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During NASA's Battery Program Review of Apri l  7, 1966, a number 
of top ics  r e l a t ing  t o  ba t te ry  R&D were discussed t h a t  appeared t o  
merit fu r the r  deliberation. The most important of these thernse 
const i tuted the  basis f o r  t he  neeting of October 6-7, a t ranscr ip t  
of which i s  presented on t h e  following pages. 
Thomas Hennigan of GSFC f o r  arranging t h e  program. 

Thanks a re  due t o  

I n  view of the  f a c t  t h a t  t h i s  was a work shop and was intended t o  
provide information f o r  subsequent action, no emphasis was intended 
t o  be placed on formalism of presentation, n ice ty  of expressions, e tc .  
The importance of t h i s  document resides i n  t h e  thoughts expressed by 
t h e  par t ic ipants ,  regardless of the form used t o  express them. 
value of t h i s  volume w i l l  decrease with time, perhaps exponentially. 
It w a s  decided, therefore  t o  make it avai lable  t o  interested p a r t i e s  
as quickly as possible, without taking time f o r  e d i t o r i a l  changes o r  
revisions.  
i - e . ,  as a working paper ra ther  than a l i t e r a r y  contribution. 

The 

The reader is  asked t o  consider the produce i n  t h i s  l i gh t ,  

Ernst  M. Cohn 
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IN REPLY REFER TO: mw 

On April 7, 1966, NASA held a ba t te ry  program review f o r  t he  prime 
purpose of acquainting designers of space power systems with avai lable  
ba t te r ies ,  components, c i r c u i t  designs, and t e s t  r e su l t s ,  all i n  t h e  
area of secondary, a lka l ine  ba t te r ies .  The second purpose was t o  
determine whether OUT R&D i n  t h i s  f i e l d  is  responsive t o  the  needs of 
system designers . 
As a r e s u l t  of discussion a t  t h i s  meeting and of l a t e r  correspondence, 
it has become apparent t h a t  we should concern ourselves with accelerated 
bat tery t e s t ing .  Other topics ,  now i n  the  program but  perhaps deserving 
more emphasis, a r e  f a i l u r e  analysis  and p a r t s  inspection. 
question of standardization was ra i sed  again, but no conclusions were 
reached. 

Lastly, t he  

Before proceeding with new work i n  any of these areas, we want t o  make 
sure t h a t  we have the  best  thinking and suggestions available.  
we a re  planning t o  have a 

Accordingly, 

Secondary Bat tery Workshop 

~ a t e s :  October 6-7, 1966 
Times: 
Pia-ce: 

Room : 

9 a.?. - 5 p.m. (6th) and 9 a.m. - 1 p.m. ,(7th) 
Federal Office B u i l d i n g  6 ,  400 Maryland ATie., S.W., 
Washington, D.C. 
Audit or ium ( 62012-15 ) 
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A t e n t a t i v e  agenda is  appended. YOU w i l l  see t h a t  most of t h e  avai lable  
time i s  reserved f o r  discussion rather  than f o r  formal presentiations. 
The meeting i s  unclassified.  A verbatim t r ansc r ip t  w i l l  be d i s t r ibu ted  
afterwards. 

You o r  your representative a re  invited t o  attend and requested t o  present 
your views on these topics.  You may show 35-mm, 3* x 4-inch, or  transparent 
Vugraph material .  If such i l l u s t r a t ions  a r e  shown, we request t h a t  you 
l e t  us have, a t  t he  t i m e  of the  meeting, 8 x 10-inch g lossy  black-and- 
white p r in t s ,  with your name and the  f igure number and t i t l e  wri t ten on 
the  back of each sheet. This w i l l  speed d i s t r ibu t ion  of t h e  proceedings. 

Please inform Mrs. Betty Burton, Code RNW, 600 Independence Ave., 
Washington, D.C. ,  phone (202) 962-0121, on or before September 23,  1966, 
if you or one of your associates  plans t o  attend. To get  a s  wide 
representat ion a s  possible a t  t h e  workshop, it may be necessary t o  l i m i t  
attendance from each organization. We are  looking forward t o  a n  
in te res t ing  and productive meeting. 

Ernst M. Cohn 
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P R O C E E D I N G S  - - - - - - - - - - -  
I.< MR. m: I would l i k e  t o  welcome a l l  of 

you and t o  thank you for  coming here  today  t o  our  pseudo- 

l e  chance commemorative meeting, t h e  second NASA b a t t e r y  

meeting of  1966. 

Some of you were h e r e  i n  A p r i l  when w e  a lso almost 

got thrown o u t  of t h i s  room, as almost happened today  a g a i n .  

But f o r t u n a t e l y  I t  happened n e i t h e r  t i m e .  

I n  A p r i l  we presen ted  some of the  r e c e n t  r e s u l t s  

on secondary batteries t o  you and asked you t o  l e t  us  know 

what problems were bo the r ing  you t h a t  w e  weren ' t  doing anything 

about .  A s  a r e s u l t  o f " t h a t ,  w e  had s e v e r a l  t o p i c s  t h a t  were 

brought up a t  t h e  l a s t  meeting. Tom Hennigan and I and 

o t h e r s  went over  t h e s e  and decided t h a t  w e  would pick the 

m o s t  important  ones and make them t h e  topic of our next  meeting 

t h a t  is t o d a y ' s  meet ing,  t o  get as  many good ideas from 

you a s  p o s s i b l e .  

This  t i m e  w'e have a bra in-p ick ing  s e s s i o n .  We 

would l i k e  t o  g e t  your ideas so t h a t  we can use them t o  do 

t h e  k i n d  of work that you t h i n k  we shou ld  be doing,  and t o  

i t  as i n t e l l i g e n t l y  a s  possible. 
L 

i .. 
We have a f u l l  program today. So we w i l l  have t o  

keep t h i n g s  moving. 

As you may remember,  w e  asked you t o  b r i n g  i n  

glossies photographs of a l l  t h e  sl ides t h a t  you are going  t o  
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use and t o  put your name and t h e  f i g u r e  number on t h e  back 

of t h e  g los sy .  This  is so t h a t  w e  can  get t h e  t r a n s c r i p t  

together i n  a h u r r y  and get it o u t  t o  a l l  of you. 

I hope you have done so and you w i l l  l e t  m e  have 

t h e  glossies du r ing  the meeting. 

Furthermore,  I would l i ke  t o  ask a l l  of you who 

haven ' t  done so a l r e a d y ,  t o  s i g n  one of the a t t endance  

sheets. I have about  10 or  so s h e e t s  around here  on which 

J would l i k e  you t o  p r i n t  your name, a f f i l i a t i o n ,  and aaddr3ss. 

The r eason  for t h a t  is that  we intend t o  send  o u t  the 

proceedings t o  you, to t h e  addresses you g i v e  us ,  a s  moa, as 

t h e y  become a v a i l a b l e .  I t  is t o  your advantage t o  p r i n t  your 

name and address on these s h e e t s .  A l s o  please be s u r e  that 

B get  all1 t h e  sheets back dur ing  the cour se  of the melting. 

X f  you see anybody come i n  who h a s n ' t  s igned  them y e t ,  

and you have 8 chance t o  t e l l  h i m  t o  s i g n ,  p l ease  do so. 

With t h i s  i n t r o d u c t i o n  1 would l i k e  t o  ask Dr. 

F l e i s c h e r  t o  chair the morning session and to keep P t  ips alxh 

on time as p o s s i b l e ,  w i th  the  p r e s e n t a t i o n s  k e p t  t o  t h e  p i t h y  

minimum and t h e  q u e s t i o n s  phrased p i t h i l y ,  and the comments 

l ikewise .  

Dr . F l e  isches . 
DR. FLEHSCHER: These Ps a d i s c u s s i o n  pergod alLmm5 

a f t e r  e v e r y  t h i r d  paper. 

w e  have time, a brief q u e s t i o n  t o  c l a r i f y  any  p o i n t ,  w e  WdPl 

If there are any q u e s t i o n s  and 
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probably be glad t o  e n t e r t a i n  t h e m .  

We are going  t o  s ta r t  ou r  s e s s i o n  today  a t  pH of 

zero.  Dr. Willihnganz w i l l  speak on accelerated t e s t i n g s  

i n  lead acid b a t t e r y  exper ience .  

STATE!bfEN" OF DR. EUGENE WPLLBHNGANZ 

C&D BATTERY CORPORATION, SPEAKING ON 

ACCELERATED TESTING, LEAD ACID 

BATTERY EXPERIENCE 

DR. WILLPHMGAMZ: P would l i k e  t o  s ta r t  off by 

say ing  t h a t  I was g o t t e n  he re  under f a l s e  p re t enses .  I was 

t o l d  t h a t  a workshop was going  t o  be a meeting of a small 

group of people s i t t i n g  around a table to d i s c u s s  l i f e  t e s t i n g  

t h a t  these would be people H a l r e a d y  knew, t h i s  would be 

extremely informal ,  and there migh t  even be a p i t c h e r  of 

something i n  the  middle of t h e  table w e  could  f i l l  our glasses 

w i t h  a t  times. That would g ive  u s  a n i c e ,  relaxed, easy 

meeting and we could  t a lk  r e a l l y  informal ly .  

looks halfway between what H visua lPzed  and a f u l l  session 

of the United Nat ions wi th  Ambassador Goldberg g i v i n g  a speech 

The meeting 

The o n l y  t r o u b l e  is t h a t  my speech is no t  formal. 

I got  together a few n o t e s  and it is going  t o  be very  

informal.  If I make some mistakes i n  p r e s e n t a t i o n ,  by a l l  

means i n t e r r u p t .  I t  is st i l l  informal .  

This  r e p r e s e n t s  t h e  t a i l  end of roughly  30 years of 

t a l k i n g  l i f e  t e s t i n g  w i t h  v a r i o u s  e n g i n e e r s  OB automobile 

~~ 
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b8ctte!srisse 1% li don ' t  quote off t h e  people c o r r e c t l y ,  

it is a l l  my faw t. But we c a n ' t  blame these  other  people,  

so I won't even give thein. names. This is a general  discussior: 

ba~d B don't c M i m  t h a t  this Bs my work. This  is general 

infCDZTW&t%Qn. 

IESefsrs we go into it An too mwh d e t a i l ,  l e t ' s  E ~ Q V  

what we are ta lk ing  about. 

Here Bs a grid. And a Be&d c a s t i n g  which suppor t s  

t h e  a @ t f V B  F~la%Blrial. 1% gOV2 haVQ a U t O Z I l O b i l e  Which h3S 8, 

bat te ry  guaranteed for 30 months9 and the battery  € a i l s  on 

the first day of ths 3 l s t  I B Q Q ~ ~ ~  it &as corroded 

away to  where it no longer c a r r i e s  c u r r e n t .  

h .  

Kext, this is a f l n h s h s d  pGzEts. The holes  in t h i s  

t h i n g  have hem f i l l e d  wi th  actjlve rta'Ctp_riall. If you ar0 

d r i v i n g  B golf cart, this active material t e n d s  to  S Q ~ ' ~ C X %  

and f a l l  to the b o t t ~ m  of the  j a r .  Xy fr i ends  t e l l  m e  xhat  

in n o r m 1  country club serv ice  one of these p l a t e s  w i l l  Yaax 

something j u s t  under two seasons. So tne normal th ing  these 

5s to use it for one season, throw the whole th ing  away -- 
The bat tery  -- and buy a new one i n  the  spr ing  of the  fo9Ilowing 

y@ar. 

Item three is the SeWSatOX'o You have active nats r i ;  

l ead  PX'QXide and S W W P  l ead in a l ternate  p l a t e s .  

YOU put t h i s  i n  between to keep them Pnsulated. The 
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a b i l i t y  ve ry  remarkably. This’was done us ing  the  first 

l i f e  tes t .  

You took  a battery and a t  t h i s  time, a t  t h e  

s t a r t i n g  po in t  you put  it on d%scharge f o r  one hour ,  a t  a 

c o n s t a n t  ra te ,  more or less.  Then you put it on charge. 

Here is t h e  zero c u r r e n t .  You put  it on discharge f o r  

30 minutes then  on charge a t  a much lower rate.  Pardon m e ,  

I am wrong. You do t h i s  for one hour and t h a t  f o r  f i v e  hours. 

That  g i v e s  you a s i x  hour cyc le .  You do t h a t  f o u r  times a 

day. And i f  you keep t h i s  going on and on and on, a f t e r  

250 or 300, or maybe 450, your b a t t e r y  i s n ’ t  good f o r  much. 

Th i s  t e s t  was used for  e v a l u a t i n g  t h e  nega t ive  

a c t i v e  material, 

nega t ive  materials were developed which worked n i c e l y  i n  a 

b a t t e r y .  Then some hardware merchant took the  b a t t e r y  from 

under  t he  car,  under t h e  f l o o r  where it belongs and se t  i t  ea2 

r i g h t  next  t o  t h e  engine  where it got good and hot .  

Back around ,1935 to’38 some p r e t t y  good 

Then w e  l ea rned  some s u r p r i s i n g  t h i n g s .  Some 

of these o rgan ic  a d d i t i o n s  which gave u s  good behavior  no 

longe r  worked. 

t e s t  h o t  i n  order t o  get a decent nega t ive  plate. T h i s  is our 

first l e s s o n ,  which is when you have a l i f e  test  method 

which works, and somebody us ing  t h e  b a t t e r y  changes t h e  c a ~ d k -  

t i o n s  of use j u s t  a l i t t l e  b i t ,  you may be i n  f o r  t r o u b l e ,  an5 

you may have t o  modify your l i f e  tes t .  

So we had tomodifythe t e s t  method and r u n  t h e  
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The nex t  lesson. After that was under c o n t r o l  

these p o s i t i v e  plates were shedding.  That is, a c t i v e  mat@rslal 

was f a l l i n g  t o  t h e  bottom of t h e  jar  i n  a n  automobile.  This 

was the r e s u l t  of u s i n g  a so-called t h i r d  brush  g e n e r a t o r .  

The g e n e r a t o r  would charge the b a t t e r y  and the  rate of 

charge was c o n t r o l l e d  by the p o s i t i o n  of a brush on t h e  cornu- 

t a t o r .  You moved that  t o  -be t h i n g s  work r i g h t .  If you 

set  it a l i t t l e  too low the b a t t e r y  wouldn't  s t a y  charged. 

I f  you se t  it a l i t t l e  t y h i g h ,  t h e  b a t t e r y  would use too much 

water and would have a shor t  l i f e .  

There was j u s t  one place t o  put  i t ,  and you had t r ,  

change t h a t  from w i n t m  t o  summer even. 

Then these hardware merchants I was t a l k i n g  aboct 

came around w i t h  t h e  vo l t age  r e g u l a t o r  . T h i s  a u t o m a t i c a l l y  

t o o k  care of t h i s  problem. I t  gave t h e  b a t t e r y  j u s t  what it 

needed and the batteries worked v e r y  n i c e l y .  The l s v s d  it. 

But they  stopped shedding a c t i v e  material. Then the  f a i l u r e  

was g r i d  c o r r o s i o n .  When you got i n t o  t h e  g r i d  c o r r o s i o n  

problems that cycle l i f e  tes t ,  which was c a u s i n g  shedding,  was 

no longer  v a l i d .  With a better amount of disagreement among 

var ious  people, we took t h e  batteries and pu t  them on a 

cont inuous charge tes t .  Set it o u t  on a table,  put through 

10 amperes and l e t  it ride. Once e v e r y  week or two run 58 

c a p a c i t y  t e s t  t o  see how it is going. When t h e  battery is no, 

longer  capable of cranking  a n  engine  it is worn ou t .  
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T h i s  gave a b e a u t i f u l  t es t .  We were a l l  happy 

abou t  it. I t  seemed t o  t ie in w i t h  s e r v i c e ,  i t  gave t h e  right 

k i n d  of fa i lure ,  t h a t  is batteries i n  the  l a b  t h a t  fa i led  leak 

j u s t  l i k e  t h e  ones t h a t  f a i l e d  i n  t h e  f i e l d .  And the people 

who a r e  r e s p o n s i b l e  for q u a l i t y  c o n t r o l  -- some of them at 

least  -- thought  i t  was a p r e t t y  good test. 

I n  t h i s  period there were some diehards who 

wanted t h a t  f i r s t  t es t ,  the shedding tes t .  One of t h e  ba t te ry  

e n g i n e e r s  d i d  a n i ce  t r i ck .  He took a whole f a c t o r y  

and changed it ove r  t o  make a b a t t e r y  which had a l i f e  of 

abou t  a f o u r t h  of normal on t h a t  shedding tes t ,  set o u t  a wha8~  

month's work o u t  of one f a c t o r y  and watched r e t u r n  reports.  

I t  d i d n ' t  make a b i t  of d i f f e r e n c e .  H i s  poor batteries on 

t h i s  t es t  were j u s t  as good as t h e  good batteries he was 

making. 

So we had a n  i n v a l i d  l i f e  t e s t  which was on t h e  way 

o u t ,  and a new one which was perfect because it gave e x a c t l y  

t h e  r e s u l t  we wanted. 

Unfor tuna te ly ,  ano the r  snake i n  t h e  grass. One of 

t h e  b a t t e r y  companies found a new g r i d  metal. 

between two and three t i m e s  the l i f e  of what everybody else 

was us ing .  

were t o l d  or asked why d i d n ' t  w e  develop something l i ke  

t h a t .  We complained there would be a tremendous change i n  fie 

s e r v i c e  . 

I t  gave s o m e w R ~ :  

And there was g r e a t  angu i sh  among those  of us Who 
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Then a n o t h e r  skeptic i n  t h e  b a t t e r y  i n d u s t r y  went 

ahead and got himself a bunch of these batteries made w f t h  

t h i s  fancy a l l o y  and put  them o u t  in a f i e l d  t e s t  a l o n g  s ide  

the  o r d i n a r y  gr ids  and a f te r  three y e a r s  when a l l  t h e  reports 

were in h i s  answer was simple and t o  t h e  po in t :  it doesn ' t  

make a b i t  of d i f f e r e n c e .  

Lab l i f e  test  s a y s  these new grids are much better 

than  anyth ing  we have. The f i e l d  test  s a y s  it d o e s n ' t  make 

any difference.  Once a g a i n  w e  have a l i f e  test which WB l i k e  

and e v e r y t h i n g  else, bu t  it d i d n ' t  t e l l  us  t h e  t r u t h .  Th i s  

is the  nex t  impor tan t  l e s son .  If you have a l i f e  test  t h a t  loo 

good, keep a watch on what is happening i n  t h e  f i e l d  and make 

s u r e  t h a t  f i e l d  s e r v i c e  is predicted by t h e  lab tests or 

you are i n  t r o u b l e .  

Those of u s  who are involved  i n  t h i s  t h i n g  took 

a v e r y  c a r e f u l  look a t  what goes on, i nc lud ing  one of t h e  

members of t h i s  audience.  We came to t he  conc lus ion  t h a t  

i n  a n  automobile you were t e s t i n g  the b a t t e r y  of a v o l t w e  

r e g u l a t o r .  I t  was a c o n s t a n t  p o t e n t i a l  charge i n  a hot  loCa tP1  

rand t h e  lab was a c o n s t a n t  c u r r e n t  charge and a cold l o c a t i o n .  

The recommendation has been made t h a t  t h e  proper 

t h i n g  t o  do is t o  change our  lab tests and see what happens. 

That is where we s t a n d  on t h i s  t h i n g .  I don ' t  know what the 

r e s u l t s  are. I have been away from t h i s  long enough that H 

d o n ' t  know w h a t  has been done, bu t  I t h i n k  i t  is a n  i n t e r e s t i n  
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batteries. The r e s u l t s  were n ice  and i n t e r e s t i n g .  We P ~ ~ s e d  

them. U n t i l  we took a look a t  the  numbers. I t  s a id  t h a t  

our grad was co r rod ing  a t  a ra te  of about  two ten thousands 

of a n  inch  per year. S ince  we had a gr id  t h a t  was a quarter 

Bnch t h i c k ,  the  b a t t e r y  l i f e  should  be close to 500 years. 

That is a r i d i c u l o u s  r e s u l t .  I t  s a y s  t ha t  the test m t h o d  

is no good. 

There is something wrong. So we went ahead and lsoke 

a t  OUP t e s t  method. 

We are i n  t he  middle  of t h a t  kind of t es t  now 

which I would l i ke  t o  e x p l a i n  ve ry  b r i e f l y ,  or diagram 

very  b r i e f l y .  You can  make your se l f  a chart -- temrapraaturs 

and life. If you p l o t  i n s t e a d  of l i f e  i n  years, make 8% am 

a logarithmic scale, a m  of a year, one year, ten years, 

a hundred years, a thousand years, and on up  Bf you want ts, 

and across t h e  bottom i n s t e a d  of p l o t t i n g  the  temperaturge 

cold ,  make it  one over  tempera ture ,  one over  t h e  a b s o l u t e  

temperature now. 

Under those c o n d i t i o n s  t h e  l i n e  does t h i s  sor t  of 

P t h ing .  You get a n i c e  s t r a i g h t  l i n e .  You can  m~sure  some 

po in t s  here. If t h e y  f a l l  on t h e  s t r a i g h t  l i n e  you can 

l @ g i t f m t e l y  extrapolate it up  t o  here and s a y  a t  77 degrees 

t h a t  b a t t e r y  should l a s t  so long.  

VOICE: Shouldn ' t  t h a t  go t h e  other Way? 

DR. WILLIHNGANZ: A t  t h e  lower t e m p r a t u r e  longer 
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life. 

VOICE: YQC have one over it. 

BR. WHELSBNGAMZ: But  we p l o t  t h a t  t h i s  way 

g%nd%@at ing)  0 

((li4aughgucsr e ) 

Whst we a c t r ~ a l l y  do is c a l c u l a t e  ou r  scale and put 

us Baa QUF p a i n t s  and glhve them 8 normal label here  of 7 7 ,  

108, 113, 138, and so on, 

NB. 60HN: H o w ~ v ~ ~ ~  it seems t o  me you ought t o  

p l o t  ths reckprooal. of life, r a t h e r  t han  l i f e ,  on t h e  l o g a r i t h -  

m i c  sca80, 

DR. WILLHHXGANZ: If you p l t  t h e  r e c i p r o c a l  of 

l i f e ,  it is still 8 straight l i n e .  Besides  t h i s  is t h e  way 

H have beaa p l o t t i n g  it and t h a t  is t h e  way I have t o  t h i n k ,  

You see t h i s  is an in formal  t a l k .  We want some 

conversa t ions  I ikg  t h 9 s  Mistakes sometimes do get made. 

This on Oelspbons b a t t e r i e s  appea r s  t o  be working 

out q u i t e  weJ.1.  Keep yozer f i nge r s  crossed. 

VOICE: Have you tr iad t o  c a l c u l a t e  t o  determine 

the significance of t h e  s l o p e  of that l i n e  which is e s s e n t i a l l :  

an Arrh0nPua plot? 

DR. WHLLIHNGANZ: Ht is a n  Arrhenius  p l o t ,  The 

slope, B wsuSd say this po in t  is j u s t  a l i t t l e  b i t  i n  doubt. 

When the t h i n g  is don0 under c o n d i t i o n s  which appear  to pred ic -  

service l i f e ,  the slow t u r n s  out t o  be 14 degrees ,  which co r -  



4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 
- Federal Reporters 

14 
- - c -  

responds t o  heat of a c t i v a t i o n  of something OF o t h e r  which 

P will l e t  you f i g u r e  ou t .  If you do i t  a t  the W X - Q ~ ~  voltage, 

that is o u t s i d e  of t h e  normal o p e r a t i n g  range, that slow 

does t h i s  (BndPcating). I t  s a y s  the bat ter ies  we now havs in 

the  f i e l d  f a i l e d  t h r e e  y e a r s  ago. 

( Lmaghte r . ) 
However, i f  you do  it i n  t h e  normal range ,  t h a t  

is t he  kind of curve you get.  

This  is a reasonably  good tes t .  We are tallking h e m  

a b u t  batteries which las t  20 years .  As faalp 50s this t o s t  

goes, it s a y s  t h a t  we are going  t o  l a s t  2 5 ,  38, 35 OF nay& 

even 40,  depending on how we b u i l d  them. Most of us don't EPvr 

l ong  enough t o  r u n  v e r y  many tests of t h i s  k ind  OB field 

experience, so we have t o  do t h i s  accelerated tes t .  

What we are running  i n t o  now is a t  this end of the 

G U F V ~ ,  if t h i s  is up a t  180, o u r  slope has change P lP%&%s 

bit. H see we are a t  the end of our l i f e  here. T h i s  is 

e s s e n t i a l l y  what I had t o  s a y .  I Was going t o  go back; 

owalp %t and emphasize each  of t h e  t h i n g s  t h a t  go wrong on 

b a t t e s b s  i n  a d i f f e r e n t  way. 

H would l i k e  t o  add j u s t  one sen tence ,  which is t h a t  

there is nothing i n  t h i s  world t h a t  is quite as expe9asBve as 

am a c c e l e r a t e d  l i f e  test method tha t  doesn ' t  work or  gives 

the wrong answer. 

DR. FLEISCIER: Thank you Dr. Willihnganz. H 
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h e s i t a t e  oc bin.% the one that has t o  s t o p  him from t a l k i n g .  

I t h i n k  that &.,e set the tons of t h e  e n t i r e  conference 

i n  t e l l i n g  you t k a x  l i f e  t e s t s  must have a d i r e c t  r e l a t i o n s h i p  

tQ S 0 S V i C S  C O T L ~ ~ ! . ~ ~ L O M S .  

G a r  riaxt speaker is Dr. Royce Biddick, manager 

of the developxmt  section of MUM National B a t t e r y  Company, 

head of the seaearch andl development department of Gould 

Nat iona l  B&ttmry9 who w i l l  t a l k  ~n a c c e l e r a t e d  t e s t i n g  of  

l e a d  a c i d  and saalisd nickel-cadmium ce l l s .  

STATEMENT OF ROYCE E. BXDDICK, MANAGER, 

WULD NBTBOXAL BATTERY COMPANY, INC.  

MR. BIDDHCM: Thank you Dr. F l e i s c h e r .  

GenltPsm~n, 1 would l i k e  t o  t a l k  t h i s  morning about  

two t y p e s  of accelerated tests and expand t h e  e n t i r e  pH 

range.  

The first test E would l i k e  t o  d i s c u s s  is t h e  one 

which Br., WiBlihngana was d e s c r i b i n g  a t  t h e  end of h i s  t a l k ,  

t h e  o m  OB ths aceeBerated growth of t h e  p o s i t i v e  p l a t e  i n  

s ta t ionax-y Lead acid c e l l s .  

In t5Bs case we increase t h e  deg rada t ion  rate by 

means of a n  increase in temperature. The o t h e r  tes t  which 

I would l i k e  t o  describe very briefly i nvo lves  an  i n c r e a s e  i n  

t h e  degradation ra te  of nickel-cadmium ce l l s ,  by means of a n  

i n c r e a s e  in c u r r e n t  du r ing  c y c l i n g .  

A s  Dro WBPlihnganz h a s  discussed, t h e  u s u a l  mode 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 
.ai Reporters 

of f a i l u r e  in t h e  s t a t i o n a r y  cel ls  which are o r i g i n a l l y  

used for  emergency power s u p p l i e s  i n  case of power outage ,  

is by c o r r o s i o n  of t h e  p o s i t i v e  p l a t e .  When t h e  lead grid 

of the p o s i t i v e  p l a t e  corrodes, lead dioxide is formed. 

ThBs occurs because t h e  normal p o t e n t i a l  of the c e l l  which 

is he ld  on f loa t ,  t h e  normal p o t e n t i a l  of t h e  p o s i t i v e  g r i d  

is t h e  Pp02 p o t e n t i a l  and t h e r e f o r e  t h e  l e a d  g r i d  wants t o  

become PW2. 

A s  i t  does corrode, t h e  lead which becomes €TO2 

increases i n  volume and therefore t h e  o u t e r  s k i n  of the  grid 

tends t o  s t re tch  the  e n t i r e  p l a t e .  

Therefore  w e  f i n d  t h a t  as  the  c e l l  is floated i n  

s e r v i c e ,  t h e  p o s i t i v e  plates t end  t o  buckle because of uneven 

growth, t h e y  t end  t o  become longe r  and wider,  and the  e l snga -  

t i o n  i n  l e n g t h  t e n d s  t o  break t h e  cover  seal  and a c t u a l l y  

e l e v a t e  the  cover  above t h e  ce l l .  

This  happens of cour se  over  a period of f i v e  to 20 

years, depending on the p a r t i c u l a r  ce l l .  

Be11  Telephone Labs have been ve ry  i n t e r e s t e d  in 

thls phenomenon because it is v i t a l  t o  t h e i r  bus iness .  They 

began a tes t  i n  1948. And t h i s  was described by D r .  Turner 

at the f a l l  meeting of the ECS i n  Buf fa lo  l a s t  year .  

I n  1948 t h e y  p laced  about  50 lead calcium s t a t i o n a r y  

c e l l s  on t e s t  and t h e y  observed t h e  growth of t h e  p o s i t i v e  

plate over a period of n e a r l y  20 years .  They found t h a t  t h i s  
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growth is a minimum a t  a certain p o l a r i z a t i o n  which amounts 

t o  75 m i l l 5 v o l t s  above t he  e q u i l i b r i u m  p o t e n t i a l .  

In an e f f o r t  to develop a n  a c c e l e r a t e d  test t h e y  

s t u d i e d  the  rate of grmth as a f u n c t i o n  of  temperature  

and t h e y  found that  the rate approximate ly  doubles  i n  t e n  

deg rees  C. A t  .a tempraturn of 180 degrees F. t h e  growth 

rate is i n c r e a s e d  60 f o l d  and therefore t h e y  can conduct a 

20 year t e s t  i n  120 days. 

They found further t h a t  the mode o f  f a i l u r e  is 

t h e  same. The ea2P which is tested by t h e  a c c e l e r a t e d  

method looks a f te r  failure like ce l l s  which have been i n  t he  

f i e l d  for 15 OF 2Q yaars. The plates buckle ,  the  cove r s  

l i f t ,  and t h e  cas68 buck18 where the bulg ing  p l a t e s  push 

on t h e m .  

Using the foundation which Be11 Labs had b u i l t ,  

we carried ou% sazm tests in OCF own labs. The a p p a r a t u s  

is shown i n  the  f'irs% s l i d e .  

W e  carried these tests o u t  on nominally 50 amp 

hour  s t a t i o n a r y  cePls. These ce l l s  have t w o  p o s i t i v e  plates 

about s i x  i n e h e s  s g - a r e  and three nega t ive  p l a t e s .  

(S l lde  0 ? 

To acco~modats the expe r imen ta l  pa raphrena l i a  we 

had t o  pu, t h e  ncm2aLh Hait  i s a  a s l i g h t l y  ove r s i zed  c a s e ,  aboul 

50 p e r c e n t  oversize, Tnis gave us somewhat larger q u a n t i t y  of 

s u l f u r i c  acid. Thfa appears t o  have hod no effect  on the  
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t es t .  We o b t a i n e d  a temywrature of 180 degrees by 

immersing a h e a t i n g  eIsmnt d i r e c t l y  into the  e l ec t ro ly t e  

and  w i t h  a the rmos ta t  we e s n t m l  the t empera ture  within 

rough ly  a ha l f  degree e 

We measured the poten l ia l l  of She p o s i t i v e  plate by 

means of a mercury mercuric-sa1pheta reference electrode 

w i t h  a n  a c i d  bridge i n t o  the ePeotroBgte. And of c o u r s e  

we need a condenses  t o  prevent e v a p o r a t i o n  of t h e  water 

from t h e  e l e c t r o l y t e .  

We use 8 magnetic stirrer i n  t h e  bottom of tho 

c e l l  t o  minimize temperature g r a d i e n t s  within the  c e l l .  

I t  is a q u i t e  s imple  test appara tus  and i t  seems t o  be q u i t e  

e f f e c t i v e  . 
( S l i d e  

The next slide shows the results sf three of these 

t es t s .  These tes ts  were leo~sducct@d by main ta in ing  s l i g h t l y  

d i f f e r e n t  p o l a r i z a t g o n s  OD the pcrsitive p l a t e .  The poliari-  

z a t i o n  of 7 5  mP1lPvsPts was found by B e l l  Labs t o  give th0 

minimum growth rate.  Fpe chose po la r i za t ion  s l i g h t l y  above 

and blow t h i s  for  comparison to find the e f f e c t  on growth 

rate .  

Growth sate was measured d P r ~ s e t B y  by observation 

of t h e  p o s i t i v e  p l a t e s  of each c e l l  by m@ans of a c a t h o t o n s t ~ r .  

The c u r r e n t  was found t o  i n c r e a s e  denaping the  teat. C a r r e n t  

was a d j u s t e d  manual ly  to obtain the polar8zstfow which we 
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des ired .  

Durin 

about one 

and about 

and %Bow 

the first SO days ths growth amounted t o  

D ~ r i n g  the a e c o ~ d  momh -:he growth was about three 

times a s  fast, After  the second month the growth became 

e r r a t i c  and measurements of g r m ~ t h  m m n t  very l i t t l e  

Then after the discharge was run t h e  mils were heated 

again. 

The l i f e  of the  c e l l s ,  as t abula ted  h e m ,  is  75 per- 

cent  of noninal capac i ty .  T h t  is, after 114 days the c e l l ,  

t h e  m i a a k m u ~  ps lar i za t ion  at 60 m%B~%vol&s, had dropped 

to 75 pssesnt  of its nominal capac i ty .  And the same was 

v o l t s ,  where “,he c e l l  at t he  rninT~usm growth rats  l a s t e d  

n o t  quite ha l f  again as long, bu,t did l a s t  somewhat longer. 

The n a t u r e  of t h e  plates at 147 days was d i f f e r e n t  from 

those other c e l b  in t h a t  t h e  plates ha3 not buckled and grown 

as much. 

You see the  %a%Buse i n s  this low growth rate c e l l  was 

by d i f f e r e n t  mode. That  is, mno~sy short  form. This was the 
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r e s u l t  of our experimental technique  i n  t h i s  s h o r t  form, 

where we had scraped away some of t h e  p r o t e c t i v e  envelope 

of t ho  p o s i t i v e  p l a t e  i n  o r d e r  to measure its rate  of growth. 

a[ t h i n k  it would be q u i t e  l i k e l y  t h a t  t h i s  c e l l  woulc 

have 'iastsd roughly half  a g a i n  as long  i f  we had not  had t h i s  

mossy ShQiTt. 

I n  summary, as a r e s u l t  of t h i s  t e s t ,  we f i n d  t h a t  

7 5  m i l l i v o l t s  does indeed r e s u l t  i n  minimum growth sate 

and maximum l i f e  of t h e  ce l l .  

We a l s o  f i n d  t h a t  t h e  i n i t i a l  rate of growth is 

i n d i c a t i v e  of t h e  l i f e  of the c e l l  which we can  expec t .  

Therefore  w e  might have a n  accelerated c e l l  t e s t  which would 

involve merely measuring t h e  i n i t i a l  growth ra te .  

We can  conclude t h a t  a 180 degree F. accelerated 

tes t  provides a f a s t  method of e v a l u a t i n g  exper imenta l  g r i d  

a l l o y s  and exper imenta l  des igns .  

The o t h e r  t es t  which I w i l l  describe invo lves  tes t ing  

s e a l e d  nickel-cadmium cel ls .  

To e v a l u a t e  t h e  effect  of higher  c u r r e n t s  on 

c y c l i n g  w e  c o n s t r u c t e d  one batch of ce l l s  and d iv ided  i n t o  

four lots in our l a b o r a t o r y .  These were c o n s t r u c t e d  under 

@arefuBPy c o n t r o l l e d  c o n d i t i o n s ,  t h a t  is, our q u a l i t y  c o n t r o l  

was strP%et. 

Two lo t s  were cyc led  a t  a rate twice per day and two 

l o t s  wem cyc led  e ight  t i m e s  a day. The c u r r e n t s  were i n c r e a s e  
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$y f o u r ,  and time were reduced by 
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a factor  of f o u r .  

Pe r iod icaUy  on these @,IPS a lso,  roughly e v e r y  

50 cycles,  a capacity d ischarg ing  was r u n  t o  a c u t o f f  

voltage of one v o l t .  The average capacity of the  e n t i r e  l o t  

of w l R s ,  each of t he  f o u r  lots, was c a l c u l a t e d  regardless 

of whether or not  any of the ce l l s  in t h a t  group had fa i led 

by our f a i l - s a f e  mechanism. 

s e a l  had occurred  because of other pressure. 

punotulpe of 80m-e cell had O C L U ~ S P E I ~ ,  anad t h i s  began a t  

250 c y c l e s ,  t he  ce l l s  were l e f t  on tes t  and their  

capaci t ies  were inc luded  in the  average.  

That is whether puncture of t h e  

Even though 

(S l ide . )  

The nex t  s l i d e  gives t h e  r e s u l t s  of t h i s  t es t .  

We have curves here for two d i f f e r e n t  rates of discharg ing .  

Ttio lots were s t a r t i n g  a t  0.24,amps and two a t  2.4 amps. 

Of these two l o t s  i n  each g~oup,  one was cyc led  a t  t h e  fas t  

ra te  and one at t h e  slow rate.  We see from t h i s  curve t h a t  

%ha capaci ty  of t he  ce l l s  depend on t h e  cycle number rather 

than on t imiace .  Although there was a four f o l d  d i f f e r e n c e  i n  

time there was v e r y  l i t t l e  d i f f e r e n c e  i n  t h e  capacity. 

If you p l o t  c a p a c i t y  ve r sus  t i m e ,  there w i l l  be a 

great d i s e r ~ ~ p a n c y  i n  t he  r e s u l t s .  

Fur$he;l?mare, the  c a p a c i t y  on f a s t  c y c l i n g  agreed 

wihh%n roughly  2 percent of the  capacity on slow c y c l i n g .  

T b  gradua l  l o s s  i n  c a p a c i t y  was t h e  same i n  both 
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cases'. ? h i s  was due t o  d e g s a d s t i m .  of t h e  nega t ive  electrode 
c 

Therefore, we can ccoracPude from t h i s  t e s t  that c y e l i  

zt 8 cyc9ea per day does give 8 areliable i n d i c a t i o n  of cyc l ing  

:L!% and t h a t  our development aim be i nc reased  by a factor of 

~ O Y Z F  by U S L ~ ~  this m t h o d .  

%!lank you. 

wfll g~ OD, u n l e s s  t h e r e  is a very qu ick  ques t ion .  

Dr. Willard Scot t ,  si *TRW Systems, w i l l  talk on 

azee9sratsd testing of space ba t te r ies ,  nickel-cadmium and 

STATEMENT OF DR. WHLLAm SC!'o!l", TRW 

SYSTEMS, SPEAKING ON ACCELERATED TESTING 

OF SPACE BATTERIES -- NICKEL CADMIUM AND 

SILVER CADMIUM 

DRo SCQ%T: The pk~b9em t h a t  we a t  TRW Systems 

a m  zdi",rpesa&,ng o u r s e l v e s  t o  these days is one of i n c r e a s i n g  

t h s  3 ~ 2 i a % % % l f , y  of sealed spaeseraf t  c e l l s  p l u s  ex tending  

lA.fe axpestaney from something of the order of  two yea r s  t~ 

t h e  three ts five year  range. 

Me a m  concerned w i t h  re l iab i l i t i es ,  u s u a l l y  

f a r  in ~ x c e s s  of those t h a t  can be tolerated w i t h  ba t te r ies  

or- ,he m r $ h 9 s  s u r f a c e .  We are talking about  s h o o t i n g  far 

r s l i a F B B i t i e s  An t h e  .99 plus range for  three t o  f i v e  years. 

I n  view of t h e  fact that we r e a l l y  d o n ' t  know a t  thi 
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poin t  how t o  des ign  a meaningful accelerated l i f e  t es t  t o  

pred ic t  one y e a r ' s  l i f e ,  you c a n  unders tand  t h a t  o u r  whole 

approach here is h i g h l y  expe r imen ta l  a t  t h i s  t i m e .  A l l  I can  

r e a l l y  g ive  you is some very  p re l imina ry  r e s u l t s  and i n d i c a t i o r  

Ac tua l ly  we have done r e l a t i v e l y  ' l i t t l e  t h a t  

can  r e a l l y  be reported on for  nickel-cadmium cells as  opposed 

t o  -- a c t u a l l y  we have done more a t  t h i s  p o i n t  on f a i l u r e  a n a l -  

y s i s  and a c c e l e r a t e d  t e s t i n g  f o r  s i l v e r  cadmium ce l l s ,  and I 

would l ike  t o  g ive  you a l i t t l e  more in fo rma t ion  on t h a t .  

For nickel-cadmium, about  a l l  I would l i k e  t o  s a y  

now is t h a t  w e  g e n e r a l l y  confirm t h e  r e s u l t s  described to you 

j u s t  a few minutes ago for  nickel-cadmium c e l l s  i n  t h a t  as a 

r e s u l t  of i n c r e a s i n g  t h e  charge and d i scha rg ing  ra tes ,  t he  

degrada t ion  i n  performance is p r o p o r t i o n a l  t o  t h e  t o t a l  number 

of c y c l e s  up t o  abou t  the C rate of charge and d i s c h a r g e ,  

ra ther  t h a n  be ing  p r o p o r t i o n a l  t o  t h e  a c t u a l  amount of e l a p s e d  

time dur ing  which t h e  c e l l  is cycled. 

We are i n  t h e  process of looking  a lso a t  t h e  e f f e c t  

of e l e v a t e d  temperature  i n  a d d i t i o n  t o  high ra tes  of charge 

and d i scha rge .  But t h i s  work is st i l l  very  incomplete .  

We also have confirmed t h e  obse rva t ion  that  the  main 

mode of degrada t ion  from the t e s t s  so f a r  of h igh  rate c y c l i n g  

has  been a decrease i n  the  e f f e c t i v e  capacity of the nega t ive  

e l e c t r o d e  i n  a nickel-cadmium sealed cel l .  

L e t  m e  describe now a few more numbers tha t  we have 
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o b t a i n e d  i n  the course of looking a t  f a i l u r e  modes of s i l v e r  

cadmium ce l l s .  These were 12 ampere hour nominal sealed 

s i l v e r  cadmium cells.  We were a c t u a l l y  not  o r i g i n a l l y  

i n t e n d i n g  t o  predict l i f e  based on the  t e s t i n g  t h a t  we 

d id .  That I w i l l  mention t o  you here. We were concerned 

w i t h  comparing the performance of two d i f f e r e n t  mod i f i ca t ions  

of ce l l s ,  a s  i n t e r n a l  s t r u c t u r e  of cells .  Qne modif ica t ion ,  

f o r  example, had a nylon net l a y e r  around the  p o s i t i v e  plate 

and  polyvinyl  alcohol as p a r t  of t h e  separater system. 

The other c e l l  c o n f i g u r a t i o n ,  which was supposed 

t o  be a n  improvement a s  far as the l i f e  characterist ics of t h e  

c e l l  was concerned, had non-woven nylon and no polyvinyl  

a s  part of the  separator system. Th i s  g e n e r a l  d i f f e r e n c e  

was e v a l u a t e d  by accelerated t e s t i n g .  

of accelerated t e s t i n g s  were performed. One was c y c l i n g  

a t  normal rates a t  140 degrees  F. Another was c y c l i n g  a t  

normal rates w i t h  a l l  the free e lec t ro ly te  removed from the  

ce 11. 

Four d i f f e r e n t  k i n d s  

A t h i r d  was c y c l i n g  a t  a h igh  rate of c y c l i n g  

b u t  still  a t  normal charge and discharge rates. That is, 

c y c l i n g  w i t h  a v e r y  shor t  charge-discharge time, t e n  minutes  

t o  charge, t e n  minutes t o  discharge. 

The f o u r t h  test was a t  a r e l a t i v e l y  high charge 

and discharge rate for s i l v e r  cadmium cells,  namely, at the C 

rate.  
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, .-' .* I . I -  
The r e s u l t s  -- 
VOICE: Were these a l l  a t  1403 

I. 5 .  I .I \ 

DR. SCOTT: No. Only one of t h e  f o u r  d i f f e r e n t  

~ p i  L " , -  

.I 2 

i 1 )  5 . -+ Q,, ' 1 .  . 
tests was performed a t  t h a t ,  and t h a t  was w i t h  normal -- when 

I refer t o  normal i n  t h i s  case it is f o r  a p a r t i c u l a r  

a p p l i c a t i o n ,  which was a t  the  C over two and a h a l f  ra te  

I - .  

, ,  
, I  

.. ,' 

of charge and d i scha rge .  

The r e s u l t s  were r a t h e r  ragged. Because of t h i s  
r *  

r .  - 
s .  7 

. .  

I chickened o u t  on a c t u a l l y  p u t t i n g  any  of t h i s  on s l i d e s  

u n t i l  I saw what other  k ind  of data might be p resen ted  here, 
' 1  

' I t  

and then  I may f e e l  better la ter  on and t u r n  it i n  f o r  

+ ,  pub l i ca t ion .  . .  
i '  ., 

. -  
(Laughter.  ) 

I w i l l  t e l l  you what it 
I ,  5 .- - .  t ,  

-* . . . .  up i n  t h e  proceedings l a te r .  
- 5 ,  

On t h e  high temperature  c y c l i n g  t e s t  t h e  t es t  was 
>I ,\ "r 
4- 

- .  

r u n  fou r  40 c y c l e s  a t  C. over  two and a h a l f  charge and 

d ischarge  ra te .  C o n t r o l s  were r u n  a t  normal room temperature  

for  both types  of c e l l s ,  and i n  - , * -  one , case t h e  c o n t r o l s  i n c r e a s e  
L.. 1 I , - *  

i n  c a p a c i t y  by about  f i v e  pe rcen t  du r ing  . ,  t h e  c y c l i n g  t i m e ,  
* *,,:. ., -. * 

1- 

i n  t h e  o t h e r  decreased by 15 percen t  L a t  .\. room temperature. 

The mod i f i ca t ion  tha t  i n c r e a s e d  by f i v e  percent  

, .  . =  ' ..( * 

. I  

a t  room temperature  decreased by 4 45 percen t  i n  40 cycles a t  

140 degrees F. 

c e n t  a t -  room tempera ture ,  decreased 55 percen t  a t  e l e v a t e d  

The o the r  mod i f i ca t ion  which decreased 15 pes- 
r ~ ,  . r "- ,:: ' >,, 
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temperature  . 
We were hoping to see a much larger d i f f e r e n t i a l  

i n  performance because of  c e r t a i n  s t r u c t u r a l  d i f f e r e n c e s  

between t h e  cel ls .  We f o r  var ious  r easons  had t o  t e rmina te  

t h e  test  a f te r  40 c y c l e s .  We r e a l l y  d o n ' t  know what might  

have happened on cont inued  cyc l ing .  The rate of degrada t ion  

was f a i r l y  l i n e a r  w i t h  t h e  number of c y c l e s  from zero to  

40 c y c l e s .  If you want to extrapolate, you can ,  bu t  I would 

rather not .  

A t  least  t h i s  form of t es t  i n  t h i s  case d i d  not 

show a r e a l l y  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  c h a r a c t e r i z a t i o n  

of these two c e l l  c o n f i g u r a t i o n s ,  w e  feel .  

The tes t  w i t h  i n s u f f i c i e n t  e l e c t r o l y t e ,  w e  

charged and d ischarged  t h e  c e l l  a number of times and w%thdreW 

a l l  t he  free e l e c t r o l y t e  t h a t  w e  could  f i n d  i n  the 

c e l l  as a tes t  of t h e  a b i l i t y  of t h e  s e p a r a t o r  system t o  

r e t a i n  e l e c t r o l y t e .  Then we sealed the  c e l l  up a g a i n  and 

c y c l e d  -- a c t u a l l y  we cyc led  o n l y  t e n  cycles i n  t h i s  c a s e  

a t  room tempera ture ,  a g a i n  a t  the  C over  two and a hal f  

charge and discharge rates.  

A t  t h e  end of t h i s  t i m e  t h e  c o n f i g u r a t i o n  which 

con ta ined  the  nylon n e t  rather than  t h e  non-woven nylon 

decreased i n  c a p a c i t y  by about 15 pe rcen t .  The one 

t h a t  had the  non-woven nylon d i d  not  decrease i n  c a p c i t y  

measurably du r ing  t h i s  t e n  cycle  test. 
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Ten cycles is not very much, bu t  t h i s  is as  f a r  _ _  

as  t h i s  t es t  has g o t t e n  a t  t h i s  p o i n t  i n  t i m e .  

I t  does appea r ,  a t  least  so fa r  i n  t h i s  case, t h a t  

we a r e  a b l e  t o  see i n  a r e l a t i v e l y  few c y c l e s  a d e f i n i t e  

d i f f e r e n c e  i n  t h e  a b i l i t y  of t h e  non-woven nylon type  s e p a r a t o r  

i n  r e t a i n i n g  moisture  around t h e  p l a t e s  in t h i s  type  of 

cel l .  

The h igh  c y c l e  rate test appeared t o  g i v e  t h e  most 

s a t i s f a c t o r y  r e s u l t s .  

answers t h a t  we thought  we were going t o  get i n  t h e  first 

place than  any of  t h e  res t  of the tes t s .  I s t i l l  c a n ' t  s a y  

By that I mean it gave u s  more of t he  

a t  t h i s  t i m e  how w e l l  these r e s u l t s  correlate w i t h  u l t i m a t e  

l i f e  i n  a specific a p p l i c a t i o n .  I c a n  o n l y  g i v e  you r i g h t  now 

what happened du r ing  the  accelerated tes t  per iod .  

VOICE: Was t h i s  a t  C. over  t w o  and a h a l f ?  

DR. SCOTT: This  was a g a i n  a t  C over  two and a half 

ra te ,  y e s .  

We discharged fo r  t e n  minutes ,  cha rg ing  fo r  t e n  

minutes, and conducted t h i s  for f i v e  hundred c y c l e s .  The 

i n i t i a l  c a p a c i t y  t o  t o t a l  o u t p u t  c a p a c i t y ,  t o  .9 v o l t s  per 

cell  of t h e  c o n f i g u r a t i o n  w i t h  the woven nylon, was 8.6  ampere 

hours. Tha t  of t h e  non-woven nylon was 11.2 ampere hours. 

Af te r  t he  500 c y c l e s ,  t h e  one w i t h  t h e  woven nylon was down t o  

four amp hours ,  t h e  one w i t h  non-woven nylon was down t o  9.2 

nylon hours .  The i n t e r e s t i n g  t h i n g  about  t h i s  r e s u l t  was t h a t  
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reading t h e  c a p a c i t i e s  had i n c r e a s e d  and not  decreased SQ 

we don ' t  knoq what  w e  are r e a l l y  doing  here. 

A% I running  o u t  of t i m e ?  

DE. FLEHSCHER: J u s t  about .  

DRe SCOTT: I w i l l  mention one o t h e r  form of  accele- 

r a t e d  t e s t i n g .  

VOICE: How many tes t  u n i t s  d i d  you have under each 

of these c o n d i t i o n s ?  

DR. SCOTT: A r e l a t i v e l y  small number. 

Most of them had a m i n i m u m  of three u n i t s  under 

each co~ditisn up t o  t h e  order of abou t  s i x .  The sample 

was rather small and  the  r e p r o d u c a b i l i t y  was lousy .  The o the r  

form of a c c e l e r a t e d  t e s t i n g  t h a t  w e  are conduct ing is t h a t  of 

a c c e l e r a t i n g  t h e  problem of s i l v e r  migra t ion .  

DR. FLEISCHER: S i l v e r  cadmium? 

DR. SCOTT: I have t o  e x p l a i n  t h a t .  

In c e r t a i n  types  of nickel-cadmium c e l l s  p r e s e n t l y  

a v a i l a b l e ,  s i l v e r  brazes are used t o  make t h e  hermetic  s ea l .  

P believe we mentioned t h i s  problem l a s t  time as one which 

we considered a major f a i l u r e  mode fo r  long-term use  of sealed 

nickel-cadmium c e l l s .  

We have been busy s i n c e  then  conduct ing tes ts  of t h e  

seals themselves o u t  of a n  a c t u a l  c e l l  c o n f i g u r a t i o n  by 

exposing them t o  v a r i o u s  s imula t ed  c e l l  atmospheres w i t h  a 

p o t e n t i a l  d i f f e r e n c e  of f l i g h t  across t h e  i n s u l a t o r  s imi l a r  t o  
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t h a t  I t  would see across a n  a c t u a l  c e l l .  We have been able 

t o  dupl  eaita the  t y p e  of behavior p r e t t y  well t h a t  w e  observed 

Baa a e e l l  i n  the lab,  w i t h o u t  a c t u a l l y  having t o  have t h e  seal 

I D  a n  op%3rating c e l l .  

We have gene ra t ed  s i l v e r  shorts  across i n s u l a t o r s  

at vol tages ranging  from about 1.2 t o  1.75 v o l t s ,  which 

is the range of a p p l i e d  vol tage  we have t e s t e d .  We have been 

able t o  g s t  s h o r t i n g  w i t h i n  t h e  per iod  of about  72 days,  

which we have been able t o  show can  be p r e t t y  well 

inhiibfted by c o a t i n g  t h e  s i l v e r  braze w i t h  p l a t i n g  organic 

~ ~ a t h g s  and SO f o r t h ,  we have been able t o  test  t h e  effect 

of dPf'fIexwnt ways of f i x i n g  t h e  s i l v e r  braze mig ra t ion  problem 

We f e e l  t h i s  t e s t  is meaningful and q u i t e  u s e f u l  

ddbs*cuss%saa. 

DR. PEEHSCHER: Thank you, D r .  Scott. 

POP a d i s c u s s i o n  period we w i l l  s e t  up  a few ground 

rules.  Them are microphones, so p lease  use them so t h a t  your 

discussion As heard throughout t h e  h a l l ,  and so t h a t  it can 

b rE!eor.dsd. 

W i l l 1  you p l ease  a d d r e s s  your q u e s t i o n s  t o  t h e  

particular speaker you have i n  mind i f  you wish him t o  answer 

t h a  q~estioan. I t h i n k  w i t h  t h a t  we w i l l  open t h e  meeting. 

I t h i n k  WB ha.%= covered t h e  gamut of problems t h a t  you a l l  

want t o  t a l k  about .  L e t ' s  s t a r t  r i g h t  i n .  

It would be a good idea t o  s t a t e  your name and affPZ. 
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a t i o n  so that it can  be r eco rded .  

MR. LANDER: I ' m  f r o m  the DeIco W m y  D i v i s i o n  of 

General  Motors. T h i s  is by way af t w o  c o m w n t s  on Dr. 

Will ihnganz q s  remarks. 

F i r s t  of a l l 9  you would be l e d  t o  believe,  on t h e  

basis of h i s  remarks,  that we never  g e t  negative plate f a i l u r e !  

i n  automotive f a i l u r e s  any more. I t  is my impress ion  t h a t  

t h i s  is where we get  t h e  most of them. Most f a i l u r e s  i n  

automotive s e r v i c e  occur in t h e  w i n t e r  time. It Ps probably  

due t o  a nega t ive  p l a t e .  If a battery runs  f 0 ~  a l ong  t i m e  -- 
for  i n s t a n c e ,  many cells will run out t o  four t o  s e v e n  years 

t h e n  you are apt t o  r u n  into t h e  kind of degradation o f  

g r i d s  as being t he  major cabuse t h a t  iGen~, speaks of, 

The other comment is this: it a p p ~ a r s  to me to IX 

t r u e  t h a t  we are more and more r c n n i n g  i n t o  failures t h a t  

c a n  be d e s c r i b e d  by ths Arrkee ius  type .  T have seen t h i s i ,  

and I thinle some data was presented in t ho  Schick meetPng, 

t h a t  t h e  Schick electrschemical s e c t % s n  h s l d  l a s t  yean: fo r  

t h e  cadmium electrode 

w@ have 888n i.8; %XI S O E "  h 3 I l l ~ l % t U E W  W 8 r " S U . S  damp 

tes ts  on s i l v e r  z % n c  batteries. Gene mentioned it for h i s  l e a  

a c i d  t e l ephon  batteries. I t h ~ n k  the sense of it is that t h e  

tempera ture  i n  many cases can  be used  as a means of accePeratJi 

t e s t i n g ,  provided t h a t  the slope of t h e  tempratrare curve  does 

i n t e r s e c t  f a i l u r e s  i n  o r d i n a r y  t empera tu res  OF in t h e  o r d i n a r j  
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use  t o  which you are going  t o  put  t h e  b a t t e r y .  

DR. FLEISCHER: D o  you want t o  make any comments 

about  that, Gene? 

DR. WPLLIHNGANZ: Yes. F i r s t  your chairman c u t  

m e  off before I was r e a l l y  through. 

(Laughter.)  

Second, I wouldn't  have s a i d  any th ing  about  i t  

anyhow, because I was t r y i n g  t o  ta lk  about  aspects of t h e  

t e s t i n g  which have a bear ing  on t h e  t e s t i n g  of Alkal ine  

batteries.  I n  other words not p r i m a r i l y  i n t e r e s t e d  i n  t h e  

behavior  of lead bat ter ies .  

The audience I d o n ' t  b e l i e v e  is p r i m a r i l y  i n t e r e s t e d  

i n  t he  behavior  of t h e  automobile batteries t h a t  t h e y  are 

us ing .  They are i n t e r e s t e d  i n  t he  behavior  of  t he  space  

ba t te r ies  that NASA is buying. 

(Laughter.  ) 

DR. FLEISCHER: L e t ' s  get on. 

P t b i n k  D r .  Hardy had a ques t ion .  

DR. HARDY: I a m  Hardy, Bsattelle Memorial I n s t i t u t e .  

D r .  Biddick gave some information in t h e  s l ide .  P c o u l d n ' t  

see a l l  of it. I was wondering i f  t h e  a c c e l e r a t i o n  i n  t h e  

f a i l u r e  t h a t  you exper ienced  by i n c r e a s i n g  t h e  number of 

c y c l e s  o r  t h e  frequency of c y c l i n g  could be a t t r i b u t e d  

t o  t h e  i n c r e a s e  i n  t h e  discharge ra te ,  or the  charge rate ,  

i f  you had a means of s e p a r a t i n g  o u t  these two possible effect!  
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In other  words are O H ~  eva lua t ing  just one i t e m  a t  

a t i m e  or several? Ahre there several possible fac tors  involvec 

i n  i n c r e a s i n g  t h e  cycle  rate? Poss ib ly  1 d i d n v %  under s t and  

what a l l  the, esrsd i t ions  w$r% 

DR, BIDDICK: E :an onkg say both, %ha& we can't 

separate out. t h ~  effavcts of charging and discharging. All 

we d i d  was an overa l l  de&errnhation. Ira general the lsss 

in capac i ty  was due to degradation of the negative.  Whether 

this Q C C U ~ Z W ~  prirnari3.y on charge OF" pr imar i ly  on discharge,  

I can't s a y .  I don't know. 

DRo FLEHSCHEH: 9 aplc w ~ a i t $ % w . g  ~ Q B "  some hands to go 

up. E r n s t  Cohn. 

MR. COHN: Cohn, XAS.A0 In l i s t e n i n g  to t h e  pap@%% 

t h i s  ms~pnjbng %: found tba f~llcwing ~ ~ C ~ O E P S ,  T b l i . e v e ,  

t h a t  a f f ec t  tha r a t e  sf battery fa i lur . s .  Once is temperature,  

a n s t h e r  is cycle n w n b r 9  a t   lea^ up; &s the  C e  rate. I d o n ' t  

know t h a t  anything d e f f n f t e  has been s e t  b e y s ~ d  t h e  C r a t e .  

If  so 1 mBssed P t ,  The vol tage ,  pmsumab2y at both charge 

and  d i s c h a r g e .  

The c u r r e n t  or t h e  ra te  of charge and dfscharge. 

The e%ectrsBgLs l e v e l  was mentioned, But I dan*t 

know t h a t  a n y t h t n g  d e f i n i t s  has corne o u t  of this so far .  

A n s t h s r  p o i n t  t h a t  1 t h i n k  shaulbd b@ m n t i o n e d  

here p a r t i c u l a r l y  i n  connruction with space ktteriss,  is 

pressure cycPirag, wh$ch doesn @t hapmn OR automotfve batteries 
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I n  a p o s i t i v e  p l a t e ,  when you d i s c h a r g e  i t ,  you 

are c o n v e r t i n g  l e a d  t o  oxide t o  l e a d  s u l p h a t e ,  which has a 

very s u b s t a n t i a l  h i g h e r  volume. The l i f e  of t h e  b a t t e r y  on 

cyc le  test  is c r i t i c a l l y  dependent on how deep ly  you 

c y c l e  it. I n  o t h e r  words how much -- p o s s i b l y ,  a t  least  

-- how much stress you pu t  on t h e  l e a d  oxide  f i l m  by b u i l d i n g  

up lead s u l p h a t e  i n  t h e  po res  and s t r e t c h i n g  that t h i n g .  So 

i t  is p o s s i b l e  a t  least  that what M r .  Cohn has  s a i d  is a c t u a l l :  

happening i n  our l e a d  a c i d  bat ter ies  -- stress. 

DR. FLEPSCHER: DP. Dal in?  

DR. DALPN: George Da l in ,  of Yardney E lec t r i c .  

Although t h i s  is a l i t t l e  b i t  premature because t h e  s i l v e r  

z i n c  b a t t e r y  h a s n ' t  been mentioned y e t ,  l e t  m e  s a y  t h a t  my 

primary i n t e r e s t  is i n  s i l v e r  z i n c  and s i l v e r  cadmium. 

These batteries are p a r t i c u l a r l y  r i c h  i n  f a i l u r e  

modes. 

(Laughter .  ) 

Consequent ly  when you set  o u t  t o  r u n  8 t e s t  and 

t r y  t o  r u n  it by temperature, I t h i n k  t h a t  i n s t e a d  of s e t t i n g  

up  an Arrhenius  p l o t  what you have t o  f i g u r e  o u t  is which 

par t icular  f a i l u r e  mode you are t e s t i n g .  I t h P n k  i t  was 

D r .  Wi l l ihnganz  po in ted  o u t  there was a break i n  t h e  

curve a t  t he  r i g h t  hand end. I t h i n k  a c t u a l l y  what t h i s  p l o t  

should  look  l i k e ,  if I may go on here, is something l i k e  t h i s  

( i n d i c a t i n g )  ; w i t h  e a c h  one of these r e p r e s e n t i n g  a d i f f e r e n t  
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using t h e  computer t o  ana lyze  your  voltage d a t a  t o  i d e n t i f y  

f a i l u r e  modes and to i d e n t i f y  t h e  changes i n  t h e  parameters, 

since any  p a r t i c u l a r  a c c e l e r a t e d  t es t  technique  is emphasizing 

one parameter, you want t o  see what happens t o  a l l  of them. 

I f e e l  t h a t  later papers i n  t h i s  program w i l l  add t o  factors 

of control which you w i l l  probably want t o  have t h e  use of a 

computer i n  ana lyz ing  t h e i r  voltage d a t a  

DR. FLEISCHER: D r .  S h a i r .  

DR. SHAIR: Bob S h a i r ,  of Gulton I n d u s t r i e s .  

I t h i n k  i t  is v e r y  impor t an t ,  when we t a l k  about  

a n y  k ind  of a c c e l e r a t e d  t e s t i n g ,  t h a t  w e  a l so  i n d i c a t e  whether 

we are  t e s t i n g  s i n g l e  c e l l s  or  whether w e  are t e s t i n g  m u l t i p l e  

groups of cells up t o  a s  h igh  a s  p o s s i b l y  17 t o  20 cells i n  

a b a t t e r y .  

I n  t h e  case of nickel-cadmium c e l l  t e s t i n g ,  f o r  

i n s t a n c e ,  w e  f i n d  t h a t  even  though t h a t  c e l l  may be t end ing  

toward a f a i l u r e ,  its voltage character is t ic  probably w i l l  

not get so f a r  o u t  of l i n e  that you w i l l  get  an  avalanche 

e f f e c t  which w i l l  d e s t r o y  t h e  e n t i r e  pack. 

On t h e  o t h e r  hand when you are t e s t i n g  s i l v e r  cadmiu 

c e l l s ,  a s  soon a s  you get t o  a p o i n t  where you do have a 

degrada t ion  o c c u r r i n g ,  t h e  v o l t a g e  of t h a t  c e l l  changes so 

d r a s t i c a l l y  compared t o  t h e  o t h e r s  t h a t  u n l e s s  you are 

c o n t r o l l i n g  i n d i v i d u a l  c e l l s  you c a n  a c t u a l l y  d e s t r o y  t h e  who1 

pack by v i r t u e  of j u s t  perhaps o n l y  t e n  percent  of t h e  ce l l s  
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a c t u a l l y  fafling by a degradation of t h e  cell i t s e l f .  

H t h l n k  it is important to I n d i c a t e  how we do t h e  

t e s t i n g  and how we do t h e  c o n t r o l .  Because one t h i n g  we want 

t o  be SUFB of is t h a t  w e  are testing the c~l3.s~ not the method 

we are u s i n g  t o  charge and discharge the cells. 

DR. FLEPSCXER: Ds. WilPdhngana. 

DR. WHLLPHMGANZ: B b  ShaBr * S  remarks ela~aphS~iZe 

something which 1 f ~ r g ~ t  t o  mention earPfer,  4x0, which PS 

t h a t  i€ you are running  an accslerated l i f e  t e s t  H b l i e v e  

it may b good practice to 

b a t t e r y  has  gone bad. I have seen yea r  after gear of 

t e s t i n g ,  i n  which YOU look a t  t h e  f i n a l  battery, and abou t  

t h e  only thing you can s a y  about  it is vWorn o u t  junk ."  

at t h e  remains before t h e  

Why it f a i l e d  we haven't the f a i n t e s t  i d e a .  If 

you however can g e t  Pn there a t  t h e  first s i g n  of t r o u b l e ,  

you may ffnd o u t  what was wrong. 

DR. FLEHSCHER: Bob Shair? 

DR. $HAIR: I c m V t  .help but m k s  a remark. Here 

we are talking a b u t  space, and a11 t h e  batteries are going 

i n  t h e  other d i r e c t i o n .  

(Laughter .  a 
DR. WHLLHHNGANZ: That  BS Just negative s P ; a C e .  

(Laughter .  1 

DR. PLEHSCHER: P don't think W e  W i l l  decide 

where $;ha& place is sPght now. I think w e  still have p l e n t y  0' 
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time for more comments and more q u e s t i o n s .  YOU better get 

up o r  I w i l l  s t a r t  c a l l i n g  on  you. H e r e  is t h e  first gentlemar 

I d i d n ' t  recognize  t h i s  morning. 

MR. MAGISTRO: It  may be good t o  remain anonymous. 

I am Magistro,  of P i c a t i n n y  Arsenal .  We have done a l o t  of 

factor ia l  type  testily: where we cons ide red  m u l t i p l e  factors.  

We found i n  t ac t ica l  use of Army weapons systems we deal 

w i t h  a t  l eas t  f o u r  and f i v e  environments a t  a t i m e .  Most 

of t h e  data t h a t  has been p resen ted  t h i s  morning has been 

p l o t t e d  for  s i n g l e  environment,  fo r  i n s t a n c e  temperature  

ve r sus  l i f e  -- a t  least  I a m  making t h a t  assumption -- withou 

a l s o  va ry ing  c u r r e n t s  and a t t e m p t i n g  t o  get i n t e r a c t i o n s  

between temperature  c y c l e  and load of t h e  b a t t e r y .  

I wonder if any of t h i s  data was checked t h i s  

way.  T h a t  is a g e n e r a l  comment f o r  a l l  three speake r s .  

DR. FLEISCHER: D o e s  anybody want t o  answer t h a t ?  

O r  do you want m e  t o  s a y  t h a t  m o s t  of t h e  t i m e  t h e  fac tor  

t h a t  l i m i t s  t he  data t h a t  you want is the  amount of money 

t h a t  is a v a i l a b l e  f o r  c a r r y i n g  o u t  these tests. 

(Laughter.  ) 

MR. MAGISTRO: I would a l so  l i k e  t o  add t h a t  i n  

o u r  expe r i ence  w i t h  thermal batteries and such  as  one-shot 

batteries of r e s e r v e  t y p e ,  w e  f i n d  t h a t  t h e  f a c t o r i a l  

type t e s t  a l so  reduces  the  t o t a l  cost .  This  has  been proven 

over about  t e n  yea r s .  We have f a i r l y  good data -- I d o n ' t  
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have i t  h e r e  with me -- which  shows the z f fec t 'Gf  this i f  you 

want to Bake d e c i s i o n s  it ' t e l l s  YOU w h c c i  d & x e t d  - t o  mbve 
,i .I 

, '  ' -  . ,. . -  
very q3Acklg. I t  d o e s n ' t  t e l l  you what t h e  &nswer"fs, bu t  

tells you which way to move.' Mag& his  is w h a t  we need 

, .  
A r e  these i n t e r a c t i o n s  which  we &an measure? * 

cha rg ing  system t h a t  is involved.  

H don't know how it works  out for s i l v e r  cadmium or 

n i c k e l  cadmium, but 1 w i l l  show some d a b  l a te r  today  t h a t  
-. 

will i n d i c a t e  t h a t  optimum life m y  be achieved under a given 

c y c l i n g  regime, depending on j u s t  haw YSU do c y c l e  a lead 

ba t te s y e 

?i 

Consequently system design may ~ C Q W  an impor tan t  

pa r t  of achievang m a x i m u m  life, 

<I 

it deserves. %"he whole reason why these v a r i o u s  seeming 
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complicated des igns  for  t e s t i n g  are employed is because 

they  have advantages.  

t o  be fancy. One of t hose  advantages  u s u a l l y  is it reduces  

t h e  cost. You l e a r n  more for  less money. 

It  isn't because somebody is t r y i n g  

A second advantage which is hard t o  equa te  w i t h  

cost sometimes b u t  is v e r y  impor tan t  i n  t h e  space program 

I would s a y  as  much as  it is in the agricul tural  expe r imen ta l  

f i e l d  i n  which F i s h e r  and o t h e r s  first b u i l t  up  t h e  t h e o r y  

of des ign  experiments ,  is t h a t  it s a v e s  t i m e s ,  regardless 

of cost  . 
There the a g r i c u l t u r a l i s t  was faced w i t h  t h e  fact  

he could  on ly  grow one or two crops a year  and then  he would 

have t o  wait  u n t i l  next  year before he could  do a n o t h e r  

experiment.  

same t i m e ,  t h e  faster ahead we can  proceed i n  t h i s  f i e l d ,  

too. 

The more exper imenta l  r e s u l t s  w e  can g a i n  i n  t h e  

DR. FLEISCHER: D r .  Cohn. 

MR. COHN: There is ano the r  advantage t h a t  

should be added t o  t h e  experiment approach, and t h a t  is t h a t  

you can get by t h i s  means t he  effects  of i n t e r a c t i o n s ,  which 

you cou ld  n o t  p o s s i b l y  get by other means. 

i f  you want t o  get ,  s a y ,  t h e  combined effects  of pres su re  

and tempera ture ,  there is no way you c a n  m a k e  t he  experiment  

t o  get  the  i n t e r a c t i o n s  c o r r e c t l y  excep t  by some -- or  

similar des ign .  Th i s  has been shown a good 15 yea r s  ago or 

I n  other words, 
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s o  i n  one of the Chemical Engineer ing j o u r n a l s  where a n  

a r t i c l e  i n d i c a t e d  t h a t  t o  opt imize  a product  y i e l d ,  t h e  o n l y  

way t o  proceed was by f a c t o r i a l  des ign .  T h a t  is a n o t h e r  bonus 

you ge t  o u t  of that i n  a d d i t i o n  t o  s a v i n g  t i m e  and  money. 

DR FLEISCHER: Gerry H a l p e r t  . 
MR HALPERT: Gerry HaIpert NASA-Goddard. 

A s  p a r t  of t h e  d i s c u s s i o n  here t h i s  morning,  you have heard  

a l o t  of the d e s c r i p t i o n  of various types  of c y c l e s ,  The 

program at khe M a r t i n  Company, Baltimore,  was a n  example 

sf a n s n - s t a t i s t i c a l  t ype  o f  program. I t h i n k  n e  have some 

r e s u l t s  which gave some c h a r a c t e r i s t i c s  of o p e r a t i o n  versus 

l i f e  r e l a t i a n s h i p s  

P brought some s l i d e s  a l o n g  tLis morning. 'It w i l l  

bs ala. off-the--cu%f except +,hat I have t h e  .slides. If we 

can show the first one I w i l l  give yola some idea of what the 

program was and %hat, the r e s a l t s  were. 

{ S l i d e . )  

This is the e n t i r e  progsan: nf bar;+,ery tests. I 

have thrown in a n  ex t r a  o m  juss; for compaslson.  We see 

in o m  group N,C? look at only the rate ~f d i s c h a r g e ,  t h a t  is, 

C over 2, C o v ~ r  8, and 2C. 

I n  xhe second gsozp %e f i n d  v a r i c u s  t y p s  o f  cha-Pge 

appearance3 &No-step t y p e  chargesg and d i f f e r e n t  rates. 

In the t h i r d  group we see d f f f e r ~ n r e s  in end of 

charge t e r m i n a t i o n .  
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The l a s t  group is a n  i n t e r e s t i n g  c y c l e  i n  which 

we cha rged  o n l y  from t h e  f a i l u r e  p o i n t  of 50 p e r c e n t  and 

t h e n  back down a g a i n .  

May I have t h e  next  slide, please. 

( S l i d e .  } 

Here we s0e t h e  e f f e c t  of  t h e  first group, t h e  

d i f f e r e n c e s  i n  t h e  f i r s t  group.  These are t h e  first three 

ba t t e r i e s .  We see the d i scha rge  r a t e ,  C o v e r  two, c' o v e r  

e i g h t ,  and  2C. The ampere hour  ce l l s  are here. The dep th  

of d i s c h a r g e  was 25 pe rcen t  i n  a l l  cases. The f a i l u r e  is 

de te rmined  by t h e  f i f t h  ce l l  t o  f a i l  o u t  o f  a b a t t e r y  of 

10 c e l l s .  That  is, t h e  f a i l u r e  t o  d e l i v e r  t h e  25 p e r c e n t  

c a p a c i t y .  As YOU see ,  the C o v e r  8 cell was s t i l l  g o i n g  

at t h i s  time, Because computer o p e r a t i o n ,  because of the  

number of c e l l s  l e f t ,  we t e rmina ted  t h e  t e s t .  May I have 

t h e  newt s l i d e ,  p l e a s e .  

( S l i d e  0 )  

Mote C / 8 .  This  is a c o m p i l a t i o n  of t h e  r e s u l t s  

of a l l  t h e  batt;er.ies i n  t he  t es t s ,  w i t h  a few extras thrown 

i n .  Pack 13 and 17 were Crane9 and a n  MF t e s t  ofyc18, ups ide -  

down c y c l e s ,  was Sheer  phase. 

To look a t  the numbers, we see the number of 

days  of o p e r a t i o n  are f a i r l y  s i g n i f i c a n t  e x c e p t  f o r  b a t t e r i e s  

f i v e  a n d  s i x  which were 50 and a hundred p e r c e n t  dep th  Of 

d i s c h a r g e  and r e a l l y  d o n ' t  f i t  i n t o  t h e  p a t t e r n  of the  rest 
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of t h e  c e l l s .  You see there are  q u i t e  large numbers there 

i n  terms of days and  i n  terms of c y c l e s .  

( S l i d e . )  

Here I t r i e d  t o  b reak  o u t  t h e  e f f ec t  of cha rg ing  

current on t h e  c e l l .  We see i n  t h e  first three cases,  C/10, 

t h a t  we have a f a i r l y  s h o r t  number of c y c l e s .  T h i s  is C/10 

f o r  three and a q u a r t e r  hour s ,  which is p u t t i n g  i n  

approximate ly  130 pe rcen t  of t h e  discharge.  As I mentioned, 

we see t h e  f a i r l y  low number of c y c l e s  compared w i t h  the r e s t  

of t h e  t e s t .  

A s  we go down, look ing  a t  Crane,  C/8 -- t h a t  is 

not C/32, 1 t h i n k  i t  shou ld  be C,: or 3.2.  A s  w e  go higkLer  

we see t h a t  w e  i n c r e a s e  t h e  number o f  c y c l e s .  I n  t h i s  

p a r t i c u l a r  case we have C/2, C/10, C / 5  and  C/l.O. The C/2 ,  

I t h i n k  t h a t  C/2  may be an  i n c o r r e c t  number. I have t o  

check  that number, T h a t  d o e s n ' t  appear t o  belong the re .  

A t  the bottom w e  see a n o t h e r  i n t e r e s t i n g  and v e r y  

i n t e r e s t i n g  p o i n t .  These are t h e  two ba t te r ies  which were onl :  

charged 56 W r c e n t .  We see t h a t  C/2 and  C, /5 ,  be t te r  t h a n  

h a l f ,  51 to 75 p e r c e n t  i n c r e a s e  i n  l i f e ,  by u s i n g  t h e  h ighe r  

rate at .  t he  lower s t a t e s  of charge o v e r  t h e  C/5 r a t e .  

P think we c a n  s a y  i n  g e n e r a l ,  abou t  these p a r t i c u l a  

numbers, that tLe increase i n  ra te  d u r i n g  the  charge c y c l e  

is, at lec'st i n  t h e  e a r l y  p o r t i o n  of t h e  cha rg ing  c y c l e ,  is 

q u i t e  e f f  3ct ive  i n  i n c r e a s i n g  l i f e .  
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( S l i d e .  ) 

Here we have t h e  e f f ec t  of  overcharge .  Q u i t e  a 

few of you t a l k e d  about  overcharge and its e f f e c t  on l i f e .  

We see h e r e ,  a g a i n  going down the  list, we go from a po in t  

a t  which we purposely overcharged t h e  c e l l  by a n  e x t e n s i v e  amoi 

by a small  amount, and then  onward u n t i l  we came t o  a c y c l e  

i n  which t h e  p res su re  of t h e  one c e l l  t e rmina ted  t h e  charge, 

or the  c o n s t a n t  p o t e n t i a l ,  when t h e  c u r r e n t  reached a lower 

l i m i t  of C/10 r a t e ,  i n  which t h e  c u r r e n t  e f f i c i e n c i e s  are  

e x c e p t i o n a l l y  h igh ,  90 pe rcen t  or above,  as t h e  pe rcen t  of 

recharge is 111 percen t .  

