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REPORT BRIEF 

SYNCHRONOUS ORBIT TESTING 
OF 

W I T H  AUXILIARY ELECTRODES 
MANUFACTURED BY 

GENERAL ELECTRIC COMPhYY 

12 AMPERE-HOUR SEALED NICKEL-CADMIUM CELLS 

Ref: (a) NASA Purchase Order W12,397 
(b) NASA Work Sheet o f  Apr 1967 
(c)  NAD Crane Report QE/C 70-634 o f  14 Aug 1970 

I. TEST ASSIGNMENT BRIEF  

A. This a c t i v i t y  was funded f o r  Synchronous Orb i t  Test ing on 
c e l l s  o f  the  same l o t  as the c e l l s  aboard the  Applications Technology 
Sate1 li te ( ATS) through reference (a). The eval ua t i  on fo l lowed the  
program o u t l i n e  o f  reference (b) . 

9. This evaluat ion program s ta r ted  March 1969 and i s  cont inuing 
on t e s t .  
sealed nickel-cadmi um c e l l s  , w i t h  auxi li ary electrodes , operating 
under a synchronous o r b i t  regime. Such a regime simulates a space 
s a t e l l i t e  maintaining a p o s i t i o n  over a f i x e d  p o i n t  on t h e  ear th  as 
the  earth ro tates on i t s  axis and revolves about the sun. 

I t s .  purpose i s  t o  gather performance i tiformati on concerning 

11. SUMMARY OF RESULTS 

A. A temperature o f  40" C i s  very detr imental t o  c e l l s  i n  a 
synchronous o r b i t  regime. A t  t h i s  temperature, t he  measured capacity 
averages s l i g h t l y  more than h a l f  (8.0 ampere-hours) the  manufacturer's 
ra ted  capacity. The charge current  and t r i p  voltage o f  the a u x i l i a r y  
electrodes are d i f f i c u l t  t o  maintain such t h a t  the  c e l l  voltage and 
pressure do n o t  exceed the  t e s t  l i m i t s  and ye t ,  allow the  c e l l s  t o  
recei  ve adequate charge. 

9. Performance a t  -20" C presents the  same problems as those 
encountered a t  40" C. The basic  operat ional  d i f ference required i s  
i n  the t r i c k l e  charge fo l low ing  the a u x i l i a r y  electrode t r i p .  The 
t r i c k l e  charge current  must be kept very l a w ,  40 t o  120 milliamperes, 
a t  -20" C and frequent open c i r c u i t i n g  i s  necessary t o  a l l w  c e l l  
voltage and pressure t o  go down. 
c i r c u i t  fo l low ing  the a u x i l i a r y  electrode t r i p  has been used exclu- 
s ive ly .  The capacity a t  t h i s  temperature averages 10.7 ampere-hours-- 
s l i g h t l y  more than the c e l l s  operat ing a t  40" C. 

A f t e r  183 days o f  tes t ing ,  an open 
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C. A temperature o f  0" C gives the best capacity, averaging 
16.6 ampere-hours. Cel ls operating a t  20" C run a close second i n  
capacity (averaging 14.8 ampere-hours) and overa l l  performance. 
However, the capacity f o r  c e l l s  operat ing a t  20" C has shcwn a 
tendency t o  drop dur ing the time on t e s t  thus f a r  a t  80 percent depth 
o f  discharge; whi le those ce l l s  operating a t  0" C have shcwn a 
s l i g h t  increase i n  capacity dur ing the  t i m e  on t e s t  thus fa r ,  regard- 
less o f  depth o f  discharge. 

D. 
"desensitized" t o  the  oxygen produced during charge. This happens 
gradually over a per iod of t ime and may be noted i n  any one o f  
three ways: (1) The aux i l i a ry  electrode voltage during the t r i c k l e  
charge o f  the sun l i gh t  per iod tends t o  decrease from one per iod t o  
the next, y e t  the  pressure tends t o  remain constant. This i s  noted 
f o r  a l l  temperature regimes. 
the  aux i l i a ry  electrode voltage tends t o  decrease, s h w i n g  less o f  
a %wing'' i n  the graphs o f  the capacity checks. Again, t h i s  i s  
general ly t rue  a t  a l l  temperatures. 
t r i p  voltage i s  cont inual ly  lowered, o r  t h i r d  electrode control  
i s  completely removed, because. the ce l l s  receive too much charge 
before the "desensitized" electrode reaches i t s  t r i p  voltage. 

