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REPORT BRIEF 
It i ITIAL EVALUATION TESTS 

OF 
GENERAL ELECTRIC COMPANY 

50.0 AMPERE-HOUR NICKEL-CADM IUM SPACECRAFT CELLS 
FOR THE 

LANDSAT-D SATELLITE PROGRAM 

Ref: (a) NASA Purchase Order S-57075AG 
~ ( b )  I n i t i a l  Evaluation Test Procedure for  Nickel -Cadmi um Sealed 

Space Ce l l  s: NAD 3053-TP324; 10 Apr 1973 

I. TEST ASSIGNMENT BRIEF 

A. The purpose o f  t h i s  evaluat ion t e s t  program i s  t o  insure t h a t  
a l l  c e l l s  put  i n t o  the  l i f e  cyc le program are o f  high q u a l i t y  by the 
screening of c e l l  s found t o  have e l e c t r o l y t e  1 eakace , in terna l  shorts, 
low capacity, o r  i n a b i l i t y  o f  any c e l l  t o  recover i t s  open-c i rcui t  
voltage above 1 .I50 v o l t s  during the i n te rna l  shor t  t es t .  

B. The e igh t  c e l l s  were provided by the National Aeronautics 
and Space Administration, Goddard Space F l  i g h t  Center (GSFC) , t o  
NAVWPNSUPPCEN Crane f o r  evaluat ion on a near-earth o r b i t  t e s t  regime. 
The c e l l s  were manufactured by the General E l e c t r i c  Company, under 
NASA Contract NAS-5-23844, according t o  Genera1 E l  e c t r i c s  ' Manufactur- 
i n g  Control Document (MCD) 232A2222AA-84. (See Appendix I f o r  a 
deta i led  c e l l  descript ion. ) The c e l l s  were . ident i f ied by the manu- 
fac turer 's  catalog numbers 42B050AB20/21 - G1 and 62. The AB21 type 
c e l l  has an a u x i l i a r y  electrode and the 62 type c e l l  was received 
w i t h  a gauge assemble. Pressure transducer assembl i e s  were p l  aced 
on a t o t a l  o f  5 c e l l s  inc luding t h a t  c e l l  w i th  the gauge assembly. 
The c e l l s  are ra ted a t  50.0 ampere-hours and contain dual, n icke l  - 
braze ceramic seals. Testing was funded i n  accordance w i t h  
reference (a). 

C. Test l i m i t s  speci fy  those values a t  which a c e l l  i s  t o  be 
terminated from charge o r  discharge. Requirements are referenced 
t o  as normally expected values based on past performance o f  aero- 
space n i cke l  -cadmium c e l l s  w i th  demonstrated 1 i f e  character is t ics.  
A requirement does not  const i tu te  a 1 i m i  t f o r  discontinuance from 
tes t .  

I I. SUMMARY OF RESULTS 

A. Measurement o f  the c e l l  containers, fo l lowing tes t ,  i n d i -  
cated ar increase o f  .005 inches i n  the one a u x i l i a r y  electrode 
type c e l l ' s  p la te  stack. 



8. Average end-of-charge voltages and pressures, and capacity 
output i n  ampere-hours (ah) were as follows: 

Charge 

c/20 f o r  48 hrs @ 25' C 
c/10 f o r  24 hrs  @ 25' C 
c/10 f o r  24 hrs @ 20' C 
c/10 f o r  24 hrs @ 20' C* 
c/40 f o r  20 hrs @ 20" C* 
c/20 f o r  60 hrs @ 0" C 
c/lC f o r  24 hrs @ 35O C 

Vul t s  PSIA - ah Out 

*Charge retent ion t e s t  
**Charge ef f ic iency test,  25.0 ah input 

C. Three pressure transducer c e l l s  exceeded the pressure re-  
quirement o f  65 psia during t h e i r  c/10 charge a t  2 5 O C .  

D. Three c e l l  s exceeded the voltage requirement o f  1.480 vo l t s  
during t h e i r  f i r s t  c/10 charge a t  20°C. Their peak voltages were 
1.480 t o  1.482 volts. Also, 4 o f  the 5 pressure transducer ce l l s  
exceeded the pressure requirement o f  65 psia during t h i s  charge and 
t h e i r  second c/10 charge a t  20°C. 

E. The average c e l l  voltage a t  the end o f  1 week open-circui t 
during the charge retent ion test,  was 1.308 volts. One c e l l  I s  
voltage was below the requirement o f  being wi th in 5 m i l l i v o l t s  o f  
the average voltage. 