I n  t h i s  case I have s a i d  t h a t  t he  low r a t e  of 

d ischarge  is bad. We still ge t  142 c y c l e s .  Under the  

c o n s t a n t  p o t e n t i a l  regime w e  d rop  t h e  C r a t e  t o  C/10 ra te  and 

i t  i n d i c a t e s  a s u b s t a n t i a l  i n c r e a s e  i n  t h e  l i f e .  Another 

po in t  abou t  t h i s .  Look a t  t h i s  number. T h i s  c o n s t a n t  

p o t e n t i a l  was a t  1.425 v o l t s .  T h i s  c y c l i n g  l a s t e d  108 some 

days or 10,000 some odd c y c l e s .  Th i s  is q u i t e  a low number 

one would c o n s i d e r  f o r  q u i t e  a low v o l t a g e  t o  charge -- 
1.425 average v o l t s  per  c e l l .  

Something Bob S h a i r  mentioned, j u s t  because one ce l l  

may  be a l i t t l e  low you d o n ' t  get  t h i s  avalanche e f f ec t .  

These k e p t  going fo r  q u i t e  sometime. As I mentioned, t h e  s t a r  

p o i n t s  o u t  there was on ly  one f a i l u r e  and t h a t  occur red  a t  

3700 some odd c y c l e s  du r ing  the  t e s t .  

1 
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VOICE: A t  ambient  tempera ture?  

DR. SCOTT: These are  a l l  25 degrees  C.  

( S l i d e  .) 

I have l i s t e d  a couple  of t h i n g s  here.  Three items, 

two i n  a d d i t i o n  t o  t h e  one E r n s t  had on h i s  l ist.  F i r s t  of 

a l l  c o n s t a n t  p o t e n t i a l  or two-step type  charge, h i g h  c u r r e n t  

a t  t h e  beginning of t h e  charge  phase.  I t  is r a t h e r  s i g n i f i c a n .  

i n  i n c r e a s i n g  the  l i f e  of t h e  c e l l .  

Secondly,  t h e  minimum overcharg  or maximum c u r r e n t  

e f f i c i e n c y ,  t h a t  is l i t t l e  or no g u e s s i n g  a t  t h e  end o f  

charge .  The p r e s s u r e  t e rmina ted  t h e  b a t t e r y ,  f o r  one,  t ended  

t o  increase l i f e  c o n s i d e r a b l y .  I n  a number of  the c y c l e s  

t h e  voltage c u t o f f s ,  on t h e  v o l t a g e  c u t o f f s  t h e y  were a l l  

f a i r l y  low, below 1.5 v o l t s  per c e l l .  I n  a l l  of those 

I t h ink  w e  i n c r e a s e  our l i f e .  As mentioned,  of c o u r s e  by 

t h e  o t h e r s ,  i n  a c c e l e r a t e d  t e s t i n g ,  t h e  low d i s c h a r g e  

c u r r e n t  would i n c r e a s e  t h e  l i f e .  High d i s c h a r g e  c u r r e n t  

would a f f e c t  t h e  l i f e ,  f a i l u r e  be ing  on t h e  cadmium e l e c t r o d e .  

That  is a l l  1 c a n  s a y  a b o u t  t h i s  on t h i s  p a r t i c u l a r  

program. 

DR. FLEISCHER: I t h i n k  w e  are abou t  ove r  ou r  

d i s c u s s i o n  pe r iod .  I want t o  make one comment, sor t  of 

p o i n t i n g  t h e  d i r e c t i o n  t h a t  w e  migh t  be t h i n k i n g  abou t  i n  

terms of our  q u e s t i o n s .  One of them is t h a t  w e  are t r y i n g  

t o  d i r e c t  our a t t e n t i o n  t o  how t o  r u n  a n  a c c e l e r a t e d  t e s t  
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for v a r i o u s  t y p e s  of space  bat ter ies .  I n  s e t t i n g  up a n  

a c c e l e r a t e d  t e s t i n g  program we have t o  keep  i n  mind t h e  

object of t h e  a c c e l e r a t e d  t e s t i n g .  Are we do ing  it for  t h e  

purpose o f  q u a l i t y  c o n t r o l .  A r e  we t r y i n g  t o  l e a r n  something 

about  s e p a r a t o r s  and o t h e r  modes of f a i l u r e s .  

F i n a l l y ,  we shou ld  keep  o u r  minds on t h e  f a c t  

t h a t  w e  have a s  y e t  n o t  been s u p p l i e d  w i t h  any  k ind  of a n  i d e a  

of how the  ba t t e r i e s  have t o  operate i n  space .  

What k ind  of charge-d ischarge  c y c l e s  do t h e y  a c t u a l 1  

undergo. What tempera ture  r a n g e s  do t h e y  a c t u a l l y  undergo. 

What k ind  of  res t  p e r i o d s  do w e  have. 

There are a large number of  i t e m s  t h a t  w e  

ought t o  know abou t  i f  w e  are going  t o  t h i n k  i n  t e r m s  of 

are  we go ing  t o  t r y  t o  reproduce i n  ou r  a c c e l e r a t e d  t e s t i n g  

some p a r t i c u l a r  a p p l i c a t i o n  of a b a t t e r y .  Th i s  b r i n g s  m e  t o  

c a l l  t o  your a t t e n t i o n  t h a t  for  many y e a r s  s a l t  s p r a y  t es t s  

-- and it is s t i l l  b e i n g  used t o  s t u d y  t h e  c o r r o s i o n  of metals 

and  f o r  t e s t i n g  whether a metal w i l l  s t a n d  up  -- €or abou t  

t e n  y e a r s  now a l o t  of people  wanted t o  discharge the s a l t  

s p r a y  t e s t  as n o t  r e p r e s e n t i n g  what happens i n  a c t u a l  

a p p l i c a t i o n s  of metals.  But t h e y  d o n ' t  g ive  it u p  because 

t h i s  is a conven ien t  way of f i n d i n g  o u t  whether  you w i l l  

w i ths t and  a c e r t a i n  a r t i f i c i a l  s e t  of c o n d i t i o n s  which s a y s  

t ha t  under  these c o n d i t i o n s  w e  know t h a t  i n  t h e  f i e l d  w e  have 

had s u c c e s s .  
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I t h i n k  we have to  look  a t  a c c e l e r a t e d  t e s t i n g  

programs a s  s imply a means of t e l l i n g  u s  t h a t  w e  have a good 

chance of s u c c e s s  i f  a b a t t e r y  passes through and y i e l d s  

t h e  number of  c y c l e s  t h a t  we have se t  up  for  t h a t  p a r t i c u l a r  

b a t t e r y  . 
We w i l l  now adjourn  u n t i l  10:40. 

(Short  recess .) 

We seem t o  have l o s t  some of ou r  audience ,  b u t  we 

w i l l  s t a r t  i n  and maybe w e  can get some q u e s t i o n s  o u t  o f  t hose  

who d i d n ' t  hea r  what was s a i d .  

(Laughter.  ) 

The next speake r  is Mr. F r e d e r i c  Bowers ,  of Naval 

Ordnance Lab, a t  White Oak, who w i l l  t a l k  on sugges ted  

techniques  f o r  non-des t ruc t ive  and sample t e s t i n g  of s i l v e r  

z i n c  batteries. 

STATEMENT OF FREDERIC M. BOWERS, NAVAL 

ORDNANCE LAB, WHITE OAK, SPEAKING ON 

SUGGESTED TECHNIQUES FOR NON-DESTRUCTIVE 

AND SAMPLE TESTING O F  SILVER ZINC BATTERIES 

MR. BOWERS: I n  s i l v e r  ba t te r ies  t h e  s i l v e r  

e l e c t r o d e  is normally t h e  l i m i t i n g  e l e c t r o d e .  Therefore  

i f  we noted  the  chemical  composition of t h i s  e l e c t r o d e  we 

can  c a l c u l a t e  t h e  amount of energy  t h a t  is a v a i l a b l e  f o r  

t r a n s f o r m a t i o n  i n t o  e l e c t r i c a l  energy.  

W e  have been doing some work a l o n g  t h e  l i n e  of 
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a t t empt ing  t o  correlate  the  chemical composi t ion of t h e  

s i l v e r  eletrode w i t h  t h e  energy  t h a t  we get o u t  o f  bat ter ies .  

We have been working w i t h  a u t o m a t i c a l l y  a c t i v a t e d  

o r  remote ly  a c t i v a t e d  s i l v e r  des ign  c e l l s  and we have been 

s t o r i n g  these for  periods of t i m e  and a t  v a r i o u s  tempera tures .  

For a p a r t i c u l a r  experiment  we remove two c e l l s  a t  

one t i m e .  One c e l l  is discharged and t h e  o t h e r  is analyzed .  

I would l i k e  t o  show you some of t h e  r e s u l t s  t h a t  

we have. 

( S l i d e .  ) 

Here we have t h e  r e s u l t s  t h a t  w e  have o b t a i n e d  

w i t h  storage a t  70 degrees fo r  three,  s i x  and 12 months. 

We have the  composi t ion of t h e  a c t i v e  material. 

We have here the  amount of f r e e  s i l v e r .  You can  see t h a t  t h i s  

is small. I n  almost a l l  t h e  cases it is less t h a n  s i x  

pe rcen t .  

Then w e  have t h e  percentage  of t h e  amount a v a i l a b l e  

of s i l v e r  oxide and  t h e  amount of t h e  so-called AGO or d i v a l e n  

oxide. 

We have t aken  from these r e s u l t s  and c a l c u l a t e d  

the  theoretical  c a p a c i t y  i n  ampere hours .  These ce l l s  

t h a t  w e  have used are e l e c t r o l y t i c a l l y  formed and t h e y  are 

normally,  t h e y  have been r a t e d  a t  85 ampere hourse.  

On t h e  c o u n t e r p a r t  c e l l s  w e  have discharged these 

a t  two d i f f e r e n t  ra tes  and w e  have t aken  t h e  data a t  two d i f -  
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f e r e n t  p o i n t s .  To zero v o l t s  per c e l l  and t o  1 . 2  v o l t s  

per ce l l .  We have discharged these a t  t h e  40 minute ra te  

and  a t  t h e  t e n  minute r a t e .  

We can  see t h a t  storage a t  th ree  months, a t  70 degree 

o u r  a n a l y s i s  shows t h a t  w e  go t  abou t  105 ampere hours .  To zerc 

v o l t s  we got about  102. To 1.2 v o l t s ,  near  t h e  end 

o f  t h e  curve ,  w e  have 94 ampere hours .  These two va lues  

are i n  good agreement. Also it shows t h a t  f o r  t he  chemical 

composi t ion t h a t  o u r  e l e c t r o d e  is i n  t h e  order of 90 t o  95 

p e r c e n t  e f f i c i e n t .  

If we go t o  t h e  h i g h  ra te ,  t h e  10 minute ra te ,  we 

get  comparable r e s u l t s .  Here w e  have 105 amp hours  and 95 amp 

hours .  T h i s  shows a lso t h a t  based  on t h i s  chemical compositior 

t h a t  t h e  l e n g t h  of d ischarge  of t h e  s i l v e r  oxide electrode 

r e a l l y  doesn 't make much d i f f e r e n c e .  

We are o n l y  going t o  pick up a few more ampere 

hours  p o s s i b l y  if we discharge  these t h i n g s  a t  lower ra tes .  

We a l so  see from t h i s  data t h a t  there has  been l i t t l e  

change i n  t h e  chemical composition ove r  a year's t i m e .  And 

s i m i l a r l y  there has been l i t t l e  d i f f e r e n c e  i n  t he  ampere hour 

o u t p u t .  

I n  t h i s  p a r t i c u l a r  case it  is 113 ampere hours  a f t e r  

we had discharged t h i s  p a r t i c u l a r  c e l l .  We t h e n  went back 

and  measured t h e  amount of a c t i v e  s i l v e r  t h a t  was a v a i l a b l e  

i n  t h i s  c e l l  and r e c a l c u l a t e d  it back t o  t h i s  composi t ion.  

h 
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We got i n  t h e  order of  112 ampere hours .  This  

h i g h  value is due t o  a n  i n c r e a s e d  amount of s i l v e r .  

( S l i d e .  ) 

Here I a m  t a l k i n g  abou t  d i f f e r e n t  tempera tures .  

We have done e s s e n t i a l l y  the  same t h i n g .  Everybody t e l l s  

me t h i s  is not  a good way t o  p r e s e n t  data because it is so 

much of it on one s l i d e .  You w i l l  have t o  bear w i t h  m e .  

The 70 degree data we have a l r e a d y  d i scussed .  

Here I a m  j u s t  l i s t i n g  the  data a t  t h e  40 minute r a t e  because 

there is so l i t t l e  d i f f e r e n c e  between t h e  10 minute and 40 

minute r a t e .  

If w e  go t o  110 degrees Fahrenhe i t  and we look 

a t  o u r  v a l u e s  f o r  3, 6 and 1 2  months -- i n d i c e n t a l l y  we haven 

f i n i s h e d  t h e  r e s u l t s ,  t h e  a n a l y s i s  on t h i s  p a r t i c u l a r  c e l l  

-- we f i n d  t h a t  there has been l i t t l e  change i n  t he  a n a l y s i s  

of t h e  a c t i v e  material over  a y e a r ' s  t i m e  -- over  s i x  

months t i m e  a t  110 degrees. 

S i m i l a r l y  there has  been l i t t l e  d i f f e r e n c e  i n  t h e  

amount of energy  t h a t  would be a v a i l a b l e .  

There has  l ikewise  been l i t t l e  d i f f e r e n c e  i n  

t h e  c a p a c i t y  t h a t  we o b t a i n  from these.  

I f  we go to 130 degrees, here we have data a t  1, 

2 ,  3, 6 and 12 months. I would l i k e  t o  p o i n t  o u t  t h a t  a t  

2 and 3 months t h e  data is fo r  ce l l s  t h a t  were s tored  i n  a 

desiccated c o n d i t i o n .  We f i n d  t h a t  we do get some s i g n i f i c a n  
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changes, t h a t  is, a f t e r  one month a t  130 we have dropped i n  

ou r  theoret ical  ampere hour c a p a c i t y  about  10 ampere hours ,  

roughly.  This  has  been l a rge ly  due t o  a d rop  i n  t h e  Ago 

composition or component. T h i s  has decomposed. We have ac- 

co rd ing  perhaps i n c r e a s e  i n  t h i s  area Ago. S i m i l a r l y  we 

show t h a t  i n  t he  a c t u a l  d i scha rge  w e  have a l s o  lo s t  

i n  t h e  d e s i -  

three months, 

c a p a c i t y .  But  i f  we take and store t h e s e  c e l l s  

cca t ed  c o n d i t i o n  we get  v e r y  l i t t l e  change over  

a t  any ra te .  

So t h a t  d e s i c c a t i o n  i n  storage may he p somewhat 

a s  f a r  as  t h e  primary s i l v e r  z i n c  oxide b a t t e r y  is 

concerned. 

I f  we go t o  6 months we see s i m i l a r l y  i n  a n  

undes icca ted  c o n d i t i o n  the  amount of Ago has decreased and the 

amount of A g 2 0  has inc reased .  

f i n d  t h a t  here w e  are i n  terms t h a t  we might be t a l k i n g  

about  as f a r  a s  accelerated t e s t i n g .  We f i n d  a f t e r  one 

month w e  have had q u i t e  a n  a p p r e c i a b l e  decrease i n  t h e  Ago, 

accord ing  i n c r e a s e  i n  t h e  Ag2O component. 

If w e  go t o  160 degrees, we 

W e  have had a drop  i n  c a p a c i t y .  A t  t w o  months 

t h i s  h a s  progressed. Even w i t h  th ree  months w i t h  desiccated 

s t o r a g e  t h i s  may have slowed down t h e  process  some. We still 

get  an apprec iab le  drop i n  capacity. A t  6 months w e  see r ea l  

no tab le  d i f f e r e n c e s  here, and w e  have p r a c t i c a l l y  no Ago 

l e f t .  

I n  t h i s  p a r t i c u l a r  case we l o s t  ou r  sample on 
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discharge. The r e a s o n  f o r  the  loss was t h a t  we have a n o t h e r  

t h i n g  t h a t  happens on accelerated t e s t i n g  where tempera ture  

is involved .  I n  t h i s  p a r t i c u l a r  case t h e  p l a s t i c  case had 

crazed and would n o t  s t a n d  the p r e s s u r e  of a c t i v a t i o n  when 

t h e  KOH was forced i n t o  t h e  ce l l .  

We had t r ied  t o  f o r c e  t h i s  bu t  t h e  c e l l  was 

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

i n  t h i s  p a r t i c u l a r  area. This  is t h e  in fo rma t ion  t h a t  I 

have. I t h i n k  t h a t  i t  s u g g e s t s  a couple  of t h i n g s .  One 

t h i n g ,  when we are t a l k i n g  i n  a c c e l e r a t e d  t e s t i n g  of s i l v e r  

o x i d e s  z i n c  batteries I t h i n k  we must -- and i f  w e  are t a l k i n g  

a b o u t  i n c r e a s i n g  t h e  t empera tu re ,  t h e n  I t h i n k  we have 

t o  be c a r e f u l  about  s t a y i n g  below 130 degrees F a h r e n h e i t  

a t  l ea s t .  

J u s t  where the  break is between 110 and 130 we do no1 

know. 

DR. FLEISCHER: The re  is t i m e  f o r  a q u e s t i o n .  

VOICE: Was t h a t  s i l v e r  z i n c  or  s i l v e r  cadmium? 

MR. BOWERS: These were s i l v e r  z i n c .  As l o n g  a s  I 

have t i m e  I would l i k e  t o  t e l l  you how w e  ana lyzed  these 

ba t t e r i e s .  

We used t h e  ERSA method. Perhaps  I had bet ter  go 

i n t o  d e t a i l .  We d i v i d e  t h e  sample i n t o  t w o  parts. On one mr. 

w e  t r ea t  i t  w i t h  d i l u t e  amonium hydroxide.  T h i s  d i s s o l v e s  

the ox ide  and l eave  t h e  s i l v e r  metal on a f i l m .  With t h e  

p h i l t r a t e  w e  t h e n  determine the amount of s i l v e r  t h a t  is i n  thc 
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p h i l t r a t e  by t h e  s i l v e r  c h l o r i d e  method. Th i s  g i v e s  u s  t h e  

amount of  f r e e  s i l v e r  and t h e  amount of s i l v e r  t h a t  is i n  

t h e  oxides .  

Then on ano the r  a l i q u o t e  we t a k e  and ana lyze  f o r  

o x i d i z i n g  power wi th  t h e  c lass ica l  ERSA method. S i l v e r  metal 

w i l l  react  w i t h  f r e e  iod ine  t o  cause  a n  e r ror .  But s i n c e  

we have a l r e a d y  determined o u r  f r e e  s i l v e r ,  we can  then  correc 

f o r  t h e  r e a c t i o n  between s i l v e r  metal and f r e e  i o d i n e ,  and 

then  we c a l c u l a t e  t o  Ago, A g 2 0 ,  and s i l v e r  metal. 

DR. FLEISCHER: F r i t z  would l i k e  t o  make a n  announce 

ment about  a n  evening  meeting. 

MR. BOWERS: The local  s e c t i o n  o f  t h e  E l e c t r o -  

Chemical S o c i e t y  is meeting a t  Georgetown Unive r s i ty ,  37 th  

and 0, i n  t h e i r  new Chemistry Bui ld ing  t h e r e .  D r .  Brenner ,  

from t h e  Bureau of S tandards ,  is going  to  t a l k  on electro- 

p l a t i n g .  We would love  t o  have any  or  a l l  of you come. I t  

would be kind of  a businessman's ho l iday  fo r  some of you. 

VOICE: Did you mention t h e  t i m e  of  t h e  meeting? 

MR. BOWERS: 8:OO O'clock. 

DR. FLEISCHER: Thank you ve ry  much. 

Our next  speake r  is D r .  Chre i t zbe rg ,  of  E lec t r ic t  

S torage  B a t t e r y  Company, Rale igh ,  North Caro l ina ,  who w i l l  

t a l k  on a c c e l e r a t e d  t e s t i n g  methods fDr t h e  de te rmina t ion  

of wet-stand l i f e  of secondary s i l v e r  z i n c  b a t t e r i e s .  
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STATEMENT OF DR. A .  M. CHREITZBERG, 

ELECTRIC STORAGE BATTERY COMPANY 

DR, CHREITZBERG: The Electric S torage  B a t t e r y  

Company i n  Raleigh h a s  been p r i m a r i l y  i n t e r e s t e d  i n  t h e  low 

c y c l e  l i f e  p a r t  of t h e  spectrum. And long charge s t a n d .  

A s  a r e s u l t  of t h i s  i n t e r e s t  i n  mission i n  space ,  

such  a s  Ranger and Mariner and Surveyor ,  w e  have conducted 

two major exper iments  i n  charge s t a n d  s e a l e d  s i l v e r  z i n c  

bat ter ies .  

The f i r s t  experiment was done wi th  a high ra te  sealet 

25  ampere hour ce l l .  Th i s  c e l l  was designed t o  be dicharged  

a t  t h e  15 minute rate.  The first s l i d e  w i l l  show you 

t h e  c h a r a c t e r i s t i c s  of t h i s  c e l l  on d i scha rge  and show you 

approximate c a p a c i t y  a t  each of  t h e  r a t e s .  

( S l i d e .  ) 

A l s o  t h e  c u r r e n t  d e n s i t y  and amperes per squa re  

i n c h  on each  of t h e s e  r a t e s .  

I n  t h e  storage program which w e  have conducted, 

we took  30 of t h e s e  c e l l s  and w e  s t o r e d  them a t  va ry ing  

t i m e s  ove r  t h e  temperature  range 30 degrees  Fahrenhe i t  

t o  125 degrees  Fahrenhe i t .  The way w e  conducted t h e  

measurement of c a p a c i t y  loss was first t o  format ion  c y c l e  

each c e l l  through a deep cycle, measuring t h e  d i scha rge  

c a p a c i t y  on t h e  first c y c l e  a t  what w e  would c a l l  a normal 

mis s ion  ra te  f o r  h i g h  r a t e  c e l l .  

the 
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T h i s  rate was somewhere i n  t h e  range of 191 ampere 

ra te  for  t h i s  c e l l  a t  about  one and  a h a l f  amperes per 

s q u a r e  inch .  The ra te  however was th ree - s t ep .  The first s t e p  

was a medium ra te ,  t h e  second a h igh  ra te ,  the  t h i r d  s t e p  

was a ra te  that was about  a ha l f  ampere per square  inch .  

Then we would recharge each of t h e  c e l l s ,  p u l l  it t o  

a c o n s t a n t  t e s t - i n  vo l t age  a t  c o n s t a n t  c u r r e n t ,  and put t h e  

c e l l  on t h e  p re sc r ibed  test temperature  and t i m e .  Then 

w e  would take the  c e l l  o u t  of storage and immediately 

discharge a t  t h e  same ra te .  

Bear i n  mind t h a t  t h i s  is a miss-type ra te .  The 

d i scha rge  is r e l a t i v e l y  i n e f f i c i e n t ,  25 ampere hours  out o u t  0: 

perhaps 34 ampere hours  i n  on charge.  

What we found o u t  when we took the  c a p a x i t y  data 

t o  t h e  t e s t - i n  vo l t age  was tha t  we could  p l o t  a f a m i l y  of 

c u r v e s  t h a t  are l i n e a r  if we plot ted t h e  log of  t h e  c a p a c i t y  

o u t  v e r s u s  storage t i m e  i n  months a t  each of t h e  t e s t  itempeka- 

t u r e s .  The data was s c a t t e r e d  and i n c r e a s i n g l y 1  so a t  t h e  

h ighe r  tempera tures .  A t  t h e  lower tempera tures  t h e  data 

f i t  ve ry  n i c e l y  t o  a l i n e a r  p l o t .  

We could no t  d i s t i n g u i s h  any d i f f e r e n c e  between 

t h e  storage loss  a t  30 degrees Fahrenhe i t  from the storage 

l o s s  a t  60 degrees Fahrenhei t .  Between 60 and 125 t h e  d a t a  

cou ld  be exp la ined  by a n  Arrhenius p l o t .  

I n  order t o  get  t h e  Arrhenius  p l o t  w e  measured t h e  
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slope of t h e  log c a p a c i t y  v e r s u s  storage t i m e .  There is some 

t h e o r e t i c a l  j u s t i f i c a t i o n  t h a t  t h i s  s l o p e  is p r o p o r t i o n a l  

to  the ra te  c o n s t a n t  f o r  whatever r e a c t i o n  is c a u s i n g  t h e  

loss on charge s t a n d .  

I f  you w i l l  g i v e  m e  t h e  nex t  s l i d e ,  I w i l l  show 

t h e  Arrhenius .  p l o t .  

(S l ide . )  

Th i s  is no t  t h e  one,  bu t  l eave  it. The next  

experiment we performed was t o  take c e l l s  t h a t  were q u i t e  

d i f f e r e n t .  These were 170 ampere hour c e l l s  and designed 

f o r  low r a t e  a p p l i c a t i o n .  These c e l l s  were developed fo r  t h e  

Surveyor program. 

The c e l l  i n  t h e  normal  c o n d i t i o n  of discharge a t  

about  t h e  23 hour rate would d e l i v e r  approximately 160 t o  

170 ampere hours of c a p a c i t y .  

Here w e  took a number of  about  40 c e l l s  and 

stored them over  t h e  temperature  range zero degrees Fahrenhei '  

t o  160 degrees Fahrenhe i t .  Again we found when we measured 

t h e  capac i ty  l o s s  t h a t  there was ve ry  l i t t l e  d i f f e r e n c e  betwet 

the  data a t  zero degrees Fahrenhe i t ,  30 degrees Fahrenhe i t ,  

and 60 degrees Fahrenhe i t .  There was ve ry  l i t t l e  loss. L e t  

m e  show you how we measured t h i s  loss .  

We would take these large c e l l s ,  charge them, d i s -  

charge them a t  a low ra te ,  a mission ra te ,  and then  recharge 

them f u l l y  t o  a g iven  t e s t - i n  v o l t a g e ,  t h e n  s tore  them f o r  thl 
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presc r ibed  per iod  of t i m e  a t  a g iven  tempera ture ,  and take 

them o u t  of  storage. Th i s  time i n  the  exper imenters  s c i e n c e  

we were d e a l i n g  w i t h  a n  e f f i c i e n t  c e l l ,  we recharged immediate 

a f t e r  coming o u t  of s t o r a g e  t o  determine what p a r t  of t h e  

loss was r ecove rab le .  We then  discharged and corrected 

the  ou tpu t  f o r  what we had put  back i n  a f t e r  the  storage. 

And we havep lo t t ed  i n  t h i s  curve  t h e  r a t io  of t h e  discharge 

c a p a c i t y  o u t  a f t e r  storage t o  t h e  charge c a p a c i t y  i n  before 

storage, corrected f o r  what  w e  recharged a f t e r  storage. 

You w i l l  no te  t h a t  t h e  data cove r s  i n  t h e  case of 

t h e  low rate  ce l l s  a period of 1 2  months storage. The topmosl 

curve i n  g reen  is data which was t a k e n  a t  90 degrees 

Fahrenhei t .  The b lue  curve is t h e  same c e l l  stored a t  125 

degrees Fahrenhe i t .  The bottom curve  i n  a range w i t h  the  

squa res  is t h e  same c e l l  s tored  a t  160 degrees Fahrenhe i t .  

Each of  these p o i n t s  r e p r e s e n t s  one c e l l .  There is scat ter .  

These are not  batteries by any  means. These would 

be q u i t e  expensive ba t te r ies .  

You w i l l  no te  abou t  t he  three cu rves  mentioned, 

90, 125 and 160, t h a t  t h e y  do not  extrapolate back t o  t h e  100 

percent  p o i n t .  I n  f a c t  t h e y  extrapolate back t o  i n c r e a s i n g  

q u a n t i t i e s  of capac i ty  loss. 

The r eason  for  t h i s ,  w e  b e l i e v e ,  is t h e  separator 

system t h a t  was i n  these ce l l s .  We had a multi-component 

system. One of these components was po lyv iny l  ch lo r ide ,  

whose pores are formed by l e a c h i n g  o u t  s ta rch .  The s ta rch  wai 
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n o t  leached o u t  f u l l y  and w e  b e l i e v e  the  s t a rch  reacted w i t h i n  

the first two weeks of storage and a t  t h a t  p o i n t  stopped 

r e a c t i n g .  Here we got  a break i n  t h e  curve  and from t h a t  

p o i n t  on t h e  storage loss  was governed by some o ther  r e a c t i o n .  

The red l i n e  a t  t h e  top ,  t h i s  is a s y s t e m ,  i t  is t h  

same c e l l  excep t  here t h e  c e l l  has o n l y  ceelphane separator 

c o n s t i t u e n t s .  You w i l l  n o t i c e  t h e  pink l i n e  fo r  t h e  model 

205 e x t r a p o l a t e s  back almost t o  t h e  o r i g i n  a t  100 pe rcen t  

c a p a c i t y  re t e n t  ion .  

The orange curve  a t  t h e  bottom, r e p r e s e n t i n g  160 

degrees Fahrenhe i t  storage, a l so  e x t r a p o l a t e s  back. Both of 

these were the  same f u l l y  ce l lophane  c e l l .  This  p o i n t s  o u t  

t he  f a c t  t h a t  i f  you do have one t y p e  of separator s y s t e m  

and one s h e l f  r e a c t i o n ,  you shou ld  have a p lo t  which would 

e x t r a p o l a t e  back t o  where you would expec t  i t  to .  If you 

do have a separator s y s t e m ,  w i t h  something i n  i t  t h a t  

causes  a t t ack ,  immediately you w i l l  see it. 

Again we t r i ed  t h e  Arrhenius  p l o t  by  c a l c u l a t i n g  

t h e  slopes of these cu rves .  From t h e  s l o p e s  c a l c u l a t i n g  

what we would term t h e  ra te  c o n s t a n t ,  p l o t t i n g  i t  a g a i n s t  

t h e  reciprocal of t h e  a b s o l u t e  tempera ture .  The t h i r d  

s l i d e  w i l l  show you these p o i n t s  and t h e  cu rves .  

( S l i d e .  ) 

The Arrhenius  p lo t  for  t h e  first experiment  is t h e  

r e d  l i n e ,  t h e  h igh  ra te  ce l l s .  Good l i n e a r i t y  was achieved  i r  
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t h e  tempera ture  ra te  of  60 degrees Fahrenhe i t  t o  120 degrees 

F a h r e n h e i t .  We had one body of data a t  30 degrees F a h r e n h e i t .  

I t  was superimposed on the  60 degree da ta .  We c a n ' t  d i s t i ngu iE  

between t h e  two. This  is one break i n  t h e  curve .  It s a y s  t h a t  

you d o n ' t  have t o  stow r e a l l y  any  lower t h a n  60 t o  get f a i r l y  

good r e s u l t s .  

We d i d  n o t  c a r r y  t h a t  experiment  over  120. 

On t h e  low rate  c e l l s  however we d i d  go from zero 

degrees Fahrenhe i t  a l l  the  way up t o  160. The major body 

of data  is on the b lue  curve.  I have one p o i n t  which was 

omi t t ed  a t  the time t h i s  s l i d e  was made. 

That  p o i n t  was a t  60 degrees Fahrenhe i t  it would 

go down off t h e  r e d .  That p o i n t  is i n  l i n e .  

I f  you take t h a t  p o i n t ,  the  90 degree p o i n t  

and t h e  120 degree p o i n t ,  you have a slope of Arrhenius  

p l o t  which is v e r y  similar t o  t h e  slope of t h e  red p l o t  fo r  

h i g h  ra te  c e l l s .  

The c a l c u l a t e d  a c t i v a t i o n  Arrhenius  a c t i v a t i o n .  

e n e r g i e s  f o r  t h e  red p l o t ,  is 20,500 c a l o r i e s  per mole. 

The c a l c u l a t e d  v a l u e  for  t h e  b lue  p l o t ,  exc lud ing  t h e  160 

p o i n t ,  a g a i n  t a k i n g  up t h r e e  p o i n t s ,  t h e  60 degree p o i n t  n o t  

shown on t h i s  s l i d e ,  is 22,500 ca lor ies  per mole. F a i r l y  good 

agreement  c o n s i d e r i n g  t h e  wide d e s i g n  changes t h a t  are i n  them 

ce l l s .  One is a ve ry  high ra te  c e l l  measured, and t h e  capaci t  

loss is measured by i n e f f i c i e n t  discharge. The large c e l l  is 
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a ve ry  e f f i c i e n t  c e l l ,  and t h e  capacity loss was measured 

by a n  e f f i c i e n t  t echn ique ,  a low ra te  d i scha rge .  

The green  curve  shows t h a t  when you go t o  a n  a l l  

ce l lophane  system t h a t  something d i f f e r e n t  happened. We o n l y  

have two p o i n t s  he re .  The bottom p o i n t  may be on t h e  

l i n e .  The t o p  po in t  because it is a t  160 may be o f f  because 

some o t h e r  r e a c t i o n  has  t aken  p l ace .  A t  any  ra te  I would 

propose t h a t  because the a c t i v a t i o n  e n e r g i e s  are p r e t t y  

close t o  each  other i n  s p i t e  o f  these wide changes i n  d e s i g n ,  

w e  may have a case where w e  have one a c t i v a t i o n  energy  

cove r ing  s i l v e r  z i n c  ce l l s .  If so, t h e n  a good measurement 

of i t  would allow u s  t o  perform storages a t  one h igh  temperat  

no t  a t  160 by t h i s  d a t a .  C e r t a i n l y  no h ighe r  t h a n  125. 

You can  perform a storage experiment  a t  125 degrees  

Fahrenhe i t  even on low rate  c e l l s  i n  a pe r iod  of f o u r  months. 

On h igh  r a t e  c e l l s  you cen  perform i t  i n  two months. 

From t h e  slope of t h e  c a p a c i t y  loss curve ,  p l o t t i n g  

log of c a p a c i t y  o u t  v e r s u s  storage t i m e  a t  125 degrees  

Fahrenhe i t  and from t h e  proposed va lue  of t h e  a c t i v a t i o n  

ene rgy  of 21.5 k i loca lor ies  per mole, one can  t h e n  use t h e  

t y p i c a l  Arrhenius  c a l c u l a t i o n  and c a l c u l a t e  what t h e  storage 

loss would be a t  some lower temperature, provided a g a i n  you 

d o n ' t  go o u t  of  t h e  range o f  t h e  d a t a .  

I n  t h i s  way YOU can  probably c u t  your t e s t i n g  t i m e  

a t  l e a s t  i n  h a l f ,  and p o s s i b l y  by one t h i r d .  We would propor 
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that i f  t h i s  is t r u e  f o r  the s i l v e r  z i n c  s y s t e m ,  t h a t  a s i m i l a i  

approach might a l so  pay for t h e  s i l v e r  cadmium system. 

I t  is t r u e  w e  a r e  d e a l i n g  on ly  w i t h  s h e l f  s t a n d  

losses.  9 would po in t  o u t  t h a t  i n  t h e  l a s t  comments t h a t  

were made du r ing  t h e  d i scuss ion  program, many of t h e  condi t ion!  

of t e s t i n g ,  i n  f ac t  a l l  o f  t h e  c o n d i t i o n s  of t e s t i n g ,  which 

l e d  t o  long  l i f e ,  were those c o n d i t i o n s  of t e s t i n g  which a l s o  

l e d  t o  a load  mean c e l l  temperature  du r ing  t h e  cour se  of t h a t  

t e s t i n g  . 
I t  may be t h a t  temperature is a prime v a r i a b l e ,  

If so, we can  measure t h e  l i f e  of c e l l s  perhaps by storage 

tests.  This  is no t  a s ta tement  of f a c t .  Th i s  is something 

t o  t h i n k  about .  

DR. FLEISCHER: Thank you D r .  Chre i t zbe rg .  

Our f i n a l  paper before  d i s c u s s i o n  is by Mar t in  Sulkei 

of t h e  U.S. Army E l e c t r o n i c s  Command, a t  F o r t  Monmsuth, 

who w i l l  t a l k  on a c c e l e r a t e d  t e s t i n g s  of s i l v e r  z i n c  c e l l s .  

STATEMENT OF MARTIN SULKES, U. S .  ARMY 

ELECTRONICS COMMAND 

MR. SULKES: Thank you D r .  F l e i s c h e r .  

Acce lera ted  t e s t i n g  is u s u a l l y  synonymous w i t h  

t e s t i n g  under c o n d i t i o n s  of i n c r e a s e d  s e v e r i t y ,  as  f o r  

example ; h ighe r  tempera tures ,  greater depth  of  d i s c h a r g e ,  

or loads .  This  p r e s e n t a t i o n ,  however, d i s c u s s e s  methods 

r a t h e r  t h a n  t e s t i n g  c o n d i t i o n s  used t o  a c c e l e r a t e  a 
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developmental  program f o r  sealed Ag-Zn c e l l s .  The p a r t i c u l a r  

methods r e f e r r e d  t o  are:  f ac to r i a l  experiment  des ign  and 

sc reen ing  test  techniques .  

L i f e  data ,  ob ta ined  by c y c l i n g  expe r imen ta l  type  

sealed Ag-Zn ce l l s  a t  c o n d i t i o n s  more s e v e r e  t h a n  use 

dictates ,  can  n o t  be r e a d i l y  e x t r a p o l a t e d .  I 

What I mean by exper imenta l  type  is c e l l s  w i t h  d i f -  

f e r e n t  s e p a r a t o r s  t h a n  are commonly used,  d i f f e r e n t  e l e c t r o l y t e  

c o n c e n t r a t i o n s  and so on. 

Something t h a t  you d o n ' t  have a mass of  data backing 

up p rev ious ly .  The r eason  you c a n ' t  e x t r a p o l a t e  t h i s  data is 

because t h e  s i l v e r  z i n c  sys tem may f a i l  by s e v e r a l  d i f f e r e n t  

mechanisms, as  p r e v i o u s l y  mentioned. These inc lude  s h o r t i n g  

by s i l v e r  p e n e t r a t i o n  of  separator materials; s h o r t i n g  

by z i n c  p e n e t r a t i o n ;  loss of c a p a c i t y  due t o  nega t ive  electrode 

shape change;  and i n a b i l i t y  t o  change p rope r ly  because of posi- 

t i v e  electrode dryness .  

The cause of f a i l u r e  is t h e  r a p i d  uncon t ro l l ed  

vent ing  of gas, known as blowing up t h e  c e l l .  T h i s  f a i l u r e  

u s u a l l y  occurs  i n  o n l y  one c e l l  of  a b a t t e r y  and is due 

p r i m a r i l y  t o  t h e  development of c a p a c i t y  inba lances  between 

c e l l s  for which one of t h e  other mechanisms is u s u a l l y  

r e s p o n s i b l e .  However, a lowered oxygen recombinat ion r a t e  

may be a compounding fac tor .  

When c y c l i n g  is done a t  a n  e l e v a t e d  tempara ture  i n  
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a n  a t t empt  t o  speed t e s t i n g ,  t h e  r e s u l t a n t  c y c l e  l i f e  may be 

i n c r e a s e d  i f  poor change acceptance is t h e  cause of f a i l u r e  

o r  decreased  i f  t h e  f a i l u r e  mechanism is s i l v e r  a t tack on 

t h e  separator. I n c r e a s i n g  the number of  c y c l e s  per day to 

speed t e s t i n g  may s h i f t  t he  f a i l u r e  mechanism from s h o r t i n g ,  

t o  c a p a c i t y  loss  caused by negat ive  shape change. 

I t  is c lear ,  t h e r e f o r e ,  t h a t  i n  most cases t h e  t es t i i  

of  exper imenta l  s i l v e r  z inc  ce l l s  cannot  be accelerated. 

However, i n  many a p p l i c a t i o n s ,  it is necessa ry  t o  complete 

a research and development program w i t h i n  a minimum period 

of t i m e .  

I n  a program carried o u t  by Yardney Electr ic  

Co. under USAECOM sponsorsh ip  development of sealed s i l v e r  

z i n c  c e l l s  was speeded through s c r e e n i n g  tes t s  and f ac to r i a l  

experiment  design.  

The pre l imina ry  p h a s e  of t h e  program c o n s i s t e d  

of s c r e e n i n g  tes t s  o f  t h e  var ious  c e l l  components, t o  

e l i m i n a t e  comple te ly  unsu i t ab le  materials and t h e r e b y  minimize 

c e l l  t e s t i n g .  These sc reen ing  tests inc luded  tho  fol lowing:  

For  s e p a r a t o r  m a t e r i a l s  

1. Zinc p e n e t r a t i o n  r e s i s t a n c e  

2. Oxidat ion r e s i s t a n c e  t o  s i l v e r  oxides 

3. E l e c t r i c a l  r e s i s t a n c e  

4 .  

For Negative Elec t rode  Add i t ives  

E l e c t r o l y t e  a b s o r p t i o n  and w e t t i n g  speed. 
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1. Zinc p e n e t r a t i o n  r e s i s t a n c e  

2.  Hydrogen e v a l u a t i o n  

Components t h a t  f e l l  w i t h i n  t h e  l i m i t s  of accep ta -  

b i l i t y  were f u r t h e r  t e s t e d  i n  cel ls .  C e l l  t e s t i n g  was requ i r ec  

because t h e  v a r i o u s  c e l l  components c a n  i n t e r a c t  w i t h  one 

ano the r  t o  produce e i t h e r  b e n e f i c i a l  or harmful e f f e c t s .  An 

example of  a n  unexpected b e n e f i c i a l  e f f e c t  was t h e  a c t i o n  of 

h i g h l y  porous p o s i t i v e  interseparators  i n  dec reas ing  negat ive  

e l e c t r o d e  shape change a s  well a s  t h e  expec ted  e f f e c t  of 

i n c r e a s i n g  p o s i t i v e  e l e c t r o d e  charge accep tance .  

I n  a n o t h e r  case, however, p o s i t i v e  charge acceptance 

was unexpectedly lowered when more z i n c  was added t o  decrease  

nega t ive  shape cha rge .  Both  cases j u s t  desc r ibed  were caused 

by changed i n  t h e  d i s t r i b u t i o n  of e l e c t r o l y t e  between t h e  pos i -  

t i v e  and nega t ive  compartments, of t h e  c e l l .  Those of you 

who are famil iar  w i t h  s i l v e r  z i n c  real ize  t h a t  t h e  

p o s i t i v e  e l e c t r o d e s  u s u a l l y  are  comple te ly  wrapped i n  t h e  form 

of a "U" and t h e  e l e c t r o l y t e  has  t o  d i f f u s e  through i t .  

There is no open p a t h  t h a t  it can  s l o s h  around t o  get  from one 

t o  t h e  other .  

F a c t o r i a l  experiment des ign  was used,  t o  minimize 

t e s t i n g  t i m e  b y  doing i n  one experiment  what would u s u a l l y  

r e q u i r e  s e v e r a l  s e q u e n t i a l  exper iments ,  or a l t e r n a t i v e l y  the  

number of ce l l s  t e s t e d  was reduced. 

I n  a t y p i c a l  m u l t i f a c t o r  experiment ,  some of the 
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c o n s t r u c t i o n  factors t h a t  were e v a l u a t e d ,  were the  q u a n t i t i e s  

of  z i n c  and s i l v e r ,  t h e  number of l a y e r s  of separator,  electroc 

area,  and e l e c t r o l y t e  q u a n t i t y .  Such t e s t i n g  fac tors  as c y c l i r  

t empera ture ,  depth  of discharge and storage t i m e  among others,  

c o u l d  a l so  be e v a l u a t e d  i n  t h e  same experiment.  The v a r i o u s  

fac tors  were e v a l u a t e d  a t  2 or  more l e v e l s ,  w i t h  f o u r  level ls  

u s u a l l y  be ing  s u f f i c i e n t  t o  comple te ly  de f ine  any  qua lP ta%ive  

f a c t o r .  A t y p i c a l  f rac t iona l  f a c t o r i a l  experiment is shown 

i n  t h e  s l i d e .  

( S l i d e . )  

Th i s  p a r t i c u l a r  experiment was a 4 f r a c t i o n  and 

e v a l u a t e d  three f a c t o r s  a t  f o u r  l e v e l s  and one fac tor  a t  

t w o  l e v e l s .  

The r e s u l t s  t h a t  were ob ta ined  f r o m  t h i s  experiment 

were ext remely  u s e f u l .  

Using f a c t o r i a l  designed experiments  on ly  200 c e l l s  

were r e q u i r e d  t o  e v a l u a t e  approximate 25 d i f f e r e n t  s e p a r a t o r  

materials and systems,  fou r  nega t ive  electrode b inde r s ,  

3 s u r f a c t a n t s ,  and 3 s i n g l e  l e v e l  v o l t a g e  a d d i t i v e s  a l l  a% 

s e v e r a l  l e v e l s  of concen t r a t ion .  I n  a d d i t i o n  t h e  same cells 

a l s o  e v a l u a t e d  t h e  z i n c  t o  s i l v e r  r a t i o ,  z i n c  t o  z i n c  oxide 

r a t i o ,  p o s i t i v e  electrode d e n s i t y ,  and e l e c t r o l y t e  concent ra t ic  

and q u a n t i t y  as well a s  several  other minor fac tors .  

N a t u r a l l y  these 200 c e l l s  were not  a l l  r u n  a t  once. 

They were r u n  i n  sequence. The t o t a l  number of f a c t o r s  t h a t  
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were eva lua ted  were ext remely  large. The r e s u l t  of t h i s  pro- 

gram was a 41 ampere hour metal cased  c e l l  u s ing  a separator 

con ta in ing  

(Yardney S i l v e r  t r e a t e d  ce l lophane .  

con ta in ing  5 pe rcen t  Tef lon  b inde r  and  no s u r f a c t a n t  was 

found t o  be best. A f o u r - c e l l  b a t t e r y  of t h i s  c o n s t r u c t i o n  

cyc led  a t  6 2 i  pe rcen t  depty  of  d i scha rge  y i e l d e d  212 c y l e s  

to f a i l u r e .  A c e l l  s t o r e d  charged f o r  30 days a t  125 degrees  

F y i e lded  185 c y c l e s ,  while  90 days charged storage reduced 

Cycle l i f e  t o  7 0 .  

1 t u r n  of 6 m i l  p e l l o n  and 5 t u r n s  of C19-300 

A nega t ive  e l e c t r o d e  

Anybody who is i n t e r e s t e d  i n  t h e  d e t a i l s  of  these 

c e l l s  may f i n d  i t  i n  t h e  f i n a l  r e p o r t  of t h e  c o n t r a c t  

DA 36-039 AMC-O2238(E) i s s u e d  i n  Ju ly  1966. 

DR. FLEISCHER: Thank you v e r y  much, Mart in .  

We w i l l  now throw t h e  meet ing open t o  

d i scuss ion .  

I n  t h e  l a s t  d i s c u s s i o n  pe r iod  I c o u l d n ' t  see on 

t h i s  s i d e .  My b l i n k e r s  were on. 

of F o r t  Monmouth t a l k  about  s t a t i s t i c s  f o r  a couple  of 

minutes.  

I w i l l  have a r e p r e s e n t a t i v e  

MR. WEINSTEIN: I a m  Joe Weinstein,  Army Materiel 

Command, F o r t  Monmouth. 

The comment i n  t h e  e a r l y  part r e l a t i n g  t o  experimentl  

des ign  of course  was r e i t e r a t e d  by M r .  S u l k e s '  paper .  I 

t h i n k  one of the  factors  t h a t  is impor tan t  i n  a l l  of t h i s  
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t e s t i n g  t h a t  w e  neg lec t ed  t o  mention before  is t h e  error 

of a s i n g l e  obse rva t ion ,  and t h e  exper ience  t h a t  I have had -- 
mind you I a m  more i n t e r e s t e d  i n  s t a t i s t i c s  and less knowledge 

able about  t h e  areas i n  which t h e  s t a t i s t i c s  are a p p l i e d  -- 
my exper ience  i n  t h e  l a s t  three or f o u r  y e a r s  has  been t h a t  

t h e  exper imenta l  e r ror  i n  t h i s  p a r t i c u l a r  f i e l d  of lbsbttery 

R&D is ext remely  high.  

The r ea l  advantage of t h e  planned experiment ,  

s t a t i s t i c a l l y  designed experiment,  as i n d i c a t e d  i n  t h e  s l i d e  

M r .  Su lkes  showed, is t h a t  you have t h e  advantage of grouping 

large numbers of exper imenta l  da t a  wh ich  e s s e n t i a l l y  balance 

o u t  a l l  bu t  one factor.  The des ign  makes a l l  f a c t o r s  bu t  

one o r thogona l ,  I n  t h i s  way you can  average o u t  t h e  e f f e c t s  

of many e r rors  j u s t  a s  you would a t t empt  t o  do i f  you had 

p e r f e c t  c o n t r o l  over  a l l  c o n d i t i o n s  and wanted t o  compare 

ave rages .  

T h i s  is r e l e v a n t  t o  e f f i c i e n c y  t h a t  was mentioned 

by t h e  gentleman from P i c a t i n n y  Arsenal .  If I could  t r o u b l e  

you for a minute I could  show how t h i s  could be accomplished 

v e r y ,  ve ry  r e a d i l y .  

This  is a technique which is f r e q u e n t l y  used i n  

i l l u s t r a t i n g  exper imenta l  des igns  f o r  t h e i r  va lue  e I t  is 

c a l l e d  a weighing experiment. 

I f  you have two o b j e c t s ,  A and B, and you put  t h s s  

on a two pan balance and you wanted t o  f i n d  t h e  measurement, 
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say  you got t h e  weight of A b u t  there is i n h e r e n t  i n  it some 

error of v a r i a t i o n  and you wanted t o  reduce t h a t  error 

t o  h a l f  its s i ze ,  you might weigh i t  twice. You would get t h e  

t r u e  measurement p l u s  the error  each t i m e .  

If you averaged i t ,  you would get W. A.  p l u s  some 

es t ima te  of your e r ror  of v a r i a t i o n .  

S i m i l a r l y ,  two more measurements might  be u t i l i z e d  

t o  get  the t r u e  weight of  B confounded w i t h  t h e  o t h e r  e r ror .  

But suppose you organized  t h i s  weighing experiment  

i n  a method which chemical e n g i n e e r s  would never  do, r e a l l y ,  

and you put  both objects on t h e  same pan and found o u t  what 

was t h e  weight  of t h e  combined group. T h i s  would have a n  err0 

of course .  And then t h e  next  weighing, assuming t h a t  B 

was h e a v i e r  t han  A ,  and we put B on one pan, A on t h e  o ther ,  

and enough of a weight t h a t  w e  got t h e  ba l ance ,  w e  would 

i n  e f f e c t  be g e t t i n g  t h e  measure of t h e  d i f f e r e n c e  of A and 

B p l u s  the  error. 

H e r e  we have made two measurements, here f o u r .  

And t h e  claim is t h a t  you get the  same p r e c i s i o n  w i t h  j u s t  

h a l f  a s  much e f f o r t .  How? 

What is t h i s  e q u a l  t o?  Th i s  is e q u a l  to  t h e  weight  

of A p l u s  t h e  weight  of B p l u s  t h e  error .  

T h i s  is t h e  weight  of A minus t h e  weight  of B p l u s  

the error.  If we average  these obse rva t ions  w e  are  i n  f a c t  

g e t t i n g  t h e  weight of A p l u s  t h e  error .  I f  we take t h e  d i f f e r  
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ence of t h e s e  obse rva t ions  we are i n  f a c t  g e t t i n g  t h e  w i g h t  

of B p l u s  t h e  e r ro r .  QED. 

DR. FLEISCHER: I t h i n k  D r .  S t r i e r  has  a q u e s t i o n .  

DR. STRIER: I was i n t e r e s t e d  i n  t h e  comments and 

a c t i v a t i o n  energy  made by Dr. Chre i t zbe rg  before. He gave a 

f i g u r e  of 20 t o  22.5 k i l o c a l o r i e s  per mole on t h e  a c t i v a t i o n  

e n e r g i e s  of c h a r g  r e t e n t i o n  f o r  h i s  s i l v e r  ox ide  z inc c e l l s  

i n  t h e  wet s t a n d  s ta te .  I was wondering whether he has  

made an  e f f o r t  t o  t r y  t o  c o r r e l a t e  t h e s e  a c i v a t i o n  e n e r g i e s  

w i t h ,  s a y ,  t h e  energy of a c t i v a t i o n  f o r  gas s ing  r e l a t e d  to 

hydrogen e v o l u t i o n  or s t a b i l i t y  of t he  s i l v e r  ox ide .  

DR. CHREITZBEHG: The answer is no, it d o e s n ' t  

look  l i k e  t h e  d i f f u s i o n  c o n t r o l  experiment .  

MR. PREUSSE: Preusse from Gulton I n d u s t r i e s .  H 

would l i k e  t o  a s k  a ques t ion  of M r .  Su lkes .  

I n  t h e i r  des ign  of t h e i r  f r a c t i o n a l  experiment ,  

i n  o r d e r  t o  get  comparisons you a r e  going t o  have t o  compound 

some of t h e  h ighe r  o r d e r  i n t e r a c t i o n s  w i t h  your main effects. 

Number one,  who makes t h e  d e c i s i o n  which h igh  

i n t e r a c t i o n  t o  compound w i t h  your main e f f e c t ?  

Number t w o ,  how are t h e s e  d e c i s i o n s  made prior 

t o  a c t u a l l y  running  t h e  experiment.  This  is based on t h e  

assumption t h a t  t h e  h ighe r  o r d e r  i n t e r a c t i o n s  have no e f f e c t ,  

or r e a l l y  i n s i g n i f i c a n t  e f f e c t s  i n  your experiment ,  fop this 

must be known p r i o r  t o  running t h e  experiment .  I wonder whethc 
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t h e  s t a t i s t i c i a n  or eng inee r  or s t a t i s t i c i a n  and e n g i n e e r  

s i t  down and dec ide  t h i s  p r i o r  t o  running  t h e  t es t s .  

MR. SULKES: Since  t h e  e n g i n e e r  is t h e  one who knows 

the system, t h e r e  is always some previous  knowledge a v a i l a b l e .  

On t h i s  basis he is able t o  s a y  t h a t  c e r t a i n  t h i n g s  w i l l  

j u s t  no t  a f f e c t  it o r  w i l l  a f f ec t  it i n  such  a small manner 

t h a t  it is much less than  t h e  error of  be ing  c e l l s  which 

perhaps might r u n  two t o  f i v e  pe rcen t .  

Th i s  is a basic p o i n t .  

I f  a l l  of a sudden you shou ld  f i n d  ex t remely  

large error,  and you go back and check your manufactur ing 

processes and s o  on and f i n d  t h a t  there is no e r ror  i n  manu- 

f a c t u r i n g ,  you c a n  s t a r t  hunt ing  down t h e s e  h ighe r  o r d e r  

i n t e r a c t i o n s  if t h e y  are ex t remely  large. To t h i s  date  i n  

running many c e l l s  we haven ' t  found any  above t h e  second 

o rde r ,  which were r e a l l y  meaningful.  

MR. BORNSTEIN: One comment. 

I t  is a j o i n t  e f f o r t .  I n  t h e  p a r t i c u l a r  ca se  t h a t  

M r .  Su lkes  mentioned, I reca l l  we v i s i t e d  D r .  Da l in  a t  

Yardney, and s a t  down and asked  f o r  t h e  development of  a 

list of t h e  f ac to r s  and a mutual i n f l u e n c e  t a b l e .  

What d i d  t h i s  best eng inee r ing  knowledge i n d i c a t e  

would be t h e  p o s s i b l e  areas t o  look f o r .  

Again going  back t o  my comment on errors ,  t h e  errors 

e x i s t  any  way. I f  YOU d o n ' t  p lan  something t o  reduce them, 
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you are going t o  g e t  them no matter what happens. 

The bast engineer ing  knowledge w i l l  still  no t  h e l p  

i n  t h i s  s i t u a t i o n .  

DR. FLEISCHER: M r .  Bowerman. 

MR. BOWERMAN: Ed Bowerman, General Telephone 

Laboratories. Having worked f o r  ve ry  many yea r s  w i t h  factorial  

des igns  i n  chemical work, I have l e a r n e d  some of t h e  t h i n g s  

t h a t  we r u n  i n t o  t h a t  can cause some problems i n  us ing  t h i s  

v e r y  u s e f u l  t o o l ,  

O r d i n a r i l y  a f a c t o r i a l  des ign ,  even a f u l l  f a c t o r i a l  

des ign ,  t h e  s t a t i s t i c i a n  r e q u i r e s  c e r t a i n  basic assumptions 

t o  be made t h a t  his system of  causes  w i l l  remain c o n s t a n t  

throughout  t h e  experiment .  

This  is a n  assumption which is very  u s e f u l  mathe- 

m a t i c a l l y  and which is very improbable e n g i n e e r i n g  w i s e .  

Secondly,  and perhaps one of  t h e  worst t h i n g s  we run 

i n t o ,  is t h a t  i n  the a n a l y s i s  of  va r i ance  which is made on 

t h e  f a c t o r i a l  des ign ,  a s  soon as you make one Fahrenhei t  

t e s t  for  s i g n i f i c a n c e  you run o u t  of independent degrees of 

freedom. So you make a tes t  which s a y s  I am going  t o  t e s t  one  

v a r i a b l e ,  one f ac to r ,  for  s i g n i f i c a n c e ,  and from t h e n  on you 

can  no longe r  make any  s t a t emen t s  about  t h e  v a l i d f t y  of the 

p r o b a b i l i t y  t h a t  you have a s i g n i f i c a n c e .  All of your 

other t e s t s  are correlated w i t h  t h e  first one by t h e  common 

denominator used i n  the  mul t ip l e  r a t io s .  
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There are ways of g e t t i n g  around t h i s .  You can  

break down your error  terms i n t o  smaller compartments and make 

independent Fahrenhe i t  t es t s .  I would l i k e  t o  get  r i g h t  

t o  t h e  answer t h a t  we have found r e a l l y  works i n  t h i s .  

And we are n o t  a lone .  And t h a t  is t h a t  i n  making 

a n a l y s i s  of f r a c t i o n a l  f ac to r i a l  d e s i g n s ,  p l a n t  exper iments  

i n  g e n e r a l ,  we have made t h e  use  of s t a t i s t i c a l  q u a l i t y  

c o n t r o l  cha r t s ,  small  char t s  fo r  each and e v e r y  fac tor .  

When probably used w e  b u i l d  i n t o  t h e  t e s t  a 

v e r i f i c a t i o n  of t h e  c o n s t a n t  e r ror  s i t u a t i o n .  On top  oA t h a t  

we y i e l d  a l o t  of  bonuses from it. We c a n  now e x p l a i n  

it t o  a wider  group of  people w i t h  a greater degree of 

confidence t h a t  t h e y  w i l l  unders tand  t h e  exp lana t ion .  

T h i s  technique we d i d  n o t  p idneer  p a r t i c u l a r l y .  

I t  f i r s t  came t o  my a t t e n t i o n  from some work a t  Western 

E l e c t r i c  and it was used ve ry  e x t e n s i v e l y  there. 

As a matter of f a c t  t h e y  have i s s u e d  a n  in -p lan t  

manual which goes i n t o  a l l  of t h e  o r d i n a r y  des igns .  

I n  the  absence of t h a t  I would n o t  use t h e  o r d i n a r y  

a n a l y s i s  of va r i ance  excep t  t o  s e t  up a m u l t i p l e  r e g r e s s i o n  

f o r  a f a c t o r i a l  des ign  i n  order t o  avo id  some of t h e  ve ry  

troublesome assumptions which t h e  s i m p l e r  methods t h a t  unfor-  

t u n a t e l y  are  u s u a l l y  t a u g h t  f i r s t ,  r u n  i n t o .  

DR. FLEISCHER: D r .  McCallum. 

DR. MC CALLUM: McCallum, from Battelle Memorial 
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I n s t i t u t e .  It  is w i t h  some u n c e r t a i n t y  t h a t  I f ee l  compelled 

t o  take e x c e p t i o n  t o  t h e  general f e e l i n g  here t h a t  there is 

o n l y  one way t o  do r e s e a r c h  and  t h a t  is w i t h  s t a t i s t i c a l  ana ly -  

sis. 

I n  f a c t  I t h i n k  someone has  a l r e a d y  stood up and saic 

t h a t  is t h e  o n l y  way, 

The t r o u b l e  w i t h  t h i s  approach  is t h e  v e r y  n a t u r e  

of i t  cannot  lead t o  new laws and axioms. The ve ry  t h i n g s  

t h a t  a l l  of us  were t r a i n e d  and brought  up i n .  I t  conce rns  

m e  t h a t  t h i s  whole group seems t o  t h i n k  there is o n l y  one 

way t o  get a t  f a i l u r e  a n a l y s i s .  I t h i n k  w e  ought t o  t h i n k  

a b o u t  some new p r i n c i p l e s ,  some new laws, some new axioms 

by which we l i v e .  

The f a c t  t h a t  I c a n ' t  do i t  p e r s o n a l l y  is beside 

t h e  p o i n t ,  I t h i n k .  

MR. BORNSTEIN: Or t es t  them by s t a t i s t i c s ,  

please. 

DR. MC CALLUM: Not n e c e s s a r i l y .  You c a n  t e s t  them 

l i k e  Faradays Law. you d o n ' t  t e s t  a law l i k e  t h a t  s t a t i s -  

t i c a l l y .  There is never  a n  e x c e p t i o n .  There is never  a n  

e r r o r  i n  Faradays  Law. You people c a n  s t u d y  s t a t i s t i c s  

from now u n t i l  doomsday and neve r  come up w i t h  a n o t h e r  

Faradays  Law. I t  is a g a i n s t  your r u l e s .  

MR. MAGISTRO: Magis t ro ,  P i c a t i n n y  Arsena l .  

If we were d e a l i n g  w i t h  a s c i e n c e ,  t h e  comments of the previou:  
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speaker  are e x a c t l y  r i g h t .  Most of what we deal w i t h  

is a n  a r t .  Make a thermal  b a t t e r y  o r  a b a t t e r y .  I t  is a n  

i n e x a c t  s c i e n c e  a t  best. Mostly it is a n  a r t .  You are d e a l i n  

w i t h  s u b j e c t i v e  judgments of people. How better t o  ana lyze  

somebody's judgment t h a n  t o  o rgan ize  i t  i n  a body of p l a n t  ex- 

periment s i n c e  it is a n  a r t .  

There is no s c i e n c e  i n  p i ck ing  materials t o  put  

i n  a c e l l ,  f o r  i n s t a n c e ,  ir p ick ing  t h e  nominal t o l e r a n c e  

o r  the r i g h t  weight. This  is what we are doing w i t h  these 

des igns .  We are t r y i n g  t o  improve t h e  basic d e s i g n  of t h e  

c e l l  which is a n  a r t ,  no t  a s c i e n c e .  

I f  i t  is a s c i e n c e ,  f i n e .  But m o s t  of o u r  problems 

-- and w e  spend $4 b i l l i o n  a yea r ,  accord ing  t o  a report I 

j u s t  read, i n  t h i s  i n d u s t r y  -- is related t o  a r t ,  and no t  

s c i e n c e .  If we want t o  get more use  of t h a t  f o u r  b i l l i o n ,  

t h i s  is what w e  should  do. I have no argument about  t h e  

sc i ence  part of t he  d i s c u s s i o n .  

W e  are b u i l d i n g  thermal ba t te r ies  f o r  10 or 15 

years and it is still an  a r t .  We optdmize t h e  a r t .  And t o  

g e t  r e p e a t a b i l i t y ,  t h i s  is t h e  o n l y  way you can  do it if i t  

is a n  a r t .  I t h i n k  t h e  s t a t e m e n t  about  s c i e n c e  is correct.  

I have no argument w i t h  t h a t .  What w e  are doing here is fool  

w i t h  a r t s ,  and no t  s c i e n c e .  

DR. FLEISCHER: I would have t o  take excep t ion  t o  

these remarks. 
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(Laughter e ) 

MR, MAGISTRO: I am a n  eng inee r .  

DR. FLEISCHER: The problem a s  I see it i n  t h e  

flow of  t h i s  whole t h i n g  is t h a t  w e  are g e t t i n g  ts a 

s ta te  of t h e  a r t  when we bui ld  a b a t t e r y  o r  when w e  t e s t  i t .  

But t h e  s c i e n t i s t  is the fellow who is t h i n k i n g  about  i n  t h e s e  

t e s t s  "we have a nega t ive  plate f a i l u r e ,  '' which is p r o b b l y  

due i n  the  case of t he  lead  b a t t e r y  t o  s u l f a t i s n .  

Th i s  means a l o t  of t h i n g s  t o  the s c i e n t i s t ,  t h e  

chemis t ,  t h e  electrochemist, phys i ca l  chemis t ,  s t r u c t u r a l  

chemis t .  The p o i n t  is, he has  t o  go back i n  h i s  l a b o r a t o r y  

and f i n d  o u t  how t o  produce t h e s e  c o n d i t i o n s  and then  t o  

overcome them. So while  we are b u i l d i n g  t h e  b a t t e r i e s  and 

w e  are n o t  t a l k i n g  about  a l l  t h e s e  t h i n g s  t h a t  are going on 

i n  t he  l a b o r a t o r y ,  w e  r e a l l y  have them i n  o u r  mind. 

I t  d o e s n ' t  mean that  i t  is no t  a s c i e n c e .  

I t h i n k  t h e r e  were some o t h e r  q u e s t i o n s .  

MR. BELOVE: Lou Eblove, Sonotone Corpora t ion .  I 

t h i n k  we should  marry a few of  t h e  d i s c i p l i n e s  here. Amongst 

them t h e  s t a t i s t i c i a n  and D r .  McCallum's sugges t ion ,  t h e  a r t  

and t h e  s t a t i s t i c s  here .  You need the  s t a t i s t i c s  p o s s i b l y  

i n  s e t t i n g  up the  experiment.  But behind t h a t  there  is a cer- 

t a i n  amount of s c i e n c e  and a r t  involved  i n  t h e  f a i l u r e  ana ly-  

sis. I t h i n k  we expend too  much t i m e  i n  s e t t i n g  up  t h e s e  

boxes, and a n a l y z i n g  f o r  success. I t h i n k  t h a t  more L i m e  
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should  be s p e n t  i n  a n a l y z i n g  f o r  f a i l u r e ;  t h e  mode of f a i l u r e  

If you se t  up boxes, f a c t o r i a l s ,  t o  determine t h e s e  modes, 

you may have accomplished more t h a n  proving how s u c c e s s f u l  

you have been. 

I would l i k e  t o  add something t o  t h i s .  M r .  Cohn 

a sked ,  a s  I recal l  t h a t  w e  recommend, p o s s i b l y  recommend 

o ther  means f o r  t e s t i n g  bat ter ies  i n  a c c e l e r a t e d  modes. 

Some of our  work has  i n d i c a t e d  t h a t  one of  t h e  modes of  f a i l .  

u r e ,  one of t h e  means of t e s t i n g ,  is overcharging.  

I t  may ve ry  w e l l  be t h a t  more a t t e n t i o n  shou ld  be 

pa id  t o  t e s t i n g  ba t t e r i e s  on  t h e  overcharge mode t o  determinc 

how well  t h e  b a t t e r y  c a n  take t h i s  type  of  manipula t ion .  

A s  you go deeper  i n t o  t h e  overcharge you w i l l  notic 

t h a t  you are p lay ing  w i t h  tempera ture  and p res su re .  I s h o u l  

n e g l e c t  the o t h e r  t h i n g  of c o u r s e ,  oxygen. A c t u a l l y  w e  have 

found t h a t  t h e  temperature  f a c t o r  e n t e r s  i n t o  s e v e r a l  of t h e  

p i e c e s  of  data t h a t  have been mentioned here t h i s  morning, 

namely when you t a l k  of overcharg ing ,  you are t a l k i n g  of 

temperature  and its e f f e c t  upon o rgan ic  separator. 

When you t a l k  of c y c l i n g  a t  a r a p i d  r a t e ,  you may 

look a t  t h i s  a s  tempera ture  a l so ,  s i n c e  i n  c y c l i n g  a t  t h i s  

r a p i d  rate you are  fo rced ,  n e c e s s a r i l y  f o r c e d  t o  cha rg ing  

a t  a h i g h  ra te ,  d i scha rg ing  a t  a h igh  ra te .  Both  of which 

fac tors  may l e a d  t o  h ighe r  i n t e r n a l  tempera tures  a s  w e l l  as 

p r e s s u r e s ,  a s  w e l l  of cour se  as  t h e  format ion  of oxygen whic 
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c e r t a i n l y  doesn 't h e l p  the  o rgan ic  materials used as 

separators .  

I would s u g g e s t  t h a t  some f u r t h e r  a t t e n t i o n  be pa id  

t o  t h e  p o s s i b i l i t y  of us ing  ove rcha rg ing ,  I n c i d e n t a l l y ,  

a s  I see it  i n  t h e  s a t e l l i t e ,  a good deal of t h e  d e s t r u c t i o n  

c a n  be wrought by overcharg ing  s i n c e  as  f a r  a s  I c a n  see 

you are e s s e n t i a l l y  i n  a n  overcharge phase d u r i n g  t h e  

e n t i r e  u t i l i z a t i o n  of t h e  b a t t e r y .  You take o u t  f i v e  

p e r c e n t ,  10 pe rcen t  of your c a p a c i t y ,  and you go back on 

charge. So fo r  a l l  i n t e n t s  and purposes  you are i n  t h e  

overcharge  phase. T h i s  is the phase t h a t  shou ld  be inves-  

t iga te d . 
DR. FLEISCHER: Tom Hennigan. 

MR. HENNIGAN: I would l i k e  t o  add a l i t t l e  b i t  t o  

A r t  F le i scher ' s  s t a t emen t  about  t h e  a r t  of b u i l d i n g  bat ter ies  

and t e s t i n g  them. There  is a l so  a n  a r t  t o  u s i n g  them. 1 

would l i k e  t o  base t h i s  o n  t h e  f a c t  t h a t  w e  have flown abou t  

s even  s a t e l l i t e s  now, u s i n g  s i l v e r  cadmium ba t te r ies .  None 

of these bat ter ies  have flown accord ing  t o  how t h e y  have been 

p r e d i c t e d .  I n  o t h e r  words the  ba t te r ies  have n o t  been used  

a s  pred ic ted .  

We h a v e n ' t  s e e n  any s a t e l l i t e  of these  seven  

go up and use something l i k e  10 p e r c e n t  d e p t h  of discharge 

u n l e s s  w e  charge i t .  I t  is a l l  random c y c l i n g ;  anywhere 

f r o m  10 t o  100 p e r c e n t  d e p t h  of discharge. When I s a y  a 

' I  
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hundred I mean down t o  about  n ine - t en ths  of a v o l t  per c e l l .  

I t  has g o t t e n  t o  be such  a problem t h a t  w e  c a n ' t  

r e a l l y  tes t  t h e  b a t t e r y  any more l i k e  it is flown. We 

can o n l y  g ive  i t  some 25 percen t  depth ,  r echa rg ing  i t  

f o r  a whi le  and do t h a t  for a couple  of weeks. The b a t t e r y  

goes th rough the  i n t e g r a t i o n  t es t s  w i t h  t he  s a t e l l i t e .  

One way, we h a v e n ' t  g o t t e n  around i t ,  you might 

c a l l  t h i s  a decelerated t e s t ,  a f t e r  t h e  b a t t e r y  is flown, 

a f t e r  t h e  s a t e l l i t e  is f lown,  t hen  w e  s t a r t  t h e  b a t t e r y  

test .  We g e t  t h e  informat ion  from t h e  p r o j e c t  o f f ice  and we 

run t h e  b a t t e r y  almost exac t ly  l i k e  it is r u n  i n  t he  s a t e l l i t e  

There h a s n ' t  been any  t w o  of t h e  seven  s a t e l l i t e s  

we have flown y e t  t h a t  have any  c y c l e  regime t h a t  is s imi l a r .  

DR. FLEISCHER: D r .  Lander. 

DR. LANDER: Lander,  Delco Remy. I w i l l  no t  

cont inue  t h e  t r e n d  of thought  f o r  a moment. I would l i k e  

to go back and p a r t i a l l y  answer one of  t h e  gent leman ' s  

q u e s t i o n s  abou t  what is t h e  mechanism of f a i l u r e  of  s i l v e r  

z inc  bat ter ies  on s t a n d .  

The a c t i v a t i o n  energy  which t h e y  have measured 

a s  be ing  up  around 20 t o  22,000 calories is q u i t e  fa r  removed 

from t h e  a c t i v a t i o n  ene rgy  f o r  hydrogen e v o l u t i o n  of t h e  z i n c  

plate i n  t h e  system which is around two t o  three thousand 

c a l o r i e s .  So i t  is n o t  hydrogen e v o l u t i o n  and we wouldn ' t  

expect it any  way on t h e  basis t h a t  you put  more t h a n  one or 
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two pe rcen t  mercuric  oxide i n  t h e  nega t ive  p l a t e .  

What I would t h i n k  i t  is -- and a g a i n  w e  need t o  

measure t h e  a c t i v a t i o n  energy i n  order t o  demonstrate 

t h i s  -- is t h e  decomposition of t h e  d i v a l e n t  s i l v e r  oxide 

p l a t e .  I would k ind  of guess i f  one measured d e a c t i v a t i o n  

ene rgy  f o r  t h i s  you would f i n d  va lues  which are around those 

which have been measured from t h e  exper imenta l  ce l l s .  

I d o n ' t  know, because nobody h a s  s t a t ed  it. However 

t h i s  d o e s n ' t  mean t h a t  t h e  s i l v e r  p l a t e  f a i l s  n e c e s s a r i l y :  

and t h i s  would depend somewhat on c o n s t r u c t i o n .  The oxygen 

is produced as a r e s u l t  of t h e  e v o l u t i o n  can  of course  

i n  a sealed s y s t e m  go over  and react w i t h  t h e  z i n c  on t h e  

z i n c  p l a t e .  

If  bat te r ies  were b u i l t  acco rd ing  t o  t h e  way w e  

would b u i l d  them, t h i s  would t h e n  subsequen t ly  l i m i t  t h e  

c a p a c i t y  a t  t h e  z i n c  electrode. 

MR. COHN: Cohn, NASA. You mentioned t h e  decompo- 

s i t i o n  of t h e  s i l v e r  oxide p la tes .  What mechanism do you 

have i n  mind there? 

DR. LANDER: I don ' t  have any p a r t i c u l a r  mechanism 

i n  mind. Let's j u s t  c a l l  it t h a t  and worry about  it when 

we get  some a c t i v a t i o n  energy v a l u e s .  

DR. FLEISCHER: The next  gentleman. 

MR. BANES: Banes, Jet  P ropu l s ion  Laboratory.  

I[ t h i n k  some of t h e  comments t h a t  M r .  Hennigan made add t o  
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something here. We talked about  a r t  and w e  t a l k e d  about  

s c i ence .  I t h i n k  he is t a l k i n g ,  and I want t o  t a l k  f u r t h e r ,  

about which c r a f t  -- 
(Laughter.  ) 

-- t h a t  is how you use t h e s e  bat ter ies .  I t h i n k  

one of t h e  problems here that nobody has ta lked a b o u t ,  is what 

kind of loads you are us ing  i n  your tes ts ,  what k ind  of 

charges  you are us ing ,  is i t  anywhere n e a r  the load t h a t  you 

a r e  us ing  i n  t h e  s p a c e c r a f t .  

I have been u t t e r l y  shocked by some of t h e  t h i n g s  

t h a t  happened t o  batteries when we put  them i n  spacecraft 

as opposed t o  bat ter ies  when we tes t  them on t h e  bench w i t h  

r e s i s t i v e  loads. 

A t  JPL w e  use  most ly  a s w i t c h i n g  type  r e g u l a t o r .  

T h i s  type  of load on a s i l v e r  z i n c  b a t t e r y  is f a r  more damagin 

t o  t h e  b a t t e r y  than  a r e s i s t i v e  load. 

I d o n ' t  know how t o  accelerate t h e  damage beyond 

what t h a t  does. But I know t h a t  a l l  of t h e  t e s t i n g  I have 

t o  do, I have t o  do a t  l eas t  h a l f  of  it and I would hope 

a l l  of  i t ,  a l l  t h a t  I c a n ' t  get enough equipment r e a l l y  t o  do 

a l l  of i t ,  but  a l o t  of ,the t e s t i n g  has t o  be done w i t h  a c t u a l  

s p a c e c r a f t  equipment or a t  least  ve ry  good s i m u l a t i o n  of t h i s  

equipment. 

Another area t h a t  I t h i n k  w e  are miss ing ,  or 

t h a t  we have missed i n  t h e  past and we are p ick ing  i t  UP v e r y  
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r a p i d l y ,  is t h a t  i n  environmental  t e s t i n g  of batteries,  

envi ronmenta l  t e s t s  are s e t  up  by sys tems type  people who are 

e l e c t r o n i c s  o r i e n t e d ,  who s a y  t h a t  t h e  worst case is h igh  

tempera ture  on discharge,  or something of t h i s  n a t u r e  

sometimes. 

And when we get  i n t o  a c t u a l  spacecraft use  we 

are  a t  such  low tempera tures  w e  c a n ' t  meet t h e  v o l t a g e  

r e g u l a t i o n  sys tems.  

We have t o  be very c a r e f u l  n o t  o n l y  t o  p l e a s e  these 

people ,  which t h e y  have t o  be sometimes placated, even ,  

b u t  t o  r u n  subsequent  t e s t i n g  i n  areas ,  as  Tom Hennigan 

s a y s ,  a s  close to  the  more probable f l i g h t  c o n d i t i o n  a s  you 

c a n  p o s s i b l y  get .  

W e  a t  JPL a c t u a l l y  on o u r  long-term f l i g h t s ,  

Mariner  and some of t h e  o ther  t e s t s ,  some of t h e  other long- 

term type  f l i g h t s ,  r u n  concur ren t  bat ter ies  i n  a l l  vacuum 

tempera ture  tests, s i m u l a t i n g  what  is go ing  on i n  t h e  space- 

c r a f t  a t  t h a t  time. Mainly because we canno t  have enough 

t e l e m e t r y  t o  t e l l  what is going on i n  t he  spacecraf t ,  and if 

we know tempera ture  , charge c u r r e n t s  , load o p e r a t i o n s  t h e n  

we c a n  p u t  a l o t  more i n s t r u m e n t a t i o n  on t h i s  t e r r e s t r i a l  

bat tery.  