The aux i l i a ry  electrodes have shown a tendency t o  become 

(2) During successive capacity checks , 

( 3 )  A t  40" C and -20" C y  the  

E. The voltage balance, dur ing discharge, between high and low 
ce l l s  i s  best a t  temperatures o f  0" C and 20" C and worst a t  temper- 
atures o f  40" C and -20" C. 
voltage balance. 

During charge, 20' C shcws the bes t  

F. Concerning percent depth o f  discharge, i t  has been found 
that ,  f o r  equal temperature regimes , the greater depths of discharge 
are the most detr imental t o  the capacity. 
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ESULTS OF 
CONTINUOUS SYNCHRONOUS ORBIT TESTING 

ON 
D NICKEL-CADMIUM CELLS 
ARY E LE CT RD DES 
CTURED BY 

GENERAL ELECTRIC CO 

I .  INTRODUCTION 

A. The synchronous c rbi t ests were begun on s i x s  5 -ce l l  packs 
on 22 March 1969. They I,ave completed four  ecl ipses and continue 
on tes t .  NAD Crane report ,  reference (c ) ,  covers synchronous o r b i t  
t es t i ng  on 6.0 ampere-hour c e l l s  wi thout  auxi l i a v y  electrodes. 

B. I n  a synchronous o r b i t ,  the ve loc i ty  o f  iz s a t e l l i t e  and i t s  
distance from the earth are adjusted such t h a t  one revo lu t ion  o f  
the  s a t e l l i t e  matches one r o t a t i  on o f  the earth.  Such a s a t e l l i t e  
remains f i x e d  over one ' location on the earth.  The ear th 's  shadaw 
cone changes r e l a t i v e  t o  the  t o  the s a t e l l i t e ' s  plane o f  o r b i t .  
(See diagram.) Thus every 180 days the  s a t e l l i t e  enters an ec l ipse  
season. This season las ts  approximately 40 dqys a f t e r  which the  
remaining 140 days are i n  continuous sunl ight .  A t  the beginning o f  
an ecl ipse season, the s a t e l l i t e  f i rst  moves through the outer  area 
o f  the  ear th 's  shadow cone. 
progresses through a d i f f e r e n t  sect ion o f  the' shadow cone an t i  1 i t  
has completely t raversed the  cone a t  the end o f  the season. The 
s a t e l l i t e ' s  t ime w i t h i n  the shadow cone thus varies from day t o  day 
w i t h i n  the  ec l ipse  season beglnni i t h  a mi'nimum, progressing t o  
a maximum, and return ing t o  a min 

Each day o f  the  ec l ipse season i t  

;i 
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11. TEST CONDITIONS 

A. The synchronous packs on tes t  were equipped w i t h  one or 
more cells having an auxiliary electrode fo r  charge control. 
Following discharge, each pack of cells was charged a t  i t s  respec- 
tive ra te  u n t i l  a preset voltage was reached by the controll ing 
auxiliary electrodes. The reaction of oxygen (produced on charge) 
w i t h  the active material of the auxiliary electrode produces a 
voltage i n  d i rect  proportion t o  the oxygen pressure and ,  conse- 
quently the amount of charge returned t o  the ce l l .  After reaching 
the preset voltage of the auxiliary electrode, the charging c i r cu i t  
automatically lowers the charge current t o  another preset value, 
depending on the pack parameters. The ce l l s  then t r i c k l e  charge a t  
this lower ra te  u n t i l  the beginning of the next discharge. 

B. To simulate the conditions experienced by the space ce l l s  
aboard a synchronous orb i t i9g  s a t e l l i t e ,  the following 182-day tes t  
regi me was adopted. 

