This  was one t h a t  k ind  of  i n t e r e s t e d  a number of 
people ,  where w e  -- i2 you t ake  t h e  s p r i n g  analog,  you have 
temperature as your stress,  and i f  you t a k e  t h e  dashpot  
analog,  you have temperature g r a d i e n t s ,  and so t h e  q u e s t i o n  
has come up a number of t imes: Is it  temperature t h a t  affects 
a b a t t e r y ,  o r  tempera ture  g r a d i e n t s ?  

And i n  t h i s  p a r t i c u l a r  r e s u l t  I ' m  showing you, w e  
had supposedly i d e n t i c a l  cells,  excep t  t h a t  i n  one s e t ,  
t h e r e  were h e a t e r s  i n s i d e  t o  ma in ta in  a c o m t a n t  temperature 
on one side of t h e  c e l l ,  wh i le  t h e  environmental  tempera ture  
d i f f e r e d .  And i n  t h e  c e l l s  wi thou t  temperature g r a d i e n t ,  
w e  went from a minus 20 t o  a p l u s  40 Cent igrade ,  and we measured I 

then ,  a degrada t ion  r a t e  cn  t h e s e  cells wi th  and wi thou t  
temperature g r a d i e n t s ,  and i t  t u r n s  o u t  t h h t  t h e r e  i s  a f a s t e r  
a c c e l e r a t i o n  of wards f a i l u r e  wi th  t h e  temperature g r a d i e n t  
than  wi thout  it. 

( S l i d e  94 .) 

I n  the n e x t  viewgraph, w e  have Roman Numeral I11 
cells and Roman Numeral fV refer aga in  t o  two s e t s  o f  c e l l s  
a t  f i v e  s t r e s s  l e v e l s ,  a t  d i f f e r e n t  r a t e s  o f  d i scharge .  And 
the r a t e  of d i scharge  shows up i n  t h e  f i r s t  t a b l e  I showed 
you, a s  dashpot  ' analog. 

And again we have t h e s e  cells, two sets of 25 c e l l s  
each,  5 a t  each stress l e v e l ,  wi th  and wi thout  a tempera ture  
gradient. And the f o u r  cells had the temperature g r a d i e n t s  
and the three cells did not. So, with t h e  one excep t ion  t h e r e ,  



19 
dh18 namely Roman Numeral I V - I V ,  which f e l l  down i n  h e r e ,  WP 

subsequent ly  found o u t  t h e r e  was sometiling the m a t t e r  wi th  
t h e  h e a t e r  so it t o o  tu rned  o u t  t o  be where w e  had thouqkt  
it might be. 

( S l i d e  95.)  

The n e x t  s l i d e  -- Now, con t inu ing  our  e f f o r t s  t o  
show whether t h i s  framework i s  a c c e p t a b l e ,  those  f i r s t  two 
experiments  I showed you were on demountable cel ls ,  usir,g 
some commercial e l e c t r o d e s ,  and now we're going t o  t r y  t o  
v e r i f y  t h i s  wi th  some commercially-sealed cel ls ,  and s o  
we  r e p e a t  t h e  rate of d i s c h a r g e ,  and w e  have introducei t  
another  one which comes o u t  of t h e  t a b l e  of s t r e s s - s t r a i n  
r e l a t i o n s h i p s , .  and t h e  -- what ' s  c a l l e d  a  c h a r g e - s t r a i n  r a t e ,  
and y o u ' l l  see t h a t  t h e  c h a r g e - s t r a i n  r a t e  be ing charged 
a t  d i f f e r e n t  s h o r t  times t o  high t imes ,  b u t  d i s c h a r g e  a t  a  
one hour r a t e ,  and i n  t h i s  d i s c h a r g e ,  we're d i s c h a r g i n g  them 
a t  h igher  and h i g h e r  r a t e s ,  s h o r t e r  t ime,  b u t  charging them 
a t  a c o n s t a n t ,  one-hour r a t e .  

This  test has  j u s t  been s t a r t e d ,  and I d o n ' t  b e l i e v e  
r e s u l t s  are i n  on it y e t .  

( S l i d e  9 6 . )  
* 

The nex t  s l i d e  shows ano the r  set cf experiments  
t h a t  have been recommended, b u t  have n o t  t e e n  s t a r t e d .  This  
p a r t i c u l a r  recommendation inc ludes  a combination of  a 
tempera ture  g r a d i e n t  wi th  a h igh  d is -harge  r a t e .  

( S l i d e  9 7 . )  

The n e x t  s l i d e .  This  now shows some experiments  
t h a t  I unders tand a r e  u n d u  d i s c u s s i o n  f o r  f u t u r e  work a t  
Crane, and y o u ' l l  f i n d  t h a t  under t h e s e  f c s t o x s ;  t h e r e ' s  
e i g h t  of  them, But t h e  va r ious  temperature l e v e l s ,  t h e  depth 
of d i s c h a r g e ,  the charge rdte, t h e  d i s c h a r g e  r a t e ,  and t h e  
p e r c e n t  of overcharge a r e  f i v e  f a c t o r s  t h a t  grew o u t  of t h i s  
p h y s i c a l  framework of  how t o  a c c e l e r a t e  t h e  ag ing  of s e a l e d  
cells. 

Now, i n  this p a r t i c u l a r  program, t h e r e  i s  a  g r e a t  
deal of emphasis be ing given t o  t h i s  s t a t i s t i c a l  approach, 
and f r a c t i o n a l - f a c t o r i a l  des ign  has been worked up, and ? 

1, 
t h e y t l l  be a f t e r  t h e i r  i n t e r a c t i o n  c o e f f i c i e n t s ,  The e m p i r i c a l  
approach till be a p p l i e d  to  t h i s  data a n a l y s i s ,  and is be ing  
applied t o  some o f  t h e  p lanning of ,  " L e t ' s  t r y  this, let 's 
try that .  
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dh19 The p h y s i c a l  approach is a l s o  going t o  b e  looked 
a t ,  mainly through t h e  A i r  Force and Gerald M i l l e r ,  and John 
Lander, and some o t h e r s ,  and s o  i t ' s  my hope t h a t  when t h i s  
program is  through,  t h a t  t h e  p h y s i c a l  approach i s  n o t  on ly  
accep tab le ,  b u t  w e ' l l  f i n d  it t o  b e  p r e f e r r e d .  

So t h a t ' s  it. 

(Applause. ) 

FORD: Ques t ions?  

STEINHAUER: S te inhauer ,  Hughes. I t h i n k  t h i s  
approach is very d e f i n i t e l y  d e s i r a b l e .  My concern i s  t h a t  
once you g e t  enough d a t a ,  when you stress a s i n g l e  component 
of  a ce l l ,  we know how to  make it f a i l ,  or t o  make i t  f a i l  
more r a p i d l y ,  b u t  how do you know y o u ' r e  experencing t h e  same 
k i n e t i c s  t h a t  you would have i n  a r e a l  s i t u a t i o n  i n  p a r t i c u -  
l a r l y  i n t e r a c t i v e  rates of  f a i l u r e ?  

MC CALLUM: I th ink  t h e  v i t a l  p a r t  of t h e  p h y s i c a l  
approach i s  f a i l u r e  a n a l y s i s ,  and post-morteas,  and an 
understanding o f  why t h e s e  cells f a i l e d ,  and t h e r e  is no 
v a l i d  a c c e l e r a t e d  t es t ,  whether i t ' s  e m p i r i c a l ,  s t a t i s t i c a l  
o r  p h y s i c a l ,  i f  you've made a ce l l  f a i l  f o r  a d i f f e r e n t  r eason  
than it would normally fail under,  i t ' s  an i n v a l i d  test. 

So I t h i n k  2he answer t o  your  q u e s t i o n  has  t o  b e  
a p h y s i c a l  examination. 

STEINHAUER: Can t h e  problem b e  handled -- l e t ' s  
assume you c a n ' t  g e t  enough d a t a  by t h e  p h y s i c a l  examinat ion.  
Can t h e  problem be handled i n  any way by mathematical  o r  
s t a t i s t i c a l  t r e a t m e n t  t o  s e p a r a t e  o u t  whether you've g o t  a 
d i f f e r e n t  s i t u a t i o n  occur r ing?  

MC CALLUM: I t h i n k  t h e r e  is .  The evidence  is n o t  
qui te  a s  convincing t h a t  way, b u t  i f  you look a t  l i f e  test 
d a t a  on e l e c t r o n i c  components, and o t h e r  p h y s i c a l  -- . u s u a l l y ,  
y o u ' l l  f i n d  a n  e r raneous  type  of p l o t  o r  l o g a r i t h m i c  r e l a t i o n -  I 

s h i p  between t h e  stress and some l o g  s t r a i n  r e l a t i o n s h i p .  

If you have the same mechanism, s a y  over  f i v e  stress 
meta l s ,  t h i s  r e l a t i o n s h i p  ought t o  be a s t r a i q h t  l i n e .  I f  
tile mechanism is changing as you go up t h e r e  i n  stress l e v e l ,  
y o u ' l l  f i n d  that the t h i n g s  -- you g e t  a curve ,  o r  it j u s t  
doesn't fit that kind of  p l o t .  And I t h i n k  t h a t ' s  p r e t t y  
f a i r  evidence that the mechanism d i d  n o t  change. 



RAMPEL: Rampel, General E l e c t r i c .  I ' d  l i k e  t o  
suggest  one o ther  f a c t o r  be added t o  t h a t  t a b l e ,  and t h a t ' s  
e l e c t r o l y t e  concentrat ion.  

MC CALLUM: Concentrat ion's  i n  t h e r e ,  and -- 
RAMPEL: I didn '  t s e e  it. 

MC CALLUM: I t  was i n  chemical. 

RAMPEL: The l a s t  s l i d e ?  

MC CALLUM: Oh, the l a s t  s l i d e ?  Oh yes.  Tha t ' s  
the e i g h t  f a c t o r  experiment you ' re  t a l k i n g  about now. 

FORD: Move t o  the last s l i d e ,  Tom. 

(S l ide  97 . )  

MC CALLUM: Well, you want t o  t e l l  him about i t ?  
H e  th inks  t h a t  ought t o  be changed. 

A r e  you t a lk ing  about the a d d i t i o n a l  e l e c t r o l y t e ,  
o r  you're saying t h a t  t he re  ought t o  be  d i f f e r e n t  concentra t ions  
of e l e c t r o l y t e ?  

RAMPEL: Yes. 

MC CALLUM: You want t o  comment on t h a t ,  Tom? 

HENNIGAN: W e  took o u t  the p l a t e  loading,  and p u t  I 

i n  a concentrat ion.  Okay? 

( Inaudible  response. ) 

HENNIGAN: Oh, okay. 

MAURER: Maurer, B e l l  Labs. I ' m  n o t  s u r t  I understand 
your experiment with temperature grad ien t .  How do you sepa ra t e  
o u t  the e f f e c t  of -- t h a t  t he  c e l l s  exposed t o  t he  t e r p e r a t u r e  
g rad ien t  aze r e a l l y  operat ing a t  a higher average temperature 
tha:i thcae without the grad ien t?  I would th ink  j u s t  an of f -  
hand look ct t h i s  t h a t  the cells with g r a d i e n t  would always 
f a i  1 faster because they ' re operat ing a t  a higher  temperature. 
Average. A t  l e a s t ,  ha l f  of the cell is. 

MC CALLUM: No, we had -- I don ' t  th ink  that  would 
have followed i n  t h i s  p a r t i c u l a r  experiment. We had these  i n  
environmental chambers, say  a t  40 degrees Centigrade,  so the 
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cell  would be  t h e  same i n s i d e  and o u t .  Would be one p o i n t .  
. . 

Now, on ano the r  p o i n t ,  you'd have environmental  
temperature say  a t  20 c e n t i g r a d e ,  and one ce l l  would be 20 
degrees  ins id*-  and o u t .  The companion ce l l  would have a 
h o a t e r  i n s i d e  which mainta ined t h e  tempera ture  a t  46 i n s i d e ,  
a t  l e a s t  a t  t h e  h e a t e r ,  and 20 o u t s i d e ,  and thereby we have 
a g r a d i e n t .  And s o  on a s  you go down, w e  mainta ined t h e  
i n s i d e  temperature of 40 i n  t h e  p a r t i c u l a r  se t ,  t h e  e x t e r n a l  
would be a t  minus 20; one ce l l  would be -20 i n s i d e  and o u t ,  
and we checked t h a t  t h i s  was s o .  A companion c e l l  would be  
minus 20 o u t ,  b u t  the h e a t e r  would be  a t  40 i n s i d e .  

MAURER : So the average temperature of t h a t  c e l l  
wi th  a g r a d i e n t  would be s u b s t a n t i a l l y  above t h e  ce l l  w i t h o u t  
the g r a d i e n t .  

MC CALLUM: T h a t ' s  t r u e .  

MAURER: And s o  it would n a t u r a l l y  f a i l  f a s t e r .  

MC CALLUM: True, b u t  it would n o t  be above t h e  
average tempera ture ,  say  of 40 and z e r o  -- the average 
temperature would be 20. I t  c e r t a i n l y  s h o u l d n ' t  be any 
d i f f e r e n t  than  the ce l l  a t  20 i n  t h a t  case .  But i t  is .  
There is d e f i n i t e l y  a d i f f e r e n c e .  

HOLLECK: I t h i n k  i f  I r e c a l l  r i g h t  -- Holleck 
from Tyco -- from the r e p o r t ,  t h e  cells behave s i m i l a r  t o  
t h e  cells which were cycled  a t  40 degrees .  The c e l l s  wi th  
a temperature p r o f i l e  behave s i m i l a r  t o  your  c e l l s  wi thout  
tempera ture  p r o f i l e s  cycled  a t  40 degrees  C. 

MC CALLUM: I t h i n k  t h i s  i s  a m a t t e r  of degree ;  
There were on one of s l i d e s ,  a c c e l e r a t i o n  f a c t o r s  o f  30, 
something of t h a t  o r d e r ,  and I t h i n k  one of t h e  s n r p r i s e s  t o  
us was t h a t  t h e  e f f e c t  of temperature was n o t  ve ry  l a r g e  i n  
t h e s e  p a r t i c u l a r  cel ls ,  and w i t h i n  a f a c t o r  o f  two, your  
answer 's  c o r r e c t .  But n o t  a b s o l u t e l y  c o r r e c t .  

FORD: A r e  t h e r e  o t h e r  q l ies t ions?  Comments? 

(No response.  ) 

The n e x t  t o p i c ,  i n  f a c t ,  the nex t  t h r e e  t o p i c s  
tha t  we have to  d i s c u s s  is on s t o r a g e  e f f e c t s .  The f i r ~ t  
one by Sidney Gross of Boeing. That w i l l  be fol lowed by 
J i m  Dunlop of Cornsat, and the third on s t o r a g e  I w i l l  
p r e s e n t  myself ,  S id?  



GROSS : F i r s t  s l i d e  , p l e a s e .  

( S l i d e  98.) 

This  is  j u s t  a f a i r l y  q u i c k i e .  I p u l l e d  t h i s  
d i scharge  curve  o u t  of the a r c h i v e s ,  showing t h e  end of 
d i scharge  v o l t a g e  on an o l d  b a t t e r y ,  t h e  Lunar O r b i t e r ,  
which -- t h i s  i s  telemetry d a t a  on the b a t t s r y ,  which is 
12 amp hour cells p e r  b a t t e r y .  And t h e  reason t o  show t h e  
c h a r t  i s  t o ,  j u s t  t o  add t o  t h e  a rch ives  o f  demonst ra t ion  
t h a t  t h e r e  i s  i n  t h e  o l d e r  c e l l s ,  a s i g n i f i c a n t  memory e f f e c t .  
The p a r t i c u l a r  o r b i t  was a 3 and a h a l f  hour o r b i t  wi th  .9 
hour d i scharge  a t  a 35 p e r c e n t  depth of d i s c h a r g e  a t  approx- 
ima te ly  90, 95 degrees ,  i n  this p a r t i c u l a r  case. 

A t  about  420 c y c l e s ,  t h e  b a t t e r y  was s u b j e c t e d  
t o  a f a i r l y  deep d i s c h a r g e ,  somewhat u n c e r t a i n ,  b u t  i n  
excess  of 70 p e r c e n t  depth.  And w e  o b t a i n e d ,  -- a t  t h a t  
po in t ,  when t h e  b a t t e r y  v o l t a g e  was  j u s t  a l i t t l e  b i t  above 
21 degrees ,  this was done d e l i b e r a t e l y  i n  order t o  g e t  a 
few more cyc les  o u t  of t h e  b a t t e r y ,  because we're r i g h t  a t  
t h e  l i m i t  of t h e  minimum al lowable  v o l t a g e .  And w e  d i d  
g e t  enough e x t r a  c y c l e s  b e f o r e  t h e  planned l i f e t i m e ,  which 
vas about  525 c y c l e s  -- t h e  curve s t o p s  s l i g h t l y  b e f o r e  t h e  
O r b i t e r  was d e l i b e r a t e l y  crashed on to  t h e  moon. 

But -- t h e  f i r s t  p o i n t  i s  t h a t  i n  t h e  o l d  c e l l s ,  
t h e r e  i s  d e f i n i t e l y  a memory e f f e c t .  I ' v e  heard people s a y  
t h a t  t h e y ' r e  n o t  s u r e  whether t h e r e  was a memory e f f e c t  o r  
not .  Secondly, I t h i n k  t h a t  you can see t h a t  che performance 
of t h e s e  cells is  r e a l l y  n o t  ve ry  good, compared t o  today ' s  
standards, and I t h i n k  t h a t  most people a g r e e  t h a t  there has  
indeed been improvement i n  performance wi th  today ' s  technology. 

The second s l i d e ,  p l e a s e ?  

On this s l ide ,  we're p l o t t i n g  the cell  d i scharge  
voltage a t  . 2  second, as a f u n c t i o n  of t h e  d i scharge  c u r r e n t .  
These are for 7 ampere-hour cells. There a r e  two groups of 1 

data; one is for c e l l s  t h a t  are f u l l y  charged and have n o t  
undergone any storage a t  room tempera ture ,  and t h e  second 
group is for c e l l s  that  have been f u l l y  charged and s t o r e d  
for  s i x  weeks a t  room temperature. The purpose o f  this was 
to provide information on the ef fect  of u s i n g  b a t t e r i e s  f o r  
f iring squibs, and t h e  b a t t e r i e s  t h a t  are on the launch pad 
always have c certain amount of storage l i f e  on them. And 
the first t a r k  that the battery has to  perform is  almost 
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always t o  fire squibs .  

And so, without any p a r t i c u l a r  i n t e r p r e t a t i o n ,  
you can s e e  t h a t  we have a f a i r l y  -- a f a i r  spread i n  vo l tage ,  
bu t  i n  many cases ,  this is  an adequate spread t o  do the  job 
without any real problem. 

Thank you. 

FORD: Questions o r  d iscuss ion? 

(No response. ) 

Thank you, S i d .  

Okay, a t  this time, J i m  Dunlop from Comsat would 
l i k e  t o  d i scuss  I n t e r s a t  I V  s to rage  t e s t s .  Jim? 

DUNLOP: Thank you, Floyd. 

What I'T: going t o  d i scuss  t h i s  morning i s  t h e  
cu r r en t  r e s u l t s  t a a t  we have on our s to rage  t e s t p r o g r a m  f o r  
the  I n t e l s a t  IV test t h a t  we have running on a r e a l  time 
b a s i s  at the  Conisat Laboratory. 

Now, we have presented a paper t h i s  year  a t  t h e  power 
resources conference that w i l l  be o u t  s h o r t l y ,  I imagine, 
which does cover the  work f a i r l y  w e l l  up t o  Ear ly  i n  the  
year.  The d a t a  t h a t  I ' m  going t o  p resen t  today is some 
d a t a  t h a t  we obtained s ince  the power sources  conference, and 
i t ' s  j u s t  s o r t  of an update on the  work t h a t  we've been doing. 

By way of b r i e f  review, the t e s t  was s t a r t e d  back 
i n  1969. It is  a r e a l  time t e s t .  I t  does have two d i f f e r e n t  
s to rage  rnode~. Oiic s to rage  mode, t he  c e l l s  are continuously 
t r i p l e  charged a t  around a C over 36 r a t e ,  the  o ther  s to rage  
mode, the  c e l l s  a r e  l e f t  on open c i r c u i t ,  charged and recharged 
every 30 days, C over 18  r a t e  f o r  24 or 48 hours. I r e a l l y  
f o r g e t  which aile r i g h t  now. 

We have removed c e l l s  from this t e s t  a t  t h e  r a t e  
of about one per  year  where we do this complete e lect rochemical  
and chemical ana lys i s  t o  t r y  and determine what parameters 
a r e  changing. So t h a t  -- now I ' d  l i k e  t o  g e t  t o  the  t e s t  
da t a  t h a t  I want t o  presen t  t o  da te .  

We have l i s t e d  here  i n  this t a b l e  the cells on 
t r i c k l e  charge and the c e l l s  on open c i r c u i t  charge s t o r ~ g e .  
The celld that are on t r i c k l e  charge -- *is column repre- 



s e n t s  the end of charge v o l t a g e .  T h a t ' s  t h e  end of chargc 
v o l t a g e  when t h e  ce l l s  a r e  charged a t  a  C over  15 r a t e ,  i.nd 
you ' re  p u t t i n g  i n  10 p e r c e n t  more ampere hours  than  you t ake  
ou t .  And y o u ' r e  p u t t i n g  i t  i n  a t  a C over  1 5  r a t e .  

So,  for the c e l l s  t h a t  a r e  on t r i c k l e  charge ,  
t h e  end of charge v o l t a g e  average is  about  1.425. This  is 
a t  20 degrees  Cent igrade .  The end of d i scharge  v o l t a g e ,  
t h a t ' s  a t  t h e  23rd cyc le  of t h e  e c l i p s e  season ,  which i s  
a 72 minute d ischargc  t i m e  , and t h e  depth of d i scharge  i s  
60 p e r c c a t  of t h e  r a t e d  c a p a c i t y .  You're g e t t i n g  ar. average 
v o l t a g e  of 1.153 v o l t s .  I t ' s  f a i r l y  low. This  i s  e c l i p s e  
season number f i v e .  This  means the ce l l ' s  been i n  test now 
f o r  over  t h r e e  y e a r s  on a real t i m e  b a s i s .  

By comparison, i f  you look a t  the open c i r c u i t  
s t o r a g e  d a t a ,  you see t h a t  -- w e l l  here's one c e l l  t h a t ' s  
r e a l l y  p u l l i n g  o u t ,  and 1'11 show you t h e  I V  curve cn  t h a t  
i n  a minute -- t h e  v o l t a g e  i s  very high on this p a r t i c u l a r  
cell .  The same charge ,  the  C over  15 charge r a t e  with 
the 1 0  p e r c e n t  over  -- C over  15 charge r a t e .  

The average v o l t a g e  f o r  t h e  cells which a r e  s t o r e d  
open-c i rcu i t  i s  h i g h e r  both on charge and both  on d i scharge ,  
The average vo l t age  h e r e  is  on charge ,  1.45 v o l t s  czmpared t o  
1.425 v o l t s ,  roughly 20 m i l v o l t s  h igher .  

The average  v o l t a g e  a t  t h e  end of  d i s c h a r g e  on 
Cycle 24 -- which is  very s i m i l a r  t o  Cycle 20 -- is consid-  
e r a b l y  h igher .  I t ' s  a lmost  1 . 2  v o l t s .  T h e r e ' s  a very s i g -  
n i f i c a n t  r e s u l t  h e r e .  We d o n ' t  have -- we're n o t  t r y i n g  t o  
e x p l a i n  it by any p h y s i c a l  p r o p e r t i e s  a t  t h i s  p o i n t  i n  time; 
we're just p o i n t i n g  o u t  a r e s u l t .  I d o n ' t  know i f  anybody 
else has  ever  seen  t h i s  r e s u l t ,  so I t h i n k  t h i s  is r e l e v a n t .  
There d i s t i n c t l y  i s  a d i f f e r e n c e  i n  c e l l  behavior  a s  a r e s u l t  
of storage mode, and i t  i s n ' t  one of  the parameters  t h a t  I 
no t i ced  i n  t h a t  t a b l e  t ha t  was presen ted  i n  t h e  l a e t  s l ide.  
But i t  will a f f e c t  your performance over  long term per iods .  

And i f  you have, f o r  example, a v o l t a g e  l i m i t  
imposed on your s a t e l l i t e ,  then  y o u ' r e  d e f i n i t e l y  going t o  
have some problems w i t h  t h i s  t r i ck le -charged  s t o r a g e  mode. 

A t  the smx3 time, you have v o l t a g e  l i m i t s  on your  
charging mode; you're going t o  have some problems, depending 
on which s t o r a g e  mode you p ick .  

(Slide. 100, ) 



dh75 This  p a r t i c u i a r  s l i d e  shows t h e  v o l t a g e  c h a r a c t e r -  
is t ics as a  f u n c t i o n  of charginq f o r  one e c l i p s e  day, and 
t h e  p a r t i c u l a r  c e l l  t h a t  I ' v e  chosen t o  s h r ~  h e r e  i s  t h a t  
one t h a t  was s t o r e d  o p e n - c i r c u i t ,  and e x h i b i t e d  t h i s  very 
h igh  vo l t age  c h a r a c t e r i s t i c .  This  i s  a  c e l l  t h a t ' s  p u l l i n g  
o u t .  

Now, this p a r t i c u l a r  c e l l  i s  p u l l i n g  o u t  now, 
a f t e r  roughly 3 and a  h a l f  t o  4 years r e a l  t ime t e s t i n g .  
Y o u ' l l  n o t i c e  t h i s  is t h e  C over  12 charge rate where you 
see t h e  v o l t a g e  coming up and as  you go i n t o  t h e  -- a s  you 
approach t h e  f u l l y  charged c o n d i t i o n ,  t h i s  w l t a g e  r a p i d l y  
rises t o  -- would keep on going,  probably up t o  over  1 . 6  
v o l t s  OX SO i f  we d i d n ' t  termir ,ate  It. 

A t  t h i s  p o i n t ,  we're swi tch ing  back from t h e  
C over  12 r a t e  t o  the C ovcr  36 r a t e ,  which i s  our  t r i c k l e  
charge rate, and then  tte con t inuc  t h a t  r a t e  f o r  t h e  remaining 
charge p o r t i o n  o r  seni charge pow-tion f o r  t h e t  d a y .  

During t h i s  p e r i o d  of t ime,  you s e e  t h e  v o l t a g e  
go back -- drops back down i n i t i a l l y ,  and then rises ug 
and goes over  1 .5  v o l t s  even a t  this very ,  very low r a t e .  
This  c e l l  i s  approaching a cond i t ion  .:here it i s  becom!r~g 
nega t ive  l i m i t e d  on charge ,  based on t h e  v o l t a g e  c h a r a c t e r i s -  
t i c s  t h a t  we ' r e  looking a t  h e r e ,  and t h a t  i t ' s  approaching 
a  c o n d i t i o n  i n  which t h e r e ' s  no charge w a i t  that you can 
2se t h a t  you a r e n ' t  approaching a problem. 

Now t h e  d o t t e d  l i n e s  on t h i s  curve show t h e  
average vo l t age  behavior  f o r  t h e  r e s t  of the c e l l s .  I t  
t u r n s  o u t  w e  do have another  c e l l  t h a t  i s  begir.ning to  p u l l  
o u t  a l s o .  

Next s l i d e ,  please. 

We were going t o  analyze that p a r t i c u l d r  cel i ,  and 
we p u l l e d  it o u t  of  the pack, and when we do an a n a l y s i s ,  what 
we norma~ly do f i r s t  i s  a  complete charge and then  d i s c h a r g e  
be fo re  w e  t e a r  it a p a r t  -- open it up and t e a r  i t  a p a r t .  And 
it turned o u t  t h a t  when w e  d i d  the complete d i scharge ,  -- 
this is the f i r s t  discharge. You n o t i c e  the t y p i c a l  dropoff  
i n  v o l t a g e  and Lhis t a i l - e n d  t h i n g  h e r e ,  wbich i s  sometimes 
~ b s r . i  ~ e d  -- w e  always observe it a f t e r  cells h..ve been s t o r e d  
o p e n - c i w r i t  for  a long p e r i o d  c: tine. 

l 'nis  cell had 25 ampere-hours o f  capac i ty .  This  
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ce l l  i s  r a t e d  as a 15 ampere-hour c e l l .  W e  went back and 
w e  looked a t  t h e  d a t a  t h a t  w e  took when w e  r ece ived  t h i s  c e l l  
from t h e  b a t t e r y  manufacturer  back i n  1969. I t  tu rned  o u t  
t h a t  t h i s  p a r t i c u l a r  ce l l ,  which i s  t h e  f i r s t  one t o  r e a l l y  
p u l l  o u t  i n  our  t e s t  program had t h e  h i g h e s t  measured c a p a c i t y  
on day one and should  have be2n r e j e c t e d  i f  t h e r e  had been 
a reject c r i t e r i a  f o r  t o o  much c a p a c i t y .  And t h a t ' s  an 
i n t e r e s t i n g  p o i n t .  This  c e l l  had t o o  much c a p a c i t y  on day one,  

I t  had 2 3  ampere-hours of  meacurable c a p a c i t y  on 
day one when w e  r ece ived  it. T h a t ' s  r e a l l y  day one a f t e r  30 
c y c l e s  of t e s t i n g  and t h e n  a complete d i scharge  -- t o  ze ro  
v o l t s .  Where the normal v a l u e  f o r  t h e s e  cells was c l o s e r  
t o  21. 

This  v a r i a b l e  is  probably a v a r i a b l e  t h a t ' s  i n h e r e n t  
in -- at. least  a t  t h a t  p o i n t ,  i d l e r e n t  i n  a t  l e a s t  a l l  b a t t e r y  
manufactured chemical impregnation p rocesses ,  which means 
t h a t  t h e r e ' s  going t o  be some v a r i a r i o n  i n  t h e  amount of 
a c t i v e  m a t e r i a l ,  o r  t h e  amount of a c t i v e  m a t e r i a l  t h a t ' s  usab le  
on day one i n  t h e  c e l l .  And i t  does mean t h a t  tks b a t t e r y ' s  
u s e r s  probably have t o  set l i m i t s  bo th  f o r  minimum c a p a c i t y  
and maximum c a p a c i t y ,  acd i t ' s  an  argument f o r  matching 
c a p a c i t i e s  themselves.  

T h a t ' s  it. 

FORD: N o  need t o  a sk ;  t h e  hands a r e  up. 

MAURER: Maurer, B e l l  Labs. On t h e  pack format ion  
d a t a ,  would t h i s  ce l l  s t a n d  o u t  a s  having a high p o s i t i v e  
capac i ty?  

DUNLOP: I d o n ' t  understand t h e  q u e s t i o n .  

MAURER: The manufacturer ' s  tests of  t h i s  p a r t i c u l a r  
cell  -- d i d  i t  show h igh  c a p a c i t y  i n  pack format ion?  

DUNLOP: Well i n  pack formation -- I d o n ' t  know 
the answer. The d a t a  t h a t  w e  g e t  on the cel ls ,  which is t h e  
d a t a  t h a t  they  send -- same d a t a  t h a t  they send t o  Hughes, 
j u s t  chows t h e  t e s t i n g  t h a t  t h e  b a t t e r y  manufac tu re r ' s  
requixed t o  do, and t h a t  g e n e r a l l y  i s  n o t  a complete d i s c h a r g e  -- there's no c c a p l e t e  d i s c h a r g e  t o  zerc v o l t s .  

MAURER: Well, t h e  cbvious t h i n g  h e r e  i s  t h a t  t h i s  
se t  of p o s i t i v e s  m u l d  rnztch w i t h  o normal set of negatives, 
and s o  you r a n  o u t  of n e g a t i v e s  sooner .  



DUNLOP : That ' s  r i g h t .  Tha t ' s  t h e  p o i n t .  

MAURER : And could you a l s o  p u t  t h i s  on an a c t i v a -  
t i o n  energy s l o p e  and p ick  o u t  when t h e  n e x t  c e l l  is going 
t o  f a i l ,  from that kind of d a t a ?  

DUNLOP: Yes, w e l l ,  b a s i c a l l y  t h a t ' s  what we've 
done i n  t h e  program, and i n  t h e  program -- t h a t ' s  another  
approach, by t h e  way, t o  this bus iness  of p r e d i c t i n g  how 
good a  ce l l  i s ,  i s  t o  analyze  a  sample o r  a number of  samples 
of your cells,  o r  t o  t a k e  a  sampling of d a t a  on day one ,  and 
t h e n  use it t o  p r e d i c t  how long t h e  ce l l ' s  g o i ~ g  t o  l a s t ,  
based on t h e  known degreda t ion  mechanisms. 

Not., i n  t h i s  p a r t i c u l a r  ce l l ,  the p o s i t i v e  c a p a c i t y  
i n c r e a s e d  approximately 2 ampere-hours i n  j u s t  f i v e  e c l i p s e d  
seasons .  Tha t ' s  n o t  unusual.  We s e e  t h e  p o s i t i v e  c a p a c i t y  
growing i n  a l l  of t h e  cells abo,ct a h a l f  an amp t o  an  ampere 
hour p e r  y e a r  wi th  e i t h e r  s t o r a g e  mode. 

And I ' v e  t a l k e d  t o  D r .  Mauer b e f o r e  about  t h i s .  
I d o n ' t  e x a c t l y  know whether t h i s  i s  an e lec t rochemica l  cor-  
r o s i o n  process  o r  a b e t t e r  utAl. izat io?-  of +ke active m a t e r i a l  
a s  t h e  e l e c t r o d e  tends Lo expand with  t i m e .  I suppose it  
may be a combination of bo th ,  but s u f f i c e  t o  say we don' t 
r e a l l y  see with t h e  n i c k e l  e l e c t r o d e s  a l o s s  i n  c a p a c i t y  t o  
ze ro  v o l t s .  We see a g a i n  i n  c a p a c i t y ,  and as ~ r . ~ a u r e r  
once sa id  t o  m e ,  "What you r e a l l y  need t o  do with t h e  n i c k e l -  
cad ce l l ,  i f  you ' r e  t r y i n g  t o  des ign  i t  f o r  7 t o  10 y e a r s ,  
you'd b e t t e r  des ign  t h e  nega t ive  t o  work a g a i n s t  t h e  p o s i t i v e .  " 
And t h a t ' s  the p o i n t  h e ' s  g e t t i n g  a t  r i g h t  now. 

SEIGER: S e i g e r  of He l io tek .  You're r i g h t  up my 
q u e s t i o n ,  Can you t e l l  u s  something a b s u t  t h e  nega t ives  i n  
t h e s e  c e l l s ?  Could you t e l l  u s  what t h e  des ign  c a p a c i t y  of 
dthe nega t ive  was, can you t e l l  u s  what -- can you a l s o  t e l l  
us t h e  r a t i o  between the i n c r e a s e s  o f  c a p a c i t y  of the p o s i t i v e  
to  the i n c r e a s e  of c a p a c i t y  i n  t h e  nega t ive  e l e c t r o s e ?  

DUNLOP: Yes, I can t e l l  you t h a t ;  t h e  answer t o  
a l l  those  q u e s t i o n s .  As a  Prjlttgr of f a c t ,  a l l  t h e  answers 
to  all those  q u e s t i o n s  a r e  r e a l l y  pub l i shed ,  b u t  t o  b r i e f l y  
summarize, t h i s  has, i f  you do a chemical a n a l y s i s  cn t h e  
n e g a t i v e s ,  and you f i n d  4 5 ,  46 ampere-hours t h a t ' s  t h e  t o t a l  
c a p a c i t y ,  t h e o r e t i c a l  capac i ty ;  it's determined on t h e  
chemical a n a l y s i s .  

Now the u t i l i z a t i o n  of these e l e c t r o d e s  is about  
P 70 percent, even a f t e r  four or f i v e  years of  opera t ion .  Now 
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dh28 , p a r t i c u l a r l y ,  and you can measure t h i s  amount o f  c a p a c i t y  i n  
t h e  ce l l  b e f o r e  you t a k e  it a p a r t  when you t r i c k l e  charge .  
Don't l e t  me confuse  t h e  i s s u e  a t  t h e  moment. But  the u t i l i -  
z a t i o n  i s  roughly 70 p e r c e n t ,  and t h a t  means t h a t  you have 
roughly 34 ampere-hours t o  u s e ,  3 4  u s a b l e  ampere-hours i n  
your  cadmium e l e c t r o d e .  

Now o f  t h o s e  34,  you have t o  u s e  up 21  o r  22 j u s t  
t o  match the n i c k e l .  This  l e a v e s  you something l i k e  an 
a d d i t i o n a l  10 o r  11, 12 ampere hours  remaining.  T h e r e ' s  a  
range h e r e .  Now what t h e y ' v e  done b a s i c a l l y  i n  t h e s e  c e l l s  
i s ,  p u t  h a l f  of  it below and h a l f  of  i t  above. I t  means 
roughly  you 've  got 6 m,pere hours  p recha rge  u s a h i e ,  and 6 
ampere hours  overcharge  , r o t e c t i o n  b e f o r e  you s t a r t  s e e i n g  
t h e  v o l t a g e  cl imb.  

I f  you s t a r t  ac day one,  and t h i s  is  based  on 
o u r  a n a l y s i s  of day one. I f  you g o  now t o  a  look a t  the 
mechanisms which a r e  e a t i n g  away a t  your  overcharge  p r o t e c t i o n ,  
t h e  two key ones a r e  t h e  i n c r e a s e  i n  t h e  p o s i t i v e  c a p a c i t y  
and t h e  v a r i a t i o n  t h a t  w e  t a l k e d  about  h e r e .  And t h e  o t h e r  
one i s  t h e  o x i d a t i o n  of t h e  s e p a r a t o r  a s  a r e s u l t  o f  t h e  
ca rbona te  bu i ldup ,  r e l a t e d  t o  the ca rbona te  bu i ldup .  

And t h o s e  two e f f e c t s  mean t h a t  y o u ' r e  d imin i sh ing  
your  overcharge  p r o t e c t i o n  something l i k e  one t o  one and a  
h s l f  ampere hours  p s r  y e a r .  I t ' s  f a i r l y  e a s y  t o  p r e d i c t ,  t h e n ,  
how many y e a r s  t h e  c e l l ' s  go ing  t o  l a s t ,  and based  on -- 
b u t  w i t h  the v a r i a t i o n  t h a t ' s  i n  t h e r e ,  you g e t  some k ind  af 
a  range  which i s  a  coup le  o f  y e a r s .  

Another t h i n g  t h a t ' s  v e r y  c r i t i c a l  is t h e  temper- 
a t u r e ,  because t h e  o x i d a t i o n  of t h a t  nylon is v e r y  t m p e r a t u r e  
dependent .  So i f  you j u s t  change t h e  tempera ture  20 degrees  
Cen t ig rade ,  f o r  example, you extend your  l i f e t i m e  f o r  a couple  
of y e a r s .  So there are some t h i n g s  of t h a t  n a t s r e .  

HOLLECK: Ho l l eck ,  Tyco. I want t o  make a comment 
w i t h  r e g a r d  t o  I3.e d i f f e r e n c e  i n  t h e  d i s c h a r g e  v o l t a g e s  a f t e r  
the d i f f e r e n t  cha rg ing  modes, and I t h i n k  it might  probably  
t h a t  you charge  t h e  c e l l  which s t o o d  on cpen c i r c u i t  a t  a  
h i g h e r  rate,  and t h e r e f o r e ,  y o u ' r e  working a t  a h i g h e r  s t a t e  
of charge  than w i t h  t h e  low r a t e ,  t r i c k l e  charge .  

DUNLOP: Let me back o f f .  During the c y c l i n g  o f  
t h e  cells, t h e y ' r e  charged e x a c t l y  t h e  same a t  e x a c t l y  t h e  
BB?% ra ts .  Z?.k rates aTe &X&CL~) .  the same h i e .  The v a r i a t i o n  
i s  the storage mode. I n  o t h e r  words,  what I ' m  r e a l l y  s a y i n g  
h e r e  is, when I say that's a C/15 rate, t h a t ' s  a C/l5 rate 



based on the  r a t e d  ampere-hour capaci ty  of t h a t  p a r t i c u l a r  
c e l l .  

So a l l  t he  c e l l s  a r e  charged a t  the  same r a t e ,  
and i f  you no t i ce  t h a t  charge cyc le ,  t h e r e ' s  no quest ion 
t h a t  those c e l l s  a r e  g e t t i n g  f u l l y  charged, because you're 
charging, w i t h  the  1 0  percent  overcharge before you go t o  
t r i c k l e  charge and then f o r  the  remainder of t h e  day, you' re 
pu t t i ng  i n  a s u b c t a n t i a l  amount of overcharge a t  a C / 3 6  
r a t e .  So the c e l l s  a r e  r e a l l y  being overcharged quite a b i t  
on every ec l ip sed  day, and t h e  cycles  f o r  both open -- t h e r e ' s  
no d i f f e r ence  during e c l i p s e  cyc l ing  f o r  those  two c e l l s .  

HOLLECK: Yes, b u t  I th ink you not iced this d i f f e r ence  
i n  discharge vol tage a f t e r  t h e  s to rage  period.  And during 
the s t o r ~ g e  -- 

DUNLOP: N o .  No, t he  discharge vol tage I ' m  
showing you i s  on t h e  23rd ec l ipsed  day. This complete d i s -  
chsrge t h a t  I showed you, I never do i n  a n o m a l  test,  I only 
do when I g e t  ready t o  do t h e  ana lys i s .  I only d i d  t h a t  when 
I pul led  the  c e l l  o u t  because I thought I was going t o  do t h e  
ana lys i s .  But normally I never do that complete discharge 
beceuse i t ' s  n c t  puss ih le  t o  do t h a t  i n  t he  s a t e l l i t e .  

SEIGER: Seiger ,  Helictek.  I want t o  g e t  back t o  
the aues t ions  t h a t  I was asking and t o  pass a comment t h a t  
you have no t iced ,  o r  you were ab l e  t o  t r a c e  back, t h a t  you 
had a l o t  of capaci ty  f n t h a t  maverick ce! L when it was new. 
And then the capacity decreased l a t e r  on as you were cyc l i ng  
if the  capaci ty  came up again ,  a c o r r o s i o ~  mechanism i s n ' t  
necessary t o  expla in  t h a t .  I t  possibly  may. 

As I t r i e d  t o  i n d i c a t e  yesterday,  you can e s t a b l i s h  
whether t h e r e  is a corrosion or not  a corrosion mechanism by 
e s t ab l i sh ing  this r a t i o  i n  the increase  of the s t a t e  of 
charge of the negative as compared t o  t h e  i nc rease  of capaci ty .  
I would l i k e  t o  suggest  a l t e r n a t i v e l y  t h a t  t h i s  a c t i v e  
ma te r i a l  -- pardon me -- I d o n ' t  know how t o  r e a l l y  descr ibe  
it; I d o n ' t  know whether i t ' s  made of n i cke l  hydroxide o r  
the n icke l  hydroxide -- it doesn ' t  work f o r  a per iod of t i m e ,  
b u t  as you opera te  t he  c e l l ,  i t  s t a r t s  opera t ing  again. And 
t h a t  will give  rise t o  t h e  one t o  one increase .  

DUNLO?: O k a y .  And the one add i t i ona l  po in t  t h a t  
I would l i k e  t o  add, s i n c e  you are En it, ig tnat when we 
do t r i c k l o  charge these cells, then we can measure t he  amount 
of precharge t h a t  Me expect  t o  g e t  i n  there. We can discharge 
the cells down, continue the discharge'in the r e v e r s a l ,  and 
measure t h e  6 to  8 ampexe hours. 



Mow, wi th  time, w e  see t h a t  precharge growing. 
Now the problem i s  t h a t  the precharge  is  growing f o r  X number 
of reasons .  One i s  t h e  one y o u ' r e  t a l k i n g  about .  I t ' s  a  
l i t t l e  d i f f i c u l t  t o  t e l l  whether i t ' s  a  one t o  one r a t i o  
now, because i t ' s  a l s o  growing because of the carbona te  
bui ldup.  So that's number two. 

So you have t h e s e  va r ious  th ings .  Now w e  have 
t h e s e  p l o t s  i n  A t l a n t i c  C i t y ,  w e  p l o t t e d  those  s l o p e s .  Second- 
l y  w e  have t h e  random v a r i a t i o n  i n  t h e  amount of precharge  
t h a t ' s  i n  t h e r e  t o  begin w i t h ,  which i s  simply l i k e  one o r  
two ampere-hours. So you've g o t  a couple problems h e r e .  But 
you d e f i n i t e l y  s e e  t h e  t h i n g  growing. The on ly  problem is  
how t o  s e p a r a t e  o u t  which c f f s c t  i s  caus ing i t  t o  grow. 