Unfor tuna te ly  w e  c a n ' t  s i m u l a t e  some of t h e  other  

environments  such  a s  zero-(;. But we c a n  s i m u l a t e  some of 

them. We f ee l  t h a t  t h i s  is most impor t an t  i n  de t e rmin ing  t h e  
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a c t u a l  o p e r a t i n g  c h a r a c t e r i s t i c s  of a b a t t e r y  i n  space .  

DR. FLEISCHER: George? 

MR. DALIN: I am no l o n g e r  i n  t h e  heat of batt le.  

With respect t o  what was s a i d  a s  t o  how t h e  s i l v e r  e l e c t r o d e  

decomposes, l e t  m e  p o i n t  o u t  t h a t  t h e  s i l v e r  e l e c t r o d e  is 

thermonamically ex t remely  u n s t a b l e .  I t h i n k  t h e  f i g u r e s  are 

something l i k e  t h e  e q u i l i b r i u m  vapor  p re s su re  of oxygen 

over the  s i l v e r  ox ide ,  Ago, abou t  10 t o  t h e  1 1 t h  power 

atmospheres,  which is not  what you would c a l l  a s tab le  

material. 

However, when you put  a s i l v e r ,  charged e l e c t r o d e  

i n  a l k a l i n e  and look a t  i t  i n  proper  i l l u m i n a t i o n ,  you w i l l  

see t h a t  t h e r e  is a v e r y  f i n e  p a r t i c u l a t e  material coming o f f  

it. Whether t h i s  is s o l i d  s i l v e r  ox ide  or n o t ,  I d o n ' t  know. 

A t  any r a t e ,  A g 2 0  is t h e  s o l u t i o n .  

r a t e  of going i n t o  t h e  s o l u t i o n ,  t h e  q u a n t i t y  going i n t o  

t h e  s o l u t i o n ,  goes up r a p i d l y  w i t h  tempera ture .  Th i s  goes 

through t h e  e n t i r e  separator, always a porous material, 

and begins  t o  react w i t h  t h e  ce l lophane ,  which is n o t  s table .  

Consequently there are a t  l eas t  t w o  or  t h r e e  d i f f e r e n t  

mechanisms by which t h e  s i l v e r  e l e c t r o d e  can  lose its c a p a c i t y  

v e r y  r a p i d l y  a s  the  temperature  goes up. 

o u t  t o  be t h a t  a g a i n  these Arrhenius  l i n e s  are  c r o s s i n g  each 

o t h e r  and you have t o  look  f o r  t h e  envelope t o  decide which 

method is t a k i n g  p lace  a t  which tempera ture .  So it  is a 

I would imagine t h a t  t h e  

So t h a t  i t  may t u r n  
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complex system. I would l i k e  t o  make a comment abou t  t h e  

remark of t e s t i n g  by overcharge.  

The gent leman i n  t h e  back of t h e  room, Mr. Hennigan, 

worked o u t  a procedure whereby you a v o i d  a s u b s t a n t i a l  

ove rcha rge  of ce l l s  i n  a b a t t e r y  i n  space. Consequent ly  

t h i s  s t a n d s  a good chance of e l i m i n a t i n g  t h e  problem of  over-  

cha rge  and l e a v e s  u s  i n  a p o s i t i o n  where t e s t i n g  by overcharge 

is merely t e s t i n g  t h e  e f f e c t s  of overcharge .  I hope i t  w i l l  

prove t o  be less u s e f u l .  

That  is a p e c u l i a r  way of speak ing  abou t  a t e s t .  

But I hope t h a t  t h e  e f f e c t s  of overcharge  w i l l  d ec rease  becausl 

o b v i o u s l y  t h e r e  are v e r y  d e l e t e r i o u s  t o  a v a r i e t y  of t y p e s  

of ce l l s ,  p a r t i c u l a r l y  when t h e y  are s e a l e d .  

DR. FLEISCHER: D r .  Sha i r .  

DR. SHAIR: Bob S h a i r ,  of Gulton:  I t h i n k  

p o s s i b l y  t h a t  w i t h  respect t o  t h e  n i c k e l  cadmium sys tem w e  

d o n ' t  want t o  get  t o  t h e  poin t  where we seem t o  be implying 

t h a t  overcharge  is a harmful phenomena. We, f o r  i n s t a n c e ,  

have found tha t  a l o t  of t h e  p o s s i b l e ,  we c a n  put  i t ,  l e n i e n c i  

t h a t  are a l lowed i n  e l e c t r o n i c  c i r c u i t r y  c a n  be p icked  u p  

by t h e  a b i l i t y  of a bat tery t o  cope w i t h  a n  overcharge  

mechanism. And a l s o  f a s t  changes i n  t empera tu re ,  which 

p o s s i b l y  are n o t  compensated f a s t  enough, or f o r  t h a t  mat ter  

may n o t  be compensated f o r  a t  a l l ,  c a n  be absorbed  by a 

b a t t e r y  t h a t  does have t h e  c a p a b i l i t y  t o  absorb some overcharg  
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The n i c k e l  cadmium batteries do have t h i s  

ca pabi  1 it y . 
We are f i n d i n g ,  f o r  i n s t a n c e ,  t h a t  i f  you l e t  a 

n i cke l  cadmium b a t t e r y  sit, it has  a c e r t a i n  self-discharge 

r a t e .  Once t h e  b a t t e r y  is f u l l y  charged ,  though, i f  you 

impose a very ,  v e r y  low rate  of  overcharge on  t h a t  b a t t e r y ,  

even as  low a s  about t h e  C h O O  ra te ,  you seem t o  have 

imposed a va lve  e f f e c t  on t h e  s e l f - d i s c h a r g e  process. So 

t h a t  you c a n  s t o p  it, the  oxygen p res su re  i n s i d e  t h e  c e l l  

can  remain v e r y  low, and t h e  h e a t i n g  e f f e c t s  are  v e r y  low. 

There were a series of  t e s t s  which were r u n  a t  the  

Royal Aircraft e s t ab l i shmen t  i n  England which i n d i c a t e d  t h a t  

you c a n  main ta in  a b a t t e r y  which would normally r u n  down i n  

s ix  months on s e l f - d i s c h a r g e ,  you can  main ta in  it a t  something 

l ike a C / 1 5 0  r a t e  almost i n d e f i n i t e l y .  

So I t h i n k  w e  s h o u l d n ' t  imply t h a t  overcharges  

a r e  n e c e s s a r i l y  harmful t o  bat ter ies .  

n e s s  too, i f  you c a n  b u i l d  it i n t o  the s y s t e m .  

They have some use fu l -  

DR. FLEISCHER: Maybe D r .  Wil l ihnganz would l i k e  

t o  s a y  a f e w  words a t  t h i s  p o i n t  about  t h e  overcharge t e s t  

for lead ac id  batteries.  

DR. WILLIHNGANZ: N o ,  b u t  I would l i k e  t o  s a y  

something else w i t h  regard t o  Bob S h a i r ' s  remarks. 

I t  seems t o  m e  t h e  d i r e c t i o n  we are going is a n  

a c c e l e r a t e d  l i f e  t e s t  on some of  these batteries,  i n  which yo1 
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have,  s a y ,  50 d i f f e r e n t  k i n d s  of t es t s  t o  e v a l u a t e  50 

d i f f e r e n t  k inds  of d e t e r i o r a t i o n s  t h a t  t h e  b a t t e r y  can 

undergo. It looks t o  me as though doing it w i t h  a s i n g l e  

t e s t  a t  t h i s  po in t  d o e s n ' t  sound v e r y  probable .  

Th i s  q u e s t i o n  of vo l t age  i n t r i g u e s  m e .  John 

Landers is the  man who should be making t h i s  speech .  

If you p l o t  t h e  b a t t e r y  c o r r o s i o n  rate of  a n  a l l o y ,  

a g a i n s t  v o l t a g e ,  and make t h i s  t h e  e q u i l i b r i u m  v o l t a g e  of 

lead d iox ide ,  and on t h i s  a x i s  make the  log c o r r o s i o n  r a t e ,  

you get yourse l f  a curve t h a t  goes l i k e  t h i s .  T h i s  merely 

j u s t i f i e s  what  Bob S h a i r  j u s t  s a i d ,  which is t h a t  there is 

a c e r t a i n  overcharge which is q u i t e  impor tan t  t o  g ive  you 

a minimum c o r r o s i o n  r a t e  o n  a lead acid b a t t e r y .  How t h i s  

a f f ec t s  n i c k e l  oxide and s i l v e r  ox ide  batteries,  I d o n ' t  

know e 

On lead ac id ,  t h i s  is down around two t e n  thousandths 

of an  inch  pe r  year  a t  t h i s  minimum area here. 

DR. FLEISCHER: There is l i t t l e  of t he  s c i e n c e  

we f o r g o t  about  when w e  t a l k  a b o u t  b u i l d i n g  and t e s t i n g  

ba t t e r i e s .  M r .  Su lkes .  

MR. SULKES: This  same mechanism you might s a y  

h o l d s  f o r  s i l v e r  z i n c .  When you f loa t  these ba t te r ies  you 

are a c t u a l l y ,  you might s a y ,  overcharg ing  them a t  a C / l , O O O ,  

C/2,000 r a t e .  

l i f e  by  r educ ing  s e p a r a t o r  deg rada t ion  and ma in ta ins  t h e  capa- 

The cons t an t  overcharge a c t u a l l y  ex tends  t h e  
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c i t y .  

I n  many cases it  has  been found a f t e r  a b a t t e r y  

h a s  been f l o a t e d  f o r  s e v e r a l  yea r s  t h a t  t h e  c a p a c i t y  is 

better than  it was when it was new. Th i s  a l so  a p p l i e s  

t o  s i l v e r  z i n c ,  a l though  t h e  rates may be a l i t t l e  lower. 

DR. FLEISCHER: Nobody has  g o t t e n  up t o  make a 

comment about  n i c k e l  cadmium batteries so I w i l l  s a y  t h a t  

most of u s  heard D r .  Turner and h i s  associates t e l l  a b o u t  t h e  

e f f e c t  o f  carbonate  i n  t h e  n i c k e l  cadmium b a t t e r y ,  where 

carbonate  a c t u a l l y  accelerates t h e  c o r r o s i o n  of t h e  n i c k e l  

g r i d .  

Th i s  is something t h a t  you see i n  space bat ter ies  

t h a t  come o f f  c y c l e  l i f e  t es t s ,  t h e  carbonate  be ing  de r ived  

mainly from t h e  deg rada t ion  of t h e  separator. 

A r e  t h e r e  any  more comments? 

MR. JASINSKI: J a s i n s k i ,  Tyco Labs. I have a 

s p e c i f i c  q u e s t i o n  on tempera ture  r ega rd ing  t h e  h igh  d r a i n  

r a t e  of  s i l v e r  z i n c  batteries. A t  abou t  one and a half  

amperes per square  inch ,  what is t h e  i n t e r n a l  tempera ture  

of t he  system and what sort  of decomposition of t h e  s i l v e r  

p l a t e  does t h i s  b r i n g  about?  

DR. FLEISCHER: To whom are you d i r e c t i n g  t h a t ?  

MR. JASINSKI: To t h e  r e p r e s e n t a t i v e  f r o m  ESB. 

DR. CHREITZBERG: I n  t h i s  type  of  d i scha rge  t h e  

temperature  w i l l  r i s e  almost l i n e a r l y  i f  you are doing it a t  
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a c o n s t a n t  c u r r e n t ,  from room temperature  t o  about  180 

degrees Fahrenhe i t .  T h i s  is done i n  15 minutes .  Temperature 

maximum w i l l  n o t  be reached u n t i l  a f t e r  t h e  d ischarge  is 

complete .  T h i s  is i n  t h e  case of a ce l l .  In  t h e  case  of  a 

b a t t e r y  it would be h o t t e r ,  I a m  s u r e .  

what s o r t  of decomposition can you expec t .  I b e l i e v e  M r .  

Bowers can  b e s t  answer tha t .  

The q u e s t i o n  is 

MR. BOWERS: Bowers, NOL. Let's t a k e  a s p e c i f i c  

example of a to rpedo b a t t e r y  t h a t  has 60 cel ls ,  and t h e  c e l l s  

are, s a y ,  75 ampere hour c a p a c i t y .  During a 10 t o  12 

minute d i s c h a r g e ,  which is i n  t h e  o r d e r  of c u r r e n t  d e n s i t y  

of one ampere per square  inch t o  about  one and a q u a r t e r ,  

t h e  temperature  w i l l  rise dur ing  t h e  12 minutes  t o  about  160 

degrees ,  and t h e n  i t  con t inues  t o  r i s e  -- and I t h i n k  the  

r eason  f o r  t h i s  is because of lack of d i f f u s i o n  of t he  

temperature  t o  t h e  thermocouples -- t o  about  180 degrees .  

I f  we d i scha rge  t h a t  same bat tery a t  s a y  a 40 minute 

r a t e ,  o r  no t  t h e  same b a t t e r y  but  one a s  near  a l i k e  i t  a s  w e  

c a n  ge t ,  we d o n ' t  see any d i f f e r e n c e  i n  c a p a c i t y .  

If we c o l l e c t  the  g a s e s  t h a t  come o f f  of  t h i s  b a t t e r :  

w e  f i n d  some hydrogen and some s m a l l  amount of oxygen, bu t  most 

of t h e  g a s e s  a r e  i n  t h e  form of water. 

T h i s  i n d i c a t e s  a l s o  t ha t  down i n  the  e l e c t r o d e  a r e a  

t h a t  ou r  tempera tures  are g e t t i n g  up above 180 degrees 

towards t h e  end of d ischarge .  



nd j l w  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 
4ce - Federal Reporters 

25 

aU _ - - -  

DR. FLEISCHER: A r e  there any  f u r t h e r  comments 

o r  ques t ions?  

If n o t ,  we w i l l  a d j o u r n  t h e  morning meet ing 

and r e t u r n  promptly a t  1:00 o'clock t o  s t a r t  t h e  a f t e r n o o n  

s e s s i o n .  

I want t o  thank a l l  the speakers and a l l  those 

who par t ic ipated i n  t h e  d i s c u s s i o n .  

(Whereupon, a t  12:O2 o'clock p.m., t h e  meeting 

was ad journed ,  t o  reconvene a t  1:00 o'clock p.m., of 

t h e  same day.)  
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MR. SHAIR: Gentlemen, l e t ' s  get started. 

Welcome to  the second s e s s i o n  t h i s  a f t e rnoon .  

Before w e  do get  going, may I please remind a l l  of those 

here t o  please s i g n  t h e  sheet i n d i c a t i n g  tha t  you are i n  

a t t endance  and t h a t  you would l i k e  t o  get a copy of the pro- 

ceedings .  Then a lso w i l l  t hose  who do have a c o n t r i b u t i o n  

f o r  the  proceedings please make s u r e  that  you g e t  t he  g los sy  

p r i n t s  i n  so that t h e y  can be dup l i ca t ed  for  the  proceedings.  

I t h i n k  w e  are a l l  set t o  go. 

T h i s  a f t e r n o o n  session, f a i l u r e  a n a l y s i s  of s i l v e r  

z i n c  cells ,  w i l l  cove r  the subject q u i t e  d i f f e r e n t l y  than  

t h i s  morning, where i n s t e a d  of doing things r a p i d l y  w e  are 

doing them i n  the  type  of c y c l e  t ha t  a t  one time w a s  eon- 

sidered l o g i c a l  c y c l e s  that these bat ter ies  were subjected 

t o  i n  space. 

Many of these programs do t a k e  a cons ide rab le  period 

of time t o  be done, and  there is a v a s t  amount o f  infopmation. 

So t h e  best s t a t i s t i ca l  techniques  and mathematical t echn iques  

are be ing  a p p l i e d  t o  these programs t o  get  u s e f u l  in format ion  

f o r  both the  u s e r  and for  the  manufacturer.  

J u s t  before w e  start I would l i k e  to  memt+ion t h a t  

a couple  of weeks ago there w a s  a meeting i n  Br ighton ,  Eng- 

land ,  a b a t t e r y  symposium. I no t i ce  s e v e r a l  of you here 

d i d  a t t e n d  it. Karl Preusse and I d i d  a t t e n d  it also,  i n  
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which it became e v i d e n t  that i n  Europe there  is a growing 

i n t e r e s t  i n  the nickel-cadmium cell .  There w e r e  a l o t  

of p a p e r s  o n  lead acid. T h e r e  is a growing i n t e r e s t  i n  

the nickel-cadmium cell  over  there. 

W e  r a n  i n t o  a l o t  of people  who are i n t e r e s t e d  

i n  batteries and are very  much i n t e r e s t e d  i n  the volume of 

work which is coming o u t  of t h e  States on  b a t t e r y  technology 

for space and terrestrial  applications . 
They asked m e  do w e  spend a l l  of o u r  t i m e  working 

on batteries. I said w e  d id  n o t  spend a l l  of o u r  time work- 

i n g  on batteries. W e  do other t h i n g s .  

They said while  you're over  here you ought  t o  take 

a l i t t l e  b i t  of t i m e  and you ought to  go around and see 

some of t h e  b e a u t i f u l  a r t  works t h a t  e x i s t  i n  Europe. And 

you r e a l l y  ought t o  e n j o y  y o u r s e l f  because w e  have a r t  t r e a s u r e s  

here t h a t  probably you cannot  see i n  the  Uni ted  States. 

The stage w a s  se t  t h i s  morning, t h a t  t h i s  w a s  part- 

l y  an  a r t  as w e l l  as  a s c i e n c e .  So I t h i n k  t h a t  d u r i n g  

the  course  of the a f t e r n o o n  w e  have abou t  t e n  speakers, and 

I want t o  show you a f e w  examples of ar t  t h a t  I did,  w e l l ,  

pos s ib ly  p i c k  up  i n  Europe. 

Maybe I d idn ' t .  The first one a c t u a l l y  is a n  

American portrait which is hanging i n  the  Louvre i n  Paris. 

May I see t h e  first one by James Whistler? I t h i n k  maybe 

w e  need t h e  l i g h t s .  (S l ide)  
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Our f i r s t  speaker is D r .  John Lander who is very  

w e l l  known to  u s ,  f r o m  the Delco Remy D i v i s i o n  of General  

Motors, who w i l l  t a l k  on f a i l u r e  a n a l y s i s  of s i l v e r  z i n c  

ce 11s. 

D r .  Lander. 

FAILURE ANALYSIS OF SILVER 

ZINC CELLS 

DR. LANDER: When you're t a l k i n g  about  s i l v e r  z i n c  

ce l l s  you don ' t  have t o  worry about it. 

(Laughter) 

As George said t h i s  morning, t h e y  nave a plethora 

of f a i l u r e  modes. The t y p e  of work that w e  have been doing 

has  been directed a t  t r y i n g  t o  i n c r e a s e  t h e  cycle l i f e  of 

s i l v e r  z i n c  cells  i n  a two-hour cycle which c o n s i s t s  of 35 

minutes  of discharge and the  balance of t h e  time on charge. 

We have been us ing  c o n s t a n t  p o t e n t i a l  source  for  charge. 

I n  a d d i t i o n  w e  have been working i n  25 and 40 

depth of discharge l a r g e l y  dur ing  o u r  p a s t  programs. In 

a d d i t i o n  t o  t h i s  w e  had submitted some cells to the In land  

T e s t i n g  Div i s ion  of Cook Electric for  a d i f f e r e n t  A i r  Force 

program on which a v a r i e t y  of cont inuous cycles were i n -  

volved.  

During t h e  course  of ou r  work w i t h  the A i r  Force 

and i n  f a i l u r e  examinat ion of the cells  t h a t  were tested 

a t  In land  Tes t ing ,  w e  have looked a t  something ove r ,  some 

place between 2500 and 3,000 c e l l s .  
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And I still  wouldn't s ay  t h a t  I r e a l l y  know why 

some of  these f a i l e d .  I mean w h a t  are the remote c a u s e s  

of f a i l u r e .  We can t e l l  how they  fa i led p r e t t y  e a s i l y .  

Genera l ly  speaking  it is a short c i r c u i t  or  it is 

a l o s s  of z i n c  plate c a p a c i t y  one way or a n o t h e r .  

W h a t  I a m  going  t o  do today  is to  describe f a i l u r e  

a n a l y s i s  procedures  and t h e n  also make a f e w  comments and 

show you a l i t t l e  b i t  of data and some i n t e r e s t i n g  t h i n g s  

t h a t  w e  found o u t .  

What do w e  do i n  a f a i l u r e  a n a l y s i s  procedure? 

F i r s t  of a l l  w e  s t o p  t h e  c y c l i n g  a t  the  end of i A r e g u l a r  

charge. 

the open c i r c u i t  v o l t a g e .  

ce l l  fa i led by a short  c i r c u i t  o r  not .  

that  is bad enough to  drop the v o l t a g e  down a p p r e c i a b l y  

i n  a day or  t w o ,  t h a t  is a s u f f i c i e n t  short  c i r c u i t  t o  have 

c o n t r i b u t e d  t o  a loss of capacity dur ing  the cyc l ing .  

We allow it t o  s t a n d  f o r  a day o r  so, t h e n  measure 

T h i s  is t o  determine whether t he  

If i t  has a short 

I t h i n k  w e  d i s t i n g u i s h  between degree of short- 

c i r c u i t i n g  here because you c a n  cycle a b a t t e r y  and these 

cont inuous  t e s t s  for  q u i t e  a long  time i n  a s h o r t - c i r c u i t e d  

c o n d i t i o n  i f  the short  is not  bad enough. 

Also w e  take a t h i r d  electrode r e a d i n g  a t  the 

end of  the l a s t  discharge which is g i v e n  on the au tomat i c  

cycle i f  w e  want t o  know w h a t  plate failed.  

T h i s  is provided enough short  c i r c u i t s  are involved.  

~ 
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We have c o n s i s t e n t l y  found o u t  t h a t  i n  o u r  des ign  it is 

a z i n c  p o i n t  which is f a i l i n g ,  so w e  r a r e l y  bother w i t h  

i t  anymore . 
A f t e r  the day o r  t w o  s t ands ,  i f  desired, and it  

has been done on occasion,  and it w a s  done as a matter of 

course  on o u r  f a i l u r e  examinat ions w i t h  In land  Tes t ing ,  on 

t e s t i n g  cells ,  the c a p a c i t y  discharge a t  the same rate 

which is g iven  o r i g i n a l l y  t o  the  ce l l  t o  es tab l i sh  ce l l  

capacity may be given.  T h i s  is for the purpose of measur- 

-Y ing the rgpacity nf loa.: against the original c a p a c i t y  -- 
capacity r e t e n t i o n .  T h i s  is done i f  i t  is not  short- 

c i r c u i t e d .  

Another t h i n g  may a l s o  be done a t  t h i s  poin t ,  

and t h a t  is a f t e r  t h e  c a p a c i t y  discharge,  i t  may be given  

a n o t h e r  charge a t  t h e  formation rate, followed by a second 

c a p a c i t y  discharge, and t h i s  measures any permanent loss 

i n  c a p a c i t y .  W h a t  w e  are saying  kre is that on an  au to-  

matic c y c l e  if you have charg ing  i n e f f i c i e n c y  e n t e r i n g  i n ,  

t h e n  t h i s  can  r e s u l t  i n  the c e l l s r u n n i n g  downhi l l  simply 

because you are conve r t ing  some of the z i n c  t o  the oxide  

and it won't pu t  up w i t h  that very long. Giving the  form- 

a t i o n  charge followed by d i scha rge  w i l l  measure f o r  you 

the permanent capacity loss.  

There is ano the r  way to do t h i s  and t h i s  is I 

t h i n k  a preferred technique.  I t  is t o  put  a n  i n t e g r a t o r  
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i n  the c i r c u i t  and have it i n  there d u r i n g  the f u l l  l i f e  

of the ce l l  or  ba t te ry  of ce l l s  which you are measuring. 

W h a t  t h i s  w i l l  do f o r  you is g ive  you the  amount of accum- 

u l a t e d  overcharge t h a t  the ce l l  or b a t t e r y  r e c e i v e s  as c y c l e  

l i f e  progresses. A l l  you have to  do is take a read ing .  

I t  also r e q u i r e s  something else, however, and 

that is t h a t  you have some idea concern ing  how much over-  

charge you have t o  g ive  the  cel l  i n  order t o  ma in ta in  i ts 

c a p a c i t y  as l i f e  goes on. I t  doesn ' t  r e a l l y  r e q u i r e  that. 

I t  is an aid t o  f a i l u r e  mechanism which t e l l s  you whether 

you are running downhi l l  because you are not  g i v i n g  over-  

charge. 

If you were des ign ing  your  tes ts  t o  keep the 

charge up, t h e n  you need t o  know how much overcharge has 

t o  be put i n .  T h i s  is p a r t i c u l a r l y  t r u e  i f  you are t a l k i n g  

a b o u t  a sealed ce l l  which has some p e c u l i a r i t i e s  i n  t h i s  

r ega rd  and which w e  d i s c u s s e d  i n  o u r  f i n a l  report on  the  

A i r  Force c o n t r a c t  which is about  t o  i s s u e .  

I 

I 

I 

I prefer the i n t e g r a t o r  scheme for  l o o k i n g , a t  

cells over  the p rogres s ive  c y c l e s  t h a t  may be g iven  it t o  

get the k ind  of data I j u s t  mentioned because i n  t h i s  case 

you can l eave  t h e  battery e s s e n t i a l l y  i n  the  c o n d i t i o n  it 

w a s  i n  a t  the end of the las t  ( u n i n t e l l i g i b l e )  cycle. 

Also d u r i n g  the last  charge or  perhaps fo l lowing ,  
I 

a t  some p o i n t  maybe d u r i n g  the las t  discharge or a f te r  the 
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las t  charge, you can  give i t  a high rate pu l se .  

What you do us ing  t h i s  informat ion ,  you can  es- 

t a b l i s h  w h a t  the r e s i s t a n c e  of the, the i n t e r n a l  r e s i s t a n c e  

of the ce l l  is. I a m  speaking  about  r e s i s t a n c e  i n  a kind 

of loose f a s h i o n  here because a l l  of u s  electrochemists 

know t h a t  t h i s  k ind  of a measurement w i l l  g i v e  you the com- 

b i n a t i o n  of vo l t age  losses which c o n t r i b u t e  t o  the vo l t age  

that you read o u t  on t h i s  pu l se .  

The next  thing w e  do is to  open the  cell and 

d r a i n  o u t  the e l e c t r o l y t e  and measure it for volume. We 

ca l l  this the excess e l e c t r o l y t e .  Re do it because on oc- 

c a s i o n  when you are operating with cells and  you are t r y i n g  

t o  operate on a minimum q u a n t i t y  or c y c l e  l i fe ,  t e s t i n g  the 

minimum amount of e l e c t r o l y t e ,  o c c a s i o n a l l y  w e  run i n t o  cells  

t h a t  appear t o  d r y  up and you can ' t  get any excess electro- 

l y t e  o u t  of them. 

A l s o  t h i s  sample w i l l  s e r v e  for  ana lyz ing  for 

the KOH c o n c e n t r a t i o n ,  carbonate  :- xion c o n c e n t r a t i o n ,  i f  

you want t o  do it, and any f o r e i g n  i o n  c o n c e n t r a t i o n  t ha t  

might  be i n  there. 

Then w e  extract t h e  whole e lement  from the  ce l l  

and examine it for  broken lead w i r e s  t o  the terminal, 

or c o r r o s i o n  of lead w i r e s  t o  the t e r m i n a l .  And w e  look 

a t  the t e r m i n a l  connect ion.  T h i s  is a S a t u r n  connec t ion .  

We look a t  i t  t o  see whether or  not  any of the  w i r e s  from 
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the plates might be coming loose. 

A t  t h i s  p o i n t ,  whi le  t he  element  is whole, 

w e  examine it v i s u a l l y  for  z i n c  d r a i n  around the tops 

and sides and t h e  bottoms of the element  stack up. I t  

is an i n d i c a t o r  of the  separator's a b i l i t y  t o  r e t a i n  z i n c .  

The z i n c  around the  edge of the cel l ,  you're go- 

i n g  t o  have it i f  you don ' t  wrap your z i n c  plates of c o u r s e .  

But w e  wrap o u r s  and consequent ly  w e  make t h i s  o b s e r v a t i o n .  

Then the  plates are c a r e f u l l y  separated w i t h  their 

separator wrappings and the separator removed from each 

plate l a y e r  by layer. During t h i s  s t r i p p i n g  of the separ- 

a t o r  away from the plate w e  v i s u a l l y  examine the layers 

for  the presence of metallic z i n c  i n  t he  separator o r  be- 

tween the layers. And t h i s  is for  the  purpose of s e e i n g  

how far t h e  metallic z i n c  might have moved toward the posi- 

t i v e  plate. 

F r e q u e n t l y  -- t h i s  i s  v e r y  obvious  -- you can  

p u l l  cells  apart and see sheets of z i n c  between separator 

layers, n i ce ,  s h i n y  metallic z i n c .  And a g a i n  i f  separator 

d e t e r i o r a t i o n  has proceeded f a r  enough, the d e n d r i t e s  of 

z i n c  that  are growing through the  p o s i t i v e  p l a t e s  w i l l  

k n i t  t h e  Separator layers together and it is hard t o  

separate them. 

W e  examine the separators for  holes, s p l i t s ,  

and g e n e r a l  d e t e r i o r a t i o n .  The  samples may be taken 
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layer by  l a y e r  and analyzed for  s i l v e r  c o n t e n t  and measure 

the r e s i s t a n c e  t o  g ive  you a n  i d e a  -- the r e s i s t a n c e  measure- 

ment is somewhat a measurement of the degrada t ion  of the 

separator material. If it is c e l l u l o s i c ,  anyway. 

And the  r e s i s t a n c e  dec reases  as ( u n i n t e l l i g i b l e )  

goes on, due t o  the degrada t ion .  That is r e s i s t a n c e  i n  

the KDH electrolyte.  

W e  look a t  the pos i t ive  p l a t e  and examine it 

v i s u a l l y  for color. 

a c t u a l l y  of the state of the charge.  And the presence of 

z i n c  oxide. Zinc oxide can  appear  as  a p i n k i s h  cast over 

t h e  s u r f a c e  of the  plate,  o r  i t  can appear as a l o o s e l y  

rubbed off white  deposit .  You can ana lyze  chemically for  

it i f  you want to .  But as f a r  as w e  know there is no de- 

l e t e r i o u s  e f f e c t  of the z i n c  on the s i l v e r  plate per se. 

T h i s  w i l l  give you a p r e t t y  good idea 

What it is an  i n d i c a t i o n  of is whether or  n o t  the 

d i f f u s i o n  of z i n c  away f r o m  the nega t ive  p l a t e  has reached 

the s i l v e r  electrode . 
You c a n  take a sample of the s i l v e r  plate and 

x-ray it af te r  you wash it and  dry i t .  T h i s  w i l l  g ive  

you a n  idea of the d i s t r i b u t i o n  of the a c t i v e  material 

among d i v a l e n t  s i l v e r  oxide , monovalent s i l v e r  oxide, 

and s i l v e r .  If you want to ,  you can  take the i n d i v i d u a l  

platesafter removal and d ischarge  them i n  a beaker 

( u n i n t e l l i g i b l e ) .  T h i s  w i l l  t e l l  you w h a t  their c a p a c i t y  



10 
GM : SN 

100 

is. 

I n  our  exper ience  the p o s i t i v e  plate has never  

fa i led p e r  se. That is, any u l t i m a t e  loss i n  c a p a c i t y  i n  

cells is not  due t o  the p o s i t i v e  p l a t e .  W e  know it loses 

m a t e r i a l ,  and w e  have a p r e t t y  good idea of the r a $ e  a t  

which it loses it. But i t  never loses it fast  enough t o  

limit c o n t r o l  ( u n i n t e l l i g i b l e )  . 
You can  weigh the p o s i t i v e  plate t o  establish the 

actual material loss. T h i s  is p re fe rab ly  i n  the  discharge 

cond i t ion .  

The nega t ive  plate is rea l ly  t h e  i n t e r e s t i n g  one. 

T h i s  i s  t h e  one which we look a t  very  c a r e f u l l y ,  that  is 

a f t e r  w e  are done looking a t  the separator c a r e f u l l y .  

W e  examine it v i s u a l l y  for  w h a t  Dr. Dal in  ca l l s  shape 

change, and also for  the degree of o x i d a t i o n .  Ac tua l ly  

a f te r  looking  a t  a l o t  of these you can get a p r e t t y  good 

idea  w h a t  t he  state of o x i d a t i o n  of t h i s  plate is because 

the  z i n c  appears a s  a g r e y i s h  mass and the oxide is a l w a y s  

w h i t e .  T h i s  is t r u e  u n l e s s  you have a ve ry  f i n e l y  d i v i d e d  

mixture of the  oxides and the z i n c .  

Usual ly  you can  get a p r e t t y  good idea of w h a t  

t he  d i s t r i b u t i o n  of charged z i n c  is on that plate. 

Another t r ea tmen t  t h a t  w e  have accorded these 

i s  to  charge t h e m  up completely i n  a beaker and l o w -  

g r a v i t y  e l e c t r o l y t e  so you don ' t  d i s s o l v e  o u t  much z i n c  

~ ~~ 



11 
GY:SM 

101 

oxide, Then wash them and d r y  them and get weight loss 

measurements -- make weight  l o s s  measurements . 
You can do the same t h i n g  w i t h  the z i n c  plate 

i n  any state of o x i d a t i o n  a c t u a l l y ,  I n  any case, some 

oxidrr t ien is bound to  proceed on the  z i n c  du r ing  t h i s  process, 

The main t h i n g  is to  be c a r e f u l  n o t  t o  wash the 

z i n c  oxide o u t ,  which w i l l  occur  very e a s i l y .  

Then you can take samples of the material for  

a n a l y s i s  fo r  s i l v e r ,  which would have come over  f r o m  the 

p o s i t i v e  plate, and any other f o r e i g n  items. T h i s  can be 

done r e a d i l y ,  of course, w i t h  the spectrograph, q u a l i t a t i v e -  

l y ,  and i f  you want t o  look a t  i t ,  q u a n t i t a t i v e l y .  You can 

ga i n t o  any other applicable a n a l y t i c a l  teehniquee,  

We have also checked the gr id  for mercury contami- 

nan t .  T h i s  is a silver g r i d ,  a t  least the one w e  use is, 

One of the t h i n g s  w e  found o u t  is t h a t  as l i fe  progresses ,  

the s i l v e r  accumulates  i n  the g r i d ,  I t  w i l l  s tart  w i t h  

s u b s t a n t i a l l y  zero mercury conten t .  Then, as l i fe  goes on, 

aercupy w i l l  b u i l d  up, e s p e c i a l l y  i n  the bare area of the 

gr id ,  And t h i s  has an e n b r i t t l i n g  effect on it which, so 

fa r  as I know, has no d e l e t e r i o u s  a c t i o n  other than  one 

would expect. If a ce l l  were undergoing cons ide rab le  v ib ra -  

t i o n  or something l i k e  t h a t ,  it might tend  t o  break the gr id  up. 

I t  is highly  recommended that  d u r i n g  t h i s  
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examinat ion or  a t  some p o i n t  i n  the examinat ion t h a t  you 

t ake  a z i n c  p l a t e  and pot  it up i n  epoxy r e s i n  or  whatever  

you want t o  use and s e c t i o n  it fo r  micrographic  examinat ion.  

W e  l ike  t o  do t h i s  t o  g e t  a n  idea of the state of agglom- 

e r a t i o n  of t h e  z i n c .  

Another t h i n g  that  w e  would l i k e  t o  do, and would 

do i f  w e  had a good, reliable measuring technique  f o r  doing 

i t ,  would  be t o  measure the surgace  area, that  is the  electro- 

chemical ly  a c t i v e  s u r f a c e  area. 

I would make some remarks about gas  p re s su re  i n  

sea l ed  cel ls  i f  I had t i m e ,  bu t  I don ' t .  If anybody wants  

t o  d i s c u s s  i t ,  w e  can  t a l k  about  it later. 

I have some photographs I had hoped t o  be able 

t o  p r o j e c t ,  but  t he  projector won't do i t .  I w i l l  hold 

them up  and  the people i n  the f r o n t  row can  get  a look a t  

them. Then if anybody else would l i k e  t o  examine them later 

I w i l l  be pleased t o  show them t o  you. 

T h i s  is a photomicrograph of a z i n c  plate which 

is new, that is formed up and new. T h i s  plate c o n t a i n s  

2 per c e n t  po lyvyn i l  alcohol, 

T h i s  is the s i l v e r  g r i d .  You can see t h a t  the 

a c t i v e  material is i n  good c o n t a c t  w i t h  t he  g r i d  wire, 

Here is a plate which c o n t a i n s  po lyvyn i l  alco- 

hol  which has undergone 231 40 per c e n t  depth of discharge 

cycles. T h i s  40 per  c e n t  depth  of discharge does not  
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refer t o  t h e  c a p a c i t y  of t h e  zinc element  i n  there. I t  

refers t o  t h e  c a p a c i t y  of  the c e l l .  You can see that there 

i s  a good deal -- these are to the same magn i f i ca t ion  -- 
there h a s  been a good deal of r educ t ion  in. t h i c k n e s s  of 

t h e  a c t i v e  material there,  either because of loss of a c t i v e  

material o r  because of state of agglomerat ion,  And it is 

q u i t e  e v i d e n t  that there is a good deal of agglomerat ion 

of that metallic. z i n c .  

Th i s  is a p i c t u r e  of a plate which c o n t a i n s  o r  

con ta ined  a t  the  s t a r t  anyway, .01 per c e n t  of amalfagene(?) ,  

a s u r f a c t a n t ,  BC 610. W e  can  compare that w i t h  t h e  p l a t e  

c o n t a i n i n g  the 2 per c e n t  PVA. T o  my mind there is a d i f -  

f e r e n c e  i n  the degree of subd iv i s ion  o f  t h e  agglomerated 

z i n c  

T h i s  is a p i c t u r e  of another p l a t e  c o n t a i n i n g  

amalfagene which has undergone 324 cycles and t h i s  c o n t a i n s  

l / l Q t h  of  a per c e n t .  There is a clear d i f f e r e n c e  i n  t h e  

degree o f  agglomerat ion.  

T h i s  is a p i c t u r e  of a plate  which has gone 

372 c y c l e s ,  w i t h  1 per c e n t  Ed@ 610, This is, I b e l i e v e ,  

characteristic of what a h e a l t h y  z i n c  plate r e a l l y  looks 

l i ke .  

The z i n c  i n  here is very f i n e l y  d i v i d e d .  I t  

looks more n e a r l y  l i k e  a new p la te  than  a new p l a t e  i t s e l f ,  

if you want t o  put i t  that way. 
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I have a n o t h e r  photograph. T h i s  shows the plate 

which w a s  made o r i g i n a l l y  w i t h  122 z i n c  d u s t .  I forget 

w h a t  s c r e e n  it passes. There has been a r e d u c t i o n  i n  th ick-  

n e s s  of abou t  t ha t  much -- from t h a t  much t o  what you see 

( i n d i c a t i n g )  

T h i s  s t u f f ,  whi le  I don't know whether any agglom- 

e r a t i o n  has gone on,  i t  was a dense plate t o  s ta r t  w i t h  

and it did not g i v e  very  good c a p a c i t y ,  

That is t h e  sor t  of informat ion  that you can f i n d  

o u t  by looking  a t  the pot ted zinc p la te  a f t e r  l i f e  t e s t i n g ,  

w i t h  a metalograph or w i t h  a microscope. I t  g i v e s  you 

s o m e  idea of t h e  a v a i l a b l e  s u r f a c e  area -- act ive s u r f a c e  

area. 

As a matter of i n t e r e s t  I would l i k e  t o  show you 

a n o t h e r  piece of in fo rma t ion .  Again I a m  sorry I c a n ' t  

project it on  the s c r e e n .  Again you may look a t  them 

la ter  i f  you so desire.  

T h i s  is a r e s u l t  of a q u a l i t y  a s su rance  t es t  

that  w e  r a n  on  o u r  last  A i r  Force c o n t r a c t .  What i t  shows 

is a f a m i l y  of c u r v e s  of 28 to  30 ce l l s  which have been 

tested a t  t h e  same 40 per c e n t  of discharge. They are 

supposed t o  be made the same way .  

W e  i n t roduced  one v a r i a t i o n  i n t o  t h i s  t es t .  W e  

had a n  a u x i l i a r y  electrode i n  there which w a s  supposed t o  

use  up hydrogen. On t h a t  account w e  v a r i e d  t h e  end of 
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cha rge ,  and t h i s  w a s  a c o n s t a n t  -- modified c o n s t a n t  t ype  

c u r r e n t  charge -- w e  v a r i e d  t h e  end of charge v o l t a g e  

to see how good t ha t  a u x i l i a r y  electrode would be f o r  t a k -  

.jing up g a s  i n  t he  system, and we get  t h a t  f ami ly  of c u r v e s  

d e s c r i b i n g  the l i f e .  

T W  is a cumulative f a i l u r e  p lo t t ed  a g a i n s t  cycles. 

If you take the average for each of those groups, 

the average  c y c l e  l i f e ,  and plot  it a g a i n s t  t o n s  of charge 

v o l t a g e ,  this is the k ind  of vol tage  you get .  

Ik  goes from about  515 down t o  about  280.  

There is some more d i s c u s s i o n  we could  have con- 

c e r n i n g  th i s ,  bu t  w e  don ' t  have t i m e .  

MR. SHAIR: Thank you very much, John. W e  are 

j u s t  a l i t t l e  b i t  behind on time, so w e  w i l l  save the  d i s -  

c u s s i o n  u n t i l  the  d i s c u s s i o n  per iod  

The next  speaker is Don Mains, from the Naval 

Ammunition Depot i n  Crane, Ind iana ,  who has g i v e n  pape r s  

a t  p rev ious  meetings d e s c r i b i n g  the test programs go ing  

on o u t  t h e r e .  The t o p i c  of his paper today is V i s u a l  

W l u r e  A n a l y s i s  of Nickel-Cadmium C e l l s . * '  

VISUAL FAILURE ANALYSIS OF NICKEL-CADMIUM CRI:TS 

aibR. MAIMS: There is very  u s e f u l  i n fo rma t ion  

which can be ob ta ined  f r o m  ce l l  f a i l u r e .  I n  our program 

a cel l  is considered to  be a f a i l u r e  a f t e r  the t e r m i n a l  

v o l t a g e  drops below -5 v o l t s  anv t i m e  d u r i n g  the 
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discharge-charge c y c l e ,  When a c e l l  appears t o  be f a i l i n g ,  

a recorded c y c l e  is made SO that i t  can  be put i n t o  the 

permanent pack record. A f t e r  t h e  r eco rd ing ,  the  c y c l i n g  

is stopped a t  the end of  the d i s c h a r g e ,  the c e l l  is re- 

mved, and t h e  pack is r e t u r n e d  t o  c y c l i n g .  

The manufac turer  is n o t i f i e d  when s e v e r a l  c e l l  

f a i l u r e s  have o c c u r r e d  so that a r e p r e s e n t a t i v e  may come 

i n  i f  h e  so desires t o  w i t n e s s  the c e l l  f a i l u r e  a n a l y s i s .  

The a n a l y s i s  c o n s i s t s  of t he  fo l lowing  tes ts  

and o b s e r v a t i o n s :  A shor t  t e s t ,  weight , e x t e r n a l  appear- 

ance, and i n t e r n a l  appearance.  

The s h o r t  t e s t  c o n s i s t s  of a C/5 charge rate f o r  

one minute,  and 24 hours  open c i r c u i t  s t a n d .  

A t  t h e  end of the 24-hour period the  open c i r -  

c u i t  vo l t age  w i l l  i n d i c a t e  whether t h e  c e l l  is shorted or  

t h e r e  is j u s t  a p a r t i a l  s h o r t .  I f  there is no decrease 

i n  t he  vo l t age ,  t h e n  the c e l l  f a i l u r e  w a s  probably due t o  

some other cause .  

A v i s u a l  i n s p e c t i o n  is also made of the  ex ter ior  

of the  ce l l  case, n o t i n g  any leakage or deposi ts  such  as 

those  shown i n  S l i d e  1. 

(S l ide )  

MR, SHAIR: W h a t  does the  first one show? 

lyIR. MAINS: The f i r s t  s l i de  shows a ce l l  d e p o s i t  

around the seal. T h i s  is a ceramic-to-metal seal. 
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(S li de ) 

The nex t  s l ide  shows the  leakage around t h e  weld 

between the  t o p  of the  ce l l  and the sides. T h i s  a g a i n  

is a c y l i n d r i c a l  cel l .  

T h i s  is due t o  a poor weld of t h i s  p a r t i c u l a r  

ce l l .  

Also t h e  external appearance is noted  fo r  any 

deformations of the case, e s p e c i a l l y  due t o  concave s ided  

o r  high-pressure v o l t a g e s  which are shown i n  the next  s l i d  

(S l ide )  

T h i s  is sideways,  but  you c a n  see what t h e  bulge 

looks l ike  here. 

(S l ide)  

. 

Next, the ce l l  is opened and a v i s u a l  i n s p e c t i o n  

is made of the  tabs, plates and s e p a r a t o r s .  A weak t ab  -- 
w e  k t a b  weld -- is ve ry  e a s i l y  d i scove red .  N o r m a l l y  the 

tab  a r e a  i s  ve ry  weak and c a n  be s e p a r a t e d  w i t h  a v e r y  

small amount of p r e s s u r e .  

The nex t  s l ide shows a tab weld t o  terminal area, 

S l i d e  No. 4. 

(S l ide)  

I n  t h i s  one the tabs were t o  be welded between 

the t w o  p a r a l l e l  bars. The tabs are p u l l e d  o u t  w i thou t  

l eav ing  any welded material whatsoever ,  t h e  t a b  w a s  so weak. 

Also there is d e t e r i o r a t i o n  which takes p lace  i n  
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"his &ke~cw?a&kas starts on one s i d e ,  i t  appears, 

and progresses across the total tab area. 

T h i s  s h o w s  the eras-sect ion.  The p o s i t i v e  tab  

is on your right, 

T h e  next s.jl;f& also shows a burning of the posi- 

t i v e  tab w h e r e  the iasnshtimn w z s  burned off due to the 

high currents. %.a the tab i t se l f .  
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&m.tbizr =Jar of cell failures is the cer- 
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b y  p l a t i n g  the area. T h i s  p l a t i n g  has not  a l w a y s  proved 

to  be comple te ly  sat isfactory.  As t h i s  s l i d e  shows, the  

p l a t i n g  has f laked  loose and t h e  ceramic short has t a k e n  

p l ace  . 
The p l a t e s  of the ce l l  are g e n e r a l l y  i n  exeel- 

l e n t  c o n d i t i o n  when the ce l l  is  opened, even a f t e r  s e v e r a l  

thousand cyc le s .  A f e w  exceptions are b l i s t e r i n g ,  loosened 

a c t i v e  material, and ex t r aneous  a c t i v e  material. 

B l i s t e r s  l i ke  the one shown on the  next  s l i d e  

range i n  size from p inpo in t  up t o  a ha l f - inch  across. 

The next  s l i d e  shows, not too w e l l ,  b l i s t e r i n g  

tha t  has taken  place ove r  the  e n t i r e  s u r f a c e  of t h e  ce l l ,  

or a loosen ing  up of the  material i t s e l f .  

( S l i d e )  

The nex t  s l ide  shows t h e  plate material e c t u a l -  

l y  coming loose from the gr id .  

(S l i d e  ) 

T h i s  is e s p e c i a l l y  common i n c i r c u l a r  cel ls .  This 

material is loose before the ce l l  is a c t u a l l y  unwound. It 

is j u s t  l a y i n g  a g a i n s t  t he  m a t e r i a l ,  

Also i n  c e r t a i n  cases the  p i e c e s  of p l a t e  material 

are found that  came ei ther  du r ing  c o n s t r u c t i o n  or  i n  the 

p rocess  of p u t t i n g  the  ce l l  i n  the case that d id  not  exis t  

i n  that par t icu lar  p l a t e  or i n  t h a t  area and caused addi-  

t i o n a l  p r e s s u r e  p o i n t s  on the s e p a r a t o r .  
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Usual ly  t h e  s e p a r a t o r  w i l l  c o n t a i n  p l a t e  material 

that h a s  migra ted  i n t o  i t  or a l l  the way through.  

mig ra t ion  u s u a l l y  comes f r o m  the nega t ive  plate .  

The 

(S l ide )  

The nex t  sl ide shows t h e  d i f f e r e n c e  between the 

p o s i t i v e  and n e g a t i v e  p l a t e ,  and that  that is no t .  

(S 1 i de ) 

The nex t  s l ide  shows t h e  o p p o s i t e  side of the same 

s e p a r a t o r ,  t o  g i v e  you a n  idea of how much of the a c t i v e  

material is a c t u a l l y  s t a r t i n g  through the separator. 

( S l i d e )  

The nex t  s l ide  shows a p o s i t i v e  and n e g a t i v e  plate 

from a ce l l  that has excess s c o r i n g .  T h i s  e x c e s s  s c o r i n g  

w a s  a n  a t t e m p t  t o  hold the  c e l l  i n  p l ace  f o r  v i b r a t i o n .  

But t h i s  c o n d i t i o n  c a u s e s  l o c a l i z e d  wear and tear  on t h e  

s e p a r a t o r  and p l a t e s ,  sometimes t o  the e x t e n t  of wearing 

the s e p a r a t o r  completely through o r  b reak ing  down the  p l a t e  

materials themselves  , 

With  the e x c e p t i o n  of ce l l s  o p e r a t i n g  a t  zero de- 

grees, most cel ls  show s i g n s  of s e p a r a t i o n  or d e t e r i o r a t i o n  

a f t e r  s e v e r a l  thousand cycles. 
\ 

(S l ide )  

The next  s l i d e  shows a s e p a r a t o r  that w a s  oper- 

On t h i s  one the  separator is j u s t  about  ated a t  40°, 

e q u a l l y  d i v i d e d  ove r  b o t h  t h e  p o s i t i v e  and n e g a t i v e  plate. 

. I ,  " . # I  '-; ) - * \ - , *  , - :it L ;<- * 1 ;  ' ' , ) I  ' k; ' * '  , I > r  . 1 1  . C. ' ,  
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I t  was j u s t  a s e a r  at tbe t i m e  the ce l l  w a s  opened. 

Sonretimes the sepalator deteriorates to  the p o i n t  where 

the cells  a c t u a l l y  short lpgether, as shown i n  t h e  n e x t  

slide. d 

(S l ide )  

And a closeup of the fo l lowing  s l ide .  

(Slide) 

Most of ftre cell f a i l u r e s  shown t h u s  far are i n  

the  converr t ional  cells. 

(Slide) 

The next  slide shows a f a i l u r e  i n  a n  a u x i l i a r y  

electrode cell .  F a i l u r e s  to date i n  t h i s  t ype  ce l l  have 

not  been d i r e c t l y  caused  by t h e  a u x i l i a r y  electrode. 

Even in t h i s  one, you can see that the short  took 

place back from the edge where the a u x i l i a r y  electrode w a s ,  

T h i s  is for the i n t e r e s t  of those who are wondering whether 

the a u x i l i a r y  electrode is a major cause  for f a i l u r e s  i n  

t h i s  t ype  cel l ,  Not a l l  the cells tha t  have fa i led  have 

been caused  by long-term c y c l i n g .  Some of them are the  re- 

s u l t  of the  way the cell is designed, t ha t  is, i n  the 

nex t  s l i d e .  

(S lidel 

T h i s  slide s h s  t h a t  there w a s  n o t  enough i n s u -  

l a t i n g  material around the p o s i t i v e  tab,  t h u s  r e s u l t i n g  

i n  the short which YOU can  see i n  t h e  c e n t e r .  O t h e r  f a i l u r e s  
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r e s u l t  from t h e  way the  c e l l  is c o n s t r u c t e d .  

(S l ide )  

The next  s l ide  shows the  i n s i d e  of a c e l l  t h a t  w a s  

caused b y  seve re  burns.  The ce l l  w a s  opened up and t h i s  is 

t h e  way the p l a t e s  looked on the i n s i d e .  

(S l ide )  

There w a s  s h o r t i n g  between the p o s i t i v e  t abs  and 

t h e  top  of the nega t ive  p l a t e s ?  a l l  a long  here and around 

both tab areas. 

(S l ide )  

The next s l i d e  shows t h e  same type ce l l ,  except 

i n  t h i s  one w e  can see how t h e  p o s i t i v e  t ab  was pushed 

down i n s i d e  the  i n s u l a t o r  t h a t  was t o  prevent  t h i s  t y p e  

s h o r t i n g .  

( S l i d e )  

The next s l i d e  shows t h e  same c e l l  w i t h  t h e  in su -  

la tor  removed. Here w e  can  see a g a i n  t h i s  t ab  is p res sed  

down over t he  negat ive  plate.  

(Sl ide)  

T h i s  shows the a c t u a l  short ,  T h i s  has the t a b  

turned  back. You can see where the p o s i t i v e  i n s t u l a t o r  

w a s  c u t  and shorted t o  the nega t ive  plate r i g h t  here. 

(Sl ide)  

T h i s  is the plate,  both p l a t e s  f r o m  t h e  same 

c e l l  opened up. T h i s  is where the  short took place. 
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T h a t  is a l l  for  the s l ides ,  

These are some of the mechanical  ce l l  f a i l u r e s  

that show t h a t  c e l l  c y c l i n g  cou ld  be improving by q u a l i t y  

con t roJ ,  and ano the r  method would be t o  improve the separ- 

ator material. These t w o  processes s e e m  t o  be the main 

c a u s e s  for  ce l l  f a i l u r e s  i n  most of the cel ls  that w e  have 

opera ted  t o  date, So e i ther  by f i n d i n g  a better separator 

o r  o p e r a t i n g  the ce l l s  a t  lower tempera tures  would probably 

be the best way t o  improve t h i s .  

Thank you. 

MR, SHAIR: Thank you very  much, Don. The p ic -  

t u = s  were q u i t e  i n t e r e s t i n g  and c o l o r f u l ,  N o t  a s i n g l e  

one of u s  -- manufac turers  -- came through unscathed, 

(Laughter) 

The next speake r  is b e  Waltz, also f r o m  the Am- 

munition Depot of Crane, Indiana, H i s  t a lk  is d e f i n i t e l y  

an ad junc t  t o  the  one w e  have j u s t  hear., He w i l l  be ta lking 

on phys ica l  and chemical f a i l u r e  a n a l y s i s ,  

PHYSICAL AND CHEMICAL FAILURE ANALYSIS 

MR. WALTZ:  I r e p r e s e n t  a s e r v i c e s  o r g a n i z a t i o n  -- 
perhaps I should s a y  the  s e r v i c e s  o r g a n i z a t i o n ,  a t  NAD/Crane., 

Our s e r v i c e s  are i n  the f i e l d  of physics ,  chemis t ry ,  metal- 

lu rgy ,  photography and x-ray, I n  these t h i n g s  a t  Crane, 

w e  are the o n l y  place you can  g e t  i t .  

The photography came f r o m  o u r  o u t f i t  t h a t  you 



24 
GM:SN 

114 

j u s t  saw. Some of the s l ides ,  a l l  t he  s l ides  that you w i l l  

be s e e i n g ,  came from there .  

My o r i g i n a l  i n t e n t i o n  for t h i s  p r e s e n t a t i o n  w a s  

to run through a cell ,  a b a t t e r y  that w e  have t a k n  a p a r t  

and looked a t .  T h i s  w a s  p r e t t y  w e l l  covered i n  the las t  

t w o  p r e s e n t a t i o n s .  I don't  t h i n k  you want to go through i t  

aga in .  

Orzr i n t e n t i o n s  i n  doing t h i s ,  i n  looking  at these 

batteries,  is t o  f i n d  o u t  w h a t  a new ba t t e ry  looks l i k e  

when it is new, so tht  w e  can, after it breaks riwri, i i i id  

o u t  why o r  where it broke down, 

We are r igh t  now i n  t h e  act of t e a r i n g  down good 

batteries t o  f i n d  o u t  w h a t  t h e y  look l ike  when t h e y  are 

new. From t h i s  w e  hope t o  f i n d  o u t  j u s t  where t h e y  f a l l  

apart. 

1 have a couple  of s l i d e s  on a silver-cadmiurn 

b a t t e r y  that w e  tore down, 

( S l i d e )  

We went through e s s e n t i a l l y  the same procedure 

that  w a s  o u t l i n e d  in the first t a l k  t h i s  a f t e r n o o n  i n  tear- 

i n g  a l l  these t h i n g s  apart, s t e p  by s t ep ,  and r eco rd ing  

pho tograph ica l ly  and by v i s u a l  o b s e r v a t i o n  defects and 

defects t h a t  we see as it comes apart. We do photograph 

it so t h a t  i n  y e a r s  t o  come, i f  t h i n g s  shou ld  last  t h i s  

long,  we can go back and see what a good ba t t e ry  used 
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t o  look l i k e .  Unfo r tuna te ly  t h i s  was a good b a t t e r y ,  b u t  

it w a s  brand-new. It hadn' t  even been f i l l e d  w i t h  elec- 

t r o l y t e  . 
The raaterial you see at  the b o t t o m  of t h e  cadmium 

p la te  cam out of the separator. 

(S lide ) 

Our next slick w a s  taken  from a d i f f e r e n t  b a t t e r y .  

There a g a i n  you can get an impress ion  of what a new b a t t e r y  

looks l i ke .  

[Laughter j  

Re w i l l  save these for p o s t e r i t y  i n  hopes that 

perhaps i n  the  future w b a  we get a bad b a t t e r y  we can  t e l l  

where it went bad. 

(Laughter) 

I w i l l  s top  on that part of it now and go i n t o  

w h a t  a c t u a l l y  is probably the minor p o r t i o n  of the p resen ta -  

t i o n .  I have some slides showing e s s e n t i a l l y  some of t h e  

equipment w e  have, t o  give you an i n d i c a t i o n  of the  type  

of work that w e  can do on a b a t t e r y .  

( S l i d e )  

Th i s  is a n  x-ray d i f f r a c t i o n  f l u o r e s c e n c e  machine 

which you have had e l o q u e n t l y  exp la ined  to you and t he  pur-  

poses of i t ,  in the use of b a t t e r y  f a i l u r e  a n a l y s i s .  

also l i ke  it and use it t o  a large degree i n  o u r  a n a l y s i s .  

We 

However, i n  o u r  case we are t r y i n g  t o  f i n d  o u t  
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what is t h e r e  when t h e  b a t t e r y  is new so t h a t  la ter ,  when 

w e  come back w i t h  t h e  used onep  or f a i l e d  b a t t e r y ,  w e  can 

f i n d  o u t  what the  d i f f e r e n c e  is. 

( S l i d e )  

Th i s  is  a n  FNM gas  chromatograph used t o  d e t e c t  

gas i n  a s e a l e d  b a t t e r y .  

i n  f a i l u r e  a n a l y s i s .  W e  l i k e  i t  f o r  t h a t .  Of course  it is 

used for many o t h e r  t h i n g s  also. 

I t  is q u i t e  u s e f u l  sometimes 

(S l i d e  ) 

T h i s  is a d i f f e r e n t i a l  thermal a n a l y s i s  apparaxus 

which w e  u s e  t o  o b t a i n  chemical informat ion ,  I. should  s a y ,  

about  t h e  p l a t e s .  I t  is ext remely  sna l l  sample-size and 

it i s  very a c c u r a t e ,  

(S l ide )  

T h i s  is a metalograph. You have a l r e a d y  seen  

some examples of its work. I t  is  used f o r  examining sec- 

t i o n s  of p l a t e s .  

I n  t h i s  area I would l i k e  t o  show you a photograph 

Unfo r tuna te ly  it w a s  o n l y  shipped from of o u r  micron probe. 

t h e  company Monday, so w e  don't  have it y e t ,  Perhaps by 

next y e a r  w e  can show you some examples o f  scanning  8 

p l a t e  edgewise, w i t h  a micron probe. 

( S l i d e )  

T h i s  is t h e i r  t e n s i l e  tester and i t  is used fo r  

t e n s i l e  test  of the  p l a t e s ,  t h e  s e p a r a t o r s ,  t h e  case, t h e  
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t e r m i n a l s ,  whatever we ~ k i . i L a  liayysen t o  need. We also 

use it  for  ~oanpressron~ 

(S l ide  1 

This is our a,“~’ spark stand f o r  the spec t rog raph ,  

Our next  s ~ i d e  is a~ i n t e r i o r  view of the same 

th ing .  I’m s u r e  a l l  of you are favniliar w i t h  t ha t ,  We use 

it i n  o u r  phase crf the studies, 

We spectrograph v i r t u a l l y  e v e r y  i t e m  t h a t  comes 

o u t  of the battery for f i l e  purposes,  so t h a t  i n  the f u t u r e  

me car! see T17PTlP the tauements 2re  migr, t i r?g to ..Ed f,mm. 

(Slide 

This  is the  i n f r a u m d ( ? )  spectrometer used mainly 

i n  the  i d e n t i f i c a s i o n  of organ ic  or plas t ic  materials i n  the 

b a t t e r y .  We use i t  ~ Q P  i d e n t i f x c a t i o n  of t h e  s e p a r a t o r s .  

We t r i e d  it  on ce aksphane We found o u t  w e  c o u l d n * t  i d e n t i -  

f y  i t .  I t  was u n i d e n t i % i e d  ceIluLose product .  It is a l so  

used perhaps i n  th ,e  e l ee t r sky te ,  picking up some of  the  

o r g a n i c s  i n  i t ,  

( S l i d e )  

T h i s  i s  o u r  l a s ~  slide This is an  example of 

the  one s e c t i o n  that w have not previously d i scussed ,  and t h i s  

is microbiology,  The toss of the  branch has his doctorate i n  

microbio logy ,  I did not feel I would leave  h i m  o u t  of t h i s  

r i g h t l y ,  So there he iso 

(Laugh te r )  

T ..---,-*..I.. & I - - &  -. “...I 1 -- <..A- &I-^ ---,.-A 



I 





117c 



1: 



118 

MR. SHAIR: That  is very  i n t e r e s t i n g .  I t h i n k  

w e  can see t h a t  w e  are t e n d i n g  back toward t h e  s c i e n t i f i c  

end of t h i n g s  i n  batteries,  and t h e r e  c e r t a i n l y  is an a r t  

involved i n  i t .  But  there is a l o t  of science c a l l e d  i n t o  

play t o  e x p l a i n  what is going on and how w e  can improve i t .  

The next speake r  was scheduled  t o  be C a r l  Berger ,  

from Douglas. I n s t e a d  o f  C a r l  Berger ,  D r .  Murray S t r i e r  

is  he re  today and w i l l  t a l k  on micro f u e l  c e l l  g a s  d e t e c -  

t i o n  as a c r i t e r i o n  f o r  b a t t e r y  f a i l u r e  a n a l y s i s .  

MICRO FUEL CELL GAS DFTECTIOM 

AS A CRITERION FOR BATTERY 

FAILURE ANALYSIS 

MR. STRIER: (Douglas Astropower) : M r .  Chairman 

and gentlemen: Unfo r tuna te ly  D r .  Berger  had some unex- 

pec ted  u r g e n t  company b u s i n e s s  and I w a s  s e l e c t e d  t o  come 

he re  in h i s  p lace .  

The work on micro f u e l  cel ls  that w e  have been 

doing  f o r  t h e  p a s t  y e a r  a t  Astropower Labora tory  D i v i s i o n  

of  Douglas was presen ted  as f a r  as  its e a r l y  beginnings  

d u r i n g  t h e  p rev ious  b a t t e r y  workshop symposium h e l d  here 

l a s t  Apr i l  b y  Mr. John Unger, of NASA-Goddard. A t  that 

t i m e  he d e s c r i b e d  t h e  c a p a b i l i t y  of t h e  micro f u e l  c e l l  

t o  relieve t h e  p re s su re  b u i l t  up i n  s i l v e r  z i n c  b a t t e r i e s ,  
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and he d id  describe t w o  types :  a m i c r o  f u e l  c e l l  that con- 

sumed hydrogen and  used oxygen d e l i v e r e d  f r o m  the o u t s i d e .  

He w a s  also able t o  describe a t  that time w h a t  w a s  o u r  

earl iest  developmen* of a metal gas type  of micro f u e l  

cell which bad the capabi l i ty  of e v e n t u a l l y  a l l o w i n g  c o m -  

p l e t e  sealing of 8 bat tery,  rather a s i lve r -ox ide -z inc  

cell ,  which c o u l d  be ext remely  u s e f u l  p a r t i c u l a r l y  a t  h i g h  

rates as  w e l l  as h ighe r  t e m p e r a t u r e  o p e r a t i o n s .  

W h a t  the micro f u e l  cell  does, un ique ly ,  is t o  

consume hydrogen or  oxygen. You c a n  take two ( u n i n t e l l i -  

gible) ce l l s  and each can consume hydrogen and oxygen and 

r e t u r n  product  w a t e r  as necessary so tha t  there is no d r a w -  

ing o u t  of the e l e c t r o l y t e  and no p res su re  bui ldup.  

W e  f ee l  that there is s t i l l  a n o t h e r  a p p l i c a t i o n  

of the micro f u e l  cell .  I n  a d d i t i o n  t o  merely consuming 

the gases, it a l so  has a n  a n a l y t i c a l  aspect, that of a c t u -  

a l l y  r e g i s t e r i n g  a c u r r e n t ,  and here w e  c a n  app ly  Faraday 's  

l a w  which would be related, coulomica l ly ,  t o  the amount of 

gas t h a t  i s  ( u n i n t e l l i g i b l e )  by the b a t t e r y .  T h i s  c u r r e n t  

c a n  be i n t e g r a t e d  as the b a t t e r y  o r  cel ls  c y c l e  and g i v e  

a r e l a t i o n s h i p  between g a s  evolved i n  c y c l e  l i f e .  A pro- 

gram that we have r e c e n t l y  i n i t i a t e d ,  which i n v o l v e s  a 

s ta t i s t ica l  i n t e r p r e t a t i o n ,  would e n t a i l  first s t u d y i n g  a 

large a r r a y ,  s a y  a t  least 30, s i l v e r - o x i d e - z i n c  ce l l s  of 

a p a r t i c u l a r  class, cycles accord ing  t o  a s p e c i f i c  regime. 
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From t h i s  w e  could  c a l c u l a t e  s t a t i s t i c a l l y  w i t h  

error a n a l y s i s  w h a t  w e  c a l l  the main f a i l u r e  c u r r e n t ,  the 

c u r r e n t  that  is registered by the micro f u e l  cel l ,  which 

is an i n t e g r a t e d  c u r r e n t ,  a t  the  time of f a i l u r e .  And t h e n  

a n a l y s i s  of the c y c l i n g  -- of the r e l a t i o n s h i p  between 

cycles and  i n t e g r a t e d  c u r r e n t ,  could  g i v e  a semblance or  

f a m i l y  of cu rves ,  the  c o e f f i c i e n t s  of which could  be used 

i n  a s ta t is t ical  a n a l y s i s  t o  p r e d i c t  w h a t  would happen if 

an unknown b a t t e r y ,  o r  a n  a d d i t i o n a l  ba t t e ry  of t h i s  array, 

were t o  be cyc led  accord ing  t o  the same regime. 

Knowing what t he  mean f a i l u r e  c u r r e n t  would be 

after a f u l l  cycle, and knowing w h a t  the  e s s e n t i a l  format  

of t h e  curve  is, w e  cou ld  e v e n t u a l l y  predict  what the 

failure t i m e  would be f o r  t h i s  b a t t e r y .  

(S l ide)  

The first s l i d e  I would l i k e  t o  p r e s e n t  is r e a l l y  

nothing more t h a n  j u s t  one of o u r  s e v e r a l  micro f u e l  c e l l  

des igns .  This a c t u a l l y  has a n  electrode through the  sec- 

t i o n  area of one square  cen t ime te r .  

Although it is not clearly shown a t  the bottom, 

t h r e a d s  are p r e s e n t  which allow the  micro f u e l  c e l l  t o  

be screwed i n t o  t h e  ba t te ry  or ce l l  case. T h i s  is a n  open- 

ended t y p e .  I t  c a n  r e c e i v e  e i ther  hydrogen o r  oxygen gas 

from t h e  o u t s i d e ,  as shown by the i n s e r t s  a t  the top .  

The w h i t e  s t u f f  s t i c k i n g  o u t  a t  the bottom is 
~~ 
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wicking  material, which can  be connec ted  t o  the electro- 

l y t e  so t h a t  the product water is r e t u r n e d  as it is pro-  

duced . 
(Sl ide)  

The nex t  sl ide shows a l a b o r a t o r y  s e t u p .  Unfor- 

t u n a t e l y  the background is not  too clear. 

a 100 ampere-hour s i l v e r + x i d e - z i n c  ce l l ,  a commercial 

ce l l ,  c o n t a i n i n g  t w o  micro f u e l  cel ls ,  each of which is 

T h i s  i n v o l v e s  

i n s t a l l e d  i n t o  the s ides  of the case. 

T h e s e  sl ides d i d  no t  come o u t  as c lear ly  as we 

would have hoped. The background is not  q u i t e  r i g h t .  There 

are two micro f u e l  ce l l s  a c t u a l l y  i n s t a l l e d  i n t o  the s ides  

of the case . 
P r e s s u r e  gauges t e l l  u s  a c t u a l l y  w h a t  k ind  of 

p r e s s u r e  was developed and how e f f i c i e n t l y  t he  micro f u e l  

cells  are a c t i n g .  T h a t  is the  middle p r e s s u r e  gauge. 

The p res su re  gauge on the l e f t  and r i g h t  respec- 

t i v e l y  for hydrogen and oxygen, which e n t e r  t h e  micro f u e l  

ce 11s. 

As I i n d i c a t e d  before, it is very  impor tan t  i n  

order to conduct t h i s  type  of a n a l y s i s  t o  know what the  

r e l a t ionsh ip  is between a c y c l e  l i f e  and mean, w h a t  w e  

ca l l  the mean f u e l  c e l l  c u r r e n t .  

The next s l i d e  shows some data t h a t  w e  have 

obtained on commercial s i l v e r - o x i d e - z i n c  cells i n t o  which 

~ 
~ ~ ~~ 
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had been i n s t a l l e d  a micro f u e l  c e l l  for  d e t e c t i n g  o r  a c t u -  

a l l y  consuming hydrogen, and w h a t  w e  have p lo t ted  as the  

abscissa is the accumulat ive o r  i n t e g r a t e d  f u e l  c e l l  c u r r e n t .  

( S l i d e )  

T h i s  is f o r  a c t u a l l y  two commercial 15 ampere- 

hour s i l ve r -ox ide -z inc  ce l l s  ope ra t ed  at half  -hour d i scha rge  

a t  10 amps and one-hour charge a t  5 amps. Of cou r se  there 

is a d i f f e r e n c e  i n  the r e l a t i o n s h i p  from t h e  s t a n d p o i n t  

of the displacement  of t h e  cu rves .  

I n  a g e n e r a l  s o r t  of a way t h e y  are somewhat re- 

la ted .  

The next s l i de  shows t h e  same p a t t e r n .  

MR. COHN: Is your abscissa t h e n  e s s e n t i a l l y  timed? 

MR. STRIER: The Y axis  is c y c l e  l i f e  o r  timed. 

The abscissa is a c t u a l l y  the accumulator  o r  i n t e g r a t e d  hy- 

drogen c u r r e n t ,  c u r r e n t  due t o  the  consumption of hydrogen 

g a s  by t h e  micro f u e l  cel l .  

VOICE: Which curve is  which? 

MR. STRIER: Each curve here purveys the c y c l e  

l i f e ,  w i t h  c y c l e s  v e r s u s  cumulat ive or i n t e g r a t e d  hydrogen 

c u r r e n t  for  one ce l l ,  and c u r r e n t  D is t h e  same fo r  a n o t h e r  

cel l .  

I n  o t h e r  words, l e t ' s  s a y  up t o  4 c y c l e s  o r  any 

c y c l e s  as shown, f o r  a p a r t i c u l a r  t i m e  T, w e  have that 

many cycles and t h a t  t o t a l  amount of c u r r e n t  as shown 
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by the micro f u e l  ce l l .  

VOICE: T h a t  is not  clear. Do you mean c u r r e n t  

t imes time, or  do you mean j u s t  the average  c u r r e n t ?  

MR. STRIER: T h i s  is the a c t u a l  i n t e g r a t e d  c u r -  

r e n t  t i m e s  t i m e .  

VOICE: Do you mean that is m i l l i a m p e r e  minutes? 

MR. STRIER: Right .  W e  w i l l  c a l l  that a cumula- 

t i v e  c u r r e n t .  Coulombs. T h a t  w i l l  be the coulomb e q u i v a l -  

e n t s .  

The  nex t  s l i d e .  

(S l ide)  

T h i s  r e p r e s e n t s  a s i m i l a r  p a t t e r n  t h a t  was ob ta ined  

-- t h i s  demonst ra tes  t h e  r e l a t i o n s h i p s  ob ta ined  f o r  a 100 

ampere-hour oxide-zinc c e l l  operated a t  2 hours '  discharge 

a t  20 amps and 22 hours '  charge a t  2 amps. There is a n  

i n d i c a t i o n  t h a t  the two cu rves  are no t  rea l ly  u n r e l a t e d .  

What w e  c o n s i d e r  most impor tan t  here is. tol  be 

ab le  t o  c a l c u l a t e  the f a i l u r e  c u r r e n t  t i m e  value based on 

a s ta t is t ical  a n a l y s i s  o f ,  as I said,  at  least 30 cells,  

and then  being able t o  f i t  a cu rve ,  a g e n e r a l i z e d  cu rve ,  

fo r  the p o i n t s  tha t  are ob ta ined ,  f r o m  which w e  can  deduce 

e v e n t u a l l y  t h e  c y c l e  l i f e  f o r  a c e l l  of t ha t  t y p e  based 

on its e a r l y  g a s s i n g  data. 

So t h a t  le t ' s  s a y  if you g e t  about 10 cycles 

or so, and have a reasonable enough number of p o i n t s ,  you 
~~ ~~ ~ ~ 
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can ,  by u s i n g  t h e  s ta t i s t ica l  method which Ivan going t o  go 

i n t o  r i g h t  now, p r e d i c t  c y c l e  l i f e  when the p o i n t s  are extra-  

pola ted  t o  t he  mean f a i l u r e  c u r r e n t  time product .  

(Slide) 

The  nex t  s l ide  r e p r e s e n t s  how t h i s  so r t  of t h i n g  

can be put i n t o  a computer program. And a c t u a l l y  w e  have 

w r i t t e n  t h e  FORTRAN program on t h i s  p a r t i c u l a r  basis, 

F i r s t  t h e  o b s e r v a t i o n s  of c u r r e n t ,  pi, and c y c l e ,  

are put i n t o  the input . ,  The data are transformed i n t o  

l i n e a r i t y .  Letts s a y  you might have a s t r a i g h t  l i n e  so 

you have no problem., However, you might have a parabolic 

f u n c t i o n  which is what t he  data seen to be a t  t h i s  p o i n t .  

Then you would d i f f e r e n t i a t e  t h a t  

The r e g r e s s i o n  c o e f f i c i e n t s  are ob ta ined  from the  

best l i n e  f i t .  Then t he  l i n e  is e x t r a p o l a t e d  t o  t h e  mean 

f a i l u r e  c u r r e n t  t o  y i e l d  a n  estimte of the f a i l u r e  time 

o r  cyc le  l i f e ,  Y f o  

A l l  of t h i s  is based on, as I said before, knor- 

i n g  the man f a i l u r e  c u r r e n t  and some e a r l y  g a s s i n g  data, 

Then w e  can  c a l c u l a t e  the errors involved ,  how 

good t h e  p robab i l i t y  is based on the amount of data that 

w e  have. 

N a t u r a l l y  the more g a s s i n g  data w e  have and 

the f u r t h e r  a long  w e  are in the  progress of the  c y c l i n g  

regime w i t h  the bat tery,  the closer w e  are to  be ing  able 
~ _ _ _ _ _ _ ~  
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t o  estimate the  e v e n t u a l  t r u e  f a i l u r e  time of the b a t t e r y .  

And c a l c u l a t i n g  the  error a l p h a  leads us t o  a fa i lure  

time to  924 per c e n t ,  o r  .925 p r o b a b i l i t y ,  

.95 p r o b a b i l i t y  ,, 

Beta g i v e s  u s  

(S l ide)  

The nex t  s l i d e  is r e a l l y  s t r a i g h t f o r w a r d  funda- 

mental  statistics which allow u s  to c a l c u l a t e  f r o m ,  le t ' s  

say ,  s tudy ing  the c y c l i n g  p a t t e r n  for N cel ls  t o  f a i l u r e ,  

we can get a n  Y value ,  estimated va lue  of main f a i l u r e  

c u r r e n t  based on a random sample of N batteries -- it 
slmuld real ly  be cel ls ,  

.f 

Mu is  the actual value o€ the  m a n  f a i l u r e  cur- 

r e n t  for t h e  e n t i r e  p o p u l a t i ~ n  of bat ter ies  or cells.  

Xf would be o u r  corrected va lue  fo r  Mf based on the deter- 

mination of the i n t e g r a l  estimate of the  mean e a i l u r e  

c u r r e n t  sigma9 which is 1.96 t i m e s  the sample s t a n d a r d  

d e v i a t i o n .  And t h i s  g i v e s  u s  a value  of Xfo the corrected 

mean f a i l u r e  c u r r e n t ,  which is Less than the t r u e  a c t u a l  

va lue  of the mean f a i l u r e  c u r r e n t  to .975 p r o b a b i l i t y .  

(S l ide )  

The next s l ide  mere ly  is a least square  r e l a t i o n -  

sh ip ,  You have a line, e s s e n t i a l l y  deacr ib9ng the p l o t  

of cycle l i f e  v e r s u s  f u e l  c e l l  c u r r e n t  time, W e  can 

calculate the r e g r @ s s i o n  c o e f f i c i e n t  A and 33. This is 

on l i n e a r  r e l a t i o n s h i p ,  
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Using the  sam least square r e l a t i o n s h i p s ,  w e  

can get  A and B. For example, here we suppose t h a t  a 

lotasithmic l i n e ,  curve ,  expres ses  t h i s  E l a t i o n s h i p ,  W e  

have t h i s  brought t o  a s t r a i g h t  l i n e  i n  t h i s  way. 

