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ABSTRACT 

T h i s  is a continuation of work evaluating the life and per formance  
c h a r  a c  t e r i s ti c s of he rme t i c  a l ly  sealed ni c ke 1 - cadmium s pace c raft 
b a t t e r i e s  manufactured by Gould-National Ba t t e r i e s ,  Inc. , Gulton Indus t r ies ,  
and Sonotone Corporation. 
Tes t ing  L a b o r a t o r i e s  under NASA Cont rac ts  NAS 5-1048 and NAS 5-9073. 
The  continuation w a s  pursuant  to  Contract  NAS 5-10213. 

P rev ious  work  w a s  accompl ished  by Inland 

Init ially all t e s t  ba t t e r i e s  w e r e  made  up of 10 ce l l s  each. Seven 
b a t t e r i e s  w e r e  in  the t e s t  at the beginning and four  at the ending of the 
continued effort. 
w a s  o v e r  23, 010. 
Leaks and co r ros ion  account for mos t  f a i l u r e s .  

The maximum number  of cyc le s  successfu l ly  completed 
The -1OOC tests per formed b e t t e r  than the 25'C tes t s .  

.. 
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I. INTRODUCTION 

T h e  scope of th i s  r e p o r t  cove r s  the  continuation of the cycle life 

tests ini t ia ted and continued under  Contracts  NAS 5-1048 and  NAS 5- 

9073 respect ively.  

th rough approximately 15000 cyc les  w e r e  r epor t ed  i n  the F ina l  Techni-  

c a l  Repor t s  under Cont rac ts  NAS 5-1048 and  NAS 5-9073. 

The procedures  and  r e s u l t s  of the cycle  life tests 

Cycle life tests w e r e  continued under Cont rac t  NAS 5-10213 o n  seven 

(7) cell groups  which had not failed. 

i n  o r d e r  to  fu r the r  evaluate  the cycling pe r fo rmance  capabi l i t ies  of the 

ce l l s  o v e r  extended lengths  of time. 

T h e  cycle  life tests were  continued 

T h e  cel ls ,  which w e r e  opera ted  i n  the cycle life tests, cons is ted  

of 3. 5 AH nominal  capaci ty  cells manufactured by Gould National Bat-  

teries and  Sonotone Corporation, and 6.0 AH nominal  capaci ty  ce l l s  

manufac tured  by Gulton Indus t r ies ,  Inc. 

1. 



11. DISC USSION 

Cvcle  Life T e s t  

The  cycle life tests w e r e  100 minute  repe t ive  charge-d ischarge  cyc les  

consis t ing of a 60 minute charge  period followed by a 40 minute  d ischarge  

period. 

a t u r e s  and  two (2) depths of discharge.  

on the nominal  cell capacity. 

The  cycle  life tests were  pe r fo rmed  at two (2) ambient  t e m p e r -  

The  depth of d i scha rge  w a s  b a s e d  

The  cell groups,  on  which the cycle  life tests w e r e  continued under  

Con t rac t  NAS 5-10213, are as follows: 

Nominal Depth of Ambient  
Manufac turer  Capacity Di s charge  Tempe  r a t u r e  

Gould National 3.5 A H  10% -10.C 
Gould National 3.5 A H  10% 25.C 

Gulton Indus t r i e s  6.0 A H  10% -10.C 
Gulton Indus t r i e s  6.0 A H  10% 25.C 
Gulton Indus t r i e s  6.0 A H  25% 25.C 

Sonotone 3.5 A H  10% -1O.C 
Sonotone 3.5 A H  10% 25.C 

The  ce l l  g roups  cycled at -10.C w e r e  cha rged  at constant  c u r r e n t  

t o  a pre-set  voltage limit of 1. 57 Volts pe r  ce l l  at which time the charg-  

ing sys t em switched to  the constant voltage for the r e m a i n d e r  of the  cha rge  

period. 

a m p e r e  hours .  