But t h e  t h i r d  problem, which i s  even nore  i n t e r e s -  
t i n g  is  t h a t  you c a n ' t  measure any usab le  precharge  i n  a 
cel l  which is l e f t  on open c i r c u i t ,  And I d o n ' t  know why; 
I th ink  i t ' s  r e l a t e d  t o  t h i s  e l e c t r o l y t e  d i s t r i b u t i o n  problem 
a g a i n ,  What we run i n t o  i s ,  we g e t  i n t o  t h i s  hpproach a 
nega t ive  l i m i t e d  c e l l  on d i s c h a r q e ,  open c i r c u i t e d ,  s o  you 
immediately th ink  w e l l ,  y o ~ l ' v e  k i l l e d  t h e  nega t ive  e l e c t r o d e .  

So we t a k e  t h e  n e g a t i v e  e l e c t r o d e  o u t ,  we put it 
i n  a  f looded e l e c t r o l y t e ,  and we r n a s u r e  70 p e r c e n t  u t i l i z a t i o n  
aga in .  So we d o n ' t  r e a l l y  know wha t ' s  caus ing t h e  apparen t  
l o s s  i n  c a p a c i t y  on t h e  n e g a t i v e  e l e c t r o d e  when i t ' s  i n  t h e  
ce l l  except t o  Essumb t h a t  maybe i t ' s  a  problem w i t h  t h e  
e l e c t r o l y t e  d i s t r i b u t i o n  i n r e g a r d  t o  the cadmium e l e c t r o d e .  

You don ' t  see t h i s  when you cont inuously  t r i c k l e  
charge ,  and t h i s  i s  a mode where you have your maximum amount 
of e l e c t r o l y t e ,  and y o u ' r e  cont inuously  charging and d i scharg ing  
t h e  e l e c t r o d e ,  a s  D r .  Mauer t a l k e d  about .  Nas t i e r .  So, t h a t ' s  
another  p o i n t .  

STBINHAUER: Ste inhauer ,  Hushes. J i m ,  this open 
c i r c u i t  s t a n d ,  I b e l i e v e ,  was charged,  then? 

DUNLOP: The open c i r c u i t  is  charged. 

STEINHAUER: Was t h e r e  any p e r i o d i c  r echarg ing  i n  
t h i s ?  

DUNLOP: Yes, t h e r e ' s  a p e r i o d i c  rerharge every  
30 days. 

STEINHAUER: A t  the C/15 r a t e ,  
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DUNLOP: A t  the C/18 r a t e .  

STEINHAUER: 18? Okay. 

DUNLOP: J u s t  l i k e  t h e  s a t e l l i t e .  ror 24 hours .  
: i, 

STEINHAUER: You have terminated  your  open c i r c u i t  
d i s c h a r g e  test ,  I b e l i e v e ?  

DUNLOP: W e  d o n ' t  do t h a t  any more. 

S T E I r m A U E R :  Okay. 

CHARLIP: Stew C h a r l i p ,  Gulton. J i m ,  you 
s t a t e d  t h a t  t h e  o x i d a t i o n  of the s e p a r a t o r  d iminishes  over 
charge p r o t e c t i o n  from 1 t o  1.5 ampere hours p e r  y e a r ,  and 
t h i s  is f o r  a 15 ampere hour c e l l ,  I assume t h i s  is a t  about  
25 CSO temperature? 

t 
a DUNLOP: Yes, t empera tu re ' s  20 degrees  Cent igrade .  
k 

CHAHLIP : Ifhat would t h e  r a t e  o f  o x i d a t i o n  b e ,  
s a y ,  i f  you would i n c r e a s e  t h e  temperature t o  30 degrees  C ,  

4 
C i f  you o p e r a t e  a ce l l  a t  t h a t  k ind  of temperature? 

% 

DUNLOP: 1 5  k i l c a l o r i e s  p e r  mole is  t h e  slope. 

(Laughter.  ) 

CHARLIP : I meant d i d  you have any cxprieiice 
with  i t ?  

DUNLOP: Yes. I ' m  t a k i n g  the s l g p e  r i g h t  from D r .  
Nqurer ' s p o i n t s .  15 k i l o c a l o r i e s  p e r  mole is t h e  a c t i v a -  

t i o n  energy f o r  the o x i d a t i o n ,  which is  t h e  r a t e - c o n t r o l l i n g  
s t e p .  

BARNHART: Barnhar t ,  Johns Hopkins Applied Physics  
Lab. The f a c t  t h a t  you had a ce l l  which r a n  h igh  i n  the 
beginning b r i n g s  t o  mind the f a c t  t h a t  w e  have t r o u b l e  with 
manufacturers  t r y i n g  t o  spec ,  on both  h igh and low s i d e s .  
A r e  the manufacturers .going t o  come around t o  accep t ing  
this kind of  spec, now? 

DUNLOP: Well, I d o n ' t  know whether i t ' s  a manufac- 
W r c t  probisrrr or a u s e r  problem. The u s e r  can always reject 
the cells and match them. 

BARXEAR T: filell, we have t r o u b l e  w i t h  the manufac- 



dh32 t u r e r s  accep t ing  t h a t  technique .  They won't  l e t  you reject 
them. You c a n ' t  w r i t e  t h e  s p e c  w i t h  t hose .  

( Inaud ib le  remark. Laughter .) 

HALPERT: H a l p e r t ,  Goddard. We a l l e v i a t e d  some 
of t h i s  problem by doing p l a t e  weight  s c r e e n i n g ,  which is  
i n  our  NASA b a t t e r y  s p e c ,  our  model spec .  And I t h i n k  i n  
a d d i t i o n  t h a t  i t ' s  n i c e  t o  be a b l e  t o  do  p l a t e  weight  sc reen ing  
because you g e t  an average ,  b u t  w e  s t i l l  have t o  know what t h e  
c a p a c i t y  of t h e  p l a t e s  a r e  b e f o r e  you p u t  them i n  t h e  c e l l s ,  
s o .  i n  t h a t  way, by g e t t i n g  t h e  a c t u a l  va lues  of t h e  ind iv id -  
u a l  p l a t e s ,  then  you can s c a l e  up t o  t h e  c e l l  s ize,  and 
then do your p l a t e  weight  s c r e e n i n g  then ,  and I t h i n k  w e ' l l  
g e t  a l o t  more un i fom p l a t e  s t a c k .  Uniform c a p a c i t y  p l a t e  
s t a c k ;  pos i  t ive -nega t ive .  

FORD: I have a q u e s t i o n  h e r e .  

UCHIYMlA: Uchiyama, JPL. J i m ,  i n  one of your 
s l i d e s ,  you had an  a s t e r i s k  c e l l ,  which was gauged, I b e l i e v e .  
Woudl you c a r e  t o  say anything about t h a t  p a r t i c u l a r  c e l l ,  
and t h e  d a t a  you might have? 

t' 
t. DUNLOP: We d o n ' t  l i k e  t h e  d a t a  we g e t  on gauged 

cells. And t h e  reason I s a y  t h a t  is. There are two p r o b  
lems wi th  t h a t  p a r t i c u l a r  gauged cell .  One is  i t  has  d u a l  
feed-throughs. I d o n ' t  s e e  why t h a t  s h o u l d n ' t  make any 
d i f f e r e n c e .  Supposedly, it's e x a c t l y  the same cel l .  I 
d o n ' t  know what causes  t h e  gauge cells t o  behave d i f f e r e n t l y ,  
b u t  those  v o l t a g e s  a r e  lower i n  both  sets, both  i n  t h e ' o p e n  
c i r c u i t  and t h e  t r i c k l a  charge.  And w e  j u s t  d o n ' t  know t h a t  
t h e  gauge ce l l  r e p r e s e n t s  a good comparison. 

I d o n ' t  know whether it has  t o  do wi th  t h e  excess  
volume or what i s  t h e  d i f f e r e n c e ,  b u t  we've never  had a r e a l  
b i g  success  o u r s e l v e s  wi th  g e t t i n g  good comparison between 
gauge cells o r  t h i r d  e l e c t r a d e s ,  and I d o n ' t  know wha t ' s  
caus ing  t h e  problem, b u t  something 's  caus ing  the problem. 

SCOTT: S c o t t ,  TRW. Were the gauges made of 
braso? That i s ,  were there brass f i t t i n g s  i n  c o n t a c t  wi th  
the cel l  environment? 

DUNLOP: No. 

SCOTT: A l l  s t a i n l e s s  s t e e l ?  Because t h e r e  a r e  
runors to the e f f e c t  t h a t  brass parts can do something -- 
I d o n ' t  know what. I just want t o  c l a r i f y  that point. The 



o t h e r  comment I have is  t h a t  I th ink  some of  t h e  d i s c u s s i o n  
on high c a p a c i t y  cells might be a  l i t t l e  midleading. I am 
f o r  uniform c a p a c i t y  as much as anyone else, However, i f  
you a r e  ob l iged  t o  s a y ,  p u t  a  one-high c a p a c i t y  ce l l ,  s a y ,  
i n  a b a t t e r y ,  t h e  rest of t h e  c a p a c i t i e s  of which a r e  lower,  
you do n o t  o p e r a t e  t h a t  b a t t e r y  t o  a depth of d i s c h a r g e  which 
is determined by t h e  h igh c a p a c i t y  c e l l .  You o p e r a t e  i t ,  
determined by some average or some conb ina t ion  of the lower 
c a p a c i t y  c e  11s. 

When t h a t  i s  done, I d o n ' t  b e l i e v e  t h a t  i t  i s  
c r i t i c a l ,  e x a c t l y  what d e p o s i t i v e  c a p a c i t y  of  the high 
capac i ty  c e l l  i s  wi th  r e s p e c t  t o  t h e  precharge  e x c e s s ,  o r  
t h e  excess  nega t ive ,  because t h a t  c e l l ' s  on ly  going t o  d i s -  
charge as mvch a s  t h e  rest of  t h e  b a t t e r y  does ,  and t h e  
f a c t  that it has  a l i t t l e  e x t r a  p o s i t i v e  c a p a c i t y ,  t h e  
nega t ive  c a p a c i t y  doesn'  t know t h a t .  And s o ,  t h a t  t h e  
same excess  nega t ive  i n  t h a t  c e l l  i s  going t o  be j u s t  as 
e f f e c t i v e  a s  t h e  excess  n e g a t i v e  i n  t h e  o t h e r  cells.  

DUNLOP: You want me t o  answer the q u e s t i o n ?  

SCOTT: Yes, sure. 

DUNLOP: Well the c e l l  here d i d  have -- t h e  
i n t e r e s t i n g  c o r r e l a t i o n  here i s  cycled j u s t  l i k e  a l l  the 
o t h e r  c e l l s .  We're n o t  -- we're only  t a k i n g  9 ampere hours  
i n  t h a t  p a r t i c u l a r  ce l l  t h a t  you looked a t .  I t 's t h e  h igh 
v o l t a g e  performance t h a t  I shoved, t h e  C-urve before we e v e r  
r a n  a deep d i scharge .  The h igh v o l t a g e  performance t h a t  
y o u ' r e  s e e i n g  t h e r e  i s  t h e  perfornance  t h a t  w e  observe? 
on the r e a l  time t e s t ,  d i s c h a r g i n g  t h i s  p a r t i c u l a r  c e l l  i n  
series with a l l  t h e  o t h e r  cells.  We're n o t  changing anything,  
and -- f o r  t h a t  p a r t i c u l a r  cell .  

Now t h e  p o i n t  r e a l l y ,  D r .  S c o t t ,  is  n o t  s o  much 
the depth of d i scharge .  The p o i n t  r e a l l y  is  t h a t  i f  you have 
the sane nega t ive  s t a c k ,  and t h e  same amount of precharge  i n  
your nega t ive  s t a c k ,  which is  set by t h e  b a t t e r y  manufacturer, 
then  i f  you have two more ampere hours o f  p o s i t i v e  c a p a c i t y ,  
you have two less ampere hours  of o v e r c h ~ r g e  p r o t e c t i o n .  

And the overcharge p r o t e c t i o n ,  h e r e  i s  what seems 
t o  be caus ing t h e  h i g h  v o l t a g e  phenomena, and t h e r e ' s  a d i r e c t  
c o r r e l a t i o n  between t h e  h i g h e s t  c e l l  t h a t  w e  e v e r  ~ e a s u r e d  t 

C 
i n i t i a l l y  and the f i r s t  ce l l  t h a t  w e  p u l l e d  o u t  i n  the tes t ,  
and i f  I were t o  s i t  down and p r e d i c t  which ce l l  would f a i l  
first, t h i s  is  the ce l l  I would have p r e d i c t e d  t o  f a i l  f i r s t ,  



I ' m  going t o  t e l l  when t h e  nex t  c e l l  is going t o  f a i l ,  and 
i t ' s  going t o  s t a r t  doing i t  on t h e  n e x t  e c l i p s e  season.  I 
have t h a t  a l l  p r e d i c t e d .  

The only  t h i n g  I can '  t do is  p r e d i c t  the v a r i a t i o n  
i n  t h e  1 t o  2 ampere hours of precharge  t h a t  they i n t i a l l y  
p u t  i n  t h e r e .  

SCOTT: But a r e  you say ing  t h a t  the high p o s i t i v e  
c a p a c i t y  causes  t h e  i n s u f f i c i e n t  excess  uncharged nega t ive .  
I t  g;.ves you overcharge p r o t e c t i o n .  

DUKSOP: Well i t  reduces  the amount of overcharge.  

SCOTT: I n  what way? 

DUNLOP: Well, i f  you have -- 
SCOTT: I n  o t h e r  words, i f  you -- i f  t h e  c e l l  i s  

des igned,  and t h e  process  i s  a d j u s t e d  p r o p e r l y  i n  the beginning,  
presumably t h a t  w i l l  be compensated f o r .  

DUNLOP: No. No way. 

SCOTT: Well, t h e r e  i s  a way. 

(Laughter .  ) 

FORD: Okay. 

BENE: J i m  Bene, NASA-Langley. On t h a t  c e l l  t h a t  
p u l l e d  o u t ,  was t h e r e  m y  a t t empt  t o  measq1re t h e  precharge  
i n  the cel l  e l e c t r i c a l l y ,  and two, was t h e r e  any a t t empt  
t o  determine the oxygen-recombination c a p a b i l i t y ?  

DUNLOP: Not y e t ,  what w e  g e n e r a l l y  do,  n o t  y e t .  
And the reason  I s a y  t h i s  i s  because the c e l l  h a s n ' t  b l w n  
up y e t ,  and w e  decided t o  b r i n g  it back i n t o  the  t e s t ,  and 
t h e  reason  for t h a t  is  I t h i n k  we're going t o  run  it and 
see when it blows up. Now, what we have done on some cells 
is actually, there are two days t o  determine  when you s t a r t  
g e t t i n g  hydrogen e v o l u t i o n  and what your overcharge -- what 
we g e n e r a l l y  do on these c e l l s  t h a t  we have on open circuit 
s t o r a g e ,  since we d o n ' t  g e t  any good measurements when we 
discharge them down, we run  i n t o  a nega t ive  l i m i t i n g  condi- 
t i o n .  What w e  g e n e r a l l y  do  is  we t u r n  around and charge  them 
back up and then v e n t  t h e  cell when we have the c e l l  f u l l y  
charged. Trap the gas, do a gas  p a r t i t i o n  measure, measure 
the q u a n t i t y  of g a s ,  and look f o r ,  and c o n t i n u a l l y  remove 



what gas ;  what we're removing i n i t i a l l y  i s  oxygen, u n t i l  w e  
g e t  a s u b s t a n t i a l  amount of  hydrogen, a l s o  record  the vo l t age .  

Now, what happens i s  t h a t  you r e a l l y  d o n ' t  s t a r t  
genera t ing  a s u b s t a n t i a l  amount of hydrogen u n t i l  you r e a l l y  
g e t  up over  1 . 6  v o l t s  i n  t h i s  p a r t i c u l a r  t e s t ,  and you f i n d  
you then  have a q u a n t i t a t i v e  measurement of  how many oxygen 
removed, and you r e l a t e  t h a t  t o  how many ampere-hours of 
overcharge p r o t e c t i o n  you have. 

Now i n  t h i s  p a r t i c u l a r  ce l l ,  we h a v e n ' t  donc? it 
y e t ,  because I d o n ' t  know whether t o  blow i t  up; I'm '-i-?.d 
of cur ious  as t o  whether t o  blow i t  up o r  whether t o  analyze  
it. 

MAURER: Maurer, Dell. Labs. Have you n o t i c e d  any 
p a t t e r n  i n  t h e  open c i r c c i t  v o l t a g e  d u r i n g  a f t e r  a  s t o r a g e  
pe r iod  of cells on open c i r c u i t .  s t a n d .  Did t h e  v o l t a g e  of  
this cel l  a c t  d i f f e r e n t l y  on open c i r c u i t  '-him t h e  o t h e r  
c e l l s ?  

DUNLOP: During t h e  s t a n d  t ime? 

MarJ ',. Earl; . do you know? Do you remember? 

EARL: I f  t 5 e y ' r e  compared to  t h e  cel ls  on 
t r i c k l e  charge ,  then  t h e  v o l t a q e  i s  lower than  t h e  cells 
s t o r e d  on open c i r c u i t .  I d o n ' t  know about  t h e  comparison. 

MAURER:. I mean among the cells on t h e  open c i r c u i t  
s t o r e y e  mode, would it g i v e  you a p r e s i g n a l  t h a t  t h i s  was 

I 
occur r ing?  

DUNLOP: I d o n ' t  th ink  it r e a l l y  does u n t i l  i t  
s t a r t s  t o  p u l l  ou t .  See, what happens when it does s t a r t  t o  
p u l l  -- w e l l ,  you can see i t  -- you know, you go back two 
e c l i p s e  seasons  b e f o r e ,  and you saw i t  beg in  t o  p u l l  o u t ,  you 
see it begin  t o  p u l l  o u t ,  and t h e n  each season  j u s t  g e t s  worse. 
Each time you g o  i n t o  t h e  e c l i p s e  season ,  you j u s t  see the 
cel l  beginning t o  g e t  worse, and i t  s t a r t s  p u l l i n g  o u t  from 
t h e  o t h e r s ,  on charge.  T h a t ' s  t r u e .  

But dur ing  t h e  first p o r t i o n  of  t h e  charge,  i t ' s  
r i g h t  i n  there, and i t ' s  toward the end o f  t h e  charge t h a t  
it always starts p u l l i n g  o u t ,  and i t  r e a l l y  t akes  them -- 
t o  get t o  t h i s  p o i n t ,  w e  knew t h i s  was coming -- and w e  know 
i t ' s  coming on o t h e r  c e l l s ,  because w e  see the t r e n d  developing.  
I t  t akes  a y e a r t  you have t o  be very  p a t i e n t  w i t h  t h i s  program. 

(Laughter . ) 



dh36 RUBIN: Rubin, Tyco. I ' d  l i k e  t o  speak  t o  W i l l  
S c o t t ' s  p o i n t  abou t  t h e  c a p a c i t y  of problems. I t h i n k  i f  we  
look a t  two g i v e n  ce l l s  w i t h  t h e  same n e g a t i v e  c a p a c i t y ,  i f  
one ce l l  h a s  a l a r g e r  p o s i t i v e  c a p a c i t y ,  t h e n  the amount o f  
ove rcha rge  p r o t e c t i o n  a v a i a b l e  t o  t h a t  ce l l  h a s  t o  b e  reduced  
by t h e  d i f f e r e n c e .  

I t h i n k ,  W i i l ,  you p o i n t  i s  c o r r e c t  if one d o e s n ' t  
work a t  the t o p  of cha rge .  I f  one neve r  overcharged  t h e  
ce l l ,  t h e n  one need n o t  be  concerned abou t  the ove rcha rge  
protection. However, i f  one  i s  always t o p p i n g  h i s  cell o f f ,  
t h e n  you have t o  b e  concerned abou t  t h e  ove rcha rge  p r o t e c t i o n ,  
and I t h i n k  Jim's d a t a  is i m p o r t a n t  a t  t h a t  p o i n t .  

BETZ: B e t z ,  F a i r c h i l d .  J u s t  a  g e n e r a l  comment 
or t w o  on c e l l  procurements .  We d o  buy ce l l s  t o  c a p a c i t i e s  
with a t o l e r a n c e  p l u s  and minus,  and t h e  manufac tu re r  does  
keep  the h i g h e r  c a p a c i t y  cells  a s  w e l l  a s  t h e  lower o n e s ,  
and t h e  F a i r c h i l d  s p e c  a l s o  specs excess uncharged c a p a c i t y  
i n  t h e  n e g a t i v e  e l e c t r o d e  f o r  ove rcha rge  p r o t e c t i o n ,  rather 
t h a n  p recha rge  s e t t i n g ,  t h e  v a l u e  on t h a t .  

FORD: The n e x t  p r e s e n t a t i o n ,  I p l a n  t o  p r e s e n t  
it, is going  t o  c c n t r a d i c t  cr conf i rm what; J i r f I  j u s t  s a i d .  
I'm n o t  sure which. 

(Laughter .  ) 

FORD: B u t  i t  does  d e a l  wf t h  t h e  same a r e a ,  and 
some o f  the t h i n g s  -- your  q u e s t i o n s  y o u ' r e  a s k i n g  -- I have  
d a t a  t o  d i s c u s s ,  so okay, it i s  f i v e  after e l e v e n ,  I ' d  l i k e  
to say l e t ' s  t a k e  t h e  c o f f e e  b r e a k ,  l e t ' s  come back and 
p i c k  up t h e  s u b j e c t .  



FORD: A t  t h i s  time, I would l i k e  t o  p r e s e n t  some 
r e s u l t s  of  a  t e s t  on t h e  OAO-type c e l l ,  i t ' s  a Gul ton  20- 
ampere hour  ce l l .  I t ' s  made by S a f t ,  i n  F r a n c e ,  u s i n g  nylon 
s e p a r a t o r  P e l l o n  2505. 

The r e a s o n  f o r  conduc t ing  t h i s  tes t  was b r c s q h t  
abou t  a  couple  o f  y e a r s  ago  when w e  g o t  s u s p i c i o u ~  from 
obse rv ing  b a t t e r y  performance i n  a s p a c e c r a f t  Guring ground 
t e s t i n g .  We g o t  s u s p i c i o u s  t h a t  t h e r e  w?s t h i c g s  t h a t  were 
go ing  on and t h e  chance of  c h a r a c t e r i s i t i c s  i n  t h a t  b a t t e r y  
that were n o t  happening on  o u r  c y c l e  t e s t ,  o r  n o t  happening 
to  cells t h a t  were stored. 

A s  a r e s u l t  of  t h i s ,  w e  dec ided  t o  se t  up a t e s t  
to  look a t  t h e  e f f e c t s  o f  what I r e f e r  t o  i n  my c h a r t s  a s  an 
i n t e g r a t i o n .  NOW, i t ' s  your  g u e s s  a: good a s  mine a s  t o  what 
t hey  do  t o  a  b a t t e r y  i n  s p a c e c r a f t  i n  i n t e g r a t i o n  p e r i o d s .  
I can  t e l l  you t h i s :  They d o  keep  i t  w i t h i n  c e r t a i n  c o n s t r a i n t s  
a s  d e f i n e d  by the c h a r g e r ,  and t h e  envi ronment ,  s o  they  d o n ' t  
abuse  i t  i n t e n t i o n a l l y ,  a l t h o u g h  somet ines  t h e r e  a r e  mishaps 
t h a t  d o  occu r .  

TO set up the i n t e g r a t i o n  tests was one of t h e  most  
d i f f i c u l t  ones ,  because we had to  come up w i t h  a sequence  -- 
a random sequence.  We pickeci abou t  f i v e  d i f f e r e n t  t h i ~ g s  you 
cou ld  d o  t o  t h e  b a t t e r y .  But I ' d  s a y  abou t  40 p e r c e n t  of t h i s  
time, the b a t t e r y  vas l e f t  o p e n - c i r c u i t ,  and u s u a l l y  l e f t  
o p e n - c i r c u i t  a f t e r  be ing  t r i c k l e  charged  a l l  day ,  or maybe 
be ing  cyc l ed  a  coup le  o f  t i n e s  d u r i n g  t h e  day ,  b u t  t h e  weekends, 
t h e  b a t t e r y  was a lways l e f t  open c i r c u i t .  It was o n l y  a c t i v a -  
t e d  or used i n  a charged  c o n d i t i o n  o r  d i s c h a r g e d  c o n d i t i o n  
d u r i n g  t h e  e i g h t  hour  workday s h i f t .  

To compare w i t h  t h i s ,  we c h c s e  t h e  second  tes t ,  
a t r i c k l e  charge .  And t h a t  was p r e t t y  s t r a i g h t  f o r n a r d ,  
C/40 t r i c k l e  charge c o n t i n u o u s l y ,  day i n  and day o u t ,  24 hour s  
a day. 

The t h i r d  tes t  was t o  look a t  the cells and use 
t h i s  k i n d  of  as a c o n t r o l  g roup ,  was t h e  cells would be d i s -  
charged and s h o r t e d .  So we had t h r e e  packs  of f i v e  cells 
each ,  and this was all do:;e a t  rom tempera tu re .  

We s t a r t e d  off w i t h  what we call a " p r e s t o r a g e  
c h a r a c t e r i z a t i o n .  " This i n c l u d e d  s e v e r a l  series o f  t e a t s  . 
I won ' t  go i n t o  the exact sequence ,  because  we d id  make a 
point t o  keep t h e  sequence  t h e  same from p r e s t o r a g e .  A t  s i x  
months, we took t h e  cells off of  v a r i o u s  modes and r a n  
them arough this same sequence. At twelve months, we took 



the cel ls  a g a i n  and r a n  them through t h e  same sequence.  Each 
t i m e  p u t t i n g  them back i n  t h e  s t o r a g e  mode t h e y  trcre i n ,  and 
a t  t h e  end of  e i g h t e e n  months,  w e  d i d  t h e  same t k i n g .  And I 
j u s t  r e c e n t l y  completed a n a i y z i n s  t h e  d z t a  a f t e r  e i g h t e e n  months. 

The t y p e  of t e s t  w e  do  i n c l u d e s  s low t e m p e r a t u r e  
ove rcha rge  test .  We d i d  one i c i t i a l l y  m t h e  p r e s t o r a g e ;  t h e n  
a t  s i x  month i n t t - v a l s ,  we t a k e  t h e  ce l l s  o u t  of t h e i r  r e spcc -  
t i v e  s t o r a g e  c o n d i t i o n s  w i t h  t h e  e x c e p t i o n  o f  the pack  that'^ 
d i scha rged ;  we c o n d i t i o n  t h a t  pack a t  C/20 f o r  48 hour s .  Aai? 
t h e n  a l l  three pzcks g o  i n t o  a  chamber, f o u r  hour  s t a b i l i z a t i o n ;  
and t h e n  we do a  low t e r p e r a t u r c  o r  0 d e g r e e s  C .  o v e r r h a q e  
test  where,  fxom t h e  s t a l r i l i z a t i o n ,  C i 3 0  t r i c k l e ,  we do a f i v e  
minute  d i s c h a r g e  a t  6 amp raLe on a  20 ~mpere hour  b a t t e r y ,  
fo l lowed by, imrnei?iate;y, a f i v e  hour  cha rge  a t  C/20. 

I won ' t  g o  i n t o  t h e  h i s t o r y  of why we u s e  t h i s  
p a v t i c u l a r  ove rcha rge  t e s t ,  b u t  i t  was r e l e v a n t  to a l l  of 
t h e  p r e v i o u s  h i s t o r y  on t h e  OAO program, t h a t  w e  heii d a t a  
a t  0 d e g r e e s  C. 

F o l l o v i n g  t h z t ,  we do t h r e e  c a p a c i t y  tdsts .  We 
d o  a n o t h e r  overcharge t e s t ,  and i n  t h e  i n t e r v a l  between t h e  
c a p a c i t y  t z s t s ,  we do In open c i r c u i t  stam? test. And t h e n  
the ce l l s  g o  back on s t o r a g e .  

F i r s t  s L i d e ,  Tom, 

( S l i d e  102 . )  

I f  y c u ' l l  n o t i c 2  a c r o s s  t h e  t o p ,  I 've  l i s t e d  t h e  
pack number. 215 A i s  t h e  i n t e g r a t i m  pack ,  216 A i s  t h e  
s h o r t e d  pack, and 217 is the C/40 t r i c k l e .  On t h e  l e f t  hznd 
column, the -- 1'11 show you t h e  i n i t l a 1  c o n d i t i o n i n g  cycir  
c a p a c i t y  b e f o r e  the cells were p u t  i n t o  a pack,  and t h i s  i s  
times i n  minutes  a t  C / 2 .  I f  you want t o  c c n v e r t  t h a t  t o  
c a p a c i t y ,  I b e l i e v e  you can d i v i d e  t h e  number by  6 and I- ,u 
cane out  with ampere hour s .  

Showing you tlle u n i f o r m i t y  of t h e  ce l l s ,  ax?d t h e s e  
cell6 had been through a l l  the p r e f l i g h t  accep tance  tests,  
and cell  s e l e c t i o n  tests. They would,  cr cou ld  have neen used  
in the f l i g h t  b a t t e r y  t h a t  was manufactured f o r  t h e  OEO space-  
craft. 

You n o t i c e  t h a t  a f t e r  we assemble the cells :n a 
pack ,  then we begin to look a t  the lowest c a p a c i t y  ce l l ,  
because that is a determining capacity i n  this t y p e  of kest .  



Two interesting p o i n t s  i s ,  I show the 6 month, 
1 2  month and 18 month i n t e r v a l .  I f  you see, t h e r e  is a 
d e f i n i t e  t r end  with t r ickle  charge t h a t  t h e  c a p a c i t y  of t h i s  
pack t o  a  h a l f  a v o l t ,  i s  i n c r e a s i n g .  

Now, i f  you' 11 remember l a s t  yea r  i n  t h e  workshop, 
w e  d i scussed  the v o l t a g e  e f f e c t  i n  which I w i l l  show you a 
d i scharge  p r o f i l e  of t h e s e  two cond i t ions  h e r e ,  and compare 
them. The i n t e r e s t i n g  t h i n g  is t h a t  t h i s  i n d i c a t e s  a  l a r g e  
i n c r e a s e  i n  c a p a c i t y  compared wi th  the day one. This  a l s o  
i n d i c a t e s  a  f a i r l y  s u b s t a n t i a l  i n c r e a s e  i n  c a p a c i t y ,  b u t  
what is s i g n i f i c a n t  h e r e  I th ink  i f  you look a t  the v o l t a g e  
time p r o f i l e ,  i; t h a t  t h e  energy,  t h e  watt-hours i n  these  
cells, i r r e s p e c t i v e  of t h e  d i scharge  t i m e ,  is approximately 
t h e  same. 

The p ~ c k  t h a t  showed -- w e l l ,  I would s a y  t h e  
minimum change, b u t  a c t u a l l y ,  it showed a s l i g h t  d e c r e a s e  i n  
c a p a c i t y  is the one t h a t  was s h o r t e d  d i scharge .  The pack t h a t  
showed the -- I would say t h e  i n t e r m e d i a t e  change i n  c a p a c i t y  
was the one t h a t  was -- dur ing  t h e  i n t e g r a t i o n  pe r iod .  And 
I ' m  looking a t  t h e  d a t a  f o r  t he  18 months, p a r t i c u l a r l y .  

Next s l i d e ,  Tom 

( S l i d e  103.) 

From the last  f i g u r e  I r e f e r e n c e ,  t h e  two c a p a c i t y  
d i sc5arges  on t h e  pack t h 3 t  was on t h e  t r i c k l e  charge,  I show 
you a comparison of a  d i scharge  p r o f i l e ,  a f t e r  18 months, 
obta ined on t h e  f i r s t  d i scharge  -- i n  o t h e r  words, t h i s  pack I 

has been on continucl.?s t r i c k l e  charge f o r  s i x  months, and t h i s  
i s  the 1 8  month d a t a  p o i n t .  I show a f t e r  t a p e r  charge ,  
recharging the pack up, t h a t  w e  do a subsequent  d i s c h a r g e  
which I c a l l e d  the t h i r d  c a p a c i t y  -- w e l l ,  t h i s  was a c t u a l l y  
t h e  second, and then  the t h i r d  c z i ~ ~ a c i t y  cyc le ,  where you see 
the v o l t a g e  i s  up very c l o s e  t c  what the cel l  v o l t a g e  was when 
i t  was new. 

However, the s i g n i f i c a n t  t h i n g  i s  t h a t  t h i s  p o i n t  
here, t o  half a v o l t ,  when it was new was back h e r e  l e s s  than  
150 minutes -- about  1 4 4  minutes.  So t h e r e  has  been about  a 
1 ampere hour i n c r e a s e  i n  t h a t  ce l l ' s  c a p a c i t y .  

The p o i n t  I a l luded  t o  e a r l i e r  is t h e  f a c t  t h a t  i f  
you lock a t  the t o t a l  energy s t o r a g e  i n  t h e  cel l  under these 
two condit? 'ons,  i t ' s  going to  come o u t  t o  be approximately t h e  
same. 



( S l i d e  1 0 4 . )  

The o t h e r  test  I mentioned i s  an open c i r c u i t  s t a n d  
test. L e t ' s  look p t  t h e  p r e s t o r a g e  test ,  because t h a t  i n  
i t s e l f  is  a  p o i n t  f o r  cons ide rab le  d i s c u s s i o n .  We have a  
requirement  t h a t  a l l  celis meet a minimum of 115 on t h i s  
open c i r c u i t  s t a n d .  This  c o n s i s t s  e s s e n t i a l l y  of a C/2 
discharge  t o  each ce l l  a t  one v o l t .  You have on t h e  c e l l  
f o r  1 6  hours ,  t a k e  t h e  r e s i s t o r s  o f f  a t  t h e  end of 16 hours  
and look a t  the 24 hour open c i r c u i t  recovery v o l t a g e .  And 
a t  t h e  end of 24 hours ,  t h a t ' s  when t h e s e  numbers a r e  taken.  

Thc i n t e r e s t i n g  th ing  is  t h e  p r e s t o r a g e  open c i r -  
c u i t  test  was run  a f t e r  t h e  i n i t i a l  c o n d i t i o n i n g  c y c l e  a t  
t h e s e  cells a t  Crane. I n  o t h e r  words, they had been i n  d i s -  
charge  and s h o r t a g e  for some per iod .  And I ' d  j u s t  l i k e  t o  
make a  comment t h e r e  is t h a t  w e  have observed t h a t  a f t e r  
cells have been d ischarged and s h o r t e d  f o r  a  long p e r i o d ,  if 
you run this withou t  two o r  t h r e e  exerc i se - type  c a p a c i t y  
checks, t h e  open c i r c u i t  s t a n d  v o l t a g e  on t h i s  t e s t  may g i v e  
you an  er roneous  r e s u l t .  W e  d o n ' t  recommend doing it a f t e r  
t h e  f i r s t  c a p a c i t y  cyc le .  

But t h e  i n t e r e s t i n g  th ing  is  looking a t  t h e  6 ,  12, t 

and 18 months. Now,  t he re  was a 6 i f f e r e n c e  i r i  the sequence 
here t h a t  I guess I wasn ' t  aware of u n t i l  I really analyzed i 

t h e  d a t a .  The 6 ,  1 2 ,  and 1 8  month i n t e r v a l s ,  t h e  open c i r c u i t  
s t a n d  was conducted a f t e r  the second c a p a c i t y  cycle. So I 
ask  you t o  compare the 18 months l i n e  a c r o s s ,  and you see 
t h a t  the cells t h a t  have been s h o r t e d  s t i l l  have a  what we 
cons ide r  h e a l t h y  open c i r c u i t  recovery v o l t a g e .  The c e l l s  
t h a t  have been t r i c k l e  charged show some degreda t ion  r e l a t i v e  
t o  t h e  o t h e r  pack, a s  w i t h  the cells on i n t e g r a t i o n .  I ,  

( S l i d e  105.) 

The o t h e r  th ing  t h a t  w e  look a t  and a r e  very  con- 
s c i o u s  of f o r  many reasons  i s ,  what happens t o  the overcharge 
v o l t a g e  z t  0 degrees  C .  And I guess of a l l  t h e  data t h a t  we've 
g o t ,  t h i s  t o  me is t h e  most impress ive .  

I 

Again, us ing  t h e  same p r o f i l e  t o  compare the d a t a ,  
showing you the overcharge d a t a  -- now, t h i s  i s  t h e  end of 
the f i v e  hour p e r i o d  f o r  t h e  p r e s t o r a g e  d a t a ,  and i t ' s  i n  
the f i v e  hours f o r  a11 t h e  other data p o i n t s  with the exception 
of the d a t a  l i s t e d  on t h e  i n g e g r a t i o n  pack which I have noted 
t h a t ,  i n  the six mui:t!! t n t e r v a l ,  w e  never went the f i v e  hour 
per iod ;  we had a l i k e  2 hours  15 minutes,  2 hours  30 minutes;  
i n  a l l  c a s e s ,  t h e  overcharge t es t  had t o  be terminated  e i t h e r  





dh 4 1  due t o  excess ive  v o l t a g e ,  o r ,  i n  t h e  l a s t  two of t h e  twelve 
and e i g h t e e n  mont!! p e r i o d s ,  t h e  high p r~3ssure  i n  the c e l l .  
High p r e s s u r e  meaning t h a t  t h e  p r e s s u r e  exceeded 75 PSIG 
which i s  a f a c t o r  of t h r e e  above what t h e  c e l l s  would normally 

1 do. 
1 

I ( 
I , The i n t e r e s t i n g  t h i n g  is t h a t  t h e  i n t e g r a t i o n  b a t -  

t e r y ,  t h e  f a c t  -- i s  s i m i l a r  t o  t h e  i n t e g r a t i o n  p e r i o d ,  has  
1 shown a profound i n c r e a s e  i n  overcharge c h a r a c t e r i s t i c s .  But 
, what I d i d  -- i n c i d e n t a l l y ,  one o t h e r  p o i n t .  The reason I 

can s a y  t h e  f i r s t  and second tests, the f i r s t  tes t  I mentioned, 
a s  I mentioned p r e v i o u s l y ,  i s  run immediately a t  the  s t o r a g e  
pe r iod .  No c a p a c i t y  d i scharge  would go r i g h t  o f f  from t h a t  
s t o r a g e  pe r iod  r i g h t  i n t o  the overcharge test.  

Then, a f t e r  two c a p a c i t y  cyc les  of r echarge ,  we go 
back i n t o  t h e  overcharge tes t ,  we i n h e r e n t l y  see a s l i g h t  de- 
c r e a s e  i n  overcharge v o l t a g e s  from t h e  f i r s t  t o  t h e  second 
test. So what I ' m  say ing  i s  t h a t  t h e  overcharge v o l t a g e ,  i n  
the sense  of improving wi th  t h e  couple of c o n d i t i o n i n g  cycles. 

Now t h e  q u e s t i o n  was asked t o  m e  la . s t  week, "Well, 
do you th ink  from t h a t ,  could yotl work t h s  c e l l s  t o  t h e  con- 
d i t l o n  t h a t  t h e  i n t e g r a t i o n  pack would g e t  back like t h e  o t h e r  
two?" And t h e  answer i s  no. 1;e have t r i e d  this p r e v i o u s l y ;  
we d i d n ' t  have t h e  con t ro l l e l t  t e s t  c ~ n d i t i o n s ,  b u t  we d i d  hav 
c e l l s  e x h i b i t i n g  t h i s  type  of v o l t a g e ,  and we found t h e r e  was 
no way t o  g e t  them back down t o  like new c o n d i t i o n s .  

What I 've done i n  t h e  next  t h r e e  s l i d e s  i s  show you 
t h e  f ive-hour pe r iod  a t  the overcharge test,  comparing t h e  
p r e s t o r a g e  6 a t a  wi th  t h e  18 month second t e s t  pe r io3 .  Here 
is  t h e  d i scharge  and s h o r t e d ,  and as you s e e ,  very l i t t l e ,  i f  
anything,  I ' d  say t h a t  probably could b e  accounted f o r  i n  the 
v a r i a t i o n  i n  the test parameters  themselves,  like the a b s o l u t e  
c o n t r o l  of tempera ture ,  and s o  forth. 

Keep t h i s  one i n  mind as w e  go through t h e  n e x t  two. 

Here i s  a t r i c k l e  charge pack showing t h a t  the y - ! ~  
v o l t a g e  has  i n c r e a s e d ,  b u t  n o t  the p l a t e a u .  This t o  m e  si , -  

n i f i e s  the o n s e t  of a degreda t ion  t h a t  g e t s  worse and v o r s ~  
with  time. I n  f a c t ,  we had observed this prev ious ly  in cycling; 
that  t h e  first t h i n g  you see change i n  t h e  overcharge t e s t  is 
this peaking effect here. I t  s t a r t s  i n c r e a s i n g ,  and i t  may 



go ap  by a  f a c t o r  of two, whi le  the end of charge,  o r  the 
p l a t e a u  v o l t a g e  t h a t  1 r e f e r r e d  t o  may show very l i t t l e  change, 
i f  ar.y. 

This is  t h e  pack t h a t  went through i n t e g r a t i o n .  
And I ' m  showing you t h e  h i g h e s t  of t h e  c e l l  v o l t a g e ,  b u t  a s  
you saw p r e v i o u s l y ,  a l l  c e l l s  i n  that a f t e r  18 months was a  
b e t t e r  than 155. The t e s t  was te rminated  a t  t h a t  p e r i o d ,  
because t h e  c e l l  p r e s s u r e  i n  one c e l l  g o t  up t o  b e t t e r  than  
75 PSIG. 

The s t a t u s  of t h i s  test is t k i s  p o i n t ;  w e  have 
p u l l e d  one c e l l  from each group. The  e i g h t e e n  month period 
ended, incidentally, about  two weeks ago. Ve p u l l e d  one 
cel l  f r o a  each group,  i t  would go throuyh a  complete chemical 
a n a l y s i s ,  and we're a l s o  going through a plate cap2c i ty  measure- 
ment, t o  compare wi th  the new p l a t e  data t h a t  we have on this 
p a r t i c u l a r  l o t  of cells. 

Thank you. 

SEIGER: Have you analyzed t h e  gas p r e s s u r e s  yet?  

FORD: No, I d o n ' t  have to .  I can look a t  the 
p r e s s u r e  a t  the end of  d i scharge  and t e l l  you it's n o t  o.xygon. 

DUNLOP: J i m  Dunlop, Comsat. The t r e n d  t h a t  you ' r e  
indicating is ,  and I ' m  n o t  s u r e  I'd d i s a g r e e  w i t h  you Floyd, 
b u t  c e r t a i n l y  i t ' s  n i c e  t o  s e e  somebody else t o  come up with 
some d a t a  t h a t  I th ink  g e n e r a l l y  ag rees .  

Three or four p o i n t s  seem i n t e r e s t i n g .  One is  t h a t  
w i t h  your t r i c k l e  charge ,  you do i n d i c a t e  t h a t  wi th  a t r i c k l e  
charge mode; t h e r e  i s  a l o s s  i n  vo l t age  t h a t ' s  r ecoverab le  
by a r e c o n d i t i c n i n g .  One of t h e  t h i n g s  t h a t  we observed is 
t h a t  if y-ru can recover  t h a t  v o l t a g e  loss by r e c o n d i t i o n i n g ,  
but the recovered v o l t a g e  t h a t  you g o t  d o e s n ' t  l a s t  very long. 
The more you cycle t h e  ce l l ,  t h e  q u i c k e r  you go r i g h t  back 
down and you lose the e f f e c t  of t h e  r e c o n d i t i o n i n g ,  

"his, it looked l i k e  you had a problem with t h e  
cells that were l e f t  on open-c i rcu i t  charge ,  end p e r i o d i c a l l y  
cycled i n  s m e  fash ion .  The problem seemed t o  be with r e g a r d  
to the negative electrode in terms of charging.  There d i d n ' t  
seem t o  be a8 much -- it seemed t o  be more o f  a problem. You 
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seem t o  be becoming nega t ive  l imited on t h a t  e l e c t r o d e .  I t  
p a r t i c u l a r l y  showed up i n  your low-temperature d a t a  a t  t h e  
end the re .  

I ' m  no t  s u r e  -- i t ' d  be i n t e r e s t i n g  i f  you run 
some f looded measurements on those  p l a t e s  t o  determine whether 
o r  n o t  t h e  apparent  l o s s  i n  c a p a c i t y  t h a t  y o u ' r e  s e e i n g  t h e r e  
is due t o  a c t u a l  p a s s i v a t i o n  of that cadmium i n  s, .le f a s h i o n ,  
o r  whether i t ' s  due t o  some problem wi th  regard  t o  t h e  e l e c t r o -  
l y t e  r e d i s t r i b u t i o n ,  again .  

FORD: Okay, I ' m  n o t  -- a r e  you looking for an 
answer, o r  j u s t  -- I have a comnent; I ' m  n o t  s u r e  whether I ' m  
supposed to answer t h a t  o r  no t .  

DUNLOP: I guess t h e  one t h i n g  I would l i k e  to have 
you say i s ,  what ' s  your conclus ion  from a l l  t h i s ?  I d o n ' t  
know that you r e a l l y  made a conclus ion .  

