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The cur ren t  r a t e s  used f o r  t r i c k l e  charging b a t t e r i e s  a r e  c r i t i c a l  i n  
maintaining a f u l l  charge and i n  preventing an overcharge condit ion.  The 
importance of t h e  t r i c k l e  charge r a t e  comes from the  design,  maintenance 
and opera t iona l  requirements of an e l e c t r i c a l  power system. This  paper 
descr ibes  t h e  r e s u l t s  of minimum t r i c k l e  charge t e s t i n g  performed on s i x ,  
34 ampere-hour, nickel-cadmium c e l l s  manufactured by General E l e c t r i c .  
The purpose of t h e  t e s t i n g  was t o  i d e n t i f y  t h e  minimum t r i c k l e  charge 
+a tes  a t  temperatures of lS°C and 30°C. 

INTRODUCTION 

Five 34 ampere-hour, nickel-cadmium c e l l s  were s e r i e s  connected i n t o  
a c e l l  pack and used as t h e  t e s t  a r t i c l e  f o r  t r i c k l e  charge t e s t i n g .  The 
pack had been used i n  previous developmental tests, but  showed no s i g n s  of 
degradation t h a t  might impart a b i a s  i n t o  t h e  t e s t  r e s u l t s .  The pack was 
instrumented f o r  b a t t e r y  and ind iv idua l  c e l l  vol tages ,  and a s i n g l e  sk in  
temperature measurement. Data l eads  w e r e  soldered t o  t h e  c e l l  te rminals  
and a copper cons tan t ine  thermocouple was a t tached t o  the  top of the  cen te r  
c e l l .  A l l  ins t rumenta t ion  l e a d s  were in te r faced  t o  t h e  Automatic Control  
and Data Acquis i t ion  System (ACDAS) depic ted  i n  Figure 1. 

A t  each of the  two t e s t  temperatures, a s e r i e s  of four  t e s t s  were 
performed. The f i r s t  test was a base l ine  capaci ty  check. This  test 
consis ted  of a 1.70 ampere charge (C/20) f o r  f o r t y  hours,  followed by a 
-17.0 ampere (C/2) d ischarge  t o  a 1.0 v o l t / c e l l  cu toff  . The se l f -d ischarge  
t e s t  has  a s i x t e e n  day (384 hour) open c i r c u i t  phase between the  charge and 
discharge phases. The r e s u l t s  of t h i s  test a r e  used t o  c a l c u l a t e  t h e  s e l f -  
discharge rate. The next  t e s t  was t o  do the  C/20 charge, a s i x t e e n  day low 
r a t e  t r i c k l e  charge, us ing  the  se l f -d ischarge  r a t e  a s  the  low r a t e  t r i c k l e  
charge value,  and f i n a l l y  t h e  ~ / 2  d ischarge  t o  the  1.0 v o l t / c e l l  cu to f f .  
The high r a t e  t r i c k l e  charge test was s i m i l a r  t o  t h e  low r a t e ,  except t h e  
t r i c k l e  charge r a t e  was twenty-five mil l iamperes above the  se l f -d ischarge  
r a t e .  A l l  tests were completed by shor t ing  t h e  c e l l  with one ohm r e s i s t o r s  
t o  below 50 m i l l i v o l t s .  



TEST RESULTS 

The vol tage p r o f i l e s . f o r  a l l  t e s t s  a r e  shown i n  Figures 2 through 7. 
The capac i t i es  of the  t e s t  a r e  given i n  Table 1. By comparing the  capac i t i es  
achieved ( i n  t he  self-discharge, low r a t e ,  and high r a t e  t e s t s )  t o  t he  base- 
l i n e  capacity,  values f o r  the  capacity losses  a r e  calculated,  a s  shown i n  
Table 1, The l i s t e d  capacity l o s se s  a r e  corrected values, using methods 
described below. 

Baseline Capacity - End of 16 Day Capacity = Capacity Loss 

The r a t e  of discharge was calcula ted f o r  t he  s ix teen  day open c i r c u i t  or  
t r i c k l e  charge phases. The following method was used. 

Capacity L o s s / ~ h a s e  T i m e  = Discharge Rate 

The discharge r a t e s  a t  various t r i c k l e  charge r a t e s  a r e  given i n  Table 2 .  
Figure 10 shows the  15OC and 30°C p l o t s  f o r  t he  t r i c k l e  charge r a t e  versus t he  
self-discharge r a t e .  Note t ha t  the  X-intercepts provide the  theore t ica l  r a t e s  
of a zero capacity loss .  