F. The average ampere-hours out, during the chars e f f ic iency 
tes t ,  was 18.8 which corresponds t o  an e f f ic iency o f  75%. 

G. During the 0°C overcharge test ,  3 ce l l s  exceeded the pressure 
requirement o f  65 psia. One c e l l  ( S I N  306) reached the voltage require- 
ment o f  1.520 vol ts.  Peak voltages were 1.502 ( S I Y  023) t o  1.520 vo l ts  
(SIN 006). 

H. The cel ls ,  wi th pressure transducers, reached a pressure o f  
20 psia before reaching the voltage l i m i t  of 1.550 vo l ts  during the 
pressure versus capacity test.  The average ampere-hours i n  and 
voltage a t  t h i s  pressure were 73.5 ah and 1.504 vo l t s  respectively. 
The c e l l s  exhibited a pressure decay o f  2 psia during the l a s t  30 
minutes o f  the 1 hour open-circuit s tmd  period. Average capacity 
out was 61.9 ampere-hours. 

I 11. RECOMMENDAT IONS 

A. Although high c e l l  pressures were okerved during the c/10 
charges a t  2 5 O C  and 20°C, i t i s  recommended that  these ce l l s  be placed 
on a near-earth o r b i t  l i f e  test.  

B. On 4 March 1980, two 4-cel l  packs (Packs 50C and 50D) began 
1 i f e  t es t  on a 1.48-hour o r b i t  (1.00-hour charge wi th a voltage 1 i m i t  
control a t  20°C). Pack 50C's depth-of-discharge i s  25% and 50D's i s  
40%. 



RESULTS OF 
INITIAL EVALUATION TESTS 

OF 
GENERAL ELECTRIC COMPANY 

50.0 AMPERE-HOUR NICKES-CAW IUM SPACECRAFT CELLS 
FOR THE 

LAhDSAT-D SATELLITE PROGRAM 

I. TEST CONDITIONS AND PROCEDURE 

A. A l l  evaluat ion t e s t s  were performed a t  room ambient (RA) 
pressure and temperature (25O + Z0 C), w i t h  discharges a t  the  2-hour 
rate, and i n  accordance w i t h  rFference (b), unless otherwise specif ied, 
and consisted o f  the  f o l  lowing : 

1. Phenolphthalein leak tes ts  (2 ) . 
2. Three capacity tests, t h i r d  a t  20" C; w i t h  i n te rna l  res i s -  

tance measurements during second charge/discharge. 

3. A u x i l i a r y  electrode character izat ion tes t .  

4. Charge re ten t i on  tes t ,  20' C. 

5. I n te rna l  shor t  t es t .  

6. Charge e f f i c i ency  tes t ,  20" C. 

7. Overcharge tests,  0" and 35" C. 

8. Pressure versus capacity tes t .  

9. Phenolphthalein leak tes t .  

(See Appendix I 1  f o r  summcry o f  t e s t  procedure. ) 

11. CELL IDENTIFICATION AND DESCRIPTION 

A. The c e l l s  were i d e n t i f i e d  by the manufacturer's s e r i a l  numbers 
(02680305-006 t o  041 non-inclusive - L01) and catalog numbers 
42B050AB20/21 - G I  and 62. AB21 designates the c e l l  (SIN 006) 
as having an a u x i l i a r y  electrode and 62 designated the c e l l  (SIN 033) 
as having a gauge assembly. Pressure transducer assemblies were placed 
on a t o t a l  o f  5 c e l l s  inc lud ing  t h a t  c e l l  w i t h  the gauge assembly. 
The c e l l s  were placed i n  a temporary pack (561x) conf igurat ion f o r  
i n i t i a l  tes t ing .  Each c e l l  was i n d i v i d u a l l y  restrained. 



B. The 50.0 ampere-hour cel l  is rectangular w i t h  an average 
weight and physical dimensions as  fol lows: 

Thickness ( i n . )  
( Prel Pos t -Tes t 1 

Weit~i;;~ig) H e  ( i n .  B3 . 33, 

*Does not include those cell  s w i t h  pressure transducers. 

C. The cel l  containers and covers are made of stainless s teel .  
The positive and negative terminals are insulated from '.he cel l  cover 
by dual, nickel-braze, ceramic-to-metal seals  and protrude through the 
cover as sol der-type terminal s . 

