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ABSTRACT 

Deep reconditioning of batteries was defined at the 1982 Workshop ns 
ischarge below the 1.0 volt/cell level to a value of about 1.0 volt/battcry". 
is type of reconditioning was investigated for use on the Defense Satellite 

Communications System (DSCS) Spacecraft, and has been used during thc first 
of orbital operation. Prior to launch of the spacecraft, the deep rrconclition- 
ing was used during the battery life test, which has now completed iourtrcn 
eclipse periods. Reconditioning was performed prior to each eclipse period 
of the life test, and is scheduled to be used prior to each eclipse period in 
orbit. The battery data for discharge and recharge is presented for one of thc 
life te$t reconditioning cycles, and for each 3f the three batteries during thc 
reconditioning cycles between eclipse period and eclipse period :I2 in carth 
orbit. 

INTRODUCTION 

During the 1982 Goddard Space Flight Center Battery Workshop, battery re- 
conditioning was the subject of Session IV. The panel presented four aspects 
of reconditioning: 

Deep Reconditioning - discharging lower than 1.0 volts per cell 
with a resistor across a battery. . Deep Reconditioning - discharging lower than 1.0 volts per cell 
with resistor across each cell. 

Cost versus benefits. 

Effect of reconditioning on the nickel electrode . 

In 1981, we presented a progress report of the DSCS I11 battery life test, 
which included the reconditioning procedure. The DSCS 111 power subsystem in- 
cludes a reconditioning circuit for each of the three batteries. By comriiand, 
each of the batteries can be disconnected from its charge regulator and 
connected across a single reconditioning resistor. The resistor is sized to 
limit the discharge current to the one hundred hour rate for a fully charged 
battery. When the battery voltage drops to 18 volts (1.125 volts per cell), a 
second resistor is automatically added to the discharge circuit, to limit the 
discharge current to about the two hundred and fifty hour rate. The dischar~c 
is terminated by command when the battery voltage is lower than four volts. 

*Air Force Contract F04701-77-C-0004. 



T h i s  p rocedure  i s  i n  t h e  c a t e g o r y  o f  "deep r e c o n d i t i o n i n g "  a s  d iscussc .d  i n  the)  
1982 workshop. 

LIFE TEST RECONDITIONING DATA -- 
Befo re  examining  t h e  f l i g h t  d a t a .  we wi 11 r ev i ew  a  t v p i c a l  rt .condi: i ,-+ninp 

c y c l e  from t h e  l i f e  t e s t .  F i g u r e  1  is d a t a  f o r  t h e  d i s c h a r g e  and rech,?rga per- 
formed between e c l i p s e  p e r i o d s  f i v e  and s i x .  B a t t e r y  v n l t a g e  and c u r r e n t  a r c  
p l o t t e d  v e r s u s  t ime .  The t ime f o r  d i s c h a r g e  i s  225 h o u r s  (be tween 9  and 10 
d a y s ) ,  and t h e  t ime f o r  r e c h a r g e  i s  abou t  two days .  We budget  two wef>ks f o r  a  
r e c o n d i t i o n i n g  c y c l e .  A t  t h e  s t a r t  o f  b a t t e r y  d i s c h a r g e ,  t h e  c u r r e n t  i s  . 3 5  
amperes ,  t h e  c /100  r a t e  f o r  t h e  35 ampere hour  b a t t e r y ,  and t h e  b a t t e r y  v o l t n g c  
i s  21 v o l t s ,  1 .313  v o l t s  p e r  c e l l  f o r  t h e  16 c e l l  b a t t e r y .  A f t e r  abou t  112 
h o u r s ,  t h e  b a t t e r y  v o l t a g e  h a s  dropped t o  18 v o l t s  and t h e  d i s c h a r g e  c u r r c n t  i s  
a u t o m a t i c a l l y  reduced  t o  .13 amperes ,  t h e  c /270  r a t e .  The d i s c h a r g e  was a l lnwcd 
t o  c o n t i n u e  u n t i l  t h e  b a t t e r y  v o l t a g e  dropped t o  a p p r o x i m a t c l y  1 . 0  v o l t s .  A t  
t h a t  t i m e ,  t h e  c u r r e n t  had reduced  t o  abou t  ! O  m i l l i n m p s .  We have  a n n o t a t e d  
t h e  t ime when t h e  f i r s t  c e l l  went i n t o  r e v e r s a l ,  a t  abou t  125 h o u r s ,  a t  which 
t ime t h e  d i s c h a r g e  c u r r e n t  was .12  amperes o r  abou t  t h e  c /300  r a t e .  

I n  t h e  l i f e  t e s t ,  t h e  b a t t e r y  is  r echa rged  by c o n s t a n t  c u r r e n t  a t  2 . 8  
0 

amperes ,  w i t h  t h e  v o l t a g e  l i m i t  a t  1 . 4 0  v o l t s  p e r  c e l l  f o r  t h e  20 c t tmpc rn tu r t> .  
A f t e r  a p p r o x i m a t e l y  f i v e  h o u r s ,  t h e  b a t t e r y  v o l t a g e  r e a c h e s  t h e  l i m i t ,  t h c  
c u r r e n t  t a p e r s  and r e a c h e s  s t e a d y  s t a t e  a t  a p p r o x i m a t e l y  36 h o u r s .  

