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REPORT BRIEF 
6. O --HOUR NICKMr CADMIUM SPACECRAFP CEW 

MAlYUFAm BY GUIPOB IlBDUSTRIES 
WITH m N  PLA'lXs 

her: (a) National Aeronautics and Space Administration Purchase 
Order Number WE!-397 

(b) MASA ltr BRA/VB&/pd of 25 September 1961 W/BUWEPS f i r s t  
end FQ-1:WSK of 2 October 1961 t o  CO ETAD Crane 

(c) Preliminary Work Statement for  Battery Evaluation Program 
of 2 5 August 1961 

I. TESP A S S I G ~  BRIEF 

A. I n  compliance with references (a) and (b), evaluation of 
Gulton 6.0 ampere-hour secondary spacecraft c e l l s  was begun according 
t o  the prcgram outline of reference (c). 

B. The purpose of t h i s  acceptance t e s t  program is t o  insure 
t h a t  a l l  ce l l s  put i n t o  the l i f e  cycle program a re  of high qual i ty  
by the  removal of c e l l s  found t o  have electrolyte  leakage, internal  
1 ghorts, low capacity, or inab i l i t y  of any c e l l  t o  recover i t s  open 
c i rcu i t  voltage above 1.15 a f t e r  the  c e l l  short  t e s t .  

I C. Thirty c e l l s  were purchased frm Gulton Industries, Metuchen, 
Wew Jersey by National Aeronautics and Space Administration (WASA). 
These ce l l s  a re  rated a t  6.0 ampere-hours by the  manufacturer. 

II. Fummrs 

I A. The leak t e s t s  before and a f t e r  overcharge gave no evidence 
of leakage aruund the ceramic seals. Following overcharge, there 
w a s  evidence of a s l igh t  leak around the  fill tube on one ce l l .  

3. The capacity of the  ce l l s  ( t o  1.00 vo l t )  was i n  the  acceptable 
a n g e  of 6.66 t o  7.41 ampere-hours with an average of 6.96 for  three 
capacity checks. The high capacity occurred during the first capacity 
check; the low occurred during the second capacity check. 

C. The i r  ~ e r n a l  short  t e s t  shoved a l l  ce l l s ,  except (SN 900), 
t o  recover well above the  1.15 vol t  l i m i t ,  averaging 1.19 volts.  

I 
D. m e  in terna l  resistance of the 30 c e l l s  ranged fran 2.78 t o  

3.39 milliohms fo r  an average of 2.87 milliohms . 
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E. Discharge to 1.00 volt following overcharge results in 
capacities ranging from 6.00 to 6.81 ampere-hms for an average 
of 6.59 ampere-hours. Further discharging to 0.00 volts, prior to 
shorting, resulted in capacities ranging from 6.39 to 7.29 ampere- 
hours for an average of 7.10 ampere-hours. 



RESULTS OF ACCEPTANCE TESTS 
OF 

6.0 AMPERE- HOUR NICI(EE- SPrj,CECRAPT CELLS 
MANKFACTURED BY GULTON INDUSTRIES 

WITH GULTON PLATES 

I. INTRODUCTION 

A. On 23  Apri l  1970, acceptance t e s t s  were begun on 30 c e l l s .  
These t e s t s  were completed. on 27 May 1970. 

11. TEST CONDITIONS 

A. A l l  acceptance t e s t s  were performed a t  an ambient tempera- 
t u r e  between 23' C and 27" C a t  ex i s t ing  r e l a t i v e  humidity and 
atmospheric pressure, and consisted of t he  following: 

1. Physical Inspection: Weighing, Measuring and Phenolphthal~;.n 
Leak Test. 

2. Capacity Test. 

3. Cel l  Short Test. 

4. Leak Test. 

5. Overcharge Test. 

6. I n t e rna l  Resistance Measurement. 

7. Leak Test. 

B. A l l  charging and discharging was done a t  constant current  
(+5 percent) .  Cells  were charged i n  s e r i e s  but  discharged individ- 
ual ly .  

111. CELL IDENTIFICATION AND DESCRIPTION 

A. The ~ 6 . ~ 1 s  were iden t i f i ed  by t he  manufacturer's s e r i a l  numbers. 
However, the rz  were 2 c e l l s  out of the  30 t h a t  had t he  same s e r i a l  
number (914). One of these c e l l s  was a r b i t r a r i l y  i den t i f i ed  a s  
9 1 4 ~  by t h i s  a c t i v i t y .  The s e r i a l  numbers of t he  30 c e l l s  were from 
899 t o  934 although not consecutively. 