(S l i de  ) 

The next s l i d e  allows us t o  c a l c u l a t e  the errors 

involved t o  both .926 and 095 p r o b a b i l i t y .  Alpha -- 
mind you, i t  is necessary  to seduce Q U ~  data to a s t r a igh t -  

l i n e  r e l a t i o n s h i p  even though it i n i t i a l l y  d id  not  seem 

to ly3 ?&?kt wag, Bl?t p?pp EQst zse the varLo\;s stat istfeal  

approaches t o  ge t  to t h a t ,  p o i n t  -- a lpha  would be based 

on the  use of the  T tables, T d i s t r i b u t i o n  c o e f f i c i e n t  

tables, ,Os, knowing the s t anda rd  d e v i a t i o n ,  and h t a  would 

be the tables for  T ,O5. T h a t  would give u s  .9 probabil- 

i t y  that t h e  f inal  e x t r a p o l a t e d  f a i l u r e  time is less 

t h a n  the true fadlure time t o  .95 probabi l i ty .  

(Slide 1 

The next s l ide ,  and I: believe t h i s  is the las t  

slide, a c t u a l l y  refers Lo earlier data that 1 gave %or 

actually test 22 for a 100 ampere-hour ce l l  that was r u n  

for 30 cycles. 

We found that it was p o s s i b l e  to ei ther  f i t  a 

s t r a i g h t  l i n e  or parabolic f u n c t i s n  through those ear ly  

p o i n t s .  We felt more t h a t  a parabolic function would 

be apropos in view of the fact t h a t  w e  would expect 
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the  rate of g a s s i n g  i n c r e a s e  t o  a c t u a l l y  go down w i t h  

time owing t o  the fact t h a t  more and more a c t i v e  elec- 

t rode  materials are los t ,  and assuming, that here w e  are 

d e t e c t i n g  hydrogen, that  t h i s  is due t o  z i n c ,  there  is 

less a c t i v e  z i n c  around, and therefore the rate of i n c r e a s e  

i n  hydrogen par t ia l  p r e s s u r e  w i t h  t i m e  should  go down. 

W e  were able t o  f i t  t w o  e q u a t i o n s  for  t k s e  

e a r l y  p o i n t s ,  one for the l i n e a r  r e l a t i o n s h i p ,  and the 

o t h e r  for the parabolic f u n c t i o n ,  

D i f f e r e n t i a t i n g  'PXBT, where X is the m a n  f a i l u r e  -- 
where X is a c t u a l l y  the c u r r e n t  and T is the cycles, d i f -  

f e r e n t i a t i n g  the parabolic f u n c t i o n  wi th  respect to T,  w e  

get  DXDT which, p lo t , t ed  v e r s u s  T,  g i v e s  u s  a l i n e ,  and 

from t h e  least square r e l a t i o n s h i p  we get the  alpha and 

beta e r r o r  estimates based on .925 and .95 p r o b a b i l i t y .  

We i n i t i a l l y  assumed -- and here omce a g a i n  we 

have n o t  carried o u t  enough exper iments  So f a i l u r e ,  and 

X want to s a y  t h a t  I a m  b a s i n g  a11 of t h i s  on a ve ry ,  ve ry  

limited amount of! data a t  t h i s  p o i n t ,  and lb am mere ly  

proposing several d i f f e r e n t  approaches t o  a n a l y s i s  o f  

t h i e  data -- hem we assumed a mean f a i l u r e  c u r r e n t  time 

of  17, which gives u s ,  acco rd ing  t o  the upper  cu rve ,  

180 cycles, 

By d i f f e r e n t i a t i n g  and e x t r a p o l a t i n g  and in- 

tegrating we get a p r o b a b i l i t y  of 923 -- a 924 per c e n t  
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p r o b a b i l i t y  of 86 cycles, and a c t u a l l y  t h e  t r u e  f a i l u r e  

time is greater than  the 86 c y c l e s  t o  924 p e r  c e n t  prob- 

a b i l i t y ,  

The t r u e  f a i l u r e  time o r  c y c l e  l i f e  is greater 

t h a n  83.2, based on 95 per cen t  p r o b a b i l i t y  by t h i s  means. 

We feel ,  i n  summary, i n  conclus ion ,  t ha t  the type 

of g a s s i n g  r e l a t i o n s h i p  t ha t  you ge t  of t h i s  na tu re ,  as 

indicated by t h i s  type of p l o t ,  u s i n g  the micro f u e l  cell ,  

is s u s c e p t i b l e  t o  some t h e o r e t i c a l  a n a l y s i s .  T h i s  could  

help  decide un j u s t  'What the shape of these cu rves  should 

be w i t h  some additional in€orml ; ion  about  t h e  n a t u r e  of 

the c o n s t i t u e n t s  in the p a r t i c u l a r  c e l l  that is involved.  

Thank you, 

MR. SHAIR: Thank you very nueh. 

Our Last paper before the break is a c o n t r i b u -  

t i o n  from TR.W Systems Labs, by Dick Sparks,  He is going 

to  t a l k  about  the a p p l i c a t i a n  of the space hlardware program 

f a i l u r e  data t o  actuaL space b a t t e r y  d e s i g n .  

APPLICATION OF SPACE HARDVARE P W G R N  

FAILURE DATA 20 BATTERY DESIGN 

MR. SPARKS ( T R W  Systems Labs): Good a f t e r n o o n ,  

gentlemen. The discussions on a c c e l e r a t e d  t e s t i n g  and 

failure a n a l y s i s  which were participated i r a  s0 far have 

m n c e n t m t e d  mostly on l a b o r a t o r y  data and R&D background. 

The i n p u t  which I wanted t o  add i n  the d i s c u s s i o n  e x t e n d s  
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t h i s  e f f o r t  f u r t h e r  t o  i n c l u d e  a v e r y  large source  of data 

for a n a l y s i s  n o t  a d e q u a t e l y  cons ide red  so far i n  my es t i -  

mation, that  of the  o p e r a t i o n a l  expe r i ence  on the hardware 

programs theme lve  s . 
Could I have the first s l ide ,  please. 

(S l ide)  

Some of you w i l l  r ecognize  part of t h i s .  T h i s  

s l i d e  w i l l  h e l p  me  emphasize the  @*Why w e  shou ld  look more 

c a r e f u l l y  a t  the hardware data pr0grarn.O' 
3 

In CarsonPs  r e c e n t  report ,  NASA CR 62029, he 

reflects the  first t w o  ba t te ry  d e s i g n  problems. T h i s  re- 

p r e s e n t s  h i s  consensus,  his sumiaarary of the consensus of 

t h e  t h i n k i n g  i n  the b a t t e r y  i n d u s t r y ,  One is how t o  match 

t h e  b a t t e r y  characteristics t o  the power system, The second 

fs how t o  c o n t r o l  the o p e r a t i o n  of the battery i t se l f  t o  

optimize energy  storage and d e l i v e r y  capability. 

I would l i k e  t o  add one mom des ign  problem t o  

h i s  list: How t o  meet power sys tem r e l i a b i l i t y  and l i f e  

requi rements .  

I w i l l  t r y  to e x p l a i n  t h i s  more f u l l y  as I go 

along. Let me place a no te  on t h i s  p a r t i c u l a r  d e s i g n  

cr i ter ia .  I t  is e s p e c i a l l y  applicable t o  the new space- 

craf t  hardware d e s i g n s  which r e q u i r e  lifetimes of more 

than one yearo and up t o  f i v e  and more yea r s .  

I have a couple  of other items which I, c a n ' t  
~~ 
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p r o j e c t ,  They w i l l  be e n t e r e d  i n  the record. 

What I have done, is put t o g e t h e r  a par t ia l  list- 

i n g  of those  programs p r e s e n t l y  us ing  nickel-cadmium bat- 

teries that I know about .  These are approximately 22. 

T h i s  r e p r e s e n t s  an awful  l o t  of cells,  s i n c e  most of the  

programs u s u a l l y  run somewhere between 500 and a thousand 

ce 11s. 

On O W  and ( u n i n t e l l i g i b l e )  spacecrazt a lone  the 

a n a l y s t  has access Lo more than  1500 ce l l -hour s  of opera- 

t i o n  w i t h  approximately 20 years of in -o rb i t  ba t t e ry  

ope ra t ion .  There is no doubt i n  my n ind  that t h i s  is by 

f a r  the Largest data resource  f o r  a n a l y s i s .  And it  lies 

in the documentation of t h e  hardware programs. 

I t  is sugges ted  -- I a m  sugges t ing  t o  the re l i -  

a b i l i t y  people, and I am glad a, l o t  of the s t a t i s t i ca l  

people are here today, who r e q u i r e  f a i r l y  a c c u r a t e  fYeC0rds 

on hardware program o p e r a t i o n a l  data be kept,  and who have 

access to  t h i s  data -- might look beyond a fixed-time 

data ( u n i n t e l l i g i b l e )  i n t o  d e r i v i n g  more realist ic ce l l  

f a i l u r e  r a t e  models. 

T h i s  could  g r e a t l y  he lp  u s  i n  the des ign  areas. 

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

(Slide) 

T h i s  p a r t i c u l a r  s l ide  shows a t y p i c a l  way that 

the b a t t e r y  f a i l u r e  modes are d s c u m n t e d  i n  ou r  hardware 

~~ 
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programs, 1 t h i n k  t h i s  holds f o r  no t  j u s t  o u r  company; 

t h i s  ho lds  p r e t t y  much a l l  through NASA. 

t h e  t w o  main b a t t e r y  f a i l u r e  modes, open c i r c u i t  and l o w  

capac i ty .  Not short c i r c u i t ,  you w i l l  no te .  

P a r t i c u l a r l y  

The cause i n  t h e  way it i s  documented, one cause 

of course is loss  of e lectrolyte .  Another is Leaks from 

d e f e c t i v e  seals, mentioned previous ly ,  c e l l  r u p t u r e  from 

repeated c e l l  r e v e r s a l ,  and ce l l  r u p t u r e  from excess ive  

overcharg ing  

The other area i n  which you saw some evidence 

i n  t he  Crane s l ides ,  nneelaernfcal. f a i l u r e  of p l a t e  tabs 

or  c e l l  in t e rconnec t ions .  

I n  the Bow-capacity ce l l s ,  t y p i c a l l y  they  are 

able to  g a i n  access t o  the  data to say whether it is i n -  

t e r n a l  ce l l  shorts QP pla te - to-p la te  v a r i e t y ,  o r  t e r m i n a l  

i n s u l a t o r  sho r t s ;  improper c e l l  balance and c o n t r o l ;  re- 

p e t i t i v e  c y c l i n g  r e s u l t i n g  i n  Low-voltage p o t e n t i a l s  a t  

high discharge rates,  

E might go f u r t h e r  t o  say that much o€ t h i s  t ype  

of  data is a v a i l a b l e  i n  the contractor agenc ie s ,  NASA and 

the  A i r  Force,  QC r e l i a b i l i t y  o rgan iza t ions .  

Tha t  is the  las t  sf the s l i d e s ,  P have one other 

s l ide  which I p a r t i c u l a r l y  l ike .  I p resen ted  a paper yes- 

t e r d a y  t o  t h e  IEEE,  and guess  where it is? I n  the other 

p r o j e c t o r .  
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So I w i l l  t r y  t o  d u p l i c a t e  t h a t  on t h e  board. 

W h a t  I an going t o  put on the blackboard r ep re -  

s e n t s  a s l ide  which I had o n  the sample f a i l u r e  rate based 

on l i m i t e d  data random eng inee r ing  judgment which we have 

been u s i n g  r e c e n t l y  a t  TRW Systems t o  s t u d y  the best ap- 

proaches t o  long ce l l  l i f e  designs. 

You w i l l  note  that as 1 get  i t  up there, that 

t h i s  approach h e l p s  one t o  realize t h a t  f o r  l ong- l i f e  m i s -  

s i o n s  t h e  p re sen t  method of b a t t e r y  and c o n t r o l  des ign  is 

t o t a l l y  inadequate  

I w i l l  do some a b b r e v i a t i o n s  and t u r n  t h e  photo- 

graph  o v e r  f o r  docunenta t ion  la ter .  

k t  me say tt;%P; the nodes of f a i l u r e  tha t  I have 

data can here are components si the s l i d e  that you saw pre-  

v i o u s l y .  The p l a t e - to -p la t e  short; the ceramic-to-metal 

short -- i n  o ther  words a. t e r m i n a l  short,; and I have t w o  

cases of single-teraimb and t he  mul t ip l e - t e rmina l  des ign  

which have q u i t e  an i n f luence  on t h i s ;  and ce l l  ease seal 

c l o s u r e ,  which of ccaurse is your open f a i l u r e  mode; and 

I have another ca tegory  which I c a l l  c e l l  d ivergence ,  which 

is p r i m a r i l y  a f u n c t i o n  of t h e  way you u s e  the cell., and 

h o w  long you u s e  i t  that way, 

T h i s  p a r t a m l a s  ca tegory  is more app l i cab le  t o  

cel ls  used improper%y in the overcharge r anges  fo r  long  

t i m e s  or on shor t  orbits wkere voil are forced to charge 
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a t  rea l  h i g h  rates,  

These f a i l u r e  rates t h a t  o u r  r e l i a b i l i t y  group 

have been able to  gather  so far are based on two programs 

r e a l l y ,  These are y e a r s  l t h rough  6 ,  and t h e y  are f a i l u r e  

rates 1 0 " ~ ~  

The p la t e - lo -p la t e  s h o r t s  look l i k e  50, and t h e y  

take off when they  s ta r t  g e t t i n g  older.  

The i-iichanicai ceramic seal  rates t y p i c a l l y  r u n  

l o w  b i t  rates. For m u l t i p l e  s e a l s  they  r u n  lower, because 

of re6ueea  v o l t a g e  stress on the p a r t i c u l a r  i n t e r f a c e s .  

However, a s  w e  get f a r t h e r  along, these p a r t i c u l a r  designs 

s t a r t  t o  show up as des ign  Limitations. 

The c e l l  cage seal c1osure,  for the one-year type  

miss ion  is p r e t t y  good. And I t b i g k  m o s t  of our space data 

i n d i c a t e s  that 

A s  we go beyond this, we s t a r t  seeing an i n c r e a s e  

i n  the  f a i l u r e  rate t h a t  is going to get  u s  i n t o  p r s b l e m .  

Beyond about  t k  f i f t h  year we r e a l l y  start t o  see sone 

problems 

The c e l l  divergence is the  East one. Again l e t  

m e  premise t h i s  as based on method of usee 

T h i s  is a n  estimate based p r i m a r i l y  OB u s i n g  

c o n s t a n t  v o l t a g e  charging of a fixed l e v e l  i n  the  over -  

charge range ,  As you can see, t h e s e  r e a l l y  go u p  i n  

the  l a t t e r  p a r t  of the l i f e ,  
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The q u e s t i o n  thatarises n a t u r a l l y  is how do w e  

use t h i s .  T h i s  is the  kind of data w e  are Looking fo r  

from the r e l i a b i l i t y  people t o  t e l l  us how t o  d e s i g n  

our  charge c o n t r o l s  f o r  one,  t o  take care of t h i s  mode. 

The second thing, one of the previous  speake r s  

mentioned l o w  plate-eo-plate  shor t s  you c a n  c y c l e  any way. 

I t  t u r n s  o u t  i n  a s p a c e c r a f t ,  where you are c y c l i n g  ove r  

and ove r  and over  w i t h  random c y c l e s  and vary ing  amounts 

of OvePchrge ,  that does not h ~ l d ;  t h a t  the c e l l  a c t u a l l y  

decays and w i l l  become a premature low-capacity ce l l .  The 

ques t ion  arises: Haw do you get around xhis? There are 

ways of des igning  eZec t ron ic  c i r c u i t s  t o  shunt  t h e  ce l l s  

or improve the eel1 des igns .  

~ltae ceramic-to-metal seals,  abut a y e a r  and a 

half  ago this f a i l u r e  rate i n  here was like o u t  of t h i s  

world. I t  was like a thousand compared with t h e  Year lo 

A I.& of des ign  emphasis has gone i n t o  this par- 

t i c u l a r  area. You can see it  is g r e a t l y  he lp ing  the problem. 

On %he c e l l  case seal c l o s u ~ e s ,  t h i s  is based on 

one p a r t i c u l a r  c e l l  des ign .  It v a r i e s  a l l  over the  map. 

Some seals  can't las t  -- as a matter of f a c t ,  t h e  m a j o r i t y  

of  t h e  ce l l s  don ' t  seem t o  be able to las t  much beyond 

here ( i n d i c a t i n g  second year). However some ds f a i r l y  

wel l  up t o  about three years .  

The c e l l  divergence is s t r i c t l y  a use-duty 
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cycle type  of des ign  where w e  can  use charge c o n t r o l s  

such as Hennigan developed w i t h  t h e  si lver-cadmium t o  

keep down the  stress i n  the overcharge range.  

To g ive  you a f e e l i n g  f o r  w h a t  t h i s  l i t t l e  s t o r y  

t e l l  you, and I might t e l l  youo especially the b a t t e r y  c e l l  

d e s i g n e r s ,  is tha t  f o r  the f ive-year  miss ions  such as  the 

COMSAT miss ions  o r  t h e  Communications Sa te l l i t e  miss ions ,  

it looks l i k e  i f  you use a bat te ry ,  a 20-cell ba t t e ry ,  you 

need a c e l l  f a i l u r e  rate of about  10 to  make the  power system 

rei iabi  l i t y  requirement 

As you COM see, these  are o n l y  part of t he  over-  

a l l  f a i l u r e  mode. And you donPt approach it. W e  d o n * t  e i ther ,  

t h e  way w e  use the cel ls .  

Et is O $ V ~ Q U S ~ Y  not achievable  w i t h i n  the  c e l l  

a lone .  So t h i s  says that part si the requirement  for the 

long- l i f e  miss ions  is going t o  s t re tch beyond what w e  have 

been t a l k i n g  about here OB s t r a igh t  c e l l  failure a n a l y s i s ,  

send c e l l  accelerated testing, and we w i l l  have t o  go t o  

t h e  esmbined sys t em approach where you look at both con- 

t r o l s  and methods and t h e  cell. 

To sum up t h i s  p,art sf may d i s c u s s i o n ,  l e t  me re- 

peat: 1 fee l  a d i f f e r e n t  approach t o  the problem of data 

a n a l y s i s  and its application t o  ba t t e ry  design is r e q u i r e d .  

If w e  can use the hardware program data to come up  w i t h  

models of what the c e l l  r e a l l y  h Q k s  l i ke  i n  its a p p l i c a t i o n s ,  
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then w e  can  h e l p  t h e  b a t t e r y  i n d u s t r y  q u i t e  a b i t  by 

t e l l i n g  them where they  have t o  c o n c e a t m t e  much of 

t h e i r  efforts, and where t h e  ce l l  tests should be de- 

s igned t o  f i n d  o u t  w h a t  t he  c e l l s  look l i k e .  

The second c o n t r i b u t i o n  which I would l i k e  t o  

make, j u s t  as  a kind o€ side p o i n t  at t h i s  m e t i n g  -- 
s i d e  poin t  to t h i s  d i s c u s s i o n ,  b u t  g e t t i n g  back t o  t h e  use  

of accelerated methods of d e t e c t i n g  problems i n  cel ls  -- 
i s  a kind of c o n t r o v e r s i a l  t es t ,  but i t  has been used q u i t e  

s u c c e s s f u l l y  at t h e  'TRW for about t he  l as t  three y e a r s .  

Again I cannot p r o j e c t  i t .  I have a graph of i t ,  which 

w i l l  go i n t o  t h e  record. Let me b r i e i l y  p l o t  one. 

I am sure you have atEf heard of the so-called 

c e l l  short  test, or  the tests, a method of d e t e c t i n g  whether 

you have p la t e - to -p la t e  shorts in the ce l l ,  premature loss 

of capacity, whatever you want t0 c a l l  i t .  

As a user, you have ac66ss t o  the cel ls  for  q u i t e  

a period of time in the hardware programs. Typ ica l ly  from 

t h e  t i m e  the  e s l l  is sactiiy,rar,ed u n t i l  t he  tixe i t  is launched.  

And based on t , h i s  we run a s h o r t - c i r c u i t  t e s t  which amounts 

t o  roughly t h e  s h o r t - c i r c u i t  t e s t s  that ( u n i n t e l l i g i b l e )  is 

running,  where we put  back in about f i v e  minutes  of charge 

a f t e r  the  battery has been shorted for 16 t o  24 ~ O U P S ,  and 

watch for decay of t h e  v o l t a g e ,  OF for  any c e l l  which f a l l s  

o u t  O f  t he  gPOup by more than  20 m i l l i v o l t s .  
~~ ~ 
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T y p i c a l l y  we see cel l  v o l t a g e s  of about  l , 2 ,  

depending on t h e  des ign ,  1.6 on some des igns ,  as  a t y p i -  

cal cel l .  And s a y  a c e l l  i n  t h i s  l o t  t h a t  r u n s  1.8 o r  

below, w e  r e a l l y  look  ve ry  c l o s e l y  a t  i t ,  

w e  are looking a t  here, i f  you t ake  a t y p i c a l  good ce l l  

and p l o t  i t ,  from the  date the c e l l  is a c t i v a t e d ,  and you 

run  t h i s  tes t ,  you w i l l  g e t  8 bunch of p o i n t s  t h a t  vary  

w i t h i n  the  10 m i l l i v o l t  range over  time, if" you can ge t  

the ce l l  back to  the same i n i t i a l  r e f e rence  c o n d i t i o n  t h a t  

you had b e f o r e .  

The rea l  t h i n g  

If you take a look a t  ano the r  c e l l  you w i l l  f i n d  

-- and we have had on t h e  O W  program t w o  occasions t o  v e r i -  

f y  t h i s  -- what w e  have seen hxppening is a d r i f t ,  and this 

might be in t h i s  minimun s p e c i f i c a t i o n  LeveL, with sone 

20 m i l l i v o l t  range here, where it allows a n  accep tab le  

20 m i l l i v o l t  d e v i a t i o n ,  the  battery may still  be within the  

s p e c i f l c a l i s n ,  so our i n spec t ion  people are pass ing  t h e  

ba t te ry  ,, 

But what has happned twice on one program is 

t h a t  where t h i s  t r e n d  did e x i s t ,  out here a t  about  J u s t  

before w e  g o t  ready t o  launch, ready t o  put -- one w a s  

a l r e a d y  i n  t h e  s p a c e c r a f t  and one was about  t o  go in -- 
these p a r t i c u l a r  ce l l s  both  developed p l a t e - to -p la t e  

shorts ,  one from an impuri ty  p a r t i c l e  and a n o t h e r  from 

a piece  of p l a t e  material which had f l a k e d  off. 
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We have been u s i n g  t h i s  and w e  c u l l  o u t  ce l l s  

showing a kind  of L t r e n d  l i k e  t h i s .  

To g i v e  you a n  idea of the places t h a t  w e  get  

a good enough Look, w e  can  run  t h i s  test ,  t h i s  s h o r t - c i r c u i t  

t e s t ,  a t  the s u p p l i e r  post-assembly when he completes the 

a c t i v a t i o n ,  When we r e c e i v e  t h e  new cells,  a f t e r  w e  have 

done o u r  selection i n  m t e h i n g  and before w e  assemble the 

b a t t e r i e s ,  a f te r  w e  assembly t h e  b a t t e r y  packs, e v e r y  30 

days on storage pre-vehic le  i n s t a l l a t i o n ,  s h i p p i n g ,  and 

pos t -vehic le  i n s t a l l a t i o n  and s h i p p i n g ,  T h i s  g i v e s  u s  

q u i t e  a f e w  data p o i n t s  and e s s e n t i a l l y  makes use  of the 

r e s u l t s  w e  have had from the prev ious  f a i l u r e  a n a l y s i s  which 

showed that indeed w e  do have a p r e t t y  good cheek ora the 

sho r t  - c i r c u i t  s i t u a t i o n .  

Thank you, 

MI%, S U I R :  Thank you vary much, Dick.  

We do have a good l5 or 20 minu tes  for d i s c u s s i o n .  

we have t h i s  aftePn08n seen some detailed information of 

a silver-cadmaap%um examimtisn program, same v i sua l  f a i l u r e  

analysis of ce l l s  in the test program, some i n d i c a t i o n  of 

the  a n a l y t i c a l  tools, a ratber i n t e r e s t i n g  metbod from 

DP. St r i e r ,  a t  Douglas Aireraft, and now t h e  a p p l i c a t i o n  

of f a i l u r e  a n a l y s i s  to battery d e s i g n ,  So Let's jump i n -  

t o  some d i s c u s s i o n ,  

Mr, Candel Of Lockheed. 
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MR. GAMDEL: The idea of o b t a i n i n g  this data 

from the f l i g h t  hardware ove r  this period of years is 

r e a l l y  good, How do we pinpoint  the  mode of f a i l u r e  though? 

By our  a p p l i c a t i o n  we have bizs v o l t a g e .  We can  

see if t h i s  starts t o  f a l l  of. Again w e  have more t h a n  

one b a t t e r y  i n  parallel .  

If w e  have a s h o r t i n g  between i n t e r - c e l l  connec tors  

due t o  perhaps leakage of e lectrolyte ,  or if the  plate-to- 

plate short  is developing,  t h i s  is  kind of bur i ed  among so 

much other data, or l e x ' s  s a y  the compiexity of t he  s y s t e m  

is; such  that  w e  canQt adequately diagnose i t ,  

The other ques t ion  I would offer is, on your f l i g h t  

ba t te r ies  do you have i nd iv idua l  cell voltages monitored? 

Is t h i s  data t r a n s m i t t e d  back? 

What I am say ing  is, it is a good idea, but how2 

MR, SHAIR: 1. presume that  questi~n w a s  d i rected 

a t  Dick Sparks. 

me SPA.RKS: I w i l l  try t o  answer that, 

I n  the first place much of the data available on 

f l i g h t  programs i s :  a v a i l a b l e  mostly on bat ter ies  t h a t  are 

e i ther  not  Launched, t ha t  is spare bat te r ies ,  the q u a l i -  

f i c a t i o n  batteries,  the  test  b a t t e r i e s ,  and on  tbe f l i g h t  

bat ter ies  up t o  the  ti- t h a t  they  are launched. 

You are p e r f e c t l y  r i g h t  OIL the  ba t te r ies  i n  

o r b i t ,  I t  is d i f f i c u l t  to determine what ;  the f a i l u r e  modes 



50  
GM: SN 140 

were, However, on s e v e r a l  of those modes that were up  

the re ,  you can  determine from your hardware data,  

Load s h a r i n g  g i v e s  you one i n d i c a t i o n  of t h e  

type of f a i l u r e ,  Also, your t e l e m e t r y  data on b a t t e r y  

v o l t a g e s  g i v e s  you d i f f e r e n t  i n fo rma t ion ,  

W e  have been s u c c e s s f u l  i n  de t e rmin ing  some of 

t h e  f a i l u r e s  w e  have seen ,  even i n  o r b i t ,  

MR, SHAIR: Very good, Another q u e s t i o n ?  

Karl Preusse ,  from Gulton.  

MR. PREUSSE: A q u e s t i o n  for Dick. I have two 

po in t s  t o  b r i n g  up,  One is on your failure rate data. 

I would l i k e  t o  know, w a s  this gene ra t ed  u s i n g  

100-minute o r b i t  type application? 

Also, was a generator u s i n g  v a r i o u s  depths  of 

di seharge ? 

Was it  genera ted  over  a spectrum of tempera tures?  

And indeed,  if you did generate % h i s  i n fo rma t ion  

w i t h  t h i s  type of testing, how do you i n t e n d  t o  extsa- 

pojlate this failure rate data to the five-year synchron- 

ous rate o r b i t  mode of o p e r a t i o n  where there may only be 

80 cycles I year and a f i x e d  tempera ture  range of o p e r a t i o n ?  

MR, SPARKS: The data t h a t  I showed there w a s ,  

as you notice, broken. down into p a r t s  of the o v e r a l l  

f a i l u r e  mode. I t  was combined data as best w e  could  e s t i -  

mate i t  from w h a t  w e  had, I t  ineluded v a r i a t i o n s  i n  

~~ __ 
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tempera ture ,  it included d i f f e r e n t  cycle depth of d i s -  

charge 

As you know, we d o n q t  r u n  cyc le  tests.  So 

it i n c l u d e s  v a r i a t i o n ,  On tha t  basis w e  t r y  t o  e x t r a -  

polate it t o  t h e  24-hour requiremerat s i n c e  the data on 

t h e  O W  g i v e s  us data at t h e  100-aninute o r b i t  c o n d i t i o n  

and a t  the 60-hour o r b i t  cond i t ion ,  and the ( u n i n t e l l i -  

g ib le )  i n f o m a t i o n  is on the  40-hour cond i t ion .  

W h a t  w e  are t r y i n g  t o  do is b r i n g  it  a l l  to- 

gether and see w h a t  w e  can best make o u t  of it. 

MMR, PRNSSE: My ques t ion  is, the r e l i a b i l i t y  

people, when they  extrapolate the f a i l u r e  rates which you 

have publ i shed  w i t h  regard to the synchronized o r b i t ,  how 

do t h e y  bok? I am sure they are no t  u s i n g  the same num- 

bers .for the  synchronous orbit. 

MB. SPMtMs: Frankly ,  if you j u s t  take the bare 

ba t t e ry  for the synchronous orbit f ~ r  f i v e  years, it 

d0esaaO-a; look so good. We have gone t o  e l e c t r o n i c s  to get 

around t h i s  problem, and take care of two of the f a i l u r e  

modes t h a t  are there, that allow u s  to b a r e l y  meet o u r  24- 

hour requirement 

MR. PRKrSSE: My second p o i n t  is the open c i r c u i t  

vo l t age  test ,  and t h e  ques t ion ing  of the v a l i d i t y  of it .  

N o t  r e a l l y  the v a l i d i t y  of it b u t  the q u e s t i o n  of what is 

t h e  vo l t age  which w e  should r e a l l y  select to. 
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I am s u r e  sow u s e r s  may be u s i n g  1.15 v o l t  for 

t h e i r  s e l e c t i o n  c r i te r ia  of cells,  some u s e r s  may be u s i n g  

vo l t ages  of 1 , l O  v o l t s ,  O the r  people may be us ing  1.18. 

Apparently these manufacturers  a l l  must be having t h e  same 

degree of success  w i t h  t he  spacecraft t h a t  t h e y  are u t i l -  

i z i n g .  

What is the  validity of this o p e n - c i r c u i t  vo l t age  

tes t ,  and what does the  vo l t age  a c t u a l l y  t e l l  you when you're 

i n  this neighborhood? 

MR. SPARKS: These p a r t i c u l a r  vo l t age  l e v e l s  t h a t  

w e  use  are based s t r i c t L y  on the specific c e l l  d e s i g n  w e  

are u s i n g  and they are on ly  es tabl ished af ter  we r u n  ex- 

per imenta l  data on that des ign .  W e  have not been able t o  

find a u n i v e r s a l  voltage which w e  can use. 

MR. PBFX'SSE: I t h i n k  this is one are8 where there 

CQUPd b€? p o s s f b b  iElVes$igatiQn Just ill gene3Pa8. 

w h a t  does t he  o p e n - c i r c u i t  voltage test and 

what d o e s  it t e l l  you? A s  a r e s u l t  you aay be r e d e c t i n g  

cells which may be good ceL%s, and 18 8 result t h i s  is a 

r e f l e e t i o n  i n  the cost of t he  cel l .  

MR. SPARKS: I might comment f u r t h e r .  I know 

MASA-Caoddard has k e n  working Q ~ B  t h i s  problen. They have 

a d i f f e r e n t  type of test for t h i s  s h o r t - c i r c u i t  d e t e c t i o n .  

That is why it is said the tes t  is q u i t e  c o n t r o v e r s i a l ,  

because we haven't  been able t o  get  a good, repeatable test 
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of any real  v a l i d i t y .  We are merely u s i n g  t h i s  one t o  

f i n d  t r e n d  informat ion ,  wherever it is possible. 

MRe SHAIR:: Thank YOU, Dick. I n o t i c e  Tom 

Hennigan. 

MR. HEMWIGAN: Somebody asked i f  w e  could ge t  

much data fs0m t h e  s a t e l l i t e s  on the batteries, Batteries 

are not a n  experiment and t h e y  are no t  going t o  g i v e  you 

many measurements. You are lucky you get t h e  t o t a l  vo l t age .  

We have asked many t i m e s  t o  have the ce l l s  measured 

o u t .  Fe J u s t  c a n ' t  g e t  it. 

Even some of the larger satel l i tes ,  the more ex- 

pensive ones, they  w i l l  give something l i k e  three cel ls  

i n  22. Tha t  is n o t  nuch data you e811 g e t  fr0m a f l i g h t  

programna. 

m. SIXAIR: Dr. Flelseher. 

DB. FLEISCHER: I would like to make a comment 

about  tk s h o r t - e i r e u i t  test. I t  is appa ren t  t h a t  we 

b a v e n g t  done any experiments i n  which we f i n d  o u t  w h w t  is 

going on. We should star t  and assemble cells w i t h  p o s i t i v e  

and nega t ive  plates in which we have no separator. That  is, 

w e  keep t h e  plates  apart  w i t h  polystyrene or some mans 

so w e  d o n g t  have an i n t e r a c t i o n  0% a decomposing separator 

on t h e  p o s i t i v e  or negat ive  plates. 

We measure w h a t  happens when we charge t h i s  in 

the same manner, us ing  the  same plate areas, t h e n  w e  have 
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e s t a b l i s h e d  something t o  s t a r t  w i t h .  Is the s h o r t i n g  e f -  

fect fundamental  when you do t h i s ?  Is there a change of 

vol tage  over Q period of a month w i t h  a c e l l  i n  which you 

know you should  have no problems whatever? 

Then the nex t  t h i n g  to do,  you p u l l  t h e  plates 

closer together and t h e n  you start adding  separators. 

I t  seems t o  m e  that w i t h  t h e  requi rements  you put  

on it, a five-minute charge a f t e r  a 24-hour short  c i r c u i t ,  

there shou ldn ' t  be any problem i n  doing t h i s  i n  the l a b o r -  

a tory  whatsoever.  

me SMAIR: Thank youp A r t .  

The gentleman ove r  here. 

MR. SHAFFER (American Nachine and Foundry Co.): I 

j u s t  want to comment ON the q u e s t i o n  t h a t  k %haink Mr. Sparks 

already answered d u r i n g  h i s  t a l k ,  but didnOt re i terate  when 

somebody asked h i m  what d o  you snake sf t h i s  data on the 

f l i g h t  programs. 

It is no t  impor tan t  what the o p e n e i r e u i t  v o l t a g e  

means except; i n  a kind of philosophical  sense, which some 

electrochemists might k i n t e r e s t e d  i n .  But The t r e n d  of 

the  data is t e r r i b l y  impor t an t .  

I t h i n k  t h i s  is w e l l  known i n  a l l  k i n d s  of pre- 

ven t ive  minter ranee  programs t h a t  have been set  u p  and 

used for many years, i n  other a p p l i c a t i o n  t h a n  batteries 

i n  space. 

~ 
_ _ _ _ ~  
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It is my impress ion  t h a t  even when you have very  

incomplete  data, i f  you have t r e n d s  and go a t  t h i s  wi th  

a s t a t i s t i c a l  approach, you can o f t e n  deduce t h i n g s  t h a t  

you would no t  have suspec ted  i n  terms of any planned ex- 

per iment .  

MR. SHAIR: Lou Belove 

MR. BELOVE (Sonotone): How does he i n t e n d  t o  

3ake a sealed place with plates, With ao separator? I 

MB, SHAIW: The question w a s  directed from Lou 

Belove  to Dr, P i e i s c n e r :  How do you kintend to make a 

sealed space ee1.1 w i t h .  Just epaee between the plates and 

no separator? 

BB. FLEISCBER: YOU a t a r t  in W i t h  f u l l y  sub- 

merged electrodes, obvious%y, because you w a n t  to know the 

discharge of t h e  c e l l ,  The change i n  voltage on s t a n d  is 

L fusmdamntaa. t h i n g *  You first want t o  note it  i s  not some- 

t h i n g  that happens under  ideal c o n d i t i o n s  0 

O w e  you have established this t h e n  you cam start 

deducing that; whatever happens, your change o f  v o l t a g e  i s  

sQIllethiI3g that  YOU did frS t h e  COn%~X?UCtiOn Of the C e l l ,  OF 

something which you put  i n  there which i s  causing the  t h i n g  

t o  discharge. The problem i s  that a s imple  t e s t  Like t h i s  

cannot  have no r e l i a b i l i t y .  You can approach as t o  what 

i t  m a n s  by doing t h e  exper imenta l  w ~ r k ,  If you don't do 

it ,  you are guess ing  as t o  whether t h i s  is a reliable tes t  
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or n o t .  

I t  won't take much t o  go o v e r  to t h e  nex t  p o i n t  

because you fellows make polypropylene separators and 

va r ious  other materials, Tef lon  separators, i n  which you 

don't have t o  worry about  c u r r e n t  densities, how high you 

are going. A l l  you are worrying about  is t o  now ma in ta in  

the c o n d i t i o n s  and approach t h e  e o n d i t i s n s  t ha t  you get i n  

the sealed ce l l .  

MR. BXLQVE: I want t o  c a u t i o n  you there. The 

o p e n - c i r c u i t  v o l t a g e  between sealed and vented,  because 

tha t  is w h a t  you are comparing, is q u i t e  d i f f e r e n t .  The 

charge r e t e n t i o n ,  or decay si voLtage, is not t h e  same the 

moment you flood the systeme 

DFto FLELWIKER: We are going Lo seal t h i s  ce l l ,  

arenv-t we, if you want to? Now you have the sealed c e l l ,  

and you are going to charge for five minutes .  You are at 

an end where you have no problems with oxygen e v o l u t i o n .  

If your cadmium plates are properly formed, you wonqt have 

any hydrogen evoLutism a t  the start, So you are working 

at a place where you can  f i n d  out what is going on ,  

The sugges t ion  that I made is  simply that by ex- 

periment we can f i n d  o u t  whether t h i s  t e s t  is reliable.  

And I t h i n k  t h a t  t he  sa te l l i t e  d e s i g n e r s  who deal w i t h  

ba t te r ies  want to know if this is a re l iable  test .  

I i n t e r p r e t e d  $hat M r .  Sparks would l i ke  to  know 
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if any  deduct ions  he -kea from t h a t  curve are reliable.  

So you do i t  by experiment,  not by guess ing .  

MR. SPEAIR: Did you say g*guessingg’ OF gfgassinge*? 

(Laughter) 

DR. FLEISCHER:: The same t h i n g ,  

(Laughter) 

Do we have any more ques t ions .  

The gentleman from Pica t inny  Arsenal.  

MR. MAGISTRO (P ica t inny  Arsena l ) :  On t h i s  t r e n d  

a n a l y s i s ,  has there been an a t t e m p t  t o  compute the  toler- 

ance l i m i t s  say from average voltages to the s p e c i f i c a t i o n  

requirement  along this eyeleg, Instead of watehirng w h a t  w e  

have done i n  a similar mannero akmoat pldt a c o n t r o l  chart ,  

s t a n d a r d  tkU”ee-s;ig~ quality c O U t r O B  C M P t  &re9 QF any 

O t k F  l i m i t  YOU, Want tQ Ss;pc3C&fy for PPObability Of f a l l -  

ing  below, and them we say s b y ,  we don*t have tQ w a i t  as 

long, we can mke our estimte a lor, sooner because we 

compute the probabil i ty  based on. the d i s t r i b u t i o n  a t  any 

point i n  t i m e  on t h i s  curve,  

Has that bela attempted? 

MR. SPARKS: I t h i n k  w e  have looked a t  t h a t ,  bu t  

t h e  va r i a t ion .  i n  t he  data bas been q u i t e  random, And w e  

h%venQt been able t o  draw any correlations baaed on the 

three-sigma type  of s p c i i i c a t i o n  limit 

DR, FLEISCHFB: Wry good. One more q u e s t i o n .  
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MR. WEINSTEIN: T h i s  is addressed  t o  M r .  Waltz 

on t h e  Crane d a t a .  He  showed some photographs of new ce l l s  

which had been t aken  a p a r t .  The q u e s t i o n  I have is how new 

were t h e s e  cells? Does he have any r e c o r d s  of how long 

they have been i n  storage, and under  what c o n d i t i o n s ?  

YR. WALTZ: A l l  I have is t h a t  t h e y  have n o t  been 

f i l l e d  w i t h  e l e c t r o l y t e .  I have no i n d i c a t i o n  of  its age. 

Sorry.  

MR. SMAIR: Y r .  Mar t in  Gamdel, once a g a i n .  

MR. GIMDEL: With r e s p e c t  to age i n  t h e  d r y  con- 

d i t i o n ,  I have j u s t  a l i t t l e  bit of l i m i t e d  d a t a  t o  add. 

We r a n  so= tes ts  on oyer-age b a t t e r i e s ,  b a t t e r i e s  

t h a t  w e  wouldnvt  f l y  because they exceeded a one-year 

s h e l f  l i f e  Limi ta t ion ,  On t h e  battery which had been sit- 

t i n g  on t h e  s h e l f  for f i v e  y e a r s ,  we found a f t e r  activa- 

tion t h a t  v i r t u a l l y  a l l  the cells s h o r t e d  very soon a f t e r  

being a c t i v a t e d .  

These cells ,  by t h e  way, had one l a y e r  of V i s -  

king and one l a y e r  of Viskong. 

Going down t h e  scale of t i m e  we €ound t h a t  w e  

had s h o r t i n g s  o c c u r r i n g  i n  b a t t e r i e s  that had been on t h e  

dry s h e l f  for 26 months i n  one case, and ano the r  case 

22 months. The t i m e  factor is impor tan t .  

MR. BOWESS QN0Lflhit.e Oak): What type o f  b a t -  
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MR. SPARKS: Si lve r -z inc .  

MR. JASIMSKL (Tyco Lab., Inc,): Om the batteries 

s h o r t i n g ,  the way the s h o r t i n g s  o c c u ~ m d ~  a t  the p l a t e s ,  

terminals or  seals? 

MR, SPARKS : Separa to r s .  

$rDR. SHAIR: The diseussion has been l i v e l y .  I t  

is an  i n t e r e s t i n g  s u b j e c t .  I guess w e  have t i m e  t o  take 

a break for  about  t e n  minutes.  

Don't run away, Gene St roup;  I have a couple  of 

s l i d e s  to show also j u s t  before  t h e  break, 

(Whereupon a short  recess w a s  taken.)  

MR, SHAIR: This afternoon w e  Jump right  i n t o  

some a n a l y s i s  of the  large amunc sf data which has been 

collected, 

The first paper w h i c h  Was OaPiginally Jerry 

Halpert's as No. 2; but the firsd; paper  will be given by 

Peter Fowler of the Martin Compa.ny, in which he w i l l  t a l k  

about  t he  contr01 of battery q u a l i t y  for high r e l i a b i l i t y  

veh ic l e s  -- approach, and case his tor ies ,  

CONTROL OF BATTERY QUALITY' FOB HIGH RE- 

LIABILITY VEHICLES -- APPROACH N D  CASE . .  

HXSrnRI Es 

B83t. FOWLER: (Martin Company) : Thank you. I was 

asked t o  t a l k  here today ,  I assume it c a n 9 t  be as a n  

expert on batteries because I bow p r a c t i c a l l y  noth ing  
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about batteries.  But I. want t o  take the  o p p o r t u n i t y  to 

expres s  a c u s t o m e r f s  p o i n t  of view. 

My company, Mar t in  i n  Baltimore, is i n  t h e  b u s i -  

ness of b u i l d i n g  v e r y  h igh  r e l i a b i l i t y  v e h i c l e s ,  The Gemini 

launch  v e h i c l e  is the m 0 s t  n o t a b l e .  We are i n  a number of 

o t h e r  simi lap b u s i n e s s e s ,  

I n  t h e  course  of' these programs w e  have l ea rned  

q u i t e  a l o t  about  r e l i a b i l i t y  of piece parts. With a l l  

due respect, batteries are a piece part. 

Lack of r e l i a b i l i t y ,  which is my problem, i m p l i e s  

f a i l u r e ,  And there are three reas8118 fo r  f a i l u r e ,  and only 

three 

The first reasan, and i t  is the one which accoun t s  

for probably m a t  of the major space catastrophies, is that 

some component is i n h e r e n t l y  incapab le  0% performing the 

miss ion  t h a t  was r e q u i r e d  o€ i t ,  while  working i n  the en-  

vironment which w a s  r e q u i r e d  of it. We have attempted t o  

e l i m i n a t e  t h i s  tight requirement  from o u r  program by sub- 

j e c t i n g  the q u a l i f ' i e a t i o n  samples t o  v e r y  exhaus t ive  func-  

t i o n a l  t e s t i n g  a t  t h e  l i m i t s  of what w e  expect them t o  

wi ths tand ,  by  s u b j e c t i n g  them to envi ronmenta l  t e s t i n g  a t  

approximately the 99 per cent l e v e l .  T h a t  is, w e  app ly  

environmental  t es t s  of a s e v e r i t y  which less t h a n  one 

vehicle  in a hundred would e v e r  see i n  real  l i f e .  

W e  u s u a l l y  use tes t  t i m e s  which exceed the  f l i g h t  
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time by enough margin to i n su re  a p a r t  capable of with& 

s t a n d i n g  t h e  p r e - f l i g h t  t e s t i n g  as  w e l l  as t h e  whole 

f l i g h t  af temards ,, 

Having got a q u a l i f i e d  part, and i n  some cases I 

would say if we get a q u a l i f i e d  p a r t  we t hen  a t t empt  t o  per- 

m i t  no change whatever i n  t he  des ign  of t he  equipment that 

is a c t u a l l y  supp l i ed  for  f l i g h t  Unfor tuna te ly ,  piece par ts  

manufacturers  am prone t o  put  qaimprovements!? i n  their  .pro- 

cess. 

(Laughter) 

Our expe r i ence  i s  t h a t  an  improvement i n  a q u a l i -  

f i e d  piece part  is v i r t u a l l y  never an improvement, 

1 would like t o  take t h i s  oppor tun i ty  t o  put i n  

this r e q u e s t ,  and I am sure 3: speak %OF other customers: 

Please, if you must change yaur process, whether you t h i n k  

i t  is a n  improvement or not, 4x1'31 u s  first. W e  hate s u r -  

prises . 
Q Laugknte F 1 

Pa r t i cu la r ly  we hate surprises when 0n your  

b a t t e r y  r ides a couple  of a s t r o n a u t s '  l i ves ,  a hundred 

m i l l i o n - d o l l a r  program9 a cons ide rab le  investment  far  o u t -  

weighing anyth ing  you could  ever do in cost r e d u c t i o n  on 

batteries. What is much more, it is doing  i t  on t e l e v i s i o n .  

(Laughter) 

1 had some p i c t u r e s  of t y p i c a l  q u a l i f i c a t i o n  test  
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We go i n  a great deal, as 3: t h i n k  many of you 

know, for  vendor a u d i t  and process c o n t r o l .  

We p u t  o u r  people i n  to i n s u r e  t h a t  the  p a r t  
~~ 

f a i l u r e s ,  and 1'11 explain.  later why IQm not  going t o  use 

them. Some t y p i c a l  f a i l u r e s  i n  q u a l i i i e a t i o n  tests on 

batteries ape detachment of the  connec t ions  €rom the  

plate to the terminal on the h i g h  shock,  

A wear-through of the  s e p a r a t o r  due t o  bumps of 

var ious  s o r t s  on the p l a t e s  which under  high prolonged 

v i b r a t i o n  e v e n t u a l l y  work the i r  way through the  separator 

and s h o r t - c i r c u i t  the b a t t e r y .  

Leakage and s p i l l i n g  of e l e c t r o l y t e  is a very  

s e r i o u s  problem in q u o l i f i c a t i s n .  W e  take a ten-cent bat -  

t e r y  rand we r u i n  a $lO,OOO u n i t  because i t  s p i l l l s .  

The second reason for f a i l u r e ,  and in our exper- 

ience t h i s  is by far the  eomoneat, outweighing a l l  others '  

b y  an enormous margin, is t h a t  inherently q u a l i f i e d  equip-  

ment has k e n  degraded by e i the r  f a u l t y  mrnufseture  or 

mishandling. 

p l i c a t i o n  i n  stress i n  f l i g h t ,  i t  €ails prematumly  and 

f r e q u e n t l y  catastrophically We have several methods we 

apply t0  e l i m i n a t e  t h i s  type  of f a i P u m .  

So that af te r  a l i t t l e  w h i l e  i n  t e s t  OF ap- 

W e  go i n  fairly heav i ly ,  for i n s t a n c e ,  for per- 

sonnel  mot iva t ion  programs as ED programs, the p r i n c i p a l  

one e 



63 
GM:SN 

~ 

153 

we q u a l i f i e d  is e v e n t u a l l y  the p a r t  we get,  

We also go i n  very  heav i ly ,  and I t h i n k  most 

other people do, too, for  very  exhaus t ive  pm- f l igh t  func- 

t i ona l  t e s t i n g  and fo r  a great d e a l  of pre- f l igh t  envi ron-  

menta l  t e s t i n g .  What w e  t r y  t o  do a t  t h i s  l e v e l ,  w e  app ly  

t o  t h e  piece parts the cr i t ical  environments which are usu- 

a l l y  v i b r a t i o n ,  sometimes thermo-vacuum, a t  a 95 p e r  c e n t  

l e v e l .  W e  app ly  the test which 5 per c e n t  of  the f l i g h t s  

could  exceed. 

W e  get some q u i t e  i n t e r e s t i n g  f a i l u r e s  i n  t h i s  

phase, i n  the acceptance  t e s t i n g .  We had a b a t t e r y  the  other 

day which suddenly expanded to s e v e r a l  times i ts  o r i g i n a l  

size.  On f a i l u r e  a n a l y s i s  it turned  out this w a s  a 

vented b a t t e r y ,  i t  tu rned  o u t  that when we i n s p e c t e d  the 

vent  hsle somebody i n  the process had cleaned o u t  the ven t  

hole w i t h  a piece of s i l v e r  w i r e .  We know it was a piece 

of s i l v e r  w i r e  because a n  e ighth  of' an inch of it was 

still i n  t h e  vent  hole .  We now have a n  i n s p e c t i o n  speei- 

f i c a l l y  that there is 8 h s l e  through the ven t  hole. 

(Laughter)  

W e  have had batteries on acceptamax tes ts  a g a i n ,  

v i b r a t i o n  f a i l u r e s  due t o  wear-through of the separator. 

V i b r a t i o n  f a i l u r e s ;  due t o  c r o s s i n g  of the  conponents  fn- 

s ide  the  c e l l ,  P a r t i c u l a r l y  on  plates molded o n t o  wire. 

If the w i s e  is c rossed ,  then  t h a t  w i l l  wear through the  
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separator under v i b r a t i o n  and s h o r t - e i r c u f t  the cel l .  

W h a t  w e  are t o l d  e x t r a o r d i n a r i l y  f r e q u e n t l y  on 

t h i n g s  l ike t h a t ,  af ter  w e  buy t e n  cells, and one of them 

has a c r o s s e d  w i r e ,  the manufac turer  in forms u s  that "That 

couldn ' t  happen a g a i n  once i n  8 m i l l i o n  tixwsOaq I want 

t o  know how it is that on e v e r y  program, o u t  of t e n  samples ,  

I ge t  something t h a t  could o n l y  happen once i n  a m i l l i o n  

t ims,  Again w e  pu t  in a n  i n s p e c t i o n  s t a t i o n  w i t h  the  manu- 

f a c t u r e r  j u s t  t o  see i f  he has c r o s s e d  the wires o n  the 

plates e 

I have three s l ides  -- o n l y  three s l ides  -- on 

b a t t e r y  f a i l u r e .  

( S l i d e )  

T'his is a rather s u b t l e  one, I am not  sure how 

t h e  s l i d e s  sh0~59 i t ,  

This is a b a t t e r y .  I dclHnOt know whose bat te ry  

i t  is, 1 am sure somebody here does, 

(Laughter) 

J u s t  t o  show the o u t s i d e  a p p a r a n c e ,  

(S l ide)  

Now I w i l l  show you the f a u l t ,  1 t h i n k  you can  

j u s t  see where t h e  IFL"QW is, a l i t t l e  lump on the plate. 

Hardly perceptible. I t  is r e a l l y  there, 

(Slide) 

You c a n  almost see t h a t  from that l i t t l e  lump 
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on the plate  a d e n d r i t e  of metal  grew through the separ- 

ator and s h o r t - c i r c u i t e d  t h e  b a t t e r y .  

You c a n  hard ly  see i t .  

A l i t t l e  h a i r  is r e a l l y  there. I t  is not  some- 

t h i n g  wrong w i t h  the photograph, 

w i t h  t he  plate .  

I t  is sonethirag wrong 

Again what w e  d i d  about t h a t ,  w e  now have a 200 

T h a t  is, t h e y  get in -  pep c e n t  i n s p e c t i o n  of the  plates. 

spected twice. 

have l i t t l e  lumps on them. 

W e  don't  accept i n t o  o u r  cells  plates that 

The t h i r d  reason 9010 f a i l u r e ,  and the t h i r d  reason  

1: gather for other prsgrams it  has n o t  is ve ry  rare for us, 

been so rare, tha t  a good p a r t  that is q u a l i f i e d  and is 

p rope r ly  app l i ed  wears out. There  are two reas0ns for  some- 

t h i n g  to  wear out, One is thermodynamic e q u i l i b r i u m  w i l l  

e v e n t u a l l y  take o v e r ,  

l a t i v e  effects of the  eavirorrment. 

The or;her is that there nay be cumu- 

POP instance radiation daarige which you can*t 

s top ,  accumulates over  the years and e v e n t u a l l y  k i l l s  t h e  

par t  e 

TQ gay mind, and I: don't  kncrwr that 1: have charaged 

it  from what I have heard today by experts, a tremendous 

p r o p o r t i o n  of what w e  c a l l  wear-out is i n  fact d e f e c t i v e  

manufacture i n  the first place, C e r t a i n l y  amng o t h e r  

components t h a n  t h e  bat3er-y this is  t h e  case. 



156 

F u r t h e r ,  for genuine wear=out, there is a grow- 

ing f e e l i n g  among s p e c i a l i s t s  i n  piece parts r e l i a b i l i t y  

t h a t  a g e n e r a l  model for wear-out  is the EYRIMG r e l a t i o n -  

ship.  Whether i t  is because i t  is p h y s i c a l l y  t r u e  t h i s  

is a g e n e r a l  model OF whether i t  can  be t h a t  you lean f i t  

any set of data i n t o  a n  m I M G  r e l a t i o n s h i p ,  it d o e s n g t  

mat ter  for o u r  purposes.  

We have done a Li t t le  p r e l i m i n a r y  work on look- 

ing a t  some bat te ry  data on an  EYRIMG basis, I bvesraome 

s l ides  about i t  i n  I morment. 

The t r i c k ,  the problem t h a t  we found w i t h  apply-  

i n g  W R I N G  r e l a t i o n s h i p s  t o  p ~ ~ d i ~ t i n g  l i f e  is tha t  you 

have first t o  f i n d  w h a t  parameter it is  of' the piece p a r t  

which  is a c t u a l l y  d i r e c t l y  affected by t k  wear-sut.  

Om t he  ceELs we looked a t ,  storage batteries,  

a d  these are nickel-cadmium, it tu rned  o u t  that the ef-  

f i c i e n c y  w a s  mot i n  any way related Lo the stage of l i f e  

you w e r e  at. A bat tery had a 90 per cent e f f i c i e n c y  when 

you started, and it is l iab le  to be 92 when i t  no l onge r  

works, when it  can hard ly  hold a charge. 

The v o l t a g e s  on the  c e l l  seem t o  be i r r e l e v a n t ,  

There w a s  no p a r t i c u l a r  r e l a t i o n s h i p  h t w e e n  the  v o l t a g e  

of p a r t i c u l a r  parts of the c y c l e  and how o l d  the ce l l  

was. I t  is  a very  small effect.  

However, my next  s l i d e ,  if I could  have i t ,  
~~ 
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shows the  eapacity of a Ceer%ain bat tery  and it is one 

of the  batteries on the W d d a ~ d  test,  discharged through 

a fixed r€9sistor, 

( S 1 ide 1 

We masure capaci ty  by the  number of hours i t  

takes t o  discharge to  one v o l t ,  This bas a very character- 

istic appearance, This has not been smoothed, T h i s  is 

the real data,  I t  has the c h a r a c t e r i s t i c  of' a broadly 

drawn exponential., 

(S lide 1 

T h i s  iS the Si%= PIS%, data With DO SlIlOOth- 

ing. We had plotted log of eapacity aga ins t  the number 

of the  cyelbe. 

YOU see t h i s  shows the h igh ly  characteristic 

intersecting st raight  Xinea, What is s i g n i f i c a n t  to me 

about this typp of plot, and we hLave seen SeVeFar-. sf them, 

is that while 1 hear everybody t e l l i n g  me how complicated 

the modes of batteries are, for the p l o t s  E have seen  they  

have redueed to one or t w o  straight l i n e s  t h i s  way. May- 

be, I am sure i t  is, we havenVt taken t h e m  over a nearly 

wide ea?ough trj.mp?rature range or a nearly  wide enough set 

of condi t ions .  We see rather s imple  mcbnisms.  In 

fact w e  have B Q ~  guesses about what they might k, 

I t  seems Lo me that  batteries, l i k e  mst other  

piece parts, if you want to do Life p r e d i c t i o n s ,  
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p a r t i c u l a r l y  if you want to do screening for l i f e ,  p lo t -  

t i n g  EXRING r e l a t i o n s h i p s ,  is a p r e t t y  good way t o  go 

a b u t  i t*  

That is the end  of my slides. 

J u s t  t o  end up, I will tell you why I don ' t  

have any slides of battery f a i l u r e  and q u a l i f i c a t i o n  test- 

ing. The reason is, I asked the mnufa~.cturer first for 

his permission t o  use t h e  p i c t u r e s  here. He decided t h a t  

he didn't want t o  l e t  xe use the p i e t u r n s .  He bad two 

reasonso and I think t hey  are i l l u m i n a t i n g ,  The p a r t i e u -  

lar faf lure  1 wanted to show was broken canmeetions of the 

b a t t e r y  terminal, And h i s  t w o  reasons were these: 

F i r s t ,  it is ar, very unusual failure f o r  8 bat- 

tery -- broken sxterml. ccsauneclioats he B a s  not stpen before. 

That was P little s u r p r i s i n g  $0 IW? because wire breakage 

~kpls~nted t o  over b B 9  the qualification failures QD that  

programa, Not the batteries but for  all eonpnents. .  T h i s  

is gsnera1J.y true .  I% that is: the iirst t i m e  he has s e e n  

a broken w i r e ,  I am very s u r p r i s e d .  

H i s  second reascm was t h a t  the p i c t u r e  1 was 

going to  use was u n f a i r  t o  the b a t t e r y  as the connec t ions  

had not f a i l e d  in their electrical operation, and the. 

material of which t h e y  were made was e l e c t r o c h e m i c a l l y  

e n t i r e l y  eompattb3.e w i t h  the b a t t e r y .  In fanst it was 51 

p a r t  of the  plate i t s e l f ,  And they had not f a i l e d  to work 
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w r i t t e n  with a great deal of f l e x i b i l i t y  so t h a t  t h e y  

could be used by others in government and i n d u s t r y  t o  

perform a n a l y s i s  of b a t t e r y  data, 

T h i s  r e p o r t  c o n t a i n s  an o u t l i n e  and brief de- 

s c r i p t i o n  of the B a t t e r y  Analysis system, its use  and 

what can 'be expected from it. 1 might say that computers 

are a l i t t l e  o u t  of my l i n e ,  1 w i l l  t r y  t a  g i v e  YOU the 

over-run down to the program as &st I can. 

This particular subject of computer program 

is p a r t l y  of a set  of six reports on the  nickel-cadmium 

b a t t e r y  t es t  proJeet,  The first t w o  on the aceaptawe 

t e s t i n g  and esmputer-operated f a c i l i t y  are complete and 

reports a m  avai;l&iubre. Part 4o  ' N $ t @ h  contains the r e s u l t s  

of the  battery test, it says here, w i l l  be availa'iz1.e s:oon. 

I w i l l  t r y  to wrap that up in P P i x t k  k%;ter repor t  later 

81[11 SQIW Other  tPEE2, 

P a r t  5 on the physical chemical a n a l y s i s  of the 

cells and t h e i r  ~omponents; is also being pmpared. 