The  constant  c u r r e n t  charging rate was  115% of the d i scha rge  

The  ce l l  g roups  cycled at 25.C w e r e  cha rged  at constant  c u r r e n t  

with no voltage limit. The charging rate w a s  125% of the  d i scha rge  

2. 



a m  pe re hour s . 
The ce l l  groups consis ted of s e r i e s  connected cel ls ,  of the s a m e  

manufac turer ,  which were  charged  and discharged,  at constant c u r r e n t  

r a t e  s. 

The cycle life tests were  continued until one half of the or ig ina l  cells 

i n  the  group failed. 

t e r m i n a l  voltage less than 0.9 vol ts  fo r  s e v e r a l  cycles.  

A ce l l  failed when it exhibited a n  end of d i scharge  

When a ce l l  o r  group fa i lure  occur red  the ce l l  o r  ce l l s  were  removed 

f rom cycling and subjected to post-failure measurements .  

The  post-failure m e a s u r e m e n t s  were  ce l l  capacity and open c i rcu i t  

s tand  f o r  120 hours. 

charge  at C/10 rate followed by a d ischarge  to  1.0 vol ts  at a C/2 rate.  

The ce l l  capacity w a s  de te rmined  by a 16 hour 

The  c e l l s  w e r e  then subjected to a 16 hour charge  a t  a C/10 r a t e  

followed by an open c i r cu i t  s tand  for  120 hours.  

age  was  moni tored  at per iodic  in te rva ls  during the open c i r cu i t  stand. 

The ce l l  t e r m i n a l  volt- 

A f t e r  approximately 20,000 cycles  all ce l l s  were  removed f rom 

cycling at the end of discharge.  

p e r a t u r e  for  a per iod of  eight hours  and then subjected to  a capaci ty  tes t .  

The ce l l s  w e r e  then charged  at a C/lO rate fo r  16 hours  and then s tabi-  

l i zed  fo r  eight hour s  at the i r  ambient cycling t empera tu re .  The cycling 

t e s t  w a s  then r e s u m e d  on the d ischarge  port ion of the cycle. 

t ion of the test program,  the c e l l s  were s tab i l ized  at room t e m p e r a t u r e  

and subjected to  a capaci ty  t e s t  followed by a n  open c i r cu i t  s tand  test 

The cells w e r e  s tabi l ized at room t e m -  

Upon comple-  

3. 



€or  120 hours.  

age. 

The  ce l l s  w e r e  a l s o  inspected €or evidence of seal leak-  

Through out the cycling t e s t  the cha rge /d i scha rge  c u r r e n t s  and 

individual cell vol tages  w e r e  monitored and r e c o r d e d  periodically.  

The  ave rage  end  of charge  and d ischarge  vol tages  v e r s u s  cycle  number  

for the seven  (7) ce l l  g roups  are given i n  Tab les  1-7. 

The  r e s u l t s  of the capaci ty  t e s t s  and  the open c i r cu i t  s tand  t e s t s  are 

also given i n  the test r e s u l t s .  

4. 



TABLE 1. Endpoint Voltage Characteristics 
Gould National C e l l s ,  Cycled 10% Depth at  -10.C 

Cycle 

14200 

14500 

15000 

15500 

16000 

16500 

17000 

17500 

18000 

18500 

19000 

19500 

20000 

20500 

21000 

21500 

21800 

21800 

Average End of 
Charge Voltage 

1.59 

1.57 

1.57 

Average End of 
Discharge Voltage 

1.28 

1.25 

1.27 

1.54 1. 24 

1.54 1.25 

1.55 1.25 

1.55 1. 24 

1.55 

1.55 

1. 25 

1. 25 

1.56 1.24 

1.54 1. 27 

1.56 

1.55 

1.56 

1.22 

1.21 

1.22 

I. 58 1. 23 

1.57 

1.56 

Cycling terminated 

1.22 

1.21 

5. 



Cycle 

15200 

15500 

16000 

16500 

17000 

17500 

18000 

18500 

19000 

19500 

19562 

TABLE 2. Endpoint Voltage Charac t e r i s t i c s  
Gould National Cells, Cycled 10% Depth at 25.C 

Average  End of 
Charge  Voltage 

1. 51 

1. 5 1  

1. 5 1  

1. 52 

Average  End  of 
Discharge  Voltage 

1.25 

1. 24 

1. 23 

1.22 

1. 53 1.20 

1.53 

1.55 

1.57 

1. 19 

1.20 

1.21 

1.55 1.21 

1. 53 1. 16 

Group failed with fa i lure  of ce l l  number  1 

6. 