FORD: W e l l ,  I know how t o  k i l l  a b a t t e r y  f o r  
space a p p l i c a t i o n s .  Give i t  t o  t h e  i n t e g r a t i o n  crew and l e t  
them use it f o r  6 t o  12 months. And i n  t h a t  c a p a c i t y ,  w e  have 
a r e a l  b a s i c  problem on our hands, a s  people  that supply  
b a t t e r i e s  t o  s p a c e c r a f t  and projects .  Because it is  a s t andard  
p o l i c y  t h a t  a l l  flag u n i t s  go i n t o  t h e  s p a c e c r a f t  and be inte- 
g r a t e d  and go through a l l  t h e  environmental  t e s t i n g .  What w e  
have is a p e r i s h a b l e  i tem.  We've g o t  t o  p u t  t h a t  p o i n t  t o  the 
p r o j e c t  people  and m k e  them aware of t h i s .  

I ' m  n o t  s o  s u r e ,  and I c a n ' t  back t h i s  up, i t ' s  
c o n j e c t u r e  on my p a r t ,  t h a t  every day t h a t  b a t t e r y  s i ts  i n  
the s p a c e c r a f t  i n  an i n t e g r a t i o n  mode, is e q u i v a l e n t  t o  one 
or maybe more days i n  o r b i t ,  i n  use.  And what I ' m  s a y i n g  i s ,  
every  day you have i n  t h a t  s p a c e c r a f t ,  y o u ' r e  t a k i n g  away a  
day of use i n  o r b i t .  That  shakes  a p r o j e c t  manager. 

DUNLOP: Can I quote  you on t h a t ?  

FORD: You can quote  m e  on t h a t .  Conjec ture  on 
my p a r t .  

(Laughter.  ) 

KIPP: Ed Kipp, Gulton. I think I can s u b s t a n t i a t e  
some of Floyd 's  f e e l i n g s  on i n t e g r a t i o n  c e l l s  and b a t t e r i e s .  
I n  four y e a r s  of exper ience  a t  GE on t h e  NIMBUS program, t h e  
wors t  b a t t e r i e s  w e  e v e r  had were b a t t e r i e s  t h a t  were used on 
the i n t e g r a t i o n  and debug spacecrafts. 



The way they were used, they were l e t  s t a n d  open- 
c i r c u i t  f o r  p e r i o d s  of time, they were overcharged f o r  c e r t a i n  
pe r iods  of  time, they were cycled  f o r  c e r t a i n  pe r iods  of t ime;  
eve ry th ing  on a very  i n f r e q u e n t ,  unscheduled b a s i s ,  and those  
turned o u t  t o  be i n  t h e  long run t h e  wors t  b a t t e r i e s  we e v e r  
saw i n  t h e  whole s p a c e c r a f t ,  and t h a t  was i n  f o u r  o r  f i v e  
y e a r s  of exper ience .  

FORD: Okay, w e l l ,  i n  l i g h t  of t h a t ,  I d o n ' t  t h i n k  
-- we're going t o  have t o  make some compromises. They have 
t o  p u t  t h e  b a t t e r y  i n t o  s p a c e c r a f t  b e f o r e  launch.  T h a t ' s  
obvious. Otherwise, we wouldn' t be i n  bus iness .  

So what we're going t o  have t o  do  i s  come up wi th  
a u n i f i e d  approach from t h e  b a t t e r y  u s e r s ,  n a n u f a c t u r e r s ,  on 
what wa f e e l  l i k e  i s  b e s t  f o r  t h e  b a t t e r y .  T h a t ' s  n o t  say ing  
we're going t o  g e t  it, if we go t o  t h e  p r o j e c t  people.  

But I would l i k e  t o  throw something o u t  f o r  your 
cons ide ra t ion .  We've a l r e a d y  implemented t h i s  on one program, 
and w e ' l l  probably s e e  i t  implemented on most programs. When 
w e  s t a r t e d  looking a t  t h i s ,  w e  s a i d  "Well, how do you normally 
t u r n  the s p a c e c r a f t  on i n  t h e  morning? You know, t h e  crew 
cones i n  by 9 o ' c l o c k ,  t h e y ' v e  had t h e i r  coffee,  t h e y ' v e  gone 
t o  work." They t y p i c a l l y  t u r n  a spacecraft on -- and t h e  
procedure says  "charge the  b a t t e r i e s .  " Even though t h e  b a t t e r y  
was only  open c i r c u i t ,  12  o r  1 4  hours .  

Well, t h i n k  about  t h i s  f o r  a  minute.  A b a t t e r y  
has  been charged t h e  p rev ious  day; i t ' s  f u l l y  charged. S e l f -  
d i s c h a r g e  i s  n o t  a f a c t o r  h e r e  even i n  a 24 hour pe r iod .  You've 
g o t  t o  t a l k  about  two o r  t h r e e  weeks a t  these tempera tures  
b e f o r e  you have t o  worry about  s e l f - d i s c h a r g e .  But when you 
t u r n  a  s p a c e c r a f t  o f f  i n  the evening,  you've had some e q u i l i b r i u m  
p o i n t  reached; t h e  b a t t e r y  -- t h e  p r e s s u r e  i s  s t a b i l i z i n g  i t s e l f ,  
t h a t  p r e s s u r e  goes away i n  about  3 o r  4 hours  on open c i r c u i t .  

The n e x t  morning, you come i n  and h i t  t h a t  b a t t e r y  
w i t h  even a C / l C  r a t e ,  o r  it could  be  h i g h e r ;  i t  could be as 
high a s  C/2, d e ~ e n d i n g  on t h e  s p a c e c r a f t  system. There i s  no 
oxygen i n  the cel l ,  and I s u s p e c t  t h a t  r i g h t  t h e r e ,  you ' r e  
doing -- you ' rz  having a very  d e t r i m e n t a l  e f f e c t  on the nega t ive  
e l e c t r o d e .  You charge t h e  cel l ;  t h e r e  is n o t  t h e  normal process  
of oxygen e v o l u t i o n ,  recombinat ion,  the c losed  syzkcrn t h a t  I 
r e f e r r e d  to ,  that you would g e t  when you d i scharge  then come 
back up i n  state  of charge ,  snd overcharge the cel l .  

From t h i s  t h i n k i n g ,  and we have nothing to  -- w e l l ,  
there is a l i t t le  something i n  this  integratioc per iod .  We 



t r i e d  t h i s  on t h e s e  c e l l s ,  where w e  had p r e s s u r e ,  and w e  
no t i ced  a profound d i f f e r e n c e  i n  t h e  charge v o l t a g e ,  and 
i n  t ? e  p r e s s u r e  c h a r a c t e r i s t i c s  dur ing  t h e  day, depending on 
whether we discharged t h e  b a t t e r y  f i r s t  i n  the morning, o r  
when we j u s t  came i n  and s t a r t e d  t o  charge it. 

As a  r e s u l t  o f  t h i s ,  w e  are now recommending a 
s t and ing  procedure t o  e n e r g i z e  t h e  s p a c e c r a f t ,  e n e r g i z e  i t ,  
and l e t  t h e  b a t t e r y  d i scharge  f o r  15 o r  20 minutes ,  then  
i n i t i a t e  t h e  charging.  ? h a t ' s  one way o u t .  I d o n ' t  t h i n k  
it'll s o l v e  a l l  t h e  problems w e  s e e  here, b u t  i t ' s  a k ind  
of s h o r t - c i r c u i t i n g  some of t h e  problems I th ink  we're g e t t i n g  
ourse lves  i n t o .  

BRIGGS : Briggs ,  Philco-Ford. I ' m  cu r ious  about  
how many programs we've flown t h a t  have flown f r e s h  batteries 
t h a t  have been p u t  i n  a t  s p a c e c r a f t  i n t e g r a t i o n ,  and how many 
programs we've used t h e  f l i g h t  b a t t e r i e s  f o r  t h e  s p a c e c r a f t  
i n t e g r a t i o n .  

Do you have any knowledge of what pe rcen tage  of  
the programs --? I know t h a t  t h e r e  is -- 

FOP.: I can narrie -- 1, 2 -- I know t h e  OAO 2 ,  
which is coming up i n  f o u r  y e a r s ,  and I guess  i t ' s  been one 
of t h e  most s u c c e s s f u l  b a t t e r i e s  we've had i n  a whi le .  
December t h e  7 th  w i l l  be  f o u r  yea r s .  That  b a t t e r y  was i n s t a l -  
l e d  about  two weeks p r i o r  t o  launch. Not by  cho ice  on 
t h e  p r o j e c t  manager 's p a r t ,  b u t  w e  j u s t  w e r e n ' t  s a t i s f i e d  
wi th  what w e  had. So w e  had a new b a t t e r y  made. 

And w e  went through t h e  same sequence on t h e  l a s t  
OAO -- t h e  one t h a t  was launched t h i s  -- September. A f r e s h  
D a t t e r y  was i n s t a l l e d  a t  t h e  Cape. The precedence had been 
set .  I remember ano the r  program which r e a l l y  i s  a program 
t h a t  prompted us  t o  r e a a l y  g e t  involved :-5. look a t  t h i s ,  was 
on SAS-A. They were s i t t i n g  on t h e  pad i n  San Marco, they  
ran  an overcharge tes t ,  aqain  a t  room t e n p e r a t u r e ,  o r  whatever 
it was, i t  wasn ' t  co ld .  The c e l l  v o l t a g e s  j u s t  went ,out of 
l i m i t .  A l l  the c e l l  vo l t ages  went beyond s p e c i f i c a t i o n s .  
They r e p l a c e d  a b a t t e r y  t h e r e ,  because they had a b a t t e r y  -- 
same l o t ,  eve ry th ing  had been i n  s t o r a g e ,  and t h e  d i s c h a r g e  -- 
I b e l i e v e  it was d i scharged  and s h o r t e d ;  I ' m  n o t  p o s i t i v e  of 
this. They p u t  t h a t  b a t t e r y  i n  t h e r e ,  and they  f lew w i t h  it. 

And t h a t  h a s  been a ve ry  s u c c e s s f u l  m i s s i o n .  So 
the preceden t ' s  been set. We have a job t o  convince the pro- 
ject manager that this is what we've g o t  t o  do. And I t h i n k  
two o r  t h r e e  y e a r s  from now, I hope w e  can s t a n d  up here and 



s a y  we've accomplished t h i s .  

UCHIYmL: Uchiyama, JPL, I ' d  l i k e  t o  comment 
on some o f  t h e  t h i n g s  I ' v e  h e a r d  ment ioned.  Being a u s e r  and 
a s u p p l i e r  of  b a t t e r i e s ,  I can  w e i l  unde r s t and  h i s  f r u s t r a t i o n s  
i n  terms of h i s  i n t e g r a t i o n  tests ,  and how h e  i n t e r f a c e s  w i th  
t h e  p r o j e c t  peop le  and sys tems- type  peop le .  

I t h i n k  i t ' s  e a s y  t o  complain t o  them, t h e  f a c t  
t h a t  when t h e y  t e s t  b a t t e r i e s  t hey  a r e  s u b j e c t e d  t o  many t h i n g s  
which t h e  b a t t e r f  peop le  would p r e f e r  n o t  t o  have t h e  i n t e g r a -  
t i o n  peop le  s ~ . b j c c t  t h e  b a t t e r i e s  t o .  But  a t  t h e  sane time, 
I can  see c e r t a i n  t h i n g s  t h a t  the b a t t e r y  peop le  can do and 
shou ld  r e c o g n i z e ,  when the b a t t e r y  goes  o n t o  t h e  s p a c e c r a f t  
or  goes  i n t o  the hands o f  t h e  ac tua l .  ilser, and t h a t  i s  t o  
r e c o g n i z e  t h e  f a c t  t h a t  most  o f  o u r  tests ,  and a o s t  of the 
tests we've heard about  h e r e  today  have assumed t h a t  when the 
b a t t e r y  i s  under  l o a d ,  it i s  an i d e a l  s i t u a t i o n .  Tha t  i s ,  j u s t  
a p l a i n ,  o r d i n a r y  r e s i s t i v e  l oad .  And t h i s  i s  n o t  t h e  s i t u a t i o n  
when you p u t  i t  on t h e  s p a c e c r a f t .  

Very f r e q u e n t l y ,  and q u i t e  o f t e n ,  t h e  immediate 
t h i n g  downstream from t h e  b a t t e r y  is  n o t  a  s i m p l e  r e s i s t i v e  
l oad .  I t  may h a w  p u l s e s  ; i t  nay have  i t s  own s h a p e ,  and s o  
f o r t h ,  and u n t i l  w e  f i n d  o u t  what t h a t  shape o f  t h a t  p a t t e r n  
i s ,  the b a t t e r y  peop le  a r e  r e a l l y  n o t  go ing  t o  be a b l e  t o  
supp'.:? r e a i  good d a t a  and t o  correlate t h e  i d e a l i z e d  s i t u a t i o n  
t h a t  w e  've r u n  o u r  tes ts  under .  

So  I t h i n k ,  w i t h o u t  meaning t o  c r i t i c i z e  anyone h e r e ,  
I t h i n k  the b a t t e r y  peop le  shou ld  r e c o g n i z e  t h a t  there  i s  
this i n t e r f a c e  problem. And t h i s  i s  pe rhaps  t h e  r e a s o n  why 
you might  s a y  t h a t  when you s u b j e c t  t h z  b a t t e r y  t o  i n t e g r a t i o n -  
t y p e  tests, t h a t  perhaps  i t  t a k e s  a day o r  t w o  l i f e  o u t  of t h e  
a c t u a l  l i f e  o f  the b a t t e r y ,  I t h i n k  t h a t  ' a  v e r y  t r u e .  

B u t  a t  t h e  same time, l e t ' s  r e c o g n i z e  t h e  s i t u a t i o n ,  
and when w e  s u b j e c t  ou r  cells and o u r  b a t t e r i e s  t o  tests,  to  
make them a  l i t t l e  b i t  more r e a l i s t i c  i n  terms of  t h e  a c t u a l  
load s i t u a t i o n .  

BETZ: B e t z ,  F a i r c h i l d .  About t w o  y e a r s  ago  a t  
this workshop, Mr. Bogner of  J P L  p r e s e n t e d  Mariner-Mars ' 7 1  
b a t t e r y  k a n d l i n g  p rocedure ,  and e v a l u a t e d  t h e  t h r e e  c o n c e p t s  ; 
p u t  the f l i g h t  b a t t e r i e s  on a t  t h e  l a s t  minu te ,  u s e  them f o r  
i n t e g r a t i o n  f o r  the e n t i r e  p e r i o d ,  and t h e n  t he  t e c h n i q u e  
t h e y  f i n a l l y  adop ted ,  which was, u s e  i n t e g r a t i o n  b a t t e r i e s  up 
t o  a p a r t i c u l a r  point i n  the test ,  and t h e n  u s e ,  p u t  the 
f l i g h t  b a t t e r i e s  OP, f o r  a s h o r t  p e r i o d  o f  time, f o r  f i n a l  



t e s t i n g  wi th  the s p a c e c r a f t ,  s h o r t l y  b e f o r e  launch. 

This I th ink  worked o u t  p r e t t y  w e l l  i n  MM '71,  
and i n  f a c t ,  t h i s  i s  what F a i r c h i l d  has  adopted f o r  ATS-F 
and G. 

STEINHAUER: S te inhauer  , Hughes. We a e n e r a l l y  
handlc b a t t e r i e s  on t h e  s p a c e c r a f t  by a s s i g n i n g  a u n i t  
eng inee r  who l i v e s  w i t h  those  b a t t e r i e s .  I n  f a c t ,  we've almost 
launched a few u n i t  eng inee r s .  

(Laughter  .) 

But t h e  p o i n t  i s  t h a t  w e  do i n t e g r a t e  t h e  f l i g h t  
b a t t e r i e s  on  t h e  s p a c e c r a f t ,  b u t  a t  times where t h a t  s p a c e c r a f t  
has t o  be s u b j e c t e d  t o  a l l  l e v e l s ,  p a r t i c u l a r l y  h igh  tempera ture ,  
o r  something we do n o t  want t h a t  b a t t e r y  t o  s e e ,  we do n o t  
h e s i t a t e  t o  break a thermal  i n t e r f a c e ,  o r  p u l l  t h o s e  b a t t e r i e s  
from t h e  s p a c e c r a f t  t empora r i ly ,  o r  i f  it's going t o  he  an 
extended p e r i o d ,  t o  s t o r e  them under a c o n t r o l l e d  environment 
c o n d i t i o n  -- o f f  s p a c e c r a f t  . 

So I t h i n k  t h e r e ' s  s e v e r a l  p lans  t h a t  can be used, 
b u t  I agree  w i  t h  your p o i n t .  We must  watch t h e s e  batteries 
a t  all t imes from cel l  manufacture through launch and a f t e r .  

MAURER: Maurer, Bell Labs. I agree  w i t h  your  p o i n t  
on the problem of s t a r t i n g  t o  charge a  b a t t e r y  t h a t ' s  been 
s t a n d i n g  on open c i r c u i t .  We have a p o l i c y  i n  applying com- 
m e r c i a l  b a t t e r i e s ,  t o  te lephone sys tems,  w e  do n o t  a l low a 
c o n d i t i o n  we c a l l  " i n t e r r u p t e d  overcharge."  I n  which t h e  
long-term overcharge is s topped,  and t h e  b a t t e r y  n o t  d i scharged ,  
a d  $hen s t a r t e d  up again .  

This  has i n v a r i a b l y  l e d  t o  ce l l  ven t ing .  And so, 
when we have a system t h a t  has  this type  of use ,  f o r  example, 
we have a battery suppor t ing  a semi-conductor memory. The 
b a t t e r y  is i n  two p a r t s ;  one s e c t i o n  provides  a g a t e  v o l t a g e  
t o  an IGFET. And t h e  d i s c h a r g e  c u r r e n t  i s  i n  the microamp 
range. I t ' s  t o o  h igh  t o  use  a  c a p a c i t o r ,  so w e  use  the 
s m a l l e s t  b a t t e r y  t h a t  we can convenient ly  g e t  i n  t h e  neighbor- 
hood o f  100 t o  200 mil l iampere hours  c a p e c i t y ,  and what w e  
do is p u t  a r e s i s t o r  a c r o s s  the b a t t e r y  dur icg  the discharge  
phase of t h e  b a t t e r y  so t h a t  t h a t  s e c t i o n  is  discharged a t  
perhaps a  20 hour r a t e  through t h e  resistor. 

And of course ,  C/500 o r  something l i k e  t h a t  through 
the load. I n  o r d e r  t o  a s s u r e  ourse lves  t h a t  when t h e  b a t t e r y  
is pu t  back on charge, when power r e t u r n s ,  that we won't  



have t h i s  c o n d i t i o n  of higb v o l t & g e  and hydrogen b u r s t .  

FORD: I n  r e r e r e n c e  t o  a q u e s t i o n  t h a t  J i m  asked 
m e  t h a t  I have y e t  t o  address  myself t o ,  do you have any i d e a  
why t h i s  may a f f e c t ,  o r  what t h e  e f f e c t s  may be on t h e  
cadmium e l e c t r o d e ?  

MAURER : Well, i f  you look a t  a p o t e n t i a l  sweep 
dur ing  charge of a nega t ive  e l e c t r o d e ,  e s p e c i a l l y  a t  high 
r a t e s  o r  lower tempera tures  i n  a f looded s t a t e ,  y o u ' l l  g e t  
a  h igh  v o l t a g e  s e c t i o n  a t  the beginning of t h e  charge in 
which you evolve  hydrogen, then  t h e  e l e c t r o d e  s e t t l e s  down 
and charges normally u n t i l  i t  reaches  nea r  t h e  end of charge ,  
then  it  genera tes  hydrogen aga in .  And you want t o  o p e r a t e  
i n  the s e c t i o n  between those  two. And t h i s  i s  why we p u t  
precharge  i n t o  c e l l s  f o r  our  r e s e r v e  use  where they s e e  very 
low tempera tures .  

And what I s u s p e c t  happens is t h a t  on long overcharge ,  
o r  open c i r c u i t ,  you l o s e  t h e  oxygen as you d e s c r i b e ,  and 
y o u ' r e  l e f t  wi th  t h e  e l e c t r o d e  i n  a  p e c u l i a r  s t a t e ,  s i m i l a r  
t o  what you have a t  t h e  beginning of a charge ,  where most o f  
the  a c t i v e  s u r f a c e s  a r e  semi-pass iva ted ,  s o  the v o l t a g e  s t a r t s  
o f f  i m e d i ? t e l y  a t  the hydrogen l e v e l ,  and then a s  oxygen 
comes o v e r ,  and as the nega t ive  charges a  l i t t l e  b i t ,  t h e  
v o l t a g e  drops o f f  aga in .  So you get t h i s  hydrogen b u r s t ,  and 
if y ~ u  r e p e a t  t h i s  enough times, you b u i l d  up h igh  pressure. 

YUEN: Joe  Yuen, Naval Research Lab.  For the 
record ,  I ' d  l i k e  t o  b r i n g  t h i s  p o i n t  o u t :  For  a l l  of our  
sa te l l i te  launches,  we always have two types  of b a t t e r i e s .  
One, t h e  f l i g h t  type ,  and one would be the test pack. 

During t h e  t e s t  of t h e  payload,  t h e  p r o j e c t  
manager can use  t h e  test pack throughout  a l l  tests,  and two 
weeks p r i o r  t o  launch,  we i n s t a l l  t h e  f l i g h t  pack. The 
f l i g h t  pack w i l l  be almost  s i m i l a r  t o  the test  pack i n  every  
detail. 

FORD: Any other d i s c u s s i o n ?  

(No response.  ) 

Okay, t h e  next s u b j e c t  w e  have is  charge r e t e n t i o n ,  
t e s t i n g ,  measurement o f  excess  n e g a t i v e  capac i ty .  W i l l  S c o t t ,  
TRW . 

SCOTT: This  is one of those  somewhat l a s t  minute,  
less formal p r e s e n t a t i o n s ,  a c t u a l l y .  It  i s n ' t  a p r e s e n t a t i o n ,  



i t ' s  j u s t  some comments, b u t  I hope it 'll be a l i t t l e  easier 
t o  s t a n d  up h e r e ,  p o s s i b l y .  

We've been  t a l k i n g  a l i t t l e  b i t  abou t  upda t ing  
and prevurnably improving on t h i s  NASA nickel-cadmium b a t t e r y  
s p e c i f i c a t i o n ,  and I t h i n k  everyone i s  aware t h a t  t h e r e  a r e  
a number o f  t h i n g s  i n  t h e  o r i g i n a l  v e r s i o n  of t h e  NASA i n t e r i m  
s p e c  t h a t  was g e n e r a t e d  a number of y e s r s  ago ,  t h a t  need 
improving. 

Unfo r tu r . a t c ly ,  some of  improvenents  h a w  
been  d ragg ing  f o r  some time, and as a result, the ezrars of 
o u r  ways t h a t  were i n c o r p o r e t e d  i n  t h a t  o r i g i n a l  i n t e r i m  spec 
have been pes-pe t ra ted ,  promulgated,  and by this p r o c e s s ,  as 
o f t e n  happens,  they sorcetimes become t h e  l a w  o f  the l a n d ,  
even  tnough t h e y  a r e  n o t  n e c e s s a r i l y  t h e  b e s t  way to  do i t ,  
o r  even may c o n t a i n  some obvious defects. 

I'd l i k e  t o  a d d r e s s  myself  t o  two p e c t s  t h a t  I 
t h i n k  shou ld  r e c e i v e  some a d d i t i o n a l  a t t e n t i o .  b e f o r e ,  hope- 
f u l l y  b e f o r e  t h e y  become i n c o r p o r a t e d  i n t o  any new v e r s i o n  o f  
t h a t  t y p e  of s p e c i f i c a t i c n .  

One is  a  hod of t e s t j n ~  f o r  s o - c k l l c d  i n t e r n a l  
s h o r t s ,  or cha rge  r e t e n t i c n .  The o t h e r  i s  t h e  xe thod  o f  m a s -  
u r i n g  excess n e g e t i v e  capacity recharge,  and s o  f o r t h .  With 
r e q a r d  t o  the method of  measuring charge r e t e n t i o n ,  t!!ere are, 
a s  most of you know, two somewhat d i f f e r e n t  methods g e n e r a l l y  
i n  u s e ,  one i s  to  s h o r t  down the ce l l  t h e n  i n t r o d u c e  a s m a l l  
amount of c h a r g e ,  t h e n  open -- l e t  t h e  c e l l  s t a n d  on open 
c i r c u i t  f o r  s a y  24 h o u r s ,  a ~ d  measure the v o l t a g e  a t  the end 
of t h a t  time. 

The otbax method i s  t o  s h o r t  t he  cell down, t h e n  
o p e n - c i r c u i t  the  c a l l ,  and rzeasure the v o l t a g e  rise, t h e  
v o l t a g e  a t  the end  of a c e r t a i n  p e r i o d  of time, s t a n d i n g  on  
open c i r c u i t .  There  are v a r i o u s  proponents  of b o t h  of  t h e s e  
methods. I d c n ' t  have any s p e c i f i c  new da ta  t o  s o l v e  the 
q u e s t i o n  of which i s  better i f  e i t h e r  one is  b e t t e r .  But  I 
would l i k e  t o  reexamine t h e  r e a l  b a s i s  for e i t h e r  o f  t h e s e  
tests, and to ask just what i t  is  t h a t  we a r e  e r a l l y  measuring.  

I ask this q u e s t i c l  of i n d i v j d u a l s  ncw and then, 
and I get a l l  k i n d s  of answers ,  And I would -- I presume 
t h a t  the o r i g i n a l  i n t e n t  was t o  detect some k i n d  of i n t e r n a l  
e l e c t r o n i c  s h o r t i n q  path  between the e l e c t r o d e s .  T h i r  is what 
I think we would l i k e  t o  do. 

However, f submi t  that the way these tes t s  a r e  



g e n e r a l l y  conducted ,  it o f t e n  -- it cou ld  happen t h a t  t ; r c :  

r e s u l t s  o b t a i n e d  a r e  more a f u n c t i o n  of  t h e  p a r t i c u l a r  po ten-  
t i a l  b e h a v i o r  o f  t h e  p o s i t i v e  e l e c t r o d e  a n z e r  tl-5 t e s t  con- 
d i t i o n s  t h e n  they a r n  o f  any s h o r t a g e  c o n d i t i o n  of t h e  c e l l .  

This  k i n d  of  remark a r i s e s  from some v a r i o u s  
e x p e r i e n c e s  that we have had i n  t h e  p a s t ,  i n  u s ing  t h e  f i r s t  
of  the two test  p rocedures  t h a t  I ment ioned.  Kamelv, cha rg ing  
t h e  ce l l ,  s a y ,  a t  a C/10 ra te  fo: f i v e  minu te s ,  or t e n  minu te s ,  
and f o l l o w i a g  a short-down, and t h e n  watch ing  t h e  -- t h e n  
measuring ':he c e l l  vol sge  a f t e r  ? 4  h o u r s .  

We 've performed t h i s  t e s t  on m a r l ,  many c e l l s ,  
and a l though  c e r t a i n l y  t h e  very l a r g e  m a j o r i t y  of them seen 
t o  f a l l  w i t h i n  c e r t a i n  l i m i t s ,  t h e r e  awe a c e r t a i n  number o f  
o t h e r  ones which,  a l t hough  they do no , a l l  w i t h i n  t h e  pra- 
sumed s a f e  l imits,  seem t o  pe r f c rm p e r f e c t l y  w e l l  a s  i n  alL 
o t h e r  r e s p e c t s ,  i n  terms of  c e l l  performnnc?,  And I ao not 
l i k e  t he  i d e a  of  hav ing  t o  r e j e c t  cells for a rest which I 
d o n ' t  have any idea what the real s c i e n t i f i c  basis I . s ,  and 
the performance i n  p a s s i n g  and f a i l u r e  c r i t e r i a  a r e  a s  
a r b i t r a r y  as they  are on t h i s  p a r t i c u l a r  test, whcrc a l l  i - 3 ~  
rest of t h e  c e l l  performance paramepers a r e  p e r f e c t l y  d e c y a t c .  

L e t  me ment ion specif ica:! ly  sore o f  the s t r a n g e  
things  t h a t  w e  have s e e n  dcring this t ype  o: testing. I 
guess  the nost d i s t u r b i n g  i s  t h a t  t h e  -- w e l l ,  f i r s t  o f  a l l ,  
i n  o r d e r  t o  r e a l l y  s e e  someth ing ,  most of t h e s e  s t r a n g e  t h i n g s  
happening ,  you have t o  moni tor  t h e  ce l l  v o l ~ a c j e  c o n t i n u o u s l y  
th roughou t  t h e  p e r i o d  of  t i m e  when normal ly  speak ing  y o u ' r e  
supposed t o  l e a v e  the  ce l l  s l t t i n g  o p e n - c i r c u i t  or. t h e  ~ h e l f  
and n o t  b e  measuring it a t  a l l .  

I f  you s a y ,  t a k e  a s u i t a b l y  s p e c i f i e d  i n s t r u m e n t  
t h a t  d o e s n ' t  draw any a p p r e c i a b l e  c u z r e n t  from t h e  c e l l ,  and 
moni tor  t h e  ce l l  v o l t a g e  cont inuousLy,  on a c e r t a i n  number of  

cel l s ,  you w i l l  see the v o l t a g e  s tar t  t o  go down s lowly  a r  
even  more r a p i d l y  on  open c i r c u i t ,  and theq it w i l l  come back 
up again.  And t h e n  i t  w i l l  sometirrles go  down again, and some- 
times come back up a g a i n .  And t h i s  could g o  on and or. and on. 

I 

I submi t  t h a t  a s  long  as t h i s  k i n d  of  t h i n g  can 
happen, t h a t  t h i s  t y p e  3f test leaves someth ing  t o  b* 2 e s i r e d  
as f a r  as its r e l i a b i l i t y  i n  C s t e c t i n g  i n t e r n a l  s h o r t s  i n  t h e  
cells. 

Also ,  what w e  have observed  is t h a t  when we s u s p e c t  
tha t  t h e r e  may b e  something l u n r y ,  o r  t h a t  t h e r e  ~.i.ia), be a t e s t  
error, and retest cells  t h a t  f a i l  the normal c r i t e r i a  f o r  t h i s  



tes t ,  almost I n v a r i a b l y ,  t h e  c e l l s  w i l l  pass  the second tes t ,  
and they w i l l  pass  a l l  subsequent  tests. 

I s u s p e c t  t h a t  t h e  r e s u l t s  t n a t  w e  ob ta ined  on 
the f i r s t  test  are being in f luenced  by t h e  e x a c t  p r o i r  h i s t o r y  
of the cell  cond i t ion ,  p r i o r  t o  conducting the t e s t .  Spec i f -  
i c a l l y ,  I believe i t ' s  p o s s i b l e  t h a t ,  fcr example, i f  you happen 
t o  conduct t h e  test a f t e r  t h e  c e l l  has  been s h o r t e d  f o r  q u i t e  
a long pe r iod  of t i m e ,  you can g e t  a c o ~ p l e t e l y  d i f f e r e n t  
p a t t e r n  of bellavior than  you would i f  you s h o r t  t h e  ce l l  only  
f o r  say one hour,  o r  d o n ' t  dead s h o r t  i t  a t  a l l  p r i x  to  
charging i t ,  g i v i n g  it  t h e  i n i t i a l  boos t  charge,  and then 
conducting the test .  

I guess  the p o i n t  here is t h a t  I s o r t  of doubt  
that we, a t  l e a s t  n o t  everyone is  c o n t r o l l i n g  a l l  of t h e  
v a r i a b l e s  t h a t  can a f f e c t  t h e  r e s u l t s  o f  t h i s  test adequate ly .  
So t h a t  t h e  test  r e s u l t s  a r e  l i k e l y  t o  give you some mis leading 
values .  

So, I j u s t  th ink  t h a t  i f  t h e  test i s  going t o  be 
made meaningful a t  a l l ,  t h ~  f i r s t  t h i n g  t h a t  has  t o  be done 
is t o  recognize a l l  the f a c t o r s  which can l e a d  t o  v n i a b l e  
r e s u l t s ,  a id  get then m d e r  control. The other thir.y I 
wou'd recommend i s  t h a t  -- p o s s i b l y  t h a t  this test always b e  
pert,rmed twice ,  rather than j u s t  once ,  and mzke s u r e  that 
you can reproduce the r e s u l t s  t h e  second time i n  a row. 

A t  l e a s t ,  e i t h e r  t h a t ,  o r  t o  always provide  f o r  
a retest of cells t h a t  f a i l  this test  t h e  f i r s t  t i m e ,  j u s t  
t o  make s u r e  t h a t  t h e  p r e v i m s  h i s t o r y  is  n o t  unduly i n f f u e n -  
c ing  t h e  r e s u l t .  

The o t h e r  test I ' d  l i k e  t o  comment i s  t h a t  f3r -- 
t h a t  p r e s e n t l y  e x i s t s ,  a t  Least i n  s e v e r a l  documents that 
are now being used, and a ~ L u e l l y  imposed upon prime c c . n t r a c t o r s ,  
is the procedure f o r  measurement of excess nega t ive  c a p a c i t y ,  
as it p r e s e n t l y  e x i s t s  i n  t h e  -- f o r  exanple ,  i n  t h e  NASA 
s p e c i f i c a t i o n  S-761 P-6. Dated March, 1971. 

$3 i t  came o u t  a year ago a",'is meeting,  I th ink  
it has been recognized f o r  some t i m e  t h a t  t h a t  t e s t ,  as 
descr ibed ,  does n o t  a c t u a l l y  measure a l l  of t h e ,  o r  may n o t  
measure all cf the precharge  t h a t  real'.y e x i s t s  i n  a c e l l .  I t  
w i l l  measure Eome p a r t  of i t ,  and u n f o r t u n a t e l y  t h i s  p a r t  may 
be -- can be q u i t e  v a r i & l e ,  and I d o n ' t  b e l i e v e  t h a t  we 
understand e x a c t l y  what variable, what v a r i a b l e s  a f f e c t  t h e  
amount of measurable,  e l e c t r o c h e m i c a l l y  measerable precharge  
that can be ob ta ined  dur ing t h i s  t e s t .  



I'm concerned mainly f o r  one reason.  And t h a t  is 
t h a t  i f  you -- I b e l i e v e  t h a t  a l l  t h e  d i s c u s s i o n s  over  the 
p a s t  few y e a r s  have p o s s i b l y  p laced a  l i t t l e  t o o  much emphasis 
on the need f o r  precharge  wi thout  a comprable, balanced recog- 
n i t i o n  of t h e  need f o r  s u f f i c i e n t  excess  d i scharge  z e g a t i v e .  

And i f  you look a t  t h a t  procedure ,  y o u ' l l  see t h a t  
t h e  only way t h a t  procedure g e t s  you t o  a  de te rmina t ion  of  excesz 
uncharged nega t ive  i s  t o  s u b t r a c t  two te&ms from t h e  t o t a l  
excess ,  t he  t o t a l  n e g a t i v e  c a p a c i t y  t h a t  i s  determined by t h a t  
test .  

Now, t h e  problem as I see it i s  t h a t  t h e r e ' s  some 
u n c e r t a i n t i e s  i n  the de te rmina t ion  of both  o f  those ,  of a l l  
t h r e e  of those terms. But i f  you, even i f  you could determine 
the t o t a l  n e g a t i v e  c a p a c i t y  a c c u r a t e l y  by t h i s  test, there 
are some larger u n c e r t a i n t i e s ,  I b e l i e v e ,  i n  t h e  de te rmina t ion  
of t h e  o t h e r  two terms, t h e  -- you know, TTN 1 and t h e  TP 3 
and t h e  TN 3 terms, s o  t h a t  when you s u b t r a c t  those  two from 
the t o t a l  nega t ive  caraci ty t o  g e t  We discharged excess ,  you 
could have a l a r g e  e r r o r  i n  t h a t  c a l c u l a t i o n .  

Now, i f  you -- s o  t h a t ,  i f  you have,  i f  you ' r e  n o t  
very c a r e f u l  i n  determining t h e  va lue  o f  both of those two 
terrs t h a t  you s u b t r a c t  from t h e  t o t a l ,  you c o u l i  be i n  
t r o u b l e  as f a r  as your excess  d ischarged nega t ive  is  concerned. 
The t r o u b l e  t h a t  I ' m  t a l k i n g  about  is  t h a t  you could f o o l  
y o u r s e l f  i n t o  b e l i e v i n g  t h a t  you have a l o t  more excess  d i s -  
charged nega t ive  than you r e a l l y  have. 

This  would be the case, fo r  example, i f  t h e  method 
t h a t  you use t o  measure precharge  d i d  n o t  measure a l l  the 
precharge.  Therefore ,  you g e t  a  s m a l l e r  nunber f o r  t h a t  term 
than you should.  And when you s u b t r a c t  t h a t  from the c o n s t a n t ,  
h o p e f u l l y ,  o r  t h e  r e l i a b l e  va lue  of t o t a l  n e g a t i v e ,  y o u ' r e  
going t o  g e t  a l a r g e r  number f o r  t h a t  d i f f e r e n c e  t h a a  r e a l l y  
e x i s t s .  So t h a t ' s  going t o  g i v e  you -- could g i v e  you a f a l s e  
sense  of s e c u r i t y  as t o  how much discharged excess  n e g a t i v e  
you have. 

\ 

Now, s p e c i f i c a l l y ,  i t  came o u t  l a s t  y e a r ,  and most 
people I th ink  a r e  aware of i t  now, t h a t  t h i s  e l e c t r o c h e m i c a l  
procedure normally does n o t  measure a l l  of t h e  precharge t h a t ' s  
there. You have t o  go t o  some combination of  e l ec t rochemica l  
and chemical methods t o  r e a l l y  measure it  a l l .  

So that if you measure the precharge by t h a t ,  as 
it's writtsri sj in t h a t  procedure only %y e ~ e e t r ~ z h ~ i n i c a i  
methods, you're going t o  get a term t h a t  is q u i t e  a b i t  s m a l l e r  



than the actual amount of precharge. If you subtract -- asslmin~ 
that the real amount of precharge is a lot larger than you 
mkaure, presumably, it could be that total term that you should 
be subtracting from the total negative in order to get the true 
discharge excess negative. 

So, what I think that we should probably be doing is 
taking another look at that procedure as it is now written, and 
to decide, for example, whether the value that we really should 
be plugging into that equation to c&lculate excess discharge 
negatives should be the total real precharge. And therefore, 
whether we really should be using combined electrochemical 
and chemical methods to determine that term of that equation. 

This is my thesis, and I'm throwing it open to discnssion. 

MAURER: I'd just like to comment on Dr. Scott"; results 
on the open circuit voltage recovery tests, and talk for a 
moment on some of the things that we've seen, and some of the 
theories we have of how it operates, for the type where you dis- 
charye and short out the cell, and then put it on open-circuit 
and measure its voltage on open circuit, as opposed to the one 
where y-u give it a slight boost of current. 

'(Slide 109. ) 

First of all, the positive electrode discharge is a 
diffusion-limited process where protons are diffusing in and 
out of the active material. And during a normal discharge, we 
plot voltage versus time, we get a section (A) where the volt- 
age is independent of tine to a first approximation, and then 
we go over a knee, and I'm talking about a situation where 
we're dischraging the cell across the resistor. 

Now, in this region ( A ) ,  the diffusion-limited current 
is much higher than the load current requires, so the voltage 
is controlled by other factors like the electrochemistry of 
the positive. 

As you get below roughly .8  volts, you get into a 
region (B) where the voltage drops off in an additive, loga- 
rithmic, section, and if you plot the log of the voltage, 
versus time In this section, what you get is a series of -- 
you can analyze the curve into a series of straight lincs whose 
  lope varies in the ratio of 1:9:25, just like you predict fr.om 
a diffusian process, 2N plus 1, squared, factor. So that i t 's  
supporting widence that this is really a diffusion-limited 
proceas . 

%he current: coming out of the elactroc'ie during 



that period of time is independent of the losd. So if you put 
a 1-ohm resistor, or if you put a dead short on the cell, the 
current coming out will be the same. 

And this tail will continue for several days, and with 
a half ohm or a one-ohm resistor, you can nleamre s p p n x i a b l y  
voltages after 24 hours, certai~ly, in the neighborhood of 10, 
20 millivolts, something like that. 

(Slide 110) 
Now, then, .what happens, I believe, during the open 

circuit recovery is that you have an equivalent circuit, a 
capacitor, with a resistor in parallel, and that this is driven 
by a currect source wkich turns nut to be that diffusi0~1 
current in the pesitive electrode. 

So, such a system has already been shorted out by an 
external load resistor so that the voltage on this capacitor 
is zero, or close to it. Now we take this resistor o f f ,  and 
begin to charge at that diffusion--limiting current, from the 
positive active material. And of course this capacitor will 
charge according to standard electrical laws; it'll be a 
logarithmic rise like that. 

(Slide 111.) 

As long as this current is roughly constant, then this 
voltage will depend on several things. One, the voltage that 
this source will provide, namely the 1.2 volts of a nickel- 
cadmium cel1,and the other, the size of this resistor. And 
the smaller this resistor, of course, lower the voltage. 

Now, the problem comes in -- an additional problem comes 
in; is that this source isn't. a constant current source, during 
the time scale of this test, the open-circuit recovery of 
24 hours, the voltage of that positive active material is de- 
caying. So, this current source is decaying with time across 
the fixed system, so what this will then do is drop off again. 

Now just how the relative amounts, size, of this current 
and that resistor will give you a whole series of different curves, 
we simulated this with small, 100 milliampere cells in which 
we deliberately put resistors of v~rious sizes across them to 
simulate this resistor, and we could get curves that varied 
from that (I), to of course, something like this (2-3), or 
something that didn't rise at all ( 4 ) ,  and these resistors, for 
this neighborhood (1-2) was in the neighborhood of 100 K in 
that ballpark. 

So, if -- let's see, the other variable on the pattern 
is hcw long you've shorted the cell before you start. 



If you short out for 16 hours, you might be operating from 
this current level (ref.l09), and of coutse get a'very fast 
rise (curve 5, ref. fig. 111). If you short out from this 
point out here, (ref.fig. 3, curve 6), like 48 hours, the current 
source may be very small, and you'll get this kind of response. 

Now, there's an additional effect that we've seen that 
I don't have a solid explanation for. But the voltage does not . 

rise immediately. It goes up like this (ref. fig. 111, curve 7). 
It's exponential, once it starts. But it has a delay time. This 
is the open-circuit recovery. And I don't know why that delay 
occurs; again, cells that have this appear to operate in 
charge-discharge mode similar to ones that don't have it, so it 
doesn't appear to be related to some of those kinds of per- 
formance parameters, but cells that exhibit this will have all 
of these features, as well. 

Now, another point that Dr. Scott mentioned was that 
he got a different effect depending on whether -- what the 
prehistory was, and of course that comes out of this, (fig I), 
the current performance on the discharge, on cells that have 
been let's say aged, many times will have a much different 
history in this portion (ref. fig 109, region B) that I think 
can probably be related indirectly to here. 

So some of the things that should also be measured on 
this test I thinkare the current, and the rate of decay of 
the current during that discharge, the shorted part of the 
discharge. 

(Slide 112) 
And then another factor (fig.4), which unfortunately 

has to come in is that if this circuit represents one region 
(region (1)) of the electrode, there's also another region 
(region 2) of the electrode that you can write in the same way 
with its own current source, and this one is connected through 
some kind of resistance(% this one to form the outside world. 
And so the resistor on the outside world that you put across 
this whole circuit now, will be discharging the two sections 
of the electrode differently; this section (2) through a 
different kind of resistor. 

(Slide 113) 

So if you do that, then the discharge voltage profile 
during the shorting time will have a much higher currl~,~C than 
one in which this resistor (fig 112 R), let's say, is zero, all 
the electrode is uniform, that one might come down like this (fig. 
113, curqe 2). But of course, you'd rather have this kind of 
electrode (fig. 112, R equals 0 )  or cell with this kind of 
electrode; you don' t want this kind of internal resistance 
in the cell. 



E
X

T
E

R
N

A
L 

R
ES

IS
TO

R
 

H
R

S.
 

F
IG

U
R

E
 1

09
 

F
IG

U
R

E
 1

10
 

E
X

TE
R

N
A

L 
FE

SI
ST

O
R

 

R
E

G
IO

N
 1

 
R

E
G

IO
N

 2
 

F
IG

U
R

E
 1

11
 

F
IG

U
R

E
 1

12
 





So, t h e  r a t e  of recovery  of this ce l l ,  t h e  one 
wi th  t h e  h igh  c u r r e n t ,  t h e  one wi th  t h e  r e s i s t a n c e  
i n  t h e  e l e c t r o d e ,  w i l l  g i v e  you a very Eas t  recovery ,  because 
i t ' s  o p e r a t i n g  o f f  of a h igher  c u r r e n t  i n p u t .  So I th ink  the 
major p o i n t  t h a t  I want t o  make is  t h a t  probably t h e  open 
c i r c u i t  v o l t a g e ,  u n t i i  a l o t  more work i s  done should only  
be  used a s  a method of looking f o r  s h o r t s  under f a i r l y  w e l l  
c o n t r o l l e d  c o n d i t i o n s ,  such as measuring a f t e r  a d e f i n i t e  
per iod  of t ime,  and r e q u i r i n g  t h a t  t h e  c u r r e n t  be less than 
a c e r c a i n  amount, and then looking a t  t h i s  k ind  of a p r o f i l e .  