Part 6 ,  the  computer a n a l y s i s  of data, is pro- 

gressing now that the  ba t te ry  analysis is; complete e 

Before getting i n t o  the a n a l y s i s ,  it is 

important  t o  cornsid>er the data genera ted  during a t e s t ,  

In t a k i n g  data front batteries, one imed9otely sees 

t h a t  there are two distinct t y p e s  of data.. One type 

is: the data recorded  during charge and discharge, such  as 
~~~ ~ ~ _ _  
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vo l t age ,  p re s su re  and c u r r e n t .  The other type  is data 

compiled a t  the  end of a cycle  such as amp hours,  w a t t  

hours ,  and c u r r e n t  e f f i c i e n c y .  

I n  the Martin b a t t e r y  tes t ,  data was au to-  

m a t i c a l l y  recorded on punch cards which w e r e  des igna ted  

t foutcardsgf  for  the data generated du r ing  t h e  cyc le ,  and 

"endcards" for  the data compiled and recorded a t  the end 

of the cyc le .  

( S l i d e )  

T h i s  is a recoup of what I have j u s t  said. W e  

have the two types  of ou tpu t  from the computer-operated 

b a t t e r y  tes t ,  the ou tca rds  recorded dur ing  t h e  charge and 

discharge, and endcards  at  the end. 

( S 1 ide ) 

T h i s  is a format of the type  of card that comes 

ou t  from the program, inc luding  a l l  the data. As you see, 

w e  have the  data groups,  namely f i e l d s ,  called f i e l d s  i n  

computer terminology, of a l l  of t h e  va r ious  func t ions :  

b a t t e r y ,  cyc le ,  and so for th .  A t  the bottom, the number 

of d i g i t s  allowed f o r  each. At t h e  top,  examples of t he  

a c t u a l  data. 

The first f i v e  OF so columns t h a t  you see here 

are i d e n t i f y i n g  columns and would no t  be used i n  a n a l y s i s  

except for  the cycle number which comes o u t  d i r e c t l y  as 

p a r t  of the  program. 
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The items o r  f i e l d s  labeled w i t h  the asterisk are 

used for  the -- can  be exchanged for  any other piece of 

data that an  a n a l y s t  might want t o  use,  somebody s e t t i n g  

up  a b a t t e r y  tes t  might want t o  use.  I n s t e a d  of vol tage ,  

f o r  example, he might want t o  use temperature o r  pressure  

or c u r r e n t  or any other t h i n g  that he has i n  mind. As 

long as t h e y  would f i t  i n  the  number of d i g i t s ,  that piece 

of data could be put i n t o  those p o i n t s .  

On the  second, next s l ide ,  w e  have a format of 

the  endeard data, 

QS Lide 1 

A similar &ype of card, puneheard, w i t h  the data 

shown here as being the t y p e  t ha t  is compiled dur ing  the  

b a t t e r y  -- compiled throughout the a c t u a l  cyc le  and then  

punched ou t  at the end. As you see, we have one great 

advantage of us ing  t h e  computer and o p e r a t i n g  the b a t t e r y  

t es t ,  t h a t  a number 0% c a l c u l a t i o n s  are au tomat i ca l ly  made 

and punched o u t  d i r e c t l y  a t  t h e  end of the  test rather 

than  somebody s i t t i n g  a t  a c a l c u l a t o r  o r  i n t e g r a t o r  and 

t r y i n g  t o  work them ou t  later,  I won't go i n t o  t o o  much 

de ta i l  about d i f f e r e n t  f i e lds .  I t h i n k  they  encompass a 

wide area, 

Another po in t  about the computer-operated faci l -  

i t y ,  I t  allows you data reduct ion  a u t o m a t i c a l l y  i n  that 

one would no rma l ly  expec t  a number of o u t c a r d s  fo r  eve ry  
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one endcard.  I n  ou r  case it a c t u a l l y  w a s  20. W e  had 

20 data p o i n t s  du r ing  the cycle for  each of the charge and 

discharge. 

The computer i t s e l f ,  i n  ope ra t ing  the program, 

can  set  its own l i m i t s ,  o r  you can set  limits i n t o  the 

computer. When the l i m i t  is exceeded, the d a t a  is auto-  

m a t i c a l l y  punched o u t .  In o u r  ease w e  used two p e r  c e n t  

change i n  w a t t  hours .  Whenever t h i s  was exceeded, the com- 

p u t e r  punched o u t  t he  data. 

As i t  turned  o u t  w e  had moxe endcards  du r ing  L”:? 

b a t t e r y  test than ou tea rds  over the  whole complete test. 

I n  o r d e r  t o  use the Ba t t e ry  Analys is  system, the 

data on the cards must be t r a n s f e r r e d  t o  magnetic storage 

tape by a simple set  of computer programs, which sor t ,  

check, and a r r ange  the d a t a  i n  sequence. A t  t h i s  point  

the data is  now ready for  ana lys i s .  I t  is on tape and is 

d u p l i c a t e s  of these cards. 

( S l i d e )  

The Ba t t e ry  Analys is  system consists of a series 

of f i v e  programs which are l i s t e d  on t h i s  s l i d e .  The 

five programs are the r e t r i e v e  formatter, which does what 

i t  says ,  it abstracts the data that  one is i n t e r e s t e d  i n  

from the data tape and p u t s  it i n  a format that can  be 

used by t h e  rest of the programs. With 500,000 cards or  

SO of data, one would not want to take eve ry  piece of data 
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off e v e r y  time. He g i v e s  the o p p o r t u n i t y  for the a n a l y s t ?  

t o  take on ly  what he desires. The pseudo f i e l d  g e n e r a t o r  

a c t u a l l y  computes any data that is r e q u i r e d  that is not  

a v a i l a b l e  from the a c t u a l  computer test. The last pro- 

gram obvious ly  lists t h e  data, whatever d a t a  you have ab- 

stracted. 

The p r i n t e r  p l o t  allows one t o  p lo t  the data. 

The s t a t i s t i ca l  a n a l y s i s  program allows one t o  

f i n d  the mean, v a r i a n t s ,  s t anda rd  d e v i a t i o n ,  c o r r e l a t i o n ,  

and r e g r e s s i o n  of the items t h a t  one has abstracted. 

I t  is obvious t h a t  t he  last  three  are the  o u t -  

put  of the  program and the f i r s t  two r e a l l y  set it up.aad 

choose which data you would l ike .  

I n  order t o  use these r o u t i n e s  the a n a l y s t  must 

first decide what he is going  to  choose i n  the way of 

data and t h e n  punch i n t o  a control c a r d  i n  a coded manner 

the  items t h a t  he is i n t e r e s t e d  in .  Each of these programs 

except the  las t  one has a c o n t r o l  card i n  the pack. 

(S l ide)  

T h i s  w i l l  g ive  you some idea of what the  a n a l y s t  

has c o n t r o l  o f .  I n  the r e t r i e v e  f o r m a t t e r  r o u t i n e  he 

c a n  choose any o r  a l l  b a t t e r i e s  o r  combinat ions thereof. 

H e  can choose any groups of cycles, increments  of Cycles , ,  

any or  a l l  cycles i n  a g iven  increment.  
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He can  choose between charge data, discharge 

data, or  both.  Data from a percentage of any charge or 

discharge, i f  he wants the f i r s t  10 per c e n t  of the charge 

and las t  10 per c e n t  of t h e  discharge, he can  do t h a t .  

H e  has  up  t o  26 d a t a  f i e l d s .  Choice of either 

a c t u a l  o r  least s q u a r e s  polynomial f i t  of data. T h i s  

is h e l p f u l  i n  p i ck ing  up c e r t a i n  p o i n t s  n o t  a v a i l a b l e  

from a c t u a l  data. And obvious ly ,  I should  s a y  i n  the  last 

case, he can choose a s ta t is t ical  or n o n - s t a t i s t i c a l  re- 

t r i e v e .  I n  t he  s ta t is t ical  i t  is obvious you don ' t  want 

any th ing  t h a t  i n c l u d e s  b a t t e r i e s .  If the bat tery goes 

off, you want the  program t o  stop r e t r i e v i n g ,  I n  other 

cases where you want t o  p lo t  the data, i t  is h e l p f u l  

to  have the n o n - s t a t i s t i c a l  , 

( S l i d e )  

Here we see the choices that  the a n a l y s t  has 

i n  the  pseudo g e n e r a t o r  r o u t i n e .  He has a l l  of t he  pos- 

s i b i l i t i e s  tha t  are allowed by FORTRAN 2 programming 

language. I have l i s ted  a few of them. 

The one on t h e  end is a b s o l u t e  va lue ,  no t  

dne t i m e s  one. 

He can  i n  t h i s  program write a l i t t l e  computer 

program of h i s  own, 

f o r  a n a l y s i s ,  if he would l i k e  t o  s u b t r a c t  one card 

f r o m  ano the r ,  he can se t  up a l i t t l e  program of a f e w  

I n  t he  case of Mr. Waite's method 
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cards and p u t  it i n t o  t h i s  a r e a  and have i t  con- 

t i n u e  a long  as part of the r e g u l a r  program. 

If he wants  t o  run  an WRING r e l a t i o n  or  some- 

t h i n g  t ha t  would involve  an  inve r se  logs ,  he c a n  au to -  

m a t i c a l l y  do t h i s ,  

These are the t w o  p r e p a r a t i o n  r o u t i n e s .  Now w e  

have t h e  las t  three, t h e  output  and t h e  nex t  sl ide.  

(S l ide )  

The a n a l y s t  has the  choice of any o r  a l l  of the  

fo l lowing  o u t p u t  r o u t i n e s :  He c a n  r u n  t n e m  a i l  or o n l y  

one, or any of the o t h e r s .  Here i n  these he has the choice 

of h i s  r o u t i n e ,  obv ious ly  t o  g e t  what he asks for. 

I n  t h e  s ta t i s t ica l  he can  get the mean, v a r i a n c e ,  

s t a n d a r d  d e v i a t i o n ,  c o r r e l a t i o n ,  r e g r e s s i o n  of any or a l l  

of the  v a r i a b l e s  v e r s u s  any or a l l ,  up t o  26, 

He can  o b t a i n  a p r i n t e d  p l o t  of the  data on 

which he can  choose h i s  own p l o t ,  a s s e n t i a l l y  X and Y 

scales, g r id  l i n e s  ( u n i n t e l l i g i b l e )  X and Y v a r i a b l e s ,  

and choice of ranges .  

I have put  these a l l  together. On the next  s l ide  

w e  see the  flow of the  e n t i r e  program and how it works o u t .  

(S l ide)  

I t  is one s t e p ,  a l though  i t  appears d i f f e r e n t l y  

here, i t  is a one-step ope ra t ion .  You s u p p l y  o n l y  the  

cards of t he  computer program t h a t  you are i n t e r e s t e d  i n .  
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And you supply  one t i m e ,  a long  w i t h  the d a t a .  Here w e  

see t h e  data for the o u t c a r d  data dur ing  the c y c l e ,  t he  

endcard data a t  the  end of the c y c l e .  They c a n  be used 

s e p a r a t e  l y  or together, as desired. 

And d i f f e r e n t  card i n p u t s  to the computer, t h a t  

is the c a ~ d  program i n p u t s ,  i n c l u d i n g  the c o n t r o l  card. 

After it comes through the computer you get 

mother tape which has been sat on by someone, r e t r i e v e d  

d a t a ,  If he desires t o  go through the pseudo f i e l d  pro- 

gram, he can  do t ha t  OF go d i r e c t l y  t o  the other three 

and take any one of the  three.  So we can have a minimum 

of two steps, a minimum of two program r u n s  a t  the same 

time, or  a maximum of f i v e  i f  he desires a l l .  

3: might mention the fact that -- I t h i n k  I d i d  

-- t h i s  program is w r i t t e n  i n  PORTRAN 2 programming 

language. We have used it for o u r s e l v e s  coli the IBM 7094 

computer, kt is a v a i l a b l e  and c a n  be used w i t h  a number 

of systems having reasonable  o r  l i k e  c a p a c i t y  t o  the 7094, 

and m o s t  of them w i l l  take FORTRAN9 too. 

1 might also mention the  fact t h a t  t h i s  pro- 

gram can be used by other t ime-dependent =- other 

o p e r a t i o n s  r e q u i r i n g  time dependency, any components, 

t r a n s i s t o r  t e s t i n g  OF any th ing  which i n v o l v e s  the t i m e -  

dependent o p e r a t i o n ,  and also, the  data c a n  also be used 

for a n a l y s i s  i n  t h i s  program. 
~~ 



: SN 

168 

A Goddard X document d e s c r i b i n g  the  a n a l y s i s  

of the  ba t te ry  sys t em,  i ts use,  i n s t r u c t i o n s  t o  the 

operator as w e l l  as a l l  programming o p e r a t i o n ,  w i l l  be 

a v a i l a b l e  before November 1. 

for  those i n t e r e s t e d ,  is X-735-66385. 

The number of the document, 

I t  might be w e l l  t o  mention that tha t  document 

w a s  w r i t t e n  fo r  those who have l i t t l e  or  no knowledge of 

computer program o r  o p e r a t i o n ,  so that  t h e y  might be able 

t o  use  i t  w i t h  ease. 

Thank you. 

MR. SHAIR: Thank you ve ry  much, J e r r y .  

I t h i n k  J e r r y  would welcome from anybody any sug- 

g e s t i o n s  r ega rd ing  what kind of in format ion  you would 

l i ke  t o  ge t  o u t  of the  large volume of data tha t  has 

been c o l l e c t e d ,  u s ing  some of his program. 

MR. WEINSTEIN: Wi th  regard to  the data, the 

endcard  and ou tea rd  both had a f o u r - d i g i t  sequence a t  t h e  

end called 18sequence numberetS Can you t e l l  me  something 

about  t ha t  f i e l d ?  I s  that a r e f e r e n c e  f i e l d  of some kind? 

The on ly  reason  I ask is t h a t  I totaled up 

a l l  of your card columns, and you have used up  80 cards. 

I a m  afraid t h a t  you may not  be able t o  d i s t i n g u i s h  

one deck of cards from ano the r  u n l e s s  t h a t  sequence 

number does t h i s  for  you. 

MB. HALPWT: L e t  me s a y  that the end channe l s  
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a r e  f o r  s e q u e n t i a l  o p e r a t i o n ,  that is, t h e y  know what 

sequence the  cards were t aken .  For  o u t c a r d s  i t  is e a s y .  

You would want t o  use tha t  because it would allow you t o  

ar range  the cards on the tape i n  the sequence number. 

For the  endcard there may be a problem w i t h  s e p a r a t i n g  

because they  would come a t  d i f f e r e n t  i n t e r v a l s .  

I a m  s o r r y  that you caught  t ha t ,  count  t hose  

numbers a t  the  bottom. 

d i d  no t  come o u t  r i gh t .  

a c t u a l  number of d ig i t s .  

I d id  so y e s t e r d a y  myself and t h e y  

So there may be an e r r o r  i n  the  

LOR. WEINSTEIN: I t  does to t a l  80 in each case. 

MR. HALPERT: I t  did? 

MR. WEINSTEIN: Y e s .  T h i s  is what d i s t u r b e d  me .  

You have no way of d i s t i n g u i s h i n g  a computer r u n  on 

b a t t e r y  t y p e  X from the computer run on b a t t e r y  type  Y. 

You wouldn't  know which is which. 

MR. HALPERT: I am s o r r y  about  t h a t .  Y e s .  I n  

the actual computer run  and i n  the a c t u a l  program o u t p u t ,  

the data, the r e q u e s t  by the a n a l y s t  is a u t o m a t i c a l l y  

p r i n t e d  o u t  so t h a t  you know e x a c t l y  which batteries you 

a r e  a b s t r a c t i n g ,  which c y c l e s ,  and the  complete r e q u e s t  

I n  a d d i t i o n ,  th roughout  the a c t u a l  p r i n t o u t  Of 

a l l  the data, e v e r y t h i n g  is repeated a g a i n  so you know 

which ba t t e ry  it is, which f i e l d  i t  is, and so forth.  

MR. SHAIR: One more q u e s t i o n ,  and t h e n  a n  

a l l i e d  paper and more d i s c u s s i o n  afterwards. 
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MR. MAGISTRO: You have a l l  t h e  d e s c r i p t i v e  

s ta t is t ics  shown on t he  cards .  Has any s ta t i s t ica l  i n -  

f e r e n c e  been drawn o r  is that done later af ter  you have 

reviewed the i n i t i a l  data? 

In other words, you compare the mean of one l o t  

w i t h  the  mean of a n o t h e r  lot. Is t h i s  done manually? 

From w h a t  you have on t h e  r u n s  there, a l l  you 

have is the  d e s c r i p t i v e  informat ion .  I wondered how t h i s  

w a s  done. 

MR. HALPWT: Do you mean the mean fo r  c e r t a i n  

v a l u e s  on endcards? 

MR. MAGISTRO: Let’s say  you are comparing d i f -  

f e r e n t  lo t s  of batteries and you have a mean l i f e  of 

s e v e r a l  thousand cycles and you compare i t  w i t h  the  mean 

l i f e  of t h e  nex t  l o t  of b a t t e r i e s .  How is t h i s  done? On 

t h i s  program o r  i n  a s e p a r a t e  program? 

MR, HALPERT: The ones that  are i n  t h i s  program 

can  be compared w i t h i n  the program. There  is the  a b i l i t y  

t o  compare w i t h i n  the program. 

For other k i n d s  of data I t h i n k  there would be -- 
fo r  data f r o m  other tes ts  w e  would have t o  f i n d  a way 

of p u t t i n g  it i n t o  t h i s  or a c t u a l l y  matching the t w o .  

Anybody who has the program can do so on the i r  own basis. 

MR. SHERFEY: J e r r y ,  perhaps you understood 

the q u e s t i o n  and I d i d  n o t .  I don’t  t h i n k  you answered 
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the ques t ion .  You d i d n ' t  stress the fact t h a t  the  

d a t a  you have worked w i t h  has a l l  b e e w o n  the same type  

of cells. These cells  were made i n  the batteries and 

each b a t t e r y  w a s  run i n  a d i f f e r e n t  way. 

c l a r i f y  it? 

Does t h i s  

They are a l l  Gulton VO sixes. We had something 

l ike 13 batteries c o n s i s t i n g  of 10 cel ls  each. What he 

is doing w i t h  the program he described here today  is t o  

compare the performance of these 13 batteries, t o  i n t e r -  

compare these performances, i n  the l i g h t  of the fact  tha t  

each battery has a ( u n i n t e l l i g i b l e )  i n  a d i f f e r e n t  way. 

We are not comparying, say ,  GE and Gulton, o r  something 

l ike t h i s .  

YIR. MAGISTRO: You buy your material i n  very  

s m a l l  l o t s  fo r  each program. You buy material f o r  t h i s  

fI.€#&t, and buy material later on a t  a p o i n t  l a t e r  on fo r  

ano the r  f l i g h t .  You want t o  compare improvement i n  qua l -  

i t y  i f  there is one w i t h  t i m e .  You want t o  compare, i n  

t h e  A r m y  when you buy material t a c t i c a l l y ,  you procure 

it yea r ly ,  so you want to compare t h i s  y e a r ' s  material 

w i t h  next y e a r ' s  or subsequent years. T h a t  is w h a t  I 

had i n  mind, whether o r  no t  t h i s  program w a s  set  up t o  

compare d i f f e r e n t  l o t s  of the same material. 

MR. HALPERT: The programs, the  f e w  short pro- 

grams which conve r t  the  cards to  the tape are f i t t e d  
- 
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w i t h  a b u i l t - i n  updat ing system so t ha t  any new data 

put on goes r i g h t  i n  back of  the old data, a longs ide  of 

it, o r  wherever i t  is requi red .  

MR. SHAIR: Thank you, J e r r y .  

The next  paper is by John Waite, of Hauchly 

Systems, on the  use  of t he  computer i n  monitor ing large 

f i e l d  b a t t e r y  tests.  

USE OF THE COWTER I N  MONITORING 

LARGE SCALE BATTEZY TESTS 

MR. WAITE: I would l i k e  t o  make a comment on 

t h e  paper j u s t  described. That w a s  a d e s c r i p t i o n  of t h e  

computer system and software backup t o  do the Mart in  work. 

I a m  not  going t o  descr ibe  the computer system 

t o o  much i n  t h i s  paper. I am rather going t o  describe 

the problems t h a t  you are faced w i t h  i n  t r y i n g  t o  take a 

lo t  of data and p r e d i c t  a f a i l u r e  of ce l l s  and also pre- 

d i c t  the fact  that cells  w i l l  no t  f a i l .  

I do t h i n k  t h i s  whole approach is rather new. 

I b e l i e v e ,  t oo ,  t h a t  it is here t o  s t a y  and that w e  w i l l  

have maybe as much c o n t e n t i o n  s t i r red up i n  the f u t u r e  

w i t h  methods of  doing t h i s  t h a t  you have p r e s e n t l y  i n  

your battery work i t s e l f .  

The work, the  paper i t se l f  is based on the  

NASA c o n t r a c t  NAS-10203, t h e  purpose of which w a s  to  

i d e n t i f y  t echn iques  t o  reduce, ana lyze ,  and correlate 
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data ob ta ined  from the Crane test  program p e r t i n e n t  t o  

e a r l y  p r e d i c t i o n  of the ce l l  f a i l u r e ,  

Equal ly  impor tan t  w a s  the reliable e a r l y  pre- 

d i c t i o n  of cel ls  which would not  f a i l  for  any g i v e n  number 

of cyc le s .  Although the  cel ls  used i n  the Crane program 

a r e  now cons ide red  o u t d a t e d ,  t he  methodology developed 

here on the Crane data is b e l i e v e d  t o  be u s e f u l  i n  a new 

test  program. 

Since  t h i s  is a workshop s e s s i o n ,  I fee l  the  best 

way t o  o rgan ize  t h i s  paper is t o  d i s c u s s  the major d i v i s i o n s  

of work as w e  face t h e m  i n  doing  t h i s  j ob ,  and to  a s s o c i a t e  

problems, s o l u t i o n s  and r e s u l t s  ach ieved  on t h i s  work. 

The work areas a c t u a l l y  involve  data r e d u c t i o n ,  

a n a l y s i s ,  p r e d i c t i o n ,  programming, and conc lus ions .  

One of  the s u r p r i s i n g  f e a t u r e s  was the  data 

r e d u c t i o n  aspect. The first d e c i s i o n  that r e s u l t e d  i n  the  

da ta  r e d u c a t i o n  f o r  the Crane work w a s  made i n  the  d e s i g n  

of the experiment .  The d e c i s i o n  was t o  t a k e . e v e r y  t h i r t i e t h  

cyc le  to  be monitored. As a r e s u l t ,  the t o t a l  amount Of 

data which accumulated throughout  the whole e r a n e  program 

will approach something l i k e  1,080,000 column punched cards. 

For cell  l i fe  statist ics and program c o n t r o l  t h i s  sampling 

rate is  probably more t h a n  s u f f i c i e n t ,  bu t  fo r  a n a l y s i s  

and p r e d i c t i o n  purposes there are s e v e r a l  desirable changes 

t o  t h i s  procedure,  
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One, the  temperature  measurements taken  e v e r y  

t w o - d a y , i n t e r v a l s  lose a l l  meaning of c o n t i n u i t y .  

Two, any data r e d u c t i o n  t echn iques  invo lv ing  more 

t h a n  one c y c l e  of informat ion  r e q u i r e s  too many elapsed 

c y c l e  times t o  provide enough s ta t i s t ics  for  e a r l y  predic- 

t i o n .  I n  other words, you are s t u c k  w i t h  the  elapsed time 

p l u s  the a c t u a l  data you g e t ,  There are better ways t o  

r educ ing  data t h a n  j u s t  dropping o u t  data i n  t h e  very  be- 

g inn ing .  

The n e x t  d e c i s i o n  a f f e c t i n g  the  r e d u c t i o n  of data 

w a s  t h e  s e l e c t i o n ,  was o u r  d e c i s i o n ,  and t h i s  was the 

s e l e c t i o n  of the  use of first d i f f e r e n c e s  between v o l t a g e  

l e v e l s  as measured by consecut ive  monitored p o i n t s .  H e r e  

a g a i n  the  test d e s i g n  predetermined fo r  u s  five-minute 

i n t e r v a l s  for  monitor ing d i scha rge  v o l t a g e s ,  and ten-minute 

i n t e r v a l s  for  moni tor ing  charge v o l t a g e s .  

The o r b i t i n g  regime w a s  a n  hour and a half .  T h i s  
I 

meant 12 r e a d i n g s ,  

As mentioned above, an on- l ine  computer test 

sys tem cou ld  accept much smaller t i m e  i n t e r v a l s  and re- 

duce the data to any  desired i n t e r v a l  w i t h  a n  a d d i t i o n a l  

g a i n  i n  r e l i a b i l i t y  i n  informat ion .  I t h i n k  t h i s  is a 

p o i n t  I want t o  emphasize. 

If you c a n  pu t  a cheap computer i n  your  data 

a c q u i s i t i o n  and data r e d u c t i o n  cyde?, you c a n  afford to  
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monitor  e v e r y  c y c l e  coming i n  and f o r  storage reastjrns, 

keeping e i the r  your reduced data p a t t e r n s  for  a n a l y s i s ,  

or as many c y c l e s  as you want for  your h i s t o r y .  

The use  of the  first d i f f e r e n c e s  i n  the Crane 

t e s t  data r e s u l t e d  i n  a 3 to 1 r e d u c t i o n  i n  data. The 

reason fo r  t h i s  was the v o l t a g e  data w a s  three d i g i t s  

long. The d i f f e r e n c e s  u s u a l l y  invo lve  one d i g i t  . 
T h i s  r e d u c t i o n ,  however, cost some loss  of  i n -  

format ion  which loss w a s  f e l t  t o  be acceptable. And t h i s  

is something else,  

In your da t a - r educ t ion  area you need a whole 

s y s t e m  approach to your r e d u c t i o n ,  and you shou ld  have t h i s  

i n  mind before you d e s i g n  your first experiment  i f  you are 

going t o  u s e  t h i s  data t o  ana lyze .  You w i l l  f i n d  as w e  

go on i n  the a n a l y s i s  t h a t  w e  d i d  have a sys tem approach 

t o  t h i s .  

The loss of e v e r y  s i n g l e  d e c i s i o n  you make t o  

reduce the data is going t o  lose you something. What you 

want t o  l o s e  is what you p l a n  t o  lose. So t h a t  w h a t  you 

a r e  l e f t  w i t h  is worthwhile i n f o r m a t i o n  fo r  e v a l u a t i o n .  

The loss  t h a t  w e  accepted by t a k i n g  first d i f -  

f e r e n c e s  was the l o n g i t u d i n a l  d i sp l acemen t  of the  charge -- 
discharge cu rve .  You c a n  s a y  that w i t h  t h i s  d id  go some 

t h i n g s .  

Another d e c i s i o n  which r e s u l t e d  i n  a f u r t h e r  
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2 t o  1 r e d u c t i o n  i n  the data was the c o n s o l i d a t i o n  of 

a l l  f i r s t - d i f f e r e n c e  v a l u e s  obta ined  i n  the charge or  

discharge p o r t i o n  of the  cyc le  i n t o  a s i n g l e  table or  d i s -  

t r i b u t i o n  histogram, l i s t i n g  only t h e  numbers of occur-  

r e n c e s  of each d i f f e r e n t  l e v e l  f o r  t h a t  charge o r  d i s s h a r g e  

c y c l e .  

T h i s  meant t h a t  i f  you had a v o l t a g e  d i f f e r e n c e  

of 7 a t  one monitor ing p o i n t  and a n o t h e r  one of 7 a t  the 

nex t ,  you would j u s t  have a f i g u r e  2 t o  record opposite 

the  s e v e n t h  o r d i n a t e  -- p o i n t  i n  the graph. Actua l ly ,  if 

you look a t  a l l  t h e  l e v e l s  of d i f f e r e n c e s  you may toler-  

ate, you w i l l  f i n d  you w i l l  average o u t  to a r e d u c t i o n  of 

about  2 t o  1. 

Also, a loss here was associated w i t h  t h i s  de- 

c i s i o n :  T h i s  loss  was t h e  s e q u e n t i a l  r e l a t i o n s h i p  of 

each v o l t a g e  d i f f e r e n c e  associated w i t h  each consecu t ive  

pair of v a l u e s  monitored. Since these are words, I t h i n k  

I would rather show you on t he  board, because t h i s  seems 

ve ry  s t r a n g e  i f  you are not used t o  it, and you begin  t o  

wonder w h a t  s ense  t h e e v a l u a t i o n  la ter  w i l l  mean. 

In effect your d i f f e r e n c e s  ate tmeasured here. 

If t h i s  d i f f e r e n c e  happens t o  be t w o ,  and t h i s  t w o ,  and 

t h i s  t w o ,  here you have time, here you have v o l t a g e ,  

del ta  v o l t a g e ,  you w i l l  f i n d  i n  other words if t h i s  

were a s t r a i g h t  l i n e  i n s t e a d  of a curve  -- I t h i n k  t h a t  
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is probably  a better way t o  show i t  -- you w i l l  f i n d  t h a t  

you w i l l  j u s t  have the number 3 here. 

If you t r y  and r e c o n s t r u c t  t h i s  by t a k i n g  t h i s  

and going  backwards,you f i n d  you canno t ,  because you have 

l o s t  the s e q u e n t i a l  i n fo rma t ion .  

T h i s  makes you wonder what you have. I t h i n k  

t h i s  w i l l  be answered a l i t t l e  la te r  i n  the paper. 

I n  effect ,  the data s e t s  tha t  you have t h u s  ob- 

t a i n e d  d i d  n o t  provide  any  way of examining p a r t i c u l a r  

p o r t i o n s  of the charge-discharge c y c l e  d i r e c t l y .  

The f i n a l - d e c i s i o n  r e s u l t i n g  i n  a r e d u c t i o n  of 

a f u r t h e r  5 t o  1 decrease i n  the data volume was the  con- 

s o l i d a t i o n  of f i v e  c y c l e s  of data i n t o  one histogram. 

The loss  associated w i t h  t h i s  d e c i s i o n  w a s  

the c a p a b i l i t y  t o  i d e n t i f y  a v a r i a t i o n  w i t h i n  one c y c l e  

of data o u t  of f i v e .  However, the g a i n  that  you got was 

enough of a d i s t r i b u t i o n  i n  your  table t o  beg in  t o  g i v e  

you a f i n g e r p r i n t  of w h a t  is go ing  on.  And I t h i n k , l i n  

l i g h t  of t h i s  one c a n  unde r s t and  why it  would be better 

to  have more t h a n  o v e r y , t h i r t i e t h  c y c l e  of data, s i n c e  

the  f i n g e r p r i n t  cou ld  take e v e r y  c y c l e  of data, c o n s o l i -  

d a t e  15 or 2 0 ,  and still have more re l iable  i n f o r m a t i o n  

than  f i v e  30-cyc le  ones ,  and i n  a much sooner  t i m e .  

As the  r e s u l t  of a l l  these r e d u c t i o n  t e c h n i q u e s ,  

the t o t a l  numbers of cards a t  Crane,  which was 600,OOO~plus, 
~ 

~ 
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r e s u l t a  i n  less t h a n  20,000 c a r d s  of reduced data on 

which w e  based o u r  a n a l y s i s .  And that is the  data re- 

d u c t i o n  system w e  have used t o  look  a t  the  Crane data, 

The next  problem i n  the cour se  of the  program 

was a n a l y s i s .  I would l i k e  t o  show you t h i s  e x h i b i t ,  The 

red borde r  on the t o p  of the page r e p r e s e n t s  the reduced 

data that w e  worked w i t h .  The rest of the page is the 

a c q u i s i t i o n  data that  w e  r ece ived  from Crane. I t  j u s t  

g i v e s  you a n  idea of the  r educ t ion  t h a t  is possible w i t h  

these r u l e s .  

I t  w a s  mentioned several times dur ing  the pro- 

gram, why don ' t  w e  use a high-speed ve ry  fas t  computer. 

W e  are u s i n g  a low-speed ve ry  slow computer, the IBM 1620, 

I feel  still  t h a t  there is r e a l l y  no need t o  use a high- 

speed computer because i n  t he  development of a system t o  

ana lyze  large data l i ke  t h i s ,  m o s t  of your work is b r a i n  

work and a r e l a t i v e l y  s m a l l  amount of $our time is the  

computer work, And you f i n d  tha t  the computer is keeping 

pace w i t h  you much faster t h a n  you c a n  keep pace w i t h  i t ,  

I t  is j u s t  e f f i c i e n t  c o s t i n g ,  i t  is good a t  t h i s  t i m e  Of 

development t o  use a small machine. As your i n d i c a t o r s  

g e t  developed and you want t o  p l a y  games w i t h  them 

o v e r  a l l  the  raw data, you m a y  w i s h  t o  go back t o  a b i g  

machine and save  t i m e .  

I do t h i n k  i t  is impor tan t  t o  realize t h a t  
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t h e  speed and the cost of the equipnent  t h a t  you are 

using is also part of the t o t a l  package. 

The a n a l y s i s  problems follow t o  a c e r t a i n  ex- 

t e n t  i n  the same order tha t  the  r e d u c t i o n  s t e p s  have set 

and can be d e s c r i b e d  i n  a s s o c i a t i o n  w i t h  them, once the 

data r e d u c t i o n  system has been de f ined .  

The i n i t i a l  r e d u c t i o n  imposed on the  data b r i n g  

the  test des ign  -- that  is, the f i v e -  and ten-minute o r b i t  

per iods ,  also the use of e v e r y  t h i r t i e t h  c y c l e  of data -- 
places a s e r i o u s  r e s t r i c t i o n  on the  a b i l i t y  to predict  

f a i l u r e  as e a r l y  as would be desired. 

enough. 

forxnance f o r  a c e r t a i n  l e n g t h  of time. 

time is discarded, more elapsed t i m e  and elapsed c y c l e s  

a r e  r e q u i r e d  t o  o b t a i n  s u f f i c i e n t  data for  the p r e d i c t i o n .  

The r e a s o n  is simple 

Any p r e d i c t i v e  technique  r e q u i r e s  a look a t  per- 

If any of t h i s  

Two s o l u t i o n s  could help the s i t u a t i o n .  The 

first would be t o  monitor  e v e r y  c y c l e  and reduce the  data 

on-line t o  a computer. 

p r e d i c t  c e l l  behavior .  

The reduced datawould be used  t o  

The second concept ,  if feasible,  would be t o  * . 

a c c e l e r a t e  t h e  t es t .  A side comment is found appropriate 

here, and t h a t  is if a computer cou ld  be used on- l ine  t o  

reduce data and monitor  parameter behavior ,  a n  accelerator 

test might be made more meaningful,  and comparisons w i t h  

the f i e l d  behavior  could  be s t u d i e d  better. 
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I n  the first computer r e d u c t i o n  o p e r a t i o n ,  t h a t  

is the convers ion  t o  first d i f f e r e n c e s ,  the most important  

problem is the e l i m i n a t i o n  of errors. T h i s  is done i n  

your  first computer r educ t ion  phase . 
I can  g ive  you a few examples of where these 

errors come i n .  

There a c t u a l l y  are t w o  t y p e s  of errors. There are 

errors of order, and there a r e  errors of data. I n  the  Crane 

data, they  have  a time f i g u r e  which a c t u a l l y  spells o u t  

tbe exact po in t  i n  t i m e  of monitoring. In o u r  discharge 

it should  be e v e r y  f i v e  minutes. If w e  look a t  o u r  d i s -  

charge curve,  t h i s  should  happen a t  i n t e r v a l s  of f i v e  

minutes .  

I t  o f t e n  happens, however, something goes wrong 

and t h i s  is not  f i v e  minutes ,  b u t  one minute. W h a t  hap- 

pens t hen  t o  o u r  monitor point?  I t  i s  moved o u t  t h i s  way. 

N o w  o u r  d i f f e r e n c e s  c a n ' t  p o s s i b l y  be what w e  thought 

t h e y  were e 

Furthermore,  fo r  some funny r eason ,  to compen- 

sate fo r  this, t h e  next reading is probably 20 minutes .  

So here it  is 1, and there a 9. The associated d i f f e r -  

e n c e s  error t h a t  you get from t h i s  t i m e  error is going 

t o  g ive  you a bad i n d i c a t o r  when you go i n t o  a n a l y s i s .  

And so the t i m e  t o  reduce the  errors i n  your sys tem is 

when you do your first r e d u c t i o n .  
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Our r e d u c t i o n  program w a s  w r i t t e n  and I feel  

very happy t o  e x p l a i n  t ha t  it a c t u a l l y  got a l l  o r d e r i n g  

errors d e f i n e d  and p r i n t e d  o u t  and data e r r o r s  too. The 

t o t a l  number of errors i n  the over 600,000 cards were 

17,000, which were perhaps  o n e - d i g i t  errors, and the card 

has 80 d i g i t s .  So i f  you c a l c u l a t e  that  o u t  i t  looks l i k e  

Crane has been able t o  accomplish a .00025 error rate,  

which I t h i n k  is a credi t  t o  the  Navy. I don ' t  t h i n k  the 

Army could  have done as  w e l l .  

(Laughter)  

I am a n  A r m y  man, by the way. 

(Laughter)  

The nex t  problem i n  the a n a l y s i s  of data: The 

data error l i s t i n g s  are l i s t e d  o u t  and corrected i n  your 

first error r e d u c t i o n .  

The nex t  area of a n a l y s i s  is s t u d y i n g  the  re- 

duced data sets f o r  change p a t t e r n s .  The assumption is 

t h a t  -- I a m  going t o  have t o  hu r ry ,  so I w i l l  read 

through these -- the  assumption is that the v o l t a g e  be- 

hav io r  i n  a good ce l l ,  and the v o l t a g e  behav io r  i n  a bad 

c e l l ,  are going  t o  v a r y  ve ry  ea r ly  i n  the game. The pur- 

pose of o u r  project is t o  prove that there is in fo rma t ion  

which is no t  a v a i l a b l e  by i n s p e c t i o n  i n  the  s t u d y  of 

t h i s  v o l t a g e  behavior .  

The re fo re  w e  expect t o  look a t  these histograms 
I 
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f o r  good ce l l s  and f o r  bad and see i f  w e  want t o  d e f i n e  

p a t t e r n s  and a s s o c i a t e  these p a t t e r n s  w i t h  f a i l u r e  modes. 

W e  have looked a t  a l l  the f a i l u r e  modes and 

ana lyzed  them. But the t r o u b l e  is tha t  by the  t i m e  a 

ce l l  has fa i led ,  i t  looks  l i k e  black g lue  and i t  is ve ry  

ha rd  -- it e n d s  up a s  having a l l  t h e  f a i l u r e  modes pos- 

sible ,  and t h i s ,  of cour se ,  makes i t  very  hard t o  i d e n t i -  

f y  t h i s  had a p a r t i c u l a r  failure mode. 

I a m  afraid w e  are going t o  have to t e l l  t he  

chemical a n a l y s t  what h f s  f a i l u r e  mode is, rather t h a n  

he t e l l  us.  

Another a n a l y s i s  of factors a f f e c t i n g  t h e  s e n s i -  

t i v i t y  of the p a t t e r n s ,  you need thresholds.  A t  d i f f e r e n t  

dep ths  of discharge it looks l i ke  you w i l l  change your 

thresholds .  Analys is  of performance e f f i c i e n c y  f o r  

f a i l u r e  i n d i c a t o r s .  We have i d e n t i f i e d  about  16  i n d i -  

cators which w e  want t o  pass a l l  of the  Crane inform- . 

a t i o n  to, that is a l l  of the reduced data, and predict  

the  f a i l u r e  of cel ls .  

Also the a n a l y s i s  of modes of f a i l u r e s .  And 

a n a l y s i s  of f a i l u r e  reports. 

Having completed the a n a l y s i s  -- and a l l  of 

these are sor t  of t r a d i n g  off back and f o r t h  w i t h  each 

other as you dexe3ap .your s u s p e c t ,  you come to  p r e d i c t i o n  

i t s e l f .  We have three t y p e s  of predictors. 
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One is a p r e d i c t o r  t h a t  i n v o l v e s  o n l y  one his to-  

gram fo r  f i v e  c y c l e s .  W e  have looked a t  h is tograms fo r  

10 cycles and 15 c y c l e s  i n  order t o  e v a l u a t e  the  period 

and the  s e n s i t i v i t y  of t h e  i n d i c a t o r .  

We found that you can  do very  w e l l  w i t h  f i v e ,  

which l e t s  u s  p r e d i c t  sooner. I t h i n k  i f  you monitor  e v e r y  

cyc le  you can  r e a l l y  do ve ry  w e l l  w i t h  e a r l y  p r e d i c t i o n s .  

With these f ive -cyc le  histograms w e  f i n d  w e  need 

about a thousand t o  t w o  thousand cycles to  make o u r  first 

p r e d i c t i o n .  I w i l l  te11;you the r e s u l t s  of t h a t  la ter .  

The nex t  p r e d i c t i o n  element  w i l l  be padrs of 

histograms. T h a t  is a h is togram for  charge  and histo- 

gram for charge  and h i s tog ram fo r  discharge. 

the d i f f e r e n c e s  between t h e m .  

You compare 

The las t  i n d i c a t o r ,  t h e  Q ~ e B i o h i ~ n d i a d t o r t o r ~  is 

sets of  ei ther pairs or  s i n g l e .  

them fo r  t e n  f ive-second periods a t  a t i m e ,  and map what 

is going on,  and you w i l l  f i n d  that the  ce l l s  t h a t  w i l l  

n o t  f a i l  are sort  of s t a y i n g  i n  a channe l  by themselves  

and the  other cel ls  w i l l  s t a r t  f a l l i n g  above or b e l o w  the 

channel ,  and you c a n  begin  t o  associate t h i s  w i t h  f a i l u r e  

modes. 

I n  other words, you take 

I t h i n k  that is abou t  a l l  I want to  s a y  there. 

I would l i k e  t o  s a y  t h a t  t he  c o n c l u s i o n s  t o  date I f ee l  

are ve ry  impor tan t .  
~~ 
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I have p l e n t y  of computer r u n o f f s  t o  show you 

i f  any of you would l i k e  to  see them. But the conc lus ions  

t o  date are these: 

The vo l t age  data does c o n t a i n  informat ion  on a 

s i n g l e  o rb i t  -- i t  does con ta in  va luab le  informat ion  n o t  

e a s i l y  v i s i b l e  on a s i n g l e  o rb i t  a t  a time obse rva t ion .  

The data r e d u c t i o n  system should  be cons ide red  

before t h e  des ign  of a n  experiment.  

The e s t ab l i shmen t  of a n  acceptable p r e d i c t i o n  

cr i ter ia  and thresholds w i l l  r e q u i r e  the j o i n t  e f for t s  of 

b a t t e r y  experts, computer a n a l y s t s ,  and s t a t i s t i c i a n s .  

The t o - d a t e  p r e d i c t i o n  appears f e a s i b l e  for  i m -  

proved test process ing  program w i t h i n  a thousand c y c l e s .  

And t h i s  p r e d i c t i o n  can  va ry  a l l  the  way from 9,000 c y c l e s  

before f a i l u r e  t o  ve ry  f e w  hundred c y c l e s  before f a i l u r e .  

The modes you ge t ,  some of these i n d i c a t o r s  

w i l l  show up fo r  a time a n d  then  t h e y  w i l l  d i sappear ,  

and t h e n  t h e y  w i l l  show up again,  and t h e n  they  w i l l  d i s -  

appear. 

O t h e r  i n d i c a t o r s  w i l l  s t a y  for  t h e  whole time 

c o n s i s t e n t l y .  The s t u d y  of these  t h i n g s  I t h i n k  is a 

new f i e l d  t h a t  I haven ' t  s e e n  anywhere else.  

Thank you. 

MR. SHAIR: Thank you very much. S ince  t h i s  is 

such  an  i n t e r e s t i n g  too l ,  maybe w e  ought t o  take a f e w  
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moments t o  d i s c u s s  these t w o  papers r i g h t  now. 

S ince  there a r e n ' t  any  q u e s t i o n s  r i g h t  now, thank  

you very  much. We w i l l  p robably  g e t  back t o  it. 

S t i l l  s t a y i n g  i n  the same v e i n  of the  p r e v i o u s  

papers, w e  have a paper  from the  Naval Ammunition Depot, 

Crane, Ind iana ,  by John Lannan, on mathematical and s ta t is-  

t i c a l  appmach  t o  f a i l u r e  a n a l y s i s .  

MATHEMATICAL AND STATISTICAL 

APPROACH To FAILURE ANALYSIS 

MR. LANAN ("/Crane): I t  is p r e t t y  rough t o  

drag up here a t  f o u r  o'clock. 

Many of the t h i n g s  which I a m  concerned w i t h  

i n  o u r  a n a l y s i s  a t  Crane i n  the approaches  w e  are t a k i n g ,  

w e  are concerned w i t h  the same problems which John Waite 

is concerned w i t h .  

same data, b a s i c a l l y .  

Mainly because w e  are working w i t h  the  

I n  o u r  approach w e  are choos ing  p r i m a r i l y  n i c k e l -  

cadmium batteries,  H e r e  w e  have more data t o  work w i t h ,  

more samples,  t h a t  is, and some other similar advantages .  

For  those of you who a r e  not  aware of the n a t u r e  

of the  t e s t  measurements t aken ,  I w i l l  g ive  you a br ief  

.. d e s c r i p t i o n  of the  t h i n g .  John has been through p a r t  Of 

t h i s ,  Some of t h i s  may be a b i t  r e p e t i t i o u s .  

The b a t t e r y  packs w e  are working w i t h  c o n s i s t  

of five- or t e n - c e l l  packs. Each of these is s u b j e c t e d  
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t o  con t inued  charge-discharge c y c l i n g  u n t i l  f a i l u r e  

Every f i v e -  o r  t e n - c e l l  pack of a p a r t i c u l a r  manufacturer  

undergoes t h i s  charge-discharge c y c l i n g  w i t h  a s l i g h t l y  

d i f f e r e n t  set of envi ronmenta l  c o n d i t i o n s .  Tha t  is, w e  

vary  t h e  factors such  as the  depth of discharge, o r b i t ,  

o r  c y c l i n g  time, the temperature,  the  per c e n t  recharge, 

e t  cetera. A l l  these f a c t o r s  w i l l  v a r y  pack t o  pack. 

For  selected c y c l i n g  p o i n t s ,  as John po in ted  o u t ,  

e v e r y  30 or  40 c y c l e s  t h e  c e l l  v o l t a g e  and c e l l  t empera tu res ,  

o r  c e l l  tempera ture  measurewnts ,  are t a k e n  a s  the  ce l l  

discharges and recharges. 

The number of c y c l e s  to f a i l u r e  is e v e n t u a l l y  

determined fo r  each c e l l  of a pack. T h i s  is, I guess ,  o n l y  

p a r t i a l l y  t r u e  since a pack f a i l u r e  is c a l l e d  s ix  f a i l u r e s .  

After s i x  f a i l u r e s  sometimes they  c u t  off t h e  c y c l i n g .  

I t  has happened that a l l  t e n  went o u t  basical- 

l y  a t  the  same time, so w e  had s i x  f a i l u r e s .  Our i n i t i a l  

approach t o  the a n a l y s i s  of t h e  data has  been based on 

the  use  of s t a t i s t i ca l  tools  to  determine f a i l u r e  d i s -  

t r i b u t i o n s  which govern the way t h e  i n d i v i d u a l  c e l l s  and 

packs act .  And t h e  r e l a t i o n s h i p  of the  v a r i o u s  e n v i r o n -  

ments t o  the  r e l i a b i l i t y  of t h e  packs and cel ls .  

Most of o u r  work i n  t h i s  area has been based 

on, as  I said b e f o r e ,  the t e n - c e l l  packs. T h i s  i s  where 

w e  get t e n  samples p e r  pack per a p a r t i c u l a r  environment .  
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Our a t t e m p t s  t o  e x p l a i n  the o v e r a l l  behavior  

of the bat ter ies  by a s i n g l e  probabi l i ty  d i s t r i b u t i o n ,  

as you might of course  guess ,  have not  been satisfactory.  

The tendency of the  t es t  is t o  f a i l  t o  fo l low a p a r t i c u l a r  

p a t t e r n ,  and seems to depend h e a v i l y  on the manufacture 

o r  f a i l u r e  mode o r  cause  of the f a i l u r e .  

The problem here is the d i f f i c u l t y  i n  accu racy  

encountered  i n  de te rmining  a n  i n i t i a l  cause  of the  f a i l u r e .  

As someone poin ted  o u t  ear l ier  today,  these packs of bat- 

teries are r i c h  i n  f a i l u r e  modes, f a i l u r e  c a u s e s .  

Most of the f a i l u r e s  observed  seem t o  be due t o  

flaw i n  des ign .  I shou ld  s a y  n e a r l y  a l l  of them 8eemIto 

m e  are due t o  f l a w  i n  d e s i g n ,  or t o  manufac turers '  work- 

manship, Of course, t h e  good ones  are st i l l  going.  

Few of these f a i l u r e s  cou ld  be cons ide red  t o  

be wear-out  t y p e s .  The f a i l u r e  seems t o  be e x p o n e n t i a l  

more t h a n  any other w e  have examined. I s a y  t h i s  w i t h  

tongue i n  cheeks. There  are many ways of examining such  

data e 

Although w e  are c e r t a i n l y  n o t  advoca t ing  t h i s  

d i s t r i b u t i o n  fo r  g e n e r a l  use i n  d e s c r i b i n g  behavior  i n  

batteries,  w e  do fee l  t h a t  its use i n  de t e rmin ing  the  

estimates of mean l i v e s  of b a t t e r y  packs is i n t e r e s t i n g  

and u s e f u l .  

(S l ide)  
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The first s l i d e  c o n t a i n s  estimates of the  mean 

number of c y c l e s  t o  f a i l u r e .  T h i s  table shou ld  g ive  you 

a better idea of t h e  experiment  i t se l f  and the  type  data 

w e  u se .  

The black marks on t h e  l e f t  are places where I 

have blocked o u t  t h e  manufac turer ' s  name. It seemed tha t  

we shy  away from t h i s  type of t h i n g .  I t  is probably  good 

because these batteries do have some age on them and 

manufac turers  have improved and "deprovedf' poss ib ly  s i n c e  

tha t  p o i n t .  

(Laughter ) 

Some of  t h e s e  monstrous numbers you see, these 

mean t i m e s  t o  c y c l e  f a i l u r e s ,  I c a l l  them here, a g a i n  w i t h  

tongue i n  cheek, are not  t y p i n g  errors. They are based on 

the c a l c u l a t i o n s .  

The purpose i n  mind, I a m  t r y i n g  t o  ge t  some 

numbers i n  t h i s  box, as w e  called it before today .  From 

t h i s  run  some d i f f e r e n t  t y p e s  of a n a l y s e s .  

W e  have computed the  numbers fo r  these ce l l s  

i n  other manners also. 

You c a n  see the  d i f f e r e n t  r equ i r emen t s ,  t h e  t w o  

d i f f e r e n t  o r b i t  times t h a t  w e  cons ide red ,  the 14-hour 

o rb i t  t i m e  which c o n s i s t s  of one half-hour  d i s c h a r g e  and 

one hour of recharge, and the  three h o u r s  a lso has one 

hour  of d i s c h a r g e .  
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You can  also see tho  d i f fe ren t  depth of d i s -  

charge l e v e l s ,  15, 25, and 40 per c e n t .  And you can 

see o u r  design is a b i t  lopsided because we don't r e a l l y  

have a l l  the d i f f e r e n t  possible combinations. But t hen  

it seems that you never haw these. 

An estimate such as the 119,780 c y c l e s ,  is based 

on a pack where a l l  the ten cells were still o p e r a t i n g  suc- 

ce ssf u l l y  after 11,978 cycles , 

W e  transformred the data shown here t o  e q u a l i z e  

--e-- -I-- 
v a A L - m  =-= though we are hurting as far as samples and 

of m u r m  ~hlr lrsPlsroBIption of tlre d i s t r i b u t i o n .  

Aaalysis shews that the v a r i a t i o n  is pr imar i ly  

due to the manufacturers  - - w e  w i l l  ca l l  t h e m  A, B, C, 

and D fo r  the merit -- aad the d i f f e r e n c e s  fn the t e m p e r -  

a t u r e s ,  T h i s  is the pr imary.  Yoat of the v a r i a t i o n  f a l l s  

back on t h i s .  

By the way, m t i a  the per c e n t  recharge which 

is completely confounded w i t h  the  temperature .  I be- 

l i e v e  i n  a c t u a l i t y  these per c e n t  recharges caw out  

t o  be a b i t  less than  w h a t  t h e y  are, as marked here: 

115, 125, and 160 per c e n t .  

T h a t  should be 40/50 degrees cen t ig rade  i n  

each case, 

The m a s o n  for  this, the batteries i n  the cel ls  

were i n i t i a l l y  cycled a t  50 degrees cen t ig rade .  Af t e r  
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the first f e w  hundred c y c l e s  it w a s  found t h a t  these 

c o n d i t i o n s  were n o t  compatible w i t h  the  s u c c e s s f u l  be- 

havior  of the batteries. So the tempera ture  was c u t  

back t o  40 degrees  af ter  that po in t .  

We r e a l l y  have something here  between 40 o r  5 0 .  

Who knows r e a l l y  w h a t  w e  have. A t  least it is a h i g h e r  

temperature  t h a n  a 25-degree c e n t i g r a d e .  

I g ive  t h e s e  as estimates; I don't  have much 

confidence i n  these mean TTS, or what I should call  

them here. If you w e r e  t o  p i n  me down, I would back 

off q u i t e  r e a d i l y .  I believe they  do give you so= idea. 

I can say  some of the  s lo t s  or  boxes or  eaavf~- .  

r~tmm8SsroQlfaet p a r t i c u l a r  pack do seem t o  fo l low i n  the  

( u n i n t e l l i g i b l e )  d i s t r i b u t i o n .  S e v e r a l  do a h t e r  data 

m y  no t  bear this o u t .  

the  d i f f e r e n t  magnitudes and numbers. 

ly shows that temperaturn is p lay ing  a role i n  the  l i f e  

of these t h i n g s ,  1 t h i n k  you w i l l  agree after s e e i n g  a 

l a t e r  s l ide,  

A t  least I get a comparison of 

And it v e ~ j  v i v i d -  

T h i s  would i n d i c a t e  that if one would c o n s t r u c t  

an accelerated test, tempera ture  should  be one of j o u r  

c o n s i d e r a t i o n s .  P rev ious  data has shown t h i s  t o  date 

also . 
No o v e r a l l  d i f f e r e n c e s  w e r e  found i n  o rb i t  

t imss,  a l though  the table pevealed some v a r i a t i o n s  between 
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the packs 0- rather, of similar environments, T h i s  over- 

all conclusion i ~ p l b f e s  that the l i fe  of the ce1P is a 

fumetion of t h e  number of c h r g e - d i s e h r g e  c y c l e s  sf some 

part i cu lar  env ir~nmnt . ,  and that the  time per cycle OF 

the orbit ti= is not such an important factor as one 

might f irst conjecture , 

Although only  s l i g h t  overal l  dif fcrences were 

found ammg the various depths of discharges represented 

h e m ,  there are indim?.tions that t k  40 per eelat depth 

of discharge %a stressing the b a t t e r i e s  ~ o n s i d e r i b l y  more 

than the 16 per cent  palad tbe 25 per c e n t ,  

The p ~ t e n t i a 1  of depth of discharge,  as an ac- 

celerating fietor, c e r t a i n l y  has n ot h e n  demonstrated OF 

established in this part i cu lar  design.  

(SS Pfde 1 

Sl ide  2, H have regarded only the ternpertabture and 

you can see %or 25 degrees and 4Q/50 centigrade temper- 

atures, i t ,  starts to go back j u s t  a b i t  * 

Pn %fie next s l i d e  here is simply r a w  data. you 

can see, t h ink ing  back &S the two previous s l i d e s ,  you 
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I t  is a l i t t l e  obvious and i t  is  something which you 

would expec t ,  I th ink .  

W e  r a n  a n  a n a l y s i s  t r y i n g  t o  c o n s i d e r  j u s t  

f a i l u r e ,  s u c c e s s ,  o r  no-go data,  whatever  you choose t o  

c a l l  i t .  Here a g a i n  we have t o  make some assumptions.  

These assumptions were a g a i n  weak, b u t  they  were 

n o t  based on exponen t i a l .  They are based on normal approxi -  

mation, binomial ,  t h i s  t ype  of t h i n g .  We also used the 

( u n i n t e l l i g i b l e )  t r ans fo rma t ion  t o  t r y  t o  see w h a t  hap- 

pens.  We got c o n s i s t e n t  r e s u l t s  w i t h  the other means 

t h a t  you saw on the p rev ious  s l ides .  

Again I want t o  reiterate the r eason  f o r  t h e  

s ix .  These q u i t e  poss ib ly ,  had the  c y c l e  been cont inued ,  

would have been complete pack f a i l u r e s .  For example, f o r  

40 degree c e n t i g r a d e ,  25 per c e n t  dep th  of d i s c h a r g e ,  the  

s i x t h  f a i l u r e  occurred  a t  1,377 cycle p o i n t .  

We have examined t h i s  data from s e v e r a l  o ther  

v iewpoin ts ,  Most of these have been from the  s t a n d p o i n t  

that  w e  need t o  pred ic t  f a i lu re s ,  as  M r .  Waite po in ted  o u t .  

W e  have attempted t o  relate t h e  b a t t e r y  deter iorat ion 

by u s i n g  the  Arrhenius  model o r  e q u a t i o n  that w a s  men- 

t i o n e d  ear l ie r  today.  W e  found many i n c o n s i s t e n c i e s .  

We found fo r  some packs w e  would g e t ,  based on 

j u s t  t he  th ree  tempera tures ,  the  Arrhenius  r e l a t i o n s h i p ,  

and for  other  rJacks w e  wou ld  set no r e l a t i o n s h i p  a t  a l l .  



103 
GM : SN 

193 

Our  t h r e e  p o i n t s  are scattered a l l  over the 

place. 

T h a t  is a l l  f o r  the s l ides .  

To e v a l u a t e  t h i s ,  as po in ted  o u t  before, w e  need 

many more p o i n t s  t h a n  three. That is n o t  so good. 

If one p l o t s  the end of d i s c h a r g e  v o l t a g e s  of 

s u c c e s s f u l  cycles, you g e t  a r e s u l t  something l i k e  t h i s .  

W e  w i l l  make o u r  abscissa, number of c y c l e s ;  w e  w i l l  make 

our v e r t i c a l  axis,  v o l t a g e s ;  and p l o t  t h i s  t h i n g  o u t .  

For  about  the first 500 t o  700 c y c l e s ,  rough ly ,  

w e  g e t  a f a i r l y  c o n s i s t e n t  p a t t e r n  and a f a i r l y  c o n s i s t e n t  

slope by u s i n g  best f i t  r e g r e s s i o n  a n a l y s i s .  

Going ahead, however, we g e t  p o i n t s  which g i v e  

u s  some d e g r a d a t i o n  which is v e r y  l i n e a r .  W e  g e t  a re- 

g r e s s i o n  R of roughly  9 per c e n t  o r  better, which is no t  2 

bad. T h i s  goes o u t  somewhere t o  some f a i l u r e  po in t  o u t  

here, which cou ld  be one of the  v a l u e s  w e  had b e f o r e  

for  a p a r t i c u l a r  cell .  

W e  took p a r t i c u l a r  packs based on the f a i l u r e  

modes and w e  picked o u t  those where w e  thought  w e  cou ld  

c l a s s i f y  the f a i l u r e s  as wear-out type .  The t h i n g  w e  

had i n  mind w a s  t o  look a t  the d i f f e r e n t  cells  of t h i s  

pack, f i n d  the l i n e a r  r e l a t i o n s h i p ,  the s l o p e  o f  t h i s  

l i n e  by r e g r e s s i o n  a n a l y s i s  or least s q u a r e s ,  and t h e n  

compare the  d i f f e r e n t  slopes. 
~ ~ 
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I n  t w o  o r  three c a s e s  we looked a t ,  where w e  thought  

w e  had wear-out  type f a i l u r e s ,  we  would get something, a 

scatter l i k e  t h i s .  The v a r i a t i o n  of the  data ou t  here seemed 

t o  be less t h a n  it  w a s  up here f o r  the first f e w  hundred cycles. 

I t  would not  be q u i t e  so bad a t  t h i s  p o i n t ;  o u t  

here it would get worse and f i n a l l y  drop  o f f  down towards 

zero. 

.5 v o l t s  a g a i n  is called a f a i l u r e .  

So l e t ' s  ca l l  t h i s  C e l l  1, and for  C e l l  2 we had 

a d i f f e r e n t  s i t u a t i o n .  These t h i n g s  have been slopes. 

I n  one case, u s i n g  s i x  ce l l s  of a pack which had 

fa i led -- I t h i n k  t h e y  went somewhere around anywhere from 

8,000 t o  13,000, something l i k e  this, c y c l e s  to f a i l u r e  -- 
we g o t  a c o r r e l a t i o n  c o e f f i c i e n t  of .96, o r  96 per c e n t .  

You recall one i n d i c a t e s  a pe r fec t  r e l a t i o n s h i p  here. 

T h i s  is based on ly  on s i x  samples, which is not so good. 

It is s i g n i f i c a n t .  

W h a t  it seems to  show is that i n  some cases 

there is a d e f i n i t e  r e l a t i o n s h i p  between the degrada t ion  

of these v o l t a g e s  and the t i m e  t o  f a i l u r e  which w e  f i n d  

here. If someone cou ld  f i n d  a n  a c c e l e r a t o r  test  which 

would induce wear-out  t y p e  f a i l u r e s  early,  something l i k e  

t h i s  could  be used i n  a n  accelerator tes t  t o  advantage.  

I n  o t h e r  s i t u a t i o n s  where w e  thought  the  type 

of f a i l u r e  w a s  s i m p l y  a manufacturer ' s  f law, maybe the 
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t h i n g  fa i led a f t e r  two o r  three thousand c y c l e s ,  o r  even  

less, w e  could not  es tabl ish even  such  r e l a t i o n s h i p .  

The c o r r e l a t i o n  is more n e a r l y  zero t h a n  any th ing  else.  

It could be anyth ing .  T h i s  is one approach w e  had t aken ,  

Another, very q u i c k l y ,  was t a k i n g  the number of 

c y c l e s  -- let's make a p l o t .  T h i s  would be the  discharge 

part of t he  curve and t h i s  part the  charge p a r t  of the  

curve.  Many of these ce l l s  ( i n d i c a t i n g )  look t y p i c a l l y  l i k e  

t h i s ,  Thi;ls a g a i n  be ing  v o l t a g e ,  The p l a t e a u  appears 

a b i t  higher. T h i s  is a general shape. The discharge p o i n t  

keeps dropping down w i t h  time, w i t h  age and c y c l e s .  

Q 

1 

W e  have w r i t t e n  a computer program and worked 

w i t h  the area under  the curve  of t h i s ,  W e  cons ide red  

slopes here, w e  considered an  area i n  here, areas i n  here, 

and t h i s  type  of t h i n g  r e a l l y  may be somewhat similar to 

w h a t  John has done w i t h  h i s  data. The end r e s u l t  may be 

basically the  same. 

A t  any rate, the  end discharge p o i n t  d i p s  down 

w i t h  t i m e ,  w i t h  the success ive  number of c y c l e s .  

P re l imina ry  p l o t s  and some computer a n a l y s i s  

on  t h i s  has i n d i c a t e d  t h a t  there is d e f i n i t e l y  a rela- 

t i o n s h i p  here. But the problem seems t o  be t h a t  it - 
t a k e s  so many c y c l e s  of t e s t i n g  before w e  can  pred ic t .  

I n  other words, it may be f o u r  o r  f i v e  thousand 

c y c l e s  you can  predict  a f a i l u r e  somewhere. But o u r  
- 
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i n i t i a l  idea and hope was t o  predict  w i t h  j u s t  a f e w  hun- 

dred c y c l e s  of t e s t i n g .  W e  are pessimistic about  t h i s  

t y p e  of p r e d i c t i o n  . 
W e  have looked a t  data f r o m  o t h e r  v iewpoin ts .  I 

t h i n k  these are some of the  major aspects of the i n v e s t i g a -  

t i o n  . 
Thank you. 

MR. SHAIR: Thank you very  much, John. There is 

a q u e s t i o n  o v e r  here. 

MR. WAITE: I don ' t  want  t o  leave  it q u i t e  t h a t  

way. We have q u i t e  associated work here. 

I l e f t  o u t  the  m a s t  important  part of my paper, 

w!.nich was the r e s u l t s .  T h i s  r e s u l t  is a p r e d i c t i o n  com- 

p u t e r  r u n  where it has t aken  pack 52 and predicted c o r r e c t l y  

a l l  the cel ls  t h a t  fa i led.  

Furthermore,  i t  has more s u r p r i s i n g l y  shown no 

p r e d i c t i o n s  o r  very ,very  l o w  p r e d i c t i o n s  f o r  ce l l s  that 

d i d  n o t  f a i l .  T h i s  p r e d i c t i o n  did r e q u i r e  a couple  of 

thousand c y c l e s  before you could  start it. But I blame 

t h i s  on t h e  one-every-30-cycle d a t a  monitored. 

I a m  no t  as p e s s i m i s t i c ,  I would l i ke  t o  make 

t h a t  p o i n t ,  and I have r u n o f f s  t h a t  I t h i n k  w i l l  make 

t h i s  clear. 

MR. LANNAN: W e  have not made f i n a l  c o n c l u s i o n s  

on t h i s .  We have taken  b a s i c a l l y  j u s t  15 or  20 packs. 



107 
GM : SN 

197 

I would hesitate t o  ag ree  or d i s a g r e e  r e a l l y  at  t h i s  

p o i n t ,  John. 

MR. SHAIR: Let's g e t  i n  t h e  last paper  and 

then w e  can  open t h e  f loor  f o r  some d i s c u s s i o n ,  and pos- 

s i b l y  some a r t  work. 

The nex t  paper is by Ralph Brodd, from Union 

Carbide Consumers P roduc t s ,  and the  s u b j e c t  is, Womputer 

Con t ro l l ed  B a t t e r y  T e s t  F a c i l i t y . l l  

COMPUTER CONTROLLED BATTmY 

TEST FACILITY 

A4R. BRODD (Union Carbide Consumers P roduc t s ) :  I 

w i l l  t r y  t o  make i t  as brief as p o s s i b l e  c o n s i s t e n t  w i t h  

t he  amount of material t h a t  I want t o  get across to you. 

W e  a l l  know t h a t  t he  a p p l i c a t i o n s  of recharg(1t;r 

able batteries are f o r c i n g  a g r e a t e r  r e l i a b i l i t y ,  h i g h e r  

energy d e n s i t y ,  as w e l l  as i n c r e a s e d  c y c l e  l i f e  upon t h e  

b a t t e r y  systems.  

development of s u p e r i o r  rechargeable batteries must have 

some means t o  t e s t  and e v a l u a t e  th? p a r t i c u l a r  energy  

s t o r a g e  system that you are d e a l i n g  w i t h .  

So that any  program that r e q u i r e s  the  

Today w i t h  t h e  a v a i l a b i l i t y  of reliable com- 

p u t e r  s y s t e m s ,  it is a l o g i c a l  s t e p  t o  use  the  computer 

t o  combine the  tes t  c o n t r o l  f u n c t i o n s  w i t h  the data accum- 

u l a t i o n  and data r e d u c t i o n  f u n c t i o n s .  Such concep t s  are 

not  new, as evidenced  by the many pape r s  that w e  have been 
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h e a r i n g  t h i s  a f t e rnoon .  

I would l i k e  t o  describe f o r  you a p a r t i c u l a r  

approach that w e  have t a k e n f f n  our l a b o r a t o r y  t o  develop  

the equipment as a computer c o n t r o l l e d  b a t t e r y  test facil-  

i t y .  S ince  t h i s  equipment m u s t  be used both  for  research 

as w e l l  as t o  develop  new tes t  methods, w e  t r i ed  t o  make 

the f a c i l i t y  a s  v e r s a t i l e  as possible c o n s i s t e n t  w i t h  the 

a c t u a l  c o s t s  . 
So t h a t  the computer then  must be a reasonable-  

pr iced f a c i l i t y ;  i t  must be capable  of doing  r o u t i n e  work 

on expe r imen ta l  systems, bo th  the t y p e s  of ce l l s  which 

might be inc luded  i n  satell i tes a s  w e l l  as the materials 

that you might f i n d  i n  a beaker c o n s t r u c t i o n  i n  some re- 

search l a b o r a t o r y .  

The system tha t  w e  decided upon is, a s  I men- 

t i o n e d ,  a p a r t i c u l a r  s o l u t i o n  t o  t h i s  p a r t i c u l a r  problem. 

The computer t ha t  w e  have has a real-time clock 

t o  keep track of time, and i t  w i l l  a u t o m a t i c a l l y  i n i t i a t e  

the charge and t h e  discharge or the o p e n - c i r c u i t  par ts  

of the program schedule .  That is, w e  have 12 d i f f e r e n t  

cycles that  w e  can  use  for  o u r  t e s t i n g .  W e  have a v a i l -  

able on each of these 12, 16 test p o s i t i o n s .  W e  have a 

t o t a l  of 192 test  p o s i t i o n s .  

The items t h a t  w e  u s e  f o r  process c o n t r o l  are 

charge and discharge c u r r e n t ,  the charge and discharge 
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t ime, and w e  have inc luded  a c u t o f f  v o l t a g e  which I don ' t  

believe t h e  o ther  people have mentioned. 

I t  is possible t o  change our  process informat ion  

as the t es t  goes on, because of the n a t u r e  of t h e  computer. 

We use c o n s t a n t  c u r r e n t  power s u p p l i e s  for 

charge and discharge,  and i n  any one of these 12 tests 

it  is possible to select by computer c o n t r o l ,  program con- 

t r o l ,  any of f o u r  d i f f e r e n t  charge o r  discharge v o l t a g e s ,  so 

t h a t  we may select  a h igh  c u r r e n t  t o  s tar t  w i t h  and t h e n  

lower it t o  tha t  lower c u r r e n t  as  the t i m e  of t he  t e s t  

goes on. 

We measured the v o l t a g e  on each of these tes t  

p o s i t i o n s  e v e r y  36 seconds.  T h i s  is p a r t  of o u r  r o u t i n e  

of t r y i n g  t o  get down t o  a hundredth of a n  hour as a tes t  

u n i t .  

The vo l t age  is measured t o  a m i l l i v o t t  w i t h  

a 10-meg i n p u t  impedance device .  W e  also have r e f e r e n c e  

p o s i t i o n s  so t h a t  most ce l l s  w i l l  be expec ted  t o  inc lude  

our  r e f e r e n c e  electrode t o  monilor  the performance of 
1 

the v a r i o u s  components of the s y s t e m .  

I mentioned t h a t  eve ry  ce l l  has a n  upper and 

lower l i m i t .  So t h a t  d u r i n g  the charge o r  discharge 

when i t  reaches that l i m i t ,  whether one v o l t ,  a t e n t h  of 

a v o l t  o r  i n  flow r e v e r s e ,  the  computer w i l l  remove 

t h a t  p a r t i c u l a r  c e l l  p o s i t i o n  from the test r o u t i n e  
~ ~ 
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w i t h o u t  d i s t u r b i n g  the other ce l l s  on t h a t  p a r t i c u l a r  

test . 
W e  s t o r e  i n  the computer t e n  r e a d i n g s  on  charge 

and t e n  r ead ings  on discharge.  And these r e a d i n g s  are 

determined by the  computer a t  t h e  p a r t i c u l a r  t i m e  t hey  

s ta r t  a s i g n i f i c a n t  change i n  t h e  v o l t a g e .  

The computer also monitors  the c u r r e n t  t o  main- 

t a i n  that it  is w i t h i n  o u r  set l i m i t s .  I t  is also period- 

i c a l l y  measures the v o l t a g e  of an established ce l l  t o  

E r ; e r L a i r i  that we are irideed measuring proper v o l t a g e s .  v - -  _ _ - - I _  1 

The parameters which we record and accumulate 

fo r  each ce l l ,  besides throwing the charge and d i scha rge  

v o l t a g e  r ead ings ,  are ampere-hour capacity, wat t -hour  

c a p a c i t y ,  error v o l t a g e  -- one we t h i n k  is v e r y  impor tan t ,  

t i m e  t o  c u t  off as  w e l l  as  the  v a r i o u s  e f f i c i e n c i e s .  

A t  t h e  end of a complete charge and discharge 

c y c l e  the  d e c i s i o n  of whether t o  o u t p u t  the data t h a t  

we have now stored in o u r  computer is based on these s i x  

parameters which I have j u s t  mentioned. 

If a s i g n i f i c a n t  change has occur red  i n  the  

parameter, w e  o u t p u t  the informat ion  t o  magnet ic  tape. 

If n o t ,  t h i s  i n fo rma t ion  is wiped ou t .  But w e  do have 

a choice . 
W e  cou ld  say w e  could program t o  e v e r y  cycle 

i f  we desire. 
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(S l ide)  

Here w e  see a schematic of the s y s t e m  t h a t  w e  

have been t e l l i n g  you about .  We have a DSI computer w i t h  

a 4K E l a s t i l i n e  memory and 32K drum. The computer  oper- 

a t e s  the re lay  o p e r a t o r s .  They put  the  ce l l s  i n t o  the 

c i r c u i t  f o r  t h e  t e s t i n g .  

The t e l e t y p e  and photo-reader  are f o r  i n p u t  of 

the program and program changes. The magnetic tape is 

the ou tpu t  p o r t i o n  of ou r  computer .  W e  take the magnetic 

tapes t o  ano the r  f a c i l i t y  nearby f o r  t-he a c t u a l  o u t p u t  

of hard copy t o  the  i n v e s t i g a t o r .  

(S l ide )  

The next  s l i d e  shows very  s k e t c h i l y  $he program 

c o n t r o l  as  it c u t s  through. Every 36 seconds it reads 

c e l l s .  Every 36 seconds i t  decides t o  s t a r t  or  s t o p  the 

p a r t i c u l a r  o p e r a t i o n  of a charge or d i scha rge  OF open 

c i r c u i t ,  or  perhaps even on c u r r e n t  change from one va lue  

t o  a n o t h e r .  

The i n t e r r u p t  f e a t u r e s  that  we have, have t o  do 

w i t h  the problem of ma in ta in ing  power t o  the system. We 

have a n  emergency power supply  i n  t h e  l a b o r a t o r y  which 

comes i n  about  two c y c l e s ,  about  a tenth of a second. 

t h a t  w e  have t o  be! able t o  wi ths t and  power i n t e r r u p t i o n s  

of t h i s  n a t u r e  by having the  computer on a fail-safe power. 

Yo 

The other i n t e r r u p t s  t h a t  w e  might w i s h  t o  i n c l u d e  
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are t h i n g s  such  as complete power -- I mean n o t  com- 

plete power f a i l u r e  bu t  improper o p e r a t i o n  of t he  v a r i o u s  

d e v i c e s ,  so as to  prevent  the  c e l l s  from b e i n g  des t royed .  

And the  ou tpu t  o f  the data from the  drum occurs on pro- 

gram c o n t r o l  d u r i n g  the open-c i r cu i t  p o r t i o n  of t h e  charge- 

discharge curve .  

I have a sample charge-discharge curve on the  

nex t  s l i d e .  

( S l i d e )  

T h i s  used t o  be green, b u t  on  the  blackboard it 

comes ou t  n o t  t o o  clear. 

There are p o i n t s  submerged i n  t h i s  g r e e n  l i n e  

for charge and d i scha rge .  W e  see t h a t  as  w e  accumulate 

t h e  v o l t a g e  r ead ings ,  w e  also accumulate ampere-hours. 

W e  a l so  accumulate wat t -hours .  From that w e  can  ge t  t he  

average  v o l t a g e  f o r  both the charge and discharge c y c l e .  

To g ive  you some idea  of the t y p e  of room tha t  

is r e q u i r e d  for t h i s  f a c i l i t y ,  the next s l i d e  w i l l  show 

us  the  a c t u a l  computer i t s e l f .  I t  is a DSI 1000. 

(6l ide)  

The m u l t i p l e x e r  and the d i g i t a l  v o l t  meter, 

power s u p p l i e s ,  and the ballast resistors are t e l e t y p e d ,  

and the photo-reader and magnetic tape u n i t s  are shown 

here.  

( S l i d e )  
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The next s l i d e  shows u s  a p o r t i o n  of the test  

f a c i l i t y .  The p i c t u r e s  were taken be fo re  the ce l l s  

were comple te ly  i n  ope ra t ion ,  and these are not  connected. 

So don' t  be d i s t u r b e d .  T h i s  p i c t u r e  was taken before the 

o p e r a t i o n  began. 

You can  see i f  you l i k e  you can  set a beaker 

here, or i f  you l i k e ,  you can use  a cel l .  O r  i f  you have 

a bigger f a c i l i t y ,  bigger device,  you can  set i t  here. 

W e  also have temperature  c a b i n e t s  fo r  c o n t r o l -  

l i n g  the temperature  from -40 t o  +200 degrees Fahrenhe i t .  

W e  have p r o v i s i o n s  i n  o u r  mul t ip l exe r  for  i n c l u s i o n  of 

in fo rma t ion  of p res su re  and temperature .  These are n o t  

as y e t  i n s t a l l e d  i n  our  f a c i l i t y .  

Perhaps I might s a y  t h a t  w e  feel ,  i n  c l o s i n g ,  

t h i s  is a very u s e f u l  t o o l  for  u s  t o  s t u d y  rechargeable 

ba t t e ry  sys t ems .  We feel,  along w i t h  the people that  

have been d i s c u s s i n g  the work p rev ious ly  t h i s  a f t e r n o o n ,  

t h a t  t h i s  w i l l  indeed be a very powerful  too l  i n  he lp ing  

u s  t o  develop new and better b a t t e r y  systems. 

Thank you. 

MR. SHAIR: Thank you very  much, Ralph. 

The f loor  is now open fo r  d i s c u s s i o n  on t h i s  

and a l l  the  preceding papers. 

I don't  see a n  awful  lo t  of q u e s t i o n s .  

Eknst?, . 
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here. I 

concepts  

some body 

as I can  

MR. OHM: I would l i k e  t o  make a l i t t l e  remark 

have t o  t r a n s l a t e  these t h i n g s  i n t o  simple 

f o r  myself .  And I a m  f o o l i s h  enough t o  b e l i e v e  

else does, too. 