B. The c e l l s  were fu r ther  iden t i f i ed  by acceptance pack numbers 
assigned by t h i s  a c t i v i t y .  Cells  with s e r i a l  numbers 899 through 909 
made up pack D-3-0, S e r i a l  numbers 9x0 through 923 made up pack E-1-0. 
S e r i a l  numbers 9 4  through 934 made up pack E-2-0, Each pack contained 
LO c e l l s ,  



C. The 6.0 ampere-hour c e l l  i s  rectangular  with an average 
height (base t o  top of pos i t ive  terminal),  length and width of 
3.692, 0.827, 2.101 inches respectively.  The average weight i s  
284.2 grams. The individual  c e l l  dimensions and weight a r e  given 
i n  Table I, 

D. The c e l l  containers and covers a r e  made of s t a i n l e s s  s t e e l .  
Both terminals a r e  insula ted from the  c e l l  cover by a ceramic s e a l  
and protrude through t he  cover a s  solder type terminals. 

E. These c e l l s  were supplied. i n  a discharged condition. 

I V ,  !TEST PROCEDUHE AND RESULTS 

A,  Phenolphthalein Leak Test: 

1. The phenolphthalein leak t e s t  i s  a  determination of t he  
condition of t he  welds and ceramic s ea l s  on rece ip t  of t he  ce l l s .  
This t e s t  was performed p r i o r  t o  any other t e s t s ,  with a phenol- 
phthalein spray ind ica to r  solut ion of one-half of one percent concen- 
t r a t i on .  

2. This i n i t i a l  leak t e s t  indicated one c e l l  (SN 905) t o  have 
s l i g h t  leak a t  the  pos i t ive  terminal. Another c e l l  (SN 902) indicated 
a s l i g h t  leak a t  t h e  f i l l  tube. A t h i r d  c e l l  (SN 925) indicated a 
leak a t  the  f i l l  tube. However, none of these c e l l s  showed leaks 
on l a t e r  leak t e s t s .  Thus, e l e c t ro ly t e  contamination p r io r  t o  
shipment accounts f o r  such r e su l t s .  

B. Capacity Test: 

1. The capacity t e s t  i s  a determination of t h e  c e l l  capacity 
a t  t he  c/2 discharge r a t e ,  where c i s  t h e  manufacturer's r a t ed  
capacity t o  a cutoff  voltage of 1.00 vo l t  per c e l l .  The discharge 
was made a f t e r  a 1-hour open c i r c u i t  period ,following t he  16-hour 
charge a t  t h e  c/10 r a t e .  A t o t a l  of th ree  capacity 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 individual ly ,  but  were 
recharged i n  s e r i e s .  

2. l n e  individual  capaci t ies  t o  1.00 v o l t  ranged from 
6.66 t o  7.41 ampere-hours f o r  an average of 6.96 ampere-hours. The 
c e l l  capac i t i e s  a r e  tabula ted i n  Table I. Character is t ic  2-hour 
r a t e  discharge curves f o r  high, average, and low capacity c e l l s  a r e  
shown i n  Figure 1. 



C ,  Cell  Short Test:  

1, 'The c e l l  shor t  t e s t  2s a means of detect ing slight 
shor t ing conditions which may ex i s t  because of imperfections i n  t h e  
insu la t ing  materials ,  or  dama,ge "c element i n  hundllng or assembly. 

2. Following completion of t he  t h i r d  capacity discharge 
t e s t ,  each individual  c e l l  was I.oad.ed with a 0.5 ohm, 3 watt 
r e s i s t o r  and allowed t o  stand 16 hours with t he  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 bows, 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 ig  not recover t o  9,15 v o l t s  or  higher was 
considered. a s  f a i l i n g  t h i s  port ion of the  acceptance t e s t .  

3. The open c i r c u i t  c e l l  voltage, 2'4 hours a f t e r  remaval of 
the  shor t ing r e s i s t o r s ,  ranged from 1-18 t o  l e 2 0  v o l t s  with one 
exception. Ce l l  9 0  gave a recovery voltage of only 0.40 vo l t s ,  

D. Leak Test : 

1, The leak  t e s t  i s  a means of detect ing leakage of a s e a l  
or  +reld. The t e s t  was perforr~~ed before znd a f t e r  the  overcharge 
t e s t  sequence t o  determine the  presence of leaks.  