Cycle 

15200 

15500 

16000 

16500 

17000 

17500 

18000 

18500 

19000 

19500 

20000 

20500 

21000 

21500 

22000 

22500 

22900 

22900 

TABLE 3. Endpoint Voltage C h a r a c t e r i s t i c s  
Gulton Cells,  Cycled 10% Depth at -10.C 

Average End of 
Charge  Voltage Discharge  Voltage 

Average  E n d  of 

1.57 1.27 

1.55 1.26 

1. 56 1.27 

1.56 1. 27 

1.55 1.26 

1.56 

1.55 

1.56 

1. 27 

1. 26 

1.26 

1.55 1. 25 

1.55 

1.54 

1.54 

1. 25 

1.28 

1. 28 

I. 54 1. 28 

1.55 

1.57 

1. 28 

1. 28 

1.58 I. 28 

1. 58 1. 29 

Cycling t e rmina ted  

7. 



TABLE 4. Endpoint Voltage Characteristics 
Gulton Cells, Cycled 10% Depth at 25'C 

Average End of 
Charge Voltage 

Average End of 
Discharge Voltage Cycle 

15200 

15800 

16000 

16500 

17000 

17500 

18000 

18500 

19000 

19500 

20000 

20500 

21000 

21500 

22000 

22500 

23000 

1.48 1. 22 

1.47 1.22 

1.48 

1.45 

1. 23 

1. 23 

1.46 1. 23 

1.48 1.24 

1. 23 

1. 23 

1.48 

1.49 

1.47 1. 23 

I. 48 1. 23 

1.47 1. 22  

1.49 1.22 

1.47 

1.47 

1. 26 

1. 24 

1.48 1. 25 

1.48 

1.48 

1. 25 

1. 24 

i 23300 1.47 1. 24 

Cycling terminated i 23300 

8. 



Cvcle 

15200 

15500 

16000 

16500 

17000 

17 500 

18000 

18500 

19000 

19500 

19680 

TABLE 5. Endpoint Voltage Characteristics 
Gulton Cells,  Cycled 25% Depth at  25.C 

Average End of 
Charge Voitage 

1.56 

1.57 

1.56 

Average End of 
Discharge Voltage 

1.10 

1.12 

1.10 

1.56 1.08 

I. 56 

1. 56 

1.56 

1.09 

1.07 

1.10 

1.54 1.09 

1.54 

1.53 

1.07 

1.10 

Group failed with failure of ce l l  number 804 
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TABLE 6. Endpoint Voltage Characteristics 
Sonotone Cells, Cycled 10% Depth at -1O'C 

Cycle 

15200 

15500 

Average End of 
Charge Voltage 

1.57 

1.57 

Average End of 
Discharge Voltage 

1. 25 

1.26 

16000 1.57 1. 25 

16500 1.57 1. 25 

17000 1.57 1.25 

17500 

18000 

18500 

19000 

1.58 

1.58 

1.57 

1.58 

1.25 

1. 26 

1. 25 

1.25 

19500 1. 58 1.25 

20000 

20500 

1.58 

1.57 

1.25 

1.27 

21000 1.57 1.26 

21500 

22000 

22500 

22900 

1.57 

1.58 

1.58 

1.58 

22900 Cycling terminated 

10. 

1.26 

1.26 

1.26 

1.26 



Cycle 

15200 

15500 

16000 

16500 

17000 

17500 

18000 

18500 

19000 * 
19500 

19906 

19906 

1 

I 

TABLE 7. Endpoint Voltage Characteristics 
Sonotone Cells,  Cycled 10% Depth at 25.C 

Average End of 
Charge Voltage 

1.45 

Average End of 
Discharge Voltage 

1.13 

1.44 1.11 

1.44 1.11 

1.45 1.12 

1.45 1.11 

1.45 1.09 

1.45 1.06 

1.45 1.09 

1.44 1.16 

1.44 1.11 

1.44 1.03 

Group failed with failure of ce l l s  numbers 
R 39 and 66 

* Cell 64 failed on cycle 18610 

11. 