D. Cell ser ia l  number 041 contains a standard Aerospace type 
auxi 1 iary electrode. 

111. RESULTS - The following was condensed from Tab:es I through VI I :  

A. Measurement of the cell  containers, following t e s t ,  4ndicated 
an increase of .005 inches i n  one cell ' s  (SIN 041 ) plate stack 
thickness. 

B. Average end-of-charge vol tages and pressures, and capacity 
output i n  ampere-hours (ah) were as  follows: 

Charge - PSIA Volts ah O u t  

c/20 for  48 hrs @ 25" C 1.444 30 63.6 
c/10 for  24 hrs @ 25" C 1.452 61 62.2 
c/10 fo r  24 hrs @ 20' C 1.468 73 60.5 
c/ l0 for 24 hrs @ 20' C* 1 .462 7 5 56.4 
c/40 for  20 hrs @ 20" C** 1.373 11 i8 .8 
cI20 for  60 hrs @ O0 C 1.493 64 60.9 
c/10 fo r  24 hrs @ 35" C 1.393 3 0 59.3 

*Charge retention t e s t  
**Charge efficiency t e s t ,  25.0 ah input 

C. The average internal resistance a t  the end-of-charge (Cycle 1 ) 
was 2.4 milliohms and a t  the end-of-discharge (Cycle 2 )  i t  was 2.1 
milliohms. 

D. Three pressure transducer cell  s exceeded the pressure requi re- 
ment of 65 psia during the i r  c/10 charge a t  25°C. 



E. Three c e l l s  exceeded the  voltage requirement o f  1.480 v o l t s  
dur ing t h e i r  f i r s t  c I10 charge a t  20°C. Thei r  peak voltages were 
1.480 t o  1.482 vol  ts .  Also, 4 o f  t he  5 pressure transducer c e l l  s 
exceeded the  pressure requirement o f  65 ps ia  during t h i s  charge and 
t h e i r  second c/10 charge a t  20°C. 

F. The average c e l l  vol tage a t  the end o f  1 week open-c i rcu i t  , 
during the  charge re ten t i on  tes t ,  was 1.308 vol ts .  One c e l l  ' s  
(SIN 033) voltage was below the  requirement o f  being w i t h i n  5 m i l l i -  
v o l t s  o f  t he  average voltage. 

G. The 24-hour average c e l l  vol tage fo l low ing the 16-hour 
shunt period, dur ing the  i n te rna l  shunt t es t ,  was 1.219 vo l ts .  

H. The average ampere-hours out, during the charge e f f i c i ency  
tes t ,  was 18.8 which corresponds t o  an e f f i c i ency  o f  75%. 

I. D u r ~ q g  t ' le O°C overcharge test ,  3 c e l l s  exceeded the 
pressure requirement o f  65 psia. One c e l l  (SIN 006) reached the 
voltage requirement o f  1.520 vo l ts .  Peak voltages were 1 .502 
(S/N 023) t o  1.520 v o l t s  (S/N 006). 

3 .  The ce l l s ,  w i t h  pressure transducers, reached a pressure 
o f  20 ps ia before reaching the  voltage l i m i t  o f  1.550 v o l t s  during 
the  pressure versus capacity tes t .  The average ampere-hours i n  
and voltage a t  t h i s  pressure were 73.5 ah and 1.504 v o l t s  respec- 
t i v e l y .  The c e l l s  exh ib i ted  a pressure decay o f  2 ps ia during the 
l a s t  30 minutes o f  the  1-hour open-circui t  stand period. Average 
capacity out  was 61 .9 ampere-hours. 

K. The a u x i l  i a r y  electrode cha rac te r i s t i c  t e s t  was performed 
on c e l l  S/N 041. Maximum signal power was obtained w i th  a resistance 
o f  50-ohms. A 200-ohm resistance was used throughout the remainder 
o f  t he  tests,  as ins t ruc ted  by the Goddard Space F l i g h t  Center's 
Technical Of f i cer .  









