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REPORT BRIEF 
6.0 AMPERE-HOUR SEALED NICKEL CADMIUM 

SECONDARY SPACECRAFT CELLS 
DESIGNATED FOR USE IN SMA;L;L ASTRONOMICAL SATELLITE (SAS) 

IMNUFACTURED BY 
GULTON (SAS A) AND GEMERAL ELECTRIC (SAS B) 

Ref: (a) National Aeronautics and Space Administration Purchase 
Order Number W12-397 

(b) NASA ltr BRA/VBK/~~~ of 25 September 1961 W/BUWEPS first 
end FQ-1:WSK of 2 October 1961 to CO MAD Crane 

( c ) Preliminary Work Statement for Battery Evaluation Program 
of 25 August 1961 

(d) Work sheet of 2 February 1970 

I. TEST ASSIGNMEMT BRIEF 

A. In compliance with references (a) and (b), evaluation of 6.0 
ampere-hour secondary spacecraft cells was begun according to the 
program outline of reference (c) . 

B. The object of this evaluation program is to gather information 
concerning secondary spacecraft cells, in general. More specifically, 
these cells are being evaluated for their use in the SAS program 
as specified in reference (d) . Information concerning performance 
characteristics and limitations, including cycle life under various 
electrical and environmental conditions, will be of interest to power 
systems designers and users. Cell weaknesses, including causes of 
failure of present designs, will be of interest to suppliers as a 
guide to product improvement. 

C. Twenty 6.0 ampere-hour cells (manufacturer ' s rating) were 
purchased by the Applied Physics Laboratory and were tested by NAD Crane 
under the direction of NASA Goddard. Ten were manufactured by Gulton 
Industries; ten were manufactured by General Electric. 

11. RESULTS 

A.  The ceramic seals of these cells are satisfactory as evidenced 
by no leakers out of the 20 cells tested. 

B. The capacity ofthe 20 cells tested was acceptable. It 
ranged from 6.84 to 7.65 ampere-hours for both the Gulton and General 
Electric cells. The respective averages were 7.24 and 7.44 ampere-hours . 

C. None of the 20 cells indicated internal shorts. The 24-hour 
recovery voltage was in the acceptable range of 1.18 to 1.22 volts for 
both groups of cells. Both groups averaged 1.19 volts on recovery. 



D. Both groups gave sat isfactory performance on wercharge. 
There was essent ial ly  no variance i n  end-of-overcharge values a t  
each of the three ra tes  run fo r  both t e s t  groups. The average 
value was 1.43 volts, . 

E. The in terna l  resistance of the  Gulton ce l l s  averaged 
3.90 milliohms; t h a t  of the General Electr ic  ce l l s  averaged 
4.26 milliohms . 

F. The capacity t o  1.00 vol t  following overcharge averaged 
6.83 ampere-hours f o r  the Gulton c e l l s  and 7.21 ampere-hours fo r  
the General Electr ic  cel ls .  



RESULTS O F  ACCEPTANCE TESTS 
OF 

6.0 AMPERE HOUR NICKEL-CADMIUM SECONDARY SPACECRAFT CELLS 
EVALUA!FED FOR USE I N  SAS SATELLITE 

I. INTRODUCTION 

A. On 27 May 1970 acceptance t e s t s  were begun on 20 c e l l s - -  
10 manufactured by Gulton I n d u s t r i e s  and 10  manufactured by 
General E l e c t r i c .  These t e s t s  were completed on 10  June 1970. 

11. TEST CONDITIONS 

A. A l l  acceptance t e s  
t u r e  between 23' C and 2T0 
atmospheric pressure,  and 

t s  were performed a t  an ambient tempera- 
C a t  e x i s t i n g  r e l a t i v e  humidity and 

consisted of the  following: 

1. Physical  Inspection:  Weighing, Measuring and Phenolphthalein 
Leak Test .  

2 Capacity Tests .  

3. C e l l  Short Test.  

4. Leak Test .  

5. Overcharge Test .  

6. I n t e r n a l  Resistance Measurement. 

7. Leak Test .  

B. A l l  charging aqd discharging was done a t  constant  current  
( f  5 percent ) .  Cel ls  were charged i n  s e r i e s  but  discharged individual ly .  

111. CELL IDETJTIFICATION AND DESCRIPTION 

A. The c e l l s  were id.entif ied by t h e  manufacturer 's s e r i a l  numbers. 
However, t h e r e  were two packs of t en  c e l l s ,  each manufactured b y  a 
d i f f e r e n t  company. The s e r i a l  numbers of those c e l l s  manufactured 
by Gulton I n d u s t r i e s  were from 1937 t o  1994; those manufactured by 
General E l e c t r i c  were from 013 t o  057. The numbering was not  consecu- 
t i v e  i n  e i t h e r  group. 

B. The 6.0 ampere-hour c e l l s  of each group a r e  rec tangular .  
The avprage dimensions and weight a r e  included i n  Table I along with 
t h e  ind ivi-dual measurements of each c e l l .  