2. The c e l l s  were placed 111 a vacuum chamber and exposed 
t o  a vacuum of 40 microns of mercury or l e s s  f o r  24 hours. %be c e l l s  
were then revnosed from the  vucum chamber and sprayed with phenol- 
phthalein,  Fa in t ly  pink areas were designa.ted a s  s l i gh t  Leakers , 
Darker, more obvious, discolorat4ons sf pink or red were noted a s  
de f i n i t e  leakers ,  

3. None of the  30 c e l l s  f a i l e d  t h i s  port ion of t e s t i n g ,  

E. h e r cha rge  Tes t :  

1. Tne p u ~ p a s e  of this test i s  ba s i ca l l y  threefold:  

a .  Tc? detc:rrninc t he  degree -l;o which a pack of c e l l s  
rnaintain a bal .tncec?. voCb7;%ge, 

b. To determine the  c e l l s  capab i l i ty  of reaching a 
point  of chemical equilibrium--%oxygen reconlbination with the  nega- 
t ine  (ca&i~j um) pla-i,e. 

c ,  Te t e s t  the  integrl- ty of .the s ea l s  a s  the  pressure 
increases.  



2,  The avercharge t e s t s  were performed t o  determine the  
s teady s t a t e  voltage at, spec i f i ed  ra tes .  The t e s t s p e c i f i e d  rr. 
s e r i e s  of constant current  charges a t  c/20, c/10 and c/5 r a t e s ,  
f o r  a minimum of 48 hours a t  each charge r a t e  or u n t i l  the  increase 
of t h e  "on charge" voltage was l e s s  than 1 0  mi l l i vo l t s  per day, 

3. The c e l l s  were monitored. hourly throughout the  t e s t .  
Charging was t o  be discontinued on c e l l s  which exceeded 1.50 vo l t s ,  
No c e l l s  were removed from the  cha,rging sequence, 

4. The steady s t a t e  voltage of each c e l l  a t  t he  end of 
each 48-hour charge r a t e  t e s t  i s  shown i n  Table I. Characteristic 
overcharge voltage curves f o r  high, average and low c e l l s  a r e  shown 
i n  Figure 2 ,  

5. No c e l l s  exceeded t h e  1.50 v o l t  l i m i t .  

F. I n t e rna l  Resistance Test : 

2. SmediateLy following the  overcharge t e s t ,  t h e  i n t e r n a 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  4 3 2 8 ~ ) .  

2. The i n t e rn s1  res 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  t he  30 c e l l s  range from 2.78 t o  
3.39 milliohms f o r  an average of 2.87 m i l l i o h s .  

G. Ieak Test: 

1, Following t h e  i n t e r n a l  r es i s t ance  measurements, the  
c e l l s  were s t i l l  i n  a cha,rged s taze ,  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  t he  f i n a l  leak t e s t .  The 
capac i t i e s  .La 1-00 v o l t  and 0.00 vo l t s  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 vacnwn chamber and 
t he  procedure Zescribed I n  paragraph IV.D.2 was repeated. 

2, Only one c e l l  (903) gave a s l i g h t  leak around t he  f i l l  
tube. 
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TABLE I (~on- t )  

CELL 
CAPPPCITf SHORT O~CKARGE OVERClEARGE 

TEST TEST 4 2 0  c/10 
(a, we > (voms ) (VOLTS) (KILTS) 

INTERNAL 
GVERCETARGE RESISTAECE 

c/5 msm 
(voms) MsLLIOHMs 

CAPACITY POLLOWTb~G 
OVERCHARGE CAPACITY 

YEST 
(A,& ,? 

W A C I T Y  
TEST 

(A.M.) 
CETS 'WIGKT E I G F P  LE31Gri"B KTIXlTI 

ITUNBFF, ( G F ~ S  ). (D~CKES) (INCHES) (EWHES) 

93-5 2 8 1 ~ ~ 1  3.709 0.830 2 . 1 ~ ~  

916 283.9 3.700 0.825 2,104 

,918 283.9 3.700 0.825 2.100 
A 
& P O  284.7 3.703 0.825 2=100 

923 284-0 3.635 0.825 2.102 

AVQ 28ha2 3-69 0 ~ 8 2 7  2.101 

If-Low eel' not  included i n  average 
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