And i f  it d o e s n ' t  f i t  t h a t ,   the^ the r e s u l t s  t h a t  
you g e t  should n o t  be i n t e r p r e t e d  as e i t h e r  t h e  presence  o r  
t h e  absence of s h o r t s .  

FORD: Okay. Thank you, Dean. 

STEINHAUER: One q u e s t i o n  back t o  W i l l  S c o t t .  On 
t h i s  method f o r  overcharge p r o t e c t i o n  o r  d i scharge  cadmium 
hydroxide,  can w e  n o t  a t t e x p t  evefi i n  a d e s t r u c t i v e  manner 
to  an i n e r t  hand l ing  t o  go a f t e r  t h a t  e lec t rochemical . ly  and 
chemical ly d i r e c t l y ,  r a t h e r  than  by t h e s e  d i f f e r e n c e s ?  

SCOTT: You're a sk ing ,  I h e l i e v e ,  about a deter- 
minat ion ,  a more d i r e c t  way t o  determine excess  uncharged 
negat ive?  Well, I guess s o ,  I h a d n ' t  thought  about t h a t  
q u e s t i o n  s p e c i f i c a l i y ,  b u t  I presme t h a t  -- w e i l ,  a l l  I 
can say  i s  t h e r e  must be a b e t t e r  way than  what we have now. 

DUNLOP: Well what you do i s  -- w e  d i d  i t  and 
compared it, t h e  two procedures I ' m  r e f e r r i n g  t o  a r e  t h e  
procedure b a s i c a l l y  desc r ibed  by D r .  S c o t t ,  which I d o n ' t  
th ink  became new l a s t  y e a r ;  I t h i n k  i t  was r e a l l y  s t a r t e d  a 
long t i m e  ago, and t h e  f i r s t  t i m e  t h i s  was done was a t  
Wright-Pat terson shou t  four  y e a r s  ago,  and i t  was done b e f o r e  
then by o t h e r  people  b e f o r e  t h a t  t i m e .  

So the procedures t o  do t. - chemical a n a l y s i s  on 
t h e  cadmium e l e c t r o d e  a r e  very w e l l  k1,. tun; they 've  been done 
i n  many l a b o r a t o r i e s :  Tyco L a b o r a t o r i e s ,  GE L a b o r a t o r i e s ,  
our l a b o r a t o r i e s ,  and o t h e r  p l a c e s ;  a t  Goddard, -- and I 
d o n ' t  think there's any r e a l  problem i n  e s i n g  it. 

A direct answei- tc Bob's q u e s t i o n ,  though, what 
We did  was, we used t h a t  procedure where yoi: .io d iccharqe  a 
cell ,  v e n t  it, con t inue  t o  d i s c h a r g e ,  measure e l e c t r o c h e m i c a l l y  
the uaable precharge, then  reno*:= the p l a t e s ,  run  them throuc;h 
a soxil e x t r a c t i o n ,  and deteixtze t h e  remaining ckeiii icall  y 
available za&.im that's i n  ti charge s t a t e  tha t  h a s n ' t  Sser! 



discharged.  

And then you determine t h e  t o t a l  amount of 
cadmium and then  you make a f looded p l a t e  measurement, and 
then you do what D r .  S c o t t  desc r ibed .  You t ake  and you sub- 
t r a c t  the p o s i t i v e  c a p a c i t y  and t h e  e lec t rochemical . ly  measured 
p o s i t i v e  c a p a c i t y  f r o n  t h e  f looded p l a t e  measurement, and you 
determine t h e  ovezcharge p r o t e c t i o n ,  which is  k ind  o f  a 
complicated procedure. 

The o t h e r  way t o  do it is simply t o  charge your 
c e l l  up, ven t  i t ,  c o l l e c t  t h e  gas u n t i l  you g e t  an apprec iab le  ' 

percentage  of hydrogen e v o l u t i o n ,  You can do t h i s  f a i r l y  
r e a d i l y ,  and we've done i t ,  and you g e t  a p r e t t y  good compar- 
i s o n  on both techniques .  I t ' s  s u r p r i s i n g l y  good; w e  d i d  i t  i n  
a program where w e  eva lua ted  t h e s e  T e l s a t  cells a y e a r  ago, 
and we got  very good a g r e e m n t  hy both  methods. I t  t akes  a 
l i t t l e  b i t  of time i n  an exper imenta l  s e t u p ,  b u t  i t ' s  a c t u a l l y  
e a s i e r  t o  determine your overcharge p r o t e c t i o n  i n  t h i s  f a s h i o n  
because you d m 1  t have t o  worry about  any chemical a n a l y s i s ,  
s o  i t ' s  a d e s t r u c t  t e s t .  

But a l l  you r e d l y  have t o  do is collect the g a s ,  
and you have t o  know t h e  free volume i n  t h e  ? e l l ,  more o r  
less, i t ' s  d e s i r a b l e ,  and you have t o  conver t  ampere-hour 
equ iva len t .  -- Well, you don' t even have t o  do t h a t .  A l l  
you have t o  do i s  c o l l e c t  t h e  gas and conver t  it t o  ampera- 
hour e q u i v a l e n t  and know when you s t a r t  g e n e r a t i n g  an apprec iab le  , 

amount of hydrogen. 

FORD: What's an apprec iab le  amount of  hydrogen? 
I 

DUNLOP: W e l l ,  what we observed,  Floyd, when we 
r a n  t h i s ,  and we have t h e  d a t a  -- w e  p resen ted  t h i s  d a t a  t o  
T e l s a t  on t h e i r  cells,  b u t  what w e  observed was t h a t  there 
was a very g r a d u a l  v o l t a g e  climb. En which yes cion't see 
any l a r g o  percentage  of hydrogen involved,  less than one 
p e r c e n t ,  and i t ' s  h a r d l y  measurable i n  your gas  p e t i t i o n e r ,  
And you ' re  c o l l e c t i n g  your oxygen a l l  t h i s  time. 

When you j e t  up t o ,  your v o i t a g e  con t inues  t o  
climb t o  about 1.6, 1.62 v o l t s .  1 . 6 2  probably is  a good 
number. Berare you r e a l l y  s t a r t  s s e i n g  an a p p r e c i a b l e  
percentage  af the curref i t  t h a t  y o u ' r e  putting i n t o  the ce l l  
be ing  converted i n t o  hydrogen. And a t  that time, the v o l t a g e  
starts a c c e l e r a t i n g ,  up t o  about  1 .65 v o l t s ,  t o  1.68 v o i t s ,  
and then  l e v e l s  of f ,  and a t  t h a t  p o i n t ,  you ' r e  g e n e r a t i n g  an 
a p p r e c i a t i n g  an a p p r s c i  able mount o f  hydrogen. 



dh5 8 The problem you have as an experimenter  h e r e  i s  
t o  i d e n t i f y  e x a c t l y  where you h i t  t h i s  p o i n t  t h a t  you i d e n t i f y  
a s  the hydrogen e v o l u t i o n  p o i n t .  T h a t ' s  making your c e i l  
nega t ive  l i m i t e d .  I t ' s  n o t  e x a c t l y  -- you j u s t  have t o  go 
through t h i s  and s e t  a  couple l i m i t s ,  and we'd be  g l a d  t o  
provide somebody a l l  t h i s  d a t a .  And I th ink  t h a t  i t ' s  n o t  
t o o  tough t o  come w i t h i n  t h e  same k ind  of accuracy,  i n  o t h e r  
words, p l u s  o r  minus 1 ampere hour,  t y p e ,  or p l u s  o r  minus 
5 o r  10  p e r c e n t ,  i f  t h a t ' s  a c c e p t a b l e ,  you can achieve  these 
kinds  o f  numbers. 

SCOTT: Yes, I agree  t h a t  i f ,  s a y ,  chemical a n a l y s i s  
i s  done along wi th  t h e  e lec t rochemica l  de te rmina t ion ,  t h a t  
you can g e t  a l o t  c l o s e r  t o  t h e  r i g h t  answers. My p o i n t  
t h a t  I made b e f o r e  i s  only  t h a t  t h e  e x i s t i n g  procedure ,  a s  
promulgated by t h e  NASA s p e c ,  does n o t  c o n t z i n  any chemical  
a n a l y s i s ,  and t h e r e f o r e  t h e  r e s u l t s  ob ta ined  by t h a t  procedure 
can be  i n  e r r o r  by whatever t h e  d e f i c i e n c y  of t h e  e l c t r o c h e m i c a l  
measurement i s ,  and t h a t  can b e  cons ide rab le .  

And r i g h t  now, t h e  way t h e  c a l c u l a t i o n  is made, 
t h a t  e n t i r e  e r r o r  comes o u t  of t h e  c a l c u l a t i o n  and g i v e s  you 
a corresponding overes t ima te  of t h e  d ischarged excess  nega t ive .  
And t h a t  I th ink  i s  b i d .  

BELOVE: Dr. Belove, Marathon B a t t e r y .  D r .  S c o t  
asked about  t h e  o r i g i n  of t h a t  cha rge - re ten t ion  test .  Perhaps 
I can h e l p  there. As I r e c a l l ,  i t  s t a r t e d  many, many y e a r s  
ago as a  r e s u l t  of some very  poor c h x g e  r e t e n t i o n  i n  a  
group of c e l l s ,  I t  was l a t e r  d iscovered  t h a t  this charga # 

r e t e n t i o n  was due t o  t h e  f a c t  t h a t  copper had bee r  inc luded  
i n  the cells,  had g o t t e n  through t h e  s e p a r a t o r ,  p e r f o r a t e d  
the s e p a r a t o r ,  and c r e a t e d  a  s h o r t  cond i t ion .  And t h i s  tes t  
helped t o  pick. o u t  very q u i c k l y  those  c e l l s  which had copper 
i n  them. 

As I see it, it may a l s o  be used t o  p ick  o u t  a  
cel l  in which s i l v e r  has  migrated;  s i l v e r  t h a t ' s  sometimes 
used t o  b raze  t h e  ceramic t~ the cover.  I t  may h e l p  p ick  
o u t  a s h o r t  due t o  s i l v e r  migra t ion .  As far as  t h e  uncer- 
t a in ty  of the test,  it was mentioned t h a t  t h e  h i s t o r y ,  t h e  
pas t  hi s tory  of the cel l  i s  impor tan t ,  and obvious ly  i t  i s .  
We have s e e n  many cells t h a t  appeared t o  f a i l  p a s s  i n  l a t e r  
tests, b u t  I wonder sometimes about  t h e  e f f e c t  of what we 
cal l  a short. Whether t h a t  i s n ' t  an e f f e c t .  

It's obvious I can put a piece of w i r e  on t h e r e  
that's. 2 inches long,  and another one can uoe a wire a f o o t  
long. We call it short,  but that may have gome e f f e c t  on t h e  



time it takes  f o r  t h e  vo l t age  t o  recover .  

GASTON: Gaston, Grumman. I have a comment. I 
agree  and d i s a g r e e  with D r .  S c o t t ' s  comments on t h e  h igh 
v o l t  systems s h o r t  tests,  o r  t h e  v o l t a g e  bui ldup test .  My 
exper ience  on t h e  OAO c e l l ,  I used t o  h i d e  t h 2  v o l t a g e  b u i l d -  
up; I d i d n ' t  use t h e  p o s i t i v e  charge and the vol tage  decay 
test . 

I r e c a l l  i n  two i n s t a n c e s  where the v o l t a g e  d i d  
n o t  b u i l d  up t o  t h e  115, and w e  took t h e  c e l l s  a p a r t ,  and 
we d i d  f i n d  t h e  muse of t h e  s h o r t .  So, as  an acceptance  
test,  I found i t  a very s e n s i t i v e  and a  very u s e f u l  test .  

I a l s o  agree it should  be repeated  a t  l e a s t  once. 
There ' s  always t h e  p o s s i b i l i t y  t h a t  somebody passed by and 
d i d  d r a i n  t h e  c e l l ,  o r  t h e r e  was some e x t e r n a l  s h o r t  s o  
it should be repea ted  twice. B u t  i n  each i n s t a n c e  where 
we discove-.ed t h i s  low v o l t a g e  bu i ldup ,  we repea ted ly  g o t  
again  t h i s  low v o l t a g e  bui ldup.  Also, I agree  i t  has t o  be 
under c o n t r o l l e d  c o n d i t i o n s ,  and the  c e l l  has t o  be f u l l y  
condf t ioned . 

And as far a s  d r a i n i n g  the c e l l ,  1 th ink  il' you 
use  a DVM o r  any high r e s i s t a n c e  vo l tme te r ,  you s h o v l d n ' t  
have any problerns i n  ~ e t t i n g  this t e s t .  1 f i n d  th. ; a  
very s e n s i t i v e  and u s e f u l  t e s t .  

STEJNHAUER: I wondor i f  Harvey S e i g e r  has  some 
comment wi th  regard  t o  this de lay  i n  t h e  v o l t a g e  recovery ,  
the lower r i g h t  hand graph that Dean Mauer put  up. 

SEIGER: Yes, it seems t h a t  -- w e l l ,  you can look 
a t  some of the d a t a  t h a t ' s  i n  Crane, and some of t h e  t h i n g s  
t h a t  I ' v e  done, and apparen t ly  t h e r e ' s  an effect on the amount 
of yrecharge  i n  t h e  c e l l  that w i l l  affect t h a t  vo l t age  decay 
and I'm n o t  prepared  r i g h t  now t o  say which way i t  does it. 

I ' ve  n o t i c e d  with some of  t h e  d a t a  t h a t  came o u t  
of NAD Crane, p a r t i c u l a r l y  on some 100 ampere c e l l s  t h a t  
there was one cell  i n  p a r t i c u l a r  t h a t  f a i l e d  t h a t  s o - c a l l e d  
short test .  And y e t  t h a t  was t h e  c e l l  that on t h r  subsequent  
overcharge test had the highest v o l t a g e .  And f t seems a little 
inconceivable to say well, this cell  has  a s h o r t .  Becausc 
i f  it had some kind of s h o r t  i n  it, would we n o t  expec t  t h e  
voltage t o  be a little lower i n s t e a d  of a l i t t l e  h igher?  

That particular cell also had the g r e a t e s t  c a p a c i t y .  



And i n  a l l  o t h e r  r e s p e c t s ,  i t  looked l i k e  t h e  best. Well, 
I d o n ' t  l i k e  the s h o r t  t.est, because f r a n k l y ,  I d o n ' t  under- 
s t a n d  it. I c a n ' t  w r i t e  t h e  chemistry f o r  it. I look 
a t  the nega t ive  e l e c t r o d e ,  and I r e a l i z e  t h a t  when you p u t  
t h a t  s h o r t  on, the p o s i t i v e  must come up t o  t h e  p o t e n t i a l  
t h a t  t h e  nega t ive  is on when t h e  c u r r e n t  f a l l s  o f f  t o  a 
low value .  I j u s t  d o n ' t  unders tand it. I c a n ' t  write 
wha t ' s  going on a t  t h a t  p o s i t i v e  e l e c t r o d e .  

I a l s o  understand -- I h a v e n ' t  done t h i s  -- b u t  
i f  t h e  s h o r t  i s  k e p t  on and somebody watches t h e  p o t e n t i a l s ,  
t h a t  t h e  p o t e n t i a l  of t h e  nega t ive  e v e n t u a l l y  comes back t o  
where i t  should be  -- wiiere i t ' s  expected t o  be. And t h a t  
would mean t h a t  t h e  p o s i t i v e  has  t o  come down t o  t h e  poten- 
t i a l  of t h e  n e g a t i v e ,  and t h i n g s  happen then.  

FORD: J u s t  one comment i n  r egards  t o  your s t a t e -  
ment on t h e  overcharge.  When 17ou cons ide r  t h e  magnitude 
of the s h o r t  you ' r e  looking f o r  here,  we d i d  some t e s t s  
on some 6 ampere hour  Gulton cells t h r e e  or  four  years ago, 
where w e  looked a t  t h e  effect of  v a r i o u s  r e s i s t o r s  on t h i s  
recovery ,  we found i n a l l  c a s e s ,  once you g o t  above about  
400 ohms, t h e  c e l l s  would recover .  

Ln o t h e r  words, I ' m  s u g g e s t i n q  the  s e n s i t i v i t y  -- 
i t ' s  p r e t t y  h igh  res i s t ance -wise .  Consequently,  you p u t  a 
400 ohm across t h e  c e l l  on overcharge ,  you ' r e  n o t  going to  
see t h e  d i f f e r e n c e  t o  another  c e l l .  

SEIGER: The tes t  as used,  I b e l i e v e ,  w i l l  p i ck  
out a s h o r t .  However, when you h i t  an example such as D r .  
S c o t t  was e l u c i d a t i n q ,  where you r u n  i t  a second time and 
it passes  then, I just c a n ' t  conceive of  the s h o r t ,  s a y ,  
wi th  migra t ion  of s i l v e r  across t h e  zeramic, o f  d i sappear ing  
then.  

So it w i l l  p i ck  o u t  a s h o r t ,  b u t  a f a i l u r e  d o e s n ' t  
mean t h a t  therr3 is a s h o r t .  

FORD: Granted. It's n o t  p e r f e c t .  The p o i n t  i n  
e l a b o r a t i n g  further on what Steve  s a i d .  We found o u t  a l s o  
that t h a t  -- i n  the p a r t i c u l a r  c e l l ,  one p a r t i c u l a r  c e l l  I 
remember t h a t  t h i s  open c i r c u i t  s t a n d ,  the cel l  would pass  
it s i t t i n g  on the bench, l i k e  i t ' s  normally t e s t e d .  But 
once i t  was p u t  i n  compressior., as you would packags i t  i n  
a battery, i t  no longer  would pass the test. 

So i f  you are going t o  be -- t h a t ' s  ano the r  i n p u t  
that the test clhould be run, while a t  the ce l l  l e v e l ,  i f  you ' r e  



g iong  t o  have t h e  cel ls  packaged i n t o  some p r c l o a d ,  you 
shou ld  be s i m u l a t i n g  t h a t  p r e l o a d  when you r u n  t h i s  test. 

LACKNER: Lackner ,  Canadian Defense Research.  
I ' d  l i k e  t o  make a comment. Me do use t h i s  t e s t ,  and w e  do  
c a l l .  fo r  it i n  o u r  spec, where w e  s h o r t e d  o u t ,  p r e f e r a b l y  
f o r  two weeks,  and t h e n  look f o r  open c i r c u i t  r e c o v e r y -  

The r e a s o n  we've c a l l e d  f o r  t h i s  p a r t i c u l a r  tes t  
is  n o t  n e c e s s a r i l y  f o r  a mechanica l  s h o r t  as s u c h ,  b u t  we're 
t r y i n g  t o  do a ve ry  rough test on the n i t r a t e  i m p u r i t y  t h a t  
happens t o  b e  i n  t h e  cells. Because t h e r e  i s  a n i t r a t e -  
n i t r i t e  s h u t t l e  which can be a s e l f - d i s c h a r g e  r e a c t i o n  on 
the c e l 2 s .  

Now, i n  the manufac ture  of t h e  p l a t e s ,  we do make 
it from n i t r a t e s ;  n i c k e l  n i t r a t e  and cadmiur  n i t r a t e ,  and i f  
that ~ o n ~ ~ e z - s i o n  from t h e  n i t r a t e  t o  t h e  kydroxj.de i s n ' t  
quite complet-e, and i t  d o e s n t  t r e q u i r e  t o o  much o f  an i m p u r i t y ,  
you can  g e t  a s h u t t l e .  Now as long  as you c y c l e  these ce l l s ,  
that n i t r a t e  t h a t ' s  i n  t h e  s o l u t i o n  i s  n o t  go ing  t o  b o t h e r  you. 

But  i f  t h e  c e l l  is  exposed t o  h igh kemperature ,  
o r  i s  d i s c h a r g e d  for m y  l e n g t h  of t i m e ,  i t  w i l l  gel; i n t o  a 
c o n d i t i o n  where it wont t come back ,  and t h i s  g i v e s  us  a 
rough,  n o n - d e s t r u c t i v e  method of t h e  n i t r a t e  i m p u r i t i e s .  

FORD: Any comment on t h a t  comment? 

E N E :  Jia Benet NASA/Langley. With r e g a r d  t o  
tho short test, v e r y  r e c e n t l y  w e  r a n  50 cel ls ,  and w e  used 
the Goddard s h o r t  tes t  or r e c o v e r y  tes t ,  and none of the 
cells  f a i l e d .  After t h a t ,  t h e n  w e  s h o r t e d  the cells for  
a long  period o f  tCme, o p e n - c i r c u i t e d  them, they d i d  n o t  
r ecove r .  I think the h i g h e s t  cells r a n  about .29 v o l t s .  

And t h e n  foll.owing t h a t ,  we charged them a t  C/10 
f o r  a b o u t  3 minu te s ,  and a l l  the cells went  up abou t  136 ,  
137,  and. we l e t  them on  open c i r c u i t .  And a l l  o f  t.? :: cells 
rtaycd above 1 v o l t  e x c e p t  two, and t h o s e  two were very n i c e  
decays; headed d w n  t o  .3, . 2  v o l t s .  Which seemed t o  i n d i c a t e  
e i thor  t h e n  was a minor  ~noxt i n  the cel l  or a n i t r a t e  problem. 

I'd like to hear more d i s c u s s i o n  on this, because 
I t h i n k  this i s  n very ~ e n s i t i v e  area, and 5f t h e  tevt  c a n ' t  
show something ,sat is wrong with the cell, then I t h i n k  w e  
ought to  get to the bottom of it. 

SCOTT r Aman. 



FORD: Comments? 

SEIGER: I have a q u e s t i o n  of  D r .  Casey, who 
d i s c o v e r e d  t h e  n i t r a t e  s h u t t l e .  I f  t h e  p o t e n t i a l  of t h a t  
p o s i t i v e  e l e c t r o d e  i s  &creased, would t h e  n i t r i t e  be 
o x i d i z e 9  by t h e  y o s j  t i v e  e l c c t r o d e ?  

CASEY: Casey , Defense Research Board. The h o n e s t  
answer is  I d o n ' t  know. I f o r g e t  the numbers. The  r e v e r s i b l e  
p o t e n t i a l  of  the n i t r a t e - n i t r i t e  coup le  i n  KON comparad t o  
the n i c k l u s - n i c k l i c  reversible p o t e n t i a l  under  cond i t i ons  of 
v e r y  s m a l l  m o u n t s  of n i c k l i c .  

I S o n ' t  thin)..  you asked a f a i r  q u e s t i o n .  

(Laughter . ) 
SEIGER: I apo log izk .  

GINER: J o s e  Ginc r ,  Tycc  L a b o r a t o r i e s .  I want t o  
make a conunent on e l e c t r o c h c m i s t ~ : ; ~ .  And + S a t  1s  when you 
t r y  t o  do a t e s t  l i k e  t h a t ,  y o u  a r e  i n v o l v e d  w i t h  r e s t  
p o t e n t i a l s ,  and reit p o t e n t i a l s  are very c n r e l i a b l e .  And 
t h e y  are u n r e l i a b l e  because of i r z p u r i t i e z  i n  so l . u t j  o n ,  r n e  
n a t u r e  o f  your  s e p a r a t c r ,  a d d i t i o n a l l y ,  l i b e r a t i o n  of oxygen 
can a f f e c t  ve ry  much t h e  p o t e n t i a l  of t h c  p a r t i c u l a r  e h c t r ~ d u .  

So you may have a p e r f e c t  ce l l  t h a t  neve r  r e c o v e r s  
because  you have  t h e  r i g h t  o r  t h e  wrong imp ~ r i t y .  I t h i n k  
t h a t  the rest p o t e n t i a l  i s  a very  had way o f  u s i n g  t h i s  fox  
a c r i t e r i a  f o r  t h i s  ty?e o f  thing. 

FOHD: Yes, I s a i d  i t ' s  n o t  perfe1:i b u t  I haven't 
h e a r d  anybody o f f e r  a s o l u t i o n .  T h a t ' s  whac I'm l o o k i c g  for. 

LACKNER: Vou ju?': s a i d  why we s h o c l d  u s e  t h e  t e s t .  
To p i c k  o u t  t h e  i m p u r i t i e s .  We're n o t  l n t e r z s t e d  i n  the p2- 
t e n t i a l .  P o t e n t i a l  c a n  be found by e l e c t r o c h e m i s t s  and p u r e  
media. We're i n t e r e s t e d  i n  t h e  v o l t a g e  o f  t h e  ce l l .  

GINER: No, my p o i n t  is  t h a t  i f  you change the 
c o n s t r u c t i o n  of t n e  ce l i  t o  change the n a t u r e  of  the s e p a r a t d r ,  
you have  more . xygen t h e r e .  Anything that y r ~ u  d o  there may 
chan5e your p o t e n t i a l  w i t h o d t  t e l l i n g  you r e a l l y  what t h e  r e s u l t  
is. I n  o t h e r  words, you can have a cel l  that is -- .. 

and I t h i n k  t h a t  cou ld  be a p e r f e c t  cell. 

STRQ'JP: S t r o u p  from Godda rd .  The e f f e c t i v e n e s s  
of this tee t - - someone s a i d  tkt  t h i s  was a Goddard test,  



And I ' m  a f r a i d  I have t o  p lead  g u i l t y .  But t h e  way Goddard 
runs  that t es t  is cons ide rab ly  a i f f e r e n t  from what n o s t  
people i n  this room run it. 

The h i s t o r y  of the cel l  -- b e f o r e  you a l low i t  
t o  s t a n d  f o r  v o l t a g e  recovery ,  has  t o  be  done i n  a p r e s c r i b z d  
way, and what we do h e r e  i s  w e  charge  the c e l l  f o r  a t  l e a s t  
16  h o u s  a t  C/10 r a t e ,  then  we imrnediateiy d i scharge  it .  
Short i t  o u t  overn igh t ,  and l e t  i t  s t a n d  o p e n - c i r c u i t ,  and 
then you watch the v o l t a g e  recovery.  

Now i f  you use  t h i s  k ind  of  regime, we have found 
it's worked s a t i s f a c t o r i l y .  For i n s t a n c e ,  on t l -e OGO b a t t e r y ,  
we were asked t o  check f o u r  f l i g h t  b a t t e r i e s ,  and two of them 
f .  i l e d  this test .  nn f a i l u r e  a n a l y s i s  of one c e l l ,  i n  one 
of these f l i g h t  b a t t e r i e s ,  t h e r e  was a metal p a r t i c l e  enbedded 
i n  ere  se,3arator m a t e r i a l ,  caus ing  a  ve ry ,  very l o w  r a t e  type  
of d i scbarge  of t h e  cel l .  

I d o n ' t  know any other  way we could have found 
'&id  articular prob'em. On c a p a c i t y  measurerbentst  t h e  cell 
checked a l l  r i g h t .  On many tests b e f o r e ,  i t  checked a l l  
right. This was the only t e s t  t h a t  i t  failed. We're s t i l l  
us ing  t h e  t e s t ,  and I pvesu?c w r  w i l :  cont inue .  

FORD: O i h e r  c c m e n t s ?  

I ' m  s t i l l  wa i t ing  f o r  t h e  s o l u t i o n .  An a l t e r n a t e .  

No, I agree. I t  has  p i t f a l l s .  But i t ' s  worked 
we have d e t e c t e d  f a i l u r e s .  I f  w e  on ly  g e t  two o u t  of a 
thoussnd, t h e n  t h a t ' s  b e t t e r  than  missing those  two. And 
u n t i l  you come up w i t h  something b e t t e r ,  d o n ' t  expec t  t o  
see it change a t  t h i s  p o i n t .  I mean, that's all can say .  
I'd l i k e  to  see it improved. 

UUNLOP: 1 Llink I Know t h e  answer, h u t  you do 
make impedance measurements us ing  t h a t  meter, Eewli t t -Packard 
meter you have, right? 

Did you make impedance measurements on t h e s e  
p a r t i c u l a r  cells? D i d  you see anythinq?  

FORD: You're comparing megabucks w i t h  pennies .  

SEIGER: Well there ' s  something t h a t  I ' ve  nevex 
tried, b u t  I ' ve  been wondexing about  s i n c e  Don was t a l k i n g  
to m e  about  this J ?cer.t ly.  I was wondering whether ins tez i l  
of b r i n g i x j  the sell  down to a ze ro  p o t e n t i a l ,  why n o t  b r i n q  
i t  down to &out a h a l f  a t ~ l t  2nd p u t  a s i l i c o n  diode a c r o s s  



and keep it about .6 v o l t  f o r  a  period of time, and then 
see  what the recovery is. I n  this case ,  you w i l l  no: be 
br inging the  p o s i t i v e  e lec t rodes  t o  the  p o t e n t i a l  of t he  
negative.  

FORD: Good suggestion.  

SCOTT: S c o t t ,  TFJJ. It  seems that maybe the least 
t h a t  one might do t o  improve i n t e r p r e t a t i o n  i s  t o a ) r  t o  
continuously monitor the  vol tage during t h e  short-down, as 
Dean suggesteJ , b u t  then a l s o  continuously rconi tor the 
vol tage during the  recovery per iod,  open-c i rcu i t ,  so-cal led 
open c i r c u i t  period.  

And then you can look a t  t h e  whole shape of the 
curve, and be i n  a  b e t t e r  p o s i t i o n  t o  t e l l  what you've 
r e a l l y  got .  

PASCALL: Pasca l l ,  hlarshall Space Flight Center .. 
I want t o  amplify some of t h e  experiences we've had. Like 
Goddard, we use this charge r e t e n t i o n  t e s t ,  o r  summer test ,  
maybe the hours that we leave on s h o r t  t he re  a r e  somewhat 
d i f f e r e n t ,  but i t ' s  b a s i c a l l y  the  same t e s t .  

We have t e s t e d  a l a rge  ncrber of ATM b a t t e r i e s ,  
20 ampere hour c e l l s ,  and t h i s  t e s t  is run twice; occe 
a t  the c e l l  l e v e l ,  and once a t  t h e  b a t t e r y  l eve l .  And i n  
a  number of cases ,  we have found t h a t  we have passed the 
i n i t i a l  test a t  the  c e l l  l e v e l  end have f a i l e d  a c e l l  a t  
the b a t t e r y  l eve l .  

Ypon ana lys i s ,  we have found t h a t  t h i s  c e l l  would 
no t  hold a charge a f t e r  subsequent cycl ing.  I t ' a  t r u e  t h a t  
i n  some cases this tast does no t  always g ive  a gooi; i r ~ d i c a t i o n  
of a  f a i l e d  c e l l .  There a r e  a few cases where the  c e l l  i s  
eventual ly  approved is good, and the other  cases where we 
have faun3 a f a i l e d  c e l l ,  of course,  i t ' s  been obvious by 
the  fact  it would no t  hold vol tage on subseqcent t e s t i n g .  

In  fact, we have found f a i l e d  c e l l s  i n  f l i g h t -  
type hardware of course, makes this test very va l id .  

FORD: Thank you. 

SHAIR: Shair 1 Motorola. I wonder i f  you 
would see a d i f f e r ence  between c e l l s  t h a t  have an e l e c i x a i c  
shnrt  and c e l l s  which a r e  discharging by t id6  Siff i is icn przcess. . . 



I f  you monitored t h e  c u r r e n t  whi le  you had t h i s  s h o r t  on. 
I would th ink  t h a t  t h e  decay of c u r r e n t  would be d i f f e r e n t  
with an e l e c t r o n i c  s h o r t  then  i f  it were j u s t  a  decay of  
c u r r e n t  a s  t h e  p l a t e s  a r e  running down by t h e  d i f f u s i o n  
m e  ch a n i  s n  . 

FORD: It sounds l i k e  an i n t e r e s t i n g  p o s s i b i l i t y .  

I th ink  one miss ing  l i n k  r i g h t  now i s  a t  the end 
of t h e  16 hour p e r i o d ,  i t ' s  -- all it is  is  16 hours ,  t h e r e  
is no maximum v o l t a g e  on t h i s  ce l i ,  cr minimum vo l t age .  
There ' s  no v o l t a g e  s p e c i f i e d  whatsoever.  

And we have r e s u l t s  t h a t ,  p a r t i c u l a r l y  where 
cells have been s u b j e c t e d  t o  t!!is type  of t e s t  a f t e r  long 
term r e p e t i t i v e  c y c l i n g ,  and t h e  type  of t h ing  t h a t  you see, 
on a  new c e l l ,  you g e t  a very sharp drop-off of t h e  v o l t a g e  
a f t e r  one v o l t ,  o r  a f t e r  1.1. But with t h e  ocset of the 
decay of t h i s  type  of -- with  t h e  vo l t age  w i t h  c y c l e  l i f e ,  
you d o n ' t  g e t  t h e  same s h o r t  drop o f f .  

SO, t o  s t o p  a t  one v o l t  and p u t  t h e  r e s i s t o r  
a c r o s s  i s  n o t  t h e  same r e f e r e n c e  p o i n t s .  We're very  much 
aware of t h i s ,  bat: we're n o t  s u r e  how t o  t a c k l e  it. I t  
goes back t o  some of the things t.hat S c o t t s a i d  e a r l i e r .  

We know t h a t  i t ' s  sotrewhat dependent ,  o r  i n  some 
cases, very dependent on t h e  previous  h i s t o r y  of t h e  c e l l .  

F i U E R :  I t h i n k  i f  you demand that t h e  v o l t a g e  
or the c u r r e n t  a t  t h e  end of the shor l  pe r iod  be l e s s  than  
a  c e r t a i n  amount, then  I know of no way i n  which t h e  v o l t a g e  
-- i n  which a s h o r t e d  ce l l  could pass  t h e  v o l t a g e  recovery 
test .  I f  you a l low t h a t  c u r r e n t ,  a t  t h e  end of the s h o r t i n g  
p e r i o d ,  t o  b e  anything i f  i t ' s  h igh enough, then  a s h o r t e d  
c e l l  can pass  it. 

So i f  you p u t  that a d d i t i o n a l  r e s t r i c t i o n  on,  you 
should  be able t o  s c r e e n  o u t  all of t h e  s h o r t s .  Unfor tunate ly  , 
y o u ' l l  s c reen  o u t  a few non-shorted ones ,  b u t  your r e l i 3 b i l i t y  
of the passed c e l l s  should b e  very good. 1 

Now the o t h e r  t h i n g  i s  t h a t  there's been s e v e r a l  
cowrents here on a recovery  t e s t ,  and then subsequent  o t h e r  
t h i n g s ,  and then  ano the r  recovery t es t ,  and cells would pass 
t h e  second one and n o t  t h e  f i r s t  one. Things have been done 
t o  t h e  cel l  dur ing  t h a t  pe r iod .  You may have a s h o r t  i n  one 
case and n o t  l a te r  on, o r  v i c e  versa. So you have t o  be  
very  c a r e f u l  about  how you compare t h e  two tests on the sane 



cell .  

MC CALLUM: McCallum from Inven t ion  T a l e n t s .  I t  
seems t o  m e  y o u ' r e  t a l k i n g  about  dead s h o r t i n g  these c c l l s ,  
and then  ~ e a s u r i n g  your recovery ,  always l eaves  you ir. a 
s t a t e  of  u n c e r t a i n t y  o f  what you had a t  t h e  end of t h a t  time, 
and h a r d  t o  i n t e r p r e t  from a p h y s i c a l  viewpoint ,  whereas the 
charge r e t e n t i o n  tes t  t h a t  I also h e a r  be ing mentioned, where 
you might put a  q u a n t i t a t i v e  smal l  amount of Coulorrbs i n ,  and 
t h e n  see what you get back af ter  a l i t t l e  t i m e .  I t  seems t o  
m e  t h a t  t h a t ' s  more i n d i c a t i v e  of  whether you have a s h o r t  
or not .  Which one are you r e a l l y  us ing  h e r e  a t  Goddard? 

FORD: What w e  r e f e r  t o  a s  t h e  "open-c i rcu i t  v o l t a g e  
recovery test. " 

MC CALLUM: Yea, and you short  that out, and t h e n  
you w a i t  -- 

FORD: No, no. Let's back up a minute.  There ' s  
never a dead s h o r t  on t h e  c e l l .  I t ' s  a  -- 

MC CALLUM: I t ' s  s h o r t e d  o v e r n i g h t ,  you s a i d .  

FORD: It.'s a h a l f  on ! - e s i s t o r ,  f o r  16 hours. 

MC CALLUM: And then  you take t3at off and 
measure how t h e  v o l t a g e  comes back up. 

FORD For 2 4  hours .  

14C CALLUM: Yea. I th ink  y o u ' l l  always h ~ v e  con- 
t r o v e r s y  about  t h a t  test .  Whereas it you, a t  t h e  end o f  
t h a t  t i n e  i f  you were t o  put i n  a -.mall m o u n t  of Coulombs -- 
or s h o r t  it b e f o r e  you l e t  it s t a n d  ~ v e r n i g h t ,  and t h e n  s e e  
what happended wi th  t h e  L i t t l e  bit of charge you p u t  on,  I 
t h i n k  is  open t o  i n t e r p r e t a t i o n ,  unders tanding.  

FORD: T h a t ' s  t h e  c o n t r o v e r s i a l  p a r t ,  too .  Is 
i n t e r p r e t a t i o n  of  t h e  r e s u l t s  a f t e r  you put the charge i n .  
Incidental ly ,  we did  have a s i t u a t i o n  where we compared 
the two tests on a ce l l  tha",ad f a i l e d  t'?e open circuit. 
And it f a i l e d  the open c i r c u i t  c o n s e c u ~ i v a l y .  But it would 
not  fail the -- I h a t s  t o  use t h e  wdrd " s t a n 8 a r d f n  -- b u t  
a charge r e t e n t i o n  type  t e s t  that   yo^ re r e f e r .  Lng to. I 
t h i n k  it w2.s a C/10 for f i v e  m i w ~ t e e .  Did the c e l l .  pass  t h a t  
t e s t ?  

Fmical ly  I feel  that  the open circuit v o l t a g e  is 



a more sensitive t e s t  than  the t e s t  l i k e  you' re snggcs t i n g .  
O r  t h a t  has  been done i n  some cases. 

MAURER : I a s r e e ,  Floyd, wi th  the  3 p ~ i i  c i r c u i t  
recovery.  The open c i r c u i t  recovery is  more s e n s i t i v e .  With 
the s h o r t  charge ,  you ' r e  p u t t i n g  i n  a c e r t a i r i  number of 
Coulombs t h a t  you would o therwise  have r e l i e d  on the p o s i t i v e  
e l e c t r o d e  t o  supply.  And t h e r e f o r e  you w i l l  ge t  up the 
vol t  ?qe recovery curve  t h a t  much f a s t e r  . 

Now, the s i z e  of t h e  r e s i s t o r ,  o r  the  size of 
the s h o r t ,  t h a t  i s ,  t h e  r e s i s t a n c e  of t h e  s h o r t  t h a t  you can 
detect by t h e s e  two praccsses  w i l l  be d i f f e r e n t .  Now maybe, 
you miaht  s a y ,  t h a t  t h a t  s i z e  d i f f e r e n c e  is i n s i g n i f i c a n t .  
You d o n ' t  r e a l l y  care whether you have l O O K  or  a  1 rnegohrn s h o r t  
i n  t h e  c e l l ,  and w e  a l l  know t h a t  we've been a b l e  t o  o p e r a t e  
c e l l s  w i th  f a i r l y  heavy s h o r t s  on them s u c c e s s f u i l y  if we 
u s e  h igh  r a t e s .  

So, j u s t  what size s h o r t  you want t o  d e t e c t  is  
open t o  q u e s t i o n ,  I t h i n k .  

DUNLOP: I t h i n k  t h i s  may be i n  line w i t h  what 
Dean Maurer j v s t  s a i d ,  b u t  m e  way tc. run t h i s  test -- I 
th ink  basically t h a t  t h e  parameter  t h a t  y o u ' r e  t r y i n g  to 
i d e n t i f y  -- t h a t ' s  why I t h i ~ k  I ' m  r e p e a t i n g  him -- i s  i f  
you have a p a r t i a l  s h o r t  i n  your c e l l  which i s  going t o  have 
a s i g n i f i c m t  effect in t h e  performance. And one way t:hat 
s t - r i k e s  m e  -- a t y p i c a l  d i scharge  of a n  I n t e l s a t  I V  c e l l  
f~ r e c o n d i t i o n i n g ,  i s  t o  s l a p  a f a i r l y  l a r g e  r e s i s t o r  
a c r o s s  t h e  b a t t e r y  pack, for a number of c e l l s .  

And it takes 60 hours o r  80 hours  o r  some f a i r l y  
l a r g e  amount of time f o r  t h o s e  cells t o  d i scharge .  Now i f  
you act  d l y  do t h i s ,  i f  you s l a p  .a r e s i s t o r  a c r o s s  a bunch 
of cel ls ,  f a i r l y  l a r g e  r e s i s t o r .  I f  those  cells a r e  f a i r l y  
w e l l  matched, they  d o  come down very uniformly.  I f  you have 
one c e l l  t h a t  has any type  of a leakage pass i n  t h e r e ,  you 
d e f i n i t e l y  should  be a b l e  t o  d e t e c t  i t  i n  t h a t  k ind  of a test. 
And it d o e s n ' t  t a k e  any longer  than  t h e  type  of tes t  you just 
identified. Doesn ' t  take  more than  a couple of days.  

It should  c e r t a i n l y  i d e n t i f y  whether or not  you 
hate some smal.1 leakage pa th  in your cel l .  

CASEY: One p o s s i b i l i t y  t h a t '  has  been tr ied  i n  some 
laborakories is to pass e high c u r r e n t  through +ese cells,  
se-*era1 tens of C rate for a very  s h o r t  time, an& make a big 
short out of a little short .  Then you have something to  work 
w i t h .  



dh68 w i t h  . 
(Laughter  . ) 
Thi s  does have t h e  advantage of s e l e c t i n g ,  very 

q u i c k l y ,  the good ce l l s  from the  weak ones. But it ra i se s1  
the q u e s t i o n ,  which I t h i n k  i s  more fundamenta l ,  t h a t  of 
t h e  s p e c i f i c a t i o n  and t h e  s e l e c t i o n  of  t h e  s e p a r a t o r  material. 
The s h o r t s  o c c a r  because  of  t h e  weakness.  Little h o l e s ,  
l i t t l e  p i n h o l e s ,  l i t t l e  c r a c k s ,  l i t t l e  bulbous  c o l l e c t i o n s  of 
gas o r  l i q u i d  w i t h i n  t h e  s e p a r a t c r  m a t e r i a l ,  which can b e  

- n h r t  shown up by c e r t a i n  k i n d s  of photcgw-. r uy..l . 
Now, the s p e c i f i c a t i o n  and t h e  s e l e c t i o n  of 

s e p a r a t o r s ,  with r e s p e c t  t o  the ntimber a;?. kin& sf deiects 
i n  i t  per  sqr:re i n c h  h a s n l  t been t a l k e d  about  i n  t h e  l a s t  
day and a h a l f ,  and I t h i n k  i t ' s  fundarrw~ta:, azd perhaps 
somebody would l i k e  t o  describe how t h e y  do  s e l - e c t  s e p a r a t o r  
m a t e r i a l s  f o r  i n c l u s i o n  i n  these batteries. T h e r e ' s  where 
the r o o t  problem of t h e  s h o r t s  arises. 

PALANDAT1 : Charlie P a l a n d a t i ,  Goddard Space F l i g h t  
Cen te r .  I was just c u r i o u s ,  Floyd, i n  regards t o  putting 
a r e s i s t o r  across t h  c e l l ,  i n  t h e  e p e c i f i c a t i o n s ,  Is i t  
s p e l l e d  o u t ,  t h e  t o l e r a n c e  of t h e a c  rcsirtnrs? ?.re t h e y  all 
one p e r c e n t e r s ?  Hzlf percenters? Ten percenters? Is it  
possible that some of  the vzrid>les  t h a t  you n o t i c e  between 
c e l l s ,  i s  it p o s s i b l e  you suddenly have a ce l l  here with 
a t e n  p e r c e n t  t o l e r a n c e  on the resistors, and this is where 
your  v a r i a b l e s  are coming from now, due t o  the f a c t  t h a t  
there a r e  two d i f f e r e n t  s h o r t i n g  c u r r e n t s  on t h e  cells? Two 
cells , w i t h  two r e s i s t o r s  across Lhern? 

MMJRER: No, once t h e  c e l l  v o l t a g e  d rops  below 
about  ,6, t h e  c u r r e n t  i s  l i n i t e d  by t h e  d i f f u s i o n  r a t e ,  
and you1 ll measure the same c u r r e n t  th rough a one-ohm 
resistor as you d o  through a dead  s h o r t .  

PALANDATI : Thank you. 