The e f f i c i enc i e s  f o r  the  t e s t s  a r e  given i n  Table 3. They were calculated 
using t he  following formula. 

Tr ickle  Charge Rate - Discharge Rate Efficiency = Tr ick le  Charge Rate X 100 

The Self-Discharge Rate P ro f i l e ,  Figure 12, shows t he  projected self-discharge 
f o r  a zero t o  fo r ty  Celsius range. 

The test r e s u l t s  were calcula ted i n  a way which.minimizes a l l  possible 
sources of error .  The e f f e c t s  of t e s t  anomalies on vol tage a r e  seen i n  
Figures 3 and 4. Figures 8 and 9 reveal  t h a t  temperature is a d i r ec t  cause 
of some of these  anomalies. The temperature p l o t s  reveal  a d i r e c t  cor re la t ion  
between temperature and voltage. The e f f e c t  of these  anomalies upon other 
calcula ted parameters i s  not near ly  a s  apparent. Using the  curves f o r  
eff ic iency,  self-discharge, tr ickle-charge effect iveness ,  and voltage, i t  is 
poss ible  t o  evaluate t he  e f f e c t  of ,  and of ten  compensate fo r ,  these var ia t ions .  



The s i x t e e n  day long phases of t e s t i n g  w e r e  sometimes punctuated with 
anomalies. W e  can t a l k  about two types of these  anomalies. The f i r s t  type 
is t h e  simple test abor t  during a se l f -d ischarge  test. The down t i m e  
experienced can be compensated f o r  i n  an  easy'manner. 

Discharge Rate = Capacity L o s s / ~ h a s e  Time + Down Time 

The second type of anomaly occurred during a t r i c k l e  charge phase. 
A method f o r  compensating f o r  t h e  second anomaly.was a s  follows: 

Corrected Measured Self  - 
Down 

Capacity = Capacity - Discharge X Time 
Loss Loss Rate 

This method yie lded accura te  cor rec t ions  i f  t h e  down time was accura te  and 
t h e  se l f -d ischarge  r a t e  was t r u l y  representa t ive .  

One c a s e  where t h e  self-discharge r a t e  was not  a t r u e  representa t ion 
of t h e  changes occurring was t h e  low r a t e  t r i c k l e  charge a t  15OC (Figure 4) .  
Figure 9 shows a 15OC temperature while t h e  t e s t  was running. The peaks 
represent  chamber con t ro l  f a i l u r e s ,  which resu l t ed  i n  t e s t  abor ts .  The 
temperature while i n  a t e s t  abor t  condit ion were not  represented.  Test 
h i s t o r i e s  show t h a t  30°C i s  a more represen ta t ive  temperature during the  
test's down time. It follows t h a t  t h e  30°C self-discharge r a t e ,  and not  
t h e  15OC sel f -d ischarge  r a t e ,  was the  cor rec t  f a c t o r  t o  use. 

The e f f e c t  of changing t h e  abor t  temperature i s  t o  r a i s e  t h e  used s e l f -  
discharge rate from 10 mA t o  14 mA. The recomputed correc ted  capacity l o s s  
was a f f e c t e d  by 4% f o r  t h e  low r a t e  t r i c k l e  charge test a t  15OC. The 
measured capaci ty  l o s s  was -3.39 AH. With a 10 mA se l f -d ischarge  r a t e ,  t h e  
cor rec t ion  f a c t o r  f o r  the  31.7 hours of down time was +0.32. And with a 
14 mA se l f -d ischarge  r a t e ,  the  recomputed cor rec t ion  f a c t o r  f o r  the  31.7 
hours of down t i m e  was 0.44 AH. Thus, t h e  base l ine  and recomputed corrected 
capaci ty  l o s s e s  were -3.07 AH and -2.95 AH respect ively .  The discharge r a t e s  
were 8.0 mA and 7.7 mA respect ively ,  which a l s o  r e f l e c t e d  a 4% d e l t a .  

The h igh  r a t e  t r i c k l e  charge t e s t  a t  15OC shows v a r i a t i o n s  i n  vol tage  
during t h e  s i x t e e n  day t e s t  phase which appear unnatural  ( see  Figure 3 ) .  
Figure 8, t h e  low r a t e  t r i c k l e  charge temperature p l o t ,  r evea l s  an inverse  
r e l a t i o n s h i p  between t h e  temperature and vol tage  which i s  q u i t e  sens i t ive .  
The c e l l  cha rac te r i za t ion  p l o t s ,  Figures 10 through 12, demonstrate the  
e f f e c t s  of dev ia t ions  and anomalies. Figure 8 d e p i c t s  a temperature 
devia t ion as grea t  a s  1.5OC. 



