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REPORT BRIEF 

ASTROPOWER 5.0 AMPERE-HOUR SEALED SILVER-ZINC 
SECONDARY SPACECRAFT CELLS 

Ref: (a )  NASA Purchase Order W12-397 
(b)  NASA 1 t r  BRA/VBK/pad o f  25 Septether 1961 w/BUWEPS f i rs t 

end FQ-1 :WSK o f  2 October 1961 t o  CO NAD Crane 

I. TEST ASSIGNMENT 

A. I n  compliance with references (a) and (b)  , 98 Astropower 
5.0 ampere-hour c e l l s ,  w i t h  an i no rgan ic  s e ~ a r a t o r  mater ia l  , were 
constructed f o r  NASA, Lewis Research Center, under cont rac t  
NAS 3-10924. NAD Crane received these c e l l s  f o r  eva luat ion  o f  t h e  
c e l l s  ' i no rgan ic  separator  on v a r i  ous t e s t  programs ; which are the  
syr~chronous , IMP, and 90-mi nute li f e  cycl  i ng o r b i t s  , the cdns t a n t  
p o t e n t i  a1 , 120 percent  recharge and the  30-day stand separator  
t e s t s .  P r i o r  t o  t h e  placement o f  the  c e l l s  on these programs, the  
c e l l s  were evaluated f o r  phys ica l  defects,  sea l  q u a l i t y ,  and ampere- 
hour capaci ty  as out1 i ned i n  the  acceptance t e s t  procedure (Appendix 
I ) .  This r e p o r t  covers t h e  acceptance t e s t  phase o f  the  eva lua t ion  
program. 

11. RESULTS 

A. Leakage was detected i n  82 c e l l s  p r i  o r  t o  the  capacity t e s t s  
and i n  60 c e l l s  a f t e r  t he  capaci ty  t e s t s .  

B. There were 41 c e l l s  t h a t  f a i  l e d  t o  d e l i v e r  the  requ i red  
capaci t y  o f  5.5 ampere- hours . 
111. COMMENTS 

A. NASA, Lewis was i nformed t h a t  41.8 ~ e r c e n t  o f  t he  c e l l s  d i  d 
no t  meet t h e  m i  nimum capaci ty requi rement; they then requested t h a t  
90 c e l l s  be p laced on the  various t e s t  programs as s t a t e d  i n  the  
t e s t  assignment w i t h  e i g h t  c e l l s  h e l d  i n  reserve. NASA, Lewis 
f e l t  t h a t  t h e  i n fo rmat ion  obta ined from these t e s t s  would be mean- 
i n g f u l  i n  t h e  eva luat ion  o f  t he  c e l l s  ' i no rgan ic  separator.  



RESULTS OF ACCEPTAlllCE TESTS 
OF 

5 -0 AMPERE-HOUR SE&ED SILVER-ZINC 
SECONDARY SPACECRAFT CELLS 

MANUFACTURED BY 
THE ASTROPOWER DIVISION OF McDONNELL-DOUGLAS 

I. INTRODUCTION 

A. The Astropower D i v i s i o n  o f  McDonnell-Douglas has developed 
an i norgani c separator  mater i  a1 which they i ncorporated i nto  the  
cons t ruc t i on  o f  5.0 ampere-hour s i l v e r - z i n c  c e l l s  (one c e l l  i s  shown 
i n  Photograph 1).  NAD Crane received 98 c e l l s  f o r  eva lua t ion  o f  
t h e i  r inorgan ic  separator  on various t e s t  programs ; which are the 
synchronous , I M P ,  and 90-mi nu te  l i fe cyc l  i ng o r b i  t s  , a1 so the  
constant po ten t i  a1 , 120 percent  recharge and t h e  30-day stand separa- 
t o r  t e s t s  . P r i o r  t o  the  p l  acemnt  o f  t he  c e l l s  on these programs , 
they were subjected t o  acceptance tes ts  i n  which each c e l l  was tes ted  
f o r  sea l  q u a l i t y ,  phys ica l  defects, and ampere-hour capaci ty  as out- 
l i n e d  i n  t h e  acceptance t e s t  procedure furn ished by NASA, Goddard 
Space Fl  i @ t  Center (Appendi x I ) .  

1 1  CELL FORMATION 

A. I n  accordance w i t h  i ns t r u c t i  ons from McDonnell -Doug1 as 
Corporat ion (Appendix 11) , 73 c e l l s  were f i l l e d  and formed a t  :IAD 
Crane. The o ther  25 c e l l s  ( s e r i a l  nurr$ers 3-1 through 3-25) were 
rece ived f i l l e d  and formed. 