FLIGHT RECONDITIONING DATA 

The DSCS 111 e l e c t r i c a l  power subsys t em i n c l u d e s  t h r e e  16 c e l l ,  t h i r t y  f i v , .  
ampere hour  n i c k e l  cadmium b a t t e r i e s .  Each b a t t e r y  h a s  a  d e d i c a t e d  cha rge  rc -  
g u l a t o r  and r e c o n d i t i o n i n g  c i r c u i t .  F i g u r e  2  i s  d a t a  f o r  t h e  r e c o n d i t i o n i n g  
c y c l e  f o r  b a t t e r y  # 1  between e c l i p s e  ~ e r i o d  # 1  and #2.  The t i m e ,  v o l t a g e  and 
c u r r e n t  s c a l e s  a r e  i d e n t i c a l  t o  t h e  s c a l e s  used  f o r  t h e  F i g u r e  1  l i f e  t e s t  p l o t .  
The d i s c h a r g e  c u r r e n t  i s  n o t  p l o t t e d  because  t h e  d i s c h a r g e  c u r r c n t  t e l e m e t r y  i s  
n o t  c a l i b r a t e d  below 0 .5  amperes.  However, t h e  t e m p e r a t u r e  is  p l o t t e d .  T h e  
a u t o m a t i c  s w i t c h  from h i g h  c u r r e n t  t o  low c u r r e n t  came a t  109 h o u r s ,  s o  we can 
conc lude  t h a t  t h e  b a t t e r y  c a p a c i t y  was abou t  37 ampere h o u r s ,  t h e  same a s  t h c  
l i f e  t e s t  b a t t e r y .  The b a t t e r y  t e m p e r a t u r e  c a n  be  s een  t o  remain s t a b l e  a t  
abou t  3 ' ~ .  The d i s c h a r g e  was t e r m i n a t e d  when t h e  b a t t e r y  v o l t a g e  reached  
4 .0  v o l t s .  

I n  o r b i t ,  t h e  b a t t e r y  is  swi t ched  from r e c o n d i t i o n i n g  d i s c h a r g e  t o  cha rge  
by command. When t h e  c h a r g e  r e g u l a t o r  i s  t u r n e d  o n ,  i t  a u t o m a t i c a l l y  i s  i n  t h e  
lower c u r r e n t  l i m i t  mode, and a f t e r  t h e  b a t t e r y  v o l t a g e  r e a c h e s  16 v o l t s ,  a 
command is  g i v e n  t o  s w i t c h  t o  t h e  h i g h  c u r r e n t  l i m i t  mode. The r i s e  t o  16 v o l t s  
o c c u r r e d  w i t h i n  one m i n u t e ,  and s o  F i g u r e  2  shows a n  i n s t a n t  r i s e  t o  4 .65  amp- 
e r e s  c h a r g e  and 21 .9  v o l t s .  The i n i t i a l  d rop -o f f  o f  c h a r g e  c u r r e n t  i s  due t o  
r i s e  i n  b a t t e r y  v o l t a g e .  A f t e r  abou t  13 h o u r s ,  t h e  b a t t e r y  r eached  t h e  tempera- 
t u r e  compensated v o l t a g e  l i m i t  and went  i n t o  t a p e r  c h a r g e .  F i n a l l y ,  t h e  b a t t e r y  
c h a r g e  c u r r e n t  r e t u r n e d  t o  t h e  s t a b l e  0 . 2  ampere c h a r g e .  



The r e c o n d i t i o n i n g  d a t a  f o r  b a t t e r y  81 i s  v e r y  s i m i l a r  t o  the  l i f e  t e s t  
d a t a ,  and when we look a t  F igures  3  and 4 ,  the  d a t a  f o r  b a t t e r i e s  2 and 3  
r e s p e c t i v e l y ,  t h e s e  d a t a  a r e  a l s o  very  s i m i l a r .  B a t t e r y  #1 d a t a  f o r  DSCS A-1 
d i f f e r s  s l i g h t l y  from b a t t e r i e s  #2 and #3 i n  g e n e r a l ,  because t h e r e  i s  an 
e i g h t e e n  month d i f f e r e n c e  i n  t h e  age of  t h e  c e l l s .  

SUMMARY 

Based on t h e  l i f e  t e s t  d a t a  and the  f l i g h t  d a t a ,  we have conf idence t h a t  
deep d i s c h a r g e  r e c o n d i t i o n i n g  i s  b e n e f i c i a l .  A comparison of f l i g h t  A-1 
e c l i p s e  pe r iod  #,l d a t a ,  which was no t  proceeded wi th  a  r e c o n d i t i o n i n &  c y c l c ,  
wi th  e c l i p s e  pe r iod  #2 d a t a ,  which was proceeded wi th  a  r e c o n d i t i o n i n g  c y c l e ,  
i s  shown i n  Table  1. 

Table 1. 

ECLIPSE ECLIPSE 
BTRY ?) PERIOD 1  PERIOD #2  

1  54% 58% 
M a x D e p t h o f  2 5  1% 53% 
Discharge  3 53% 5 7% 

1  18.6 18.7 
Min. B a t t e r y  2 18.7  18.8  
Voltage 3  18.7 18.7 
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