STROUP : I ' d Like to ask Dean Mauer , have you 
all t r i e d  this open c i r c u i t  r ecove ry  t e s t ,  like Goddard 
r u n s  it,  like t h e  one  I d e s c r i b e d ?  

M A U U R :  Yes, t h a t ' s  the one t h a t  w e  normal ly  use. 

STROUP: I mean, d i d  you try it -- in the manner i n  
which I described it. 



dl16 9 MAURER: Yes, we normally g i v e  a c y c l e ,  and then  
a 1 6  hour  s h o r t ,  and then  we use  an 8 hour  r ecover .  E i g h t  
hour u s u a l l y  b r i n g s  you t o  the peak of the v o l t a g e  recovery.  

STROUP: You chargcd it a t  C/10 f o r  more than  1 6  
hours ,  and t h e n  you s h o r t e d  i t  a l l  t h e  way down. I d o n ' t  
mean you s h o r t e d  t h e  ce l l ,  b u t  you d ischarged it a t  +he C/2 
r a t e ,  and then  l e f t  it s h o r t e d  overnight w i i h  about  a .2  
ohm resister . 

This is what our  in fo rmat ion  d e s c r i b e s  i t ,  i n  t h e  
Crane r e p o r t s .  Crane uses t h a t  same test, am? t hey  d e s c r i b e  
it i n  every one of their reports. 

MAURER: Ours is  s l i g h t l y  d i f f e r e r t t ;  we would 
charge wi th  C/10 for 16  hours ,  d i s c h a r g e  u s u e l l y  a t  perhaps  
a f i v e  hour  r;te t o  1 v o l t ,  and then  fo l low t h i s  by a  1- 
ohm r e s i s t o r .  

STROUP: Then we must agree, then ,  t h e  tes t  is  
d i f f e r e n t .  

MAURER : Right  . 
STROUP: We have tried, I t h i n k  vcry c a r e f u l l y  

every  test I ' w  heard described h e r e  t o n i g h t  on t h e  OGO 
c e l l s ,  the f l i g h k  b a t t e r i e r  i n  particular, because I t h i n k  
everyone h e r 2  r e a l i z e s  t h a t  g r a v i t y ,  when y o u ' r e  faced with  
a flight b a t t e r y ,  and making s u r e  t h a t  t h i n g  i s  going t o  
work, because y o u ' r e  not going t o  climb up t h e r e  and change 
the cells. We've r u n  every test  that's been mentioned here 
t h i s  evening,  and there was only  one that t u r ~ ~ e d  up those  
two f a i l e d  b a t t e r i e s  o u t  of f o u r  t h a t  w e  checked. And 
t h a t ' s  a m a t t e r  of record .  

FCED: D r .  Casey, I see nobody took up youx 
challenge ail t h e  s e p a r a t o r .  

It's a few minutes a f t e r  one,  and w e  have t o  
be a t  tho c a f e t e r i a  by 1:15, so we'd better break f o r  lunch 
a t  t h i s  p o i n t .  

(Whereupon, a t  1:05 p . m . ,  t h e  h s a r i n g  was r e c e s s e d ,  
t o  reconvene at 2 p.m., t h h  same day.) 
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FORD: It  was indicated t o  u s  t h i s  morning by 
s e v e r a l  d i f f e r e n t  p a r t i e s  and aqain d u r i n g  t h e  lunch  hour 
t h a t  some of you come p a r t i c u l a r l , ;  t o  !~n,ar the develo jmcnt  
on t h e  n i c k e l  hydrogen work and I think w e  Ilave one on s i l v e r  
hyc ?. q e n  work, sc i n  srdcr to acco rm~c la t e  those p z o p l ~  wi10 
are . z s ~ e c i a l l y  i n t e r e s t e d  i n  t h i s  t . e c l ~ i o l o q y ,  we're goilly ts 
defer the rest of the papers w e  had  s chedu led  for t h i s  
morning and go right into t h e  n icke l .  hydrogen and t h e  s i l v e r  
nyclrogm work 2n6 then coze back anG p ick  up where w e  were 
a t  l unch  today.  

So a t  this t i m e  Jim Dunlop q i l l  take o - ~ e r  t h e  
s e s s i o n .  

DUiJLOP : Thank you ,  Floyd.  

I've been t h i n k i n g  for t w o  days  of some momentons 
s t a ' m e n t  to make when I came up Pere, l i k e  someth ing  t o  t h e  
e f f e c t  t h a t  the; -e ' s  som? good news and some bad news. 2d1d 
I t h i n k  maybe t ;~ere  i s  sorne gcod n s s  and I d o a ' t  r e a l l y  
t h i n k  t h e r e ' s  any Lad news. 

I t ' s  j u s t  after t a l k i n g  for a day and a ha l f  w i t h  
a l l  t h o  n i c k e l  cadmium ~7crzple a i d  5: t h i n k  t nc  nickel cadmium 
people have a nunber  of a d d i t i o n a l  papers t o  go t h i s  
a f t e r n o o n .  I d o n ' t  want t o  shake  t h e i r  wor ld  t o o  bacily. 
But there is  scme good news. W2 have comn up w i t h  a s ~ r i e s  
of  cells  t h a t  are hydrogen ce l l s  that do havs s o r e  i n f i e r e s t i n g  . 
p o t e n t i a l ,  p a r t i c u l a r l y  r i g h t  now for aerospzce a p p l i c a t i o i l ,  
and what  we're go ing  t o  do i n  t h i s  s e s s io r ,  today  i s  identify 
t h e  work t h a t  has gone on i n  tns n i c k e l  hydrogen and s i l v e r  
hydrogen t echnology  o v e r  t h e  l a s t  year  and a h a l f ,  

This i s  a new technology .  I t  r e a l l y  started a b o u t  
a y e a r  and a h a l f  t o  two y e a r s  ago when -- I think i t  r e a l l y  
s t a r t e d  when it w a s  coqce ived  o f  i n  a meeting where TYCO 
and CC;:ILAT, r e p r e s e n t a t i v e s ,  i n d i v i d u a l s  from TYCO L a b o r a t o r i e s  
and CC:ISAT, wert* t a l k i n g  about methods o f  improving e n e r g y  
density and the idea o f  a  led nickel hydrogen ce l l  was 
brought up and we decided i , ~  would be i n t e r c s t i n g  t o  t r y  and 
p u t  it to practice t o  see i f  t h e  xdea would work. 1 

And t h e  f irst  cells were a c t u a l l y  p u t  t o  p r a c t i c e  
i n  the COIISAT L a : ~ o r a t o r i e s  and  under  t h i s  c o n t r a c t  w i t h  TYCO. 
S ince  t h a t  time t h e r e  has been  a f a i r  amount o f  work on the 
part of Energy Research C o r p o r a t i o n  who have  lade a n u d e r  o f  
interesting c o n t r i l u t i c n s ,  too, 2nd have developed some 
i n t e r e s t i n g  t echnoloqy  and as I unde r s t and  it now t h a t  P h i l c o  
Ford has been d o i n g  q u i t e  a b i t  of work primarily on t h e  
s i lver  hydrogen. 



Actua l ly  t h e  n i c k e l  hydroqen cc l l  r e a l l y  i s  a 
culminat ion  of t h e  nickel cad technoloyy and the f u e l  c e l l  
tecimology us ing  t h e  hydrogen e l e c t r o d e  from t h e  f u e l  c e l l  
and i f  I could have t h e  f i r s t  s l i d e ,  p lease .  

( S l i d e  1 1 4 , )  

These a r e  t h e  r e a c t i o n s  t h a t  o c i u r  i n  t h z  n i c k e l  
hydrogen c e l l  and what we nave shown here is  t h e  normal  
o p e r a t i o n s  overcharge and t h e  r e v e r s a l .  During normal opura-- 
t i o n  a t  t h e  p o s i t i v e  e l e c t r o d e  on d i scharge  you see t h a t  
t h e  n i c k e l  0011 is reduced t o  n i c k z l  Wi12 on discharge .  It's 
a convent ional  n i c k e l  oxidation reduc t ion  q u a t i o n  t h a t  
you're a l l  f a n i l i a r  wi th .  

A t  the n e g a t i v e  e l e c t r o d e  t h e  Oil i o n  produced at 
t h e  y o s i t i v c  e l e c t r o d e  co:nbinn,s wi th  t h q  hjrcirogen gas t o  fom 
water aid t h e  n e t  r e a c t i o n  which  i s  shown t h e r e  is  t h e  nydrogen 
reducing t h e  n i c k e l  Ldii e l e c t r o c k  t o  n i c k e l  0112. 

One of  t h e  i n t e r e s t i n q  t h i n g s  t h a t  q o t  t h a t  n o t  
r e a c t i o n  is t h a t  there's no n e t  inbalance of water; even i n  
t h e  n i c k e l  cadmium c c l l  a s  you know, everyt ime you d i s c h a r f ; ~  
the nick21 you do mnsurne waker molcculcs.  

I n  t h i s  case t h e r e  i s  no n z t  imbalance with water  
b u t  there's a mass t r a n s p o r t  of w?ter froa t h e  n e g a t i v e  back 
t o  t h e  p o s i t i v e  on d i s c h s r q c ,  which is t!le sane kind of 
mass t r a n s p o r t  t h a t  you observe i n  o t h e r  cells b u t  t h e r e  i s  
110 net change and t h a t  means thcrz's no n e t  change i n  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  fo r  normal  02era t ion .  

Now on o ~ e r c h a r g e  a t  t h e  p o s i t i v e  e l e c t r o d e ,  you 
are  going t o  g e t  t h c  OW ion  producing oxygen. The b i g  qucs- 
t i o n  was what ' s  going t o  happen t o  t h i s  oxygen and hydrogen 
cell .  Well, what happens, it t u r n s  o u t ,  i s  t h a t  t h e  oxygen 
recombines here a t  t h e  nega t ive  e l e c t r o d e ,  recombines w i t h  
t h e  hydrogen t o  form w a t e r  and t h i s  recombinat ion,  t h e  ra te  
of  t h i s  recombinat ion,  is so f a s t  t h a t  t h e  p a r t i a l  p r e s s u r e  
of oxygen b u i l t  up i n  t h e  c e l l  on overcharge even a t  two o r  
t h r e e  C rates a t  room tempera ture ,  is less than  2 or 3 p e r c e n t  
of t h e  t o t a l  p a r t i a l  pressure of t h e  cell. 

We've even run -- we d i d  it r e a l l y  t o  show Goddard -- 
but- we ran tests where we o p e r a t e  cslls a t  continuous aver-, 
charge a t  zero 8 grces Centigrade where we're using charges 
r a t e s  of C/2 at )out  a 50 PerCont overcharge, and we've run 
cells for a coti,de hundred c y c l e s  i n  t h i s  k i n d  of a mode and 



we've even  gone up t o  C r a t e  ove rcha rge  a t  z e r o  d e g r e e s  
C e n t i g r a d e  c v n t i n u o u s l y  f o r  many h o u r s  w i t h  no p r e s s u r e  
b u i l d u p  i n  t h o  cel l .  

Again,  on ove rcha rge  t h e r e  i s  no  n e t  b u i l d u p  o r  
loss o f  water i n  t h e  e l e c t r o l y t e .  !Yhm w e  g o  i n t o  r e v e r s a l ,  
we have j u s t  the  hydrogen. Ws prcsducct hydrogen a t  t h e  
p o s i t i v e  e l e c t r o d e  and conr;uae i t  a t  the n e g a t i v e  e l e c t r o d e  
and a g a i n  t k r c ' s  no  n e t  imbalance o f  water. So t h i s  turns 
o u t  t o  be i n t e r e s t i n g  t h a t  we've ru.3 these cells c o n t i n u o u s l y  
on ove rcha rge  and c o n t i n u o u s l y  i n  r e v e r s a l  and n e i t h e r  mode 
does a n y t h i n g  t o  h u r t  t h e  cel l .  So t h i s  i s  tile o n l y  c e l l  
t h a t  I r e a l l y  know o f  t h a t  can be ruli in t h e  s e a l e d  c o n f i g u r a -  
t i o n  both i n  t h e  nor rml  rnodn, on ove rcha rge  and i n  x c v e r s a l  
w i t h o u t  b u i l d i n g  u? any p r e s s u r e  i n  tile c e l l ,  b u i l d i n g  up any 
p r e s s u r e  o v e r  t h e  normal p r e s s u r e  that you would expect i n  
c y c l e .  

So what w e  s u s p e c t e d  would happen was proved and 
t h e  a c t u a l  c n l l s  t h a t  v c  c o n s t r u c t e d  -- t ~ ,  show you how 
t h e s e  f i r s t  cells were constructed Z'd l i k e  t h ~  n e x t  s l i d e i  
p l e a s e .  

(Sl ide 115.)  

These cells were c o n s t r u c t s d  w i t h  t h e  s i n t e r e d  
electrods or  pressed e l e c t r o d e s  as  t h e  case may be and thcsz 
e l e c t r o d e s  t h a t  we're usinq a r e  j u s t  commercial e l - e c t r o d e s  
p r o v i d e d  e i t h e r  by G A P ,  GE, o r  Eagle  P i c h a r  and E X .  Pie've 
o b t a i ~ e d  e l e c t r o d e s  from a l l  t h e s e  manufac tu re r s  and 
c y c l e d  t h e m .  

Now, f o r  t h e  s i n t c r e d  e l e c t r o d e s  we've been 
u s i n g  k h i s  Hercu le s  s e p a r a t o r  m a t e r i a l ;  t h a t ' s  t h e  sane 
s e p a r a t o r  m a t z r i a l  t h a t  was described by Ton Ilenniyan. It's 
t h e  1-1/2 ounces  per  s q u a r e  meter and we've used t h i s  i n  a l l  
t h e  s i n t e r e d  e l e c t x o d e s  and we've a c t u a l l y  had no  problems 
t o  d a t e  of any k i n d  t h a t  I can  i d e n t i f y  w i t h  t h a t  p a r t i c u l a r  
s e p a r a t o r .  

W e  u s e  c o n v e n t i o n a l  p l a t i num e l e c t r o d e  for t h e  
hydrogan e l e c t r o d e .  T h a t ' s  a s t a n d a r d  type e l e c t r o d e  t h a t ' s  
used f or  the oxygen e l e c t r o d e  i n  a hydrogen-oxygen f u e l  c a l l ,  
or oxygen or hydrogen;  it d o e s n ' t  r e q u i r e  any e l e c t r o l y t e  
s t o r a g e  i n  t h i s  u a r t i c u l a r  case. I t  j u s t  has t o  be a ve ry  
thin l i g h t w e i g h t  pl .a t i~rum electrode and t h a t  p l a t i num 
electrode g e n e r a l l y  has  a c u r r e n t  c k n s i t y  c a p a b i l i t y  a t  least 
an order of magni tude g r e a t e r  t h a n  t h e  c u r r e n t  d e n s i t y  
c a p a b i l i t y  fo r  a n i c k e l  e l e c t r o d e  w i t h  ve ry  l i t t l e  polar iza t ion  



l o s s e s .  T y p i c a l l y ,  t h e s e  hydrogen e l c c t r o d s s  a r e  o p e r a t e d  
a t  100 t o  200  mi l l i amp  seven  y e a r s  s q u a r e d  ( 3 )  and t h e  
e l e c t r o l y s i s  o f  f u e l  ce l l  modes when t h e y ' r e  used t h a t  way 
i n  the hydrogen-oxygen are f o r  ti12 e l e c t r o l y s i s  i t s e l f .  
I t  d o e s n ' t  seem t o  be m y  problem. 

The o t h e r  p o i n t  abou t  t h a t  hydrogen e l e c t r o d e  is 
t h a t  a t  the p o t e n t i a l  t h a t  it operates a t  t h e r e ' s  a b s o l u t e l y  
no  m i g r a t i o n .  We run these hydrogen e l e c t r o d e s  f o r  a thousand 
c y c l e s ,  take thzm o u t  and p u t  then i n  a n o t h e r  c e l l  and run  
them f o r  a n c t h e r  thousand  c y c l e s .  Xe d o n ' t  nave any problems 
a t  a l l  witn the hydrogen e l ec t roc i c s .  O u r  problems now, 
i n t e r e s t i n g l y  enough, are w i t h  t h e  n i c k e l  e l e c t r o d $ .  One o f  
t h e  b i g  advan tages  t h a t  y o u  can  see t h i s  ce l l  p o t e n t i a l l y  
cffers is t h a t  a l l  t h e s e  d i s c u s s i o n s  t h a t  we've had for t h e  
l a s t  day o r  so i n  r e g a r d  t o  cadmium m i g r a t i o n ,  t h e  i n t e r m e d i a t e  
s o l u b l e  s p e c i e  of t h ~  cadmium during discharge, t h s  n i g r a t i o n  
o f  cadmium th rough  t h e  s e p a r a t o r  and s o  f o r t h ,  a l l  these 
t h i n g s  awe comple t e ly  e l i m i n a t e d ,  W e  d o n ' t  have any o f  these 
problems i n  &his p a r t i c u l a r  c e l l ,  

Next s l i d e ,  p l e a s e .  
* 

( s l i d e  116 .) 

These a r e  s m p l e  cells t h a t  we 've o p e r a t e d .  
Another  t h i n q  t h a t ' s  s u r p r i s i n g  abut t h i s  program is t h e  
f i r s t  cells w e  e v e r  p u t  t o g e t h e r  r a n  over a thousand  c y c l e s  
and t h a t ' s  a b i q  s u r p r i s e  i f  you work w i t h  the new combina t ion  
a f  e l e c t r o d e s .  You just d o n ' t  n o r n a l l y  expect t o  g s t  t h a t  
k i n d  o f  o p e r a t i o n .  T h e s e  cells a r e  g e n e r a l l y  runn ing  -- you 

t can see by t h e s e  gauges -- 50 p s i  and 200 p s i  hydrogen 
p r e s s u r e  duri r ig  tl,d c y c l e .  The p r e s s u r e  r ange  is around 
100 ps i .  

P o s s i b l y  a o m  o f  my c o l l e a g u e s  would want t o  f i n d  
t h e  pressure r ange  t h a t  tiicy i n t e n d  to  o p e r a t e  when they  
t a l k  abou t  t h e i r  respective ceil  d e s i g n s .  T h i s  was jus t  
done -- is  just c o n t r o l l e d  by t h e  amcvnt: of  free volume t h a t  
w e  have i n  the cell  and the ampere hour cqacity of the  
n i c k e l  plates that  were p u t  i n  t h e r e .  

But t h e  p o i n t  h e r e  i s  t h a t  these . -139 i n  t h i s  
conf igur :+ ion  have o p e r a t e d  f o r  about  a year and a h a l f  now. 
We've tr. ' d  a whole r a f t  o f  d i f f e r e n t  e l e c t r o d e s .  We've 
t r i e d  -- and we d o n ' t  know y e t  e x a c t l y  what the l i m i t a t i o n s  

are. 







But what we ' re  beginni :~g t o  do i s  we ' r e  b e g i m i n g  
'.w find -- i t ' s  very c l e a r  t h a t  t h e  n i c k e l  e l e c t r o d e  i s  our 
l i m i t i n g  e l e c t r o d e .  These c e l l s  were run g e n e r a l l y  around 
20 degrees C with  the 30 pe rccn t  ovt?rchargz a t  70 p e r c e n t  
depth of d isch3rgo up t o  and exceeding a thousand c y c l e s  
f o r  most of t h e  c l a c t r o d e s  t h a t  we're lookin? a t  now. 

Next s l i d e ,  p l e a s e .  

( S l i d e  117.)  

This  i s  a t y p i c a l  c e l l  v o l t a q e  ve r sus  t ime f o r  
a s i i 1 t 3 r e d  e l e c t r o d e .  The d a t a  :;ho:in here i s  Ilischarqz 
No. I and D i s c h a r p  2io. 500. T o  ~ a k c  t h i s  c l e a r ,  t he  curve  
f o r  D i s r h a r ~ o  500 is  up hers. This  ;bows a s l i g i i t  i n c r e a s e  
i n  p o s i t i v e  capacity again  that was d ~ ? c r i l r : d  a.; an e x m o l e  
by t h z  work t h a t  Ford e x h i b i t e d  j u s t  b e f o r e  lcnch. 

You see a : # l i g h t  i n c r e a s e  i n  a p r c  hour 
c a p a c i t y  w'th cycling and t h e  v u l t a g s  c h a r a c t c r i s t i c s  o f  
t h e  n j c k c l  hydrogcn a r e  very s i m i l a r  t o  the ni .ckel  cadmium. 
The v o l t a 5 e  f o r  t h z  n i c k e l  h;drogen eclls is  actually 
s l i g l ~ t ! y  h igher ,  2 0 ,  30, SO mil . l ivol tr ;  higher. 

T h e ' n ~ x t  ;s l ide,  please.  I t h i n k  t h i s  i s  my 12s'- 
s l i d e .  

T h i s  i s  just: t o  show t h e  v o l t a g e  as a  f u n c t i o n  of 
time a t  the C rate f o r  a l l  th%e d i f f e r e n t  rno(1cs t h a t  we've 
been d e s c r i b i n g .  Iiere t h e  c e l l  i s  beinq charged. This  i s  
the 1.ressure and t h a t ' s  the  c e l l  v o l t a g e  as a func t ion  of  
time. It's b s i n g  charged a t  a C r a t e  so it gets charged 
up i n  about one hour.  You see the v o l t a g e  climb up. 

This is  the overcharge poxSim.  You see when 
t h e  cell  g e t s  overcharged,  ycu see t h e  pmiourr! coih;~r; up 
and l e v e l s  off r i g h t  here .  You cil;~ s c t u a l l y  run a t  C rates 
f o r  days like t h a t  b u t  f o r  t h i s  p a r t i c u l a r  s l i d s  I ' i n  just 
showing an hour or two. 

Then ve go i n t o  this open c i r c u i t  or stand 
c o n d i t i o n ,  There's a alight Gip i n  p r e s s u r e  t h e r e  and I 
should  point o u t  here t h a t  t t ie re  may be a s e l f - d i s c h a r g e  
mechanism here but we've haa  t h e s e  c e l l o  on open c i rc! r i t  
f o r  several days and we do obsc,rve a slight l o s s  i n  capac i  :y 
w i t h  days. 



A f t e r  about  one day you g e t  a l o s s  of  about  15  
p e r c e n t  o r  something i n  t h e  ampere hour  c a p a c i t y .  It may be 
t h a t  hydrogen dozs r e a c t  i n  t h e  n i c k e l  e l e c t r o d e  t o  reduce 
it chemical ly b u t  f.f it does t h e  r e a c t i o n  is  so slow t h a t  
you can ha rd ly  see it happen and people who a r e  f a m i l i a r  wi th  
n i c k e l  cad technology,  ycu know t h a t  t h e r e ' s  no r a p i d  way 
to  g e t  r i d  of hydrogen i n  t h e  n i c k e l  cad  cell. 

The big p o i n t  h e r e  is t h a t  t h e r e ' s  no requirement  
fo- any gas s e p a r a t i o n  i n  t h i s  cell. So i t ' s  one o f  the 
r. .+ .or ciravbacks of the hydroaen-oxygen f u e l  technology is 
that you do have to  h ~ v e  gas s e ~ a r a t i o n .  I n  t h i s  p a r t i c u l a r  
cell, evzryt!! ing I ' v e  s a i d  t o  date i s  t h a t  t h e r e  i s  no 
reason t h a t  you have t o  have gas s e p a r a t i o n  so your s e p a r a t o r  
doesn ' t  have to do anything more than mainta in  t h e  e l e c t r o l y t e  
i n  it. I t  d o e s n ' t  have t o  provide  t h a t  gas s e p a r a t i o n .  T h a t ' s  ' 

the major drawback w i t h  t h e  hydroyen-oxygen cel i  . 
During t h e  d i s c h a r g s ,  t h e  p r e s s u r e  drops o f f  

as you would expect. A n d  a n o t h e r  p o i n t  here is t h a t  t h e  
p ressure  is  an a b s o l u t e  i n d i c a t i o n  o f  t h e  s t a t e  o f  charge. 
You could  a b s o l u t e l y  comL~le te ly  minimize any overcharge 
i f  you wanted t o  o r  you could u s e  this i f  you have an 
application for  a state of ci:args i n d i c a t o r .  So you knoiv, 
n o t  on ly  when yoil' re fully c;~&rgod,  b u t  you know exactly 
what t h e  s t a t e  o f  charge o f  your  c e l l  i s  a t  a l l  t i n e s  so 
you use  the pressure for t h a t  reason. 

Here you go i n t o  r e v e r s a l .  This  is  overdischarqe .  
We've run t h i s  for days t o o  b u t  a l l  you ' r e  seeing h e r s  i s  
the v o l t a g e  cone down and l e v e l  o f f  and t h e  p r e s s u r e  just 
l e v e l s  off and t h i s  is  j u s t  t h e  hydrogen. Now y o u ' r e  punping 
hydrogen from one e l e c t r o d e  t o  another .  T h a t ' s  it for my 
p r e s e n t a t i o n .  

SEIGER: S e i q e r  o f  He l i c t ek .  You mentioned t h a t  
the s e l f - d i s c h a r g e  was about 15 p e r c e n t  a f t e r  one day. Did 
y ~ u  g e t  any a d d i t i o n a l  s e l f - d i s c h a r g e  a f t e r  t h e  one day and 
could you tel l  u s  the r a t e s ,  p l e a s e .  

DUNLOP: I don't offhand remember. I t  seems t o  I 

follow t h a t  same exponen t i a l  p a t t e r n  t h a t  you n o m a l l y  
observe  i n  a n i c k e l  cad ce l l  and I do t h i n k  t h q t  p o s s i b l y  
one of the n e x t  speakers aray want t o  e l a b o r a t e  cn it bec;tuse 
they  have o b t a i n e d  a d c j n i f i c  - ~ t  amount of  data f o r  t h i s  
mode of opera t ion .  

By t h e  way, on that p a r t i c u l a r  p o i n ~ ,  l e t  m e  say 
t h z t  there have been a couple papers presen ted  on t h i s  s u b j e c t  
j us t  r e c e n t l y .  This was the f i r s t  time. There was a j o i n t  



papcr with a couple of my col leagues ,  Jos Stocco acd 
Vanomerinc~ and t ! ~  TYCO Laboratorins, Larry Sr;:ecney and 
Lou C l l i n s  gave a paper, j o i n t  pzzer ,  in that energy cocver- 
s i o n  conference, 

And t hen  ERC had a paper by I!arty R l e i n  in that 
conference. So there arc a couple papers o u t  that serve a s  
a good reference t h a t  cover nost of t h e ,  a c t u a l l y ,  a l l  t h e  
points t h a t  I have made i n  considerably more d e t a i l .  

FOND: Is that s a t i s f a c t o r y ,  l e t ' s  g ive  a l l  the 
three papers an? then open it up for general ques t icns  across 
the board? 

DUNLOP: Y e s ,  because there's probably a l o t  of 
quss t ions  t h a t  ~ o u l d  be alswered by uoinq t h a t .  

Next I ' d  like t o  in t roduce t h e  next  speaker, 
Larry Swette from TYCO. 

SWETTE: Jim has covered q u i t e  a b i t  of t e r r i t o r y  
i n  t h a t  in t rcduc t ion ,  I ' l l  run through some of the sans 
areas .  Perhaps I can add s o m t h i n g  and he perhaps can see ' 

a s l i d e  o r  two t h a t  looks f ami l i a r .  

Could I have t h e  first slide? 

As J i m  s a i d ,  t h e  p o s i t i v e  e l ec t rode  is a t y p i c a l  
n i cke l  e l ec t rode  and opera tes  i n  a t y p i c a l  fashion.  T h e  1 

d i f f e r snces  from t he  n i cke l  cadmium cell is  t h a t  t h e  negat ive  
is  a t h i n ,  l ightweight  e l ec t rode  that's capable of consuming 
and evolving hydrogen. 

The n e t  r eac t ion  is as shown w i t h  no water involved 
i n  the o v e r a l l  reac t ion  which is  a s i g n i f i c a n t  advantage. 
The c e l l  is i n t r i n s i c a l l y  p o s i t i v e  l imi t ed  i n  charge. Ycu 
have a limited amoung of a c t i v e  n i cke l  mate r ia l ,  whereas the 
nega t ivs  can continue t o  decompose water t o  form hydrogen. 
The cel l  can a l s o  be made p o s i t i v e  l imi t ed  i n  discharge by 
precharging t h e  c e l l  i n  the discharge state with hydrogen 
and typically we put  i n  about 100 p s i  of hydrogen. Then a t  
the end of discharge, the end of discharge i n  t h e  n i cke l  
electrode, the negat ive  continues to  funct ion i n  the  same 
manner canauming hydrogen and the pressure ,  of couxua, levels 
out  i f  you do i n t o  the r e v e r s a l  you have the balanced hydrogen 
reaction and t h a t  occurs a t  the C rate a t  about minus 200 
mi l l fvo&ts ,  w i t h  essentially no h e a t  generation. 
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Could I have t h e  n e x t  s l ide ,  p l e a s e ?  

( S l i d e  120.) 

I t h i n k  you can recognize  t h a t  even ups ide  down. 
I should  p o i n t  out here t!lat w e  have looked a t  only  s i n g l e  
c e l l  c o n s t r u c t i o ~ s .  This  is tile schemat ic  f o r  a  parallel 
p l a t e  c o n s t r u c t i o n .  The cel l  could also be assembled p o s s i b l y  
as a  j e l l y  ro l l  c o n s t r u c t i o n  and a series of connsctsd  c e l l s  
should be q u i t e  s imple  to arrange also. Because o f  t h e  ovcr- 
discharged  c h a r a c t z r i s t i c s ,  i t  should  a l s o  be p o s s i b l e  t o  
p u t  a nurrber of series connected cells w i t h i n  one p r e s s u r e  
c o n t a i n e r  wi thou t  any d i f f i c u l t i e s  . 

Could I have t h e  n e x t  s l i d s ,  please? 

( S l i d e  121.)  

We've been looking a t  r e s e a l a b l e  type  of pressure 
v e s s e l s  fox  o u r  exploratory exper imenta t ion .  We Ive been 
working on this system for  a l i t t l e  ovar  a year. We have 
here a cell t h a t  w s  can u s e  up t o  about 2 , 0 0 0  psi. Our 
system a n a l y s i s  i n d i c a t e s  t h a t  a d e s i r a b l e  pressure range 
from %he e ~ e r g ; ~  Censi",;~ s tandpoint  will be i n  t h 2  v i c i n i t y  
o f  400 ,  600 p s i ,  b u t  we would like t o  do t h i n g s  l i k e  s tudy  
the e f f e c t  of  p r e s s u r e  on the charge r e t e n t i o n .  

Could I have t h e  nex': s l i d e ,  p l e a s e ?  

T h a t ' s  an assembXed p a r a l l e l  p l a t e  s t a c k ,  about  
5 amp hours ,  16 n i c k e l  p l a t e s ;  and t h i s  cel l  opera ted  
succes ls fu l ly  f o r  about  50 c y c l e s  and then  we took it a p a r t  
t o  make a n o t h e r  c e l l  o r  s e v e r a l  more cells. We're t a k i n g  
Jim Dunlop1s word t h a t  t h e  t h i n g  will r e a l l y  and t r u l y  go for 
a thousand cycles and I have no doubt  t h a t  it w i l l .  

Could I have t h e  n e x t  s l i d e ,  p l e a s e ?  

We also made a n o t h e r  r e s e a l a b l e  c o n s t r u c t i o n  t o  
test larger p l a t e  diameters.  gain t h i s  g e t s  i n t o  t h e  system 
analysis as Ear as energy d e n s i t y  is  concerned. The size of 
t h e  cell that you put together has a pretty d i r e c t  r u n c t i o n  
by way of the p r e s s u r e  v e s s e l  on the energy density. The 
ideal shape as you might expect i s  a long c iga r - tube  type of 
thing but t h a t  would entail assembling a gr9at many e l e c t r o d e s  
m d  it's certainly simpler and more rel iable to have the 



l a r g e r  d iameter  c e l l  and nake t h e  c o n s t r u c t i o n  s i m p l e r  and 
t h e  energy d e n s i t y  compared to t h i s  optimum i s  n o t  very  far  
o f f  , perhaps one wat.2 hour  psr  pound. 

Could I have t h e  n e x t  s l ide ,  p l e a s e ?  

( S l i d e  124 .) 

T h a t ' s  the l a r g c r  assembly. T h a t ' s  a 25-amp hour 
s t a c k  and four- inch d iameter  p l a t e s .  

Next s l i d e ,  p lease .  

( S l i d e  125.) 

This  c h a r a c t e r i s t i c  cyc le  charging a t  t h e  C r a t e  
and d i scharg ing  a t  approximately t i le C rate a l s o .  What I h a w  
p l o t t e d  here i s  t h e  ce l l  v o l t a g e  and t h e  tempera ture  of t h e  
s t a c k  and t h e  pxessurc i n  t he  c e l l .  You can see t h a t  we s t a r t  
with a precharged pressure i n  t he  cel l .  Lookinq a t  the  v o l t a y s ,  
we s t a r t  a t  about 1 . 4  v o l t s  a d  w e  go t o  &>out  1.5 dur ing  
charge and dur ing  overchargs  a t  t h e  C r a t e ,  we go t o  about 
1.57, 1 . 6  v o l t s .  

The temperature bcgins t o  rise j u s t  b c f o r a  the 
end o f  charge and t ! ! e  p r s s s u r e  throughout  tha chargs  is 
l i n e a r  and a s  J in mentioned i s  a d i r e c t  r ead ing  of t h e  
c a p a c i t y  of  the c e l l  a t  any p o i n t .  It can a l s o  be used t o  
d e t e c t  t h e  c a p a c i t y  of  t h e  cel l  i f  it has  been p a r t i a l l y  
discharged. Nhen we g e t  i n t o  overcharge ,  it can be seen on 
t h e  p r e s s u r e  curve t h a t  t h e  p r e s s u r e  begins t o  l e v e l  o f f  
i n d i c a t i n g  t h a t  t h e  recombination nechanism is  func t ion ing .  

When we 're i n  overcharga i t ' s  g e n e r a t i n g  oxygen 
on the . ? i cke l  e l e c t r o d e  an< t h i s  i s  mov.ing t o  the n e g a t i v e  
e l e c t r o d e s  and recombining t h e r e  wi th  hydrogen, e i t h e r  d i r e c t l y  
t o  fom wate r  or  by way of e1ectrochernic.d r educ t ion ,  I t  
d o e s n ' t  m a t t e r  which. But it is apparent  t h a t  recombination 
occurs and it occurs  v e q  r a p i d l y .  ke have opera ted  c e l l s  
from C/10 t o  the 5 C rate and t h e  recombination was e x c e l l e n t  
i n  a l l  cases. 

During discharge ,  the discharge  i s  t y p i c a l l y  q u i t e  
f l a t  and the  mid-discharqe v o l t a g e  a t  s c a l e  t o  1.2 i s  
t y p i c a l l y  1.26 t o  1.28 v o l t s ,  There is  l i t t l e  tempera ture  
e f f e c t  dur ing  d i scharge  an3  the pressure aga in  is l i n e a r  
throughout  the course  of t h e  d ischarge .  During overd i scharge ,  
if the cell is discharged  immedLately a f t e r  charge, ws see 
a p l a t e a u  a t  about  8/10ths of a vol t  which r e p r e s e n t s  the 
ceduction of oxygen stored in the nickel p l a t e s  during over-  

charge . 





The cel l  i s  allowed t o  s t a n d  on opsn c i r c u i t  f o r  
some time. That oxygen apparen t ly  desorbs  and reconhines 
and we d o n ' t  seo t h e  p la teau .  T h e r e ' s  a l s o  a ternycrature 
i n z r e a s e  a t  that p o i n t  s i n c e  i t ' s  o p e r a t i n g  i n  a f u e l  c e l l  
mode, hydrogen o x i d a t i o n  and oxygen reduc t ion  of  t h e  n i c k e l  
electrocics .  And you can a l s o  see t h a t  t he  p r e s s u r e  con t inues  
t o  d e c l i n e  throughout  t h a t  overdischarge ,  Then i n  c e l l  
r e v e r s a l  t h e  p o t e n t i a l  l e v e l s  o u t ,  cel l  v o l t a g e  l e v e l s  o u t  
a t  about ntinus 200  m i l l i v o l t s .  The tempera ture  drops back 
t o  iipproximatcly room tempera ture  and the p r e s s u r e  i n  the 
c e l l  l e v e l s  o u t  s o  t h a t  a t  e i t h e r  end o f  t h e  c y c l e  ivs have a 
p r e s s u r e  l i m i t a t i o n ,  

Could I have t h e  n e x t  s l i d e ,  p l e a s e ?  

( S l i d e  1 2 6 . )  

We have looked a t  charge as I s a i d  fron thz C/10 
and 5 C r a t e  and p l o t t e d  hc re  t h e  mid-charge v o l t a g e  wliere 
it says charge r a t ?  and it goes from a t  C/10 about 1.46 
v o l t s  t o  S o u t  1.72 v o l t s  at t t e  5 C r a t e .  

Could I have t h e  nex t  s l i d e ,  please? 

( S l i d e  1 2 7 . )  

These t ~ i o  series just r e p r e s e n t  two series of 
cells t h a t  we p u t  t o g e t h e r  wi th  d i f f e r e n t  e l e c t r o d e  conf igura-  
t i o n s ,  d i f f e r e n t  e l e c t r o d e  m a t e r i a l s .  

During discharge ,  I plotted ners again i n  mid- 
discharge  v o l t a q e  versus  t!le d i scharge  r a t e .  A t  t h e  C/10 
rate  i t ' s  about  1 .3 ,  1 .32  and a t  t h e  5 C about  1.06 v o l t s .  
The t y p i c a l  d i scharge  r a t e  for  communications s a t e l l i t e  
o p e r a t i o n s  is C/1.2. Usually w e  see 1.28, 1.29 v o l t s  f o r  
t h a t  d i scharge  r a t e .  

Could I have t h e  n e x t  s l i d e ,  please? 

( S l i d e  128. )  I 

S 
We have opera ted  t h e  cel l  on overcharge for I 

extended periods. Here you see about 300 p e r c e n t  overcharge,  i 
There is  a peak i n  t h e  c e l l  vo l t age  i n i t i a l l y  as reaction i 
switches fron charging t h e  NIOII2  t o  the NIOH, switches over 
t o  oxygen e v o l u t i o n  and a t  t h a t  p o i ~ t  all of t h e  i n p u t  energy 
is converted t o  h e a t  and apparen t ly  the nickel electrodes 
operate a l i t t le  more e f f i c i e n t l y .  AS they get h o t t e r ,  the 
voltage decreases s l i g h t l y .  



Thc tempera ture  l e v e l s  o u t  a f t e r  about an h o u r  
a f t e r  about  1 0 0  p e r c e n t  overchnrqe. I n  t h i s  case, it l e v e l e d  
o u t  a t  about  50 degrees Centigrade and t h a t ,  of course ,  
dspends on t h e  h e a t  t r a n s f e r  c h a r a c t e r i s t i c s  o f  t h e  c e l l .  
The p r e s s u r e  l e v z l s  o u t  dur ing  overcharge and it even 
d e c r e a s l d  s l i g h t l y  wi th  time here .  

Could I have t h e  nex t  s l i d e ?  

We have looked at the ciiarne r e t e n t i o n  of t h e  
n i c k e l  hydrogen c e l l .  W e  have t w o  sets of e l e c t r o d z s  t h a t  
we were l o o k i n g  a t ,  wha t ' s  c a l l e d  there t h e  A Series, t h e  
open circles, were prepared  by chemical  impregnation and 
t h e  J Series by the F l e i s c h e r  method. 

We thought  i n  t h e  f i r s t  c a s e  t h a t  t h e r e  might be 
t h e  p o s s i b i l i t y  of  n i t r a t e  r e s i d u s  i n  t h e  p l a t e s  c o n t r i b u t i n g  
t o  a n i t r a t e - n i t r i t e  s!luttl% s e l f - d i s c h a r q e  mechanism s o  
we ' re  i n t e r e s t e d  i n  looking a t  t h e  p l a t e s  mads by the F i e i s t i l e r  
method t o  see i f  t h e  se l f -d i schar t j e  i s  reduced and t h a t ' s  
w h a t ' s  p l o t t e d  t h e r e  and the r e s u l t s  are really no t  too clear 
in t h a t  rcsncct, but i n  g s n e r a l ,  w i t h  r e g a r d  t o  t h e  sslf- 
discharge, thcre's clLouc a 10-15 p e r c o n t  loss in o w  clay and 
as you can sp,e t h e  slope of t h a t  line changes q u i t e  d r a s t i c a l l y  

' 

a f t e r  t h a t  so t h a t  a f t e r  a w e k  t h e  capacity l o s s  is  about 
50 pe rcen t .  

Could I have t h e  next s l i d e ?  

I should nicntion with  regard  t o  Pto lemaic  
e f f i c i e n c y  that we expec t  the  n i c k e l  hydrogen ce l l  t o  
perform L e t t e r  a t  low temperatures than  a n i c k e l  cadmium 
cell.  One o f  tile p r o b l e m s  with  a n i c k e l  cadmium ce l l  i s  ' l m t  
we have hydrogen e v o l u t i o n  o f  t h e  cadnium a t  low t e n p c r a t u r e .  
T h i s ,  o f  course ,  i s  t h e  p r o p s r  mode o f  o p e r a t i o n  f o r  the 
n i c k e l  hydrogen cell.  Mydrogen e v o l u t i o n  does n o t  occur  i , r  
n i c k e l  r e a c t i o n .  I t ' s  t h e  main r e a c t i o n .  So t h a t  problem 
is e l imina ted .  

A t  high  temperature, of c o u r s s ,  you have t h e  same 
problem that you have w i t h  t h e  n i c k e l  cadmium cell: i n e f f i -  
c i e n t  charging because of increased oxygen evo lu t ion .  We've 
looked a t  t h e  v o l t a g e  efficiency of some comparable sys tems,  
n i c k e l  hydrogen, n i c k e l  cadmium, cadmium oxygen and hydrogen 
oxygen. Looking a t  t h e  charge v o l t a g e  a t  the C/10 r a t e ,  the  
discharge v o l t a g e  a t  the C rate, and comparing t h a t  ratio, 





For t h e  n i c k e l  hydrogen and t h e  n i c k e l  cadmium 
cel l ,  i t ' s  about  87 p e r c e n t  compared t o  43 percsnt fox the 
cadmium oxygen and about  47  p e r c e n t  f o r  hydroyen oxygen. 
The d i f f e r e n c e  there i s ,  of course ,  the  i n e f f i c i e n c y  of the 
oxygen electrode. T h i s  p a r t i c u l a r  a s p e c t  cou ld  have, undzr 
soma c o n d i t i o n s ,  an i n f l u e n c e  on t h e  s i z e  of the solar array 
needed t o  charge the cel l .  

Could I have t h e  n e x t  s l i d e ,  p l e a s e ?  

We a l s o  comi>ared t h e  h e a t  e f f e c t s  of t h e s e  same 
systems us ing  s t a n d a r d  en tna lpy  changes. Wc d e t e m i n e d  a 
thermal  n e l ~ t r a l  vo l t age  an6 £ram that determined the h e a t  
pass dur ing  t h e  charge and t h e  h e a t  pass  d u r i n q  d i scharge .  
I n  t h e  c a s e  of n i c k e l  hydrogen and n i c k e l  cadmium during 
charge t h e  r e a c t i o n  is endothermic whereas far cddrnium oxygen 
and hydrogen oxygen t h e r e  i s  cons ida rab le  h e a t  produced, 

Then looking a t  t h a t  last c o l u r i ,  "The Thermal  
R a t i o , "  which i s  t h e  energy which ap;)ears a s  h e a t  c o n p x e c  
wi th  the u s e f u l  e l e c t r i c a l  enerqy o f  the cel l  on charge ,  t h e  
n i c k e l  h y d r o p n ,  n ic l ic l  cadmium show about -3 ,  -3  perccnt 
compared w i t h  a much l a r g e r  loss of u s e f u l  e l c c t r i c a l  energy 
for t he  cadmium oxygen and hydrogen oxygcn s y s t e m .  

With regard  LO r e l i a b i l i t y  f o r  t h i s  aystern, we 
would a n t i c i p a t e  t h a t  i t  would be a very  r e l i a b l e  system. It 
has only one gas cavity comparsd t o  a hydrogcn mygen c c l l  
s o  t h a t  t he  c o n s t r u c t i o n  i s  very much s imple r .  It's not: 
necessa ry  t o  o h i e l d  t h e  n i c k e l  electrccies from t h e  hydrosen 
wnich makes c o n s t r u c t i o n  s im2lor and t h e  c e l l  can operate 
i n  a wetted cond i t ion .  Perhaps t h e  main disacivantage of  t h e  
n i c k e l  hydrogen cell compared t o  t h e  n i c k e l  cadmium c e l l  with 
r e g a r d  to  reliability i s  t h e  need of  s t o r i n g  lrydrogcn under 
pressure. 