I 11. TEST CONDITIONS 

A. A l l  acceptance t e s t s  and format ion cycles were performed a t  
an ambient temperature between 23' C and 27' C ,  a t  e x i s t i n g  r e l a t i v e  
humi d i  ty and atmos pher i  c pressure . 
I V .  CAPACITY TESTS 

A. Each c e l l  was requ i red  t o  d e l i v e r  a minimum o f  5.5 ampere- 
hours when discharged a t  2.5 amperes t o  1 $0 v o l t  f o l l  owi ng the 
second charge a t  350 m i  11 i amperes t o  2.05 v o l t s  . There were 41 
c e l l s  t h a t  d i d  n o t  meet t h i s  ~"equirement. It was noted t h a t  c e l l s  
t h a t  f a i  led t o  m e t  t h i s  requi  rement had, i n  many instances , consec- 
u t i v e  s e r i a l  numbers. These vesul ts  are l i s t e d  i n  Table I. 

B . NASA, Lewis was i n f o r m d  t h a t  41.8 percent  o f  the c e l l s  
f a i l e d  t o  meet the  minimum capaci ty  requirement. NASP,, Lewis 
~ e q u e s t e d  t h a t  30 c e l l s  be p laced on the  various t e s t  programs 
p rev ious l y  s ta ted  i n  the i n t r o d u c t i o n  and t h a t  e i g h t  c e l l s  be h e l d  
i n  peserve, 



V. PHYSICAL AND HEIGHT YESURES 

A. Each cell tias weighed before and after  the eapaci t y  t e s t s ,  
The cell d i ~ m i o n s ,  in i t i a l  weight, and final weight are recorded 
in  Table 11. 

VI. CASE INSPECTION ArlD LEAK TESTS 

A. Visual inspection of the molded plastic case showed no 
defects before or af ter  capacity t es t s .  The terminals, f i  11 port,  
and relief valve were checked by visual inspection and phenol- 
phthalein solution for leaks. Prior t o  testing, nine cells had 
visible leaks and an additional 73 had  leaks detected by phenol- 
phthalein solution. After capaci ty t es t s ,  phenolphthalein solu- 
tion detected 60 cells t h a t  leaked. Leakage mai nly occurred i n  
the f i  11 ports of the cel ls .  Temi na1 leakage was detected in 23 
cells a f te r  capacity t es t s ,  16 o f  these cells were in  the group 
with serial  nuhers 3-1 through 3-25. The results of these tests 
are l i s ted  i n  Table 111. 





TABLE I 
CAPACITY TEST 

AWEK-HOURS I N  AVD OUT 
Se r i a l  F i r s t  F i r s t  Second Second Third 
Nuber Charge Discharge Charge Discharge Charge 

Th i rd 
Di s ch arge 

* Less than 5.5 ampere-hours. 



TABLE I (Contd) 

BtPERE-HOURS I N  AND OUT 
S e r i a l  F i r s t  F i r s t  Se tond Second Thi rd  Thi rd  
Nunber Charge Discharge Charge Discharge Charge Discharge 

* Less than  5.5 ampere-hours . 
** Cells were n o t  dep le ted  o f  r e s idua l  capac i ty  with a 0.5 ohm 

r e s i s t o r  pri o r  t o  s t a r t  o f  capaci t y  tests . 



TMLE I (Contd) 

AMPEE-HOURS I N  AND OUT 
Serial First F i r s t  Second Second Third Third 
Nunber Charge Discharge Charge Discharge Charge Discharge 

* Less t h a n  5.5 ampere- hours. 



TABLE I (Contd) 

AMPERE-HOURS I N  AND OUT 
Serial F i r s t  tiat Second Second Third Thirc! 
Nuntber Charge Discharge Charge Discharge Charge Discharge 

* Less than  5 . 5  apere-hours,  



Seri a1 
Idumber 

TABLE I 1  
PHYSICAL BIB WEIGHT MEASURES 

Hei gh t Depth 
(Inches) (Inches) 

Width 
( Inches) 

Weight 
I n i t i a l  
( Grams ) 

Weight 
F i  nal 
( Gram ) 
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TABLE 1 1 ( Con t d )  

Wei clh t Weight 
Seri a1 Hei gh t Depth Width I n i  ti a1 Fi nal  
Number ( Inches) ( Inches) ( Inches) ( Grams (Gram) 

* Weights not  ava i l ab le .  