C. The c e l l  con ta ine r s  and covers of each group a r e  made of 
s t a i n l e s s  s t e e l ,  The p o s i t i v e  t e rmina l  of each c e l l  i n  e i t h e r  group 
i s  in su la t ed  from t h e  c e l l  cover by a  ceramic s e a l  which pro t rudes  
from t h e  cover a s  a  s o l d e r  type te rmina l .  The General E l e c t r i c  
c e l l s  have a  s o l d e r  t a b  welded t o  both t e rmina l s  while  t h e  Gulton 
c e l l s  do no t .  The nega t ive  t e rmina l s  of e i t h e r  group a r e  welded t o  
t h e  c e l l  covers .  

D. These c e l l s ,  r a t e d  a t  6.0 ampere-hours by  t h e i r  r e spec t ive  
manufacturers,  were suppl ied  i n  a  discharged condi t ion .  

IV. TEST PROCEDURE AND RESULTS 

A.  Phenolphthalein Leak Tes t :  

1. The phenolphthalein l e a k  t e s t  i s  a determinat ion of t h e  
condi t ion  of t h e  welds and ceramic s e a l s  on r e c e i p t  of t h e  c e l l s .  
This t e s t  was performed p r i o r  t o  any o the r  t e s t s ,  wi th  a  phenol- 
ph tha l e in  sp ray  i n d i c a t o r  s o l u t i o n  of one-half of one percent  concen- 
t r a t i o n .  

2. One c e l l  (SN 1940) i nd ica t ed  a  l e a k  and some cor ros ion  
a t  t h e  p o s i t i v e  te rmina l .  However, no l e a k s  were de tec ted  on l a t e r  
l eak  t e s t s .  Thus , e l ec t ro ly t e  contamination p r i o r  t o  shipment may 
account far  such r e s u l t s .  

B. Capacity T e s t s :  

1. The c a p a c i t y  t e s t  i s  a  determinat ion of t h e  c e l l  capac i ty  
a t  t h e  c/2 d ischarge  r a t e ,  ?!here c  i s  t h e  manufacturer 's  r a t e d  
capac i ty  t o  a  cu tof f  vo l tage  of 1.00 v o l t  per  c e l l .  The d ischarge  
was made a f t e r  a  1-hour open c i r c u i t  per iod  fol lowing t h e  16-hour 
charge a t  t h e  c/10 r a t e .  A t o t a l  of t h r e e  capac i ty  checks was made 
a t  t h i s  a c t i v i t y .  The c e l l s  were discharged i n d i v i d u a l l y ,  bu t  were 
recharged i n  s e r i e s .  

2.  The i n d i v i d u a l  c a p a c i t i e s  f o r  t h e  c e l l s  of both manufacturers 
ranged from 6.84 t o  7.65 ampere-hours. The Gulton c e l l s  averaged 
7.24 ampere-hours and t h e  General E l e c t r i c  c e l l s  averaged 7.44 ampere-hours. 

C. C e l l  Shor t  Tes t :  

1. The c e l l  s h o r t  t e s t  i s  a  means of d e t e c t i n g  s l i g h t  
sho r t ing  condi t ions  which may e x i s t  because of imperfect ions i n  t h e  
i n s u l a t i n g  ma te r i a l s ,  o r  damage t o  element i n  handl ing  o r  assembly. 



2. Following completion of t h e  t h i r d  capaci ty  discharge 
t e s t ,  each c e l l  was loaded with a 0.5 ohm, 3 watt  r e s i s t o r  and 
allowed t o  stand 16 hours with the  r e s i s t o r  ac t ing  a s  a shor t ing  
device. A t  t he  end of 16 hours, t h e  r e s i s t o r s  were removed and the  
c e l l s  were placed on open c i r c u i t  stand f o r  24 hours. Any c e l l  whose 
voltage d id  not  recover t o  1.15 v o l t s  or higher was considered a s  
f a i l i n g  t h i s  por t ion  of the  acceptance t e s t .  

3. The open c i r c u i t  voltage, 24 hours a f t e r  removal of the  
shor t ing  r e s i s t o r s ,  ranged from 1.18 t o  1.22 v o l t s  f o r  an average 
of 1-19 v o l t s .  No c e l l s  fa i led .  t h i s  t e s t .  

D. Leak Test  

1. The leak  t e s t  i s  a means of de tec t ing  leakage of a s e a l  
or  weld. The t e s t  was performed before and a f t e r  t h e  overcharge 
t e s t  sequence t o  determine t h e  presence of leaks .  

2. The c e l l s  were placed i n  a vacuum chamber and exposed t o  
a vacuum of 40 microns of mercury or  l e s s  f o r  24 hours. The c e l l s  
were then removed from t h e  vacuum chamber and sprayed with phenolphthalein. 
F a i n t l y  pink a reas  were designated a s  s l i g h t  leakers .  Darker, more 
obvious, d i sco lo ra t ions  of pink or  red  were noted a s  d e f i n i t e  leakers .  