As far as life expectancy or the number of c y c l e s  
is concerned, if w e  define t h e  i n t r i n s i c  l i f e  as the l i f e  
determined by t h e  d e t e t i o r a t h n  of  the e l e c t r o d e s ,  we c e r t a i n l y  
have t w o  e x c e l l e n t  electroden t o  work with  and t h e  informat ion  
on the n i c k e l  electrode and t h e  hydrogen electrode i n d i c a t e  
that these are indeed very long life e l e c t r o d e s .  

Another s i g n i f i c a n t  advantage of the nickel hydrogen 
system over and above a11 of its a t t r a c t i v e  p e r f o m a n c o  
c h a r a c t e r i s t i c s ,  overcharge  overdischarge p r o t e c t i o n ,  is  its 
high fully usable weight energy d e n s i t y .  Po a first 



approximation,  t h e  adva :aqe over t h e  n i c k e l  cadmium sfstern 
for i n s t a n c e  can be de~nons t ra ted  by s u b s t i t u t i n g  t h e  weight 
of  some comnercial  hydroqen e l e c t r o d e s  f o r  t h e  wn. ' ,  o f  the 
cadmium e l e c t r o d e s  and as an approximation t h e  F . : ,  x g y  ' n n s i t y ,  
d i s r e g a r d i n g  t h e  c a s e  weiqhts ,  rises from abou' 1 7  w a t ~  t lours  
p e r  pound t o  a k ,  o u t  24  w a t t  hours per pound. 

Last slide, please. 

I ' d  l i k e  t o  summarize what we t h i n k  are t h e  
advantages and disadvantayes of t h e  n i c k e l  h y d r o ~ e n  system. 
The f i rs t  most ohviods one t h e r e  i s  t h e  energy d e n s i t y  per 
u n i t  weight and what we're a n t i c i p a t i n g  i s  25 t o  5 0  watt 
hours p e r  pound. A s i g n i f i c a n t  p ropor t ion  of t h a t  weight  -- 
I th ink  i t ' s  about  25 p e r c c n t ,  t h e  weight of t h e  wfiole 
package -- is the pressure v e s s e l  i t s e l f .  ,*letre c u r r e n t l y  
cons ide r ing  us ing  Inconcl .  I f  ws could s u b s t i t u t e  t i t a c i u m  
o r  soma other h i g h c r  s t r s n g t k  r i a t c r i a l ,  t h a t  25 w a t t  hours 
p e r  pound would co t u  &out  40 w a t t  hours  per ~ o u n d .  Thc  
ene rgy  c ? m s i t y  per u n i t  volune s i n c e  we ' re  c o n t a i n i n g  a gas 
i s  p r o S a l l y  n o t  the most cil;tsirabJ.e f e a t u r e  but on a s q u a r e  
p r o j x t i o n  w e  a n t i c i p a t e  about i . 2  w a t t  hours  p e r  cub ic  
inch .  

Povrerdonsi t y  cin2 disz i la rgs  , we have demor~s tratecl 
100  watts  per 13ound and a l s o  on charge.  S t a t e  o f  charge 
d e t e c t i o n  is  c t r t a i n l y  m i q u e  t o  t h i s  systen. Overcharge 
p r o t e c t i o n ,  w e  have e x c e l l e n t  overcharge p r o t e c t i o n  i n  terms 
of t h e  r a t e s  a t  which t h e  c a l l  can be overcharged providing 
that it has adequate heat d i s s i p a t i o n .  Overdischargc pro- 
t e c t i o n ,  a cell  can bt reversed  wi thou t  anything c a t a s t r o p h i c  
happening t o  it and subsequent ly  t h e  ce l l  can be opera ted  
wi thou t  any d e t r i n c n t s .  

Low temperatun performance i s  then  mentioned. 
WE have t h e  Ptolemaic e f f i c i e n c y  here on charge coqared t o  
a nickel cadmium cell. R e l i a b i l i t y ,  due t o  t h e  s i m 2 l i c i t y  
of  c o n s t r u c t i o n  and the use of one gas c a v i t y .  We expect 
l o n g  c y c l e  l i f e  based on the s e p a r a t e  i n f o m a t i o n  on those 
two electrodes that go t o  make up the s y s t e n .  

I n s e n s i t i v i t y  t o  state of charge  storage, I t h i n k  
tha t  it could be s t o r e d  i n  the charged or the completely 
discharged s t a t e  without damage, u n l i k e ,  for instance, the 
l e a d  a c i d  its: '.f which cannot  be stored i n  t h e  discharge st r te .  
we also antici :? , l te  l o w  maintenance of a completely s e a l e d  
system. 



P o t e n t i a l  dise.dvantaqes: t h e  storaqe of h i q h  
p r e s s u r e  hyclro(jcn which may he more of a psycho log ica l  d i s -  
advantage t h a n  a r e a l  one a l though  i t  has  t o  be dnmonstrate i t ;  
a relatively hiqh  s e l f - d i s c h a r g e  rate which wc t h i n k  WE? can 
do something about ;  and the same problcm t h a t  you have i n  t h e  
n i c k e l  cadmium cha rge ,  i n e f f i c i e n c y  a t  h igh  tempera ture .  

T h a t ' s  it. 

(Applause. ) 

DUNLOP: Thank yo;, Larry .  

I ' d  l i k e  t o  bring forth t h e  next speaker now, 
Marty Kle in  , from Energy Resaarc!~ C o r p o r a t i o n ,  

1;LEIZJ: Thank you. I t h i n k  thr? prev ious  two 
speakcrr; made a qood p o i n t  t h a t  the chr ln i s t ry  looks p r e t t y  
good for t h e  niclccl hydrogen and w e  have t h e  variety of 
s i n g l e  elcctrods c e l l  tests there  i n  t h i s  500 to 1,OGO cycle 
s t a b l e  pcrfornance .  I think t o  t r a n s l a t e  t h a t  i n t o  a l ig! l t -  
weight c e l l  t h a t  d e l i v e r s  30 w a t t  hours p e r  pound i s  a q;.ttle 
b i t  of worl: and 1'11 talk about  some of that p r h a p s  e the 
o t l i ~ r  people  d i s c u s s e d  some of t h e  h a s i c  chemistry, 

A c t u a l l y ,  1);r way of i n t r o d u c t i o n ,  i n  Ener .\essarcii 
we're a c t u a l l y  loo!:ing a t  t h e  whole family of soconccry x r a l  
gas b a t t e r i e s  and I t h i n k  we are going t o  evoive a v a r i e t y  
of sys tsm,  n i c k e l  hydroqon, s i l v e r  hydrogen,  z i n c  oxygen, 
cadmiuq oxygen, tha t  are g o i n g  t~ be ~ o o d  for different things 
and depending on the mission you want to  look a t .  

T h i s ,  by way of i n t r o d u c t i o n ,  r e a l l y  i s  tho, way 
we see these m e t a l  gas sys tems i n  their x c l a t i v e  c a p a b i l i t i e s .  

DO we have a po in t e r?  

HENNIGAiJ: Na, it f e l l  i n  between the board  thrsre. 
\ 

XLEIN: Okay, w e l l ,  anyway, tile hydrogen oxygen 
there's bean a l o t  of  work done an  i t  and i t ' s  got cycle 
life problem a t  this p o i n t .  W o  hundred cycles i s  pretty 
good l i f e .  Zinc oxygen probably has got the potunt ia :  of 
be ing  the h i g h e s t  watt  hour per pound system b u t  also h a s  l i f 3  
problems and then the cadmium oxyqen n i c k e l  hydrogsn i n  the 
similar w n L t  h ~ u r  pcir pound class b u t  the n i c k e l  hydrogen 
looks a l o t  bettax in the cycle l i f e  and ~ i m p l i c i t y  and that's 
the one we'13. t a l k  about. 
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The s i l v e r  hydrogen I' 11 leave  f o r  the  next  s p e a k e r  
but it looks  very a t t r a c t i v e  and i s  about  one and a h a l f  ti;;ns 
tine energy d e n s i t y  of nickel hydrogen, I would say, with  lcss 
cycle l i f e .  

Could I have the next s l i d e ?  

(Slioe 134.) 

For ar~y one 02 t h e s e  metal gas system, we've 
taken the packaging  a?proach of p u t t i n g  a stack of  little 
parallol electrodes, c i r c u l a r  i i l  t;'pe, i n  a singln c y l i n d r i c a l  
przssure veszel and t h e  system works on t h e  basis cf thcrz's 
a gas d i f f u s i o n  p a t h  t o  t h e  b a c k s i d e  of t h e  gas electrode 
and a s e p a r a t o r  up t h e ro  and then t h e  cccompa~lying metzl 
e l e c t r o d e  and y o u ' l l  see t h i s  k ind  of p i c t u r s  referring t o  
any one of  t h o s e  systems. 

Could I have the  n e x t  slide? 

And t h i s  is just anothsr p i c t u r e  o f  tile same thing. 

Could I have the next one? 

(Slide 135.) 

For  t h o  p r e s s u r e  v e s s s l  of any one o f  these 
sys terns , w e  thiilk that ' s where t.l-.a problem 1 ies p o s s i b l y  
because everybody i s  concerned about hyaxogen leakage p l u s  
you want t o  have t h e  l i g h t w e i q h t  housing. Ve1ve been doing a 
f a i r  amount of work a d  actua1l:i  the najor  portion of t h e  
work comes from our  r echargeab l s  hydrcgon oxygen work and t h i s  
i s  a picture  of an e lec t roformed n i c k e l  pressure s h 2 l l  of t h e  
type t h a t  we axe p l a n n i n g  t o  use and \ce a c t u a l l y  elactroform 
t h i s  cn a manual and i t 's  an all one-piece c o n s t r u c t i o n  and 
then w e  weld a dome, p u t  t h e  e lec tros tack  in here and weld 
a dom on the bottom. 

\ 
This part icular  picture  is of a size cylinder that's 

two and c h a l f  inches i n  diameter and t1:en on the  t o p  of it 
we've got t w o  ceramic metal seals. Can you lower that? These 
we go. 

In  che seal fezdthrovlgh area, this is a l s o  a whole 
new ballgame now because you want a seal that's going to take, 
you know, 500,000 p s i  and cycle through t h a t  so you know h w  
much trouble the nickel cadmium people have had making 



r .. r r .  .s &" . . .. , 
, , 

ins r l l a t ed  feedthroughs j u s t  at ambient pressures and we 've 
taken some of t h a t  technolorjy but you have 'io chanqe your 
geometry. You've got  t o  work in t u b u l a r  type  s t ruc t1 : res  no 
matter what you make i n  these high k)rossure systems and t h e s e  
a re  some t u b u l a r  seals t h a t  we've had made. I t ' s  got n i c k e l  
f i t t i n g s  cn  either end anJ a ceramic s e a l i n g .  These p a r t i c u l a r  
seals w i l l  y i e l d  a t  about 2,000 psi. 

Co~!d I ,".we t h e  n e x t  s l i d e ?  

( S l i d e  136.) 

Here's a t ~ i ~ i c a l  p o l a r i z a t i o n  curve  of n i c k e l  
hydrogen pretty  s i n i l a r  t o  the  other d a t a .  

Could I have t h e  n e x t  slits? 

( S l i d e  137.)  

Mere's a life test t h a t  w e  ran  on a s i n g l e  
e l e c t r o d e ,  ran out. This d a t a  shows 700 cyc les .  We've run 
beyond t h a t  and see very l i t t l e  change i n  performance. 

Could I have t h e  n e x t  s l i d ? ?  

( S l i d e  138.) 

We're now engaged i n  a program t o  build 50 ampere 
hour  l i g h t w e i g h t  cells and t h i s  is  our first genera t ion  base- 
l i n e  des ign  as Le see it f o r  a 50 ampere h o u r  c e l l .  iJe '  rc 
going t o  use a three and a ha:f inch diameter  c y l i n d r i c a l  
housing and t h i s  is a compromise as t h e  performance people 
t a l k e d  about  on t h i s  s i z e  cf diameter. 

Frola t h e  weight  s t a n d p o i n t ,  the lowest pressure, 
s m a l l e s t  d iameter  c y l i n d r i c a l  vessel is t h e  L e s t  based on 
t h z  weight  of the vessel and then you compronise back from 
t h e r e  and our  t h i n k i n g  is t o  run a pressure range of 100 t o  
500 ps i  and us ing  this three and a  half inch  diameter. 

As we see it ,  t h e  SO ampere hour cell  w i l l  come i n  
a t  about t w o  pounds a d  y i e l d  30 watt hours per pound based 
on our componentry. 

Could I have the next  s l i d e ?  

This i s  the i n t e r e s t i n g  weight breckdown as we see 
i t  of t h e  components and i f  you use a high strength pressure 





ln17 vessel, y o u ' r e  down t o  t h e  p o i n t  where t h e  weight  of t h e  
p r e s s u r s  v e s s e l ,  t h e  share of t h e  weight of che p r e s s u r e  
vessel, is  ahout  e q u i v a l e n t  t o  what n i c k e l  cadmium people 
do i n  p r i smat ic  cel ls  and n e a r l y  a l l  the weig!lt of  t h e  c e l l  
o r  the major share of t h e  weiuht  of the cel l  is i n  t h e  n i c k e l  
e l e c t r o d e  and i t ' s  there t h a t  I t h i n k  we're going t o  be doing 
some t h i n g s  d i f  f e r c n t l y .  

We have been workinq f o r  some time i n  o t h e r  a r e a s  
i n  a non-sintered t y p e  p ressed  n i c k e l  e l e c t r o d e  t h a t  on a 
weight  b a s i s  i s  more a t t r a c t i v e  than  the txad i t . iona1  s m t e r e d  
plaque e l e c t r o d e  and w e ' l l  be b u i l d i n g  -- a c t u a l l y  a l l  our 
t e s t  results a r e  wi th  this non-s in tered  t y p e  e l e c t r o d 2  and S 
would say  there's about 35 p e r c e n t  weight  sav ing  batwcen t h e  
s i n t e r e d  versus  a non-s in tered  type  e l e c t r o d e .  

There a r e  some q u e s t i o n s  i n  the r e l a t i v e  l i f e  of 
t h e  two e l e c t r o d e s  and t h e r e  can be some arguments about  
whether  t h a t  weight  saving r c a l l y  pays off i n  t h e  end b u t  so 
Ear it looks  p r e t t y  a t t r a c t i v e ,  

The o t h e r  t h i n g  t h a t ' s  k ind  of impor tant  i s  t h e  
wcdght of your  f u e l  c e l l  e l e c t r o d e s .  I n  t h i s  SO anpere hour  
cell f o r  real des ign you've got s o m t h i n g  l i k e  401; sciuare 
inches  o f  hydroqen e l e c t r o d e  and you've g o t  t o  r e a l l y  c u t  
t h e  weight  out of  t h a t  hydrogen e l e c t r o d e  o r  you're n o t  going 
t o  do too 7ood and t h i s  p a r t i c u l a r  number here i s  Lased on a 
very l i g h t w e i g h t  t h i n  c a t a l y s t  t y p e  e l e c t r o d e  t h a t  % + 

we have developed f o r  some primary f u e l  ce l l  work axd our  
work now is based on t h r e e  grams o f  plat inum per  square  f o o t  
load ing  and t h a t ' s  just because w e  chose t h a t  as  a convenient  ;, loading.  

i 

i s  I t h i n k  w e  do want t o  b r i n g  t h e  q u m t i t y  o f  p la t inum . 
i down and I would s u s p e c t  you could probably make n i c k e l  

hydrogen cells with h a l f  a gran! plat inum psr square  cent imeter--  : 

I mean half a gram per square  f o o t .  And w e  have a l s o  lookad 
a t  non-platinum c a t a l y s t s  and w e  nave some cells t h a t  do 
work a l i t t l e  worse than  platinum. 

Conld I have t h e  n e x t  slide? 

(S l ide  1 4 0 . )  

This  i s  a p i c t u r e  of t h e  e l e c t r o d e s  t h a t  we're 
using. It's kind of d i s t o r t a d .  This Jd a 3 .1  inch  diameter 
showing the pressed n i c k e l  e l e c t r o d e .  I n  t h e  separator area 
we have also taken a l i t t l e  d i f f e r e n t  attack and we're using 
a potassium titrate composite that  we mAke ourselves and t h e  





ln18 thinking there is  t h a t  if you s t a r t  o u t  w i t h  an inorganic 
material l i k e  po t a s s ium t i t a n n t e  t h a t  we know wets because 
i t  has a good c o n t a c t  an<, le  wi th  e l e c t r o l y t e  and w e  know i t ' s  
chemical ly s t a b l e ,  i n  the  long run  we'll be b e t t e r  o f f  s o  
we're using t h a t  t y p e  of m a t e r i a l  as opposed t o  t h e  nonwoven 
polypropylenes.  Here's the hydrogen e l e c t r o d e  t h a t  I ' m  - 
t a l k i n g  about, 

Could I have the nex t  slide? 

( S l i d e  1 4 1 . )  

This i s  a photoqxaph of an a c t u a l  50 ampere L ~ u r  
test assembly and c o n s i s t s  of the s e q u e n t i a l  layers of t h o  
n i c k e l  e l e c t r o d e s  and hycirogzn e l e c t r o d e s  and t he re  are 
a c t u a l l y  2 3  n i c k a i  s lec txot ics  i n  here and what we've donn i s  
we've taken wires of f  each clectrodo and Lent them anci 
brought  them o u t  t h e  top .  

1Je a r e  now putting sp r ings  on the top  of  the 
e l e c t r o d e  s t a c k  because w e  f e e 1  w i t h  2 3  e l e c t r o d e s  t h e  
separator layers and all the hydrogen e l e c t r o d e s ,  there i s  
this t h i c k n e s s  t o l e r a n c s  problem and for the tine beinq r~c'rs 
us ing  a sprinq-load.;?ct stack t o  nzke sure we get s u f  ficier?t 
compression i n  t h e  c ~ l l .  

Let's s9z what the n e x t  s l ide  shows. 

( S l i d e  142.) 

This i s  an a c t u a l  p o l a r i z a t i o n  curve  of t h i s  50 
ampere hour p ro to type ,  tie have not b u i l t  l i g l i h e i g h t  50 
ampere hour c e l l s  y e t .  This  d a t a  is  taken i n  a heavy steel 
bo i l e rp la te  type  housing. I d o n ' t  have a slide of t h e  h o u s i n g  
b u t  i t ' s  a three and a h a l f  inch d i c m e t e r  and about  s i x  inch .  
I have a photograph of it b u t  I d i d n ' t  get a s l i d e  of it. 

Could I have the n e x t  s l i d e ?  

And this i s  performance of t h a t  s m e  stack over- 
discharge of 5 ,  25 and 50 amps and showing we're g e t t i n g  
pretty good 50 ampere hour c a p a c i t y .  W e  have n o t  p u t  this 
stack an cycle. Wetre still doing some parmetric testing of 
it and ao far it looks p r e t t y  good and that's about  the 
stat- of where we are right now. , 

(Applause. ; 
i 
f 





DUNLOP: I want t o  nake one comment b e f o r e  I 
bring tl?e next speaker up. I h r t y  brought t.o m i ~ d  i n  terms 
of  t h e  s e a l e d  t e c h n ~ l a g y .  We have a 50 campere hour  cel l  that -- 
t h e r e  a r e  a l o t  of  c e l l s  that  a r e  be ing made mostly i n  b o i l s s -  
p l a t e  c o n s t r u c t i o n  right now, b u t  t h e  s e a l s  t h a t  we're using 
i n  t he  cells t h a t  we're running a t  t h e  l i d >  axe us ing  t h e  
Z i e g l e r  s e a l  and t h e  Z i e g l e r  s e a l s  were provided t o  u s  by 
cour tesy  of  b e l l  Labs and we a p p r e c i a t e  it. 

We've r u n  those  seals a t  p r e s s u m s  up tz 1 ,000  
p s i  of  hydrogen with no p r o b l e m  t o  da t e  and ws'va temperature 
cycled  them f o r ,  I d o n ' t  know, 100 cycles o r  so Lo date with 
no problems and t h e  p lan  t o  cont inue  doing some f a i r l y  exten-  
s i v e  t e s t i n g  in these b o i l e r p l a t e  c o n f i q u r a t i o n s  a t  t h i s  
p o i n t  i n  time using t l ~ t  Z i c g l e r  s e a l .  

The next speaker w e  have i s  141 . Ron Haas of 
Ph i l co  Ford and h e  is going t o  d e s c r i b e  t h e  work h e ' s  doing 
on t h e  s i l v e r  hydrogen cell .  Ron? 

IIMS: L e t ' s  see we have a cou;)le of t h i n g s  I 
want t o  comment on b2fore  we a c t u a l l y  s t a r t  with  the s l i d e s .  
P h i l c o  i s  i n t e r e s t e d  as  most space companies are i n  r2ccn t  
yea r s  wi th  the weight of ti12 cells, b n t t c r i ? ~ ,  n i c k e l  cad 
c e l l s  and onz area t h a t  we've focused on i n  the l a s t  year i s  
t h e  s i l v e r  hydrogen csl l .  And tie have, for  those of you who 
arc i n t - l r e s t e d  a f t ? r  t h e  y r e s z n t a t i o n  o r  l a t e r  this a f t e r n o o n ,  
we have a l i t t l e  f o l d o u t ,  a l i t t l e  f o l d e r  and a five amp hour  
cell.  T h i s  is  a whi te  hardware cell and w e ' l l  be a v a i l a b l e  
f o r  comments. 

Okay, let's have t h e  f i r s t  s l i d e .  

Some o f  the i n t e r e s t i n g  c h a r a c t e r i s t i c s  of  a s i l v e r  
cell as opposed t o  t h e  n i c k e l  hifdrogen cel l  i s ,  of  course ,  
t h e  ampere hour  c a p a c i t y  of t h s  s i l v e r  e l e c t r o d e  and when 
we have t h e  f i r s t  s l i d e  w e ' l l  t a k e  a look a t  t h a t .  We're 
t y p i c a l l y  t h i n k i n g  of a n i c k e l  e l e c t r o d e  with grams pe r  ampere 

t 
hour  i n  t h e  o r d e r  of ,  oh ,  9 t o  1 0  grams. There are some 
e l e c t r o d e s ,  n i c k e l  e l e c t r o d e s  which might do a l i t t l e  b e t t e r  
than t h a t .  

The s i l v e r  e l e c t r o d e  for those  of you who have 
worked in the f i e l d  of silver cel l s ,  s i l v e r  z i n c ,  s i lver  cad, 
are aware of the grzuns per ampere hour t h e r e  -- t h e  grams 
per ampere hour for t h e  s i lver  e l e c t r o d e  are i n  t h e  order of 
two qnd a half to three grams per  ampere hour.  T h i s  is  q u i t e  



l n 2  0 a d i f f e r e n c e ,  of  course, as compared t o  the  n i c k s 1  e1ec;trotle. 
!?eBve summarized some of t h e s e  f e a t u r e s ,  e l e c t r i c a l  charac-  
ter is t ics  and some of t h e  mechanical  des iqn  features whit;> w e  
f e e l  are o f  i n t e r e s t  f o r  a s i l v e r  hydrogen cell and I t h i c k  
t h i s  -- 

f i z s t ,  of c o u r s e ,  the  weight  of t h e  cel l ,  the energy d a n s i t y  
t h a t  we ' re  able t o  acnieve  t h i s  i s  of most i n t e r e s t  and w e  
have, as I have shown you, a Eivc m p e r e  hour cell. The 
energy d e n s i t y  on it is 30 w a t t  hours  and w e  w c c l c ?  a n t i c i p t . : !  
for l a r g e r  cells i n  t h e  o r d e r  of 2 0  t o  50 =amp hour  s i z e s ,  
We would improve on t h a t ,  of cour se .  

I t h i n k  our  p rev ious  s p e a k e r s  have demonstrnteJ  
q u i t e  w e l l  t h e  uni formi ty  and the r , t a b i l i t y  o f  t h e  electrodes 
which t h e y ' r e  us ing  and,  of c o u r s e ,  t h e  o n l y  t h i n g  different 
w i t h  t h e  s i l v e r  hydrogen c e l l  wou ld  be t h 2  s i l v e r  electrode. 
S i l v e r  cells wi th  r e g a r d  t o  t h 5  silver e l e c t r o d e  have r a t h e r  
good s t a b i l i t y  w ~ r h  c y c l e  l i f e .  

With r ega rd  t o  cycle l i f e ,  we f e e l  t h a t  a t y p i c a l  
synchronous o r b i t  t ype  c y c l i n g  we e x p e c t  a cycle life of i n  
t h e  o r c a r  of 1 , 0 0 0  c y c l e s .  We have d a t a  which we'll. ~ e t t i r ~ y  
t o  on the nex t .  s l i d e  wnicn shows t h e  charac ter l s t i c s  a f t e r  
some 600  c y c l e s .  

In the  ares of the mechanical d e s i g n ,  we used 
a standard s i l v e r  e l e c t r o d e  which is used t y p i c a l l y  on s i l v e r  
z i n c  cells. The hydrogen eiectrode i s  a f u e l  c e l l  e l e c t r o d e ,  
I t  i s  somewhat d i f f e r e n t  than t h e  e l e c t r o d e s  which have been 
discussed thus f a r  and w e  a r e n ' t  i n  a p o s i t i o n  t o  r eve t l  t h e  
c h a r a c t e r i s t i c s  of the hydrogen e l e c t r o d e .  The s e p a r a t o r  
i s  a c a p i l l a r y  mat and it is s t a b l e  i n  e l e c t r o l y t e  and aga in  
i t  is not similar t o  t h e  s e p a r a t o r s  which a r e  being used on 
the n i c k e l  hydrogen cells described t h i s  afternoon. 

Ye feel that for  a s i n g l e  cell we would l i k e  t o  use 
a v e s s e l  which would house just a s i n g l e  ce l l ,  n o t  a series 
of cells within  the vessel. This allows us in the e v a l u a t i o n  

1 of cells to select cells for a b a t t e r y  assembly. 

It  i s  impor tan t ,  we f e e l ,  t o  op t imize  the  the rma l  
c h a r a c t e r i s t i c s  and this part icular  ce l l  i s  s i m i l a r  t o  what we 
use with a n i c k e l  cadmium cell. Future cells would be modif ied 
somewhat and t h e y  will no t  loak exactly l i k e  this but the 
basic cell  geometry would be s i m i l a r .  We'ro using t h e  gould 
seals, ceramic -- and let's have the next s l i d e .  

(Slide 145.) 



This is a t e s t  vesse l  t h a t  we u t i l i z e d  f o r  evaluatior ,  
of s i n g l e  c e l l ,  s i n g l e  e lec t rode  c e l l s ,  and i t  may be a 
design which some of you have seen before. Okay, we have a 
ceraric feedthroughs on t h e  assembly, a s  you see,  a number of 
them and t he se  are u t i l i z e d  for reference electrodes and t o ,  
of course,  b r ing  t h e  release for both tile positive and the 
negative electrode. 

Let's have the next s l i d e .  

(Slide 1 4 6 . )  

This slide shows t h e  cycl ing c h a r a c t e r i s t i c s  of 
a s i n g l e  e l ec t rode  csll .  Six hu:ldrsd cyc les  we show here, 
The charge r a t s  a s  you soc is n very high r a t e .  The discharge 
rate is a very high  r a t s .  One of our  f i r s t  thoughts  i n  
evaluat ing s i l v e r  hydrogen c z l l  or any o t h e r  new c e l l  i s  l e t ' s  
find out  what t h e  l i a i t a t i o n s  are, what t h e  f a i l u r e  modesare 
and, sure, we can spend a good deal of tinn working up t o  t h i s  
over a long period of eva lua t ion ,  b u t  w e  f e l t  t h a t  let's 
evaluate  a csll a t  a very high rate charge, very h i g h  rate 
dischexge, The  charge aP thcl c e l l  -- t h e  c h a r g e  voltage was 
l imi ted  as shotr.n. I think t h e  h p o r t a n t  thing that :  we sze 
here is a s u b s t a n t i a l  degradation i n  t h e  dischargz voltage of 
the  cell. 

Now, t he  depth of discharge, as you see, i s  i n  
the ordex of about 80 pgrcont o f  the actual electrode capacity 
t h a t  we obtained o r i g i n a l l y .  

Next s l i d e ,  please .  

(Slide 147 . )  

After f i n i sh ing  the 600 cycles w 5  obviously had a 
s u b s t a n t i a l  degradation i n  the vol tage of the cell  and we 
were i n t e r e s t e d  i n  then characterizing the cell. T h i s  would 
t e l l  us what a s i l v e r  hydrogen cell should be capable of 
after f ive years of  operat ion a f t e r  600 cycles; and w e  have 
seve ra l  lines, curves, here.  This  one is the po la r i za t ion  
curve after the 600 cycles. We have other d a t a  which has been 
published and we shou -- this is a s i l v e x  hydrogen c e l l  t h a t  
was developed by another  company and a nickel hydrogen celL 
and so t h a t  we show t h e  comparison !n vol tage  as a funct ion of 
the current, t h e  density. 

The upper curve i s  a beginning of l i f e  curve which 
was obtained on the dive amp hour cell. 





Next s l i d e ,  p l e a s e ,  

In an e f f o r t  t o  c h a r a c t e r i z e  a cell a f t e r  
s u b s t a n t i a l  c y c l i n g ,  WO, went th rough a series of c h a r g e s  and 
d i s c h a r g e s  a t  various chargc rates. T h i s  s l i de  w i l l  show 
t h e  v o l t a g e  c h a r a c t e r i s t i c s  w i t h  our voltage upper l i m i t .  
The next one w i l l  show s imi lar  charge/dischrrrge curves w i t h o u t  
the vol tago l i m i t  . 

(S l ide  1 4 9 . )  

We have a swing a t  t h e  end of chargo or at a 
f u l l  s ta te  of charge which most of you are probably familiar 
is c h a r a c t e r i s t i c  of t h e  s i l v e r ,  t h e  elc?ctrock, So it does 
provicif! a n i c e  signal f o r  t e r m i n n t i n g  a cha rge  on a cell  i f  
i t ' s  f e l t  necessary f o x  a particular apljlication. 

One i n t e r e s t i n q  p o i n t ,  though, and we d o n ' t  need 
t o  go back to t h e  o t h e r  slide, b u t  one i n t e r e s t i n g  point we 
see t h a t  with the relatively hicjh rate charge we have a 
dischaxgs voltage initially which is the  s i lver  oxi.de voltacjc 
which is somwhat  hicjker than  we have a t  t h e  lower cha rge  
rates. I don't have an explanatio;: f or  that c h a r a c t e r i s t i c  
a t  this t i n e .  

One l i m i t a t i o n  t h a t ' s  been noted w i t h  the n i c k e l  
hydrogen cell i s  the ability to retain charge on opsn c i r c u i t .  
This  c u r v e  i s  o u r  C/ lO charge. We t k e n  allowed the cel l  t o  
stand for  72 hours a v s r  a weekend and discharges hcre and 
you can see that  e s s e n t i a l l y  we l o s t  an ovzr capacity which 
is a feature which could be r a t h s r  important f o r  certain 
applications.  

Naxt s l i d e ,  please, 

(Slide 150. )  

This is the  five amp hour cell .  The cel l  is 
assembled w i t 5  a des ign which is similar ta to rectangular 
electrode design that's u t i l i z e d  on m ~ s t  battery cells. 
We feel that the rectangular shape i s  relatively inportant in 
reducing themal gradients. Uow, we have reason to b s l i e v e  
that i f  yau do not provide adequate thermal c o n t r o l  t h a t  we 
can expect temperature swings of, oh, 10  to  15 degroes C and 
I real ly don't have a reason to suggest that the operating 
temperature of a cell shouldn't be 50 C, but we have learned 
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i n  t h s  b a t t e r y  bus iness  t h a t  we l i k e  t o  keep t h e  cells a t  a 
u n i f o m  tenperature.  We don ' t  have data  which would i n d i c a t e  
t h i s  i s  e s s e n t i a l  f o r  t h e  s i l v e r  hydrogen so -- next s l i d a ?  

( S l i de  151.)  

T h i s  i s  a t y p i c a l  cha rge  and discharge cx rve  
f o r  our f i v e  amp hour cel l .  Incidentally, we r a t e  it a t  a 
four .  It's a t  t h i s  p o i n t  i n  time. Wheth2r i t ' s  a four o r  a 
f i v e  probably i s n ' t  awfully s ign i f i can ' ; .  The discilarqc 

i n c i d e n t a l l y ,  t h i s  is  our sci?le for the dischargz -- ' vo l t age  -- 
we're s l i q j l t l y  -1Love 1.1 v o l t s .  The charge vol taqe  X d o n ' t  
know how t ie  average it but uornowl~ezt. between 1.45 and 1.50 
on the average. 

iJext s l i d e ,  please. 

(S l i de  152.) 

This  i s  soma of the ba:,~c d e s i g n  i n f o m a t i o n  on 
the f i v e  m p  hour c e l l .  The weigh t  a s  shc,wn i s  66 grams. 
?!ow t h a t  would La wi thout  the  seal which i.s sllown on t i w  ce l l .  , 
The  weight: c h n r c ? r , t ~ r i s t i c  is a furtotio~: of the energy of 
t h e  cell. It's 295,  The geometry is shown. 

We have t h r e e  s i l v e r  e l e c t r o d e s  and s i x  n e ~ f a t i v e  
e l e c t r o d s s .  Each s i l v c r  electrode has a hydrogen electrode 
on each side of i t  and we're us ing a s t a i n l e s s  ccst and cover 
me ceramic seals. 

Next s l i d e ,  please. 

(S l i de  153.) 

We've sumnarized t h e  energy density capnbillty of 
var ious  cells. Now, this would be a b a t t e r y ,  t y p i c a l l y  a 
20 cel l  b a t t e r y  assembled i n  a packagz which would be of 
plate q u a l i t y  and I t h ink  we're a l l  f a rn i l i t z  with t h e  capa- 
b i l i t y  of our t y p i c a l  f i ickel  c a b i u n  battery. H i c k e l  hydzogen, 
I th ink  they t h i s  af ternoon fairly w e l l  d ep i c t ed  what the 
capabi Uties are, We show a maxinu t h e r e  cf about  30 w a t t  
hclurs per pound, 

S i l v e r  hydroge?, w e  have a d a t a p o i n t  on a whi te  
hardware type s i l v e r  hydrvgen cell which we show hcre.  Thore 
is a packaging f a c t o r  involved and i f  we then swing i t  up 
somewhere betwsan a 40 and 50 amp hodr cell  we cxpsc t  khat the 
energy density i s  ahawn a t  about 45 watt hours. 
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I t h i n k  t h a t ' s  it. 

A r e  we going t o  have some q u e s t i o n s  now? 

DUNLOP: Yes. 

(Applause. 1 

DUNLOP: Thank you very  much, Ron. 

I'm going t o  a s k  t h e  o t h e r  two speakers  t o  come 
up that were here .  I want t o  make a conment -- would  t h e  
other speakers  come up? We'll have a g e n e r a l  q u e s t i o n  and 
answer s e s s i o n .  I want t o  m a k e  a p o i n t  h e r e  t h a t  the work 
t h a t ' s  be ing  r e p o r t e d  here o r  t h e  work t h a t ' s  reported h e r e  
by Piarty an2 Lou and Ron, !iarty and J 3u and the work I 
r e p o r t e d  is p r i m a r i l y  I n t e r s a t  suppozted. I t h i n k  a l o t  of 
this work is a c t u a l l y  suppor ted  i n  house. You're obvious ly  
t a l k i n g  about  a r e l a t i v e l y  new technology he re .  It 's a 
ve ry  compet i t ive  s i t u a t i o n  a t  t h i s  p o i n t  i n  t i m e .  Your 
q u e s t i o n s  sLould be d i r e c t e d  a t  these gentlemen wi th  t h a t  
i n  mind. 

KLEIN: Could we ask each o t h e r  q u e s t i o n s  f i r s t ?  

UUNLOP: Yes. This i s  an i n t e r e s t i n g  s i t u a t i o n .  

 LEIS: I just had a couple of q u e s t i o n s ,  quickies. 
I.lhatls t h e  o p e r a t i n g  p r e s s u r e  range i n  t h a t  littl.; c e l l  you I 
have? 

HAAS: I have t o  a d c i t  we had des igned t h a t  cell  
as a t h r e e  a.np hour ce l l  and i t ' t u r n e d  o u t  t h a t  it was about  a 
f i v e  amp hour cell and t h e  o p e r a t i n g  p r e s s u r e  range t h a t  w e  
anticipate for synchronous o r b i t  c y c l i n g  i n  t h e  f u t u r e  would 
be i n  the order of 200 t o  300 ps i .  

KLEIN: You mean t h e  upper  l i m i t ?  
1 

IMS:  That is t he  maximurn prossure that we plan 
t o  o p e r a t e  the cell at. 

W I I J :  All r ight .  That little cell t h a t  you had 
which gave 30 watt hours per pound, what pressure d i d  you r u n .  
tnat t o  to get 30 watt hours  per pound. 

I 
HMS: That was run i n  an assembly which d i d  not 

a l l w  t h e  pressure to go above 300. Okay, so t h a t  that assembly i 



ln25 had an a u x i l i a r y  storage which allowed us to  measure t h e  five 
ampere hours b u t  i n  synchronous or5j.t wi th  a depth  of d is -  
charge at 60 to 70 percen t .  He see no need f o r  a package 
which can wi ths tand  500 p s i  and i f  w e  can o p e r a t e  wi th  a 
package a t  r~aximum of 330  p s i .  

This  is a subt l e ty ,  s u r e .  

KLEIN: It c e r t a i n l y  is. 

DUNLOP: This  i s  a n  area t h a t  we're a l l  very 
i n t e r e s t e d  in and i t ' s  very  compet i t ive  a t  this p o i n t .  

PALATJDX.1: Char les  P a l a n d a t i ,  Wddard Space F'liqllt 
Center ,  I ' d  l i k e  t o  d i r e c t  my ciuastioning t o  Ran haas. I 
have t w ~  q u e s t i o n s  , Ron : One, do you have any i d n a  what 
the contributing factor was tifiili reyards t o  the v o l t a g e  
degrada t ion  and t h e  second i s  do you have any fee l  with  
regards t o  overcharging,  is  t h e  s i l v e r  hydrogen system capable . 
of tne overcharging t h a t  w e  showed on t h e  o t h e r  p r e s e n t a t i o n s  
i n  r e g a r a s  t o  t h e  n i c k e l  hydrogen system, 

I-IMS: The answer is yes. 

(Laughter.  ) 

PRLAiUDATI: To what? 

IIAAS: Yes, w e  have opexated the ca l l  i n  overcharge 
a t  r e l a t i v e l y  h i g h  rates, C rate and above, The pressure 
stabilizes similar t o  t h e  data t h a t ' s  been shown u s  this 
afternoon, We ses no d i f f e r e n c e .  

PALICJDATI: You sziy you ran  at high C r a t e s .  
What percentage  of overchargs  a r e  you t a l k i n g  about now? 

HAAS: We're t a l k i n g  about  the s i lve r  e l e c t r o d e  
being fully charged. 

PALANDATI: Yes, but what I ' m  saying is  d i d  you 
run t o  a 20 p e r c e n t  overcharge? 

F i S :  N o ,  i n  magnitude let's say it was several 
thousand percent overcharge. 

YALANDATI: Okay, and what about  the voltage 
degradation? 

HAAS: The voltaga degradation, okay, we were 



dh f o l  I n  
dh l  

d i scharg ing  and charging a t  very hiqh r a t e s ,  This  was a 
one half amp hour c e l l ,  and were charging an3 discharg ing  
a t  one amp. 

There are some s tandzrd  reasons, l i k e  s i l v e r  
e l e c t r o d e  degreda t ion ,  w e  inspec ted  t h e  s i l v e r  e l e c t r o d e  
after f i n i s h i n g  t h e  series of tests,  and then  t h e r e  was 
some obvious p h y s i c a l  chenges on t h e  s i l v e r  e l e c t r o d e .  

PALANDATI: I n  o t h e r  words, then  you f e e l  t h a t  
the degreda t ion  was d e f i n i t e l y  i n  t h e  s i l v e r  e l e c t r o d e  as 
such? 

HAAS: That was a primary -- 
PALANDATI: And n o t  i n  t h e  hydrogen? 

HAAS: I t ' s  awful ly  hard  t o  believe t h a t  t h e r e ' s  
degredat ion  i n  a hydrogen e l e c t r o d e ,  based on t h e  oxygen- 
hydrogen f u e l  c e l l  work t h a t ' s  been done. 

PALANDATI: A l l  r i g h t .  Le t  m e  a s k  one o t h e r  
q u e s t i o n ,  I d o n ' t  want t o  t i e  up t h i s  meeting here by myself, 
but d i d  you n o t i c e  any pressure changes i n  t h e  hydrogen 
e l e c t r o d e  t h a t  could p o s s i b l y  -- why d i d  you suddenly say 
d e f i n i t e l y  it was t h e  s i l v e r  e l e c t r o d e ?  

HAAS: Well, I'm i n d i c a t i n g  t h a t  the s i l v e r  
e l e c t r o d e  had p h y s i c a l  changes which would i n d i c a t e  t h e r e  
was a s d s t a n t i a l  change i n  t h e  p h y s i c a l  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 d e .  

Now, I ' d  l i k e  t o  p o i n t  o u t  i n  t h a t  r e g a r d  t h a t  
the s i l v e r  electrodes we're w i n g  are n o t  n e c e s s a r i l y  
designed :or t h i s  purpose. They're  -- as a m a t t e r  of f a c t ,  
the electrodes which someon2 happens t o  heve a v a i l a b l e ,  
and so I d o n ' t  fee l  t h a t  t h a t  problem would n e c e s s a r i l y  be 
c h a r a c t e r i s t i c  of t h e  c e l l  we would Le e v a l u a t i n g  i n  t h e  
next year or two. 

DUNLOP: Okay. D r .  Se ige r .  

SEIGER: F i r s t  q u e s t i o n  t o  r o n  H ~ E s .  Is there 
a hydrogen precharge i n  the s i l -~er  hydrogen? 

HAW: We have operated t h i s  cel l  both  with some 
additional hy~rsgen  initially, and wi thout .  Wc haven't seen 
any benefit, 'at this p o i n t ,  i n  -the a d d i t i o n  of hydrogen, so 
to  anewez your question -- 



SEIGER; Is t h a t  f o r  ove rd i scha rged?  

HAAS: Yes, t h a t ' s  f o r  t h e  ove rd i scha rge .  

SEIGER: Good. Not? t h a t  gces  t o  my second q u e s t i o n ,  
and s i n c e  Marty i s  s i t t i n g  up t h e r e ,  why do  you have +n p-1: 
i n  100 PSI of  hydrogen precharge?  C a n ' t  you g e t  away w i t h  
l e s s ?  

K L E X :  Y e s .  The reason  I t h i n k  100 makes s e n s e  
is  t h a t  if you s t a r t  looking  at. the l eakage  r - :? . ,  and i f  you 
look a t  a seven  y e a r  mis s ion ,  and you want t o  l eak  some 
hydrogen, because  y o u ' r e  going t o  i e a k  i t ,  t h e  more you p u t  
i n ,  t h e  b e t t e r  o f f  you a r e .  And I j u s t ,  you know, s a i d  100 
sounds n i c e .  

You can  back t h a t  o u t  i n t o  a c c ' s  p e r  second of  
hydrogen. I t ' s  a c t u a l l y  a p r e t t y  l a r g e  number when you do  
t h a t  i f  you a l low y o u r s e l f  t o  l o s e  l i k e  80 PSI o v e r  70 .  

SEIGEA: Understandable.  I ' ve d e a l t  w i t h  those 
k i n d s  of c a l c u l a t i o n s .  

DUNLOP: T h e r e  are two t h i n g s  you do. .When you 
do a computer a n a l y s i s  on t h e s e  c e l l s  -- and you r e a l i z e  
when I ' m  t a l k i n g  abou t  ccmputer a n a l y s i s ,  we've a11 done o u r  
own computer a g a l y s i s .  But t h e  r e s u l t s  g e n e r a l l y  a g r e e ,  
and that i s  t h a t  i f  you op t imize  f o r  energy  d e n s i t y  on t h e s e  
nickel-hydrogen cells, and I d o n ' t  know what the s i l v e r  
hydrogen would b e ,  b u t  on t h e  n i c k e l  hydrogen, t h e  optimum 
p r e s s u r e  range  t u r n s  o u t  t o  b e  something around 300 t o  400 
t o  500, i n  t h a t  o r d e r ;  around 400. A Delta P of 400 is a 
good number f o r  optimum energy d e n s i t y .  

b... . ,:I 

i . 5 4  , And there's a d i f f e r e n t  number i f  you want  t o  
op t imize  on  volume, which goes t o  a h i g h e r  p r e s s u r e .  And 
so,  r e a l l y  b a s i c a l l y  what you g e t  i n t o  is a q u e s t i o n ,  and 
there's n o t  r e a l l y  much -- however, i t  t u r n s  o u t  t h a t  when 
you design a p r e s s u r e  vessel t h a t  con ta ined  t h a t  400 or 500 
PSI, the d i f f e r e n c e  i n  t h e  t h i c k n e s s  t h a t  you des igned  f o r ,  
t o  contain 500 or 400 is a r e l a t i v e l y  i n s i g n i f i c a n t  f a c t o r .  
A l m o s t  completely.  So  you r e a l l y ,  you r e a l l y  have a s a f e t y  
factor of 2 or 3, for most of the m a t e r i a l s  t h a t  we're 
talking about .  