With a s lope  of +0.32 (mA/Oc) f o r  the  Self-Discharge Rate P r o f i l e ,  
Figure 12, t h e  1.5OC drop i n  temperature would r e s u l t  i n  a smaller  s e l f -  
discharge r a t e  by 0.5 mA. Another s i g n i f i c a n t  f a c t o r  i s  t h e  e f f i c i e n c y ' s  
dependency on temperature. The s lope  depicted i n  Figure 11, T r i c k l e  
Charge Efficiency,  i s  +0.80 (%/OC). This r e s u l t s  i n  a 1.2% decrease i n  
the  e f f i c iency  of t h e  t r i c k l e  charge. 

The d i r e c t  e f f e c t  of t h e  1.5OC decrease on t h e  34 mA t r i c k l e  charge 
a t  15OC was t o  a l t e r  t h e  e f f e c t i v e  charge r a t e  by 6%, from 7.2 mA t o  6.8 mA. 
This i s  t h e  r e s u l t  of t h e  e f f i c iency  decreasing t o  19.8%, which i n  t u r n  g ives  
us a -3.2 mA discharge r a t e .  The a d d i t i o n a l  0.5'mA decreases t h e  discharge 
r a t e  t o  -2.7 mA. The n e t  change from -2.8 mA i s  4%. 

The 1.5OC value  used was a worst case  f i g u r e ,  which is  too l a r g e  f o r  
the  temperature p l o t  f o r  test 211. A more r e a l i s t i c  f i g u r e  is  a 0.5OC drop 
average over t h e  l eng th  of t h e  s i x t e e n  day test phase. This would point  t o  
an e r r o r  of s l i g h t l y  over 1% i n  t h e  ca lcu la ted  r e s u l t s .  

CONCLUSION 

By using t h e  curves generated from t h e  test r e s u l t s ,  t r i c k l e  charge 
rates can be determined f o r  most circumstances. A r a t e  can be ca lcula ted  
a f t e r  t h e  temperature and acceptable  r a t e  of discharge have been determined. 
One cons t ra in t  upon t h i s  i s  t h a t  t h e  temperatures considered a r e  not extremes 
of t h e  range s tudied.  The l i n e a r i t y  of t h e  graphs, o f t e n  d i c t a t e d  by only two 
points ,  undoubtedly f a l t e r s  a t  t h e  extremes. This a l s o  app l i es  t o  t h e  r a t e s ,  
which must a l s o  be i n  t h e  normal range, The normal operat ing temperature f o r  
the  34 ampere-hour b a t t e r y  is represented by t h e  curves i n  t h i s  r epor t .  The 
p l o t  f o r  t r i c k l e  charge e f fec t iveness ,  Figure 10, represents  t h e  most c r i t i c a l  
d a t a  f o r  design, maintenance, and operat ion.  With t h e  t h r e e  e x i s t i n g  points ,  
t h e  l i n e a r i t y  of t h e  p l o t s  were supported. A l i n e a r  i n t e r p o l a t i o n  gives  us 
t h e  values  f o r  zero l o s s  t r i c k l e  charge r a t e s  a t  lS°C and 30°C. The respec t ive  
r a t e s  were determined t o  be 49 milliamperes and 40.5 milliamperes. It i s  
i n t e r e s t i n g  t o  note  t h e  lower r a t e  necessary a t  t h e  higher temperature. This 
can be a t t r i b u t e d  t o  t h e  g r e a t e r  t r i c k l e  charge e f f i c iency  a t  t h e  h igher  
temperature. 
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Figure 1. Block Diagram of the Automatic Control and Data Acquisition System 
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Figure 3. 
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Figure 5.  











Table 1. 

,- 

TEST 

EFiSEL I NE 
C k P R C I T Y  

SELF- 
D I SCHkF:CE 

H I G H  RUTE 
T R I C K L E  CHRRGE 

LOW R R T E  
TRICKLE CHkRGE 

HIGH EkTE 
CRPRC I TY L O S S  2.7% UH a.38 UH 

C R P A C I T Y  LOSS 3.0% RH 3.73 FIH 

..- .. 
15c 

40.68 AH 

36.99 AH 

39.65 UH 

37.39 RH 

Sac 

. 39.21 A H  

33.85 A H  

38.61 RH 
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Table 3. 