3. None of t h e  20 c e l l s  f a i l e d  t h i s  por t ion  of t e s t i n g .  

E. Overcharge Test :  

1. The purpose of t h i s  t e s t  i s  b a s i c a l l y  threefold :  

a .  To determine the  degree t o  which a pack of c e l l s  
maintain a balanced voltage.  

b. To determine the  c e l l s  c a p a b i l i t y  of reaching a 
point  of chemical equilibrium--oxygen recombination with t h e  nega- 
t i v e  (cadmium) p l a t e .  

c .  To t e s t  the  i n t e g r i t y  of t h e  s e a l s  a s  the  pressure 
increases .  

2.  The overcharge t e s t s  were performed t o  determine 
the  steady s t a t e  voltage a t  speci f ied  r a t e s .  The t e s t  speci f ied  
a s e r i e s  of constant current  charges a t  c/10, c/20 and c/10 f o r  a 
minimum of 16 hours a t  each charge r a t e .  

3 .  The c e l l s  were monitored hourly throughout t h e  t e s t .  
Charging was t o  be discontinued on c e l l s  which exceeded 1 -50  v o l t s .  
No c e l l s  were removed from t h e  charging sequence. 



4. The steady s t a t e  voltage of each c e l l  a t  the  end of each 
16-hour charge r a t e  i s  shown i n  Table I. Character is t ic  overcharge 
voltage curves f o r  high, average and low c e l l s  a r e  shown i n  Figure 2. 

F. I n t e rna l  Resistance Test: 

1. Immediately following the  overcharge t e s t ,  t h e  i n t e rna l  
r es i s t ance  of each c e l l  was measured with a Hewlett-Packard milliohm- 
meter ( ~ o d e l  4328~). 

2. The i n t e rna l  r es i s t ance  f o r  each c e l l  i s  shown i n  Table I. 
The res i s tance  values f o r  the  Gulton c e l l s  ranged from 3.75 t o  3.99 
milliohms f o r  an average of 3.90 milliohms; the  General E l ec t r i c  c e l l s  
ranged from 3.97 t o  4.78 milliohms f o r  an average of 4.26 milliohms. 

G. Leak Test: 

1. Following the i n t e r n a l  res is tance  measurements, the  
c e l l s  were s t i l l  i n  a charged s t a t e .  The c e l l s  were discharged 
a t  c/2 t o  0.00 vo l t s  and shorted p r i o r  t o  the f i n a l  leak t e s t .  The 
capac i t i e s  t o  1.00 vo l t  p r i o r  t o  the  0.00 vo l t  cut -off  a r e  shown f o r  
each c e l l  i n  Table I. The shorted c e l l s  were then placed i n  a. 
vacuum chamber and the  procedure described i n  paragraph IV.D.2 was 
repeated. 

2. None of t he  20 c e l l s  f a i l e d  t h i s  port ion of t h e  t e s t i ng .  



TABLF 1 
6. o WERE-HOUR CELLS ~ A W A ~  FOR USE IN SAS SATELLITE 

MANUFACTURFn B Y  GULTON (SAS A) ANTI GENERAL ELECTRIC (SAS B )  

C/LO c/20 c/10 
CELL CAPACITY CAPACITY CAPACITY CELL OVERCHARGE OVERCHARGE OVERCHARGE 

SERIAL WEIGHT KEIGHT LENGTH WIDTH No. 1 No. 2 No. 3 SHORT FOR 16 HRS FOR 16 HRS FOR 16 HRS 
IIU'KBER  r rams ) ( ~ n c h e s )  (Inches) (Inches ) ( A m p - ~ r )  (Amp-=) ( A m p - ~ r )  T E S T  ( v o l t s )  (vol t s )  ( v o l t s )  

CAPACITY FOLLOWING 
INTERNAL OVERCHARGE 

RESISTANCE TO 1.0 VOLT 
( ~ i l l i o h m s  ) (Amp-Hr) 



c/10 
OVERCHARGE 
FOR 16 HRS 

(volts  ) 

4 2 0  
OVERCHARGE 
FOR 16 HXS 

(vol t s )  

c/10 
OVERCHARGE 
FOR 16 HRS 

(volts  ) 

CAPACITY FOLLOWING 
OVERCHARGE 
TO 1.0 VOLT 

( h p - ~ r )  

7.41. 

7.26 

7.26 

7.14 

7.35 

7.21 

CELL 
SERIAL 
NUMBER 

CAPACITY CAPACITY CAPACITY CELL 
WEIGHT HEIGHT LENGTH WIDTH No. 1 No. 2 No. 3 SHORT 
 i rams) (inches) (1nches) ( ~ n c h e s )  (Amp-~r) (Amp-&) (Amp-Hr) TEST 

INTERNAL 
RESISTANCE 
( ~ i l l i o h m s  ) 

4.11 

4.18 

4.63 

4.78 

3.97 

4.26 
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FIGURE 1 
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