There w e r e  two p r e s e n t a t i o n s  here today ,  as  f a r  

d i s t i n g u i s h  them a t  least  -- one w a s  by Dr. S t r i e r  

and the o ther  by Dr. Waite -- t h a t  gave u s  something other 

from the  u s u a l  s t a t i s t i c a l  approach. 

When you toss  a c o i n  s t a t i s t i c a l l y ,  t h e  chances 

are 50-50 it  w i l l  come up one way or  the  other .  What 

you would l i ke  Lo know beforehand is how w i l l  t h i s  par -  

t i c u l a r  c o i n  come up. I t  appears t h a t  there may be ways 

of p r e d i c t i n g  t h i s  by t r y i n g  t o  match p r o f i l e s .  

T h i s  is what these people  have been t r y i n g  

t o  tel l .  u s .  The first t i m e  t h i s  w a s  done,  as f a r  as I 

know was on  re lays  around the t i m e  of World War 11, or 

so I was t o l d  by a mathematician from P r i n c e t o n ,  where 

they  t r i e d  t o  f i n d  o u t  the  i n c i p i e n t  f a i l u r e  by look ing  

at the  i n i t i a l  data and,  indeed ,  found t h a t  t hey  cou ld  

d i s t i n g u i s h  t h i s ,  and i n d i c a t i o n s  came a p p a r e n t l y  from 

f a u l t y  s p r i n g  material i n  the  r e l a y .  So t hey  improved 

t h e  s p r i n g s  and t h a t  was t h e  end  of t h a t .  

They d i d n e t  bother t o  go deeper i n t o  it be- 

cause the r e l a y s  were now s a t i s f a c t o r y .  

The p o i n t  I am t r y i n g  to  make here is t ha t  I 
__ ~ ~ 
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t h i n k  the  approach of p red ic t ing  f a i l u r e  on a determin- 

ist ic rather t h a n  on a p r o b a b a l i s t i c  basis, is extremely 

impor tan t  to us .  As f a r  as I am concerned I am w i l l i n g  

t o  throw away a l l  t h e  t r a d i t i o n a l  s t a t i s t i s t i ca l  approaches 

i f  I can  f i n d  a good d e t e r m i n i s t i c  approach. 

The first i n d i c a t i o n  t ha t  a11 is not w e l l  came 

today when t w o  people, M r .  Waite and M r .  Lannan t o l d  us  

it may take s e v e r a l  thousand c y c l e s  before we can  t e l l  

whether something is going t o  f a i l  or n o t .  That j u s t  i s n ' t  

good enough. However, t h i s  doesn ' t  mean t h a t  w e  nave t o  

g i v e  up y e t ,  because we don't  know enough about  it . 
I t h i n k  t h e  emphasis t h a t  w e  have t o  p l ace  on 

such  work is t o  t r y  t o  f i n d  indicators ,  and there is noth ing  

t ha t  t e l l s  me  t h a t  the! 16 i n d i c a t o r s  o r  whatever number 

i t  is t h a t  has been picked so far,  is the r i g h t  number, 

or t h a t  they  are the r i g h t  indicators .  I t h i n k  the  emphasis 

on the work has t o  be on f i n d i n g  the r i g h t  k ind  of i n d i -  

cators and g e t t i n g  t h e  r i g h t  kind of data i n  t he  first 

place, t o  see whether w e  can g e t  p r e d i c t i o n s  i n  the  first 

few dozen cycles a t  most. T h a t  may still  be possible, 

and it is c e r t a i n l y  worthwhile t r y i n g  t o  shoot fo r .  

MR. SHAIR: Thank you. A q u e s t i o n  from M r .  

Max Sherfey.  

MR. SHERFEY: I w o u l d  l i k e  t o  comment on 

E r n s t ' s  remarks j u s t  now. It seems t o  me t o  be p r e t t y  
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obvious i f  you t h i n k  about  i t  t h a t  any i n d i c a t o r  t h a t  

you f i n d  w i l l  be dependent on the f a i l u r e  mechanism 

of the b a t t e r y  that you f i n d  i t  i n .  And t h i s  imp l i e s  

t h a t  these t w o  w i l l  go together and only  t o g e t h e r .  

For  i n s t a n c e ,  you might see a d e c r e a s i n g  end 

of d i scha rge  vo l t age  o r  something l i k e  t h i s .  B u t  t h a t  

wouldn't work, w e  w i l l  s a y ,  on a ba t t e ry  i f  o p e r a t e d  i n  

a d i f f e r e n t  way, because i t  is f a i l i n g ,  s a y ,  t o  increas- 

i n g  p res su re  a t  the end of the  charge .  

I t h i n k  w e  ought t o  a l l  real ize  t h a t  there is 

n o t  going t o  be one index but  perhaps many. And each 

one related t o  its own p a r t i c u l a r  f a i l u r e  mechanism. 

The other t h i n g  I want t o  b r i n g  up is t h i s :  

There seems t o  be g e n e r a l  agreement among the s t a t i s t i -  

c i a n s  here t h a t  w e  need more data.  I a m  not go ing  to  

argue t h a t  p o i n t .  I would l i k e  t o  make t h i s  p o i n t  though: 

Those of us who are des ign ing  b a t t e r y  tests are up 

a g a i n s t  a very r ea l  problem here. With  present-day 

computersp if you want  t o  you can  take a complete s c a n  

-- I suppose every m i l l i s e c o n d .  But the volume of data 

genera ted  is j u s t  f a n t a s t i c .  

You have got to  draw the  l i n e  someplace. This  

is especial ly  t r u e  if you are p u t t i n g  y o u r  data on  cards. 

I t  is not  q u i t e  so t r u e  if you are p u t t i n g  it on  t a p e .  

But there are good reasons  for  p u t t i n g  i t  on cards. 
- ~~ ~ 
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I would l i k e  t o  hea r  comments f r o m  anyone who 

wants to comment on i t ,  and i n  p a r t i c u l a r  from John Waite, 

as t o  j u s t  -- I would l i k e  h i m  to comment on t w o  t h ings :  

F i r s t  of a l l ,  how o f t e n  w i t h i n  the cycle and where i n  

the  cycle should  w e  t a k e  the  da ta  i f  w e  are going t o  

look a t  t h a t  cycle. 

And second, how o f t e n  should  w e  look a t  cycles. 

Should w e  make t h i s  a n  arbitrary t h i n g  l i k e  once every  

30 cycles, o r  once eve ry  f i v e  cycles, o r  shou ld  w e  do 

the t y p e  of t h i n g  that was done a t  Mart in ,  you store in 

the  computer what the previous  reading  was dur ing  a g iven  

t i m e  i n  the c y c l e  and look for  a change, what h o p e f u l l y  

w i l l  be a s i g n i f i c a n t  change i n  the data. 

MR. WAITE: Thank you for  the  q u e s t i o n .  I t  

is j u s t  t he  one I want. 

I t h i n k ,  No. 1, one of the  t h i n g s  that  a com- 

p u t e r  is a b l e  t o  do f o r  you is accept  t h i s  data a c q u i s i -  

t i o n  on- l ine  and reduce it  so t h a t  you do not  keep a l l  

t h e  cards, As a matter of fact, you feed the  s i g n a l s  

i n  because t h e y  a r e  monitored, b u t  you don ' t  keep the  

record of the  cards. I n  fac t ,  €'.s&t!donly keeping 

reduced pa t t e rns ,  t h a t  w e  have t o  decide a l t o g e t h e r  

what these patterns are, what these f i n g e r p r i n t s  are. 

I t h i n k  t o  date I l i k e  t h e  histograms. I 

would rather have my 20,000 cards of histogram t h a n  
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Crane 600,000 cards of v o l t a g e s .  And t h i s  cou ld  have 

been g o t t e n  wi thout  e v e r  making one card. 

However, I t h i n k  for a record you might want 

t o  p r i n t o u t  e v e r y  t h i r t i e t h  cycle or whatever you want,  

But the data r e d u c t i o n  problem is p o s s i b l e  on - l ine ,  and 

t h a t  is a n  answer t o  t h a t  q u e s t i o n .  

What p o r t i o n  of the c y c l e  do you want, and how 

many monitor ing p o i n t s  do you want? I t h i n k  t h e  computer 

g i v e s  you a c a p a b i l i t y  t o  take as many as you want,  be- 

cause i t  reduces i t  and makes for you the r e s u l t a n t  re- 

duced data t h a t  you are going to  keep. 

I would s a y  t h e  more the merrier. I would l i k e  

t o  take as  much -- I t h i n k  the  l i m i t a t i o n  is going t o  

be on the a c q u i s i t i o n  equipment. They a re  no t  go ing  t o  

be able t o  take  more than  so much. The computer w i l l  

be able t o  abso rb  it a l l  and reduce it t o  what you want. 

I t h i n k  t ha t  j u s t  l i k e  i n  code work, i n  comes 

the  computer and a l l  of a sudden t h e  whole techniques  

change because you can gobble up the t h i n g  and d iges t  

it a t  speeds t h a t  are unbe l i evab le ,  and you can g e t  o u t  

the c r i t e r i a  o r  d e c i s i o n  t h a t  you want. T h i s  is where 

the  problem is. 

Does the v o l t a g e  data ,  or any other data you 

are c o l l e c t i n g ,  have the  c r i t e r i a  f o r  decision? If i t  

doesn ' t ,  t h e n  back w e  are to  t h e  labs. But i f  it does, 
~ _ _ _ _ ~ -  



209 

and I f e e l  it has some of i t  -- I don ' t  want t o  say  i t  

has a l l  of i t  -- w e  ought t o  use i t .  E s p e c i a l l y  i f  a 

computer system as described i n  the l a s t  paper is able 

t o  cope w i t h  it. 

MR. SHAIR: I would l i ke  t o  make a comment here 

m y s e l f  , 

Today I have g o t t e n  a very  good review on what 

you can  do w i t h  data, bu t  I haven't  s e e n  any of the data 

ana lyzed .  I would l i k e  t o  welcome a s e s s i o n  coming up 

where somebody having done a n a l y s i s  of data throws a curve 

OF a phenomenon on the board or on a s l ide  p r o j e c t i o n  

and s a y s ,  etLooko w e  conclude t h a t  cells  do t h i s ,  t h i s ,  

and don ' t  do t h a t  and that." And the manufac turers  and 

u s e r s  can  get up and t r y  t o  f i g u r e  o u t  what is going  on. 

Is there something fundamental ly  wrong w i t h  

the cell? Is there something fundamental ly  wrong w i t h  

the use? 

I see now a l l  the techniques  f o r  c o l l e c t i n g  

and a n a l y z i n g  t h i s  data. I a m  looking forward to  the 

n e x t  s e s s i o n  when w e  w i l l  show the data on the s c r e e n  

and try t o  take it  apart .  

MR, WILLIHNGANZ (C&D,Battery Corp,)  : D i d  any- 

body here read a book cal led @'Alice i n  Wonderland"? I 

feel  I have gone through one of the  l a s t  s c e n e s  i n  

the book i n  which Alice -- Let's s k i p  the  detai ls .  We 
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have s e e n  cel ls  of v a r i o u s  k i n d s  which are f a i l i n g  

because somebody l e f t  a s c r e w  i n s i d e  it, because some- 

body d i d n e t  seal the edge p rope r ly ,  t h e r e  is a defec- 

t i v e  weld, a t e r m i n a l  burned off i n s i d e ,  a hole developed 

through the  s e p a r a t o r  because there was a p inho le  sho r t  

by the me ta l  t h i n g  there. And what are you doing t r y i n g  

t o  run s t a t i s t i c a l  a n a l y s e s  on these t h i n g s ?  

You had better take a look a t  your b a t t e r y  and 

' f i nd  out what is wrong and f i x  i t ,  and don ' t  t r y  t o  run 

a m i l l i o n  cards through a s t a t i s t i c a l  a n a l y s i s  t o  f i n d  o u t .  

(Applause) 

MR. UGISTRO (P ica t inny  Arsena l ) :  I would l i k e  

a comment on t h e  technique .  

(Laughter ) 

I n  the f ieLd of e x p l o s i v e s ,  i n  one-shot dev ices ,  

w e  on ly  have one oppor tun i ty  t o  check whether the ex-  

p l o s i v e  o r  the one-shot device w i l l  work or not  work. 

The man from Martin,  M r ,  Fowler, I b e l i e v e ,  referenced 

what he called the 99 per c e n t  p o i n t ,  I b e l i e v e  he s a i  e 

He had estimated t h a t  there is a range of u s e  c o n d i t i o n s  

he s a i d  okay, t h i s  w i l l  be t h e  one chance i n  a hundred 

t h a t  t h i s  stress w i l l  occur, And then  he cons ide red  

t e s t i n g  a t  t h a t  p o i n t .  

I n  e x p l o s i v e s ,  and s e n s i t i v i t y  tests, there 
~ 

~~ 
~ 
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is a primer .  I t  w i l l  r e a c t  t o  a c e r t a i n  energy t h a t  

s t r ikes  the primer.  You have t o  f i n d  t h i s  energy.  We 

have called t h i s  the stress, a s  M r .  Fowler has ,  and w e  

have d e f i n e d  ano the r  curve a s  t h e  s t r e n g t h .  

There is a s l i g h t  s u b t l e  d i f f e m n c e  between 

p i ck ing  a po in t  here or a po in t  on t h i s  curve.  I n  other 

words, w e  s a y  t h i s  is the expected use cond i t ion .  Let's 

con t inue  going  up an increment a t  a t i m e  u n t i l  we get 

a f a i l u r e .  

I n  t a l k i n g  about  e f f i c i e n c i e s  -- a lot of t n i s  

data w a s  gene ra t ed  w i t h  respect t o  thermal  bat ter ies ,  

by t h e  way -- w e  could  w i t h  15 i t e m s  determine margin 

of safe ty  between the one p e r  cen t  p o i n t ,  and i n  a hun- 

dred, and t h e  average s t r e n g t h  t o  f a i l u r e .  A l o t  of t h i s  

work was done by Lesser a t  Redstone about t e n  years ago. 

He started t h i s  technique .  

The q u e s t i o n  I have is, can  something l i k e  t h i s ,  

where you improve t h e  e f f i c i e n c y  of your t es t  w i t h  very 

small samples,  and demonstrate  a margin of s a f e t y  f a r  

above t h i s  one i n  a hundred techniques ,  be u t i l i z e d ?  

The thermal ba t t e ry  impedance is very  high, so you can 

s a y ,  okay, I w i l l  pu l se  the b a t t e r y  and measure v o l t a g e  

drop and use t h a t  as my criteria. 

I n  a very f e w  cycles, by measuring t h i s  de- 

crease i n  v o l t a g e ,  they can  t e l l  whether the bat tery w i l l  
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I a m  throwing t h i s  o u t  as a p o s s i b i l i t y .  

T h i s  p u l s e  d rop  of f i v e  t i m e s  normal c u r r e n t  practice 

may n o t  apply  t o  the other sys tems.  But t h i s  stress 

ve r sus  s t r e n g t h  technique  has proved very  e f f i c i e n t  

f o r  a r t i l l e r y  shel ls  and one-shot items. I wonder 

i f  anybody would care t o  comment on t h a t .  I t  is used 

f o r  mul t i -cyc le  b a t t e r y ,  What you might impose as a 

load,  f o r  i n s t a n c e .  

MR. S H A I R :  I might mention t ha t  there doesn ' t  

happen t o  be a simple d i a g n o s t i c  t es t  s u c h  as tha t .  

Most u s e r s  whoatre app ly ing  these aerospace cells i n  

the s a t e l l i t e  programs have set  up  a group of c r i te r ia  

which they use i n  order t o  select cel ls  which, accord- 

ing t o  t h e i r  best i n t u i t i o n  and best e x p e r i e n c e ,  i n d i -  

cates t h a t  the cells w i l l  be s u c c e s s f u l  i n  a b a t t e r y .  

But there is no n i c e ,  q u i c k  d i a g n o s t i c  tes t .  That is 

what was hoped would emanate from some of these programs 

and s ta t i s t ica l  a n a l y s e s .  

One t h i n g  t h a t  the s ta t i s t ica l  a n a l y s i s  does 

do, is it does t e n d  t o  i n d i c a t e  what some of the  

mechanisms of f a i l u r e  are These mechanisms would 

be of  i n t e r e s t  t o  the b a t t e r y  manufac turer  so tha t  he 

can remove these r ea l ly ,  what they  appear t o  be, k i n d  

of random f a u l t s ,  poor workmanship, and t h i n g s  of 
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t h a t  n a t u r e .  And from t h i s  in format ion  w e  can take o u t  

of the cel ls  t h e s e  f a u l t s  which are l e a d i n g  t o  these k inds  

of defects. 

I t h i n k  it w a s  s i g n i f i c a n t  today  to  hear s e v e r a l  

people s a y  t h a t ,  no wear-out mode has y e t  been found f o r  

t h e  nickel-cadmium ce l l ,  which i n d i c a t e s  that  the f i v e -  

and ten-year  b a t t e r y  c a n  be achieved,  provided QC is 

achieved .  P e t e r  Fowler brought t h a t  ou t .  

The human aspects of b u i l d i n g  a b a t t e r y  are 

q u i t e  as impor tan t  as t h e  s ta t i s t ica l  end of it. And 

QC has become a real  impor tan t  aspect i n  aerospace  b a t -  

t e r y  manufacture . 
MR. MAUCHLY: I don't know a n y t h i n g  about  

b a t t e r i e s .  I have taken  them a p a r t  and looked a t  them. 

But I don ' t  know what goes on i n s i d e  them, and I'm 

n o t  going t o  t r y  t o  t e l l  anybody. 

On the other hand, I thought  there w a s  one 

p o i n t  raised a while ago which wasn ' t  answered by M r .  

Waite's answer,  which dealt w i t h  one aspect b u t  l e f t  

t h i s  one o u t ,  and t h a t  w a s  the q u e s t i o n  of how many d i f -  

f e r e n t  i n d i c a t o r s  are you going t o  have t o  have. Are 

you going t o  have a d i f f e r e n t  kind of b a t t e r y ,  or are 

you going  to need d i f f e r e n t  kinds of i n d i c a t o r s ?  

But of cour se .  Does anybody s u s p e c t  other- 

w i s e ?  
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What was Peter Fowler t a l k i n g  about  when he : 

said,, "Don't OdeproveO your product  w i t h o u t  a t  l eas t  t e l l -  

i n g  us first"? We donOt l i k e  t o  be s u r p r i s e d .  

If you are going  t o  have any k ind  of a non- 

d e s t r u c t i v e  tes t  which is going t o  t e l l  you a n y t h i n g  about  

whether a ba t te ry  is going  t o  f a i l  o r  go ing  t o  hold up i n  

service, you c e r t a i n l y  have got  t o  have e x p e r i e n c e  on test-  

ing  s u c h  bat ter ies  b e f o r e  you can c o n s t r u c t  t h a t  tes t .  

I ,  fo r  one,, don ' t  b e l i e v e  t h a t  a t e s t  made on 

some outmoded o l d  t h i n g s  which had junk  i n  them is going  

t o  be good fo r  e v e r y t h i n g  else i n  t h e  world hereafter, 

whether you use  a computer t o  do it o r  no t .  That  is q u i t e  

immater ia l  and i r r e l e v a n t ,  beside the p o i n t ,  and the com- 

pu te r ,  as u s u a l ,  is j u s t  an  a i d  f o r  doing these t h i n g s  

better, and t o  reducing  the data s u c h  t h a t  you don ' t  ge t  

overpowered with the data. 

I would l i k e  t o  d rop  one more thought ,  s i n c e  

t h i s  seems t o  be the thought-dropping p o i n t  of the ses- 

s i o n ,  I t  does seem t o  me as i f  the  possibil i t ies of 

f i n d i n g  o u t  more about  what goes on i n  batteries have no t  

been exhaus ted .  I t h i n k  D r .  F l e i s c h e r  po in t ed  t h a t  up 

from one s ide .  

There is a l so  the p o s s i b i l i t y  of c o n s t r u c t i n g  

d i f f e r e n t  k inds  of tests which i n  themselves  may n o t  

tell you what is going  on i n  the b a t t e r y ,  b u t  which may 
~ 
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be found t o  be w e l l  correlated w i t h  some kind of be- 

h a v i o r  i n  the  f i e l d ,  and tha t  c o r r e l a t i o n  itself may 

be u s e f u l .  

In  p a r t i c u l a r ,  I note  that ,  i t  has a l r e a d y  been 

dropped s e v e r a l  times, the  idea of puls ing .  But I haven't 

heard anybody s a y  t h a t  they found any th ing  u s e f u l  o r  

they  have tr ied puls ing .  Maybe t h e y  have. 

T h i s  is obvious ly  a good way of g e t t i n g  -- t o  

me it seems -- I don't  know anyth ing  about  batteries,  you 

unders tand;  I happened t o  s ta r t  o u t  as an  electrical  

e n g i n e e r  -- pu l s ing  i n  the e l e c t r o n i c  components some- 

t i m e s  is a good way t o  auicrkly f i n d  o u t  something about  

e lectr ical  characteristics without  g e n e r a t i n g  heat prob- 

lems. Here w e  are appa ren t ly  l i v i n g  i n  a world where w e  

are t a l k i n g  about  thousands of c y c l e s  and o rb i t s  which 

go from 90 minutes  on up, and we haven't  y e t  found o u t  

t h a t  no t  on ly  can  w e  make measurements i n  m i l l i s e c o n d s ,  

w e  can make p u l s e s  i n  microseconds. 

Given the proper regard  fo r  the capacities of 

the  c i r c u i t s  -- the  e lectr ical  c a p a c i t y  I a m  t a l k i n g  

about  now, no t  t he  b a t t e r y  c a p a c i t y  -- g iven  proper re- 

gard for  the e lectr ical  capacity and conduht ions.  and 

other t h i n g s ,  you ought t o  be a b l e  to  f i n d  o u t  an  awful  

l o t  about  e lectr ical  characteristics and perhaps electro- 

chemical characteristics of some of these t h i n g s  by 



126 
GM: SM 

216 

t echn iques  which do n o t  damage the b a t t e r y  because they  

have created heat i n  i t .  

I w i l l  f i n a l l y  end t h i s  by a l i t t l e  t h i n g  tha t  

I d o n * t  know much about ,  bu t  I have heard a b o u t ,  t h a t  

the  people doing e l e c t r o p l a t i n g ,  f o r  i n s t a n c e ,  do t h i s  

of cour se  w i t h  DC. What else? I f  you p u t  AC i n  an  electro- 

p l a t i n g  b a t h ,  you w i l l  take o f f  as much material as you 

p u t  on, But somebody found o u t  someplace t h a t  i f  you 

superimpose A 6  on DC, you cou ld  do some n i c e  t h i n g s  i n  

e l e c t r o p l a t i n g ,  I b e l i e v e  , whether it is called electro- 

po l i sh ing  or  what. 

I wonder what would happen if w e  added t o  some 

of t h e s e  tests a superimposed AC r i p p l e ,  not  n e c e s s a r i l y  

a l l  the time, eve ry  t i m e  and a l l  t h a t ,  But what extra 

informat ion  do w e  c o l l e c t ,  and what more d i a g n o s t i c  tests 

could you c o n s t r u c t  on these bases? 

These are j u s t  ideas. I don ' t  know whether 

they will work. Maybe somebody t r i e d  them a l l  and ex- 

haus ted  them, and w e  are a t  the end of the  road .  

I don ' t  t h i n k  w e  are a t  t h e  end  of t h e  road 

u n t i l  w e  have taken a l l  t he  material o u t  of t he  ba t -  

t e r i e s  and know what is going on. 

MR. SHAFFER (American Machine & Foundry) : T h i s  

i d e a  of p u l s i n g  has been around I t h i n k  fo r  about  t e n  

y e a r s ,  A l l  t h e  b a t t e r y  people are? probably aware of i t .  
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The electrical  c a p i c i t a n c e  of a s t a n d a r d  b a t t e r y  is 

enormous. There are pu l se  dev ices  described i n  the lit- 

erature t h a t  have been s l i g h t l y  u s e f u l  i n  f u e l  cells  and 

b a t t e r y - l i k e  a p p l i c a t i o n s  . 
One I t h i n k  of is the Core-Marcobridge described 

i n  the Journa l  of the Electrochemical Society.  

I t h i n k  it is great t o  t h i n k  abou t  t h i s .  Don't 

misunderstand m e .  But t y p i c a l l y  you could  get hundreds 

of microfarads per squa re  cen t ime te r  when a metal s u r f a c e  

is i n  c o n t a c t  w i t h  an  electrolyte, and i n  a ba t t e ry  w e  go 

to a lot OS t r o u b l e  t o  ge t  a f i n e l y  d i v i d e d  s e r v i c e .  

W e  are up against i t  when i t  comes t o  p u l s i n g ,  

a l though  basical ly  you keep hoping tha t  you can  work some- 

t h i n g  o u t .  

H a s  anybody more r e c e n t  work on pu l s ing?  I t  is 

a f a s c i n a t i n g  s u b j e c t .  

MR. SHAIR: I see three q u e s t i o n s .  Wil lard 

Scott, Peter Fowler,  and t h e n  the  l a s t  speaker. 

MR. SCOTT: (TRW Sys tems) :  F i r s t  a s m a l l  word 

on p u l s i n g .  We have done a l i t t l e  b i t  of t h i s  and the  

r e s u l t s  are f a r  from conclus ive .  I was s u r p r i s e d  t o  

f i n d  o u t  by a n a l y s i s  of the frequency characteristics 

AC v o l t a g e  v e r s u s  c u r r e n t  frequency characteristics of 

cells  tha t  they  behave as  i f  t h i s  large c a p a c i t y  is 

i n  series w i t h  a ce l l  impedance and not i n  para l le l .  
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So t h a t  t h i s  large c a p a c i t y  doesnOt a c t u a l l y  r e a l l y  i n -  

terfere as much w i t h  p u l s i n g  as does the  i n t e r n a l  i n -  

ductance of these cells. E s p e c i a l l y ,  s a y ,  t h e  n i c k e l -  

cadmium ce l l  which has a l o t  of magne t i ca l ly  s u s c e p t i b l e  

m a t e r i a l s  i n  it. 

So t h a t ,  i n  t e r m s  of us ing  these rap id  pu l ses  

we f i n d  t h a t  the  i n t e r n a l  inductance gets i n  your way 

more t h a n  t h i s  c a p a c i t y  effect .  I c a n ' t  r e a l l y  g ive  you 

much more of a d i s s e r t a t i o n  on t h i s .  T h i s  is my impression 

from some br i e f  experiments  we have done. 

I want t o  put ano the r  q u e s t i o n  t o  you, Bob. You 

mentioned tha t  i t  d idn ' t  l i k e  there w a s  a wear-out mode 

f o r  a nickel-cadmium cel l .  I have heard a l o t  about  the 

loss of capaci ty  o v e r  a long period of t i m e  of the nega- 

t i v e  plate ,  due t o  t h i n g s  l i k e  carbonate  format ion ,  mig ra t ion  

of cadmium i n t o  the separator, and so for th .  How do you 

c l a s s i fy  these phenomena i n  terms of wear-out modes? 

MR. S H A I R :  I would s a y  these are p o t e n t i a l  

wear-out modes. I t h i n k  much of the c y c l i n g  which has 

come t o  an end p o s s i b l y  has not  come to  a wear-out mode 

because of t he  c e l l  isolated from the r o u t i n e  i n  which 

i t  w a s  be ing  cyc led .  

W e  t a l k  about  separator degrada t ion  and bu i ldup  

of ca rbona te s .  I a m  a l i t t l e  s u r p r i s e d  a t  t ha t ,  because 

w e  don't  p u t  c e l l u l o s i c  separators i n t o  ce l l s  anymore 
~ ~ ~~~ 
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today .  T h i s  is something t h a t  happened years ago. So 

the  bu i ldup  of carbonate  i n  t he  ce l l  shou ld  be r e l a t i v e l y  

s m a l l .  

I would s a y  tha t  the migrat ion of cadmium, y e s ,  

t h a t  is a wear-out mode. B u t  a s  y e t  I don't  know of any  

tes ts  t h a t  have conc lus ive ly  shown t h a t  t h a t  wear-out  

mode caused t h e  ce l l  i n  a par t icular  r o u t i n e  t o  f a i l .  

T h i s  is as c o n t r a s t e d  poss ib ly  t o  some cells s u c h  as the 

s i l v e r  t y p e  cel ls  which do have a wear -ou t  mode which is 

somewhat a s s o c i a t e d  w i t h  time . 
D i d  you have ano the r  q u e s t i o n ,  a n o t h e r  p a r t  t o  

the ques t ion?  

MR. SCOTT: Only a s m a l l  coun te r  t o  one of your  

remarks j u s t  made, and tha t  is t h a t  w e  have done some 

a n a l y s i s  f o r  carbonate  i n  the e l e c t r o l y t e  of n i c k e l -  

cadmium cel ls  r e c e n t l y  which a re  made w i t h  polypropylene 

s e p a r a t o r s ,  I b e l i e v e ,  and found a very h igh  carbonate  

l e v e l .  We don' t  know where it is coming from. 

MR. SHAFFER: T h i s  is very p e r t i n e n t  t o  what he 

s a i d ,  I t  seems t o  m e  -= I am n o t  an  e lec t r ica l  e n g i n e e r ,  

so you s t r a i g h t e n  m e  o u t  i f  I am wrong -- it seems t o  

m e  t h a t  once w e  have a b l ack  box and w e  apply  a fre- 

quency t o  it and s a y  w e  are going t o  ana lyze  t h i s  i n  

terms of a r eac t ance  and r e s i s t a n c e ,  w e  can  put  the 

r eac t ance  and r e s i s t a n c e  i n  series o r  i n  paral le l .  
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We w i l l  g e t  d i f f e r e n t  numbers. 

We can put  them i n  series or p a r a l l e l ,  and it 

makes no difference. The key t o  the t h i n g  is t o  s t u d y  

a d i s p e r s i o n  c u r v e o  G e t  t he  behavior  o v e r  a g r e a t  range 

of f r e q u e n c i e s  from something t h a t  might be n e a r  DC t o  

something tha t  might be indeed a very  very h i g h  frequency.  

MR, SHAER: I have t o  hold back a couple  of f 

p e o p l e ,  l i k e  Dr. FLeiseher  and D r .  Brodd, who worked a l o t  

on t h i s  s u b j e c t  and has expounded on it  a t  g r e a t  l e n g t h  

i n  many E lec t rochemica l  B o c i e t y  m e e t i n g s .  I a m  n o t  going 

to l e t  you f e l l o w s  g e t  t a l k i n g ,  

(Laughter) 

MR. FOWLER: I would l i ke , ,  whi le  t a l k i n g  p u l s e s ,  

to  draw t o  your a t t e n t i o n  something you may no t  a l l  be 

aware of. 

P u l s e  tes t  has been used ex t remely  s u c c e s s f u l l y  

on r e s i s t o r s  and t r a n s i s t o r s .  And t h i s  commercial equip-  

ment,, I c a n ' t  remember the name of it, what they  are 

doing -- and t h i s  might be wor th  t r y i n g  on bat ter ies  -- 
is t h i s :  They take a r e s i s t o r  and put  a very l a r g e  c u r -  

r e n t  p u l s e  i n  i t  so the r e s i s t o r  heats i s o t h e r m a l l y ,  

I t  heats w i t h  no heat loss. What t h e y  look  a t  then  is 

t h e  exact shape of t h e  -- 
VOICF: A d i a b a t i c a l l y .  

MR. FOWLER: I beg your  pardon. You are r i g h t .  
~~ ~~ ~~ 
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They look a t  the  shape of the vo l t age  pulse  across the 

resistor, and on a perfect r e s i s t o r  it would look l i k e  

t h a t .  

What they  found is that the  a c t u a l  shape you 

get, which has a l l  sorts of r i p p l e s  and wiggles i n  i t ,  is 

ext remely  characterist ic of c e r t a i n  f a i l u r e  modes of the 

resistor . 
This t u r n e d  o u t  t o  be a very ,very  e f f i c i e n t  

s c r e e n i n g  test  fo r  resistors. Somebody might t r y  i t  on 

bat ter ies .  

DR. FLEISCHER: The answer t o  t h a t  is t h a t  it has 

been t r ied .  

VOICE: Let h i m  have a f e w  words. 

(Laughter) 

DR. FLEISCKER: Most of the quest,ons t ha t  have 

been brought up have a l r e a d y  been w r i t t e n  abou t  i n  t w o  

ar t ic les  about  e igh t  years ago by Von Dehmelt. They went 

t o  the  l i m i t  of what you can  do i n  t h i s  type  of work by 

us ing  the  ( u n i n t e l l i g i b l e )  p l o t .  If you r e a l l y  want t o  

have a n  op in ion  about t h i s ,  we w i l l  have D r .  Brodd work 

on it. 

MR. MAGISTRO: The o v e r s t r e s s  by p u l s i n g  is 

n o t  r e a l l y  what I wanted t o  get a t .  I n  fact it probably 

was a wrong analogy fo r  me t o  use. 

To g ive  you the s t e e l  beam analogy,  c i v i l  
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eng inee r s  take a s t ee l  b e a m  a t  30,000 p s i  e las t ic  modulus 

and des ign  for  5,000 stress l e v e l .  The b e a m  w i l l  never  

f a i l  because it is used way below its s t r e n g t h .  

You have a b a t t e r y  t h a t  is i n h e r e n t l y  very good, 

s e v e r a l  thousand c y c l e s ,  and you are app ly ing  very l o w ,  

so  to  speak,  use  c o n d i t i o n s  t o  t h i s  b a t t e r y .  I t  is a l -  

most i nhe ren t  t h a t  you w i l l  never  see a f a i l u r e  u n t i l  you 

g e t  way o u t  there i n  many thousands of c y c l e s .  

What we shou ld  look for, and I used t h e  pu l se  

analogy maybe improperly and mis led  somebody -- is some 

d i sc r imina to ry  stress, whether it be a pulse  or a com- 

b i n a t i o n  of pulse  and temperature ,  which g i v e s  u s  a n o t i c e -  

able effect  i n  t he  e a r l y  series of tests.  T h i s  is what 

I r e a l l y  meant. 

I guess  the word I shou ld  be us ing  is a tes t  

of  i nc reased  s e v e r i t y  t o  detect each one of these many 

f a i l u r e  modes. There must be one combination of  s e v e r a l  

stresses t h a t  can do t h i s  for  us .  

I used the  pulse  because it does work i n  a 

thermal b a t t e r y 9  because its impedance is high. 

That is what I r e a l l y  meant. 

MR. SHAIR: Ralph Brodd. 

MR. BRODD: I might g i v e  you a qu ick  ind ica -  

t i o n  of  some of the t r o u b l e s  you get i n t o  by drawing 

the diagram of the impedance e q u a t i o n  of ,  s a y ,  a 
-~ 
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decised nickel-cadmium b a t t e r y  . 
Let's ca l l  t h i s  X reac tance  ve r sus  r e s i s t a n c e .  

The u n i t s  of r e s i s t a n c e  are about a hundredth of a n  ohm, 

on t h i s  axis.  And you f i n d  t h a t  you g e t  something l ike  

t h i s ,  w i t h  t h i s  about  50 cycles and t h i s  about  50 kps. 

So t ha t  you have, f i r s t  of a l l ,  a very  l a r g e  c a p a c i t i v e  

e f f e c t  t h a t  you have t o  work w i t h .  

You have a very s m a l l  value of the r e s i s t a n c e .  

And t h i s  p l aces  a great deal of s e v e r i t y  on t h e  measure- 

ment techniques  t h a t  you can  use i n  order t o  make 8 a ign i -  

P i c a n t  measurement. You can show t h a t  there are some 

changes t h a t  occur  dur ing  charge and d ischarge .  That is 

t o  s a y ,  t h i s  curve w i l l  change. 

If t h i s  is a charge,  t h i s  would be the d i s -  

charge 

So that  t h e r e  are changes such  as t h i s  t h a t  

occur w i t h  frequency on charge and d i scha rge .  Whether 

these can be used t o  predict ba t t e ry  f a i l u r e  is hard 

t o  t e l l .  I t  is p r i m a r i L y  to do w i t h  t he  electrochemical 

I 
I 

I a s p e c t s  of t h e  system. 

The frequency effects  are due to  the  electrode 

r e a c t i o n s  that  go on. You can g e t  some judgment about  

how f a s t  r e a c t i o n s  go on, i n  other  words, how r e v e r s i b l e  

the s y s t e m  is by its frequency dependence. 

I 

The r e s i s t i v e  p a r t  t h a t  is due t o  the s e p a r a t o r ,  
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e l e c t r o l y t e  and the t e rmina l s ,  is t o  be found there. 

To make f a i l u r e  a n a l y s i s  by t h i s  technique 

you are going  t o  have a very  p r e c i s i o n  measurement of 

t h i s  r e s i s t a n c e  to  piok up your changes i n  t e r m i n a l  con- 

n e c t i o n s ,  problems of spot-welding, problems of carbon- 

a t i o n  of t h e  e l e c t r o l y t e .  These w i l l  show up. But I 

am very much a f r a i d  w i t h  c u r r e n t  pu lse  t echn iques  t h a t  

you are going to be hard-pressed to measure ten- thousandths  

of an ohm when you are going to have t o  use a good, 

h e a l t h y  p u l s e  t o  do it. 

I t  is a b i g  inductance.  You ' l l  get a s t r a n g e -  

looking pu l se  sometimes. 

MR. SHAIR: Thank you very much. I guess  w e  

have abou t  come t o  the end  of the day .  I would n o t  l i k e  

to  see t h i s  s e s s i o n  end w i t h  an a u r a  of doom, because 

i n  r e a l i t y  these b a t t e r i e s  are p r e t t y  good. 

Today's s e s s i o n s  were aimed a t  f i n d i n g  o u t  how 

we can overcome: of t hose  improvements t ha t  are still  needed. 

However, how we can a r r i v e  a t  the improvements is st i l l  

needed. 

There are many cel ls  t h a t  are working success -  

f u l l y ,  and i n  r e a l i t y  I t h i n k  batteries have powered many 

pieces of equipment i n  many v e h i c l e s  ve ry  s u c c e s s f u l l y .  

Let's n o t  end  it  on an  a u r a  of doom. 

My a p p r e c i a t i o n  t o  a l l  of the speakers who d i d  
- 

~ 
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a r e a l l y  f i n e  job, and to  a l l  of the people here i n  

the audience for a very f i n e  part ic ipat ion and discus-  

s i o n .  

Tomorrow morning w e  reconvene a t  the same s p o t  

a t  9:00 a.m. 

(Whereupon, at  5:15 p.m. the meeting was 

recessed,  to reconvene Friday, October 7 ,  1966 a t  9;OO a.m.) 

1 1 1  
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1IR. HEIJNIGAN: We would l i k e  t o  b r i n g  t h i s  mornin] 

s e s s i o n  of t h e  B a t t e r y  Workshop t o g e t h e r  now. 

J u s t  as a reminder  t o  everyone who gave p r e s e n t a -  

:ions y e s t e r d a y  and t o d a y ,  would you p l e a s e  t u r n  i n  y o u r  gloi 

p r i n t s ,  p i c t u r e s ,  g raphs  and so  f o r t h  t o  E r n s t  Cohn, Code RNI 

NASA 

d i s c i  

Headquar t e r s ,  Washington, D. C .  

IqR. COHN: Code 2 0 5 4 6 .  

H R .  H E N N I G A N :  I t h i n k  y e s t e r d a y  

s s i o n  t h e r e  came up problems which a p  

q u a l i t y  c o n t r o l  of the b a t t e r i e s  when t h e y  

many t i m e s  i n  tht 

e a r e d  t o  be w i t h  

are f i r s t  made. 

the looks of  i t ,  t h i s  seems t o  be one of t h e  major  problems 

that w e  a re  running  i n t o .  We spend a l o t  of money i n  t e s t i r  

b a t t e r i e s ,  running  computers day and n i g h t .  If w e  are g e t t :  

b a - t t e r i e s  w i t h  s h o r t e d  t a b s ,  l e a k s ,  and sombody l e a v i n g  o u t  

t h 2  s e p a r a t o r ,  or p a r t  of i t ,  t h e s e  computers a r e n ’ t  go ing  i 

tell us  a n y t h i n g .  

But t h i s  morning w e  have a f e w  p a p e r s  on q u a l i t y  

cor-itrol t e c h n i q u e s ,  and a coup le  of p a p e r s  on cGmponent tesl 

J u s t  t o  g e t  t h e  t h i n g  going  t h i s  morning, o u r  f ir? 

s p e a k e r  i s  P e t e r  Voyentzie  of t h e  Genera l  E l e c t r i c  Company, 

wno w i l l  speak  on “ Q u a l i t y  C o n t r o l  Techniques t o  Produce H i i  

R e l i a b i l i t y  Secondary Cells for Space A p p l i c a t i o n s  .I1 

I q r .  Voyent z i e  . 
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QUALITY CONTROL TECHNIQUES TO PRODUCE H I G H  

R E L I A B I L I T Y  SECOIJDARY CELLS FOR SPACE APPLICATIONS 

MR. VOYENTZIE: Gentlemen , y e s t e r d a y  t h e r e  were 

s e v e r a l  s t a t e m e n t s  t h a t  manufactur ing defects were t h e  cause  

of  many c e l l s  and /o r  b a t t e r y  f a i l u r e s .  

t o  d e s c r i b e  o u r  e f f o r t s  t o  e l i m i n a t e  t h e s e  f a u l t s .  

I t  i s  my purpose today  

The very  complexity of c e l l  components which are  

u t i l i z e d  i n  t h e  p roduc t ion  of ae rospace  nickel-cadmium c e l l s  

are  s u b j e c t  t o  s t r i c t  q u a l i t y  a s s u r a n c e ,  i n c l u d i n g  many i n -  

d i v i d u a l  i n -p rocess  component t e s t s .  

u t i l i z e d  are conven ien t ly  c a t e g o r i z e d  i n t o  t h r e e  main groups :  

h e ,  t h e  r a w  materials or t h e  chemica l  t y p e ,  such  as t h e  n i c k e l  

iadmium n i t r a t e  impregnat ion  s o l u t i o n s ,  t h e  e l e c t r o l y t e ,  t h e  

i i c k e l  power; t w o ,  t h e  procured components and subassemDlies ,  

such as s t a i n l e s s  s t e e l  cases  su r round ing  meta l  seals and t h e  

i e p a r a t o r ;  and t h r e e ,  i n - f a c t o r y  produced components , t h e  main 

md most c r i t i c a l  be ing  t h e  p o s i t i v e  and n e g a t i v e  p l a t e s .  

The v a r i o u s  components 

Once t h e  p l a t e s  a r e  produced,  t h e  p l a n t  i s  p r i m a r i l y  

in assembly and t e s t i n g  f a c i l i t y .  

pace  q u a l i t y  c e l l s ,  w e  u s e  a sys tem which i s  comprised of f o u r  

o o r d i n a t e d  e lements .  These e l emen t s  are chemica l  and p h y s i c a l  

r o p e r t y  e v a l u a t i o n s  and a u d i t s  of same; incoming p lann ing  and 

e c e i v i n g  i n s p e c t i n n s ;  in -process  c o n t r o l  f o r  q u a l i t y  a s s u r a n c e ;  

nd f o u r t h ,  e n g i n e e r i n g  development f o r  q u a l i t y  improvement. 

I n  o r d e r  t o  produce aero- 

A l l  chemicals  such as t h e  n i t r a t e  impregna t ion  ce l l s  
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a r e  p rocured  th rough  s t r i c t  r e q u i r e m e n t s ,  i n c l u d i n g  t h e  

e s t a b l i s h m e n t  p e r i o d  l e v e l s .  Materials from p r i o r  approved , 

vendors  are s u p p l i e d  by l o t  number, a l o n g  w i t h  cer t i f ica tes  of  

t e s t  a n a l y s i s .  These c e r t i f i c a t i o n s  are p e r i o d i c a l l y  a u d i t e d  

i n - p l a n t .  

s p e c i f i c  c o n d i t i o n s .  

weight  p e r  c u b i c  c e n t i m e t e r  on an  e s t a b l i s h e d  s c h e d u l e ,  w i t h  

p e r i o d i c  a u d i t s  o f  o t h e r  v a r i a b l e s  such  as t h e  w e a t h e r a b i l i t y ,  

p h y s i c a l  s t r e n g t h  and e l e c t r o l y t e  r e t e n t i o n .  

The s e p a r a t o r  material  i s  a l s o  p rocured  th rough  o u r  

The material i s  checked f o r  t h i c k n e s s  and 

The ce r t i f i ca t e s  o f  t e s t  and p e r i o d i c  a u d i t s  o f  same 

are a l so  conducted on o t h e r  materials such  as t h e  hardware i t e n  

The p l a n  i n  cove r ing  i n s p e c t i o n  has been s p e c i f i c a l l y  develope 

f o r  ae rospace  c e l l s .  The p l a n  i n c l u d e s  t h e  comple te  f i r s t  chic  

i n s p e c t i o n  and t h e  f a c t  t h e  i n s p e c t i o n  i s  based on a c l a s s i f i -  

c a t i o n  of  cha rac t e r i s t i c s .  

I n  g e n e r a l ,  t h e  c r i t i c a l  n a t u r e  o f  t h e  end usage 

d i c t a t e s  1 0 0  p e r c e n t  i n s p e c t i o n .  There are problems.  I n  orde i  

t o  e l i m i n a t e  the fac tors  which are d e t r i m e n t a l  t o  t h i s  mode o f  

i n s p e c t i o n ,  w e  m a i n t a i n  small  l o t s  of less t h a n  2 0 0  p i e c e s  and 

u t i l i z e  mul t i -pa rame te r  equipment such  as o p t i c a l  gauges f o r  01 

p h y s i c a l  measurements. 

We m a i n t a i n  r e s t r i c t ed  incoming and s t o c k  areas i n  
I 

o r d e r  t o  p r e v e n t  usage  of  u n a u t h o r i z e d  materials; t h a t  i s ,  

s i n c e  t h e  r e c e i v i n g  i n s p e c t i o n  and main s tockroom are  one 

f enced  area, t h e  u s e  o f  u n a u t h o r i z e d  material  i s  p r e v e n t e d .  
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S h e l f - l i f e  schedules  have been developed a t  age 

c o n t r o l ,  as imposed on a l l  components s u b j e c t  t o  t h i s  mode of 

d e t e r i o r a t i o n .  Epoxy sea l  materials i n  t h e  e l e c t r o l y t e  are 

prime examples. 

In s t rumen t s  and gauges are main ta ined  i n  c a l i b r a t i o n  

on r e g u l a r  s chedu les .  Extens ive  t r a i n i n g  programs have been 

developed and are implemented for per sonne l  who produce,  con- 

t r o l  or i n s u r e  q u a l i t y .  Such programs i n c l u d e  t r a i n i n g  of 

s p e c i a l  p rocess  o p e r a t o r s  and t h e  subsequent  c e r t i f i c a t i o n  

t e s t i n g  of them. 

Ceramic and metal h e r m e t i c  s ea l  i s  one of  t h e  most 

impor t an t  incoming subassemblies .  A l l  such seals  are procured  

from t h e  approved vendor and are s u b j e c t  t o  1 0 0  p e r c e n t  i n -  

s p e c t i o n .  T h i s  i n c l u d e s  both p h y s i c a l  measurements and t h e  

hel ium leak r a t e ,  t h e  maximum a l lowab le  f o r  t h a t  be ing  l ~ l O - ~  

c u b i c  c e n t i m e t e r s  p e r  second. 

I n  p rocess  a s su rance ,  t h i s  e lement  of  q u a l i t y  

a s s u r a n c e ,  p r o c e s s  c o n t r o l  and t e s t  programs most impor t an t ly  

are a p p l i e d  t o  t h e  h e a r t  o f  t h e  nickel-cadmium c e l l ;  t h a t  i s ,  

t h e  p o s i t i v e  and n e g a t i v e  p l a t e s .  The p l a t e  p r e p a r a t i o n  pro-  

cess i s  t h e  most c r i t i c a l  f ac to r  i n  t h e  de t e rmina t ion  of  f i n a l  

c e l l  performance,  and i s  t h e  most f e r t i l e  area f o r  f u r t h e r  

r e s e a r c h .  These p l a t e s  are  r ece ived  by o u r  ae rospace  group 

w i t h  d e f i n e d  dimensions and high-grade l e v e l s .  The p l a t e  manu- 

f a c t u r i n g  f a c i l i t y  checks t h e  high-grade l e v e l s  and de te rmines ,  



1 

2 

3 

4 

.n t h e  case of  t h e  n e g a t i v e s  t h e  weight  g a i n ,  and t h e  hydrogen 

.eduction i n  t h e  case of t h e  p o s i t i v e s .  

I n  t h e  ae rospace  area t h e  p l a t e s  are i n s p e c t e d  t o  

5 s t a b l i s h  v i s u a l  s t a n d a r d s  i n  t h e  mat ter  of  incoming materials 

111 p l a t e s  are t h e n  made i n t o  temporary ce l l s  and are subjec tec  

to 1 0 0  p e r c e n t  e l e c t r i c a l  E C  t e s t i n g  -- c o n s i s t i n g  of s e v e r a l  

:harge /d ischarge  c y c l e s  i n  a f looded  c o n d i t i o n  -- i n  o r d e r  t o  

First  of a l l  confirm t h e  high-grade load ings  i n  terms o f  e lec t :  

l y t e ,  e l e c t r i c a l  c a p a c i t y ;  two, t o  de te rmine  t h e  p o s i t i v e - t o -  

i e g a t i v e  r a t i o s  i n  t h e  l o t ;  and t h r e e ,  t o  p recond i t ion  t h e  

I la tes  and determine v i s u a l l y  t h e i r  s u i t a b i l i t y  f o r  ce l l s .  

I n  e f f e c t ,  w e  have b u i l t  and t e s t e d  a c e l l  and have 

3 s s u r e d  o u r s e l v e s  t h a t  p l a t e s  are of s u i t a b l e  q u a l i t y  and c h a r  

3c te r i s t ics  f o r  aerospace  use  a t  t n i s  p o i n t .  

The p l a t e s  are t h e n  washed i n  500,000-ohm re s i s t -  

i v i t y  water, d r i e d  and re-examined 1 0 0  p e r c e n t  v i s u a l l y  f o r  an: 

evidence of d e g r a d a t i o n ,  such  as b l i s t e r i n g ,  l o o s e  materials,  

c racks  and sha rp  edges .  

S l i d e  one i s  one l o t  of c e l l s  on t h i s  E C  t e s t .  

( S l i d e  on. ) 

This  d e p i c t s  one group of c e l l s  which are on t e s t ,  

and they  a re  h e r e  i n  t h e  f looded  c o n d i t i o n  ( i n d i c a t i n g ) .  They 

g o  through s e v e r a l  charge and d i scha rge  c y c l e s .  

The recombina t ion  e l e c t r o d e ,  which w e  are n o t  workin 

on, i s  a s p e c i a l  case of p l a t e  a s su rance  t e s t i n g .  One-hundred 
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p e r c e n t  of such e l e c t r o d e s  are p r e - t e s t e d  b e f o r e  i n c o r p o r a t i o n  

i n t o  t h e  f i n a l  c e l l s  i n  a manner which i s  p a r a l l e l  t o  E C  tes ts  

conducted on p o s i t i v e  and nega t ive  e l e c t r o d e s .  

The recombinat ion e l e c t r o d e  is completely c h a r a c t e r -  

i z e d  as t o  i t s  oxygen r e a c t i v i t y  ve r sus  c u r r e n t  d e n s i t y  and 

p r e s s u r e s  o v e r  t h e  use- temperature  r ange .  These t e s t s ,  how- 

e v e r ,  do d i f f e r  from t h e  normal e l e c t r i c a l  t es t s ,  i n  t h a t  t h e  

t e s t  assembly more n e a r l y  approximates  t h e  c o n d i t i o n s  exper -  

i e n c e d  on a f i n a l  c e l l .  

The t e s t s  are b a s i c a l l y  accomplished i n  a s e m i -  

s o l i d  sealed assembly -- and I have a s l i d e  showing t h e  break-  

down. 

( S l i d e  on. 1 

This  shows t h e  breakdown o f  t h e  assembly r i g .  I 

t h i n k  i t  i s  ups ide  down. 

From l e f t  t o  r i g h t  w e  have t h e  s e p a r a t e d  material ,  

a porous membrane-type material ,  a c o u n t e r  e l e c t r o d e ,  a 

r e f e r e n c e  -- t h i s  i s  a recombinat ion e l e c t r o d e  -- and w e  have 

a r e f e r e n c e  e l e c t r o d e  which i s  a p a r t i a l l y - c h a r g e d  n i c k e l  p l a t e  

The pack i s  t h e n  assembled and p l aced  i n  a l u c i t e  f i x t u r e  which 

is t h e n  compressed t o  a p r e s e t  s p e c i f i c a t i o n ,  and t h e  s e p a r a t e d  

nater ia l  does ex tend  below and acts  as a wick  f o r  t h e  r e s e r v o i r  

i n  t h e  f i n a l  f u e l  c e l l  assembly. 

( S l i d e  o f f . )  

I have some t y p i c a l  r e sponse  t e r m s ,  b u t  I a m  a f r a i d  
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:hat t h a t  i n s t rumen t  i s  n o t  

i t ,  t h e y  can see m e  l a t e r .  

V O I C E :  I t ' s  work 

working. If anyone wants t o  see 

MR. VOYENTZIE: I t  i s ?  

V O I C E :  I t ' s  working, b u t  you have t o  p u l l  it around 

to h e r e  

(Over lay . )  

MR. VOYENTZIE: On t h e  v e r t i c a l  a x i s  w e  have t h e  

J o l t a g e  which i s  v e r s u s  t h e  ha l f - cha rged  p o s i t i v e  p l a t e ,  and 

the  l i n e a r  a x i s  down below i s  t h e  c u r r e n t  d e n s i t y .  These t h r e  

x r v e s  h e r e  ( i n d i c a t i n g )  r e p r e s e n t  t h e  performance a t  2 5 O  

Sen t ig rade  as t h r e e  d i f f e r e n t  oxygen p r e s s u r e s  i n  t h e  c e l l .  

The first curve up h e r e  r e p r e s e n t s  where w e  r a n  i n t o  

3 s l i g h t  problem a t  minus 2 0 ° .  We have s t r a i g h t e n e d  o u t  t h e  

curves somewhat l a t e r  on h e r e  by changing t h e  e l e c t r o d e .  Thes 

two curves  are minus 20° c h a r a c t e r i s t i c s  a t  two d i f f e r e n t  

p r e s s u r e s .  

C Overlay o f f  1 

Elements 1, 2 and 3 of ou r  q u a l i t y  system fo l low 

s t a n d a r d  t e c h n i q u e s ,  such as covered i n  t h e  m i l i t a r y  s p e c i f i -  

c a t i o n s .  Our des ign  i s  t o  i n s u r e  as uniform a p roduc t  as 

p o s s i b l e  and t o  e l i m i n a t e  g r o s s  manufactur ing defects such 

a s  t h o s e  d e s c r i b e d  y e s t e r d a y .  

The f o u r t h  element  of t h i s  program i s  concerned w i t k  

t h e  development e f f o r t  des igned  t o  improve t h e  q u a l i t y  and lif 
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expectancy of t h e  c e l l s .  The eng inee r ing  development t e s t  f o r  

components r e p r e s e n t s  what i s  i n t ended  t o  be a long-range view 

toward t h e  g rea t e r - than - f ive -yea r  c e l l ,  and it i s  upon t h e s e  

tes ts  t h a t  I w i s h  t o  c o n c e n t r a t e .  

The major c e l l  f a i l u r e  modes of  properly-made c e l l s  

a re  r e l a t e d  t o  changes i n  t h e  p l a t e  s t r u c t u r e  -- f a i l u r e  of 

ceramic sea l  and s e p a r a t e d  degrada t ion .  We have chosen a t  t h e  

p r e s e n t  t i m e  t o  c o n c e n t r a t e  on t h e  ceramic sea l  i n  t h e  p l a t e  

s t r u c t u r e .  The ceramic t o  meta l  he rme t i c  s e a l  i s  one of  t h e  

most impor t an t  de t e rminan t s  o f  cell r e l i a b i l i t y .  Before any 

new c e l l  i s  accepted f o r  u s e  on t h e  ae rospace  c e l l s ,  samples 

are s u b j e c t e d  t o  excess ive  t e s t  programs. One of t h e s e  tes ts  

t h a t  w e  have i s  what might be c a l l e d  t h e  Group I V  t e s t .  

These t e s t s  inc lude  t o t a l  emergent i n  1 . 3  s p e c i f i c  

g r a v i t y  KOH of llOo Centigrade.  A v o l t a g e  of 1 . 7 0  i s  impressed 

a c r o s s  t h e  s ea l ,  and t h i s  v o l t a g e  i s  a l t e r n a t e l y  f i n i t e ,  and 

t h e n  c u t s  o u t  e q u i v a l e n t  p e r i o d s  of t i m e  a c r o s s  t h e  s e a l .  I t  

is n o t  AC. 

A t  predetermined i n t e r v a l s  of  exposure t h e  sea ls  are 

removed and i n s p e c t e d  f o r  mig ra t ion  of s ea l  b raze  material 

3cross t h e  ceramic i n t e r f a c e ,  e r o s i o n  and p i t t i n g ,  weight  l o s s  

3 r  g a i n ,  s ludge  format ion  and hel ium l e a k  r a t e .  The r e s u l t s  of 

t h i s  t e s t  are used t o  determine t h e  a c c e p t a b i l i t y  of  s ea l  t y p e .  

res t  c e l l s  are  t h e n  c o n s t r u c t e d  w i t h  t h e  seal  type  under  i n -  

r e s t i g a t i o n  and are p l aced  on a l i f e  t e s t .  Upon s a t i s f a c t o r y  
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demons t r a t ion  of improved l i f e ,  p r o t o t y p e  ce l l s  are s u b m i t t e d  

x'o t h e  customer f o r  a p p r o v a l  or d e s i g n  change. 

I might add a t  t h e  p r e s e n t  t i m e  w e  are t e s t i n g  a new 

p r o p r i e t a r y  h e r m e t i c  s ea l ,  and t h e  p r e l i m i n a r y  tes ts  are i n d i -  

cating a p o t e n t i a l  o f  b e t t e r  t h a n  f i v e  y e a r s  f o r  t h e  seals .  

i n  a d d i t i o n ,  I might  add w e  would welcome any sugges 

i o n s  f o r  a d d i t i o n a l  tes ts  which might be performed on t h i s  ce l  

to better prove i t  o u t .  
.. 

We, as w e l l  as t h e  r e s t  of  t h e  i n d u s t r y ,  have f o r a  

I c n g  t i n e  made measurements o f  t h e  v a r i o u s  p l a t e  p a r a m e t e r s ,  

b.sth w i t h  4-cell assembly,  for p r o c e s s  c o n t r o l  pu rposes ,  and i 

~ l i e  l i f - e  t e s t  t o  unde r s t and  f a i l u r e  mechanisms. Both p l a t e s  

have been fcund t o  i n c r e a s e  i n  t h i c k n e s s  w i t h  c y c l e  l i f e .  Thc 

p o s i t i v e s  have i n c r e a s e d  i n  c a p a c i t y  due t o  c o r r o s i o n  of  t h e  

 sir:,^ r r i  r t s  e T h e  n e g a t i v e s  have shown t h e  r e d i s t r i b u t i o n  of 

LL< K S  of negat-ive mater ia l  c y c l i n g ,  and w e  have s e m i - q u a n t i t a t  

i e s ~ l t s  r*egar$.!ing t h i s  r e d i s t r i b u t i o n  by u s i n g  t h e  e l e c t r o n  

beam x-ray r.;lf.cr.oprobe. 

There  ape problems,  t h a t  t h e  probe  p o i n t  i s  so  s m a l  

and the s u r f a c e  of t h e  p l a t e  i s  s o  rough,  t h a t  these t h i n g s  

havs been s e m i - q u a n t i t a t i v e  i n  n a t u r e .  

S i n c e  these changes a p p e a r  t o  o c c u r  a t  d i f f e r e n t  

Pa-tees en c e l l s  under  i d e n t i c a l  t e s t  c o n d i t i o n s ,  w e  are workin 

'to c o r r e l a t e  l i f e  t e s t  r e s u l t s  i n  i n i t i a l  p l a t e  measurements.  

'de are reasonab ly  s u r e  t h a t  t h e s e  changes are c l o s e l y  a s s o c i e  
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wi th  t h e  p a r t i c u l a r  c y c l e  i n  be ing ,  such as depth  of  d i s c h a r g e  

and t empera tu res .  

I n  t h e  area of  e l e v a t e d  t empera tu res ,  w e  may be i n t r o -  

ducing a d d i t i o n a l  complexi t ies  r a t h e r  t h a n  a c c e l e r a t i n g  normal 

f a i l u r e  modes or i n t roduc ing  new ones.  

Before I l e a v e ,  I would l i k e  t o  draw a curve  of  a 

? l o t  o f  some c y c l e  l i f e  t e s t s .  (Drawing on b lackboard . )  These 

we 9 0  minute o r b i t s  on nickel-cadmium ce l l s  a t  t h r e e  d i f f e r e n t  

j ep ths  of  d i scha rge .  

T h i s  a x i s  w i l l  be i n  a semi- logar i thmic  a x i s .  I a m  

l o t  going t o  a t t e m p t  t o  show you t h e  e x a c t  f i g u r e s .  

i l l  o f  you know them. 

I know 

Let ' s  assume t h i s  d o t t e d  l i n e  h e r e  ( i n d i c a t i n g )  

3epresents  25 p e r c e n t  dep th ,  and h e r e  w e  have 5 0 ,  and h e r e  w e  

lave 7 5  p e r c e n t  dep th ;  t h a t  i s ,  depth  o f  d i s c h a r g e .  Here w e  

lave a l o g a r i t h m i c  curve .  

:o 6 , 0 0 0  c y c l e s ,  and up here w e  may have 1 8 , 0 0 0  t o  2 0 , 0 0 0  c y c l e s  

In a semi- logar i thmic  b a s i s .  

I n  t h i s  area w e  w i l l  c a l l  i t  3 , 0 0 0  

So w e  p l o t  t h e  va r ious  t empera tu res ,  t h e  mean t i m e  t o  

This  i s  somewhat i d e a l ,  a i l u r e  a t  t h e  d i f f e r e n t  tempera tures .  

u t  n e v e r t h e l e s s ,  these t h i n g s  do seem t o  r e p r e s e n t  almost a 

t r a i g h t  l i n e  on t h i s  curve  i n  a l o t  o f  i n s t a n c e s  -- f o r  

n s t a n c e ,  minus loo Centigrade.  

If I ex tend  t h i s  t h i n g  t o  a lower dep th  of d i s c h a r g e ,  

e see t h i n g s  happening l i k e  t h i s .  There are s t i l l  some c e l l s  
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in which t h e r e  are under  2 0 , 0 0 0  c y c l e s .  Then w e  might take 

2 5 O  Cent igrade .  We g e t  down here t o  5 0 °  Cent igrade ,  and w e  

see t h i s  t h i n g  going l i k e  t h a t  ( i n d i c a t i n g ) .  

I t h i n k  something e l se  i s  happening h e r e .  You migh 

say i t  i s  a s e p a r a t o r  f a i l u r e ,  t h a t  i s  t r u e .  

Zase of t h e  "chicken or t h e  egg".  If you open up a c e l l ,  you 

f i n d  some s e p a r a t e d  degrada t ion  and you f i n d  p l a t e  t h i c k n e s s  

i n c r e a s i n g  and v a r i o u s  o t h e r  t h i n g s  happening. I t  i s  a q u e s t  

ion  of which comes f i r s t .  If you had a good s e p a r a t o r ,  would 

it l a s t .  

But t h i s  i s  a 

T h a t ' s  a l l .  Thank you. 

MR. HENNIGAN: We have t i m e  f o r  a s h o r t  q u e s t i o n  or 

two, if anybody wants t o  a s k  them a t  t h i s  t i m e .  

(No r e sponse . )  

One t h i n g  t h a t  seems t o  be coming o u t ,  which i s  

noth ing  new -- i t  i s  g e t t i n g  k ind  of  o l d ,  s ay ing  t h e  same 

t h i n g  a l l  t h e  t i m e  -- bu t  it looks  l i k e  w e  have t o  run  t h e s e  

ba t t e r i e s  c o l d  i f  w e  are going  t o  run  i n t o  a l i f e  problem. W 

have g o t  b a t t e r i e s  running  both a t  Crane and I n l a n d  of 

1 5 , 0 0 0  or 2 0 , 0 0 0  c y c l e s ,  and no f a i l u r e s .  That  i s  a t  z e r o  an  

minus loo Cent igrade .  

Our n e x t  speake r  w i l l  be Dr. George Dal in  of  t h e  

Yardney E lec t r i c  Company, who w i l l  speak on t h e  "Prepa ra t ion  

of Uniform Pla tes  as a Basis for Inc reased  B a t t e r y  R e l i a b i l i t  

Dr. Dalin? 
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PREPARATION OF U N I F O H P I  PLATES AS A 

EASIS FOR INCXEASED BATTERY R E L I A B I L I T Y  

DR.  IIALIN: Before I s t a r t  t h i s  pape r ,  l e t  m e  remark 

t h a t  when I was " reques ted"  t o  g i v e  t h i s ,  I made a comment 

som2what s imi l a r  t o  t h e  one I d i d  y e s t e r d a y ,  t h a t  I thought  

w e  c o u l d n ' t  c o n t r i b u t e  much i n  t h e  way of  a c c e l e r a t e d  t e s t i n g .  

S o  I was asked t o  comment on work t h a t  had been done by O t t o  

Wagner and Robert E n t e r s ,  s o  I a m  r e p o r t i n g  on someone e l se ' s  

work which I have t r i e d  t o  d i g e s t .  

This  is e n t i t l e d  "The Con t ro l  of C e l l  Components as a 

Method of  Matching Cells. 

The problem of  c y c l i n g  s e a l e d  ce l l s  i s  t o o  w e l l  

known t o  r e q u i r e  any ex tens ive  d i s c u s s i o n  he re .  O f  t h e  s e a l e d  

sys tems,  nickel-cadmium on p a r t i a l  d i scha rge  has  been t h e  most 

s u c c e s s f u l  because t h e  recombinat ion o f  oxygen wi th  t h e  nega- 

t i v e s  proceeds r a p i d l y  i n  t h e  absence of an i n t e r f e r i n g  mem-  

brane.  

On t h e  o t h e r  hand, t h e  f a c t  t h a t  coulombic e f f i c i e n c y  

3n t h e  p o s i t i v e  i s  lower than  1 0 0  p e r c e n t  r e s u l t s  i n  product ion  

3 f  oxygen be fo re  t h e  p o s i t i v e s  r e a c h  f u l l  charge ,  so  e v o l u t i o n  

D f  oxygen i s  a f ac t  of l i f e  i n  t h e  o p e r a t i o n  o f  s e a l e d  n i c k e l -  

'ladmiurn. 

Another fac t  of l i f e  i s  t h a t  nickel-cadmium b a t t e r i e s  

i c c a s i o n a l l y  r u p t u r e ,  p a r t i c u l a r l y  on h i g h - r a t e  charg ing .  This  

:ype of  f a i l u r e  i s  a t t r i b u t e d  t o  c e l l  imbalance.  An i n d i v i d u a l  

I 
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- e l l  can be g a s s i n g  v igo rous ly  wi thou t  producing a r i se  i n  

b a t t e r y  v o l t a g e  g r e a t  enough t o  e i t h e r  c u t  t h e  b a t t e r  o f f  ch, 

Dry a l t e r n a t i v e l y ,  t o  dec rease  t h e  cha rg ing  ra te  apprec iab ly  

S o  f a r  as silver-cadmium i s  concerned,  t h e  problem 

of oxygen e v o l u t i o n  be fo re  r each ing  f u l l  charge  on t h e  p o s i t :  

i s  a b s e n t ,  b u t  t h e  ra te  o f  recombinat ion wi th  t h e  cadmium i s  

nuch lower due t o  t h e  f ac t  t h a t  t h e  s e p a r a t o r  system inc lude!  

membrane which p r e v e n t s  oxygen from reach ing  t h e  n e g a t i v e  ea:  

and t o  t h e  presence  of f r ee  e l e c t r o l y t e .  Moreover, i t  i s  

customary t o  use a sponge n e g a t i v e  which does n o t  c a t a l y z e  t l  

recombinat ion as s t r o n g l y  as t h e  n i c k e l  i n  t h e  p laque  of t h e  

impregnated n e g a t i v e .  The o v e r a l l  problem, consequent ly ,  i s  

s imi l a r  s i n c e  c e l l  imbalance a l s o  can cause  t h e  b a t t e r y  t o  

r u p t u r e  

We undertook t o  s tudy  t h e  problem o f  c e l l  imbalanct 

on a c o n t r a c t  w i th  Wright A i r  Development Center .  Examhatic  

of  d a t a  from our  own p roduc t ion  l i n e s  showed t h a t  s i l v e r - c a d .  

rnium c e l l s  v a r i e d  i n  c a p a c i t y  by as much as f i v e  p e r c e n t .  

C e l l s  cyc l ed  as a b a t t e r y  tended  t o  s t a y  w i t h i n  c l o s e r  l i m i t !  

t han  t h i s ,  b u t  n e v e r t h e l e s s ,  t he  d i f f e r e n c e s  were g r e a t  enoui 

t o  cause concern.  An a n a l y s i s  of o u r  p roduc t ion  l i n e  o p e r a t .  

showed t h a t  v a r i a t i o n s  among t h e  components were s u b s t a n t i a l  

and were p a r t i c u l a r l y  g r e a t  w i t h  r e s p e c t  t o  t h e  cadmium nega' 

I t  w a s  dec ided ,  t h e r e f o r e ,  t h a t  w e  would t r y  t o  match ce l l s  1 

t h e  basis of component character is t ics .  
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For silver-cadmium c e l l s  w e  s t a r t e d  o u t  w i t h  t h e  

fo l lowing  s t e p s :  

One, c o n t r o l  of s i l v e r  powder p a r t i c l e  s i z e  and 

s u r f a c e  area as determined by BET. 

Two, c o n t r o l  of s i l v e r  and cadmium ox ide  powder by 

b a t c h  u t i l i z a t i o n  va lues .  

of ampere hours  p e r  gram. 

T h i s  i s  w i t h  r e s p e c t  t o  t h e  number 

Three ,  c o n t r o l  of s i l v e r  p l a t e  dimensions,  d e n s i t y  

and weight .  

Four ,  c o n t r o l  of nega t ive  weignt .  

And f i v e  c o n s t a n t  i n p u t - n u t p u t  f c rma t ion  cj-’clir?g ef 

c e l l s .  

The C - 1 9  s e p a r a t o r ,  which i s  a s i l v e r  c e l l u l o s e ,  

proved t o  be s u f f i c i e n t l y  uniform so t h a t  no s e l e c t i o n  was 

necessa ry .  E l e c t r o l y t e  con ten t  w a s  measured t o  0 . 1  cc.  The 

nominal c e l l  s i z e  was 1 5  ampere hours .  

For  t h e  p o s i t i v e s ,  w e  round t h a t  t h e  r o l l i n g  and 

s i n t e r i n g  p r o c e s s  gave b e t t e r  c o n t r o l  of  p l a t e  c a p a c i t y  t h a n  d i c  

t h e  p r o c e s s  of manufactur ing by p a s t i n g  s i l v e r  ox ide  powder. 

The r o l l e d  p o s i t i v e s  c o n s i s t e d  o f  9 0  p e r c e n t  h i g h  c a p a c i t y  

s i l v e r  p l u s  1 0  p e r c e n t  of cadmium oxide .  The d e s i g n  weight  of 

t h e  p o s i t i v e s  was 5 . 1 7  grams. The mean proved t o  be 5 . 1 5  w i th  E 

s t a n d a r d  d e v i a t i o n  of 0 . 0 8 4 .  Fo r ty - s ix  p e r c e n t  o f  t h e  b a t c h  

would, t h e r e f o r e ,  f a l l  w i t h i n  one p e r c e n t .  

F i g u r e  1 shows what a d i s t r i b u t i o n  curve  looks l i k e .  



FIGURE 4 

POWDER WEIGHT DISTRIBUTION OF SILVER POSITIVES FABRICATED 

BY THE ROLLING MILL PROCESS 
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( S l i d e  on . )  

I guess  t h a t ' s  about as w e l l  as you can do. 

L igh t s ,  p l e a s e .  

A s  t o  t h e  cadmium p l a t e s ,  w e  found t h a t  sponge nega- 

t i v e s  gave b e t t e r  r e s u l t s  than t h e  impregnated n e g a t i v e s .  This  

w e  a t t r i b u t e  p r i n c i p a l l y  t o  t h e  fac t  t h a t  t h e  si lver-cadmium 

c e l l  o p e r a t e s  i n  44  p e r c e n t  KOH, whereas t h e  impregnated nega- 

t i v e  f o r  nickel-cadmium o p e r a t e s  i n  3 1  p e r c e n t  KOH.  The des ign  

weight  of t h e  n e g a t i v e s  was 7 . 8 0  grams; t h e  composi t ion w a s  9 4 .  

p e r c e n t  cadmium ox ide ,  5 p e r c e n t  h igh  c a p a c i t y  s i l v e r ,  and 0 . 5  

p e r c e n t  b inde r .  When w e  speak of h i g h  c a p a c i t y  s i l v e r ,  t h i s  

i s  p r i m a r i l y  a matter of p a r t i c l e  s i z e .  

was 9 . 2 9  grams; t h e  powder weight was 7 . 7 4  grams, w i t h  a 

s t a n d a r d  d e v i a t i o n  o f  0 . 1 9 2  g r a m s .  On t h i s  basis, 6 5 . 2  p e r c e n t  

of t h e  b a t c h  was a c c e p t a b l e  w i t h i n  2 one p e r c e n t .  

The mean p l a t e  weight  

A s  t h e  n e x t  s t a g e  i n d i v i d u a l  p l a t e s  were character-  

i z e d .  I n d i v i d u a l  p l a t e s  were cyc led  a g a i n s t  coun te r - e l ec t rodes  

under c o n t r o l l e d  c o n d i t i o n s ,  t o  e s t a b l i s h  t h e  c a p a c i t i e s  of t h e  

plates.  However, t h i s  proved t o  be unnecessary  f o r  s i l v e r  and  

sponge cadmium n e g a t i v e s ,  provided t h e  o t h e r  v a r i a b l e s ,  such as 

? l a t e  weight ,  e t  cetera,  were p r o p e r l y  c o n t r o l l e d .  

Consequently,  i n d i v i d u a l  c h a r a c t e r i z a t i o n  w a s  s topped  

€or s i l v e r  and cadmium. 

2nd cadmium p l a t e  weights ,  these were assembled i n t o  ce l l s  so  

t h a t  t h e  sums of  t h e  weights  i n  each  c e l l  matched w i t h i n  f one 

A f t e r  measuring t h e  i n d i v i d u a l  s i l v e r  
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J e r c e n t  

The p l a t e s  themselves  were allowed t o  va ry  t o  t h e  

s x r e n t  of P l a t e s  which v a r i e d  by more t h a n  t w  

? e r c e n t  from t h e  mean were r e j e c t e d .  Cells were charged t o  a 

zons t an t  i n p u t  of 2 7 . 6  ampere hours  a t  a ra te  o f  1 . 2  amps f o r  

2 3  nours .  This  c o n s t i t u t e s  an  overcharge  of abou t  5 0  p e r c e n t  

for t h e  p o s i t i v e s .  The o b j e c t i v e  was t o  p rov ide  f o r  t h e  l o w  

e f f i c i e n c y  of t h e  n e g a t i v e s  w i t h  r e s p e c t  t o  t h e  f i r s t  d i s c h a r  

The c e i l s  were t h e n  i n d i v i d u a l l y  d i scha rged  a t  6 . 0  amps t o  0.  

volts. A t  t h i s  p o i n t ,  c e l l s  were assembled i n t o  5-ce l l  ba t t e  

i e s ,  matching t h e  c e l l s  w i t h i n  each  b a t t e r y ,  so  t h a t  t h e y  v a r  

by no more than  one p e r c e n t .  The b a t t e r i e s  were t h e n  cha rg  

un-cil t h e  f i r s t  c e l l  of each b a t t e r y  reached  1 . 6 5  v o l t s ,  and 

t h e n  were d i scha rged  u n t i l  a l l  c e l l s  had reached  0 . 9  v o l t s  or 

lower). T h e  c a p a c i t i e s  t o  0 . 9  v o l t s  were recorded and are sho  

i n  t h e  n e x t  f i g u r e .  

two p e r c e n t .  

C Overlay.  1 

T h i s  shows t h e  procedure ,  They are a l l  g iven  2 7 . 6  

ampere  hours  on t h e  f i r s t  cha rge ,  t h e n  d i scha rged  down t o  0 . 9  

vo l t s ,  and then  d i scha rged  as a b a t t e r y .  But t h e  o u t p u t  i s  

recorded  on every  one of  them. 

Not ice  t h e r e  are three b a t t e r i e s ,  and each one has 

f i v e  c e l l s .  They are t h e n  charged a g a i n  a t  1 . 2  amps, u n t i l  t 

f i r s t  c e l l  of t h e  b a t t e r y  r eaches  1 . 6 5  v o l t s ,  and t h e n  i s  d i s  

charged aga in .  A t  t h i s  p o i n t  t hey  are s e a l e d .  



?I p In 

C n  
rl rl 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 
Ace - Federal Reporters 

243 - - - -  

I n c i d e n t a l l y ,  I shou ld  p o i n t  o u t  t h a t  t h e s e  are n o t  

a r b i t r a r i l y  p u t  i n t o  t h e s e  ba t t e r i e s  as you see i n  c e l l s  numbe 

5 ,  8 ,  9 ,  1 8  and 2 0 ,  a t  t h a t  s t a g e .  T h a t  i s  a c t u a l l y  a r e c a p i t  

u l a t i o n ,  because a f t e r  t h e s e  c e l l s  have been run  o f f  o n . e h e ' € i  

charge  and d i s c h a r g e ,  and t h e  second,  then a t  t h a t  p o i n t  t h e y  a 

matched w i t h i n  one p e r c e n t  and reassembled i n t o  t h e  5-cell  

b a t t e r i e s .  So t h a t  t h i s  i s  r e a l l y  an  a n t i c i p a t i o n  o f  what has 

been done down below. 

(Overlay o f f .  1 

C a p a c i t i e s  were c l o s e  enough so  t h a t  no c e l l  r e v e r s e  

Excess e l e c t r o l y t e  was then  removed and t h e  ce l l s  were s e a l e d  

and cyc led  on an  o r b i t a l  regime. 

These ba t t e r i e s  are  now up t o  1 8 0 0  c y c l e s  and are 

s t i l l  ho ld ing  w i t h i n  f one p e r c e n t  on almost  a l l  c a p a c i t y  cycl  

Where t h e  d i f f e r e n c e  has exceeded one p e r c e n t ,  it has  been vex 

s m a l l .  Uniformity i s  s l i g h t l y  b e t t e r  f o r  c e l l s  w i t h  PVA bind€ 

than  w i t h  Tef lon  treated n e g a t i v e s .  

Ruptur ing of c e l l s  has  n o t  occur red  and t h e  ba t t e r i e  

are  s t i l l  y i e l d i n g  t h e  r e q u i r e d  c a p a c i t y .  

P a r e n t h e t i c a l l y ,  I want t o  p o i n t  o u t  t h a t  c o n t r o l  o l  

components proved t o  be necessa ry  i n  manufactur ing s i lver -cadn  

c e l l s  for M r .  Hennigan, who f i r s t  r e a l l y  p u t  t h e  a r m  on u s  i n  

t h i s  case. Here a g a i n  w e  found t h a t  it was p a r t i c u l a r l y  necez 

s a r y  t o  c o n t r o l  t h e  d e n s i t y ,  t h i c k n e s s  and weight  of t h e  sponl 

cadmium n e g a t i v e .  Much o f  t h e  i n p u t  t o  t h i s  p l a t e  on t h e  fir: 
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c y c l e  i s  u n a v a i l a b l e  for d i scha rge .  Unless t h e  p h y s i c a l  charac 

t e r i s t i c s  are c l o s e l y  c o n t r o l l e d ,  t h e  c a p a c i t y  of  t h e  p l a t e  w i l  

t h e n  va ry  t o o  widely.  

The s i t u a t i o n  f o r  nickel-cadmium c e l l s  i s  similar t o  

t h a t  for silver-cadmium, a l though somewhat more complex. Plaqu 

must be c o n t r o l l e d  as t o  weight ,  l i n e a r  dimensions and p o r o s i t y  

as w e l l  as s u r f a c e  area.  BET was used f o r  t h i s  l a s t .  
... 

O f  t h e  v a r i o u s  impregnat ion procedures  tes ted,  t h e  

use  of t h e  n i t r a t e  fo l lowed by p r e c i p i t a t i o n  w i t h  a l k a l i  proved 

t o  be t h e  b e s t .  The p rocess  i s  s low,  b u t  i t  i s  p o s s i b l e  t o  

a d j u s t  t h e  c o n t e n t  of a c t i v e  material  w i t h i n  c l o s e  l i m i t s .  

Impregnant c o n t e n t  was h e l d  wi th in  & two p e r c e n t  o f  t h e  i m -  

p r egnan t .  

An a t t e m p t  was made t o  c o n t r o l  t h e  n i c k e l  p o s i t i v e s  

by c h a r a c t e r i z i n g  them i n  groups of  seven.  This  proved t o  be 

unsuccess fu l  i n  t h a t  c e l l s  made wi th  these groups v a r i e d  t o o  

widely.  Subsequent ly ,  i n d i v i d u a l  p l a t e s  were c h a r a c t e r i z e d .  

We owe t h i s  concept ion  of c h a r a c t e r i z a t i o n  t o  D r .  

Dennis Turner  and h i s  group a t  B e l l  Telephone L a b o r a t o r i e s  -- 

a l though  I s u s p e c t  t h a t  t h i s  i s  n o t  unique,  from what I have 

h e a r d  h e r e  -- and w e  wish t o  thank  them for t h e i r  h e l p  i n  set-  

t i n g  up t h e  methods of making nickel-cadmium ce l l s .  

The c h a r a c t e r i z a t i o n  p r o c e s s  c o n s i s t s  of  a s e r i e s  of 

Zycles i n  which t h e  i n d i v i d u a l  t e s t  p l a t e s  are run  a g a i n s t  

sxcess  coun te r - e l ec t rodes  a t  s p e c i f i e d  rates and t empera tu res .  
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The c a p a c i t i e s  are measured on s u c c e s s i v e  c y c l e s  u n t i l  t h e y  

s t a b i l i z e .  I t  w a s  found,  i n  some cases, t o  be necessa ry  t o  r 

as many as 11 c y c l e s  b e f o r e  t h e  p l a t e s  became s t e a d y  w i t h  

r e s p e c t  t o  c a p a c i t y .  

To p repa re  t h e  1 4  ampere hour  nickel-cadmium b a t t e r  

i e s ,  e l e c t r o d e s  wi th  a s p r e a d  of  two p e r c e n t  were p l aced  i n  

c e l l s  i n  such a way as t o  make t h e  t o t a l s  ag ree  w i t h i n  f one 

p e r c e n t .  The cel ls  were then  charged a t  4 amps f o r  f o u r  hour 