A TEST RESULTS 

During this r e p o r t  per iod  there w e r e  five (5) cell fa i lures .  The cells 

which failed were :  

Total Ambient Depth of 
Ce l l  No. Manufacturer  Cycles  Temp. Di s cha rge  

1 Gould National 19562 25.C 10% 
804 Gulton 19690 25.C 25% 
64 So not one 18610 25.C 10% 
66 Sonotone 19906 25.C 10% 
R39 Sonotone 19906 25.C 10% 

A s  a re su l t  of the five (5) ce l l  fa i lures  there w e r e  t h r e e  (3) group 

fai lures .  The  groups  which failed were:  

Manufac turer  

Gould National 
Culton 
Sonotone 

Ambient Tem p. Depth of Di scha rge  

25.C 
25.C 
25.C 

F o u r  (4) groups  w e r e  removed from cycling upon completion of the 

con t r ac t  period. No ce l l  fa i lures  had o c c u r r e d  i n  these  four  groups  

during the cont rac t  period. The  r e su l t s  of the capaci ty  tests and  the 

120 hour  open c i rcu i t  stand test a r e  given in Tab les  8, 9, 10 and  11. 

Examinat ion of the ce l l s  revealed tha t  the following ce l l s  had seal 

leakage: 

Cel l  No. Manufac turer  

25 
38 

648 
798 
822 
825 
827 

51 

12. 

Gould National 
Gould National 
G ulton 
G ulton 
Gulton 
Gulton 
Gulton 
So no tone 



The following ce l l s  had case distortion: 

Cell No. 

619 
54 
55  

13. 

Manufacturer 

Gulton 
Sono tone 
So no to ne 



TABLE 8. Cel l  Capacity and Open Ci rcu i t  Stand Voltage 
Could National, Cycled 10% Depth at -10.C 

Capacity Af te r  F ina l  Capaci ty  T e r m i n a l  Voltage 
Ce l l  No. 18,837 Cycles  21,800 Cycles  A f t e r  120 Hours  

25 3.67 AH 3.79 AH 1. 31 

26 3.88 A H  3.94 AH 1.31 

27 0.67 AH 0.83 AH 1.32 

35 3.21 AH 3.36 A H  

38 3.70 AH 3.74 AH 

1. 31 

1. 31 

I 

TABLE 9. Cel l  Capaci ty  and Open Ci rcu i t  Stand Voltage 
Gulton, Cycled 10% Depth at 25.C 

I 
I 
I 

Cel l  No. 

628 

6 44 

647 

648 

653 

822 

825 

827 

Capacity After  
20,467 Cycles  

1.05 A H  

5.94 AH 

5.85 AH 

1.75 AH 

5.15 A H  

6.20 A H  

6.45 AH 

6.40 AH 

F ina l  Capaci ty  
23,300 Cycles  

3.25 AH 

5.85 AH 

6.00 AH 

3.25 A H  

5.15 A H  

6.15 A H  

6.45 A H  

6.05 A H  

T e r m i n a l  Voltage 
Af te r  120 Hours  

1. 28 

1.28 

1. 28 

0.10 

1.27 

1.26 

1. 28 

1.27 

14. 



TABLE 10. Cel l  Capacity and Open Circuit Stand Voltage 
Gulton, Cycled 10% Depth at -10.C 

Capacity After Final Capacity Terminal Voltage 
Cel l  No. 19,967 Cycles 22,900 Cycles  After 120 Hours 

6 17 6.00 AH 6.54 AH 1. 28 

619 7.45 AH 7.15 AH 1. 27 

620 6.60 AH 

623 5.20 AH 

6 27 5.95 AH 

63 1 7,50 AH 

780 6.85 AH 

6.73 AH 

5.75 AH 

60 35 AH 

7.15 AH 

6.63 AH 

1, 28 

1. 28 

1. 28 

1. 27 

1. 28 

7 83 6.55 A H  6.75 AH 1. 26 I 
798 6.85 AH 

80 1 6.25 AH 

7.00 AH 

6. 54 AH 

1. 28 

1. 28 

15. 