TABLE IV 
CHARGE RETENTION TEST DATA 
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APPENDIX I 

CELL DESCRIPTION 

Ce l l  Hi s to ry  and Descript ion 

Si xty-eight , Lot 1, 50 ah c e l l  s were purchased by the GSFC, under 
NASA Contract Number NAS-23844, from the General E l e c t r i c  Company. 
These c e l l s  were manufactured i n  accordance w i th  General E l e c t r i c ' s  
MCD 232A2222AA-84. The General E l e c t r i c  catalog number i s  
42B050AB20/21. Some d f  the  per t inent  c e l l  design features and 
manufacturing data are as follows: 

Number o f  Plates: 16 Pos i t i ve  
17 Negative 

Plate Dimensions: Pos i t i ve  4.723" x 4.670" x -027" 
Negative 4.726" x 4.675" x .031M 

Loading: Pos i t i ve  12.69 gm/dm2 
Negative 16.21 gm/dm2 

KOH Quantity: 170 cc o f  31% KOH 

Precharge: 25.0 ah 

Separator: Pel 1 on 2505 

Flouded c e l l  tests: Average Pos i t i ve  64.66 ah 
Average Negative 120.68 ah 

Dual , nicke l  -braze, cerami c-to-metal seals 
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TEST PROCEDURE 



APPENDIX I1  

I. TEST PROCEDURE 

A. Phenolphthalein Leak Tests: 

1. This t e s t  i s  a determination o f  the condi t ion o f  the welds 
and ceram:c seals on rece ip t  o f  the c e l l s  and fo l low ing the l a s t  d i s -  
charge o f  t he  c e l l s  (Cycle 8). 

2. The c e l l s  were i n i t i a l l y  checked w i th  a one-half o f  one 
percent phenolphthalein so lu t ion  appl ied w i th  a cot ton swab and then 
placed i n  a vacuum chamber and expostd t o  a vacuum o f  40 microns o f  
mercury o r  l ess  for  24 hours. Upon removal they were rechecked f o r  
leaks and then received a f i n a l  check fo l low ing t e s t  completion. 
The requirement i s  no red o r  p ink  d isco lora t ion  which indicates a leak. 

B. Capacity Tests: 

1. The capacity t e s t  i s  a determination o f  the c e l l s '  capacity 
a t  the c/2 discharge r a t e  t o  0.75 v o l t  per c e l l  , where c i s  the manufac- 
t u r e r ' s  ra ted  capacity. This type discharge follows a1 1 charges o f  
t h i s  evaluat ion tes t .  

2. The charges f o r  the capacity t es t s  are as follows: 

a. c/20, 48 hours, room ambient (RA),  cyc le 0, w i t h  a 
t e s t  l i m i t  o f  1.52 v o l t s  o r  pressure o f  100 psia; 

b. c/10, 24 hours, RA, cycle 1, w i t h  a t e s t  l i m i t  o f  1.52 
v o l t s  o r  100 ps ia  pressure and a requirement o f  maximum voltage (1.48) 
o r  pressure (65 psia); 

c. c/10, 24 hours, 20" C, cycle 2, w i th  the same l i m i t s  
and requirements as the charge o f  cyc le 1. 

C. Special Resistance Character izat ion Tests f o r  4 u x i l i a r y  
Electrode Cel l  s: 

1. The purpose o f  t h i s  t e s t  i s  t o  determine the resistance 
t o  be placed across the c e l l  I s  a u x i l i a r y  electrode and negative t e r -  
minals which w i l l  provide maximum signal when the c e l l  i s  f u l l y  charged. 

2. The c e l l s  are charged a t  c/10 f o r  24 hours a t  the room 
ambient temperature fo l lowing t h e i r  i n i t i a l  chargeldi  scharge cycle. 
Following t h i s  the c e l l s  are continued on charge w i th  the current  
reduced, if necessary, t o  maintain the c e l l  I s  voltage below 1.520 
v o l t s  and t o  s t a b i l i z e  the pressure between 10-20 psia. Resistance 
values, between 10,000 ohms and 0.1 ohm are then placed between the 



a u x i l i a r y  electrode and the negat ive terminal.  The c e l l s  are a1 lowed 
a minimum o f  5 minutes, a t  each resistance value, t o  ob ta in  an equ i l  i b -  
r ium voltage across t h i s  resistance. This voltage value i s  then 
recorded and by ca lcu la t ion  using the equation P = E ~ / R  the res i s -  
tance t h a t  produces maximum power i s  determined. 

D. In te rna l  Resistance: 

1. Measurements are taken across the c e l l  terminals 0.5 hour 
before the  end-of-charge (EOC) on cyc le 1; and 1 and 2 hours a f t e r  the 
start-of-discharge o f  cycle 2. These measurements were made w i t h  a 
Hewlett-Packard m i  11 iohmeter (Model 4328A). 