p u t t i n g  1 6 . 0  ampere hours  i n t o  a l l  o f  them. They were then  

d i scha rged  u n t i l  a l l  o f  t h e  c e l l s  had dropped t o  1 . 0  v o l t s  a n  

a l l  f r e e  e l e c t r o l y t e  was removed. 

A f t e r  t h i s  p o i n t ,  t h e  c e l l s  were grouped accord ing  

t o  c a p a c i t y  a t  1 . 0  v o l t s ,  s o  t h a t  t h e  ce l l s  w i t h i n  each  group 

would match w i t h i n  one p e r c e n t .  They were then  s e a l e d ,  g iv  

a charge of 4 . 0  amps f o r  3 .5  hour s ,  or u n t i l  t h e  f i r s t  c e l l  c 

t h e  b a t t e r y  reached 1 . 4 8  amps and s t a r t e d  c y c l i n g .  

The nex t  f i g u r e  shows t h e  r e s u l t s .  

( S l i d e .  1 

Again, t h i s  i s  t o o  much o f  a j o b  t o  t r y  t o  d i g e s t  

j u s t  looking a t  i t .  

t h e  paper .  

cadmium. 

A copy of  t h i s  f i g u r e  w i l l  be g iven  wi t?  

The procedure is e s s e n t i a l l y  t h e  same as on s i l v e  

Although t h e  si lver-cadmium cel ls  have remained i n  

ba lance  f o r  ove r  1 8 0 0  c y c l e s ,  w i t h  depths  of  d i scha rge  r ang i r  

from 25 p e r c e n t  t o  75  p e r c e n t ,  r e s u l t s  were n o t  s o  satisfactc 
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w i t h  t h e  nickel-cadmium. These s t a y e d  i n  ba lance  a t  2 5  p e r c e n t  

dep th ,  bu t  were only  f a i r  a t  5 0  p e r c e n t  and were poor  a t  7 5  p e r -  

c e n t .  This  raises t h e  q u e s t i o n  as t o  why t h e  performance of tht  

nickel-cadmium c e l l s  i s  so  much less uniform. 

D r .  T u r n e r ' s  group has  shown t h a t  p a r t  of t h e  n i c k e l  

plaque i s  conver ted  t o  a c t i v e  n i c k e l  oxide.  We s u s p e c t  t h a t  

t h e  p l aques  which w e  have used may have been ox id ized  non- 

uniformly.  These p laques  were ob ta ined  from a v a r i e t y  o f  

sou rces ,  b u t  even p laques  from any one source  were found t o  var5 

substantially ir; d e n s i t y ,  : e i g h t ,  thickness and s u r f a c e  area. 

Consequently,  i t  seems l i k e l y  t h a t ,  e s p e c i a l l y  w i t h  75  p e r c e n t  

depth o f  d i s c h a r g e ,  t h e  plaques may have been s u b s t a n t i a l l y  and 

non-uniformly ox id ized .  

To sum up, silver-cadmium c e l l s  wi th  components made 

i n d e r  c l o s e  c o n t r o l ,  can be assembled i n t o  b a t t e r i e s  which s t a y  

in ba l ance  f o r  many c y c l e s ,  even when cyc led  r a p i d l y  a t  7 5  

l e r c e n t  depth  of d i scha rge .  The s i t u a t i o n  wi th  nickel-cadmium 
I . ,  

is n o t  so  advanced, b u t  t h e r e  i s  a s u b s t a n t i a l  p o s s i b i l i t y  t h a t  

) e t t e r  performance can be ob ta ined  i f  p laque  q u a l i t y  i s  more 

A o s e l y  c o n t r o l l e d .  
- 

Thank you. 

MR. HENNIGAN: 

)n du r ing  t h e  d i s c u s s i o n  

- 0 0  p e r c e n t  i n s p e c t i o n .  

ind w a i t  f o r  t h a t .  

We would l i k e  t o  show some d a t a  l a t e r  

p e r i o d  o f  what w e  g e t  o u t  of  a l l  t h i s  

I t h i n k  w e  w i l l  go on t o  t h e  s p e a k e r s  
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MR. D'AFTOSTINO: Rather t h a n  on ly  r e a d  n o t e s ,  w h i c  

lJould lead t o  chaos,  I have t r i e d  t o  p r e p a r e  something i n  thc 

3 a m e  ve in  speaking  for myself .  

Before I d e s c r i b e  t h e  t e c h n i q u e s  i n  de t e rmin ing  t h  

p r o p e r t i e s  of  s e p a r a t o r  materials p e r  s e ,  I would l i k e  t o  b r  

describe how a g r a f t e d  membrane i s  made. I n c i d e n t a l l y ,  t h e  

nembranes t h a t  w i l l  be r e f e r r e d  t o  here  are for use i n  s i l v e  

z i n c  systems. 

As you are w e l l  aware, t h e  chemical  environment wh 

a membrane material would see i n  a s i l v e r - z i n c  b a t t e r y  i s  q U  

seve re .  The c a u s t i c  c o n c e n t r a t i o n s  would r u n  anywhere Up t c  

4 0 - 4 5  p e r c e n t .  

The membrane i s  s u b j e c t e d  t o  s t r o n g  o x i d i z i n g  envi  

ments. The t empera tu re  extremes can vary  from s t e r i l i z a b l e  

c o n d i t i o n s  t o  sub-zero t empera tu res .  And i f  t h e  b a t t e q i s  I 

j e c t e d  t o  shock t es t s ,  t h e  membrane a c t u a l l y  must s u s t a i n  t i  



- 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 
iral Reporters 

248 _ _ - -  

t es t s .  

I n  t h e  s e l e c t i o n  of a membrane, one can use  a ma te r i a  

such  as c e l l u l o s i c s  which have t h e  p r e r e q u i s i t e  low e l e c t r i c a l  

r e s i s t a n c e  and p reven t  t h e  d i f f u s i o n  o f  metal i o n s .  The i n -  

h e r e n t  p r o p e r t i e s  of  t h i s  m a t e r i a l ,  however, are such t h a t  i t  

i s  n o t  t o t a l l y  r e s i s t a n t  t o  c a u s t i c  environments o v e r  long  

p e r i o d s  o f  t i m e ,  and i t  has  a r e l a t i v e l y  poor  o x i d a t i o n  res is t -  

ance .  

Numerous o t h e r  polymeric materials have, i n  f a c t ,  

e x c e l l e n t  o x i d a t i o n  r e s i s t a n c e  and r e s i s t a n c e  t o  c a u s t i c s .  

However, t hey  do n o t  have p r e r e q u i s i t e  low e l e c t r i c a l  r e s i s t a n c  

A s  an example, I wou ld  l i k e  t o  c i t e  po lye thy lene .  

I n  o r d e r  t o  a l t e r  t h e  p r o p e r t i e s  of t h i s  polymer, w e  have t o  

add t o  it c e r t a i n  chemical u n i t s .  

which i s  c a l l e d  g r a f t  po lymer iza t ion .  This  is as f o l l o w s .  I 

w i l l  g i v e  you a ve ry  b r i e f  d e s c r i p t i o n .  

We do t h i s  by a p r o c e s s  

If w e  t a k e  a polye thylene  f i l m  and p l a c e  it i n  a 

s o l u t i o n  of a c r y l i c  a c i d  and benzene, and w e  i n i t i a t e  on t h e  

s u r f a c e  of t h e  po lye thy lene  f i l m s  t h r e e  r a d i c a l s ,  which can be 

i n i t i a t e d  by e i t h e r  a chemical means o r  by r a d i a t i o n  means -- 

t h e  r a d i a t i o n  being b e t a ,  gamma, U V ,  o r  a l a r g e  number o f  

i n i t i a t i n g  methods -- w e  can e f f e c t  a g r a f t i n g  of t h e  a c r y l i c  

3cid o n t o  t h e  po lye thy lene .  There i s  no change. 

The un i fo rmi ty  of  t h e  g r a f t  i s  dependent upon a 

lumber o f  f a c t o r s  o t h e r  t h a n  t h e  i n i t i a t i n g  source .  Once t h e  
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a c r y l i c  a c i d  i s  g r a f t e d ,  it i s  washed i n  a c a u s t i c  s o l u t i o n  tc 

remove c e r t a i n  s ide p r o d u c t s  -- p r i m a r i l y  what w e  c a l l  homo- 

p o l y m e r i z a t i o n .  I n  o t h e r  words,  g r a f t i n g  which t a k e s  p l a c e  i. 

t h i s  s o l u t i o n  as opposed t o  i n  t h e  f i l m .  

The f i l m  i s  t h e n  washed w i t h  c a u s t i c  t o  change i t  

t o  t h e  s a l t  form. I n  t h i s  s ta te  t h e  g r a f t e d  p o l y e t h y l e n e  

material i s  a membrane w i t h  r e l a t i v e l y  low r e s i s t a n c e  and  s t i  

r e t a i n s  i t s  e x c e l l e n t  r e s i s t a n c e  t o  c a u s t i c s .  I t  h a s  a r e l a t  

i v e l y  good o x i d a t i o n  r e s i s t a n c e .  

Improvements, more r e c e n t l y  i n  membrane materials, 

have been made by r a d i a t i o n  p r o c e s s e s  and have been shown t o  

t a k e  p l a c e  by p r e - c r o s s l i n k i n g  o f  p o l y e t h y l e n e s .  

I would l i k e  t o  draw on t h e  board  for you. 

(Drawing on b l a c k b o a r d . )  

We assume t h a t  t h e  p o l y e t h y l e n e  i s  a l i n e a r  change. 

When w e  t a l k  of c r o s s l i n k i n g ,  u s i n g  r a d i a t i o n  p r o c e s s i n g ,  whz  

w e  are t a l k i n g  about  i s  t y i n g  t h e  l i n e a r  change t o g e t h e r  i n  E 

f a s h i o n  which g i v e s  us  a 3-dimensional  network.  We go back e 

s a y  t h a t  t h e  p r e - c r o s s l i n k i n g  of t h e  p o l y e t h y l e n e  changes the 

p o l y e t h y l e n e  polymer f r o m  a l i n e a r  polymer t o  a 3-dimensions; 

network.  Th i s  can be done by s u b j e c t i n g  t h e  f i l m  t o  e i t h e r  

gamma or b e t a  r a d i a t i o n ,  and i t  can a l s o  be done by chemica l  

means. Each h a s  i t s  own i n h e r e n t  advantage .  

The second way o f  improving t h e  membrane materials 

i s  by changing the  t y p e  of  monomer which i s  used  i n  t h e  graf.  
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p r o c e s s .  

I have spoken t o  you of a c r y l i c  a c i d .  When one t akes  

a po lye thy lene  material  and i n i t i a t e s  a s i t e  on i t  and reacts  

wi th  t h i s  a c r y l i c  a c i d ,  a s t r u c t u r e  i s  formed (drawing)  such a s  

i n d i c a t e d  h e r e ,  and it i s  repea ted .  

On t h i s  change t h e r e  i s  a s i t e  which c o n t a i n s  

a i r  hydrogen. 

c e r t a i n  o t h e r  s i t e s .  

This  s i t e  i s  more s u s c e p t i b l e  t o  o x i d a t i o n  t h a n  

If one uses  a me ta -ac ry l i c  mater ia l ,  t h i s  i s  what 

When one t a k e s  o f f  t h e  hydrogen and p u t s  on t h e  CH3 occu r s .  

group here ,  i t  causes  two t h i n g s  t o  happen. 

b locking  e f f ec t s  which t a k e  place due t o  t h e  d i f f u s i o n  o f  metal 

i o n s  , and you a l s o  make t h i s  s i t e  from a r e l a t i v e  s u s c e p t i b l e  

s i t e  t o  an o x i d a t i o n - r e s i s t a n t  s i t e  

You i n c r e a s e  t h e  

The t h i r d  method of improving o u r  membrane material 

is by v a r i a t i o n s  i n  t h e  c o n d i t i o n s  which are used i n  t h e  g r a f t -  

ing p r o c e s s .  

I would l i k e  t o  ge t  i n t o  t h e  t e s t  procedures ,  some of  

qhich are  c u r r e n t l y  be ing  used and some of  which are be ing  pro-  

lased for checking o u t  membrane mater ia ls .  

:hem b r i e f l y  and then  d e s c r i b e  them i n  a l i t t l e  more d e t a i l .  

I w i l l  r un  through 

The f i r s t  one i s  w h a t  w e  c a l l  t h e  G e l  f r a c t i o n  of 

:he c r o s s l i n k  po lye thy lene .  S ince  w e  have shown t h a t  w e  can 

.mprove membrane materials by c r o s s l i n k i n g  t h e  po lye thy lene  

l r i o r  t o  g r a f t i n g ,  i t  now becomes necessa ry  for u s  t o  de te rmine  
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what i s  t h e  e x t e n t  o f  c r o s s l i n k i n g  a t  v a r i o u s  p r o c e s s e s .  

I n c i d e n t a l l y ,  I would l i k e  t o  p o i n t  o u t  h e r e  t h a t  

i f  one p l o t s  a p e r c e n t  G e l  f o r m a t i o n ,  which i s  i n  e f f e c t  t h e  

amount of 3-dimensional  c h a r a c t e r  o f  a r a d i a t i o n  g r a f t e d  po ly -  

e t h y l e n e  a g a i n s t  t h e  dose ,  you f i n d  -- i f  t h i s  is a l o g ,  you 

g e t  a l i n e a r  p l o t .  (Drawing.)  A t  abou t  a l e v e l  of  9 0  p e r c e n t  

G e l  f o rma t ion  it i s  a p p a r e n t  a t  a dose l e v e l  of a b o u t  6 0  mega- 

r a d s .  

F u r t h e r ,  it i s  shown t h a t  depending on t h e  t y p e  o f  

p o l y e t h y l e n e  which i s  used  f o r  a comparable d o s e ,  you g e t  a 

d i f f e r e n t  G e l  f a c t o r .  

For i n s t a n c e ,  i f  t h i s  i s  l o w  d e n s i t y  p o l y e t h y l e n e ,  a 

medium d e n s i t y  p o l y e t h y l e n e  w i l l  g i v e  you a lower G e l  f r a c t i o n ,  

and  t h e  h i g h  d e n s i t y  p r o l y e t h y l e n e  w i l l  g i v e  you less y e t .  

I n  o r d e r  t o  de t e rmine  t h e  G e l  f r a c t i o n s ,  what w e  do 

is v e r y  s imp le .  We t a k e  t h e  p o l y e t h y l e n e  i t s e l f  as v e r y  

s o l u b l e  i n  zy lene .  S o  what w e  do i s  t a k e  t h e  r a d i a t e d  material  

and h e a t  i t  up i n  a s o l u t i o n  o f  x y l e n e ,  which c o n t a i n s  an a n t i -  

o x i d a n t .  On t h i s  basis you end up w i t h  some mater ia l  which i s  

s o l u b l i z e d  and some which i s  n o t .  That  which i s  n o t  s o l u b l i z e d  

i s  d e r i v e d  and t h e  we igh t  i s  de te rmined  and from t h i s  you g e t  

a Gel f r a c t i o n .  

Another  i m p o r t a n t  f a c t o r  i n  c r o s s l i n k e d  p o l y e t h y l e n e  

i s  not  on ly  t h e  amount o f  G e l  t h a t  i s  formed, b u t  what you want 

t o  know i s  t h e  d i s t a n c e  between t h e  c r o s s l i n k s  i n  t h e  p o l y e t h y l e  
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The d i s t a n c e  between c r o s s l i n k s  we assume should have some 

bea r ing  on d i f f u s i o n  of cer ta in  materials t o  t h e  polye thylene ,  

and shou ld  to . some e x t e n t  be r e l a t e d  t o  t h e  pore  s i z e .  I w i l l  

back away from t h i s  i f  anyone p i n s  m e  down, b u t  i t  i s  a l o g i c a l  

assumption t o  come t o ,  a l though w e  have no d a t a  t o  back it up. 

What w e  are t a l k i n g  about h e r e  now i s  a method of 

de te rmining  t h i s  Mc va lue ,  where I'M'' means t h e  molecular  weight 

between t h e  c r o s s l i n k e d  s i tes .  This can be determined very 

r e a d i l y  from known techniques  and chemis t ry ,  

where a l l  one has  t o  do i s  determine t h e  young modulus, and 

from t h e  young modulus i n  r e l a t i o n s h i p  t o  t h e  d e n s i t y .  From 

t h e  molecular  weights  of materials you can determine t h e  

molecular  weight between c ross l inked  s i tes .  This  should be an 

i n d i c a t i o n  of t h e  pore  s izes ,  a l though t h i s  pore s i z e  means 

noth ing  when you g e t  i n t o  c a u s t i c .  It  only  would mean t h e  

pore s i z e  of t h e  polye thylene  p e r  se. 

An a d d i t i o n a l  method which i s  u s e f u l  i n  c h a r a c t e r -  

i z i n g  polymer materials i s  by s p e c i a l  photometr ic  methods. 

Here w e  can use  both IR and UV.  The i n f r a r e d  curve of r e g u l a r  

po lye thy lene  can t e l l  u s  what t h e  pe rcen t  of c r y s t a l l i n i t y  

i n  po lye thy lene  f i l m  i s .  

We can a l s o  use  t h i s  i n  g r a f t e d  f i l m ,  s i n c e  w e  are 

g r a f t i n g  o n t o  o u r  membrane mater ia l '6 ,mater ia l s  such as a c r y l i c  

a c i d ,  which have a b o x i l e  ( ? )  func t ion ,  which g i v e s  c h a r a c t e r -  

i s t i c  I R P s  and UVPs'. We can use  t h e  IR and UV checked a t  



253 

var ious  s p o t s  a long t h e  membrane t o  determine what t h e  per -  

centage g r a f t  i s  a t  va r ious  s p o t s  a long  t h e  membrane. 

As I mentioned b e f o r e ,  w e  checked t h e  t e n s i l e  s t r e n g t h  

of t h e  c r o s s l i n k e d  po lye thy lene  a l s o .  

Another p l a c e  where t h e  I R  i s  very  u s e f u l  i s  i n  

checking o u t  t h e  amount of r’ c k r b o n y l .  which i s  formed i n  

a c r o s s l i n k e d  polye thylene  p r i o r  t o  t h e  g r a f t i n g  p r o c e s s .  What 

t h i s  has  done f o r  us i s  as fo l lows :  

I f  you t a k e  a s a m p l e  of  po lye thylene  and you i r r a d i a t e  

it i n  t h e  a i r ,  you g e t  r e a c t i o n  wi th  oxygen i n  t h e  a i r ,  and t h e  

formation of c: ,cawbarily.. subsequent ly  degrades ,  and degrades 

very r a p i d l y .  If you do t h i s  i n  a n i t r o g e n  environment,  you do 

n o t  g e t  t h i s  ca rbony l  format ion .  

The I R  h e r e  i s  a handly t o o l  t o  make s u r e  t h a t  du r ing  

t h e  r a d i a t i o n  -- t h i s  i s  t h e  beta  r a d i a t i o n  f o r  c r o s s l i n k i n g  

of t he  polymer -- none of t h e  polymer i s  i n  t h e  form of ca rbony l . .  

Rather ,  what you have g o t t e n  i s  a t r u e  c r o s s l i n k i n g  of  t h e  

polymer and n o t  t h e  format ion  of  carbonyl .  

I n  a d d i t i o n  t o  t h i s ,  t h e r e  are a number of o t h e r  t h i n g s  

which are  checked: t h i c k n e s s  of g r a f t e d  f i l m s  are checked, both 

w e t  and dry ;  t h e  exchange c a p a c i t i e s  are run  on t h e  g r a f t e d  f i l m ;  

e lectr ical  r e s i s t a n c e  i s  run  on the  g r a f t e d  f i l m ;  and c y c l e  t es t s  

are run i n  a t h r e e - p l a t e  s i l v e r - z i n c  c e l l .  

This  i s  an area where M r .  We the re l l  would have been 

a b l e  t o  g i v e  you more d a t a .  
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I t h i n k  my t i m e  i s  about  up, so  I w i l l  l e t  it go a t  

t h a t .  

MR. HENNIGAN: I t h i n k  we w i l l  go on t o  t h e  n e x t  

pape r  h e r e ,  and any q u e s t i o n s  t o  be asked can be asked  a f t e r  

t h i s  pape r .  

Our n e x t  speake r  i s  Dr. James Oxley,of Atomics 

I n t e r n a t i o n a l ,  who w i l l  cove r  t h e  area of component t e s t i n g ,  

p a r t i c u l a r l y  under  z i n c  e l e c t r o d e s ,  t h e  methods t h a t  can be 

used i n  t h i s  area. 
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DR. OXLEY: What I a m  going t o  t a l k  about  today 

r e p r e s e n t s  an a t tempt  t o  develop an i n c r e a s e d  unders tanding  

of t h e  charging p rocess  of z i n c  e l e c t r o d e s  i n  e l ec t ro -chemica l  

cel ls  which have been employed as metals. 

The work i s  t h e r e f o r e  e q u a l l y  r e l e v a n t  t o  s i l v e r -  

z i n c  and n i cke l - z inc ,  as w e l l  as t o  t h e  more s o p h i s t i c a t e d ,  

o r  s h a l l  w e  say t h e  more r e c e n t  developments of  z inc - i ron  and 

zinc- oxygen b a t t e r i e s .  

This  work was performed whi le  I w a s  a t  LBesWWMo68j 

Labora to r i e s ,  under c o n t r a c t  t o  o u r  Space  F l i g h t  Center ,  and 

a t  t h e  s t a r t  I would l i k e  t o  acknowledge t h e  people  wi th  whom 

I worked wi th  t h e r e :  M r .  Johnson, M r .  Fleischman, and D r .  

Oswin. 

The p r i n c i p a l  cour se  f o r  t h e  p r o g r e s s i v e  change i n  

shape of t h e  z i n c  e l e c t r o d e  du r ing  s u c c e s s i v e  c y c l i n g  i s  

uniquely a r e s u l t  of t h e  f ac t  t h a t  z i n c  ox ide ,  t h e  d i scha rge  

produck, is r e a d i l y  s o l u b l e  i n  t h e  a l k a l i n e  e l e c t r o l y t e  i n  t h e  

form of t h e  z i n c a t e  i r o n .  

During t h e  subsequent  charge p r o c e s s ,  t h e r e f o r e ,  

t h e  r educ t ion  of z i n c a t e  i s  s u b j e c t  t o  t h e  u s u a l  customary 

d i f f i c u l t i e s  g e n e r a l l y  a s s o c i a t e d  wi th  e l e c t r o - d e p o s i t i o n  

p rocesses  o r  p l a t i n g  p rocesses .  

Two damaging effects  can r e s u l t  du r ing  t h e  charg ing  

p r o c e s s ,  depending upon a combination of c u r r e n t  d e n s i t y  and 
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t h e  q u a n t i t y  of a v a i l a b l e  z i n c a t e .  

F i r s t l y ,  d e n d r i t e  growth, o r  "tree" as it i s  o f t e n  

termed, and secondly,  t h e  formation of non-adherent d e p o s i t s .  

The importance of t h e  t o t a l  q u a n t i t a t i v e  z i n c a t e  which i s  

a v a i l a b l e  dur ing  t h e  charg ing  r e a c t i o n  i s  of c r i t i c a l  import-  

ance.  During t h e  d i scha rge  of d e n d r i t e ,  dur ing  t h e  r e l a t i v e l y  

slow d i scha rge  over  s e v e r a l  hours ,  it can be assumed t h a t  t h e  

whole b a t t e r y  w i l l  become s a t u r a t e d  w i t h  r e s p e c t  t o  t h e  z i n c a t e  

i r o n .  Th i s ,  of course ,  i n c l u d e s  t h e  s i l v e r  e l e c t r o d e  which is 

n o t  -- I d o n ' t  know much about  s i l v e r  electrodes;  I d o n ' t  t h i n k  

it is h e s t  5.p. 

p r e s e n t i n g  a r e s e r v o i r  of a v a i l a b l e  z i n c a t e  f o r  t h e  charg ing  

r e a c t i o n .  

to densi ty  -- hll t  it xust then be regarded as 

This  i s  n o t  so c r i t i c a l ,  of course ,  when one uses  

zinc-oxygen e l e c t r o d e s  o r  z i n c - a i r  e l e c t r o d e s ,  because he re  

t h e  q u a n t i t y  of z i n c a t e  or q u a n t i t y  of e l e c t r o l y t e  which can 

be a s s o c i a t e d  with t h e  s t r u c t u r e  i s  almost n e g l i g i b l e .  

S ince  t h e  t o t a l  q u a n t i t y  of  non-adherent o r  den& 

d r i t i c  d e p o s i t  which can be deformed i s  s t r i c t l y  a f u n c t i o n  of 

t h e  amount of z i n c  a v a i l a b l e ,  one might t h e r e f o r e  s u s p e c t  t h a t  

t h e  problems of non-adherency d e n d r i t e  growth would r e l a x  wi th  

zinc-oxygen electrodes;  t h a t  i s ,  unless  you se lec t  carbon,  

which would aga in  have h igh  c a p a c i t i e s  for e l e c t r o d e s .  

Depending upon t h e  charging c u r r e n t  d e n s i t y ,  w e  have 

two types  of d e p o s i t s .  Mossy and c r y s t a l l i n e  can be formed, 
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F i r s t  s l i d e ,  p l e a s e .  

l@X&@qJ.&&g I ' ' 

Here w e  have p l o t t e d  a g raph ,  i f  you can c a l l  i t  t h a t ,  

showing t h e  t y p e s  of d e p o s i t  which are o b t a i n e d  a t  d i f f e r e n t  

c u r r e n t  d e n s i t i e s  as a f u n c t i o n  of t empera tu re .  

between t h e  so-called mossy and c r y s t a l l i n e  v a r i e t y  i s  a s s o c i -  

ated w i t h  t h e  o n s e t  of d i f f u s i o n  c o n t r o l .  We measured t h e  

d i f f u s i o n  c o e f f i c i e n t  of  z i n c a t e  i r o n  i n  t h i s  e l e c t r o l y t e ,  w i t h  

a v a l u e  of  1 . 8  t i m e s  c e n t i m e t e r s  squa red  p e r  second.  

The t r a n s i t i o n  

We s t u d i e d ,  t h e r e f o r e ,  t h e  d i f f u s i o n  of z i n c a t e  i n  

a s e p a r a t e  series of  s t u d i e s  which are r e p o r t e d  i n  p a p e r s  g i v e n  

i n  Buf fa lo  and A t l a n t i c  C i t y .  I won' t  dwe l l  on them h e r e .  

However, a t  y e s t e r d a y ' s  meet ing D r .  Dal in  d i d  draw 

a t t e n t i o n  t o  t h e  p o s s i b l e  r o l e  o f  t empera tu re  as a means of 

performing a c c e l e r a t e d  t e s t i n g .  

I f  w e  suppose t h a t  t h e  m o s t  dangerous v a r i e t y  o f  

z i n c  d e p o s i t s  i s  t h e  c r y s t a l l i n e  o r  d e n d r i t i c  v a r i e t y ,  w e  

see t h a t  r a i s i n g  t h e  t empera tu re  causes  t h i s  form t o  be 

d e p o s i t e d  t o  a lesser e x t e n t ,  whereas r a i s i n g  t h e  t e m p e r a t u r e  

has  damaging e f fec ts  on o t h e r  p a r t s  of  t h e  ce l l  -- f o r  example, 

t h e  ra te  of s i l v e r  ox ide  d i s s o l u t i o n  i s  enhanced, and t h e  ra te  

of ce l lophane  d e g r a d a t i o n  can be i n c r e a s e d  a l s o .  

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

,e &W&gC&.$) $ i 

This  s l i d e  i l l u s t r a t e s  t h e  mechanism of d e n d r i t e  
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propaga t ion .  Unfor tuna te ly ,  t h e  nuc lea t ion  and i n i t i a t i o n  s t a g e s  

would be on t h e  scope of t h e  work w e  carried o u t  a t  GrrQgdna Moos. 

Let 's  assume now t h a t  fol lowing n u c l e a t i o n  and i n i t i -  

a t i o n  p r o t r u s i o n s  form on t h e  e l e c t r o d e  s u r f a c e .  These pro-  

t r u s i o n s  can then  grow by t h e  normal p rocesses  o f  s p h e r i c a l ,  

o r  more e x a c t l y  p a r a b o l i c  d i f f u s i o n ,  t o  t h e s e  ends.  

S ince  t h e  f l u x  of t h e  depos i t i ng  z i n c  i r o n ,  t h e  re- 

ducing z i n c a t e  i r o n  i s  g r e a t  a t  t h e s e  p o i n t s ,  and t h e r e f o r e  

these l l sp ikes l '  as It were, o r  d e n d r i t e s ,  tend t o  grow p r e f e r -  

e n t i a l l y ,  s eek ing  o u t  t h e  sou rce  of t h e  z i n c a t e .  

C . . - k  m-m-:AA- -+ :A- -  I C  2:tc..-:-- L---- 
u u u I  ~ u i ~ = ~ u = ~ a L A u ~ ~ ~  VI UIIIUDIVII i i a v t :  led US to 

s u g g e s t  t h e  p o s s i b l e  use of p u l s e  charg ing .  This  h a s n ' t  

a c t u a l l y  been p u t  i n t o  p r a c t i c e .  The theo ry  i s  more o r  less 

as fo l lows :  

One ma in ta ins  t h e  on-charging c y c l e  u n t i l  such a 

p o i n t  as t h e  d i f f u s i o n  l a y e r  becomes of t h e  same order of 

magnitude as t h e  s u r f a c e  i r r e g u l a r i t i e s .  

t u r n s  o f f  t h e  charg ing  c u r r e n t  and l e t s  t h e  d i f f u s i o n  l a b  

c o n c e n t r a t i o n  g r a d u a l l y  b u i l d  up decay. One t h e r e f o r e  can 

have a series of on /o f f  p u l s e s ,  depending on t h e  f requency ,  

depending on t h e  c u r r e n t  d e n s i t y .  

A t  t h i s  p o i n t - o n e  

T h i s  i s  a l s o  a very  s imi l a r  method t o  what M r .  Henn- 

i g a n  referred t o  y e s t e r d a y  i n  t h e  d i s c u s s i o n ,  which i s  l i m i t -  

i n g  t h e  v o l t a g e  t o  which t h e  z i n c  e l e c t r o d e s  can ar ise .  This  

is tantamount  t o  say ing  minimizing the p o s s i b i l i t y  of concen- 
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t r a t i o n  p o l a r i z a t i o n  t a k i n g  i t s  e f fec t .  

c o n c e n t r a t i o n  of z i n c a t e  d i s s o l v e d  i n  t h e  e l e c t r o l y t e  d e c r e a s e s  

and t h e  e f f e c t i v e  p o l a r i z a t i o n  d e c r e a s e s  wi th  i t .  

Because g r a d u a l l y  t h e  

( S l i d e  o f f . )  

Adherency i s  always a c r i t i c a l  parameter  in e l e c t r o -  

d e p o s i t i o n .  We made a s h o r t  a t t e m p t  t o  s t u d y  t h i s  and s tudy  

t h e  d e p o s i t i o n  of z i n c  from z i n c a t e  e l e c t r o l y t e  a t  d i f f e r e n t  

c u r r e n t  d e n s i t i e s  of 1 5  and 3 0  mi l l iamps  p e r  c e n t i m e t e r  squa red ,  

where t h e  r e a c t i o n s  are a c t i v a t i o n  and - c o n t r o l  

r e s p e c t i v e l y .  

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

Th i s  s l i d e  shows t h e  pe rcen tage  of t h e  d e p o s i t  t h a t  

i s  non-adherent on d i f f e r e n t  m e t a l = s u b s t r a t e s  i n  t h e  a c t i v a t i o n  

on t h e  l e f t ,  and on t h e  r i g h t  t h e  d i f f u s i o n  c o n t r o l  r e g i o n .  

On t h e  l e f t  t h e  type  of  growth i s  mossy, and on t h e  r i g h t  it i s  

d e n d r i t i c .  But bo th  have t h i s  non-adherent c h a r a c t e r i s t i c .  

I n  t h e  a c t i v a t i o n  c o n t r o l  r e g i o n  i t  would seem t h a t  

t h e  most appa ren t  d e p o s i t s  were found on l e a d ,  w i t h  amalgamated 

z i n c  fo l lowing  a close second.  

t h e  most i n h e r e n t  d e p o s i t  w a s  found on t i n ,  w i th  l e a d  fo l lowing  

a c l o s e  second. 

I n  t h e  d i f f u s i o n  c o n t r o l  r e g i o n ,  

We f e l t  t h a t  i f  t h e  t ac t i ca l  effects  could  be ex- 

c luded  and t h e r e f o r e  t h e  d i f f e r e n c e  i n  behav io r ,  I t h i n k  t h i s  

could  r e l a t i v e l y  be a t t r i b u t e d  t o  e i t h e r  a combination of t h e  
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effect  of t h e s e  metals which may d e p o s i t  s imul taneous ly  wi th  

t h e  z i n c  on t h e  hydrogen v o l t a g e ,  o r  conce ivably  i n  t h e  nuc le-  

a t i o n  and i n i t i a t i o n  p rocesses  through t h i s  

mechanism small enough q u a n t i t i e s  of l e a d ,  f o r  example, whatever 

it i s ,  t i n ,  might cause a uniform s t r u c t u r e  t o  be ob ta ined .  

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

PIGORE k ;  

S i n c e  l e a d  was found t o  be t h e  b e s t ,  w e  t r i e d  t h e  

e f f ec t  of adding d i f f e r e n t  small c o n c e n t r a t i o n s  of  l e a d  iQWi-,-- - 

a c t u a l l y ,  i n  t h i s  case i n  t h e  form of l e a d  acetate t o  t h e  

e l e c t r o l y t e ,  aga in  i n  both  t h e  a c t i v a t i o n  "A" and d i f f u s i o n  

c o n t r o l  reg ions .  

I n t e r e s t i n g l y ,  about  t h e  same c o n c e n t r a t i o n  of d i s -  

so lved  l ead  iQnfl; w a s  found t o  be a p p r o p r i a t e  -- or r a t h e r ,  

t o  g i v e  t h e  maximum adherence t o  t h e  d e p o s i t .  This  was i n  t h e  

case of  d e a c t i v a t i o n  c o n t r o l  p rocesses ,  about  0 . 4  grams p e r  

l i t e r ,  a n d  d i f f u s i o n  c o n t r o l  p rocess  about  1 gram p e r  l i t e r .  

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

FIGURE 5 '  

This s l i d e  shows a c r o s s  s e c t i o n  of  a z i n c  d e p o s i t  

ob ta ined  a t  50  mil l iamps p e r  c e n t i m e t e r  squared  from s a t u r a t e d  

z i n c a t e  s o l u t i o n  c o n t a i n i n g  0 . 4  grams l P b ( l 1 ) .  The t o t a l  t h i c k -  

ae$s hCne i s  0 . 0 1  i n c h ,  and a d e p o s i t  o f  about  h a l f  t h a t .  So  

w e  have got h e r e  q u i t e  a n i c e  t h i c k  d e p o s i t  of z i n c  f o r  t h e  

e l e c t r o l y t e .  

I ,  
1 J .  

~ 
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These b lack  p o r t i o n s  here r e p r e s e n t  h o l e s .  The b lack  

a t  t h e  t o p  d i sappea r ing  j u s t  off  t he  board i s  t h e  end of t h e  

d e p o s i t .  

I would l i k e  t o  conclude by summarizing a f e w  recom- 

mendations as t o  how t h e  z i n c  charging process  o r  r a t h e r  t h e  

d i f f i c u l t i e s  i n  t h e  z i n c  charg ing  process  could be minimized o r  

l i m i t e d .  

F i r s t l y ,  t o  minimize any a v a i l a b l e  r e s e r v o i r s  of 

e l e c t r o l y t e  xhich  could provide a v a i l a b l e  z i n c a t e ,  i t  could 

be p o s s i b l e ,  I suppose,  t o  minimize t h e  v e l o c i t y  of  s i l v e r  

eiecti--odes while  main ta in ing  i t s  good charge /d ischarge  c h a r a c t e r -  

i s t i c s .  

Secondly, t o  minimize t h e  onse t  of concen t r a t ion  

p o l a r i z a t i o n s  by e i t h e r  on /of f  charging o r  as r e s t r i c t i n g  t h e  

v o l t a g e  rise. 

Th i rd ly ,  t h e  p o s s i b l e  use of l e a d .  

Thank you. 

MR. HENNIGAN: I would l i k e  t o  thank a l l  t h e  speake r s  

t h i s  morning f o r  t h e i r  p r e s e n t a t i o n s .  I t h i n k  some of t h e  t h i n g s  

which have been po in ted  o u t  he re  i n  component t e s t i n g ,  whether 

i t  be s e p a r a t o r s ,  z i n c  e l e c t r o d e s  and so  f o r t h ,  t h a t  i t  i s  q u i t e  

a t e d i o u s  p rocess .  Some of t h i s  work takes a y e a r  o r  two t o  do 

i t ,  t o  t e s t  o u r  a d d i t i v e s ,  e l e c t r o d e s ,  d i f f e r e n t  s t r u c t u r e s  and 

so  f o r t h .  

This  i s  t h e  type  of t h ing ,  I t h i n k ,  t h a t  i s  j u s t  as 
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impor t an t ,  if n o t  more impor tan t ,  t h a n  c e l l  t e s t i n g .  

I am s u r e  t h a t  many people h e r e  have taken a p a r t  

s i l v e r  z inc  ce l l s  a f t e r  they  f a i l .  They are q u i t e  confused a t  

t h e  mess you f i n d  i n s i d e  one of these t h i n g s ,  and j u s t  what went 

wrong i n  t h e  c e l l  -- I mean, every th ing  going every  which way, 

Before I go on h e r e ,  I would l i k e  t o  show a couple  of 

s l i d e s  of what w e  g e t  ou t  of v e r y  c l o s e  c o n t r o l l e d  Qua l i ty  Control .  

( S l i d e .  1 

What w e  do, w e  g e t  these  c e l l s  frcrn t h e  c o n t r a c t o r  

and they  are dry .  We f i l l  t h e  cel ls  and w e  form on au tomat ic  

equipment. iie try tu eiinlinate as f i~uc i i  as p o s s i b l e  personnel. 

I a m  q u i t e  s u r p r i s e d .  

are s t i l l  forming cel ls  and checking t h e s e  t h i n g s  o u t  wi th  

probes and vo l tme te r s .  This i s  a l l  w e l l  and good, bu t  you g e t  

a l o t  of personnel  areas and I don ' t  t h i n k  -- it t a k e s  a l o t  of 

t i m e  t o  f o r m  cel ls  when somebody i s n ' t  t h e r e  a t  t h e  r i g h t  t i m e .  

We go t o  t h e  b a t t e r y  company and they  

So t h i s  i s  done on automatic  equipment. This  i s  a 

l o t  of ce l l s  t h a t  w e  g o t  some time ago t h a t  w e  j u s t  went o u t  

and bought. This  i s  t h e  type  of capac i ty  t h a t  w e  g o t .  

By t h e  way, i n  t h i s  formatinn procedure w e  are 

mainly t r y i n g  t o  match cel ls  and c a p a c i t i e s .  

c a p a c i t y  v a r i a t i o n  w e  have g o t  anywhere from t h e  1 2  ampere hour 

range down h e r e ,  t o  t h e  1 4 - 1 / 2  t y p e  ce l l s .  

Th i sc ip  thk t ype  of 

T r i a n g l e s  are i n p u t  on t h e  t h i r d  formation charge ,  

and t h e  c i rc les  are t h e  ou tpu t  on t h e  t h i r d  formation d i scha rge .  

~ 
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This i s  one of  t h e  b e t t e r  p l o t s  w e  have g o t .  Some 

of them went up and down, and i t  looks  l i k e  buckshot h i t  t h e  

sc reen .  We d i d  make a b a t t e r y  out of  t h e s e ,  t o  t r y  t o  se lec t  

o u t  of h e r e ,  b u t  t h e  b a t t e r y  d i d n ' t  work and w e  r u p t u r e d  t h e  

seal  a f t e r  30 o r  40 cyc le s .  

So t h a t  after t h i s  type of expe r i ence ,  w e  d i d  go t o  

t h e  Yardney Company and ask  them t o  see what w e  could  do about  

t h i s .  We d i d  go t o  a procedure of 1 0 0  pe rcen t  i n s p e c t i o n ,  

which George Dal in  has covered i n  some d e t a i l .  

( S l i d e .  1 

This n e x t  c h a r t  shows what w e  g a i n  from t h i s  t ype  of 

i n s p e c t i o n ,  p l u s  t h i s  super-duper format ion  t r ea tmen t  w e  g i v e  

it. You see he re  t h e  cells  are very c l o s e  t o g e t h e r ,  and t h e  

c a p a c i t y  i s  easy  t o  match, t o  t ake  13 c e l l s  o u t  of t h i s  s l o t  

and make a b a t t e r y .  We want 1 3  o u t  of 20 .  

We have flown t h i s  b a t t e r y ,  t h e  1 3  cel ls ,  and hope 

it works. 

been q u i t e  rewarding. 

But ouk, exper ience  with b a t t e r i e s  of t h i s  type  h a s -  

One of ou r  b i g g e s t  g a i n s ,  I t h i n k ,  i s  when w e  t a k e  

t h e  b a t t e r y  down a l l  t h e  way t o  .9 of a v o l t  o r  lower -- and 

w e  do t h i s  on satel l i tes  -- t h e  c e l l s  do n o t  imbalance and i n  

fact  on t h e s e  cel ls  h e r e  w e  have t aken  them down t o  ze ro  

across a resistor wi thout  g e t t i n g  a r e v e r s a l  problem. I d o n ' t  

know if w e  can do t h i s  a l l  t h e  t i m e  o r  n o t .  

t h i s ,  b u t  it has been done. 

I ' m  n o t  gua ran tee ing  
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So t h e s e  are some of t h e  r e s u l t s  w e  are g e t t i n g  from 

t h i s  very c l o s e  q u a l i t y  c o n t r o l .  

sacrifice t h e  c a p a c i t y  he re .  

t h e s e  c e l l s  up i n  he re .  

But one t h i n g  h e r e ,  w e  d i d  

I d o n ' t  know whether it would fit ,  

I d o n ' t  f ee l  t h a t  t o t a l  c a p a c i t y  i s  

t h a t  important .  Well, w e  can sacr i f ice  t h e  lower c a p a c i t y  as 

long as  w e  g e t  a good b a t t e r y .  

Tha t ' s  a l l  f o r  t h i s  s l i d e .  

Some of t h e  problems, of course ,  wi th  t h i s  QC -- 

number one, it i s  very expensive.  I t h i n k  w e  have planned t o  

have an increase i n  t h e  p r i c e  two or t h r e e  times wi th  t h i s  type  

of QC. It pays o f f  i n  t h e  end. You j u s t  don ' t  l o s e  b a t t e r i e s  

and whole s a t e l l i t e  systems. 

The u s u a l  problem i n  t h e  company i s  a cont inuous 

b a t t l e  between QC and eng inee r ing  product ion .  W e  t r y  t o  QC 

t h e s e  t h i n g s  t o o  much and t h e  o t h e r  two groups are r e a l l y  

f i g h t i n g  t h i s  t ype  of o p e r a t i o n .  

The t h i r d  t h i n g  i s  what you r e a l l y  c o n t r o l  i n  t h e s e  

b a t t e r i e s  when you make them. We are c o n t r o l l i n g  many p h y s i c a l  

parameters and n o t  doing t o o  badly ,  b u t  what s h a l l  w e  do t o  

c o n t r o l  t h e s e  p l a t e s  chemical ly .  

I would now l i k e  t o  l a y  t h i s  open f o r  d i s c u s s i o n ,  

We h a v e  1 5  or 2 0  minutes.  Do w e  have any comments on q u a l i t y  

c o n t r o l  o r  component t e s t i n g ?  

, 

MR. HARDY (Ba t t e l l e l :  This q u e s t i o n  i s  d i r e c t e d  t o  
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D r .  D 'Aftost ino.  

On your  p e r c e n t  G e l  formation t e s t ,  t h e  d i s s o l u t i o n  

impl i ed  t o  m e  p o s s i b l y  t h e r e  are areas where t h e r e  i s  c ross -  

l i n k i n g  and areas where t h e r e  is  no c r o s s l i n k i n g .  

and i f  so, what effect does t h a t  have on t h e  s t a b i l i t y  of t h e  

s e p a r a t o r  -- I n  o t h e r  words, are t h e r e  p o i n t s  t h a t  might be 

weak? 

Is t h a t  so, 

DR. D'AFTOSTINO: A s  you know, i n  a r a d i a t i o n  p rocess  

You have both a c r o s s l i n k i n g  you have t w o  t h i n g s  t a k i n g  p l a c e .  

and a degrada t ion  of t h e  f i l m  t ak ing  p l a c e  s imul taneous ly .  

t h a t  what one could do i n  f ac t  w i t h  r a d i a t i o n  i s  t o  g e t  some 

So 

s m a l l  € r a e t i o n s  i n s i d e  t h e  membrane material. 

A t  t h e  same t i m e  you have a build-up of three-dimensional  

So you do have both of t h e s e  t h i n g s  t a k i n g  p l a c e  s i m -  network. 

u l t aneous ly .  

The n e t  e f fec t ,  t h e  o v e r a l l  e f fec t  t h a t  one sees i s  

a c r o s s l i n k i n g  effect ,  because t h e  r a t i o  of a c r o s s l i n k i n g  

d e c i s i o n  i s  a f avorab le  r a t i o  f o r  c r o s s l i n k i n g  i n  polye thylene .  

When you e x t r a c t  wi th  xylene ,  you i n  f ac t  e x t r a c t  o u t  extremely 

low molecular  materials. 

I DR. FLEISCHER: Would you mind e x p l a i n i n g  how you use  

t h e  term "pores"? 

s h e e t s ,  which i s  no t  porous a t  a l l .  

unders tand  how porous s t r u c t u r e  develops i n  t h i s  t h i n g  as a 

r e s u l t  of t h e  c r o s s l i n k i n g .  

A s  I understand i t ,  you s t a r t  wi th  po lye thy lene  

I t  would be i n t e r e s t i n g  t o  
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DR. D'AFTOSTINO: We are n o t  h e r e  r e a l l y  t a lk i r ig  o f  

a pore  as a hole,  

t o o  much about  t h i s  pore  s t r u c t u r e  a t  a l l ,  

as you see i n  most materials,  We d o n ' t  know 

I know t h a t  if you do t ake  a po lye thy lene  mater ia l  

and g r a f t  it, and s u b j e c t  t h i s  t o  -- and t r y  t o  run a d e s a l i n i z -  

a t i o n  of water on i t ,  you can i n  fac t  s t o p  some of t h e  s a l t  from 

coming through.  

What w e  are say ing  here w i t h  t h e  c r o s s l i n k i n g ,  i s  

t h a t  we are t y i n g  t h e  l i n e a r  c h a i n s  t i g h t e r  t o g e t h e r  so  t h a t  

you can c u t  down t h e  confus ion  which w e  have seen .  

i f  one t a k e s  a c r y s t a l l i n e  p o l y e t h y l e n e , d i f f u s i o n  of water vapor  

t o  a c r y s t a l l i n e  po lye thy lene ,  i t  i s  s lower  t h a n  through an  

For i n s t a n c e ,  

po lye thy lene .  The r eason ing  behind t h i s  appears  

t o  be t h e  c r y s t a l  s t r u c t u r e  i s  a t i g h t e r  packing ,  s o  t h a t  one h a s  

a t i g h t e r  or smaller pore  s i z e .  One could  r e f e r  t o  t h i s .  

What w e  are  doing i n  t h e  c r o s s l i n k i n g ,  w e  are a l s o  

inducing  i n t o  i t  a t i e  between t h e  l i n e a r  polymer and say ing  

t h a t  t h e s e  are, i n  e f f e c t ,  a smaller pore  s i z e .  

MR. FLEISCHER: What I d o n ' t  unders tand  about  this i s  

how does it become iron-permeable ,  which is what you are seek ing ,  

Ac tua l ly ,  it i s  t h e  i ron-permeable  c a p a c i t y  t h a t  you are t r y i n g  

t o  i n c r e a s e ,  i n  going from po lye thy lene  t o  a c r o s s l i n k e d  mem- 

b rane  o 

DR. D'AFTOSTINO: I t  i s  t r u e  t h a t  w e  want t o  i n c r e a s e  

t h e  i r o n  p e r m e a b i l i t y ,  b u t  w e  d o n ' t  want d i f f u s i o n  of s i l v e r  
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th rough it. 

So what w e  are saying ,  i n  effect ,  i s  w e  could go 

through it i n  a t i g h t e r  network and s e l e c t i v e l y  p reven t  t h e  

d i f f u s i o n  of one material t h a t  i s  c l o s e r  t o  ano the r .  

MR. HARDY (Bat te l le l :  I t h i n k  D r .  F l e i s c h e r  i s  

over looking  t h e  fac t  t h a t  you g r a f t e d  i r o n  exchange material 

on t o  t h e  membrane. 

DR. D'AFTOSTINO: L e t  m e  p o i n t  t h a t  o u t .  A f t e r  w e  

c r o s s l i n k e d  t h e  material, t h e  material was t h e n  g r a f t e d  so  

t h a t  w e  have a c r y l i c  a c i d  o r  me tac ry l i c  a c i d  g r a f t e d  on t o  t h e  

c r o s s l i n k e d  material. I t  is a volume-type g r a f t .  

DR. FLEISCHER: I a m  going t o  cont inue  t o  be s t u p i d .  

A s  I g a t h e r  t h e  p i c t u r e ,  you are only t a l k i n g  about  c r o s s -  

l i n k i n g  on t h e  surface t h a t  has  t h e  change s t i c k i n g  o u t .  

What I am i n t e r e s t e d  i n  i s  how do you g e t  a l l  t h i s  

c r o s s l i n k i n g  a l l  t h e  way through t h e  f i l m  which i s ,  w e  w i l l  say  -- 
DR.  D'AFTOSTINO: I t  i s  about  1 m i l  t h i c k .  

DR. FLEISCHER: One m i l .  So t h a t  would be 2 0 , 0 0 0  

s t r a n d s ?  

DR. D'AFTOSTINO: Using gamma r a d i a t i o n ,  you have 

no problem a t  a l l  f o r  p e n e t r a t i o n  i n t o  t h e  f i l m .  

e f f e c t ,  form a c r o s s l i n k e d  s i z e  throughout t h e  t o t a l  f i l m ,  

n o t  on ly  on t h e  s u r f a c e .  

You, i n  

If one were t a l k i n g  o f  something l i k e  U V ,  where you 

c a n ' t  g e t  much lower s u r f a c e ,  t h i s  i s  a d i f f e r e n t  s t o r y .  But 
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w i t h  beta or gamma r a d i a t i o n ,  you can permeate  up t o  2 0 0  m i l s  

i n  po lye thy lene ,  depending upon t h e  r a d i a t i o n  you are u s i n g ,  

You are doing,  i n  e f f e c t ,  a c r o s s l i n k i n g  th roughou t .  

As a matter of f ac t ,  y o u r  g r a f t i n g  i s  a l s o  a volume- 

t y p e  g r a f t i n g .  I n  t h i s  s e n s e  it i s  a misnomer, t h a t  w e  are 

n o t  only g r a f t i n g  t h e  s u r f a c e  b u t  w e  are g r a f t i n g  th roughou t  

t h e  whole f i l m .  

DR. DALIN: On t h e  materials w e  have s e e n ,  t h e  b u l k  

of  t h e  g r a f t  seems t o  be on t h e  s u r f a c e .  

I would l i k e  t o  ra ise  t h e  q u e s t i o n  as t o  how a n  

a c r y l i c  a c i d  r e s i d u e ,  or t h e  molecule ,  g e t s  i n s i d e  t h e  f i l m ,  

u n l e s s  t h e  h o l e  bored by t h e  gamma p a r t i c l e  go ing  th rough  

i s  l a r g e  enough for -the a c r y l i c  a c i d  t o  p a s s  i n t o  i t ,  

DR.  D'AFTOSTINO: There are no h o l e s  bored  by t h e  

gamma, p e r  se. What you have i s  something l i k e  t h i s  t a k i n g  

p l a c e .  This  can be  s e e n ,  by t h e  way, i n  numerous books on 

r a d i a t i o n  g r a f t i n g  -- one by Char lesbe  and a n o t h e r  one by 

Shapiro.  

If you have a p o l y e t h y l e n e  f i l m  (drawing on b o a r d ) ,  

and you have gamma r a d i a t i o n s ,  and you i n i t i a t e  s i tes  on t h e  

s u r f a c e ,  once t h e  s i tes  are i n i t i a t e d  and you s t a r t  g r a f t i n g  

t o  t h e  s u r f a c e ,  what happens now i s  t h a t  t h e  membranes have 

s o l u b i l i t y  deepe r  i n t o  t h e  f i l m  t o  t h e  g r a f t i n g  s o l u t i o n .  

You g e t  d i f f u s i o n  i n t o  t h e  f i l m  and g r a f t i n g  proceeds  i n  depth  

throughout  t h e  f i l m .  
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You can a l s o  show t h i s  by t a k i n g  t h e  g r a f t e d  f i l m  

and impregnat ing i t  wi th  d3es and s l i c i n g  t h e  f i l m  and looking 

through t h e  t h i c k n e s s  area of t h e  f i lm .  You see t h a t  t h e  dye 

p e n e t r a t i o n  i s  throughout  t h e  whole f i l m ,  n o t  only i n  t h e  s u r f a c e .  

This  i s  n o t  on ly  done on 1 m i l  f i l m ,  b u t  it can be 

done on materials up t o  40  o r  50 m i l s .  So it is, i n  e f fec t ,  

t h i s  volume g r a f t .  There i s  no ques t ion  about  it. 

MR. SHAFFER (AMF): I have a q u e s t i o n  about  s l i c i n g  

t h e  f i l m s .  

When you s l i ce  t h e  f i l m  and d$e it ,  i s  t h e  g r a f t i n g  

o r  t h e  d9eing effect  uniform as you go through t h e  f i l m ?  Is 

it p r e t t y  uniform through i t ?  

DR. D'AFTOSTINO: If one t a k e s  t h e  p rope r  p recau t -  

i o n s  t o  remove a l l  homo-polymer from t h e  f i l m ,  and one slices 

t h e  f i l m ,  you do g e t  a uniform g r a f t  throughout  t h e  f i l m s .  

This  can be shown by going through very  t h i c k  materials t o  where 

you d o n ' t  have t o  worry about  s m a l l  s u r f a c e  effects  of con- 

tamina t ion .  

o u t  t h e  f i l m  is  i n  fact  homogenous. 

I n  e f fec t ,  you can show t h a t  t h e  g r a f t i n g  through- 

MR. SHAFFER: I am amazed t o  h e a r  t h i s  because when 

po lye thy lene  f i l m  i s  made, t h e  s u r f a c e  i s  i n h e r e n t l y  d i f f e r e n t  

from t h e  i n t e r i o r  on account of t h e  p r o c e s s  t h a t  i s  used.  

DR. D'AFTOSTINO: I n  t h e  exc lus ion  of po lye thy lene  

f i l m ,  t hey  do use s l i p  a g e n t s  on t h e  s u r f a c e  of t h e  f i l m .  When 

w e  s p e c i f y  a f i l m  f o r  o u r  p r o c e s s ,  w e  g e t  material which has  
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no s l i p  agen t s  and which has  no a d d i t i v e s  i n  t h e  film maferSal 

i t s e l f .  

MR. SHAFFER: Is t h e  po lye thy lene  f i l m  -- okay, 

l eave  o u t  t h e  s l i p  agen t s .  

uniform? W e  have looked a t  po lye thy lene  f i l m s ,  e l e c t r o n  micro- 

graphs,  be fo re  doing anything t o  them. 

unpack it, s l i ce  it, and look.  

I never thought  i t  w a s  e n t i r e l y  due t o  s l i p  a g e n t s ,  c h i l l i n g ,  

o r  some o t h e r  process .  I n  o t h e r  words, t h e r e  i s  a d i f f e r e n c e  

i n  s t r u c t u r e ,  no t  j u s t  chemical composition. 

But i s  t h e  polye thylene  f i l m  

I mean, as r e c e i v e d ,  

The s u r f a c e  i s  d i f f e r e n t  and 

DR. D'AFTOSTINO: T h i s  I c a n ' t  -- I n  fac t ,  t h i s  may 

be t r u e ,  t h a t  t h e  s u r f a c e  may be d i f f e r e n t  because of t h e  

exc lus ion  p rocess ,  and a l s o  because dur ing  t h e  exc lus ion  

process  t h e r e  are o t h e r  po lye thy lenes  which may be s l i g h t l y  

d i f f e r e n t .  

This i s  on t h e  takeup wheels ,  when you are making 

t h e  polyethylene f i l m ,  and t h i s  t h i n g  i s ,  i n  e f f ec t ,  s t r e t c h e d  

i n  one d i r e c t i o n  as opposed t o  t w o  d i r e c t i o n s ,  

b i a x i a l l y - o r i e n t e d  material which i s  s t r e t c h e d  i n  both  d ip-  

e c t i o n s .  So t h a t  you, i n  e f fec t ,  have no d i f f e r e n c e  i n  stresses 

on the  f i l m  

You can g e t  a 

MR. SHAIR (Gulton I n d u s t r i e s ) :  We have seen  a l o t  

of t he  f i l m s  t h a t  you have produced p r i m a r i l y  f o r  use i n  t h e  

silver-cadmium and s i l v e r - z i n c  t y p e  cells., 

I have t w o  ques t ions :  P r e c i s e l y  what do you propose 
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t h a t  your  s e p a r a t o r  material does i n  a s i l v e r - t y p e  c e l l ;  what 

is t h e  mechanism whereby i t  does i t ?  

DR. D'AFTOSTINO: Both ques t ions  I can only answer 

"I d o n ' t  know.? All I know i s  t h a t  it j u s t  works t o  an e x t e n t  

now, and I t h i n k  it can be improved on by c e r t a i n  procedures  

which I have given i n  t h e  t a l k .  

i s  doing here. If you are ask ing  f o r  mechanisms, I d o n ' t  know 

what it is .  

I d o n ' t  know e x a c t l y  what it 

I would a p p r e c i a t e  i t  i f  anybody could  t e l l  m e  

what t h e  mechanism is .  

MR. SHAIR: Going back t o  t h e  q u e s t i o n  before the  

mechanism, what i s  it c o n t r i b u t i n g  t o  t h e  s i l v e r  cel ls  t h a t  

i s  making them be t t e r  ce l l s?  

DR. D'AFTOSTINO: One, t h e  po lye thy lene ,  p e r  se, 

t h e  material, i s  much more r e s i s t a n t  t o  o x i d a t i o n  

than  any material used, p a r t i c u l a r l y  c e l l u l o s i c s .  

You see what w e  can do i n  t h e  g r a f t i n g  p rocess  is  

t o  tailor-make o r  c o n t r o l  t h e  amount of g r a f t  t h a t  w e  p u t  

on t o  t h e  f i l m ;  w e  can c o n t r o l  the  d e n s i t y  of  t h e  f i l m  t o  

s tar t  w i t h ;  w e  can c o n t r o l  t h e  c r o s s l i n k i n g  through which w e  

i n i t i a l l y  se t  t h e  , f i l m .  Once w e  f i n d  o u t  what t h e  effect  of 

a l l  these parameters  are on improving t h e  p r o p e r t i e s  of t h e  

membrane, p e r  se,  w e  can t h e n  go ahead and make a membrane 

material which has  i n  e f fec t  t h e  exact parameters  t h a t  w e  

want. 
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DR. STRIER (Douglas):  Would you s a y  t h a t  t h e  t=,ffe:t 

of  c r o s s l i n k i n g  i s  t o  c u t  down t h e  c o n d u c t i v i t y ,  whereas t h e  

effect  of g r a f t i n g  t h e  a c r y l i c  i s  t o  improve t h e  c o n d u c t i v i t y ?  

So t h a t  you have i n  a sense  t w o  opposing effects i n  which you 

are ab le  t o  achieve  a b e t t e r  c o n t r o l  t h a t  you were seek ing  

even tua l ly?  

DR. D'AFTOSTINO: I t h i n k  b a s i c a l l y  t h i s  i s  t r u e ,  

What we are doing,  w e  are g r a f t i n g  -- as w e  i n c r e a s e  t h e  g r a f t  

w e  can  lower t h e  r e s i s t a n c e  of t h e  f i l m .  If you i n c r e a s e  t h e  

c r o s s l i n k i n g ,  you a lso f i n d  you have ano the r  effect  which makes 

t h e  g r a f t i n g  o p e r a t i o n  more d i f f i c u l t .  Once you come up t o  a 

comparable g r a f t  l e v e l ,  t h e  c o n d u c t i v i t y  seems t o  be about  t h e  

same 

This  may be a l e v e l i n g  e f fec t  h e r e .  You may g e t  up 

t o  a c e r t a i n  g r a f t  l e v e l  and achieve  a c e r t a i n  c o n d u c t i v i t y ,  

no matter how much h i g h e r  you go. 

d u c t i v i t y ,  so  it could be a l e v e l i n g  e f fec t  a t  t h i s  p o i n t .  

We see no i n c r e a s e  i n  con- 

DR. LANDER (Delco Remy): I have a comment here t h a t  

c ros ses  both D r .  Oxley's paper  and M r .  D 'Af tos t ino ' s ,  

We could add a f o u r t h  t h i n g  t o  t h a t  l i s t  of t h i n g s  

t h a t  D r .  Oxley mentioned as a means f o r  d i scouraging  t h e  growth 

of zinc t o  s e p a r a t o r  materials. 

s m a l l  enough, t hen  w e  could d iscourage  t h e  growth of d e n d r i t e s  

t o  t h e  pores  simply because of t h e  fac t  t h a t  

d e n d r i t e s  probably have t o  have a c r i t i ca l  dimension l a r g e  enough 

I f  w e  could  achieve  a pore  s i z e  
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i n  o r d e r  t o  be a b l e  t o  p e r p e t u a t e  i t s e l f .  

due t o  t h e  fac t  t h a t  i f  you g e t  a c r y s t a l  

i s  t o o  s m a l l ,  i t  i s  going t o  d i s s o l v e  r a t h e r  t han  cont inue  t o  

grow. 

This  i s  somewhat 

and i t  

Then i n  terms of t h e  s e p a r a t o r  materials t h a t  w e  have 

t e s t e d ,  namely 2-2-XH, which w a s  prepared for us by R A I  under 

an A i r  Force c o n t r a c t ,  I t h i n k  t h e r e  i s  r e so lved  i n  o u r  r e p o r t s  

t h a t  t h e s e  c e l l s  r e c e i v e  something l i k e  24 t o  3400 c y c l e s  a t  

.5  p e r c e n t  

beyond t h e  f i r s t  l a y e r .  

d e n d r i t e s ,  where w e  could match any z i n c  

This ,  I t h i n k ,  is  sugges t ive  of -- I n  s p i t e  of t h e  

fac t  w e  d i d  g e t  a d i f f u s i o n  of z inc  due t o  t h i s  z i n c  8 i r o n ,  

i t  s u g g e s t s  t o  me t h a t  t h e  pore  s i z e  of t h i s  material i s  s m a l l  

enough so t h a t  t h e  d e n d r i t e  f lows through. 

Now, while  I a m  s t i l l  on t h e  f l o o r ,  I would l i k e  t o  

comment f u r t h e r  on Dr. O x l e y ' s , e f f e c t s  of l e a d  on t h e  p i p e . ( ? )  

I f  you e lec t  t o  appo in t  z i n c  o u t  of a ba th  con ta in ing  l e a d  

i r o n s  on t o  t h e  -- what do you ca l l  t h e  s o l v e n t  t h a t  has 

ce l l ?  Also,  you w i l l  see t h a t  t h e r e  i s  a wide 

range of c u r r e n t  d e n s i t y  over  which you g e t  a n i c e ,  sh iny  and 

smooth z i n c  p l a t e .  This i s  n o t  n e c e s s a r i l y  t h e  k ind  of z i n c  

d e p o s i t  t h a t  w e  want t o  regrow i n  t h e  nega t ive  z i n c  b a t t e r y ,  

because my f e e l i n g  i s  t h a t  it 

ear l ie r  as a r e s u l t  of t h i s  decreas ing  s u r f a c e  area. 

The o t h e r  i t e m  was t h a t  w e  have t r i e d  l e a d  and t i n  
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and a couple of o t h e r  metals as a good material, 

material w e  have e v e r  seen f o r  t h i s  w a s  lead, This  was o u r  

p r i v a t e  source.  

appeared up i n  t h e  s e p a r a t o r  i n  l a r g e  q u a n t i t i e s  and s h o r t  

c i r c u i t s  appeared i n  maybe 3 0  o r  4 0  c y c l e s .  

The worst 

What happened w a s  t h a t  t h e  l e a d  very s h o r t l y  

Tha t ' s  a l l .  

MR. HENNIGAN:  Thank you. 

D r .  Oxley? 

DR. OXLEY: I f  you have g o t  t o o  much l e a d  t h e r e ,  t hen  

you have g o t  t h e  l e a d  d e n d r i t e s ,  of course .  

t h a t  i n  our  concen t r a t ion .  The l e a d  p a r t i c l e s  come from t h e  

s u b s t r a t e  and they  are no t  i n  c o n t a c t  w i th  any o t h e r  p a r t i c l e  

We d i d  observe 

lead s u r f  ace. 

I n  answer t o  t h e  remark concerning t h e  s m a l l  pore  

s i z e  of t h e  d e n d r i t e ,  I a m  very  i n t e r e s t e d  i n  t h i s  i n  t h i s  

p a r t i c l e ,  because anyth ing  depos i t ed  t o  the  p r e s e n t  would be 

so  of op in ion ,  t h a t  t h e  r e s i s t a n c e  of i t  

would be very high.  I t  would d iscourage  f u r t h e r  

MR. HENNIGAN:  D r .  Da l in?  

DR.  DALINi'  On t h i s  q u e s t i o n  of pore s i z e  and t h e  

c r i t i c a l  s i z e  of the z i n c  d e n d r i t e  -- r a t h e r  t h e  c r i t i c a l  

r a d i u s  of t h e  z i n c  d e n d r i t e  t i p  f o r  cont inuous growth -- I 

would c e r t a i n l y  ag ree  wi th  Sam, t h a t  t h i s  would appear  t o  be 

v a l i d  i n  s o l u t i o n .  

would p e r t a i n  t o  the s e p a r a t o r  i t s e l f .  

But I raise t h e  q u e s t i o n  as t o  whether t h i s  
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Now Bakerus ( ? )  has compared t h e  growth of t h e  

d e n d r i t e  t o  the  s i t u a t i o n  i n  t h e  growth o f  c r y s t a l s ,  where t h e  

c r i t i c a l  s i z e  i s  r e l a t e d  t o  t h e  vapor p r e s s u r e .  As t h e  s i z e  

of the  d e n d r i t e  -- as you select  a smaller and smaller d e n d r i t e  

fo r  examinat ion,  t h e  vapor p re s su re  of t h e  t i p  goes up t o  the 

p o i n t  where t h e  rate i n  which you l o s e  metal from t h e  t i p  i s  

comparable t o  t h e  rate a t  which you are d e p o s i t i n g  it. O f  

course ,  t h e  d e n d r i t e  t hen  s t o p s  growing. But I do raise t h e  

q u e s t i o n  as t o  whether t h i s  would p r e v a i l  i n  t h e  s e p a r a t o r  i t s e l f .  

I n  the paper  which Chapman gave t o  m e  i n  Brighton -- 

I d o n ' t  know how many of  you were p resen t  -- w e  po in t ed  o u t  

t h e r e  weresome p e c u l i a r  t h i n g s  going on, p a r t i c u l a r l y  i n  t h e  

c e l l u l o s e  membrane, which was s tud ied  i n  much more de ta i l .  

(Drawing on blackboard. 1 

T h i s  r e p r e s e n t s  t h e  pe rcen t  on a concen t r a t ion  of 

z i n c a t e  i n  the  e x t e r n a l  s o l u t i o n .  

t e r n a l  s o l u t i o n  wi th  t h e  membrane. 

This  same t h i n g  i n  t h e  i n -  

Now,  i f  t h i s  were t h e  same i n  both  -- r a t h e r  i f  

t h e  endurance c o e f f i c i e n t  were 1 -- and t h e  scales are d i f -  

f e r e n t  h e r e ,  t hen  t h i s  l i n e  should  be something l i k e  t h i s  

( i n d i c a t i n g  . 
I n s t e a d  you g e t  a b i g  i n c r e a s e .  I guess  t h i s  should  

go up a l i t t l e  h i g h e r  l i k e  t h a t  (drawing).  

i n c r e a s e  absorbed on t h e  membrane, and w e  a t t r i b u t e  t h i s  

t o  a b s o r p t i o n  ove r  here, and t h e n  it l e v e l s  o f f .  

You g e t  a b i g  

Then as you 
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cont inue t o  i n c r e a s e  t h e  e x t e r n a l  z i n c a t e  concen tka t ioc ,  ::. 

rises aga in  up t o  a n o t h e r  p l a t e a u .  

t h e  membrane. Consequently, there are o t h e r  phenomena going on. 

This  i s  s a t u r a t i o n  w i t h i n  

Now, w e  have found similar curves  -- n o t  q u i t e  t h e  

same b u t  showing t h i s  i n i t i a l  a b s o r p t i o n  i n  PVA, 

t h i r d  material  w e  a l s o  r a n  w a s  an  RAI  material, So t h a t  t h e r e  

are o t h e r  effects  which must be t a k e n  i n t o  account ,  r a t h e r  t h a n  

the gross  p e n e t r a t i o n  i n  t h e  po res .  

I t h i n k  t h e  

MR. H E N N I G A N :  E r n s t  Cohn had a ques t ion .  

MR. COHN (NASA): I would l i k e  t o  a sk  Dr, Oxley 

what happened t o  -- I b e l i e v e  i t  w a s  t h e  acetate p o r t i o n  of 

t h e  lead  dur ing  prolonged c y c l i n g .  Was it s t a b l e ,  or d i d  i t  

decompose? And i f  i t  d i d  decompose, how d i d  it show it? 

DR. OXLEY: We only  d i d  h a l f  a c y c l e ,  j u s t  charged 

it up. So t h e  acetate presumably w a s  ox id i zed  and t h e  s i l v e r  

would be ox id ized  f o r  t h a t  purpose,  If you used l e a d ,  you 

would form C02, probably c a r b i d e ,  perhaps ,  

MR. COHN: So t h a t ,  i n  e f fec t ,  t h i s  w a s  no s o l u t i o n  

because a f te r  one c y c l e  y o u ' r e  s h o r t ?  

DR. OXLEY: You are us ing  i r o n ,  presumably, acetate,  

MR. HENNIGAN: This  problem of un i fo rmi ty  of sep- 

arators i s  q u i t e  a problem. I wonder i f  anybody would care 

t o  comment on t h e  un i fo rmi ty  of  ce l lophane ,  

(No response  e 1 

Well, if you d o n ' t  have any comments in t h i s  area -- 
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DR. LANDER (Delco Remy): I would comment i n  t h i s  

r e g a r d ,  t h a t  f ibcroxs acetate appears t o  be on t h e  b a s i s  of 

r e s i s t a n c e  modulus, uniform by f 5 pe rcen t .  So w e  measure a 

c i r c u l a r  area which has a d iameter  of  about  1/4 i nch .  We make 

1 0 ,  1 2  or 20  of t h e s e  over ,  maybe 1 0 0  fee t  o r . s o .  I f  you can 

use t h i s  r e s i s t a n c e ,  I t h i n k  you could use  

t h a t  as a c r i t e r i o n .  I t  i s  uniform w i t h i n  about  ? 5 p e r c e n t .  

MR. HENNIGAN: Thank you. 

D r .  F l e i s c h e r ?  

DR. FLEISCHER: I j u s t  r e c a l l e d  t h a t  D r .  Casey, i n  

one of  h i s  p r o j e c t s  a t  t h e  O t t a w a  Defence Research Es tab l i shment ,  

examined ce l lophane  wi th  p o l a r i z e d  l i g h t  and he d i sca rded  a l l  

p o r t i o n s  which showed any stress. 

A s  I remember, t h e  c e l l s  t h a t  he made wi th  t h e  cello- 

phane t h a t  he s e l e c t e d  out-performed any of t h o s e  which were 

j u s t  assembled i n  ce l lophane  t h a t  had n o t  been examined. 

MR. HENNIGAN: Thank you. 

I would l i k e  t o  comment on t h e  same t h i n g .  I worked 

wi th  ce l lophane  wi th  t h e  p o l a r i z e d  l i g h t .  I d o n ' t  know what 

t h e  changes mean, bu t  it c e r t a i n l y  i s  n o t  i n  uni formi ty .  I 

d o n ' t  know what p e r c e n t  you could  a t t r i b u t e  t o  it. 

If w e  d o n ' t  have any more q u e s t i o n s  o r  f u r t h e r  d i s -  

cuss ion  h e r e ,  l e t ' s  t a k e  a t e n  o r  f i f t e e n  minute break and come 

back a t  about  a q u a r t e r  o f .  

( A  s h o r t  recess w a s  t aken . )  
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MR. HENNIGAN:  We have one more speaker  i n  t h e  area 

of S tanda rd iza t ion ,  which w i l l  be fo l lowed by a d i s c u s s i o n  

per iod .  

on, any t o p i c s  t h a t  went on du r ing  t h e  e n t i r e  meeting, 

This  d i s c u s s i o n  p e r i o d  can i n c l u d e  anyth ing  t h a t  went 

Our one and only speake r  now i s  K a r l  P reusse ,of  

Gulton I n d u s t r i e s ,  whose t o p i c  i s  "The Evolu t ion  of a Standard  

Line of Space Cells." 

THE EVOLUTION OF A 

STANDARD LINE OF SPACE CELLS 

MR. PREUSSE: Good morning, gentlemen, 

I have changed somewhat my t o p i c  of d i s c u s s i o n ,  Rather  

t han  d i scuss ing  t h e  e v o l u t i o n  of a s t a n d a r d  l i n e  of space  ce l l s ,  

I th ink  t h e  s u b j e c t  of s t a n d a r d i z a t i o n  i t s e l f  could a f f o r d  some 

review and some a n a l y s i s .  

I would l i k e  t o  p o i n t  o u t ,  i n  making some of  my 

b a s i c  f e e l i n g s  on s t a n d a r d i z a t i o n ,  t o  probably t i e  it i n  wi th  

t h e  design of a nickel-cadmium c e l l ,  and p o s s i b l y  look a t  t h e  

philosophy of s t a n d a r d i z a t i o n .  I a m  j u s t  wondering i f  i t  is 

s t anda rd  p r a c t i c e  t o  have a t o p i c  of s t a n d a r d i z a t i o n  p u t  l a s t  

i n  a program, as it w a s  i n  t h e  l a s t  meeting. 

Man-made s t a n d a r d i z a t i o n  i s  no t  j u s t  conf ined  t o  

weights and measures f o r  energy o r  power o r  language. It is 

n o t  a l s o  conf ined  t o  o t h e r  material commodities o r  s e r v i c e s  

s u b j e c t  t o  purchase.  

One f i n d s  s t a n d a r d i z a t i o n  i n  f o l k l o r e ,  mythology, 
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witchcraft -- as was mentioned yes te rday  -- s o c i a l  customs, 

ceremonies,  codes,  and also p r a c t i c e s ,  procedures ,  s p e c i f i c a t i o n s  

and times. 

S t a n d a r d i z a t i o n  i s  important  t o  l i f e .  It i s  impor tan t ,  

f o r  i n s t a n c e ,  t o  geography, topography, chemistry and pharmacy, 

games and s p o r t s .  I t  i s  a lso important  t o  t h e  e l i g i b i l i t y  of 

p r o f e s s i o n s .  I t  i s  impor tan t  t o  e t h i c s  and r e l i e o n .  N o  matter 

where you look, w e  f i n d  s t a n d a r d s  a r e  a v a i l a b l e .  There are 

s t a n d a r d s  f o r  a i rc raf t  and a i r p o r t  c o n s t r u c t i o n ,  b r i d g e  con- 

s t r u c t i o n ;  t h e r e  are s t a n d a r d s  for a i r  cond i t ion ing ,  h e a t i n g  and 

v e n t i l a t i o n ,  and $*big&&-. systems. There are even s t a n d a r d s  

for  l i v i n g  and s t a n d a r d s  for success .  

J u s t  look a t  your  morning's a c t i v i t i e s  for t h i s  morn- 

ing .  You arose from a bed which has been s t a n d a r d i z e d  e i the r  

as a twin ,  double ,  queen or king-s ize  bed. You s l i p  i n t o  a 

p a i r  of  s h o r t s  which have been s t anda rd ized  by waist s i z e .  

p u t  on a s h i r t  which has been s t anda rd ized  by co l l a r  s i z e  and 

s l e e v e  l e n g t h .  

probably been s t a n d a r d i z e d  or classified as medium, s o f t  o r  hard.  

And t h e  t o o t h p a s t e  comes from a tube which i s  e i the r  labeled 

medium, economy s i z e  or l a r g e  economy s i z e .  

You 

You brush your  t e e t h  wi th  a too thb rush  which has  

S o c i e t y  has  set  up s t anda rds  f o r  t h e  i n d i v i d u a l  from 

t h e  p o i n t  of p r e n a t a l  care t o  t h e  b u r i a l  r i t e s .  So, gentlemen, 

s t a n d a r d i z a t i o n  i s  here and i s  something w e  must l i v e  w i t h .  I n  

some cases I t h i n k  it i s  impor tan t  t h a t  w e  l i v e  wi th  it, and I 
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t h i n k  i n  some cases t h e r e  may be problems a s s o c i a t e d  wi th  t h e  

s t a n d a r d i z a t i o n .  

I had cons idered  b r i n g i n g  s l i d e s ,  b u t  t h e y  were not 

of t h e  s t a n d a r d  s i z e .  

( Laughter. 1 

When one f a b r i c a t e s  o r  produces a commodity which can 

be purchased on t h e  market ,  s t a n d a r d i z a t i o n  i s  an impor t an t  con- 

c e p t  of f a b r i c a t i o n  technique .  S t a n d a r d i z a t i o n  w i t h i n  a par -  

t i c u l a r  manufacturer ,  I t h i n k ,  i s  more impor tan t  t h a n  -- from 

my p o i n t  of  view -- t han  s t a n d a r d i z a t i o n  o v e r  a gamut of manu- 

f a c t u r e r s .  I w i l l  p o i n t  o u t  my reasoning  a l i t t l e  l a t e r  on i n  

t h i s  case.  

Let 's  j u s t  look a t  s t a n d a r d i z a t i o n  w i t h i n  a p a r t i c u l a r  

manufacturer  when he des igns  a p a r t i c u l a r  p roduc t .  Ysu can have 

s t a n d a r d i z a t i o n  of des ign ;  you can have s t a n d a r d i z a t i o n  of 

m a t e r i a l s ;  you can have s t a n d a r d i z a t i o n  of f a b r i c a t i o n  p r o c e s s e s ,  

For i n s t a n c e ,  when w e  des ign  t h e  h e r m e t i c a l l y - s e a l e d  

nickel-cadmium c e l l ,  when w e  look a t  t h e s e  ceramic t o  metal 

seals,  w e  look a t  t h e  material t o l e r a n c e s  between t h e  a c t u a l  

t e r m i n a l  p o s t s ,  ceramic and cover ing  assembly. We t r y  t o  app ly  

t h a t  p a r t i c u l a r  des ign  under  t h o s e  p a r t i c u l a r  t o l e r a n c e s  and 

t h o s e  p a r t i c u l a r  t o l e r a n c e  r e l a t i o n s h i p s  -- and n o t  t o  j u s t  

ceramic t o  metal seals, of a p a r t i c u l a r  s i z e  c e l l ,  l e t ' s  say  

a 6 ampere hour  s i z e ,  b u t  t r y  t o  apply  t h a t  p a r t i c u l a r  des ign  

ove r  t h e  whole range of ce l l s .  
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S i m i l a r l y ,  when w e  design ou r  e l e c t r o d e s  f o r  a par -  

t i c u l a r  c e l l ,  w e  t r y  and keep t h e  plate r e l a t i o n s h i p s  t h e  same 

from c e l l  t o  ce l l .  

If w e  have a c e r t a i n  number of p l a t e s  i n  one p a r t i c u l a r  

c e l l ,  w e  t r y  and keep t h a t  t ype  o r  amount o r  q u a n t i t y  of plates  

t h e  same i n  t h e  whole series of  cells .  

When you look a t  your  separator material t o  des ign  

your  dimensional  tolerances on your s e p a r a t o r  material, t h e  amount 

of compression t o  t h e  separator material w i t h i n  t h e  ce l l ,  you try 

t o  des ign  t h a t  amount of compression t h e  same from c e l l  t o  c e l l  

t o  ce l l .  

When w e  des ign  methods of c e l l  c l o s u r e  f o r  a p a r t i c u l a r  

c e l l ,  t h e  f i n a l  w e l l ,  from t h e  cover t o  t h e  c o n t a i n e r  i t s e l f ,  w e  

t r y  t o  keep t h a t  des ign  s t anda rd  from one c e l l  t o  a n o t h e r  ce l l .  

We can extend t h e  s t a n d a r d i z a t i o n  i n t o  t h e  material 

areas. This morning w e  had d i scuss ions  on component t e s t i n g  

w i t h i n  a p a r t i c u l a r  cel l .  For i n s t a n c e ,  when you tes t  t h e  sep -  

arator,  you t e s t  f o r  i t s  dimensional s t a b i l i t y ,  maybe i t s  poss- 

i b l e  e l e c t r o l y t e  r e t e n t i o n  c h a r a c t e r i s t i c s ,  i t s  probable  i n e r t -  

nes s  t o  t h e  e l e c t r o l y t e  i t s e l f .  

Once you a c t u a l l y  e s t a b l i s h  a h i s t o r y  of performance 

on a p a r t i c u l a r  material w i th  r e s p e c t  t o  t h e  environment i n  

which i t  i s  supposed t o  o p e r a t e ,  you t r y  t o  u s e  t h a t  material 

i n  t h e  whole range of cel ls  which you are going t o  be u t i l i z i n g  

i n  t h e  p a r t i c u l a r  product .  
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sea l ,  you have a combination of  materials between t h e  t e r m i n a l ,  

t h e  cover, t h e  ceramic and t h e  braze  material, 

ponent tests t o  understand t h e  main effects of t h e s e  i n d i v i d -  

u a l  m a t e r i a l s  as w e l l  as t h e  combination of  t h e s e  materials i n  

d i f f e r e n t  environments which you expec t  t o  o p e r a t e  i n ,  You have 

g o t  a f e e l i n g  and a handle  on t h i s  performance, and knowing t h i s  

t h i n g ,  you would l i k e  t o  keep t h a t  knowledge s t a n d a r d  amongst 

or across t h e  whole spectrum of  cel ls  you are f a b r i c a t i n g ,  

You run  com- 

U t i l i z i n g  t h e  same materials and u t i l i z i n g  t h e  same 

design from ce l l  t o  ce l l  t o  c e l l ,  o f f e r s  c e r t a i n t y  and o f f e r s  

you a h i g h e r  r e l i a b i l i t y  and o f f e r s  you a h igh  q u a l i t y  p roduc t ,  

When you go i n t o  t h e  a c t u a l  f a b r i c a t i o n  of t h e  c e l l  i t s e l f ,  t h e  

process  c o n t r o l  i s  impor tan t  and s t a n d a r d i z a t i o n  is a necessa ry  

cr i ter ia .  

Again, when you f a b r i c a t e  t h e  ceramic t o  metal seal ,  

i t  i s  important  f o r  t h e  o p e r a t o r  n o t  t o  be confused wi th  the 

d i f f e r e n t  f a b r i c a t i o n  t echn iques ,  They m u s t  be t r a i n e d  i n  t h e  

sequence of o p e r a t i o n s  and perform t h o s e  o p e r a t i o n s  i d e n t i c a l  

f r o m  cover  t o  cover ,  and from c e l l  t o  ce l l ,  immaterial of what 

s i z e  c e l l  i s  going t o  be app l i ed .  

The formation p rocess  o f  t h e  e l e c t r o d e s  f o p  t h e  ce l l s ,  

t h e  formation process  i s  somewhat s i m i l a r  except  f o r  rates, The 

du ra t ion  of ra tes ,  t h e  number of c y c l e s  p u t  on,  are somewhat t h e  

same f o r  c e l l  t o  c e l l  t o  ce l l .  
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The e l e c t r o d e  f a b r i c a t i o n  techniques  are i d e n t i c a l .  

The a c t u a l  mating, of t h e  e l e c t r o d e  t o  t h e  cover  assembly, t h e  

technique  i s  t h e  same from c e l l  t o  ce l l  t o  ce l l .  

The leak d e t e c t i o n  techniques i n  t h e  f a b r i c a t i o n  of 

t h e  ce l l  are performing t h e  same t i m a ,  by t h e  same i n d i v i d u a l s ,  