TABLE 11. Cell Capacity and Open Circuit Stand Voltage 
Sonotone, Cycled 10% Depth at -10.C 

Cell No. 

51 

52 

53 

54 

55 

73 

R34 

R35 

R36 

R38 

Capacity After 
19,967 Cycles  

3.33 A H  

3.50 AH 

3.82 A H  

4.20 A H  

4.23 A H  

3.24 A H  

3.61 A H  

3.33 A H  

3.61 A H  

3.41 A H  

Final Capacity 
22,900 Cycles  

3.33 AH 

3.36 A H  

3.96 AH 

4 . 1 1  AH 

4 . 1 9  A H  

3.30 A H  

3.31 A H  

3.22 A H  

3.35 A H  

3.22 A H  

Terminal Voltage 
After 120 Hours 

1. 28 

1. 27 

1. 27 

1. 27 

1. 28 

1. 27 

1. 27 

1. 28 

1. 27 

1. 27 

16. 
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I 
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B F A a U R E  ANALYSIS 

The results,  of the post-failure t e s t s  on the three groups of cel ls ,  

a r e  givsn in Tables 12, 13 and 14. 

test,  the cel ls ,  which had an  end of discharge voltage less than 0.9 

volts,  were opened and examined for causes of failure. The results  

of the internal examinations are  a l so  given in Tables 12, 13 and 14. 

Upon completion of the post-failure 

17. 
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UI NEW TECHNOLOaY 

Data for this section is not applicable 

L 
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IV CONCLUSIONS AND RECOMMENDATIONS 

At the end of t h i s  cont rac t  period, t h r e e  (3) of the seven  ( 7 )  ce l l  g roups  

continued on cycle life t e s t s  have fai led through individual ce l l  fa i lures .  

The ce l l  failures w e r e  caused  by sea l  leakage and c o r r o s i o n  at the posi- 

t ive te rmina l .  

All ce l l  f a i lu re s  o c c u r r e d  i n  groups cycled at 25.C and no f a i lu re s  

have o c c u r r e d  i n  the groups  cycled at  -10.C. 

The r e s u l t s  of these  cycle life t e s t s  under  Cont rac t  NAS 5-10213 

along with the resu l t s  of the previous cyc le  life t e s t s  under  Cont rac ts  

NAS 5-1048 and NAS 5-9073,  indicate that  maximum ce l l  life can  be 

obtained at -1O'C r a t h e r  than 25.C o r  50.C. 

I t  is recommended that  half of the ce l l s  i n  e a c h  of the f o u r  (4) groups,  

which w e r e  t e rmina ted  a t  the end of th i s  cont rac t  period, be subjected to 

teardown analysis .  The teardown analysis  could possibly give insight  to  

the cause  of co r ros ion  o r  the effect  of low t e m p e r a t u r e  on the corrosion.  

The ana lys i s  might  a l s o  be d i rec ted  toward  the cause  or r e a s o n  for lower 

ce l l  capaci ty  of the 25'C cells as compared  to  the -1O'C cells.  

It is a l s o  recommended that  the remaining ce l l s  be continued on cycle 

life tests until  one o r  m o r e  f a i l u r e s  o c c u r  at -1O.C. 
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(Illustrations) 

24. 



r~·------~----------~----~----------~- 1 

Cell No. 1 Gould National, 19562 Cycles 10% 
Depth at 25°C 
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Cell No. 804 Gulton, 19680 Cycles 2S% 
Depth at 2S"C 
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Cell No. 64 Sonotone, 18610 Cycles 10% 
Depth at 25 0 C 
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Cell No. R39 Sonotone, 19906 Cycles 10% 
Depth at 25°C 



Cell No. 66 Sonotone. 19906 Cycles 10% 
Depth at 25°C 
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