SEIGER: I have a n o t h e r  q u e s t i w .  t h e  Tyco 
slide, there was a r e d u c t i o n  o f  t h e  p r e s s u r e  c!u;ing t h e  
continucxkm overcharge, and I was wondering i2 t h e r e ' s  an 
explanation for that. 

% ,  . , , ., 2 ," 
.-.,,.. * ~ ' ,  . .. . . *. 

; ;  , , . ..- . , ,  5 . ;  . 



DUNLOP: You might want t o  answer t h a t ,  Larry.  

SWETTE: I d o n ' t  know t h a t  I can. I suppose one 
thing t h a t  could be happening i s  a con t inu ing  recombinat ion 
of oxygen, genera ted  on overcharge,  i f  -- 

DUNLOP: Well, EV is a l s o  equa l  t o  NRT. And 
your  t empera tu re ' s  gone up. 

SWETTE: The pressure was going down i n  t h a t  -- 
( I n a u d i b l e  comment. ) 

DUNLOP: Yes. 

SWETTE: The an ly  t h i n g  I can t h i n k  of i s  more 
recombinat ion o c c u r r i n g ,  o r  a f a s t e r  r a t e  -- 

SEIGER: Wasn't t h e r e  a tempera ture  rise? 

DUNLOP: No. 

( Inaud ib le  remark. ) 

DUNLOP: NO, there was a s l i g h t  temperature 
decrease .  

FORD: L e t ' ?  d o n ' t  get a p r i v a t e  conversa t ion  
going he re .  

SWETTE: Oh, p r e s s u r e  dec rease .  Were you asking 
about  tempera ture  o r  p r e s s u r e ?  

SEIGER: Pressure .  

SWETTE: Yes, t h e r e  was a p r e s s u r e  dec rease ,  and 
p o s s i b l y  tlhe recombinat ion i s  more e f f i c i e n t ,  i t ' s  f a s t e r  -- 

DUNLOP: Well, I d o n ' t  t h i n k  you want t o  g e t  i n t o  
that ,  because t h e r e  i s n ' t  t h a t  much p a r t i a l  p regsure  on t h e  
cell. That ' l l  be a d i f ferent  argument. 

GINER: O m  of the things that we have seen  is  
that  there is  t h i s  chemically evolved oxygen i n  the n i c k e l  . And t h i s  chemical  oxygen is consumed, and when 
that i t  consumed, i t  consumes hydrogen, s o  t h e  hydrogen 
pressure was down. 

DUNLOP: Yes. There is an absorption phenomena 



h e r e .  

SCOTT: S c o t t ,  TRW. J i m ,  I b e l i e v e  you were 
the one t h a t  s a i d  t h a t  i t  s t a r t s  t o  look l i k e  t h e  p o s i t i v e  
e l e c t r o d e ,  t h e  n i c k e l  e l e c t r o d e  i s  i1ow becoming your  i i m i t i n g  
e l e c t r o d e  i n  nickel-hydrogen cel ls .  Dc you know what mechan- 
i s m  i s  o p e r a t i n g  t h e r e  i n  t h a t  r e s p e c t ?  

DUNLOP: Well, what we've s e e n  t o  d a t e ,  and t h e  
t h i n g  t h a t  we a r e  l o c k i n g  a t  i s  the e1ec t rode . s  t h a t  we 've  
s u p p l i e d  by ,  o r  o b t a i n e d  frm d i f f e r e n t  m a n u f a c t u r e r s ,  and 
t h a t  i n c l u d e s  t h e  ERC e l e c t r o d e ,  it includes t h e  Tyco 
e l e c t r o d e s ,  i t  i n c l u d e s  t h e  SAF e l e c t r o d e s ,  t h e  GE e l e c t r o d e s ,  
and t h e  Eagle-Picher  e l e c t r o d e s .  

We're s e e i n g  a change i n  the p h y s i c a l  di r rensions 
o f  t h e s e  e l e c t r o d e s  a f t e r  a thousand  o r  two thousand  c y c l e s .  
The one t h i n g  t h a t  we d o n ' t  know i s  whether  t h a t ' s  r e l a t e d  
t o  overcharge  o r  c y c l i n g .  And I ' v e  t a l k e d  t o  a coup le  of  
peop le  about  i t ,  and we a l s a  don'  t know t h e  e f f e c t  o f  temper- 
a t u r e .  But  a l l  t he  electrodes seem t o  change t h e i r  s t r u c t u r a l  
-- t h e i r  c o n f i g u r a t i o n .  

Wia.t w e  a r e  s t a r t i n g  now i s  a h i g h  r a t e  t e s t  
where we're g o i n g  t o  run  about  1 ,000 c y c l e s  a month on t h e s e  
d i f f e r e n t  e l e c t r o d e s ,  acd we're go ing  t o  minimize t h e  ovex- 9 

charge  by u s i n g  a p r e s s u r e  s w i t c h .  And w e ' l l  know a b o u t  s i x  
months from now whether  t h a t  -- when t h o s e  e l e c t r o d e s  s t a r t  
crumblillg whether  i t ' s  due t o  -- and we're runn ing  deep 
d e p t h s  of  d i s c h a r g e ,  s o  we're going  t o  know whether  i t ' s  due 
t o  s a y  a p e r f o r a t e d  s t ee l  o r  a p a r t i c u l a r  t y p e  o f  impregna t ion  
p r o c e s s ,  o r  h e a v i e r  l o a d i n g ,  e t  c e t e r a ,  These are, you know, 
have q u i t e  a few v a r i a b l e s  h e r e .  

SCOTT: Regarding t h e  s i lver  hydrogen ce l l ,  i s  
t h e r e  n o t  a  p o t e n t i a l  s i l v e r  m i g r a t i o n  and s h o r t i n g  f a i l u r e  
mode p o s s i b l e ?  

DUdLOP: Oh, yes .  As a m a t t e r  of f a c t ,  t o  p u t  
t h e  whole s i l v e r  argument i n  p e r s p e c t i v e ,  and t h i s  js n o t ,  

\ t h i s  is  the  k i n d  of argument we g e n e r a l l y  get i n t o .  

Now if you t a l k  a b o u t  a 2 k i l o w a t t  a p p l i c a t i o n ,  
for  example, -- t h e r e ' s  two numbers you look a t  h e r e .  You 
look a t  ene rgy  d e n s i t y  numbers, b u t  t h e n  you r e a l l y  t a l k  abou t  
the weight t h a t  you're t a l k i n g  abou t  i n  your  system. If 
you take e n  I n t e l s a t  V o r  something l i k e  t h i s  t h a t  would n o t  
be 2 k i l o w a t t s ,  your b a t t e r y  might  weigh 500 pounds, 400 I 

pounds, i f  it were nickel-cadmium. I t  would we igh t  someth ing  
l i k e  maybe 100 t o  200 pounds i f  i t  were n icke l -hydrogen .  



So your  we igh t  s a v i n g  would b e  200 t o  3C0 pounds. 
you went to  s i l v e r  hydrogen,  you p robab ly  would save a n o t h e r  
pounds. 

GROSS:  S i d  Gross .  I ' d  l i k e  t o  get t h i s  t ank  
we igh t  problem c l a r i f i e d .  The ene ryy  r e s e a r c h  t ank  was 
r e l a t i v e l y  l i g h t  -- on ly  16 p e r c e n t  o f  t h e  t o t a l  package.  
Does t h a t  a g r e e  r e a s o n a b l y  w e l l  w i t h  t h e  Tyco tank  concept?  

DUNLOP: The Tyco -- we a r e  i n  a c o m p e t i t i v e  
s i t u a t i o n  here, between two c o n t r a c t o r s .  B u t  Tyco i s  us ing  
I n c a  now, and  b o t h  of them are u s i n g  a b o u t  t h e  same ratio 
o f  s a f e t y  f a c t o r ,  -- 

GROSS:  Roughly what? What k i n d  o f  number? 
. , 

DUNLOP: 1 . 5  -- 2 .  I t h i n k  t h e r e  are o t h e r  m a t e r i a l s  
t h a t  are b e i n g  looked a t  a s  w e l l  t h a t  have s o m  s i g n i f i c a n t  
advantage.  But  as Lou p o i n t e d  o u t ,  i n  h i s  c e l l ,  i t  was about 
25 p e r c e n t  -- t h a t ' s  a 50 a r p e r e  hour dcsfcjii, t i lrs  i s  what h e  
said. 25 p e : r c e n t  of t h e  we igh t  was i n  t h e  c o n t a i n e r ,  and 
Marty Kle in  s a i d  a b o u t  20 p e r c e n t ,  1 9  or 20 p e r c e n t  i n  t h i s .  
T h e r e ' s  a  v a r i a t i o n  from -- t h e r e ' s  a whole l o t  of o t h e r  
things t h a t  vary t h a t .  

I t  t u r n s  o a t  t h a t  t h e y ' r e  u s i n g  d i f f e r e n t  e l e c t r o d e s  
and di f ferect  s e p a r a t o r s  and so f o r c h ,  s o  i t ' s  n o t  a s t r a i g h t  
one to  one r e l a t i o n s h i p .  One p e r s o n  i s  u s i n g  one t y p e  o f  
s e p a r a t o r ,  a n o t h e r  pe r son  is  u s i n g  a n o t h e r .  So you c a n ' t  
make a d i r e c t  r e l a t i o n s h i p  w i t h i n  one i t e m  between the  two 
i n d i v i d u a l s .  

I 

GROSS:  I t h i  -7k i t ' s  seldom you can g e t  away 
w i t h  a 1.5 safety f a c t o r  on t a n k .  

DUNLOP: T h a t ' s  probably r i g h t ,  S i d .  Maybe i t  
ough t  t o  be 2. 

STEINHAUER:  I have two q u e s t i o n s .  F i r s t ,  t o  
Marty,  s i n c e  y o u ' r e  working i n  s e v e r a l  m e t a l - a i r  sys t ems ,  
whicb one are you b e t t i n g  -- 

KLEIN: Gas. 

STEINHAUER:  Gas-air , r a t h e r .  

Wnich one tire you b e t t i n g  on a t  t h e  moment, or 
what looks best  of t h e  four that you've d e s c r i b e d  p r e v i o u s l y ?  

KLEIN: I t  has t o  do w i t h  what you want the better2 



t o  do. T h e r e ' s  no " b e s t .  'I I f  you want t h e  h i g h e s t  w a t t  
hou r  per pound a t  a c o u p l e  hundred c y c l e s ,  zinc-oxygen is 
the b e s t .  I f  you want t h e  l o n g e s t  c y c l e  l i f e  a t  30 w a t t  
hou r s  per pound, n i cke l -hydrogen ' s  t h e  b e s t .  T h e r e ' s  no  
answer. 

HALPERT: Who's go ing  t o  s a y  someth ing  a b o u t  
the migra t ion?  

H M S :  Yes, t h e r e  have been  some q u e s t i o n s .  
We've d i s c u s s e d  t h e  .:ilver-hydrogen c e l l ,  and w h a t  some 
o f  t h e  l i n ~ i t a t i o n s  are. I n  an e f f o r t  t o  d e t e r n i n e  what 
the l i m i t i n g  c y c l e  l i f e  might  b e ,  we've r u n ,  as you p o i n t e d  
o u t ,  t h 2  600 some c y c l e s  a t  a  v e r y  h i g h  r a t e .  

NOW, what  can  w e  do t o  e x t r a p o l a t e  that i n t o  
C/15 c h a r g e ,  a r e l a t i v e l y  low r a t e  d i s c h a r u e ,  i n  t e r n s  of 
c y c l e  l i f e  and t ime.  I ' m  n o t  c e r t a i n ,  b u t  I t h i n k  i t ' s  
r e a s o n a b l e  t o  assume t h a t  we can g o  1 ,000 ,  1500 c y c l e s  -- 
i t ' s  c e r t a i n l y  a f u n c t i o n  of  t he  t i m e .  

And my c o r n e n t  on  t h e  p h y s i c a l  appearance  of 
o u r  s e p a r a t o r  a f t e r  t h i s  c y c l i n g .  Because t h e  s e p a r a t o r  
was definitely a gray c o l o r .  I t  would appear t h a t  t h e r e  
was some s i i v e r  movement w i t h i n  t h e  s e p a r a t o r .  You saw 
t h e  r e s u l t s  of t h e  72 hour  Dpen c i r c u i t ,  which followed 
t h e  609 some c y c l e s ,  and based  on t h a t ,  w e  d o n ' t  f e e l  
we h s d  a s h o r t  which was -- t h a t  w e  cou ld  obse rve .  

STEINHAUER: With r e g a r d  t o  the t ankage  problem,  
I t h i n k  the Tyco peop le  r e f e r r e d  t o  t h e  poss ib le  m u l t i p l e  
cells i n  one t ank .  Has a n y t h i n g  been done w i t h  r e g a r d  t o  
o p t i m i z i n g  that t ank  p r e s s u r e ?  Could you o p e r a t e  a t  
several thousand PSI t o  some advantage?  

GINER:  Ne have ic ~ k e d  at t h a t  on paper. But  
we have not made an  expe r imen t  of 1,000 PSI or something 
l i k e  that. 

I b rough t  h e r e  a little bomb. I can a s s u r e  you 
that it's v e r y  d i f f i c u l t  t o  f l y  t h i s  vase o n  a plzzs  w i k h  
something l i k e  that. 

(Laughter . ) 
VOICE: Haw d i d  you bring i t  down? 

GINER: Didn't look. Anyway, that is a t y p i c a l  25 
amp hour configuration at 600 PSI w i t h  about 100 PSI base 



p r e s s u r e .  The d i a m e t e r  i s  f o u r  i n c h e s ,  and it h a s  two 
B e l l  T e l e p h m e  L a b o r a t o r i e s  t y p e  s e a l s ,  Z e i g l e r  and Polymeric  
seals. And there are many ways of making t h e  cell. 

Now w i t h  t h i s  h e r e ,  you come t o  an energy  
of 2 2  w a t t  hours per pound f c r  25 amp h o u r s ,  I f  you s l i g h t l y  
i n c r e a s e ,  l i k e  t h a t ,  you g e t  abou t  50  amp hour s  w i th  abou t  
28 wa t t s -hour s  p e r  p u n d .  I f  you change t h e  c a s e ,  you g a i n  
a d d i t i o n a l  -- you can  go up t o  40. 

You can  a l s o  change t h e  d i a m e t e r  of t h e  case, and 
get a l i t t l e  improvement. One t h i n g  that we t h i n k  t h a t  i s  
n e c e s s a r y ,  however, is t o  have a c y l i n d r i c a l  or a s p h e r i c a l  
ce l l .  I don't unde r s t and  how you can  operate t h i s  squzre 
ce l l  a t  these p r e s s u r e s .  U n l e s s  you g e t  a v e r y  t h i c k  wa l l ,  
and then  of c o u r s e ,  you rene rgy  d e n s i t y  goes dawn. 

HhAS: We d o n ' t  o p e r a t e  a t  600 PSI. 

GINER:  Yea, but even  i f  you go t o  t h e  optimum 
when you go l e t ' s  say 400, 300, I d o n ' t  t h i n k  t h a t  you can 
do t h a t  w i t h  a s q u a r e  c e l l .  

The other point i s  r e g a r d i n g  t h e  h e a t  r e j e c t i o n  
problem. W e  t h i n k  t h a t ' s  a c y l i n d r i c a l  c o n f i g u r a t i o n  05 
the r i g h t  forin w i t h  t h e  s tack  e l e c t r o d e s .  I t  d o e s n ' t  have 
a h e a t  r e j e c t i o n  problem; you can minimize that .  Anyway, 
n o t  w i t h  a s q u a r e  c o n f i g u r a t i o n .  

BOGNER: Bogner, JPL. What was your separator 
sys tem,  Ron? 

HAAS: I i n d i c a t e d  t h a t  t h i s  was n o t  t h e  same as 
the s e p a r a t o r  sys tems  t h a t  were d e s c r i b e d .  We r e a l l y  a r e n ' t  
i n  a position t o  discuss it. 

VOICE : Is t h a t  p r o p r i e t a r y ?  

HAAS: NO, I d i d n ' t  s a y  that.  

(Laughter  . ) 
RAMPEL: Rampel, General E l e c t r i c .  I w m l d  l i k e  

t o  ask this q u e s t i o n  of the nicke l -hydrogen  peop le :  Have 
any of  you n o t i c e d  any memory during c y c l i n g  from the 
nicke l  electrode? 

DUNLOP: Okay. The answer i s ,  w e l l ,  t h e  n i c k e l  
aluotrode seems t o  e x h i b i t  the  same type of reconditioning 
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e f f e c t  t h a t  you see i n  a n i cke l - cad  ce l l .  I f  y o u ' r e  u s i n g  a 
SAF-type, or  G E ,  o r  any o f  them, any of t h e  c e n t e r e d  e l e c t r o d e s ,  
i n  o t h e r  words,  you have t h e  sane t y p e  of v o l t a g e  d e g r e d a t i o n ,  
and you comple t e ly  d i s c h a r g e  i t ,  and you g e t  a  subsequent i m -  
provement i n  t h e  v o l t a g e  i n  t h e  n e x t  cycle. I t ' s  t h e  same 
e x a c t  phenomena t h a t  you obse rve  w i t h  a n i cke l - cad  ce l l .  

SULKES: S u l k e s ,  ECOM. Th i s  i s  i n  r e g a r d  t o  t h e  
s i l ve r -hydrogen ,  I n o t i c e  you d i d n ' t  p r e s e n t  any low temper- 
ature d a t a .  Is t h i s  due t o  perhaps  t h e  f a c t  t h a t  i n  o r d e r  - - 

t o  c u t  down s i l v e r  m i  r a t i o n ,  y o u ' r e  u s i n g  more c o n c e n t r a t e d  
e l e c t r o l y t e s ?  d 

HAAS: No it i s n ' t .  The KOH - c o n c e n t r a t i o n  
that w e  used i s  a t y p i c a l ;  i t  was n o t  h i g h .  The o p e r a t t n g  
t empera tu re  here was i n  t h e  o r d e r  of 20 d e g r e e s  C. We 
h a v e n ' t  looked a t  -- o h ,  e i t h e r  low t e m p e r a t u r e  o r  h igh  
t empera tu re  o p e r a t i n g  characteristics a t  t h i s  p o i n t .  

GINEK: I want t o  make -- I t h i n k  t h a t  regardin?  
n icke l -hydrogen  cel ls ,  we see an advantage f o r  t h e  system 
when you wcnt t o  have v e r y ,  very  high  r a t e s  l i k e  50 C. o r  
s o n ~ c t h i n g  l i k e  t h a t .  The r a t e s  t h 2 . t  are p r a c t i c a l  f o r  
s a t e l l i t e  o p e r a t i o n ,  and even h i g h e r  than  t h a t  t o  t h e  5 C . ,  
t h e  12  minute  d i s c h a r g e ,  the n icke l -hydrogen  worked very 
w e l l .  

HEWISAN: I ' d  j u s t  l i k e  t o  make a comment h e r e  
on t h i s  s i l ve r -hydrogen  one ,  where s e v e r a l  years ago ,  we 
looked a t  t h i s  calcium hydroxide  c o a t i n g  on t h e  s i l v e r  
e l e c t r o d e ,  and w e  d i d n ' t  f o l low th rough  t o o  much, b u t  
some of our r e s u l t s  showed t h a t  -- oh,  like o v e r  50 c y c l e s ,  
we c u t  down t h e  n i g r a t i o n  by 90 p e r c e n t  i f  we measured t h e  
pickup i n  ce l lophane .  

So  t h i s  might  5e useful i n  t h e  work you guys are 
do ing  here. Now there seems t o  be a problem with these 
t h i n g s  a t  low t e m p e r a t u r e ,  z e r o  d e g r e e s ,  but  s i lver-cadmium 
cells d o n ' t  work w e l l  a t  t h a t  temperature, anyway, so I 
d o n ' t  know i f  i t ' s  the  c o l d  cr the cells a t  t h a t  time. 

FORD: I saw a slide t h a t  s a i d  one of the advan- 
tages o f  the nickel-hydroaen system is low temperature 
0 2 e r a t i o n .  However, I d o n ' t  remember s e e i n g  any data or 
any i n d i c a t i o n  of what that low tempera tu re  o p e r a t i o n a l  
p o i n t  is. Does anybody care t o  comment on that? 

DUNLOP: Yes. We ran chsrts -- X think I j u s t  



mentioned i t ,  Floyd, we d i d n ' t  -- t h e r e  was no d a t a  shown 
here. The cells  have been rut. down t o  minus 12 degrees 
Centigrade.  We have run  them con t inuous ly ,  cycled them, 
a t  0 degrees Cec t ig rade ,  a t  C/3 continuous overcharge f o r  
G O  p e r c e n t ,  70 p e r c e n t  depth of d i ~ ; c h a r g c ,  and we've 
done t h a t  f o r ,  I d o n ' t  know, maybe -- a ce l l  t h a t  was 
running for 700 c y c l e s ,  w e  t h e n  r a n  another  1 0 0  cycles o r  
200 cyc les  a t  0 degrees  Cent igrade .  

And I t h i n k  it's s t i l l  running a t  0 degrees 
Centigrade.  I s  t h a t  r i g h t ?  What's i t  doing now? 

SWETTE : We've opera ted  a few c y c l e s  a t  0 degrees  
Centigrade, and t h e  c e l l  performs q u i t e  w e l l .  I t  does 
s u f f e r  more p o l a r i z a t i o n ,  as  you wosld expec t ,  b u t  t h e  
charging e f f i c i e n c y  i s  bekter,  end t h e  charge r e t e n t i o n  i s  
a l s o  b e t t e r ,  a t  0 degrees. 

GINER: We expecr t h a t  i n  low tempera tu res ,  you 
d o n ' t  have t h e  l i m i t a t i o n  wit:., t h e  nega t ive  e l e c t r o d e s ,  even 
up to  t h e  p o i i ~ t  where t h e  K3H starts f r e e z i n g .  That  i s  the - 

experience we have had i n  separator type  experiments .  A t  
what moment the positive e l e c t r o d e  starts d e t c r i o r a t i n y ,  w e  

d o n ' t  know. 

DUNLOP: Well, we s t a r t e d  t o  see loss i n  v o l t a g e  
down around minus 12 degrees  Centigrade.  Loss i n  c a p a c i t y .  
Loss i n  vo l t age  performance. Well, I t h i n k  that's probably 
due to the p o s i t i v e .  

But I'm n o t  a b s o l u t e l y  s u r e  of t h a t ,  Hose, and I 
rea l ly  think we're i n  kind  of a touchy area Sere, because 
we were t r y i n g  t o  check which e l e c t r o d e  was caus ing the 
problem, and I'm n o t  sure you don' t get some p o l a r i z a t i o n  
lossage A t  tk.2 hydrogen e l e c t r o d e ,  as you g e t  i n t o  lower 
tempera tures  on d i scharge .  

SCHULMAN: Schulman, Gulton. I ' d  l i k e  t o  d i r e c t  
this q u e s t i o n  t o  the nickel-hydrogen people .  What are t h e  high- 
est pulse rates on discharge they have at tempted,  and what 

1 

sort of voltage levels do they f ind?  

GINER: We have at tempted a 5 C. d i scharge .  That  
i s  1 2  minutes.  

SCHULW: What sort of voltage levels do you see 
a t  the 5 C. d i s c h a r g e  r a t e ?  

< 

SWETTE: Letts seer That's 5 C. The mid-discharge i 
f 
I 



v o l t a g e  is about  1.06 v o l t s ,  and t h e  midcharge v o l t e g e ,  a s  
I r e c a l l ,  was about 1.7 v o l t s  a t  t h e  5 C. r a t e .  

SCHULMAN: Have you any f e e l i n g  about  what would 
happen i f  you went t o  t h e  20 C.  d i scharge  r a t e ?  

SWETTE: I guess  f t would h e ~ t  up a l i t t l e  b i t .  

( Laughter . ) 
G I N E R :  We t h i n k  it can be done because t h e  

nickel-cadmium does i t ,  t h e  nickel-hydrogen does i t  Setter. 
And t h a t  was f o r  an a i r c r a f t  s t a r t i n g  b a t t e r y ,  you wotld 
Mant these vezy h igh th ings .  And t h e  hydrogen is  l o a f i n g  
i n  this type  of operaticii. A hydrogen-oxygen fuel c e l l  
can o p e r a t e  on t o p  of 5,000 amps p e r  square f o o t ,  and 
we're o p s r a t i n g  he re  the 5 C. r a t e ,  about 100 amperes per 
square  f o o t .  

So ,  the p o t e n t i a l  f o r  t h e  nega t ive  e l e c t r o d e  i s  
enormous. 

STEINHAUEH: I t  seems t h a t  t h i s  nickel-hydrogen 
development has come to f a i r l y  r a p i 2 ,  optimum type  r e s u l t s  
i n  a s h o r t  t i m e ,  ccmpared t o  hydrogen-oxygen. The cycles 
you ' re  showing are good f o r  synchronous; y e t  t o  be proven 
for low earth. 

I guess i n  l i g h t  of t h i s  o ~ t i m i s m ,  I ' d  l i k e  t o  
ask e i t h e r  Goddard, o r  Air Force,  are any f l i g h t  experiments  
in t h e  p lanning?  

VOICES Hear, hear. 

FORD: That depends on what you c a l l  "p laas ."  

I w i l l  say t h a t  my assessment  is t h a t  I ' v e  heard  
comments around today t h a t .  v e l l ,  w i l l  t h i s  r e a l l y  r e p l a c e  
the nickel-cafmium. And I'm r o t  going to  s t a n d  h e r e  and say 
that today,  and say  it w i l l .  I th ink  t h e r e  a r e  c e r t a i n  
a p p l i c a t i o n s  that it looks h i g h l y  d e s i r a b l e ,  t h a t  i t  could  
replace i t ,  And i t  is  one of t h e  f e w  systems t h a t  I ' v e  seen 
i n  the last f i v e  y e a r s ,  t h a t  it  has  t h e  h i g h e s t  p o t e n t i a l  of 
replacing it, and we are d e f i n i t e l y  i n t e r e s t e d  i n  t h i s  for 
aynchronous orbit, but even moreso, an a p p l i c a t i o n  of low 
earth orbit. 

And we are planning to  pursue that .  Does t h a t  
urrrwcrr ycrur quertion? 
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d h l l  BENE : Denny, NASA/Langley . I ' v e  cjot a q u e s t i o n  
f o r  Marty K l e i n ,  The separator  system y o u ' r e  us i? lg ,  po t t s s ium-  
t i t i n a t s .  What t y p e  of s t r u c t x e  does  t h a t  haa2e? 

KLEIX: N c l l ,  i t ' s  a  Tef Ion-bonded po ta s s ium 
t i t i n a t e .  I d o n ' t  know i f  y o u ' r e  familiar with i t .  P o t a s s i u n  
t i t i n a t c  comes as a pigment .  I g u e s s  -- i t ' s  a f i b e r ,  b c t  
I t h i n k  t h e  diameter i s  a t e n t h  ~f a micron ,  and t h e  l e n q t h  
is  a  coup le  of microns ,  and we make t h a t  i n t o  a s h e e t  t h a t ' s  
abou t  75 p e r c e n t  porous ,  and t he  everage pore s i z e  i s  -- I 
d o n ' t  know. P r e t t y  s m a l l .  

But  i t ' s  more o f  a mat type  m a t ~ r i a l  rather than  
these open mesh t y p e  po lyp ropy lenes .  

DUNLOP: You might  ment ion how that was deve loped .  

KLEIN: Yea, t h a t ' s  an outgrowch o f  t h e  r e g e n e r a t i v e  
f u e l  cell. A l o t  05 t h e  m a t e r i a l  tcchn,loyry h e r e  i s  ob' \r icusly 
an outgrowth of r e y s n e r a t i v e  f u e l  c e l l  work; the p r e s s u r e  
v e s s e l ,  the hydro2en e l e c t r o d e ,  and even t h i s  po ta s s ium t i t i n a t e  
work. 

GINER: I would l i k e  t o  rnake a p o i n t  t o  t h a t ,  and 
o h v i o u s i y ,  i n  the nicke l -hydrogen ,  you d o n ' t  need e n  
i r p e r v i o u s  separator. And tie. a r e  u s i n g ,  a t  t h e  mor;,ent, a t  
least  -- we are u s i n g  po lyp ropy lcnc  w i t h o u t  any problem,  and 
I t h i n k  t h a t  t h e  d i f f e r e n c e  between -- h a r t y ,  i n  our work, 
is :hat we're u s i n g  d i f f e r e n t  t echnology  r e g a r d i n g  t h e  
p o s i t i v e  e l e c t r o d e .  

P?e d o n ' t  see, f o ~  i n s t a n c e ,  a need w i t h  the 
s inker  electrode t o  u s e  these s p r i n g s  t o  keep t h e  pack irom 
expanding and contraat,ing. Iu'vi, yo11 know t h e  f a c t  t h a t  if 
you used pres*>cd eieetzodes zskes alsc ,  force- you tc use 
an i n o r g a n i c  s e p a r a t o r .  

KLEIN: I d o n ' t  know, really. We just chose ,  
r i g h t  off t he  b a t .  That's t h e  m a t e r i a l  we were makixg; we 
had, and 1 knew ?ts c h a r a c t e r i s t i c s ,  and  I knew i t  was very 
stable i n  t h a t  k i n d  of environment .  T h a t ' s  what we started 
to  work w i t h .  

GINER : I t  has t h e  d e f i n i t e  advantage of t empera tu re .  
Xn other wcrds, because it's i n o r g a n i c ,  f o r  i n s t a n c e ,  :*ou can -- 

r-, I 
L .  XLEINt I d o n ' t  know. I mean, we listened a l l  

day yestarday t o  the Fros and cons of po lyp ropy lene ,  I had 
#-thing I knew, anC 1 stuck with i t .  

S 

.-. '* \ ' ,:, -. - 



DUNLOP: V7e11, I ' l l  make a comment "hat  t h i s  is 
a tough area we're i n t o  now. C e r t a i n l y ,  both  of t h e s e  systems, 
the pressed  e l e c t r o d e  w i t h  potassium t i t i n a t e  and the  inter 
e l e c t r o d e s  wi th  t h e  Hercules ,  polypropylene s e p a r a t o r s ,  both 
those sys t e n s  have demonstrated over a thousand c y c l e s  o f  
o p e r a t i o n  with no problems i n  il?e e l e c t r c l y t e  mesh. Both 
those  two systems work. 

Now, t h e  t h i n g  I want t o  avoid h e r e  i s ,  y o u ' r e  
t a l k i n g  about  a l o t  of different combinations, and w e  h a v e n ' t  
even s t a r t e d  t o  talk about  o t h e r  c ~ ~ n b i n a t i o n s  of hydrogen 
electrodes y e t .  

So, you d o n ' t  s o l v e  a l l  a£ t h e  problems. What 
we r e a l l y ,  b a s i c a l l y  s a i d  h e r e  t o  d a t e  i s  t h a t  w e  know i f  
we t a k e  ccnven t iona l  s t u f f  t h a t ' s  a v a i l a b i e  , thet 's conven- 
t i o n a l  SAFT o r  anybody else's s i n t e r e d  e l e c t r o d e s ,  or Marty's 
pressed  electrode, and a combination -- w e  can p ~ ~ t  i t  together 
and tie can m a k e  it work. 

Row t h e r e  a r e  a l o t  of ways to opt imize  t h i s  system 
that a r e  second o r d e r  e f f e c t s ,  which w e  are j u s t  beginning 
t o  look a t .  B u t  I th ink  the p o i n t  that somebody b r o u g h ~  up 
he re  a l i t t l e  bit ago was a very gocd one. Ke would l i k e  t o  
g e t  t h i s  into something where we couid denonstrate i t ,  because 
it does have some r e a l  p o t e n t i a l .  

It has  two big p o t e n t i e l s  f o r  a synchronous ce l l .  
And i t s  cyc le  l i f e  p o t e n t i a l  as w e l l  a s  energy d e n s i t y  poten- 
t i a l s ,  and i t ' s  ve ry  s u r p r i s i n g  when you buy both of t h e s e  
t h i n g s  i n  a new development. A s i g n i f i c a n t  energy d e n s i t y  
advantage, along with t h e  p o t e n t i a l  s i g n i f i c a n t  c y c l e  l i f e  
advantage, and then a l l  t h e s e  o t h e r  t h i n g s  t h a t  are s o r t  
of advantages i n  regard  charge c o n t r o l  and overcharging and 
state of charge i n d i c a t o r ,  those are benefits. The r e v e r s a l  
capabi l i ty  is a b e n e f i t ,  

So t h e r e  are a l o t  of things t h a t  look very  good 
about this cel l  a t  t h e  moment. 

GROSS: For -- 
DUNLOP: Floyd, you do have some other  people that  

want to talk. 



GROSS: For c l o s e  e a r t h  o r b i t  a p p l i c a t i o n s ,  w e  
want many c y c l e s .  Probably a pressed n i c k e l  e l e c t r o d e  
wou ldn ' t  b e  adequate ;  you might  be i n t e r e s t e d  i n  t h i n k i n g  
more s e r i o u s l y  about  t h e  conven t iona l  s i n t e r e d  n i c k e l  e l e c t r o d e  
for t h i s  k i n d  of a p p l i c a t i o n ,  what k ind  o f  energy density 
be p r o j e c t e d ?  

DUNLOP : For which? 

GROSS : The nickel-hydrogen . 
DUNLOP: Well, w e  -- i f  y o u ' r e  t a l k i n g  about  a 

s i x  month a p p l i c a t i o n ,  or y o u ' r e  t a l k i n g  -- i t  depends -- 
t h e  q u e s t i o n  i s  how good t h e  n i c k e l  e l e c t r o d e  is .  T h a t ' s  
r e a l l y  what it comes down t o .  And i t ' s  r e a l l y  a q u e s t i o n  
that the l i m i t a t i o n  i s ,  can you d i s c h a r g e  it 1 3  percent, 
and o p e r a t e  it f o r  6,030 cycles, and t h e  p o i n t  t h a t  I made 
e a r l i e r  i s  we're running  that t e s t  r i g h t  now with d i f f e r e n t  
electroc?e s t r u c t u r e s ,  and we're minimizing the overcha rge ,  
because t h e  q u e s t i o n  about  t h a t  tes t  is ,  i s  it an ove rcha rge ,  
o r  i s  i t  a d e p t !  of  d i s c h a r g e  which k i l l s  that n i c k e l  e l e c t r o d e ,  
and I guess people d o n ' t  r e a l l y  know t h e  answer t o  t h a t  l 

q u e s t i o n  r i g h t  now. 

GINER: Yes, but t h e  q u e s t i o n ,  I t h i n k ,  was, 
when you s u b s t i t u t e  the pressed e l e c t r o d e  by t h e  sintcr 
e l e c t r o s e ,  the energy d e n s i t y  goes down, o r  you assume 
tha t  it goes down. I t h i n k  that w i l l  change. 

I 

KLEIN: I ' l l  d i f f e r .  I would s a y  my numbers show 
about  a 5 watt hour per pound d i f f e r e n t i a l .  

I ,  

GXNER: If we can g e t  30 watts-hour  per pound, 
w i t h  the s i n t e r e d  p l l t e s .  

DUNLOP: We d o n ' t  t h i n k  there's much d i f f e r e n c e .  . 

(Laughter . ) 
I 

WEBSTER: J i m ,  what have you done w i t h  s t u d y i n g  
charge eff ic iency? You say t h i s  c e l l  is  s e l f - d i s c h a r g i r i g ,  -- 

DUNLOP: Somebody s a i d  t h a t ,  but t h a t  was over  
two days. It took t w o  days. And see, i f  y o u ' r e  t a l k i n g  
about a one hour  ra te ,  it's a neg l ig ib l e  effect.  You're  
t a l k i n g  about  something t h a t ' s  very -- i t ' s  not  much d i f -  
ferent than the nickel-cadmium. 



WEBSTER: I thought  you s a i d  i t  l o s t  50 p e r c e n t  
i n  a week. 

DUNLOP: Yes, b u t  I th ink  t h a t ' s  what -- I ' m  n o t  
s u r e  what t h a t  c e l l  l o s t  i n  n week. I t  might have been 50 
p e r c e n t  i n  a week,  b u t  even i f  it is 50 p e r c e n t  i n  a week, 
t h a t ' s  s t i l l  -.- t h a t ' s  l i k e  10  p e r c e n t  i n  a day.  T h a t ' s  
100 p e r c e n t  i n  ah hour. A t  t h e  C/100 r a t e ,  and i t ' s  a 
n e g l i g i b l e  t h i n g ,  i t ' s  a n e g l i g i b l e  e f f e c t  i n  terms of 
charge e f f i c i e n c y  . 

The s e l f - d i s c h a r g e  i n  a n ickel -ca?  c e l l ' s  about 
C/100, roughly. 

FORD: We have a coupie more s h o r t  p r e s e n t a t i o n s  
we'd l i k e  t o  fo l low up w i t h ,  r e z l i z i n g  t h a t  some people have 
t o  l e a v e  becaxe of f l i g h t s  and t h i s  type of t h i n g ,  but I 
t h i n k  the next  ones will be i n t e r e s t e d .  

Next paper I have is by Gene S t roup ,  and i t ' s  on t 

the r a d i o  astronony e x p l o r e r  s a t e l l i t e  b a t t e r y .  

Gene. 

STROUP: Let  m e  have the f i r s t  s l i d e  t h e r e ,  please .  

( S l i d e  154.) , / 

The radio astronomy e x p l o r e r  s a t e l l i t e  was launched , , 
i n t o  a  t h r e e  hour o r b i t ,  t h r e e  hour  and 45 minute earth o r b i t ,  
on the f o u r t h  day of J u l y ,  1968. I t  i s  s t i l l  o p e r a t i o n a l ;  
i t ' s  mission i s  t h e  making of v r y  low frequency,  r a d i o  
astronomy s t u d i e s  , from w i t h o u t  t h e  e a r t h ' s  atmosphere. The 
s a t e l l i t e  i s  o r i e n t e d  w i t h  r e s p e c t  t o  the  e a r t h  by g r a v i t y  - 
g r a d i e n t  s t a b i l i z a t i o n .  

Next s l i d e ,  p l e a s e ,  J e r r y .  I 

(S l ide  155.) 

There are two, 315 foo t  damper booms extended i n  
o p p o s i t e  d i r e c t i o n s ,  f o r  a t o t a l  span of 630 feet .  There 
are four  r e t r a c t i b l e  antenna booms, each extending 750 feet, 
forming an array i n  the shape of an X,  which measures 1500 
feet between extermities. 



( S l i d e  156. ) 

The b a t t e r y  c o n s i s t s  of n s i n g l e  package of twelve 
ser ies-connected  6 ampere hour  h e r m e t i c a l l y  s e a l e d ,  c e n t e r  
p l a t e ,  Gulton-manuf ed a l k a l i n e  c e l l s .  There a r e  ceramic 
t o  metal bushings :,. d each t e rmina l .  The cans a r e  deep- 
drawn, s t a i n l e s s  s : 5th h e l i a r c  welded c l o s u r e s .  The 
p la tes  are separaicd w l t h  non-woven nylon. 

E levfn  of t h e  c e l l s  are improved v e r s i o n s  of t h e  
nickel-cadmium cype f i r s t  flown on t h e  i n t e r n a t i o n a l  s a t e l l i . t e  
A e r i a l  1, a t  7. depth of d i scharge  of 2 percen t .  

The t w e l f t h  c e l l  i s  cadmium-cadmium, which i s  
r e f e r r e d  t o  a s  a Coulometer, and i s  manufactures i n  accordance 
w i t h  NE&A/Goddard pate-:t  346 36 7 3 ,  dated  August 2 6 ,  19 69.  The 
Coulometer i s  ma.& o f  t h e  same materia2.s as t h e  cickel-cadmiun; 
c e l l ,  s u b s t i t u t i n g  a nega t ive  e:ectrodc s t a c k  f o r  t h e  p o s i t i v e  
e l e c t r o d e  stack, and d o u b l i ~ i g  up on t h e  amount cf s e p a x a t o r  
m a t e r i a l s ,  then f lood ing  with e l e c f r o l y t e .  

L i f e  tests have i n d i c a t e d  t h a t  t h e  Coulometer i s  
e q u a l  t o ,  and b e t t e r ,  t h a n  i t s  nicke3--cad1?.iun c o u n t e r p a r t .  
The Couion!ctcr snccld be made of the ~ n d t e r i a l s  contained 
i n  t k 2  nickel-cadmium cell w i t h  which i t  is t o  operate.  
The Coulometer measures t h e  ampere seconds of discharge 
dur ing  which time the p o s i t i v e l y  connected e l e c t r o d e  is  be ing  
reduced, and the negative-connected e l e c t r o d e  is  be ing  
oxidized .  

And no v o l t a g e  s i g n a l  of less t h a n  60  m i l l i v o l t s  
i s  observed dur ing  t h i s  charge and charge.  W h i l e  c b ~ r g i n g ,  
t h e  p s s i t i v e l y  c o n n e c t e d  e l e c t r o d e  is  o x i d i z e d ,  and t h e  
negat ive  i s  being reduced wi th  a nu1 v o l t s  o f  less than 
50 m i l l i v o l t s ,  u n t i l  the positive i s  p o l a r i z e < ,  sending t h e  
vo l tage  up towards t h e  gass ing  p o t e n t i a l ,  1.45 v o l t s .  

In the RAE b a t t e r y ,  a semiconductor j u n c t i o n  i s  
across the ki lomzte r ,  bypassing t h e  c u r r e n t  when the v o l t a g e  
arises t o  500 r n i l i i v o l t s .  A shimmy r e s i s t o r  i s  p laced  i n  
the bypass c i rcui t  t o  l i m i t  the t r i c k l e  charge current to 
C/'3O, or about 200 mi l l iamperes .  

The performance of t h e  Coulometer and b a t t e r y  have 
been f l a w l e s s  throughout  the more than f a u r  years i n  o r b i t .  
The b a t t e r y  has  never been i n  undervoltage;  the battery 
temperature has r a i s e d  bettisen = and 35 degrees Cent igrade  
whilo in orbit .  The maximwr, depth of discharge  exper ienced 
i n  o r b i t  is about 65 perc2nt  of t h e  r a t e d  6 ampere hcur 
capacity . 



The end of  cha rge  v o l t a g e ,  f o l l o w i n g  a r e c e n t  
d i s c h a r g e ,  was t h e  same as t h a t  of t h e  f i r s t  c y c l e  expe r i enced  
i n  o r b i t .  The t e l e m e t e r e d  i n f o r m a t i o n  abou t  t h e  b a t t e r y  
c o n s i s t e d  of b a t t e r y  t e n p e r a t u r e  and bus  v o l t a 3 c .  

The n e x t  r a d i o  astrcnomy e x p l o r e r  m i s s i o n  w i l l  
provide f o r  t e l e m e t e r i n g  battery c u r r e n t  i n f o r m a t i o n .  And 
t h e  depth of discharge w i l l  be i n c r e a s e d  from 20 t o  30 
p e r c e n t  of r a t e d  c a k a c i t y .  

Next s l i d e ,  p l e a s e .  

Three manufac turers  of nickel-cadmium s p a c e c r a f t  
ce l ls  have a lde  v e r y  s a t i s f a c t o r y  cadrriium-cadmium Couloxeters 
f o r  t h e  space ayency. A q u e s t i o n  t h a t  may be for thcoming  i s ,  
how can one de termine  i f  t h e  cadmium-cadmiun Coulometer is  
made properly ' .  I t  d-oes n o t  store energy i n  any form; it i s  
n o t  c i -a rgeable  l i k e  the nickel-cadmium cel ls .  Thc q u a l i t y  
can  be d e t e r n i n e d  by placing t w o  p a r a l l e l  s i l i c o n  power 
diodes i n  o p p o s i t e  d i r e c t i o n s  across t h e  t e r m i n a l s  of t h e  
cells and then p a s s i n v  a c u r r e n t  at. a conven ien t  r a t e ,  such 
as  a C rate, through t h e  cel ls  a l t e r n a t e l y ,  w h i l e  r e c o r d i n g  
the ampere hour s  between vcltcrge peaks.  

Next, p l o t  t h e  ampere-hour v a l u e s  a g a i n s t  t h e  
h a l f  c y c l e  number. And if t h e  d e v i c e  i s  a good one ,  i t  w i l l  
y i e l d  a p l z t ~ a u  i n  15 t o  20 ,  25 h a l f  c y c l e s .  And t h a t ' s  
r e p r e s e n t e d  %-the t o p  cu rve  i n  this s l i d e .  