and i n  t h e  same f a s h i o n ,  as w e l l  as t h e  e lectr ical  t e s t i n g .  

A l l  t h i s  s e r v e s  t o  g i v e  us a uniformity of  t h e  product  i n  t h i s  

case. 

l 

Kndwledge of t h e  p rocess  becomes s p e c i a l i z e d  a long  nar -  

Thene -is 'a bmaanay-:bec&u$e :of [.$his ,fibc ad t i s t an f ly"  - rower lifies3 

fhprpve ' t he .p roduc t .  If t h e  process  o r  s t e p s  of f a b r i c a t i o n  

become s t anda rd ized ,  it enab le s  one t o  i n t r o d u c e  au tomat ic  

equipment. This au tomat ic  equipment t ends  t o  improve t h e  

q u a l i t y .  It  t ends  a l s o  t o  g i v e  you q u i c k e r  d e l i v e r y ,  lower 

costs,  and aga in  a more r e l i a b l e  i t e m .  

There are some problems a s s o c i a t e d  wi th  s tandard-  

i z a t i o n  also. I f  w e  look a t  s t a n d a r d i z a t i o n ,  l e t ' s  say ,  over  

s e v e r a l  manufacturers ,  one of t h e  problems could be a l o s s  

of i n d i v i d u a l i t y .  Maybe I can g ive  you a l i t t l e  s t o r y  o r  

occur rence  which happened t o  m e  i n  England t o ,  l e t ' s  s a y ,  

p i n p o i n t  t h i s  concept  of i n d i v i d u a l i t y .  

As you know, there i s  a "Mod" f a s h i o n  going on i n  

England, and a l l  t h e  boys are l e t t i n g  t h e i r  h a i r  grow long.  

The g i r l s  are l e t t i n g  t h e i r  h a i r  be c u t  s h o r t .  

wearing gayly  co lo red  p a n t s  and gayly colored s i l k  s h i r t s ,  

The boys are 
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and t h e  g i r l s  are wearing gay ly  co lo red  p a n t s  and gay ly  c o l o r e d  

s i l k  s h i r t s ,  So  as a r e s u l t ,  it is  r e a l l y  d i f f i c u l t  t o  e s t a b l i s h  

which sex they  are. 

Well, w e  were r i d i n g  on t h e  metro one evening ,  s t a n d i n g  

n e x t  t o  an i n d i v i d u a l ,  and I nudged him and I s a i d  "What i s  t h a t  

ove r  t h e r e ;  a boy o r  g i r l ? "  The r e p l y  w a s  "That,  s ir ,  is my sc&? 

I s a i d  " I ' m  s o r r y .  I d i d n ' t  know you were h i s  mothen?," The 

r e p l y  was "1 am n o t  h i s  mother; I ' m  h i s  f a t h e r . "  

4: 
e 

( Laughter.  1 

You see t h e r e  i s  confus ion  t h a t  could  become invo lved ,  

I t h i n k  it i s  d i f f i c u l t  t o  change a product  which has  

been s t anda rd ized  by a p a r t i c u l a r  manufac turer ,  There are t h i n g s  

r i g h t  now where w e  can a c t u a l l y  change t h e  actual .  c e l l  and probably 

improve i t s  c a p a c i t y  f o r  volume r e l a t i o n s h i p ,  But it c a n ' t  be 

done because o t h e r  t h i n g s  have been designed around t h a t  pa r -  

t i c u l a r  c e l l ,  where i f  w e  would make a change i n  t h a t  c e l l ,  these 

o t h e r  i t e m s  would have t o  be changed. So w e  are i n h i b i t e d  r i g h t  

now i n  the s e n s e  t h a t  w e  cannot  i n c o r p o r a t e  new t e c h n o l o g i e s  in 

o u r  l i s t e d  product  

I t  i s  d i f f i c u l t  t o  do t h i s  w i t h i n  one p a r t i c u l a r  

manufacturer.  But when you s t a n d a r d i z e  s i z e  volume c a p a c i t y  

t o  o t h e r  manufacturers ,  I t h i n k  t h e r e  may be a problem t o  change 

much more. I t h i n k  t h e r e  i s  more i n e r t i a  i n  t h i s  ease. 1 

t h i n k  it e l i m i n a t e s  compe t i t i on  between manufac turers ,  We 

may be able t o  market a p a r t i c u l a r  c e l l  w i t h  a c e r t a i n  volume 
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and a p a r t i c u l a r  c a p a c i t y  t h a t  i s  more compe t i t i ve  than ,  l e t ' s  

say ,  a n o t h e r  manufacturer .  

If you s t a n d a r d i z e  ac ross  t h e  manufactur ing p r o c e s s ,  

I t h i n k  i t  s o r t  of e l i m i n a t e s  some s o r t  of compet i t ion .  Some 

t i m e s  s t a n d a r d i z a t i o n  offers a dead end t o  t h e s e  des igns ,  or 

s t a g n a t i o n  i n  development. 

i n  t h e  i n d u s t r y ,  people  say  "Well, t h a t  i s  t h e  u l t i m a t e . "  If 

s t a n d a r d i z a t i o n  can be looked a t  as a con t inu ing  p rocess  t o  

e s t a b l i s h  measurable degrees  of uni formi ty  and e x c e l l e n c e ,  t h i s  

has  m e r i t  on an  industry-wide b a s i s .  

Once a product  has  been s t a n d a r d i z e d  

A s  Henry Ford s a i d ,  "If you t h i n k  of s t a n d a r d i z a t i o n  

as t h e  b e s t  t h a t  you know today, b u t  which i s  t o  be improved 

tomorrow, you g e t  somewhere." 

Thank you very  much. 

MR. HENNIGAN: D r .  McCallum? 

DR. MCCALLUM ( B a t t e l l e l :  J u s t  a qu ick  q u e s t i o n  about  

s t a n d a r d i z i n g .  I understand they are more o r  less s t anda rd -  

i z i n g  now 6 ,  1 2 ,  and 2 0  ampere hours.  I w a s  wondering if t h e r e  

was any r eason  f o r  t h i s  be ing  picked o u t .  

MR. PREUSSE: I t h i n k  t h i s  s t a n d a r d i z a t i o n  as t o  t h e  

s i z e  of t h e  c e l l  came o r i g i n a l l y  from t h e  requi rement ,  and 

t h e  c e l l  was designed f o r  t h a t  p a r t i c u l a r  requi rement .  

I t h i n k  you are speaking of p r i s m a t i c  ce l l s .  I 

t h i n k  t h e  f i r s t  c e l l  t h a t  was developed e s s e n t i a l l y  w a s  a 6 

ampere hour  c e l l  which may have been c l o s e l y  r e l a t e d  t o  t h e  
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5 - 1 / 2  ampere hour  s p i r a l  c e l l  a t  t h a t  t i m e ,  

maybe t h e  f i r s t  p r i s m a t i c  c e l l  t h a t  was looked i n t o  w a s  t h e  

6 ampere hour ce l l .  

So  e s s e n t i a l l y ,  

The n e x t  c e l l  which w a s  developed w a s  a 2 0  ampere 

hour  c e l l ,  and t h a t  w a s  based on a p a r t i c u l a r  s a t e l l i t e  re- 

quirement i t s e l f .  

l e t ' s  say  t h e  basic need. Well, t h e r e  are o t h e r  needs f o r  

t h i s  p a r t i c u l a r  c e l l ,  b u t  t h e  2 0  ampere hour  c e l l  w a s  developed 

b a s i c a l l y  f o r  s a t e l l i t e  a p p l i c a t i o n .  

A t  t h a t  t i m e  I t h i n k  t h a t  w a s  t h e  on ly  -- 

Another s a t e l l i t e  requirement  came o u t  t h e r e a f t e r  

r e q u i r i n g  a 1 2  ampere hour  c e l l .  

hour  c e l l  w a s  developed. So it i s  n o t  t h a t  t h e s e  t h i n g s  were 

a r b i t r a r i l y  se t  up o r i g i n a l l y .  The requi rements  were t h e r e ,  

and t h e  c e l l s  were designed f o r  t h e s e  p a r t i c u l a r  r equ i r emen t s ,  

Right  now a t  t h i s  p o i n t  t h e  s i z e s  have been somewhat 

From t h a t  p o i n t  t h e  1 2  ampere 

s t anda rd ized .  And so ,  when a p a r t i c u l a r  manufacturer  o f  t h e  

s a t e l l i t e  r e q u i r e s  a c e l l  of some k ind ,  these p a r t i c u l a r  c e l l s  

have a v a s t  background of r e l i a b i l i t y  d a t a  now -- both  i n  

v i b r a t i o n ,  thermo-vacuum and l i f e  c y c l i n g  data,  and as a r e s u l t  

n o t  t o  r e -eva lua te  and go through ano the r  q u a l i f i c a t i o n  f o r  a 

c e l l  which may have an  11 hour  ampere hour  c a p a c i t y  and 1 3  

ampere hour  c a p a c i t y  e 

There i s  a t r a d e - o f f  here. L e t ' s  say  they  would 

select  a 1 2  ampere hour  c e l l  which i s  a v a i l a b l e ,  I t h i n k  

t h e s e  sizes w e r e  developed based on requi rements ,  r a t h e r  than  



- ~~ 

bl 3 3  295 

s e t t i n g  up p r i o r  t o  t h e  requi rements ,  

MR. HENNIGAN:  I t  seems l i k e  most of t h e  s a t e l l i t e s  

flown today  are u s i n g  t h e s e  s i z e  cells. They seem t o  be sat-  

i s f i e d  w i t h  them. 

Occas iona l ly  you f i n d  -- I d i d  see one spec  one t i m e  

f o r  a 7-1/2 ampere hour  ce l l .  But you j u s t  c a n ' t  b u i l d  ampere 

hours  by u n i t s  of  one a l l  t h e  way up. 

MR. COHN (NASA): L e t  me g e t  back t o  t h e  o r i g i n a l  

purpose  fo r  p u t t i n g  t h i s  t o p i c  on t h e  program today .  

I n  t h e  two meet ings w e  have had p r e v i o u s l y ,  people  have 

asked  whether  w e  would do something abou t  s t a n d a r d i z i n g  b a t t e r i e s  

and /o r  a s s o c i a t e d  equipment. I d o n ' t  remember e x a c t l y  how t h i s  

t h i n g  w a s  phrased .  

We dec ided  t h a t  s i n c e  i t  came up twice i n  s u c c e s s i o n  

a t  NASA meet ings ,  w e  would devote  some t i m e  and thought  t o  t h i s .  

I have c o l l e c t e d  a number of s t anda rds  of  ba t te r ies ,  i n c l u d i n g  

l e a d  a c i d  ba t te r ies ,  SLI, and o t h e r  k i n d s  of commercial b a t t e r -  

i e s  as w e l l  as whatever  may be a v a i l a b l e  i n  t he  way of  a l k a l i n e  

b a t t e r i e s .  

The more I look a t  t h e s e  t h i n g s  and t h e  more I have 

thought  abou t  t h e s e  t h i n g s ,  t h e  more I come t o  t h e  conclus ion  

t h a t  t h e  Office of Advanced Research and Technology a t  NASA has  

no p l a c e  i n  t h e  s t a n d a r d i z a t i o n  program. This  i s  what Waite 

po in ted  o u t ,  t o o .  I t  i s  n o t  up t o  us  t o  s t a n d a r d i z e  any th ing .  

We may do something about t r y i n g  t o  raise performance, 
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If you want t o  set  up s t a n d a r d s  i n  terms of performance c r i -  

t e r ia  r a t h e r  t han  i n  t e r m s  of materials, p h y s i c a l  dimensions 

and th ings  l i k e  t h a t ,  t h e n  i n d i r e c t l y  w e  are involved  i n  

s t a n d a r d i z a t i o n  -- b u t  on ly  i n d i r e c t l y .  

I a m  p r e t t y  s u r e ,  u n l e s s  somebody comes up w i t h  a 

very  good argument t h a t  I a m  n o t  aware o f ,  t h a t  w e  w i l l  n o t  

engage i n  any a c t i v i t i e s  o f  s t a n d a r d i z a t i o n  through OART, 

MR. HENNIGAN: Well, t h a t  f i n i s h e s  t h a t ,  

(Laughter .  1 

What e lse  would you l i k e  t o  t a l k  about?  

MR. COHN: L e t  m e  t a l k  about  something e lse .  

There w a s  a n o t h e r  p o i n t  t h a t  I wanted t o  t a l k  about  

before  t h e  i n t e r m i s s i o n  b u t  d i d n ' t  g e t  a chance t o  do so ,  and 

t h a t  had t o  do w i t h  q u a l i t y  c o n t r o l  and s e l e c t i o n  of materials,  

I have had a t  least  two i n s t a n c e s  where people  have 

chosen materials o r  have proposed t o  choose materials t h a t  were 

somewhat cheaper  than  o t h e r  materials t h a t  could  be used and 

t h a t  were be ing  used which were cons ide rab ly  be t te r .  

One case would be a matter of  u s ing  a b a k e l i t e  case 

f o r  a b a t t e r y  i n s t e a d  o f ,  f o r  example, a po lys ty rene  case, 

The second example was a p roposa l  t o  r u n  some experiments  on 

u s i n g  copper g r i d s  and comparing them w i t h  s i l v e r  g r i d s  in 

b a t t e r i e s .  I n  both  cases t h i s  i s  a very l audab le  a t t empt ,  

for commercial r easons ,  t o  come up w i t h  a commercially-com- 

p e t i t i v e  product .  This  has  a b s o l u t e l y  no p l a c e  i n  t h e  space  
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program, and I wish t h a t  t h e  people who have something t o  do 

wi th  p i ck ing  materials f o r  space  would p l e a s e  r e a l i z e  t h a t  w e  

are paying between $ 3 , 0 0 0  and $ 5 , 0 0 0  a pound f o r  g e t t i n g  a 

pound of material i n t o  o r b i t  o r  on t h e  way i n  manned mis s ions ,  

If you add t o  t h a t  t h e  ques t ion  of  r e l i a b i l i t y  -- and 

as somebody po in ted  o u t  yes t e rday ,  of having a l i v e  TV perform- 

ance t h a t  m i l l i o n s  of p e o p l e  a l l  ove r  t h e  world are looking a t  -- 

t hen  p l e a s e  d o n ' t  come t o  u s  wi th  b a k e l i t e  cases and copper 

g r i d s  f o r  ba t te r ies  t h a t  may j u s t  make -- i n  one case a $ 6 0  

mission -- go t o  p o t .  We c a n ' t  a f f o r d  it. 

MR. WAITE: Although M r .  Cohn has  s o r t  of c losed  

t h e  door on s t a n d a r d i z a t i o n ,  he l e f t  i t  open a l i t t l e  b i t  by 

say ing  -- u n l e s s  someone could  th ink  of something e l s e .  I 

w a s  very s u r p r i s e d  n o t  t o  hear something on s t a n d a r d i z a t i o n "  

On t h e  des ign  and review s t a f f  of RCA f o r  space s a t e l l i t e s ,  

one of t h e  t h i n g s  t h a t  worr ied m e  t h e  very most was t h e  cost  

of  r e l i a b i l i t y ,  and t h i s  I be l i eve  i s  on t h e  f i r s t  -- as fa r  

as t h e  l i s t  of NASA c r i t e r i a  is  concerned -- and t h i s  c o s t  

r e a l l y  w a s  r e f l e c t e d  i n  some i n s t a n c e s  by a l l  t h e  d i f f e r e n t  

ways of doing t h e  wors t  ca s ing .  

I must have looked a t  thousands of worst c a s i n g s  

ana lyses  on a l l  l e v e l s  of s m a l l  c i r c u i t s ,  of sub-components, 

and they  are a l l  done d i f f e r e n t l y .  

I t h i n k  i t  would be much easier and much cheaper  i f  

someone would s t a n d a r d i z e  something l i k e  t h a t ,  by how yau do 
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your  worst case c a l c u l a t i o n s .  

There are a l o t  of t h i n g s ,  e s p e c i a l l y  i n  space ,  where 

r e l i a b i l i t y  c o s t s  tremendous moneys, where s t a n d a r d i z a t i o n  of 

procedures might r e a l l y  pay o f f .  

t h i s  i n  t h a t  door  b e f o r e  i t  g e t s  c l o s e d .  

And so  I would l i k e  t o  i n j e c t  

Thank you. 

MR. H E N N I G A N :  One t h i n g  I would l i k e  t o  b r i n g  up 

h e r e  i s  on t h e s e  format ion  t y p e s  of work t h a t  w e  do, t h a t  

Gulton does.  

I would l i k e  t o  ask t h e  Gulton people:  You say  i t  i s  

automatic .  What do you mean by t h i s ?  

MR. PREUSSE: I d i d n ' t  say it w a s  au tomat ic .  I t  was 

s t anda rd ized .  I t  i s  semi-automatic.  

MR. H E N N I G A N :  I t h i n k  t h i s  i s  one p l a c e  -- I d o n ' t  

t h i n k  w e  need a computer h e r e .  We simply need some good d a t a  

a c q u i s i t i o n  equipment t h a t  i s  au tomat ic  and t h a t  can r e a d  o u t  

t h e s e  parameters  t h a t  w e  want t o  r e a d  o u t .  I t h i n k  t h a t  i s  

one of t h e  b i g  t r o u b l e s  w e  are having,  a.lot of t h i s  i s  t aken  

manually, and w e  c a n ' t  correlate t h i s .  These r e c o r d s  are p i l e s  

of  papers  and i t  i s  very  d i f f i c u l t  t o  correlate t h i s  i n fo rma t ion  

w i t h  c e l l  t e s t i n g .  

MR. COHN: J u s t  because Tom mentioned t h e  computer, 

I thought  I would g i v e  you an  example of  where a computer w a s  

used for p r e c i s e l y  t h i s  purpose.  

I t  happened t o  be i n  f u e l  cel ls  i n s t e a d  of b a t t e r i e s .  



299 b l  37 

This  concerned t h e  Allis-Chalmers program, where w e  are g e t t i n g  

s t a c k s  made fo r  t e s t i n g  t o  see what t h e  r e l i a b i l i t y  and what 

t h e  p r o b a b i l i t i e s  are. These are s l a c k s  of 

3 3  c e l l  p a i r s  i n  series.  

What they  have done i s  t o  s e t  up a computer program 

where they  measure and weigh -- t h a t  i s ,  measure t h e  dimensions 

and weigh t h e  anodes,  t h e  cathodes,  and t h e  a s b e s t o s  s e p a r a t o r s o  

They have a computer program by which they  calculate e x a c t l y  t h e  

amount of e l e c t r o l y t e  t h a t  h a s  t o  be p u t  i n  each c e l l ,  

The cel ls  are matched with each o t h e r .  Remember now, 

t h e s e  are a series of c o n s t r u c t i o n ,  They are matched 

wi th  each o t h e r .  The anodes are hand p icked;  t h e  cathodes are 

hand p icked;  t h e  a s b e s t o s  is hand picked. And f r o m  t h e  computer 

program t h e y  g e t  w i t h i n  a f r a c t i o n  of a cc t h e  amount of KOH 

t h a t  t hey  are going t o  p u t  i n t o  each ce l l .  We hope t h a t  by 

us ing  t h i s  computer program w e  w i l l  g e t  very uniform s t a c k s ,  

So t h e r e  i s  an a p p l i c a t i o n  of computers even i n  making c e l l s  

f o r  b a t t e r i e s .  

MR. HENNIGAN: We have a q u e s t i o n  he re .  

MR. MAGISTRO ( P i c a t i n n y  Arsena l ) :  One of t h e  t h i n g s  

t h a t  h a s  been brought  o u t  here i s  t h a t  you people  have t h e  same 

problem that t h e  Army has when it develops a new system o r  new 

weapon. We have a s m a l l  l o t ,  and you have a very l i m i t e d  

h i s t o r y  of materials. 

s m a l l  l o t  s t a t i s t i c s ,  you d o n ' t  have i n f i n i t e  popu la t ions  t o  

If you change des ign  i n  d e a l i n g  w i t h  
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g a t h e r  i n fo rma t ion  from. 

area, and dev i sed  t echn iques  t h a t  would be a p p l i c a b l e  t o  s m a l l  

l o t s ,  w e  would g e t  a tremendous improvement. 

I t  would seem, i f  w e  worked i n  t h i s  

I wonder if anyone i n  t h e  aud ience  -- I t h i n k  t h i s  i s  

an area where s t a n d a r d i z a t i o n  would be f r u i t f u l  -- has  worked 

w i t h  i n t e r m i t t e n t  l o t s .  I a m  s u r e  you a l l  have., Each program 

comes a long  and you make a l o t .  A program dies and you g e t  a new 

program. It h a s  a d i f f e r e n t  des ign  and you s t a r t  a l l  o v e r  a g a i n .  

So by t h e  t i m e  you have made your  l a s t  l o t ,  you f i n a l l y  have 

enough h i s t o r y  t o  say  what you should  have done when you d i d  

your  f i r s t  l o t .  

We have an  Army Research Office i n q u i r y ,  and they  are 

looking i n t o  t h i s  problem on a l i m i t e d  n a t u r e  for one-shot  

devices  f o r  u s .  

I wonder i f  anybody would be i n t e r e s t e d  i n  expanding 

t h i s  a r e a  of a c t i v i t i e s ?  

MR. H E N N I G A N :  I unders tand  t h e  lead  a c i d  b u s i n e c .  on 

large samples,  l a r g e  l o t s ,  t h e i r  c a p a c i t y  c o n t r o l  i s  q u i t e  good,  

I suppose t h e y  do sample t e s t i n g .  But I unders tand  -- maybe D r ,  

F l e i s c h e r  could  p u t  m e  down i n  t h i s  l i n e  -- b u t  i t  i s  abou t  a 

i f  t h a t  i s  r easonab le  or n o t .  

and about  1 2  -- 3 ampere hour s  and 1 2  ampere hours .  

DR. FLEISCHER: I c a n ' t  answer your  q u e s t i o n  abou t  
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what they  g e t  i n  manufacturing l e a d  a c i d  b a t t e r i e s ,  

Is  John Lander s t i l l  he re?  John Lander may be a b l e  

t o  answer t h a t  ques t ion .  But one of t h e  t h i n g s  I have been 

t h i n k i n g  about  while  s i t t i n g  h e r e ,  what Karl t a l k e d  about ,  

h e  impl ied  t h a t  i n  s t a n d a r d i z a t i o n  he w a s  i n c l u d i n g  what w e  

r e a l l y  need as a s c i e n c e ,  and t h a t  i s  b a t t e r y  engineer ing .  

This  i s  one of  t h e  t h i n g s  t h a t  concerns m e  a good d e a l ,  because 

I want t o  s t a r t  t h i n g s  o f f  i n  a l abora to ry  and do i t  on a 

scale which i s  reasonable  from t h e  s t andpo in t  of c o s t .  Then 

I want t o  e x t r a p o l a t e  my l a b o r a t o r y  r e s u l t s  and say  "how do 

I des ign  t h e  b a t t e r y . "  

The f i r s t  t h i n g  t h a t  you run i n t o  -- and t h i s  has  

been my exper ience  i n  t h e  b a t t e r y  i n d u s t r y  -- you s t a r t  wi th  

an e l e c t r o d e .  You might t a k e  one square inch ;  you might t a k e  

f i v e  square  inches ;  p u t  it i n t o  a c e l l  with maybe 3 e l e c t r o d e s ,  

2 coun te r - e l ec t rodes  o r  whatever design you want. You g e t  

r e s u l t s ,  you f i n d  o u t  what t h e  vol tage  c u r r e n t  d e n s i t y  curves  

are ,  and now you want t o  say "I want t o  b u i l d  a 5 ampere hour 

ce l l , "  o r  you want t o  b u i l d  a 1 0  o r  a 1 0 0 .  

Now, when you s t a r t  t o  e x t r a p o l a t e ,  a l l  p r a c t i c a l  

b a t t e r y  men w i l l  t e l l  you "Oh, you c a n ' t  go from one p l a t e  t o  

1 7  p l a t e s .  You c a n ' t  go -- t h e  minimum you s ta r t  wi th  i s  6 o r  

7." Well, what about t h e  s i z e ?  Does it make a d i f f e r e n c e  

whether t hey  are one inch  t a l l  o r  t en  inches  t a l l ?  Well, w e  

know t h i s  makes a b ig  d i f f e r e n c e .  
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I n  fac t ,  one of t h e  e a r l y  s u r p r i s e s  I g o t  wzis  L ~ J  t:-irn 

t h e  c e l l  ups ide  down and open t h e  c a n ' - -  and i t  happened t o  be a 

pocket-type b a t t e r y  -- and I d ischarged  t h e  b a t t e r y  a t  1 , 0 0 0  

amps and measured t h e  v o l t a g e  of t h e  p l a t e s  a t  t h e  bottom, and 

it was t h e  open c i r c u i t  p o t e n t i a l .  This  convinced m e  t h a t  you 

j u s t  c a n ' t  des ign  t h i s  way. 

I a m  b r ing ing  o u t  t h a t  w e  do need t o  program, o r  w e  

need a l o t  of programs t o  develop what I c a l l  t h e  s c i e n c e  of  

b a t t e r y  engineer ing ,  so t h a t  t h e  l a b o r a t o r y  man can do h i s  work 

and with some degree of confidence go up t o  a l a r g e  scale o r  t o  

t h e s e  var ious  s i z e s  of b a t t e r i e s  t h a t  are need .  

I n  Karl's work he t a l k e d  about  very c a r e f u l l y  a d j u s t -  

i n g  p l a t e  s i z e s  -- I t h i n k  he  meant  t h i s  -- i n  going from s m a l l  

cells  of 6 ampere hours ,  1 2  ampere hours ,  t o  2 0 ,  

The f i rs t  t h i n g  t h a t  happens i s  t h a t  t h e  area t h a t  

you have of your  cans ,  i n  r e l a t i o n  t o  t h e  c a p a c i t y ,  goes down., 

So  now a l l  your  h e a t  t r a n s f e r  problems become d i f f e r e n t ,  

i f  you are going t o  t e s t  d i f f e r e n t  t h i n g s  -- i f  you say  you have 

s t anda rd ized  and you have made t h i s  l i n e  of cel ls  so t h a t  they  

are e q u i v a l e n t , t h e n t h i s  comes t o  a matter of incongru i ty  i n  

o u r  s c a l i n g u p .  

t h e  des ign  of an au toc lave  which had ope ra t ed  a t  200° Cent igrade ,  

and I wanted t o  know what t h e  r e a c t i o n  mechanism w a s .  This w a s  

But 

I t h i n k  t h e  f irst  t i m e  I r a n  i n t o  t h i s  was on 

a long t i m e  ago. 



- 

b l  4 1  303 

I had a small, cont inuously o p e r a t i n g  au toc lave  a t  

2 0 0 °  C o ,  where I was us ing  steam as my h e a t i n g  medium. Well, 

t h e  r e s u l t s  t h a t  I g o t  i n  t h a t  were completely d i f f e r e n t  i n  

t h e  4-inch au toc lave  than  they  were i n  t h e  1 2 .  I t  took m e  a 

long t i m e  t o  d i s c o v e r  t h a t  a l though I had gone t o  t h e  t r o u b l e  

of a d j u s t i n g  a l l  my f lows ,  t h a t  I f o r g o t  t h a t  t h e  h e a t  t r a n s f e r  

w a s  completely d i f f e r e n t .  So t h a t  my des ign  w a s  completely 

off and t h e  r e s u l t s  I g o t  were completely d i f f e r e n t .  

So my p o i n t  h e r e  i s  t h a t  we do need -- and when I say  

w e  need a s c i e n c e  of b a t t e r y  engineer ing ,  w e  need i t  i n  t h e  

form so  t h a t  t h e  men who come along a f t e r  us  w i l l  f i n d  t h e  

p l a c e  where they  can r ead  it and l e a r n  i t , - b e s i d e s  having them 

s t u c k  away i n  f i l e s  which are reduced t o  e m p i r i c a l  r u l e s ,  

MR. PREUSSE: I may have f o r g o t t e n  t o  mention t h i s ,  

b u t  t h e r e  has  been some work performed a t  t h e  Gulton l a b o r a t o r i e s  

which t a k e s  t h e  thermalcons idera t ions  of t h e  b a t t e r y  inRo account ,  

We have t r i e d  t o  c h a r a c t e r i z e  t h e  t r o p i c  c h a r a c t e r i s t i c  

of thermal  conduc t iv i ty  of t h e  c e l l ,  and based on t h i s ,  w e  have 

t r i e d  t o  say  t h a t  minimizing t h e  h e a t  t r a n s f e r  r e s i s t a n c e  i n  

t h e  t h r e e  dimensions and e s t a b l i s h  c e l l  geometry based on t h i s .  

What w e  have found, f o r  i n s t a n c e ,  would be t h a t  w e  t a k e  t h e  

ce l l  as a source ,  a hea t -genera t ion  source ,  and then  d i s s i p a t e  

i t s  energy,  l e t ' s  say ,  i n  t h e  Z d i r e c t i o n  -- (drawing) l e t ' s  say 

i n  t h e  X d i r e c t i o n  and i n  t h e  Y d i r e c t i o n .  

e q u a l  r e s i s t a n c e  i n  t h e  o t h e r  t h r e e  p l a n e s ,  

O f  course, t h e r e  i s  
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We found t h a t  t h e r e  i s  a the rma l  c o n d u c t i v i t y  which 

i s  d i f f e r e n t  i n  each one of these d i r e c t i o n s .  

Now h e a t  t r a n s f e r  i s  a f u n c t i o n  of t h e  area, t h e  

temperature  d i f f e r e n t i a l ,  as w e l l  as t h e  l e n g t h  of t h e  p a t h  i n  

which t h i s  h e a t  i s  going t o  be t r a n s f e r r e d  through.  

So, based on t h i s  r e s i s t a n c e  parameter ,  w e  s e t  up an 

equat ion  where w e  a c t u a l l y  p r e d i c t  t h e  h e a t  t r a n s f e r  phenomena 

and a c t u a l l y  maximize o r  minimize t h a t  equa t ion  and found an 

adverse set  of c e l l  dimensions which w i l l  g i v e  you, l e t ' s  s a y ,  

t h e  maximum temperature  grad ing  from t h e  s k i n  t o  t h e  c e n t e r  of  

t h e  c e l l .  

I f i n d  i n  t h e  worst  case dimensions t h a t  you could 

design away from t h e s e  dimensions. 

optimum set  of c e l l  dimensions which would have been modular 

h e a t  t r a n s f e r .  But t h e  func t ion  i s  one which j u s t  i n c r e a s e s  -- 

And i n t u i t i v e l y ,  i f  you look a t  t h i s  t h i n g ,  t h e  optimum se t  of  

h e a t  t r a n s f e r  dimensions would be one rather i n f i n i t e s i m a l l y  

We were hoping t o  f i n d  t h e  

t h i n  and, of course ,  l a r g e ,  wide f l a t  p l a t e .  So thermal  con- 

s i d e r a t i o n s  are also inc luded  i n  ce l l  des ign ,  r a t h e r  t han  j u s t  

b a s i c  elecfmdbs7rrelationships a l s o .  

This  i s  how o u r  1 0 0  ampere hour  cel ls  are designed,  

by the  way. 

temperature  g r a d i e n t s  throughout  t h e  s o l a r  cel ls .  

We designed t h i s  t o  minimize h e a t  t r a n s f e r  wi th  

MR. HENNIGAN: Thank you, Karl. 

We have ano the r  q u e s t i o n .  
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MR. JOHNS ( A t l a n t i c  Research): This  is coinpi2tely 

an  i r r e l e v a n t  q u e s t i o n ,  bu t  maybe somebody can answer i t  and 

save  NASA some money. 

1,have a p r o j e c t  w i th  NASA/Ames which d e a l s  w i t h  

b u i l d i n g  a p i e c e  of equipment which w i l l  be t e s t e d  a t  Zero-G. 

Does anyone know what power i s  a v a i l a b l e  on t h e s e  f i g h t e r  p l anes  

t h a t  make t h i s  t e s t ,  how w e l l  r egu la t ed  i t  i s ?  

MR. HENNIGAN:  Power on t h e  f i g h t e r  p l anes?  

MR. JOHNS: You know, when you t e s t  equipment a t  

Now Zero-G, you do i t  i n  a b i g  pa rabo la  wi th  t h e  f i g h t e r .  

NASA/AMes d o e s n ' t  know. I wonder i f  anyone h e r e  knows what 

power i s  a v a i l a b l e  on such a p l a n e  and how w e l l  r e g u l a t e d  i s  it. 

MR. HENNIGAN:  Some of the f u e l  c e l l  people  have 

t e s t e d  t h i s .  Marty, do you have t h a t  number? 

MR. SULKES (USA E l e c t r o n i c  Command): Having some 

expe r i ence  i n  working wi th  b a t t e r i e s  which would supply power 

t o  t h e s e  p l a n e s ,  it has  been determined t h a t  t h e  g e n e r a t o r s  on 

t h e  p l anes  u s u a l l y  run  from 24  t o  about 32 v o l t s ,  depending on 

t h e  t y p e  of p l ane  you use.  

t o  s e v e r a l  thousand. 

I t  can be  anywhere from 300 amps 

MR. JOHNS: There i s  no c u r r e n t  d r a i n  t o  speak o f ,  

b u t  I am wondering about  v o l t a g e  and r egu la t ion fo  

MR. SULKES: I t  i s  n o t  t oo  good, Your f i g u r e  is 

about  2 4  t o  32 v o l t s .  

MR, JOHNS: A r e  t h e  p l anes  used i n  t h e  Zero G t e s t  
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equipped wi th  any o t h e r  power t h a t  you know o f ?  

MR. SULKES: Your b e s t  p l a c e  t o  f i n d  it would be a t  

Wright-Patterson A i r  Force Base. 

MR. JOHNS: Do you know anyone t h e r e  who I could ask?  

MR. SULKES: J i m  Cooper. 

MR. JOHNS: J i m  Cooper a t  Wright-Pat. Thank you very  

much. 

MR. BRODD (Union Carbike) :  I h a t e  t o  l e t  you off so 

easy ,  by say ing  t h a t  s t a n d a r d i z a t i o n  i s  n o t  a good t h i n g  t o  have 

i n  t h i s  p a r t i c u l a r  a d m i n i s t r a t i o n  of space .  Perhaps i n  t h e  n e a r  

f u t u r e  it i s  very expedient  t o  say ,  because each b a t t e r y  and 

each mission has  a p a r t i c u l a r  s i z e  a v a i l a b l e  f o r  power r e q u i r e -  

ments, t h a t  you are f a i r l y  j u s t i f i e d  i n  say ing  t h a t  today ,  f o r  

t h e  next two o r  t h r e e  o r  f o u r  y e a r s  you w i l l  probably n o t  need 

t o  have a s t anda rd ized  type  of b a t t e r y .  

However, i n  t h e  f u t u r e  -- I a m  s u r e  t h a t  i f  you work 

i n  space you tend  t o  t h i n k  most ly  of  t h e  f u t u r e  and t h e  wide 

horizon -- t hen  I t h i n k  you must a lso be prepared  t o  have a 

l i n e  which i s  s t anda rd ized  - in’  c h a r a c t e r  as much as t h e  o t h e r  

b a t t e r i e s  are s t anda rd ized .  It  i s  only t h e n  t h a t  I t h i n k  w e  

can g e t  t o  t h e  more s i g n i f i c a n t  problems which D r .  F l e i s c h e r  

mentioned of p rope r  b a t t e r y  des ign ,  t h e  problem of  e x i s t i n g  

boundary p l a t e s .  These are probilems which come by which 

s t a n d a r d i z a t i o n  w i l l  a l so  heilp t o  focus  a t t e n t i o n  on t h e s e  

problems e 
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MR. COHN: Please l e t  m e  make c lear  t h a t  what I w a s  

t a l k i n g  about  w a s  n o t  NASA's  dec i s ion  bu t  t h e  OART d e c i s i o n .  

NASA has  f o u r  o f f i c e s ,  t h r e e  o f  which I t h i n k  should be -- 
whether t h e y  are o r  n o t  I d o n ' t  know -- very much i n t e r e s t e d  

i n  s t a n d a r d i z i n g .  

The Office of Advanced Research and Technology should 

be doing something t o  upse t  t h e s e  s t anda rds  a l l  t h e  t i m e ,  and 

w e  should  have minimum s t anda rds  of performance t h a t  w e  t r y  t o  

improve. 

I f u l l y  recognize  t h e r e  a r e  g r e a t  advantages t o  

s t a n d a r d i z a t i o n  i n  hardware programs, We do n o t  have any 

hardware programs. 

MR. HENNIGAN: We have a q u e s t i o n  from J i m  Oxley, 

DR.  OXLEY: I would l i k e  t o  go t o  t h e  blackboard.  

I would l i k e  t o  make a few remarks as an  ex tens ion  of  

what D r .  Lander mentioned, wi th  regard  t o  t h e  p o r o s i t y  of t h e  

s e p a r a t o r  materials. 

This  i s  i n  r ega rd  t o  t h e  c u r r e n t  d i s t r i b u t i o n  i n  

t h e  z i n c  e l e c t r o d e .  Such problems have been t r e a t e d  r e c e n t l y  

by Ralph Brown of P r a t t  E Whitney, and t h e  General  Electr ic  

Chemical Soc ie ty  has a l s o  t r e a t e d  it i n  a f a i r l y  d e t a i l e d  

manner i n  a r e p o r t  from t h e  Lessona Moos Labora to r i e s  t o  t h e  

A i r  Force a f e w  months ago. 

One imagines t h e  f o r e i g n  s i t u a t i o n  of a very t h i n  

w i r e  e n l i s t e d  t o  e l e c t r o l y t e ,  t h e  w i r e  having a f a i r l y  
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l a r g e  resistance,  and c a r r y i n g  o u t  a p rocess  of t h i s  type  w i t h  

a reduct ion  of t h e  cadmium metal (drawing on boa rd ) .  When one 

calculates t h e  c u r r e n t  d i s t r i b u t i o n  a long  t h e  w i r e ,  one f i n d s  

that  t h e  h i g h e s t  c u r r e n t  d e n s i t i e s  are ob ta ined  he re .  If t h e  

wire  i s  s u f f i c i e n t l y  long and of s u f f i c i e n t l y  h igh  r e s i s t a n c e ,  

the  c u r r e n t  a t  t h e  bottom h e r e  i s  almost n e g l i g i b l e .  Exac t ly  

t h e  same s i t u a t i o n  e x i s t s  i n  t h e  s i l v e r  z i n c  e l e c t r o d e ,  

Now, w e  cons ide r  t h e  z i n c  e l e c t r o d e  being as fo l lows ;  

w i t h  c u r r e n t  c o l l e c t i o n ,  of c o u r s e ,  up h e r e ,  s e p a r a t i n g  the 

two going down h e r e  ( i n d i c a t i n g ) .  

One now imagines t h e  growth of d e n d r i t e s  through 

t h e s e  very small pores  of t h e  membrane. 

s i t u a t i o n  as p rev ious ly ;  i t  i s  o p e r a t i v e .  

This  i s  t h e  same 

When t h i s  l i t t l e  d e n d r i t e  which has wound i t s  way 

through t h e  membrane i s  of s u f f i c i e n t  l e n g t h  and s u f f i c i e n t  

high r e s i s t a n c e ,  t h e  growth w i l l  i n e v i t a b l y  s t o p  because of 

t h e  c u r r e n t  d i s t r i b u t i o n .  

S ince  t h e  c u r r e n t  d e n s i t y  a t  t h e  end i s  almost  

vanish ingly  s m a l l ,  and i f  t h e  pore s i z e  as D r ,  Lander po in t ed  

o u t  is s m a l l  enough, t hen  t h e  d i s t a n c e  of t h e  z i n c  f i b e r  

which i s  going through i s  l a r g e  enough, 

a very good t h i n g  t o  s e p a r a t e  t h e  materials of minimum p o r o s i t y ,  

MR. H E N N I G A N :  We had a q u e s t i o n  r i g h t  he re .  

MR. THEIRFELDER ( R C A ) :  Re fe r r ing  back t o  t h e  s l i d e s  

So it i s  obviously 

t h a t  M r .  Hennigan showed on t h e  silver-'&admium c a p a c i t y  of 
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t h e  d i f f e r e n t  c e l l s ,  and how t h e  capac i ty  was improved from 

a scat ter  t o  an 11-ampere hour  c e l l ,  I w a s  wondering how much 

of  t h a t  improvement was due t o  t h e  e l e c t i o n  process  and how 

much w a s  a c t u a l l y  due t o  an improvement on t h e  processes  i n  

making t h e s e  ce l l s .  

MR. HENNIGAN: You mean i n  t h e  format ion  and purchase-- 

MR. TI-IIERFELDER: Yes. I n  o t h e r  words, w e  could 

se lec t  o u t  a group of 11-amp hour c e l l s  wi thout  changing t h e  

fundamental p rocess ing .  That would a l s o  b r i n g  t h e  p r i c e  up, 

as you i n d i c a t e d .  

MR. HENNIGAN: I r e a l l y  cou ldn ' t  t e l l  You. I mean 

t h i s  i s  a complete program t h a t  w e  run through.  I t  works. 

MR. THIERFELDER: Do they a c t u a l l y  have t h e  same 

recovery  from t h e  1 0 0  c e l l  s tar ter?  D o  t hey  r ecove r  t h e  same 

number of ce l l s ,  o r  do they re ject  l a r g e r  numbers of cel ls  t o  

g i v e  you t h i s  improvement? 

MR. HENNIGAN: They r e j e c t  about  50 pe rcen t  of  the 

nega t ives .  The e l e c t r o d e s  -- t hey  may have t o  make twice as 

many n e g a t i v e s .  

MR. THJERFELDER: So  it was a p r i o r  e l e c t i o n  pro- 

cess, a c t u a l l y ,  t h a t  they  could make b e t t e r  nega t ives  b u t  they  

rejected more n e g a t i v e s ?  

MR. HENNIGAN:  Right .  The s i l v e r  i s n ' t  too bad; 

I guess  a 5 o r  10 percen t  r e j e c t i o n .  

I would j u s t  l i k e  t o  br ing  up some -- Go ahead. 
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DR. FLEISCHER: I n  t h a t  t e s t ,  d i d  you have two l o t s  

of 2 0  ce l l s ,  one which you r e c e i v e d  o r i g i n a l l y ?  

t h e  whole 2 0  ce l l s ,  t h e  whole l o t ?  

You t e s t e d  

MR. HENNIGAN:  These were t w o  l o t s ,  20 each.  

DR. FLEISCHER: The f i r s t  l o t  of 2 0  w a s  what t h e  

b a t t e r y  manufacturers  d e l i v e r e d  t o  you f o r  performing? 

MR. HENNIGAN: Right .  

DR. FLEISCHER: Then when you i n s i s t e d  t h e  q u a l i t y  

c o n t r o l  be p laced  i n  t h e s e  components, t hen  t h e  second p o i n t  

i s  t h a t  a l l  t h e  c e l l s  were s a t i s f a c t o r y ;  is t h a t  t h e  p o i n t ?  

MR. HENNIGAN: Right -- w e l l ,  t h e  p o i n t  t h a t  I d o n ' t  

know, i t  wouldn't  drop e i t h e r  technique .  On t h e  1 0 0  p e r c e n t  

q u a l i t y  c o n t r o l  o r  i n fo rma t ion ,  I d o n ' t  know which i s  d i s -  

t r i b u t e d  t h e  most. Was t h a t  your  ques t ion?  

MR. THIERFELDER: I wondered what t h e  improvement 

w a s  due t o .  

MR. HENNIGAN: I c a n ' t  t e l l  you. I wouldn ' t  d a r e  

do it any o t h e r  way. 

MR. THIERFELDER: By t h e  s e l e c t i o n  p rocess  w e  

could always g e t  them a l l  t h e  same. 

away and keep t h e  one p e r c e n t .  

J u s t  throw them a l l  

DR. FLEISCHER: You had a reject  i n  t h e  f i r s t  one 

o u t  of a l o t  of 2 0 .  You had t o  re jec t  i n  o r d e r  t o  g e t  an 

1 1 - c e l l  b a t t e r y ?  

MR. HENNIGAN:  Right .  A 1 3 - c e l l  b a t t e r y  -- it  i s  
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h a r d e r  t o  g e t  a 1 3 - c e l l  b a t t e r y  out  of 2 0 ,  1 3  o u t  of 2 0 ,  

The second t i m e  it d i d n ' t  make any d i f f e r e n c e  as t o  which 

ce l l s  you picked.  

MR. THIERFELDER: Would your s u p p l i e r  se lect  o u t  

b e t t e r  t h e  second t i m e  than  t h e  f i rs t  t ime? 

MR. HENNIGAN: Oh, s u r e .  

DR. DALIN: But t h e  ce l l s  were on t h e  b a s i s  of t h e  

components. You asked whether t h e  components were a c t u a l l y  

b e t t e r ,  and t h e  answer w a s  Yes. 

For  i n s t a n c e ,  w e  g e t  i n t o  t h e  a c t u a l  way i n  which 

w e  w e r e  molding a l l  t h o s e  cadmium ox ide  p l a t e s ,  and we found 

by o u r  s t a n d a r d  techniques  of molding w e  were g e t t i n g  a s l i g h t  

v a r i a t i o n  i n  t h i c k n e s s  from one end of t h e  p l a t e  t o  t h e  o t h e r ,  

s l i g h t  v a r i a t i o n s  i n  d e n s i t y .  

We a c t u a l l y  made a s tudy  of how w e  were d i s t r i b u t i n g  

t h e  cadmium-oxide powder i n  t h e  mold, and how t o  hold  t h e  

p l a t e s  p a r a l l e l  t o  each o t h e r .  So w e  wound up wi th  a much 

more uniform product  i n  t h e  manufacturing p rocess ,  l e t  a l o n e  

by s e l e c t i o n .  Then on t o p  of t h a t  w e  went i n t o  s e l e c t i o n  t o  

p i c k  o u t  t h e  m o s t  uniform p l a t e s ,  

MR. HENNIGAN: D o  w e  have any more ques t ions?  

MR. CLARK (LTV Aerospace): I have a q u e s t i o n  aga in  

about t h i s  s t a n d a r d i z a t i o n ,  t h e  th ing  w e  have been d i s c u s s i n g  

t h i s  morning. 

The t h i n g  t h a t  keeps bugging m e  i n  des ign ,  t h a t  which 
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I am i n t e r e s t e d  i n ,  i s  t h e  fact  t h a t  when w e  are working on 

a design ou r  p rocess  i s  t o  -- from t h e  program t h a t  w e  are 

involved i n  -- w e  a s c e r t a i n  f i r s t  what t h e  power requirement  

i s  f o r  t h a t  mission.  Having e s t a b l i s h e d  t h i s  power requi rement ,  

we then e s s e n t i a l l y  go t o  t h e  l i t e r a t u r e  sea rch ing  f o r  a b a t t e r y  

t h a t  w i l l  f u l f i l l  o u r  requirements .  

This u s u a l l y  r e s u l t s  i n  e s t a b l i s h i n g  a requirement  

f o r  a b a t t e r y  t h a t  -- f o r  i n s t a n c e ,  i f  you need one w i t h  

s a f e t y  f a c t o r s  thrown i n ,  say  of a 2-ampere hour  c a p a c i t y ,  

t hen  w e  are fo rced  t o  go t o  a 3-ampere hour  c a p a c i t y  which 

almost i n v a r i a b l y  r e s u l t s  i n  over-design i n  t h e  b a t t e r y  weight 

i n  space. 

A l i t t l e  f u r t h e r  examination wi th  t h e  manufacturer  

w i l l  show you t h a t ,  i n  fact ,  a one ampere hour  c e l l  is n o t  a 

one ampere hour c e l l ,  bu t  i t  may be a 1,8 ampere hour  c e l l ,  

I t h i n k  t o  a l a r g e  degree t h a t  t h i s  i s  f o r  t e s t i n g  i n t o  an 

over-design s i t u a t i o n .  

Therefore ,  my comment i s  t h i s :  I a m  n o t  so  s u r e  

t h a t  s t a n d a r d i z a t i o n  i s  n o t  something t h a t  should  n o t  be looked 

i n t o .  

Furthermore,  you mentioned t h i s  bus iness  of matching 

secondary ce l l s  i f  w e  are g e t t i n g  optimum c y c l i n g  performance 

i n  space sa te l l i t es .  Many programs do n o t  have t h e  r e q u i r e -  

ment f o r  thousands of  cyc le s .  They have a requirement  f o r  one 

cyc le  e 
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In o u r  own case,  of which w e  are  a s s o c i a t e d ,  w e  

have t h i s  SCOUT v e h i c l e  i n  which w e  have an  approximate 

c a p a c i t y  or need f o r  less than  a half-hour .  So w e  would l i k e  

t o  s i z e  o u r  b a t t e r i e s  f o r  optimum performance. The r e s u l t  i s  

w e  are des ign ing  e s s e n t i a l l y  as w e l l  as p o s s i b l e  t o  s t a n d a r d  

cel ls  as produced by t h e  manufacturer,  whereby you are going 

t o  the  select p rocess .  

I t  would seem t o  m e  t h a t  i f  w e  had a s t a n d a r d  c e l l  

of which a l l  t h e  characteristics and dimensions were known, 

t h a t  t h e  whole i n d u s t r y  would be more able t o  des ign  f o r  

these s t a n d a r d s .  

Another s u b j e c t  which I would l i k e  t o  b r i n g  up a t  

t h i s  t i m e  -- it i s  j u s t  a po in ted  remark r ega rd ing  t h e  qua l -  

i f i c a t i o n  ce l l s .  A t  t h i s  p o i n t  I would l i k e  t o  throw o u t  a 

bouquet t o  t h e  manufac turers .  

On t h e  SCOUT v e h i c l e  w e  have processed  i n t o  b a t t e r -  

i e s  o v e r  4 0  f l i g h t s  some 8 , 0 0 0  c e l l s .  These ce l l s  were bought 

t o  t h e  manufac tu re r ' s  s p e c i f i c a t i o n s .  Obviously,  I d a r e  say  

w e  have had less  than  h a l f  of one percent  of any type  of  

t r o u b l e  -- and a l l  t h i s  t r o u b l e  w a s  on t h e  ground. Most of 

t h e  t r o u b l e s ,  I might add, were those  t h i n g s  which w e ,  as a 

u s e r ,  are r e s p o n s i b l e  f o r .  

This  remark t h a t  Mr. Fowler made yes t e rday  r ega rd ing  

broken g r i d s  o r  broken w i r e  i n  t e s t i n g ,  i n  o u r  expe r i ence  w e  

have found most o f  our t e s t i n g  has  been due t o  o v e r - t e s t i n g .  
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We had one case  where t h e  b a t t e r y  which w e  were us ing ,  we 

packaged t h e  c e l l s  i n t o  a b a t t e r y  and w e  found i n  a c t u a l  v i -  

b r a t i o n  w e  were p u t t i n g  an a p p l i c a t i o n  factor of something 

l i k e  8 ,  which w e  r e a l l y  d i d n ' t  r e a l i z e  u n t i l  w e  g o t  t o  looking  

a t  t h e  s i t u a t i o n .  

Therefore ,  I would c a u t i o n  t h a t  i n  q u a l  t e s t i n g  

a r t i c l e s  it would be b e n e f i c i a l  t o  f i n d  o u t  j u s t  e x a c t l y  what 

i s  being p u t  i n t o  t h e s e  tests.  

MR. HENNIGAN:  These f l i g h t s  you are t a l k i n g  abou t ,  

t h i s  i s  primary b a t t e r i e s ?  

MR. CLARK (LTV Aerospace): Yes. 

MR. HENNIGAN: O f  course ,  w e  f l y  q u i t e  a f e w  prim- 

a r i e s  -- r o c k e t s ,  ba l loons ,  odds and ends.  We r e a l l y  d o n ' t  

do much t e s t i n g  of t h e s e  b a t t e r i e s .  

charge them a t  t h e  rate a f e l l o w  wants t o  use  t h a t ,  and t e l l  

him t h i s  i s  how many ampere hours  he has  g o t .  

We take a couple  and d i s -  

This primary bus iness  i s  n o t  t o o  tough,  a l though I 

have seen  some. 

(Laughter . )  

Now, who wants t o  comment on t h a t ?  

MR. MCCALLUM ( B a t t e l l e l :  I wanted t o  a sk  D r .  Oxley 

I have t h r e e  o r  f o u r  p o i n t s  of c l a r i t y ,  t h r e e  o r  something. 

f o u r  k inds  of q u e s t i o n s .  

I am n o t  s u r e  I understood some of t h e  i n t e r e s t i n g  

th ings  you were t a l k i n g  about .  You ended up wi th  a recommend- 
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a t i o n  o f  minimizing a v a i l a b l e  e l e c t r o l y t e ,  and you were 

t a l k i n g  about  d i f f u s i o n  and t h e  minimum of e l e c t r o l y t e .  

c o u l d n ' t  q u i t e  fo l low you t h e r e .  

I 

DR. OXLEY: Can I answer t h e s e  ques t ions  one by one? 

MR. MCCALLUM: Ce r t a in ly .  

DR. OXLEY: When I say minimizing e l e c t r o l y t e ,  I 

mean minimizing t h e  e l e c t r o l y t e  which i s  e x t e r n a l  t o  t h e  z i n c  

e l e c t r o d e .  I recognize  you have got  t o  have e l e c t r o l y t e s  

throughout  t h e  s e p a r a t o r  and t h e  s i l v e r  e l e c t r o d e  down t o  

t h e s e  e l e c t r o d e s .  

O f  course ,  z i n c a t e ,  which i s  formed w i t h i n  t h e  

s u r f a c e s  of t h e  z i n c  e l e c t r o d e  s t r u c t u r e ,  can do no damage 

whatsoever when one i s  t a l k i n g  i n  terms of d e n d r i t e  format ion .  

So I t h i n k  one wants t o  minimize any r e s e r v o i r s  a t  t h e  bottom 

o f  t h e  c e l l ,  f o r  example. 

I d i d  mention perhaps t h e  p o s s i b i l i t y  of l i m i t i n g  

t h e  p o r o s i t y  of  t h e  s i l v e r  e l e c t r o d e  whi le  hoping t o  r e t a i n  

t h e  c u r r e n t  vo l t age  charge and d ischarge  c h a r a c t e r i s t i c s .  

MR, MCCALLUM: You brought up t h e s e  two f a c t o r s  

about  d e n d r i t e s  and non-adherence. I wondered i f  there  

w a s  any connect ion.  That i s ,  you d o n ' t  g e t  d e n d r i t e s  every-  

where. You g e t  d i f f e r e n t  numbers and d i f f e r e n t  s i z e s .  

Is t h e r e  any r e l a t i o n s h i p  he re  between t h e  adherence 

problem or t h e  d e n d r i t e  problem, or your  t r e e  problem? 

DR. OXLEY: I should  po in t  o u t  t h e  method o f  
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determining t h e  adherency w a s  p r i m i t i v e  t o  s a y  t h e  least ,  

j u s t  wiped o f f  t h e  s u r f a c e  w i t h  a t i s s u e .  

We 

Now t h e  most non-adherent t ype  of d e p o s i t  i s  t h e  

mossy type  of growth formed i n  t h e  a c t i v a t i o n  c o n t r o l  r e g i o n ;  

i . e . ,  l o w  c u r r e n t  d e n s i t y ,  But a lso t h e  a c t u a l  d e n d r i t e s  are 

non-adherent, depending upon t h e i r  t h i c k n e s s ,  which does depend 

on t h e  c u r r e n t  d e n s i t y  of t h i s  p o l a r i z a t i o n ,  But 

a l l  of t h i s  does refer  t o  t h e  whole shoo t ing  match, 

Now, us ing  l e a d  i n  t h e  s o l u t i o n ,  w e  found t h a t  t h e  

d e p o s i t s  were n e a r l y  1 0 0  p e r c e n t  adherent  i n  both t h e  a c t i v -  

a t i o n  and d i f f u s i o n  c o n t r o l  r eg ions .  

MR. MCCALLUM: But when you add more adherence you 

have less trees? There w a s  no r e l a t i o n s h i p  between trees and 

adherence? 

DR. OXLEY: To an e x t e n t  t h e r e  w a s ,  a t  least  i n  t h e  

presence of lead.  As you saw on t h e  photograph, t h e  t o p  

s e c t i o n  w a s  a d e p o s i t  o f  l e a d .  The s u r f a c e  a t  t h e  t o p  was 

q u i t e  smooth, a l though r e t a i n i n g  I would hope an  a c c e p t a b l e  

r e fe rence  f a c t o r  from t h e  p o i n t  of view of g e t t i n g  a good 

d ischarge  ra te .  

MR. MCCALLUM: With your  l e a d  a d d i t i o n ,  you q u a l i f i e d  

t h a t .  I t  seems l i k e  you gave it t o  u s  and t h e n  took it back. 

I wondered what you mean by p o s s i b l e .  

DR. OXLEY: We were i n t e r e s t e d  i n  ha l f  a c y c l e  f o r  

t hose  i n i t i a l  measurements., And w e  threw i n  l e a d  acetate 
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because we knew w e  would g e t  l e a d  i r o n s .  

As Mr. McCallum po in ted  o u t ,  of course ,  t h e  acetate 

w i l l  be ox id i zed  wi th  t h e  o t h e r  e l e c t r o d e s .  

MR. MCCALLUM: The l e a d  oxide is f a i r l y  s o l u b l e  and 

c a u s t i c ?  

DR. OXLEY: Yes. The d e n d r i t e s  -- t h e  l e a d  would 

then  presume t o  have some i r o n ,  which w i l l  o p e r a t e  i n  

t h e  same way, from t h e  p o i n t  o f  view of r educ t ion  i n  t h e  z i n c a t e  

i r o n .  

MR. MCCALLUM: Do you have d a t a  on t h a t ?  

DR. OXLEY: The d a t a  I would l i k e  t o  mention -- which 

I d i d n ' t  mention before  -- was t h a t  w e  were a b l e  t o  show t h e  

l e a d  d i d  d e p o s i t  t o  a c e r t a i n  e x t e n t  wi th  t h e  z i n c ,  But dur- 

i n g  t h e  subsequent  d i scha rge  o f  lead  dur ing  ox ida t ion  o f  t h e  

z i n c ,  i t  becomes a t t a c h e d  i n  t h e  fo rm o f  s m a l l  p a r t i c l e s  on 

t h e  e l e c t r o d e s .  S ince  t h e r e  i s  oxygen p r e s e n t  t o  a f i n i t e  

e x t e n t  w i t h i n  t h e  e l e c t r o l y t e ,  t h e  co r ros ion  process  would take 

p l a c e  a f t e r  each l i t t l e  l e a d  p a r t i c l e ,  and it w i l l  wind up 

back a t  i r o n  ready f o r  t h e  r echa rge  p rocess .  So  

presumably you can go i n t o  s u c c e s s i v e  c y c l e s ,  r e t a i n i n g  t h e  

same effect  of l e a d  concen t r a t ion  i n  t h e  e lec t ro ly te .  

MR. MCCALLUM: Which br ings  up t h e  l a s t  p o i n t ,  

I d i d n ' t  understand from your  t a l k  about  t h e  effects  

o f  cyc l ing .  

t h e  t rees  growing a t  t h e  o u t s i d e  t h a t  keep g e t t i n g  longe r ,  bu t  

It i s  my understanding t h a t  w e  are t a l k i n g  about  
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when you o x i d i z e  them they  d o n ' t  n e c e s s a r i l y  o x i d i z e  back l i k e  

they  b u i l d  up. 

A s  a consequence, you might have a n i c e  p l a t e  on 

one cyc le .  

o r  t h r e e  o r  e i g h t  c y c l e s  -- t h e r e  they  are. 

So  you have g o t t e n  r i d  of your  t rees  but  by two 

Do you have any in fo rma t ion  about c y c l i n g ?  

DR. OXLEY: On t h e  p o i n t  of view of c y c i i n g ,  I 

mentioned on/of f  charging wi th  t h e  r a t i o  of  on /of f  t o  t i m e ,  

which i s  1 . 5  seconds o f f  and 1 . 5  seconds on. 

The t i m e  shown i s  r a t h e r  a r b i t r a r y .  It  i s  impor tan t  

t o  a t i m e  a t  which t h e  c o n c e n t r a t i o n  o r  t h e  d i f f u s i o n a l  t h i c k -  

nes s  was s t i l l  of t h e  same o r d e r  of  magnitude as s u r f a c e  ir- 

r e g u l a r i t y .  

MR. MCCALLUM: Yes, bu t  you are t a l k i n g  about  d i s -  

continuous d i scha rge ;  t h a t  i s ,  p u l s e  d i scha rg ing ,  But I a m  

t a l k i n g  about  -- 
DR. OXLEY: Charging, d i scont inuous  charg ing ,  

MR. MCCALLUM: Discontinuous charg ing ,  excuse m e ,  

I a m  t a l k i n g  about many c y c l e s  of complete d i scha rge  

and charge,  what t h e  whole conference i s  about -- secondary 

b a t t e r i e s .  

DR. OXLEY: We could s p e c u l a t e  over  t h e  long r u n  

t h a t  you might be be t t e r  off if you d i d n ' t  have t h i s  d i s -  

cont inuing  charging p rocess .  

MR. H E N N I G A N :  Thank you. 
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We have a q u e s t i o n  back here .  

MR. DUNCAN ( A s t r o e l e c t r o n i c s  Div, R C A ) :  When I l e f t  

y e s t e r d a y  two t h i n g s  were on my mind. I s topped by t h e  Na t iona l  

Archives  and d i d  a l i t t l e  r e sea rch .  I w a s  s u r e  t h a t  t h e r e  was 

something i n  o u r  l i t e r a t u r e  t h a t  would expres s  my view, and I 

found a l i m e r i c k  on t h e  f irst  s u b j e c t .  I found a l i m e r i c k  t h e r e  

I would l i k e  t o  p r e s e n t :  

"There w a s  an  o l d  man of t h e  Cape, who made h imsel f  

garments of c repe ;  when asked do they t ea r ,  he r e p l i e d  'Here 

and t h e r e ' ,  b u t  t h e y ' r e  p e r f e c t l y  sp l end id  f o r  shape.-  Robert  

Louis Stevenson. 

The p o i n t  i s  h e r e  t h a t  r e f l e c t i o n  w a s  made,-and i t  

appears  t o  be accepted  unanimously, t h a t  ou r  space  cel ls  d o n ' t  

wear o u t .  

The i m p l i c a t i o n  i s  t h a t  they are s o  bad, t h e  q u a l i t y  

i s  so lousy ,  t h a t  some d e f e c t  shows up be fo re  it can wear o u t ,  

I would have t o  say  t h a t  i n  my own exper ience  t h i s  i s  n o t  t h e  

case. We n o t e  a normal i n f a n t  m o r t a l i t y  i n  normal l i f e  i n  

wear o u t ,  which I would l i k e  t o  c h a r a c t e r i z e  as wear o u t  -- 

maybe I d o n ' t  know t h e  d e f i n i t i o n  exac t ly .  

As f u r t h e r  s u b s t a n t i a t i o n ,  my expe r i ence  has  been 

t h a t  many times when w e  disassemble and run ,  s a y ,  an a n a l y s i s  

on t h e s e  c e l l s ,  w e  c a n ' t  f i n d  o u t  e x a c t l y  what caused t h i s  

f a i l u r e .  The i m p l i c a t i o n  e a r l i e r  was t h a t  w e  could always 

f i n d  a monkey wrench t h a t  w a s  l e f t  between t h e  p l a t e s  o r  
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something i n s i d e  t h e  cells .  

experience.  

This  i s n ' t  r e a l l y  t r u e  i n  my 

B u t  I f e l t  t h a t  I must p o i n t  t h i s  o u t .  

The second i t e m  t h a t  came up yes t e rday ,  my good 

f r i e n d  Karl Preusse a t t a c k e d  o u r  s h o r t - t e s t  method, I use  t h e  

word "our" adv i sed ly ,  because I t h i n k  everybody probably u s e s  

t h e  same s h o r t  t e s t .  I feel  a l i t t l e  l i k e  t h e  guy who was 

walking down t h e  street  and he s a w  h i s  buddy t h e r e ,  and he s a i d  

"You look p r e t t y .  bad. What's wrong?" H e  s a i d ,  "Well, I l o s t  my 

paycheck down a t  t h e  poker game aga in ."  H e  says  "Why do you 

keep going back t o  those  guys? You know they  are c h e a t i n g  youotI  

And he s a i d  "Well, i t ' s  t h e  only-poker game i n  town." 

The p o i n t  he re  i s ,  I a m  t r y i n g  t o  e l i c i t  from t h i s  

group any sugges t ions ,  any ideas  you may have of a n o t h e r  s h o r t -  

t e s t  method t h a t  may be s u p e r i o r  t o  t h e  one t h a t  I c h a r a c t e r i z e  

as "ours".  

Thank you. 

MR. HENNIGAN:  I d o n ' t  know i f  anybody i s  famil iar  -- 

I am n o t  going t o  c a l l  it "our" s h o r t - t e s t  method, b u t  ano the r  

s h o r t - t e s t  method -- where t h e  c e l l s  are taken  down and s h o r t e d  

o u t  for, I t h i n k ,  1 6  hours .  Then t h e  s h o r t s  are removed and 

w e  wai t  f o r  v o l t a g e  recovery .  I t  has  t o  r ecove r  t o  over  1 . 1 5  

v o l t s .  

Does anybody l i k e  t h a t  one? 

MR. PREUSSE (Gul ton) :  I d i d n ' t  mean t o  have my comments 

looked upon as an a t t a c k ,  because I am a very m i l d  man and I shy 
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away from f i g h t s .  

My q u e s t i o n  yes t e rday  was what i s  so s a c r e d  about  

1 . 1 5  as compared t o  1 . 1 4 ,  as compared t o  1,13 as an acceptance  

c r i te r ia?  I n  a t r u e  s h o r t  t h e  vo l t age  decays immediately w i t h i n  

4 t o  6 hours  w e l l  below one v o l t .  You can see t h i s .  

My q u e s t i o n  i s ,  what about t h o s e  c e l l s  which e x h i b i t  

1 . 1 3  and s t a y  a t  t h i s  v o l t a g e  cont inuous ly?  We t a k e  ce l l s  a p a r t  

and w e  look t o  see what i s  going on on t h e  i n s i d e .  We c a n ' t  f i n d  

one darn  t h i n g .  I say i s  there  any way w e  could c o r r e l a t e  a 

t r u e  v o l t a g e ,  t o  g i v e  you t r u e  s i g n i f i c a n c e  of what i s  going on 

i n s i d e  t h e  ce l l .  For a l l  w e  know t h i s  1 . 1 3  or 1 . 1 0  may be a 

v a l i d  v o l t a g e ,  and then  aga in  it may n o t  be.  But how can w e  

determine i f  it i s  or i s n ' t .  

o u t .  

T h a t ' s  t h e  t h i n g  I wanted t o  p o i n t  

MR. SCHEEL (Sonotone):  One o f  t h e  t h i n g s  w e  found i s  

t h a t  any t y p e  of c e l l  w e  have has  a charac te r i s t ic  vo l t age .  It 

may be 1 . 1 5  or 1 . 1 7 ,  1 . 2 0  or 1 . 2 4 .  But t h e  p o i n t  i s  t h a t  I t h i n k  

any system -- and perhaps maybe even any d i f f e r e n t  manufacture ,  

depending on h i s  p rocess  -- has a charac te r i s t ic  on t h e  open 

c i r c u i t  v o l t a g e .  

I f  you make t h e  s h o r t  test  t h a t  Karl r e f e r r e d  t o ,  and 

use  your  own c h a r a c t e r i s t i c  v o l t a g e  as a r e f e r e n c e ,  you have a 

good key f o r  d e t e c t i o n  of  two types  of d e f e c t s .  

One i s  t h e  mechanical f a i l u r e ;  t h e  o t h e r  may be a 

chemical  f a i l u r e .  I t h i n k  both o f  them may show up. I t  has 
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been ou r  exper ience  t h a t  t h i s  i s  t r u e ,  

MR. HENNIGAN:  Thank you very much. 

Is t h e r e  any more comment on t y p e s  of s h o r t  tests 

t h a t  are a v a i l a b l e ,  o r  any comments on t h e  t y p e s  of  s h o r t  t es t s  

t h a t  are used? 

MR. PREUSSE: We found t h a t  t h e  r e s u l t s  of  t h e  s h o r t  

t e s t  depended on t h e  i n i t i a l  p rev ious  c y c l e .  

would e x h i b i t  a v o l t a g e  o f  1 . 1 3  o r  1 . 1 4  and would g i v e  a l i t t l e  

slow, long-range charge ,  and t h e n  go through t h e  s h o r t i n g  pro- 

cedure and then  g i v e  it a f ive-minute  energy i n p u t  and it would 

pass  on t h e  nex t  s h o r t  t e s t .  

We f i n d  cel ls  t h a t  

It may n o t  be - i n h e r & n t  mechanical c h a r a c t e r i s t i c .  

I t  i s  dependent on t h e  e l e c t r i c a l  h i s t o r y  of  t h e  c e l l  also.  

These are t h i n g s  t h a t  should  be pinned down, I t h i n k .  

MR. H E N N I G A N :  M r .  Duncan, RCA. 

MR. DUNCAN: T h i s  i s  o u r  problem, K a r l .  I n  othef .  

words, I could  t a k e  a c e l l  t h a t  w e  would a l l  ag ree  i s  s h o r t e d ,  

and I can charge t h a t  c e l l  t o  see -- t o  d i scha rge  it and run  a 

short  t e s t  a g a i n ,  and it w i l l  p a s s .  

What w e  are t r y i n g  t o  do i s  p i c k  o u t  t h e s e  ones 

before  w e  p u t  them i n  a c e l l  l i k e  t h a t .  

o u t  any way w e  want. 

These s h o r t  tes ts  come 

There i s  no doubt about  t h a t ,  

MR. PREUSSE: T h a t ' s  r i g h t .  

MR. H E N N I G A N :  We have g o t  some data h e r e .  I j u s t  

happened t o  g e t  t h i s  t h i s  morning from B i l l  I n g l i n g  of Dayrad, 
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which used t o  be In l and .  We have been running sone ~ e ~ . ' -  3?'t 

t h e r e  s i n c e  ' 6 2 .  We a r e n ' t  pushing t h e s e  c e l l s  t c o  i A I L i c i l ,  

p e r c e n t  t y p e  of d i s c h a r g e ,  maybe 25 .  But t hey  j u s t  s t a r t e d  t o  

p a s s  t h e  s t a t e  of l o a n s  h e r e ,  minus 1 0 .  O f  cou r se ,  t h e  o t h e r  

ce l l s  zi-2 of h i g h e r  tempera tures  f a i l .  

. -  

It was very  i n t e r e s t i n g  t o  see h e r e  t h a t  w e  have t e n  

cel ls  of company "A1', n o n f a i l u r e s  a t  2 0 , 0 0 0  c y c l e s ,  and a capac- 

i t y  check run  a t  2 0 , 0 0 0  c y c l e s .  These were n o t  n e c e s s a r i l y  

c a p a c i t y  checks i n  t h e  2 0 , 0 0 0 ,  I d o n ' t  t h i n k .  They might  have 

been t a k e n  down once o r  twice. The c a p a c i t y ,  j u s t  e y e b a l l i n g  

t h i s  s t u f f ,  is g r e a t e r  t h a n  t h e  i n i t i a l  -- some of t he  c e l l s  by 

as much as 2 5  t o  30  p e r c e n t .  

Now w e  have company "B", which shows s imi la r  r e s u l t s .  

They are g e t t i n g  about  t h e  same c a p a c i t i e s  t hey  s tar ted wi th .  

These ce l l s  are l e a k i n g  and have been bad leakers a l l  a long .  

But s t i l l  t h e y  are doing 1 8 , 0 0 0  cyc les  wi thou t  l o s s  of c a p a c i t y .  

Another company "C", i n i t i a l  c a p a c i t y  about  3 ,  and 

e i t h e r  a g a i n  c a p a c i t y  o r  same c a p a c i t y  and t h e  end of 2 0 , 0 0 0  

c y c l e s .  No f a i l u r e s  i n  any of t h e s e  c e l l s .  

So I j u s t  thought  I would p a s s  t h i s  on t o  show t h a t  t h e  

t empera tu res  

We sa id  t h i s  be fo re .  

w e  p icked  should  run  t h e  c e l l  o u t  i s  low t empera tu re ,  

Of cou r se ,  t h e  c u r i o u s  t h i n g  about  t h i s ,  i f  w e  have 

g o t  such lousy  c e l l s ,  why are t h e s e  running so w e l l  a t  minus 1 0 .  

I suppose t h e s e  s h o r t s  wouldn ' t  t end  t o  show up -- t h e y  are 
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aggravated by tempera ture ,  of cour se ,  b u t  t hey  r e a l l y  were t h a t  

bad, I d o n ' t  t h i n k  w e  g o t  t h i s  k ind  of d a t a  on t h e  c e l l s  t h a t  

were made f o u r  y e a r s  ago. 

Would anybody l i k e  t o  make a comment on t h i s ?  

MR. BELOVE (Sonotone):  I b e l i e v e  t h a t  t h i s  s h o r t  t e s t  

a rose  many y e a r s  ago when w e  f i r s t  s t a r t e d  making s a t e l l i t e  

batteries.  I d o n ' t  remember whether it w a s  RCA o r  APL. But 

w e  d id  f i n d  one t h i n g ,  t h a t  t h e  s h o r t  t e s t  picked o u t  -- w e  

r a n  i n t o  t r o u b l e  a t  t h a t  t i m e  w i th  proper  p a r t i c l e s ,  and w e  had 

t o  t r y  t o  f i n d  those  ce l l s  t h a t  had t h e  copper on them. And 

t h e  s h o r t  t e s t  picked t h e s e  o u t  completely.  

I b e l i e v e ,  i n  my op in ion ,  t h i s  i s  t h e  beginning of  

t h i s  p a r t i c u l a r  t e s t .  Since t h a t  t ime most u s e r s  of b a t t e r i e s  

have ' incorpora ted  t h i s  i n  t h e i r  s p e c i f i c a t i o n s .  I t  is my o p i n i o i n  

i t  has always been t h a t  you people  i n  t h e  s a t e l l i t e :  u s e r  f i e l d ,  

you mus t ,  of n e c e s s i t y ,  because of our ignorance ,  use  famil ies  

bf c e l l s .  

I d o n ' t  t h i n k  it matters whether 1 . 1 3  v o l t s  i s  t h e  

l e v e l ,  or 1 . 1 5  v o l t s .  I t h i n k  what i s  impor tan t  i s  t h a t  when 

you make a b a t t e r y  of  2 0  ce l l s ,  each of  t h e  cel ls  should be 

t h e  same i n  t h e i r  c h a r a c t e r i s t i c s  -- as f a r  as c a p a c i t y  and as 

f a r  as t h e  s h o r t  t e s t ,  t oo .  

This i s  ou r  f e e l i n g ,  t h a t  t h e  d i f f e r e n c e s  between 

ce l l s  t ends  t o  aggrava te  t h e  l i f e  c y c l i n g  r e s u l t s  ob ta ined ,  

MR. HENNIGAN: D o  w e  have any more comments on t h e  
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s h o r t  t e s t  or i n  g e n e r a l  on t h e  meeting? 

MR. BANES ( J P L ) :  I t  took a whi le  f o r  m e  t o  c o l l e c t  

my thoughts  on t h i s  primary b a t t e r y  s i t u a t i o n .  

(Laughter.  1 

Now t h a t  I have g o t  them, maybe I can say something. 

We f l y  g e n e r a l l y  primary-type bat ter ies .  We are on 

a very  l i m i t e d  cyc le  l i f e  as opposed t o  t h e  very  long cyc le  

l i f e  t h a t  you do i n  your  s a t e l l i t e  work. We f i n d  t h a t  i t  i s  

necessary  t o  be very s e l e c t i v e  i n  our  b a t t e r y ,  and t o  be r a t h e r  

s t r enuous  i n  ou r  q u a l i f i c a t i o n .  I t h i n k  w e  covered t h a t  y e s t e r -  

day i n  t h e  t h i n g s  w e  do. 

I t  i n c l u d e s  areas of environmental  t e s t i n g  and some 

of t h e  o t h e r  t h i n g s .  

But one t h i n g  invo lv ing  t h e  s t a n d a r d i z a t i o n ,  I guess ,  

t h a t  I would l i k e  t o  throw o u t  here  a t  t h i s  t i m e  i s - o n ' r n i s s i o n s  

run  f o r  a matter of a f e w  days going t o  t h e  moon, or a matter 

of s e v e r a l  months going t o  t h e  hear  p l a n e t s ,  I suppose e v e n t u a l l y  

i n  a matter of y e a r s  going t o  t h e  f a r t h e r  ou t  p l a n e t s .  

We have a problem r i g h t  now, w e  have a t a s k  r i g h t  now 

of modifying a s p a c e c r a f t  which w a s  made as a s p a r e  t o  go t o  

t h e  p l a n e t  Mars, and modifying it t o  go t o  t h e  p l a n e t  Venus. 

On your  way t o  Mars you s t a r t  ou t  from E a r t h  and your  thermal  

c o n t r o l  i s  set  up t o  be, s h a l l  w e  say,  w a r m  i n  t h e  v i c i n i t y  of 

E a r t h ,  and g e t  c o o l e r  as you approach Mars. Going t o  Venus i t  

i s  t h e  r eve r se .  You s ta r t  o u t  cool  and you approach w a r m .  
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I n  1 9 6 2  o u r  Mariner s t a r t e d  o u t  warn and approached 

h o t .  So  w e  c a n ' t  even s t a n d a r d i z e  between t h e  same t y p e  o f  

s p a c e c r a f t  going t o  d i f f e r e n t  p l a n e t s ,  because w e  have t o  do 

d i f f e r e n t  t h i n g s  i n  o r d e r  t o  make a b a t t e r y  t h a t  w i l l  f l o w  

charge,  w a r m  t o  c o o l  o r  c o o l  t o  w a r m ,  o v e r  these p e r i o d s  o f  t i m e .  

We f i n d  t h a t  t h e r e  are s u b t l e  d i f f e r e n c e s  t h a t  w e  can make, 

and make an improvement on t h e  b a t t e r y  ove r  t h e s e  t w o  d i f f e r e n t  

types  of miss ions .  

MR. HENNIGAN:  Thank you. 

I would l i k e  t o  mention h e r e ,  of  cour se ,  t h a t  o u r  

primary b a t t e r i e s  are 1 5 - 2 0  minute type  o p e r a t i o n  i n  r o c k e t s ,  

and they would be a couple  o f  hours  on a ba l loon  -- which w e  

d o n ' t  seem t o  have any t r o u b l e  w i t h  t h i s  scheduled usage.  

Is t h e r e  anyth ing  e lse  t h a t  you would l i k e  t o  b r i n g  

o u t .  E r n s t ,  any comments? 

MR. COHN (NASA): The only  comments I have i s  t h a t  I 

haven ' t  g o t t e n  a l l  t h e  i l l u s t r a t i o n s  y e t ,  I f  you have some t o  

hand i n ,  I would be happy t o  have them, I f  you want t o  send 

them i n  rea l  soon, w i th  your  names and f i g u r e  numbers on t h e  

back, we w i l l  t r y  t o  i n c l u d e  them i n  t h e  proceedings i f  t hey  

come i n  on t i m e .  Otherwise,  w e  j u s t  c a n ' t  h o l d  up t h e  proceed- 

i n g s  t o  w a i t  f o r  t h e  i l l u s t r a t i o n s .  

I n  order t o  make it as complete as p o s s i b l e ,  I would 

a p p r e c i a t e  it i f  you would do t h a t .  Thank you. 

MR. WEINSTEIN: When do you i n t e n d  t o  have them a v a i l a b l r  
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MR. COHN: The proceedings? 

MR. WEINSTEIN: Yes. 

MR. COHN: As q u i c k l y  as p o s s i b l e ,  a f t e r  w e  g e t  t h e  

M u l t i l i t h  p l a t e s  and have something l i k e  200 o r  3 0 0  c o p i e s  run  

o f f ,  and have t h e  s e c r e t a r y  address  them accord ing  t o  t h e  

a d d r e s s e s  you gave m e  he re .  It  i s  t h e  a d m i n i s t r a t i v e  and secre- 

t a r i a l  t i m e  t h a t  determines how fas t  t h i s  goes.  

I t  should  be w i t h i n  a matter o f ,  hope fu l ly ,  two t o  

t h r e e  weeks. 

MR. HENNIGAN: We d i d  have one comment from M r .  Banes, 

of J P L .  

MR. BANES: I would l i k e  t o  throw o u t  more o f  a 

q u e s t i o n  than  anyth ing  else.  As a hardware manufac turer ,  hardware 

producer  he re  a t  J P L ,  w e  have a s i t u a t i o n  where o u r  own i n - p l a n t  

q u a l i t y  c o n t r o l  and any q u a l i t y  c o n t r o l  t h a t  w e  p u t  i n t o  o u r  

b a t t e r y  manufac turers  p l a n t  -- i n  o t h e r  words, any o t h e r  sou rce  

i n s p e c t i o n  i s  by people  who are b a s i c a l l y  e i t h e r  e l e c t r o n i c s -  

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

a s sembl i e s ,  o r  t hey  are mechanical ly-or iented.  

Some of t h e  problems w e  some t i m e s  have i s > t r p i n g  * 

t o  i n s t r u c t  o u r  i n s p e c t o r s  on t h e  a r e a  of i n s p e c t i n g  b a t t e r i e s .  DO 

Other hardware-or iented o r g a n i z a t i o n s  have t h e i r  own b a t t e r y  

q u a l i f i e d  q u a l i t y  c o n t r o l  procedures ,  manuals, and t h i s  t ype  

o f  document? This  has  been somewhat necessa ry  a t  JPL ,  and I 

wondered if o t h e r  people  have run  i n t o  similar problems as f a r  
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as s e t t i n g  up source  i n s p e c t i o n  of  b a t t e r i e s ,  

MR. HENNIGAN: If any of  t h e  b a t t e r y  manufac turers  

would l i k e  t o  comment on t h a t  -- 
MR. BANES: I would welcome anybody, 

MR. GANDEL (Lockheed): What I a m  going t o  say  probably  

i s  fami l ia r  t o  a l l  of you I have done bus iness  wi th .  We have 

acceptance t e s t  procedures  which are t h e  c r i t e r i o n  f o r  procure-  

ment of bat ter ies .  The acceptance  tes t  procedure  has  t h e  docu- 

ment a long  wi th  t h e  des ign  c o n t r o l  drawing s p e c i f i c a t i o n  by which 

o u r  q u a l i t y  assurance  r e p r e s e n t a t i v e  a t  t h e  vendor ' s  f a c i l i t y  

buys t h e  b a t t e r y  f o r  us .  

All of t h e  a s su rance  r e p r e s e n t a t i v e s  t h a t  w e  u s u a l l y  

g e t  a r e  men who are n o t  e n g i n e e r s  -- I wouldn ' t  c a l l  him directed 

toward t h e  e l ec t r i ca l  o r  mechanical  o r  chemical o r  what have you. 

These are men who have ga ined ,  by t h e  seat  o f  t h e i r  p a n t s ,  

exper ience ,  and I f i n d  t h a t  somehow t h e s e  guys have been hanging 

around assembly l ines  most of  t h e i r  l i v e s .  

t h i n g s  t h a t  t h e  eng inee r  d o e s n ' t .  

They see a l o t  of  

We f i n d  t h a t  as t i m e  goes  by, t h i s  man i s  more impor t an t  

t o  our  ope ra t ion  f o r  some eng inee r ing  h e l p ,  o r  f o r  t h e  more 

formal r e l i a b i l i t y  o r  q u a l i t y  a s su rance  people .  

The i n c o n s e q u e n t i a l  i t e m  t h a t  t h i s  man may p i c k  up, 

as i n  t h e  p a s t ,  on more than  one occas ion  saved o u r  l i v e s ,  

I d o n ' t  know more I can s a y  s p e c i f i c a l l y  t o  answer 

your  ques t ion .  Would you have any o the r  q u e s t i o n s  on t h a t  l i n e ?  
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MR. BANES: No. 

MR. HENNIGAN:  If t h e r e  are no f u r t h e r  q u e s t i o n s ,  

and I d o n ' t  see any hands, w e  might as w e l l  ad journ  t h e  meeting. 

Do you have anyth ing  else you would want t o  say?  

MR. COHN: No. 

MR. HENNIGAN:  I would l i k e  t o  thank a l l  t h e  speakers  

who came he re .  I wish you a l l  a safe t r i p  home. 

(Whereupon, a t  12:lO p.m., t h e  B a t t e r y  Workshop 

Conference ' w a s  concluded.)  