TABLE I1 (Con td )  

Height Depth Width 
(Inches) (Inches) (Inches) 

Weight 
In i t ia l  
( Gram ) 

Wei yh t 
F i  nal 
( Grams) 



TABLE I I  (Contd) 

Seri a1 
I ~ u & € P  

\file i gh t 
Hei gh t Depth U i d t h  In i t i a l  

(Inches) (Ihches) (Inches)  ram) 

N e i  gh t 
Fi nal 
( Gi-am ) 



Ser i  a1 
Number 

TAGLE I 1 1  
LEAKAGE TESTS 

INITIAL FINAL 
Terminals F i  11 R e l i e f  Terminals F i  17 R e l i e f  
Pos Neg Por t  Valve Pos Neg P o r t  Valve 

P--Phenolphthalein 
V- - V i  s ual  
* V i s i b l e  leakage w i t h i n  n l a s t i c  con ta ine r  on a r r i v a l  a t  I4AD Crane. 



TABLE 111 (Contd) 

INITIAL FINN 
Serial Terminals Fill Relief Terminals Fill Relief 
N u b e r  Pos Neg Port Valve Pos Nea Port  Valve 
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TMLE 111 (Contd) 

INITIAL FINAL 
Terminals F i l l  Relief Termi rtals Fi 11 Relief 
Pos Neg Port Valve Pos Neg Port Valve 



TABLE 111 (Contd) 

INITIAL FINAL 
Serial Terminals Fill Relief Terminals Fill Relief 
Nunber Pss Neg Por t  Valve Pos Neg Por t  Valve 



AP PENDI X I 

ACCEPTANCE TEST PROCEDURE 
FOR 

ASTWPOIJER INORGAfl IC SEPARATOR CELLS 
27 MAY 1968 

1. Inspect cell terminals and re l ie f  valve for  corrosion o r  leaks 
(visual and phenolphthalein solution) . 
2. Inspect cases and epoxy fo r  cracks or  defects. 

3.  Check that  a l l  electrode and separator stacks are on bottom of 
case. 

4. Weigh each cell to  within one gram. 

5.  Discharge all  cells with a . 5  ohm res is tor  to 1.0 vol t .  

6 .  Charge a t  350 milliamperes constant current t o  2.05 volts , each 
cel l  . Record cell voltage a f t e r  f i  rs t mi nute of charge and every 
30 mi nutes thereafter.  Record ampere- hours i n . 
7. Discharge a t  1.0 ampere constant current t o  1.0 volt each ce l l .  
Record cel l  voltage a f t e r  f i r s t  minute of discharge and every 15 
m i  nutes thereafter .  Record ampere-hours out. 

8. Repeat paragraphs 6 $0 and 7.0 twice, b u t  w i t h  the second and 
t h i r d  constant current discharges a t  2.5 and 5.0 amperes, respec- 
t i  vely . 
9 .  Inspect cell terminals and re l ie f  valve f o r  corrosion or leaks 
(visual and phenol phthalei n sol uti on) . 
10. Discharge a11 cel ls  with a . 5  ohm res is tor  to  1.0 volt. 

11. Weigh each cell to  within one gram. 



INSTRUCTIONS FOR CELL ELECTROLYTE FILLING AP4D FORMATION 

1. E l e c t r o l y t e  F i l l i n g  

1.1 Raise the  va lve  p lunger w i t h  f i  ngers and h o l d  i t up by 
i n s e r t i n g  about 1/8" o f  a wooden s t i c k .  

1.2 Remove t h e  screw o f  t he  f i l l i n g  ho le  a t  one corner  o f  t h e  
cover. 

1.3 I n j e c t  22 cm3 o f  401 KOH by mans o f  a hypodermi c needle, 
through t h e  f i l l i n g  ho le ,  s lowly so as t o  empty t h e  syr inge i n  
about 10 minutes and avo id  over f low.  

1.4 Remove the  wooden s t i  ck f rom t h e  val ve . 
1.5 Apply vacuum f o r  a few minutes so as t o  remove trapped 

a i r  bubbles. 

1.6 Rep1 ace the  screw w i thou t  t i  gh ten inq  "0" r ing.*  

1.7 L e t  soak f o r  a minimum o f  24 hours. 

2. Formation 

2.1 Charge a t  350 mi l l iamperes constant  c u r r e n t  u n t i l  the  c e l l  
te rmina l  vo l tage reaches 2.05 - 2.07 v o l t s  . 

2.2 Discharge the  c e l l  a t  one ampere u n t i  1 t h e  c e l l  te rmina l  
vo1 tage reaches 1.0 v o l t .  

* T i  ghten "0" r i n g  a f t e r  complet ion o f  f o rma t i  on. 
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