.. C 

Al%!!ough t h e  Coulornetcr f s g e n e r a l l y  l onge r - l i ved  
t h a n  its zickel-cadmium c o u n t e r p a r t , .  f.t w i l l  fail i n  t i m e ,  
and the mode o f  t h a t  f a i l u r e  i s  t h e  same as the nickel-cadmiun 
cell  a s s o c i a t e d  w i t h  it. NASA tests have been made and 
f a i l u r e  a n a l y s e s  been conducted ,  t h a t  reveal t he  p r e s e n c e  of 
cadmium hydroxide  th roughou t  the  separator m a t e r i a l ,  c a u s i n g  
s h o r t i n g  and f a i l e d  ce l l s .  The cadmium hydrox ide  forms 
d u r i n g  o x i d a t i o n  of t h e  n e g a t i v e  e l e c t r o d e ,  t h e  cadmium 
having  migrated to t h e  s e p a r a t o r  during negative r e d u c t i o n ,  

( S l i d e  158 . )  

RAE type cells were tested w i t h  Coulometer c o n t r o l  
w h i l e  mon i to r ing  i n t e r n a l  c e l l  pressures a t  tcz~axacures i n  
the range cf minus  20 t o  50 Gegrees C m t i g r a d e .  The zero 
test has Seen p icked  f cr  us t o  look a t  because  it i s  t h e  
lowest extrene experienced i n  s r b l t .  





, . r  -- 
--- 

The i n t e r n a l  p r e s s u r e s  were monitored cn  two 
cells and v a r i e d  3 PSI, pounds p e r  square  i n c h ,  over t h e  
e n t i r e  cycle. The temperature rise was recorded t o  2 degre  
Centigrade maximui. The s p e c i f i c  pressures noted may b e s t  
be desc r ibed  as  having been between one an6 two thirds of 
one atmosphere. 

Next, t h e  b a t t e r y  was charged cont inuously  a? 
C/30 r a t e  for 11 days a t  n inus  1 0  degrees  Cent igrade ,  and 
the p r e s s u r e  was noted t o  s t a b i l i z e  a t  20 pounds per s q u a r e  
inch  a b s o l u t e .  And t h e  temperature r i s e  s t a b i l i z e d  a t  2 
degrees Centigrade.  

F i r s t  viewgraph, p l e a s e .  

(Slide 159. )  

The f l i g h t  ba t  ..ery was made up of v i n t a g e  1966 
cells,  which were two : . -s o l d  a t  t h e  t i r . e  of lauzzh i n  
1968.  The c e l l s  were s t o z e d  i n  t h e  shorted c o n d i t i o n .  
The acceptance t e s t  inc luded  an e l e c t r o l y t e  leak test, 
using phenolphthale in .  An overcharge v o l t a g e  test a t  
t h e  C/10 and C/5 r a t e s  a t  room tempera ture .  A test for 
i n t e r n a l  shorting ter,dencies , and a c a p a c i t o r  check. 

The r e s u l t s  shown here are those for t h e  b a t t e r y  
that is  now i n  o r b i t  i n  the r a d i o  astronomy e x p l o r e r  A. 
The overcharge vo l t ages  were e s s e r i t i a l l y  all a t  1 .45  v o l t s .  
The c a p a c i t i e s  were remarkably uniform. The v o l t a g e  recovery ,  
fo l lowing s h o r t i n g ,  and the 24 hour open c i r c u i t  stand was 
q u i t e  good; a l l  w e l l  ove r  t h e  r e q u i r e d  1.15 v o l t s  minimum. 

These r e s u l t s  a r e  t h e  b e s t  ob ta ined  from c e l l s  
of this type  and size. 

Next viewgraph, p l e a s e .  

( S l i d e  160.) 

The f l i g h t  b a t t e r y  was f i n g e r p r i n t e d  by o p e r a t i n g  
i t  a t  temperatures and charge  and discharge rates t h a t  i t  i s  
expected t o  exper ience  i n  orbit. This i n f o r m t i o n  , t o  provide  
a base for i n t e r p r e t a t i o n  of t h e  telemetered infcrration, t h e  
minus 1 0  degrees Centigra.de t e s t ,  t d e n  d u r i n g  z;!e 125th  
d i s c h a r g e ,  and the 126th charge c y c l e  i s  shown here as an 
example cif those tests. 

The n u l l  v o l t a g e  of the  Colorneter dur ing  discharge  
and charge p e r i o d s ,  and the  rate  of rise t o  the end of  charge 



charge s i g n a l  v o l t a g e ,  of one h a l f  t o  o r e  v o l t ,  i s  r e a d i l y  
apparent  i n  this p l o t .  Each of t h e  e leven  c e l l  v o l t a g e s  a r e  
p l o t t e d ,  and they f a l l  one on top of t h e  o t h e r .  

1 . 25  ampere h o ~ r s  was removed dur ing  d i s c h a r g e ,  
and 1.57 ampere hours was r e t u r n e d  dur ing  charging.  The 
c e l l  vo l t age  a t  end of charge  was 1.49, dropping to  1.46 
on t r i c k l e .  

Next viewgraph, p l e a s e .  

( S l i d e  161.)  

The l a s t  complete d i scharge  of t h e  f l i g h t  b a t t e r y  
was conducted a t  t he  C/4 rzte. The battery d e l i v e r e d  5.74 
ampere hours t c  t h e  under vo l t age  cond i t ion  of 1 2  v o l t s .  The 
first c e l l  t o  be discharged y i e l d e d  6 . 4 5  ampere hours ,  and 
the l a s t  one dc;?n y i e l d e d  6.86 ampere hours.  

The RAE cycle dur ing  t h e  g r e a t e s t  dark exper ience ,  
was t o  r e q u i r e  n o t  more than  1 . 2  ampere hours .  This i l l u s -  
t r a t i o n  here was t h e  174th d i scharge  i n  t h e  f i n g e r p r i n t  
t e s t i n g  of these c e l l s  a t  Goddard Spnce F l i g h t  Center .  The 
test W ~ S  cond::cted i n  s tenipcrature charrber wi th  t h e  environ- 
ment a t  40 degrees Cent igrade .  

C e l l s  were s h o r t e d  when the vol tage  dropped t o  
less t h a n  one h a l f  v o l t ,  i n  o r d e r  t o  p reven t  r e v e r s a l .  

Las t  viewgraph, p l e a s e .  

( S l i d e  162.) 

Four 5 - c e l l  t e s t  s a r q l e s  from t h e  r a d i o  astronomy 
e x p l o r e r  A l o t  of nickel-cadmium cells were made and placed 
i n  NASA's space  b a t t e r y  e v a l u a t i o n  program a t  NAD/Crane 
t o  determine l i f e  c a p a b i l i t i e s  of the c c l l  at 25 p e r c e n t  
depth of discharge and tempera tures  of minus 20 ,  0, 25 
and 40 degrees Centigrade.  

The charge and 6 i s c h a r g e  r a t e s  were C / 2  i n  a l l  
cases. The results h e r e  sugges t  t h e  p r o p o s i t i o n  t h a t  l i f e  
expectancy varies i n v e r s e l y  with i n c r e a s i n g  tempera tures .  
The number of c y c l e s  ob ta ined  a t  minus 20 2cgrees Cent igrade  
was approximately t h r e e  times t h a t  of 40 degrees  Centigrade.  
And twice  that a t  ze ro  degrees Centigrade.  

That ' s  a l l ,  Floyd. Thank you. 
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FORD: Okay. Any q u e s t i o n s ?  

SCOTT: A w h i l e  ago, I had o c c a s l  on t o  review the 
i n f o r m a t i n n  a v a i l a b l e  i n  t h e  Crane test  r e p o r t s  on t e s t i n g  
of Coulometer ce l l s ,  and I found it h c r r i b l e .  You know, i t  
looked l i k e  80 p e r c e n t  g r o s s  failures, and a b i g  mess. Would 
you l i k e  t o  comment on  that? 

STROUP: Sure  would, W i l l .  Those were very  e a r l y  
samples t h a t  were made by some manufac tu re r s ,  and i t ' d  Se 
j u s t  as w e l l  n o t  t o  ment ion the m a n u f a c t u r e r s ,  even, t l l a t  
we were d e a l i n g  w i t h  a t  t h a t  t h e .  Those Co~lornete.. '~: :.c  ere 
us ing  o u t  there a t  that t i m e  were n o t  formed c o r r e c t l y .  That 
h e s  been c o r r e c t e d .  

SCOTT: Is t h e r e  any more r e c e n t  v i n t a g e -  type  
data, test data a v a i l s b l e  on Coul.ometer c e l l s ?  

STROIJP: By Crane,  as f a r  as -- ' d o n ' t  b e l i e v e  
they  have any tests going on out there w i t h  u s i n g  Coulometera.  
You see, we know what t h e  problem was on  t h o s e  p a r t i c u l a r  
cells.  I t  was strictly of  n o t  forming t o  t h e  hydrogen 
p l a t e a u  i n  each d i r e c t i o n .  And we even  found ,  t o  o u r  utter 
amazement and i ? ~ ~ ? - - r ,  t h a t  i n  one case,  they were b a c k f i l l i i i y  
w i t h  oxygen befb, _ ,hey c l o s e d  the Coulometor ce l l ,  the 
cadmium-, cadmium Coulome tsr . 

And a s  you know, one of  t h o s e  e l e c t r o d e s  i s  
reduced t o  a pretty p u r e  s t a t e  o f  cadmium which has n close 
r e l a t i o n s h i p  a c t i v a t i o n  as  far as oxygen i s  concerned ,  and 
t h e n  i n  this p a r t i c u l a r  case, t h e y  were semi-dry c e l l s ,  t o c .  1 

Thzy w e r e n ' t  f l o o d i n g  t h e  cells. 

So today ,  you n o t i c e d  one o f  the things I said in 
here  is ,  the Coulometers shou id  be f looded .  And t h a t  was 
another problem. F looding ,  even i f  i t  b a c k f i l l e d  with oxygen, 
may n o t  be t o o  bad ,  but  t h e  b i g  problem was t h e y  were n o t  
forming the cells t o  t h e  hydrogen p l a t e a u ,  and you have  t o  
get  up t o  1.65 v o l t s  and h o l d  i t  t h e r e  f o r  a w h i l e .  

STEINXALIER: J e a n ,  d i d  you -- d i d  I unde r s t and  
you to  say t h a t  you s p e c i f i c a l l y  i d e n t i f i e d  cadmium hydroxide 
as the migrating s p e c i e s .  

STROUP: I believe what I s a i d  was the Crane  had. 
I'm not  s u r e .  I didn't p e r s o n a l l y  do the a n a l y s i s .  

FORD: Other ques ti on8 , cornmento? 

Okay, a t  this time, I'd l i k e  t o  do something that's 



dh20 a l i t t l e  b i t  u n u s u a l ,  b u t  we 'd  l i k e  t o  u s e  your  e x p e r t i s e  t o  
h e l p  us  improve o u r  own programs,  and i n  h e l p i n g  us  improve 
o u r  programs,  we hope wo improve t h e  i n f o r m a t i o n  t h a t  we get 
to  you. 

Now Crane f o r  s e v e r a l  years has been  r u n n i n g  an 
accep tance  test. I 'rn s u r e  p r a c t i c a l l y  everyone  h e r e  has 
t h e s e  l i t t l e  r e p o r t s  s t a s h e d  away somewhere. Whether you 
use them or n o t  i s  another q u e s t i o n .  We a r e  c u r r e n t l y  
r ev i ewing  the Crane accep tance  t e s t ,  and are  making r e v i s i o n s  
t o  i t .  9nd we ' r e  go ing  tb g i v e  you an o p p o r t u n i t y  t o  look 
a t  what we're p ropos ing ,  we meaning Goddard and Crane ,  as a 
j o i n t  e f f o r t  t o  come up w i t h  a new accep tance  test  p l a n  on 
cells. We'd l i k e  your comment, your  c r i t i q u e ,  and tell us 
j u s t  what you t h i n k  abou t  it. 

A t  this time, I'd l i k e  f o r  Don t o  cone up and 
p r e s e n t  his viewgrzph,  

MAINS : As Floyd ment ioned,  most o f  you may have 
a l r e a d y  seen c g p i e s  of  o u r  accepixmce t e s t s ,  b u t  i n  t h r ~  
e v e n t  you h a v e n ' t ,  I though t  I'd v e r y  b r i e f l y  summaxim 
what we do . 

( S l i d e  163.) 

As scon  as t h e  cel ls  are r e c e i v e d ,  we l o g  them i n ,  
T h e i r  measurements been t a k m  and r e c o r d e d ,  w e  t h e n  leak 
check them, and this i s  done f i r s t  w i t h  a p h e n o l p h t h a l e i n  
i n d i c a t o r ,  then we c l e a n  t h e  cells. I f  t hey  hove shown any 
i n d i c a t i o n s  o f  l e a k a g e ,  t h e y ' r e  r e l e a k  checked ,  cind c l e a n e d  
a g a i n .  Ke then run  three capacity c y c l e s ,  as noted on t h e  
viewgraph,  fo l lowed  t h e n  w i t h  an i n t e r n a l  s h o r t  tes t  of a 
d i s c h a r g e ,  a half-ohm res is tor  p l a c e d  a c r o s s  t h e  c e l l  for 
1 6  h o u r s ,  t h e n  t h e  c e l l  p l a c e d  on open c i r c u i t  and +he 24  
hour  open c i r c u i t  voltage  r eco rded .  

We t h e n  f of low t h t s  w i t h  another l e a k  t e s t  which 
c o n s i s t s  of a h i g h  vacuum s t a t e  f o r  2 4  h o u r s ,  and t h e n  a 
p h e n o l p h t h a l e i n  leak check,  and t h c  cells  t h e n  are c l eaned .  
They ' r e  then p l aced  on an ove rcha rge  t e s t ,  which c o n s i s t s  of 
a charge a t  C/10 f o r  16 h o u r s ,  fo l lowed  then w i t h  a C/20 f o r  
16  hours and a C/10 for 16 hour s  a g a i n .  Each rate,  w e  l i m i t  
the v o l t a g e  t o  one and a h a l f  v o l t s  pe r  ce l l .  I f  t h e  ce l l  
reaches that  v o l t a g e ,  it is  d i s c o n t i n u e d  on t h i s  p a r t  of the  
t e s t  . 

We then f o l l o w  t h i s  w i t h  an  i n t e r n a l  r e s i s t a n c e  
check, using the Hewlitt-Packard m i l l i o h m e t e r ,  which gives 



u s  very  c o n s i s t e n t  i n t e r n a l  r e s i s t a n c e  measurements.  And 
thcr~  we d i s c h a r g e  t h e  cells down t o  0 v o l t s ,  shor t  the 
t e r m i n a l s ,  t h e n  r e p e a t  t h e  h i q h  vacuum l eak t e s t  where t h e  
cells a r c  t h e n  e i t h e r  placed on s t o r a g e  o r  i n t o  a program. 
depending on what t h e  n e x t  step i n  t h e  program is.  

The next viewgraph shows t h e  new approach t h a t  
w e  a r e  now look ing  a t .  We're s t i l l  plannir ig  on l o g g i n g  
them i n ,  measur ing ,  and weighing them, so t h a t  we have some 
base i n f o r m a t i o n .  The leak t e s t  w i l l  t hen  foll.ow, by u s i n g  
t!m high vacuum p h e n o l p h t h a l e i n  i n d i c a t o r ,  a r d  c l e a n i n g  of 
the cells.  

We ' l l  t h e n  f o l l o w  t h i s  w i t h  t h e  t h r e e  c a p a c i t y  
c y c l e s  as b e f o r e ,  b u t  i n s t e a d  o f ,  o r  d u r i n g  the t h i r d  
charge test, we' ll run t h e  i n t e r n a l  r e s i s t a n c e  check with 
t h e  milliohmrnt?ter, Th i s  w i l l  t h e n  be followed by the 
i n t e r n a l  r e s i s t a n c e  tests as before. 

The next slide. 

( S l i d e  164.) 

Fell-owing this, w e ' l l  run a cllnrgz e i l i c i e n c y  
test, c o n s i s t i n g  of a cha rge  at C/40 for 20 h o u r s ,  and t.hen 
a 2 4  hour  stand, t h e n  d i s c h a r g e  a t  C / 2  t o  .5 v o l t s ,  And 
t h e n  a cornpaxison v i l l  be made of t h e  capacity r ecove red  as 
t o  that p u t  i n .  

We'll f o l l o w  t h i s  test  with an ove rcha rge  tes t ,  
c o n s i s t i n g  of a C/20 charge f o r  60 h o u r s ,  watch ing  the 
v o l t a g e  and px~ssure, and t h e n  a discharge a t  C/2 t o  . 5  
v o l t s .  T h i s ,  t h e n  w i l l  be  fo l lowed  by a n o t h e r  C/10 
c h a r g e  for 2 4  hour s .  The p r e v i o u s  test, I shou ld  have 
ment ioned,  would be a t  0 d e g r e e s  Cen t ig rade .  This one, 
then, w i l l  be run a t  35 degrees C. And t h e n  d i s c h a r g e d  
at the C/2 rate t o  , 5  v o l t s .  

We w i l l  ther! fo l low t h i s  w i t h  a n o t h e r  l e a k  check. 
This time, s imp ly  s p r a y i n g  with p h e n o l p t h a l e i n  and c l e a n i n g  \ 

the cells. 

A t  t h i s  t i m e ,  I ' d  like t o  open the f l o o r  up f o r  
d i s c u s s i o n  or comments,  recommendation^ that anyone might  
have. 

tJERT8EIM: Wertheim, Grman.  Could I c l a r i f y  a 
coup le  of points  h e r e ,  Don. I noticed that i n  your o r i g i n a l  j 

c o n d i t i o n i n g ,  you cha rged  t o  1 , 5 5  per cell as the limit, 
and whereas i n  y o u r  overcharge test, you o n l y  g o  t o  1,s. I 
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What was t h e  r eason  f o r  t h a t  p a r t i c u l a r  change? 

M A I N S :  Well b a s i c a l l y  on t h e  overcharge  t es t ,  
you have a l o t  of heating i n  t h a t ,  aiid we were wanting t o  
b e  s u r e  we d i d n ' t  go i n t o  thermal  runaway. So  t h a t  n c m a l l y  
the c e l l s  are nlrea2y q t o  t h e i r  maximum v o l t a g e .  And i f  
we exceed t \ e  1.50, w e  tend t o  go i n t o  the rma l  runaway, 
which w e  had done on a f e w  occas ions  e a r l y  i n  t h e  program. 
So t h a t ' s  t h e  r eason  we lowered t h a t  p a r t i c u l a r  l i m i t .  

WERTHEIM: What, e x a c t l y ,  d i d  you Sean by t h e  
h igh  v o l t a g e  -- high  vacuum tes t ,  excuse m e .  

PAINS: We placed t h e  cells in a k igh  vacuum 
chamber. I t ' s  about  -- I b e l i e v e  i t ' s  10 '~  f o r  2 4  hours .  
The c e l l s  are p laced  i n  there i n  an a t t e m p t  t o  p u l l  any 
gas o r  KOH o u t  of t\e cell i f  t h e r e  is  a very small l eak .  
And we found t h z t  p r e v i o u s l y ,  we'd  been running  this a t  
room ambient p r e s s u r e s ,  and we w e r e n ' t  getting any leaks  
o r  we were t r y i n g ,  and t h e  o r i g i n a l  t e s t  was a b ~ b l e  test, 
where you vould p'ace them i n  a c o n t a i n e r  of w a t e r ,  and 
p u l l  a  vacuum on a complete c o n t a i n e r ,  l ook ing  f o r  bubbles. 

B o t h  nethods d i d n ' t  n e t  us any leakers.  <o we 
f e l t  t h a t  by going t o  t h e  h i g h e r  vanurn,  we might f i n d  scme. 
The manufac turers  ere g e t t i n g  b e t t e r  and b e t t e r ,  so we're 
s t i l l  findicg f e w  leaks. 

IERTHEIM: Can I just get i n  one more, Harvey? 
I n  connect ion  wi th  t h a t ,  wou ldn ' t  you have a more meaningful  
test t h e r e  i f  you were f u l l y  charged? 

FAINS: Probably ,  because  of  t h e  gas p r e s s u r e  
i n s i d e .  This  was s m e t h i n ~  we thought  abou t ,  b a t  because 
of the p r o ~ e d u r e ,  we had s t a r t e d  when w e  were  placing t h e  
c e l l s  i n  the wate r  bath,  they  were always i n  the d i scha rged  
s t a t e ,  and we cont inued  t h a t  p r a c t i c e  when w e  went i n t o  the 
h i g h  vacuum tank.  

VOICE: I would suggest it.  

SEIGER: What's t h e  p h i l ~ s o p h y  , and what's t he  
c r i t e r i a  i n  t h e  charge  e f f i c i e r i c y  t e s t  a t  t h e  C/4O? 

FORD: T h a t ' s  my test. W e  have ,  i n  t h e  l a s t  six 
months -- we stumbled on this, b e l i e v e  i t  o r  n o t ,  f o r  reasons 
t h a t  I d o n ' t  v a n t  t o  go i n t o .  We found that t h i s  p a r t i c u l a r  
test  condit . ion a t  20 degrees C., a C/40 cha rge ,  for 20 h o u r s ,  
so we p u t  i n  h a l f  the  rated c a p a c i t y  a t  C/40 xate.  



And t h e  C02 d i s c h a r g e ;  i n c i d e n t a l l y ,  I d o n ' t  t h i n k  
there's an open c i r c u i t  s t a n d  t h e r e  t h a t  w e  have t o .  Our 
test immediately  f o l l o w s  it w i t h  a C02 d i s c h a r g e .  We're 
look ing  f o r  the d e l i v e r a b l e  c a p a c i t y  o u t ,  v e r s u s  a p e r c e n t  
of what we took i n ,  or p u t  i n .  

We f i n d  r a n g e s  from 50 p e r c e n t  t o  a l i t t l e  better 
t h a n  70 p e r c e n t .  Now, o b v i o u s l y ,  f o r  c e r t a i n  a p p l i c a t i o n s ,  
you may not b e  ccncerned  about t h i s .  For synchronous appl ica-  
t i o n s ,  where ycz're c h a r g i n g  a t  l o w  r a t e ,  a l o t  of t h e  t i m e s  
you are concerned about t h i s  t y p e  cf charye e f f i c i e n c y .  
ac?~a:s~ yciu're runn ing  a t  a lower s ta te  cf charge; y o u ' r e  
not always i n  on t h e  charge .  

SEIGER:  I'd like to comment t h a t  t h e r e  has  been 
some p u b l i s h e d  i n f o r m a t i o n  showing t h a t  the  charge e f f i c i e n c y  
i s  lower a t  l o v e r  c u r r e n t  densities. And bccause i t  i s  a 
lower  current d e n s i t y ,  t h e  result might  be dependent  on 
cell des ign .  

FORD: Okay. 

WARINER: Warinerof Huqhes. Do you have ally o t h e r  
p r o v i s i o r ~  for  a b u r n - i n ,  or any c y c l i n g  other than  ycur 
capacity test? 

FORD: No, there i s  no  c y c l i n g  in t h i s  program. 
And t h a t  may be a d e f i c i e n c y  i n  t h e  test .  I d o n ' t  defend t h a t .  
These cells that Crane r e c e i v e s ,  it s u b j e c t s  t o  an acceptance 
test ,  whatever i t  nay be,  o r  it's d e s t i n e d  f o r  a c y c l i n g  
prograin. Some t y p e  of flight program, by t h e  very fact 
that t h e y ' r e  there. 

I don't know if I answersd the ques t ion  or n o t .  

WARINER: No, we've had e x p e r i e n c e  t h i n k i n g  we'd 
f i n 2  something af ter ,  oh,  15 days of c y c i i n g ,  or t h i n k i n g  
that we g e t  a good check on p o s s i b l e  leak tests,  t h i n g s  of 
that sor t .  Burn-in type  of t h i n g .  

FORD: T h a t ' s  a v s r y  v a l i d  point. 

MAURER: I have a cement on t h e  e f f i c i e n c y  test. 
We have found t h a t  if you take a c e l l  completely d i s c h a r g e d  
and cha rge  it f o r  l e t ' s  say, r e t u r n  1 0  p e r c e n t  of the c h a r g e ,  
and t r y  t o  d i s c h a r g e  it, you may or may not get  any th ing  oii'i. 
We've s e e n  sane cases where there was no c a p a c i t y  a t  a l l  m d e x  
t h ~ s e  circumstances, and it seems t o  be related to t h i s  
diffusion-controlled process that I mentioned earlier o n  t h e  



p o s i t i v e  e l e c t r o d e .  I t ' s  a l s o  a d i f f u s i o n  c o n t r o l l e d  
p r o c e s s  on c h a r g e ,  and you simply d o n ' t  have enough cha rge  
back i n  a f t e r  you've shorted the cel l  o v e r n i g h t  t o  p r o v i d e  
any non-d i f fus ion  c o n t r o l  d i s c h a r g e .  

So, you have t h i s  tcst i r x i e d i a t e l y  f o l l c w i n g  t h e  
open circuit r ecove ry  v o i t a g e  t e s t ,  and i n  t h i s  p o s i t i o n ,  i t  
w i l l  have t h e  l o w e s t  efficiency, If ycu d i d  t h e  t e s t  a f t e r  
a normal d i s c h a r g e  t o  1 v o l t  or half a v o l t ,  I t h i n k  you 'd  
g e t  higher e f f i c i e n c y .  

FORD: T h a t ' s  a  very  good p o i n t .  Thank you. 

GASTON: Gaston,  Grurrman. You impl i ed  that you 
measured the p r e s s u r e ,  but you d i d n ' t  e x a c t l y  state it. 
Did you measure t h e  p r e s s u r e  of  each c e l l ,  do you have 
a p r e s s u r e  n e a s u r i n g  dev ice?  

FORD: The pressure is  o n l y  m a s u r e d ,  S t e v e ,  on 
those cells  we s h i p  o u t  with yauges. N ~ w ,  that 17=rf~s  Lror. 
program t o  program. Some i n  fli$it programs, w e  nay have 
no gauges. I n  development p r o g r m s ,  w e  w i l l  t y p i c a l l y  
have 60 p e r c e n t  or nore of t h e  cc1l.s t ? i t !  sane type 0'; 
p r e s s u r e - n e g a t i v e  d e v i c e .  

GASWN: AnoL\er conment, You d i d n '  4 m e n t i o ~  i t ,  
but I'm sure ~06'11 r e s t r a i n  each  c e l l  separ?.cely.  Do you 
have developed  a uni form mechanical  p r e l o a d  v a l u e ,  o r  is  
it j u s t  an end  t i g h t e n e d  -- 

MAINS: We t r i e d  u s i n g  a t c r q u e  wrench s e t t i n g ,  
and found t h a t  w e  could g e t  r e a l l y  nore c o n s i s t e n t  t i g h t e n i n g  
Cy u s i n g  just a f i n g e r  t i , h t  on t h e  r e s t r a i n e r  p l a t e s ,  
because  t h e  t h r e a d  r e s i s t a n c e  was g e t t i n g  m t o  the a r e a  
of what xe wanted t h e  torque t o .  And we d o n ' t  use a wrench 
or any th ing  l i k e  t h i s ;  just f i n g e r - t i g h t  on the  r e s t r a i n e r  
p l a t e s ,  we found t h i s  t o  h e  very adequa te .  

STEINHAUER: What 's  t h e  purpose of t h e  C/10, 35 
degrees C. ove rcha rge  t e s t ?  

FORE: It's more or  less, i f  you want t o  ca l l  i t  
a charge e f f i c i e n c y  t e s t ,  i t ' s  t o  see just how much C L  t h e  
ampere hour s  you can s tore  under t h a t  c o n d i t i o n .  Again,  
based or! history, we know t h a t  when we charge a t  t h a t  
c o n d i t i o n ,  t h e  d i s c h a r g e  -- we should g e t  X p e r c e n t  of 
what we pass through on t h e  d i s c h a r g e .  

STEINHAUER: What, are you go ing  t o  do t h i s  t o  



nylon  c e l l s ?  

FORD: That  w i l l  be i n c l u d e d  if we g o  with the 
p l a n  we have ,  yes .  

STEINHAUER: Xiere a r e  the rates a t  which y o u ' r e  
enhanc ing  cadmium migration a t  t h a t  t empera tu re?  

FORD: You know, I'd l i k e  t o  hear a l i t t l e  e l a b o r a -  
tion on t h a t  one. 

STEIKKAUER: I n  studying some possible  anomlies 
d u r i n g  launch sequences ,  w e  have found t h a t  you c2:: i ~ c r c d s e  
cadmium m i g r a t i o n  by s e v e r a l  times, like f i v e  ti:r.es, g s t t i ~ g  
up, you know, i n  t empera tu re s  s l i a h t l y  shove 100 Fah renhc . i t ,  I 
would t h i n k  t h a t  as you go up, and p a r t i c u l a r l y  i n  an over- 
charged  c o n d i t i o n ,  y o u ' r e  go ing  t o  be having  z prabiem.  

FORD: Okay. I t ' s  s t r i c t l y  a t r a d e - n f f  >cti+-en 
how much of t h e  d a t a  Is ~ s e f u i  to you,  and what  damage 
yuu  think you might  be do ing  i n t e r n a l l y  during t h e  roughly  
25 hour  p e r i o d ,  20 hour  p e r i o d  of t h e  tes t .  

WERTHEIM: E i t h e r  one of the gent lemen.  T h i s  
i s n ' t  meant t o  he an accep tance  test for c e l l s  as  T under  
s tand  it, right? 

FORD: Yes. 

WERTHEIM: On t h a t  b a s i s ,  when you do your  i n i t i a l  
height, w e i g h t ,  and so  f o r t h ,  would you do  a comple te  i n spec -  
tion? We have seen cells a t  t i n c s  t h a t  had o t h e r  mechanica i ,  
v i s u a l l y  o b s e r v a b l e  mechan ica l   rob lems . 

MAIMS: Yes, this i s  something I went  o v e r  r a t h e r  
q u i c k l y ,  b u t  as t h e  cells are b rough t  i n ,  t h e i r  s e r i a l  numbers 
are checked, t h e  cosn?etics of t h e  c e l l  i s  checked t o  make 
c e r t a i n  t h a t  t h e r e  aren' t any blemishes, c r a c k s ,  c r a z e s ,  
the seals are v i s u a l l y  i n s p e c t e d .  The whole t h i n g  i s  

i 

looked o v e r  a s  the person also carri9s oct cne weight 
measures and rprcr.?,s Li~ese.  T h e r e ' s  a checked remark 
s e c t i o n  on t h e  d a t a  s h e e t  for  them t o  note any anomal ies  
that they have uncovered i n  t h i s  -- a t  this p a r t i c u l a r  time. 

STEINHAUER: First, t o  e l a b o r a t e  a l i t t l e  b.i . 

Floyd,  on my l a s t  comment, t h i s  h i g h  t empera tu re  test chat 
we s i m u l a t e d  was l i k e  an eight hour  2erio3, s o  y e s ,  you car! 
i n c u r  s i g n i f i c a n t  change t o  the cell within a short pe r loZ .  



Second, what t y p e  o f  p h e n o l p h t h a l e i n  tes t s  a r e  
you runn ing ,  and do you c o n s i d e r  t h e s e  adequate. We've 
had s D m e  e x p e r i e n c e s  r e c e n t l y  t h a t  I think w e  need better 
l e a k  check ing  methods. 

MAINS:  A t  t h e  present tiy n, we are s p r a y i n g  a 
phemlph tha l e in  s o l u t i o n  of 50 p e r c e n t  a l c o h o l  and 50 
p e r c e n t  water on t h e  c e l l  termirels around f-he wclS ixieiis 
and so f o r t h ,  locking I o r  changes i n  c o l o r a t i o n .  

STEINHAUER: Yes, t h a t  s o l u t i o n  i t s e l f  can a c t u a l l y  
a c t  as a d i l u a n t ,  and you have  t o  watch ,  on a v e r y  small l e a k ,  
s u b t l e  l e a k ,  f o r  a f l ~ ~ h  o f  a p ink  c o l o r  which w i l l  r z p i d l y  
d i s a p p e a r ,  and i n  many cases, w e  have t o  per form t h i s  t y p e  
of tes t  ~ n d e r  a microscope.  

SCOTT: I n  g e n e r a l ,  I f e e l  t h a t  a l o t  of  t h i n g s  
hang on t h e  r e s u l t s  of the test  program g o i n g  on t h e r e  a t  
Crane,  and I would arge y z ~  n o t  t o  p r e j u d i c e  o r  k i s s  ths 
-- or make any l ess  ~11+.2;1_':~ L;;I:e results of all t h o s e  years 
of t e s t i n g  by skimpip9 o n  t h e  accep tance  tests. 

L. 

2 4  -. 

Especially, this kzy bear on the q u e s t i o n  of what  
you want* to d o  mcre %urn i n  cycling, whether you van t  t o  t 

hang 3 n t o  them a l i t t i e  b i t  l ~ n g e r  b e f o r e  you d e c i d e d  t h a t  
are r e a l l y  i ndeed  a c c e p t a b l e  f o r  putting on your test program. 
I t  looks  a l i t t l e  b i t  b r i e f  t o  ma, i n  view of t h i n g s  t h a t  have 
been  sa id  h e r e ,  and o t h e r  t h i n g s  i n  g e n e r a l .  

You know, I b e l i e v e ,  i n  my o p i n i o n  t h a t  there 
have been  a nunlher o f  tests t h a t  t h e  r e s u l t s  have been some- 

I 

what i n v a l i d a t e d  by t h e  f a c t  t h a t  the o r i g i n a l  cells were of 
q u e s t i o n a b l e  accep tance  o r  q u a l i t y  or  someth ing  because  o f  

I 

t h e  b r i e f  n a t u r e  o f  t h e  accep tance  tests i n  t h e  p a s t .  . 
One o t h e r  p o i n t  b e f o r e  I get o f f  of t h i s .  I b e l i e v e  

it has been  shown i n  some cases t h a t  the iinpedance t es t ,  t h e  
u s i n g  a l t e r n a t i n g  c u r r e n t ,  I presume t h t t ' s  what H e w l i t t -  
P a c k ~ r d  i n s t r u m e n t  does .  Is much more d e f i n i t i v e  if you do  
it with the ce l l  comple t e ly  d i s c h a r g e d .  

With respect to the f a c t  t h a t  i f  you have a 
marg ina l  amount of e l e c t r o l y t e  i n  t h a t  ce l l ,  y o u ' l l  g e t  
much l a r g e r  v a r i a t i o n  i n  impedance when t h e  ce l l  is comple t e ly  
discharged t h a n  you w i l l  when i t ' s  charged. And I s u g g e s t  
you might  a t  l e a s t  d o  a d d i t i o n a l  impedance tes ts  for the 
ce l l  discharged as  well as charged.  

Fam: Thank you. 



HENNIGAN: I have a comment on W i l l ' s  s u g g e s t i o n  . 
t h e r e .  The s e p a r a t o r  test  t h a t  w e  j u s t  r u n ,  we were  making 
impedance mnzsure~ents. I t h i n k  F i s h e r  had some of t h e  
data here t h e  o t h e r  day. 

The f i rs t  t i m e  I e v e r  saw any s i g n i f i c a n c e  t o  
these impedance measurements,  and there was a s p e c i a l t y  
a t  end of d i s c h a r g e r  when we had ana lyzed  the cells and 
t h e y  were d r y i n g  o u t ,  and on some of t h e s e  m a t e r i a l s ,  you 
cou ld  a lmos t  -- w i t h o u t  opening t h e  c e l l ,  t e l l  the m a t e r i a l  
was d r y i n g  o u t ,  because  t h i s  was a f t e r  t h e  f a c t .  

So ,  w e  g e t  a l i t t l e  !??ore i n t e r e s t i n g  impedance 
measurexcnt ,  2nd a t  t h i s  time I was t h i n k i n g  o f  i n c o r p o r a t i n g  
it i n  t h e  a c c e l e r a t o r  t e s t  w h i l e  t h e  c e i l  i s  cyc l i i lg .  

STEINHArUER; I would like t o  piead f o r  more 
a t t e n t i o n  t o  s y n c h r o a ~ n s  s,-);its. They have been  soacwhat 
less f r e q u e n t  t h a n  lower crbit  t e s t i n g ,  and we could 
c e r t a i n l y  u s e  data of t h a t  nature. 

FORD: You mean more tes ts  i n  t h e  synchronous 
o r b i t  reqime? 

STEINHAUER: Yes. 

FORD: I ' d  like t o  nakc a gerie~al comment. We 
really, i n  e s s e n c e ,  have t w o  t y p e s  o f  cel ls  go ing  t o  Crane 
a t  t h e  p r e s e n t  time. One is t h e  ce l l  t h a t ' s  s u p p l i e d  by 
t h e  p r o j e c t  is  tested under  p r a j e c t  f u n d s ,  whether  it b e  
AE, OSO, and i t ' s  t e s t e d  f o r  t h e  regime t h a t  t h a t  s a t e l l i t e  
is predicted t o  o p e r a t e  a t .  Those tests are -- t h e y '  re 
p r o  j e c t - o r i e n t e d .  

The o t h e r  t y p e  of test -- and t h e r e ' s  another 
thing, these cells t h a t  go on ,  t h e y ' r e  under  p r o j e c t  c a t e g o r y ,  
have  a l r e a d y  gone through t h e  accep tance  tests by the 
manufac tu re r  and by t h e  prime c o n t r a c t o r ,  o r  bo th  in some 
c a s e s ,  they may have gone through a f a i r l y  r i g o r o u s  s c r e e n i n g  - 

t es t  . 
I 

The o t h e r  type of cslls are those t y p e  o f  cells , 

t h a t  are new t o  development .  Take,  f o r  i n s t a n c e ,  Te fana ted  
n e g a t i v e s .  The question comes up: How do you come up w i t h  
a standardized accep tance  t es t ,  and t h e n  subject new develop-  
ment cells t o  this test regime and say t h e y  have tc pzss  it? 
It's n o t  r e a l l y  a f a i r  shake  when you do t h i s ,  because  you're 
r e a l l y  t r y i n g  t o  g e t  a ce l l ,  end to  Xind o u t  j u s t  how long  
i t ' s  going to  l a s t ,  



So, we have t o  make some q u a l i f i c a t i o n s  where 
we s u b j e c t  p a r t i c u l a r l y  new types  of c e l l s  t o  t h e  acceptance  
tes t ,  and whatever it would be that  we would come up w i t h .  

I ' v e  g o t  two t h i n g s  I want t o  l eave  you wi th .  

I ' m  going t o  take one minute each o? two 
s l i d e s  and t h i s  i s  an update on what I completed l a s t  year.  
I was asked p a r t i c u l a r l y  by an i n d i v i d u a l  t o  do t h i s  t h a t ' s  
s t i l l  h e r e ,  and l a s t  y e a r ,  we discussed  the burn-in and 
c y c l i n g ,  and gentlemar! here mentioned that, and w e  a r e  
s t i l l  exper iencing t h a t .  What I ' v e  shown here i s  t h r e e  
d i f f e r e n t  lots of QAO cells t h a t  we have now tested. 

(slide 165. )  
This  i s  one lot, 3 2 ,  3 3 ,  3 4 ,  3 5 ,  i f  you look over 

i n  the l e f t  hand c o r n e r ,  you see t h a t  there's ano the r  Lat 
t h a t  we now on t e s t ,  and the i n t e r e s t i n g  t h i n g  i s  t h a t  
we're see ing  t h i s  same t he  sane c h a r a c t e r i s t i c s  when we 
t u r n  on the c e l l s  -- t h e s e  c e l l s  a r e  manufactured over  -- 
by t h e  l i n e a r  . - 

This i s  t h e  burn-in c h a r a c t e r i s t i c s  t h a t  we have 
been t a l k i n g  about. We f e e l  like i t ' s  r e a l  2nd a way of 
l i f e .  Now t h i s  i s  f o r  a s p e c i f i c  s e t  of c c z d i t i o n s ,  ~ n c ?  

a s p e c i f i c  regime. B u t  t h i s  goes back t o  t h e  p o i n t  I made 
yes te rday  about  the burn- in ,  maybe i t  ' s a r e d i s t x i b u  t i o n  
of e l e c t r o l y t e ,  whstever. I c a n ' t  h e l p  believe t h e r e ' s  
a tie between what was d i s c u s s e d  yes te rday  and what we 
s e e  i n  Launch performance. 

( S l i d e  166. ) 

T h i s  one ,  I couldn't l e t  you go w i k h o u t  s e e i n g  
this, because t h i s  p e r s o n i f i e s  our  problem. Even with 

. the s p e c i f i c a , t i o n s  we have today,  I ' m  showing you t h a t  
i n  spite of  every th ing  we can do, w e  s t i l l  d o n ' t  g e t  t h e  
same c e l l s  t h a t  we go o u t  and buy two and three years a p a r t .  

What you see is a comparison of two d i f f e r e n t  
lots, s u b j e c t e d  t o  approximately one year of c y c l i n g .  The 
t o p  curve is 50 cycles, and then  you see t h e  second curve 
t h a t  shows t h e  o n s e t  of degredat ion  and t h e  d i scharge  
c h a r a c t e r i s t i c s  a f t e r  one y e a r .  This  i s  the second l o t  
showing what it looked l i k e  on day one. This  shows what 
those  same cells looked l i k e  a f t e r  about one year.  

We don't know what caused this; we don ' t  know 
what the d i f f e r e n c e  is  between t h e  l o t s ,  b u t  i t ' s  p r e t t y  
obvious there's some d i f f e r e n c e s .  We're s t i l l  l.~crking a t  
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i t ,  maybe by n e x t  year's workshop, I can  have some f u r t h e r  
i n p u t s .  

GASTON: S i n c e  we're t a l k i n g  about  t e s t i n g ,  I 
j u s t  have one qu ick  comment. For  a l l  ce l l s  which a r e  tested 
w i t h  p r e s s u r e  gacges, we have modified a l i t t l e  s w i t c h  
i n s i d e  the pressure gauge,  which s h u t s  o f f  you r  c h a r g i n g  
system o r  d i s c h a r g i n g ,  whatever  a cell i s  a t ,  and p r e v e n t s  
any blow-up because of  h i g h  p r e s s u r e s .  

I t h i n k  we have a s l i d e  h e r e ;  I d o n ' t  know 
if we have  time t o  show it. It n i g h t  be of g e n e r a l  i n t e r e s t .  

FORD: I f  you 'd  l i k e  t o  p u t  i t  i n ,  be my guest. 

GASTON: Thj s i s  a s t a n d z r d  compound gauge which 
we modified, and can  be done r e l a t i v e l y  q u i c k l y  and cheaply .  

(No s l i d e . )  

FORD: Okay, Steve. Thank you, 

Was there another question? 

( I n a u d i b l e  remark.  ) 

HALPERT: I f  you c a r e  t o  p u t  it i n  t h e  minu te s ,  
Steve, you c a n  s e n d  it t o  us ,  and i t ' l l  b e  a l l  r i g h t .  

GASTEN: Apologize.  The s l i d e  got wrecked; 
we d o n ' t  have it. 

HALPERT: Well, i n  summing up, i n  conc lud ing  
the meet ing ,  I first want t o  a p o l o g i z e  to s e v e r a l  peop le  
whom we had asked to s p e a k ,  o r  o f f e r e d  t o  speak on c e r t a i n  
issues, and we were n o t  able t o  g e t  around t o  them. We 
hope that i n  the n e x t  go around,  w e ' l l  be able t o  work 
the program t o  an e x t e n t  t h a t  epreryone  w i l l  get a chance ,  
or t h o s e  who have some i m p o r t a n t  in format ior .  w i l l  g e t  a 
chance t o  speak ,  and be planned p r o p e r l y .  

I f  you have some comments and c t i k i c i s m s ,  p o s i t i v e  
criticisms, t h b t  you'd like u s  to hear a b o u t ,  we'd be very 
happy t o  hear so we can  p l a n  b e t t e r  f o r  n e x t  year. 

I want t o  make sure we a l l  get our photos  and 
f igures i n .  T h e r e ' s  still q u i t e  a few m i s s i n g ,  and I'm 
going to  have t o  d o  a lot o f  ca l l ing ,  and it 'll save a lct 
of time and energy i f  you s a n d  them i n  r i g h t  away, please. 



I want t o  thank a l l  of you for p a r t i c i p a t i n g .  I 
t h i n k  we had a p r e t t y  a c t i v e  meet ing .  A s  shown by this morning,  
t i s  a f t e r n o o n  and ycsterdn:?, and I want t o  thank a l l  of  o u r  
f o r e i a n  v i s i t o r s  wl~o cane fro*n a long d i s t a n c e ,  and our  
west c o a s t  v i s i t o r s  to a t t e n d  t h e  mee t ing ,  and I look forward 
t o  seeing you all nex t  y e a r .  

(Applause.  ) 

I also want t o  thank o u r  s e s s i a n  chairman and 
all the Goddsrd peo2lo  who he lped  o u t .  

FORD: And what  about a show of g r a t i t u c l c  f o r  
t h i s  f i n e  stenographer w e  have u p  h e r e ?  

(Whereupon, a t  5 p.m. ,  the workshop a d j o u r n e d . )  