E. Special Charge Retention Test, 20' C: 

1. This t e s t  i s  t o  es tab l ish  the capacity re ten t ion  of each 
c e l l  fo l low ing a 7-day open-c i rcu i t  stand i n  a charge mode. 

2. The c e l l s  are charged a t  c/10 f o r  24 hours w i th  the same 
l i m i t s  and requirements as the charge o f  cyc le 1. They then stand on 
open-c i rcu i t  f o r  7 days, w i t h  the  requirement t ha t  the open-c i rcu i t  
vol tage o f  each c e l l ,  fo l low ing t h i s  period, i s  w i th in  + 5 m i l l i v o l t s  
o f  the average c e l l  voltage. The c e l l s  are then discharged and 
80 percent capacity ou t  o f  t h a t  obtained i n  cyc le 3 i s  required. 

. In terna l  Short Test: 

1. This t e s t  i s  a means o f  detect ing s l i g h t  shor t ing  condit ions 
which may e x i s t  because o f  imperfections i n  the i nsu la t i ng  materials,  
o r  damage t o  element i n  handling o r  assembly. 

2. Following completion o f  the charge re ten t ion  t e s t  capacity 
discharge, the c e l l s  are shunted w i t h  a 0.5-ohm, 3-watt r e s i s t o r  f o r  
16 hours. A t  the end o f  16 hours the res i s to rs  are removed and the 
c e l l s  stand on open-c i rcu i t  vol tage (OCV) f o r  24 hours. A mimimum 
voltage o f  1.15 i s  required a t  the end o f  24 hours. 

G .  Charge E f f i c i ency  Test, 20' C: 

1. This t e s t  i s  a measurement o f  the c e l l s '  charge e f f i c i e n c y  
when charged a t  a low current ra te .  

2. The c e l l s  are charged a t  c/40 f o r  20 hours wi th a t e s t  
1 i m i t  o f  1.52 v o l t s  o r  100 psia pressure. They are then discharged 
and the requirement i s  t ha t  the minimum capacity out equals 55 percent 
o f  capacity i n  during the preceding charge. 



H. Overcharge Test 1, 0' C: 

1. The purpose o f  t h i s  t e s t  i s  t o  determine the degree t o  
which the  c e l l s  w i l l  maintain a balanced voltage, and t o  determine 
the c e l l s '  c a p a b i l i t y  t o  be overcharged wi thout  overcharging the 
negat ive electrode. 

2. The c e l l s  are charged a t  c/20 f o r  60 hours. The t e s t  
1 i m i t s  are c e l l  voltages o f  1.55 o r  greater f o r  a continuous time 
per iod o f  2 hours o r  pressures o f  100 psia. The requirement i s  a 
voltage o f  1 . S O  o r  a pressure o f  65 psia. The c e l l  s are then d i  s- 
charged and 85 percent capacity out o f  t ha t  obtained i n  cyc le 3 i s  
requ i red. 

I. Overcharge Test 2, 35" C: 

1. This t e s t  i s  a measurement o f  the c e l l  ' s capacity a t  a 
higher temperature when compared t o  i t s  capacity a t  20' C. This t e s t  
3150 determines the c e l l s '  capab i l i t y  o f  reaching a p o i n t  o f  pressure 
equi l ibr ium; oxygen recombination a t  the negative p la te  a t  the same 
r a t e  i t i s  being generated a t  the pos i t i ve  p la te .  

2. The c e l l s  are charged a t  c/10 f o r  24 hours w i t h  a t e s t  
1 im i  t o f  1 .52 v o l t s  o r  100 ps ia  pressure and a requi rement o f  1.45 
v o l t s  o r  65 ps ia  pressure. The c e l l s  are then aischarged w i t h  a re-  
quirement t h a t  capacity out equals 55 percent capacity ou t  as obtained 
i n  cyc le 3. 

3 .  Pressure Versus Capacity Test: 

1. The purpose o f  t h i s  t e s t  i s  t o  determine the capacity t o  
a pressure and the pressure decay during charge and open-c i rcu i t  stand 
respect ive ly  . 

2 .  Each c e l l  i s  charged a t  c/2 t o  e i t h e r  a pressure o f  20 ps ia  
o r  a voltage o f  1.550. Recordings are taken on each c?ll  when i t  
reaches 5, 10, 15 and 20 psia pressure. The c e l l s  then stand OCV f o r  
1 hour w i t h  30-minute recordings and then are discharged, shorted out 
and leak tested. 