1. Period simulating continuous s u n l i g h t  (140 days) : 

a. T h e  ce l l s  of packs 7 through 10 ( f o l l w i n g  the i n i t i a l  
t r i p  of the auxiliary electrode) were continuously charged a t  200 
milliamperes. Pack 11 (40' C) was continuously charged a t  600 mill i-  
amperes following the trip. Hwever pack 12 (-20' C) had t o  remain 
on open c i r cu i t  following trip i n  order t o  avoid h i g h  pressure and 
excessive cell  voltages . 

2. Period simulating ecl ipse season (42 days): 

a. A l l  ce l ls  were discharged fo r  12 minutes the f i r s t  
dqy of the ecl ipse season. The discharge time increased by 3 t o  4 
minutes per day fo r  18 days t o  a maximum of 1 hour and 1 2  minutes. 
T h i s  maximum discharge then occurs once a day for 8 days (18th 
t h r o u g h  25th day of ecl ipse season) w i t h  one exception--a capacity 
check was always r u n  d u r i n g  the middle of each eclipse season. 

b .  T h e  capacity check was r u n  on the 21st day of the 
ecl ipse season. 
discharge ( r a t e  depending on the depth of discharge) t o  an average 
voltage of 1.00 volt per cell o r  0.50 volt an the law c e l l ,  w h i c h -  
ever came f i r s t .  This differed from the other daily discharges 

: d u r i n g  an ecl ipse only i n  t ha t  the average cell  voltage was not 
allowed to  drop below 1.00. 

The capacity check consisted of a constant current 

3 
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c. Following the capacity check, the c e l l s  continued 
the d a i l y  discharge o f  1 hour and 12 minutes through the  25th day 
o f  the season. From the 26th day t o  the end o f  t he  season, the  
discharge was shortened by 3 t o  4 minutes per  day. The l a s t  day's 
discharge was 12 minutes, the same as the f i r s t  day. The c e l l s  
then returned t o  continuous charge (sunl ight )  completing the 180- 
day cycle. 

C. Table I i d e n t i f i e s  the synchronous packs and gives the t e s t  
parameters o f  each pack plus the changes t h a t  have been required i n  
the parameters during the  ec l ipse  seasons t o  date. 

4 
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TABLE I 

PARAMETERS OF CELLS EXPERIENCING THE SUCCESSIVE ECLIPSE SEASON OF A SYNCHROONOUS ORBIT REGIME 

Sync Te Depth o f  Discharge Charge Current  (Amps)  Trip Controlling Parameter Change 
Pack ('8 (Percent) (Anps) Before Trip After T r i p  Voltage AE Cells Day--ECL--Reason 

7 0 60 6 .OO 3.00 0.20 300 mv 1 
0 60 6.00 1.50 0.20 300 w 1 11 1 High cel l  voltage. 
0 60 6.00 1.50 0.20 150 mv 1 15 1 High cel l  voltage. 

8 0 80 8.00 3.00 0.29 300 mv 2 & 3  
0 80 8.00 3 .OO 0.20 ' 150 mv 2 & 3  15 1 High cel l  voltage. 

9 20 60 6 .OO 3.00 0.20 ~ 300 mv 

10 20 80 8.00 3.00 0.20 300 mv 

11 40 60 6 .OO 3.00 0.20 300 mv 
40 60 6 .OO 3.00 0.60 300 mv 
40 60 6 .OO 3 .OO 0.60 500 mv 
40 60 6 .OO 3.00 0.60 --- 

40 60 6 .OO 3.00 0.20 200 mv 

40 60 6 .OO 3.00 0.60 200 mv 
40 60 6 .OO 3.00 0.60 300 mv 

60 6 .OO 3.00 0.20* 300 mv 40 
40 60 6 .OO 1.20 1.20 --- 

12 -20 80 8.00 3.00 0.20 300 mv - 20 80 8.00 -- 0 .oo 
-20 80 8.00 0.43 0.00 300 mv 

-20 80 8.00 0.40 0 .oo 150 mv 

--- 

- 20 80 8.00 0.40 0 .oo --- 

- 20 80 8.00 0.60 0.12 . 150 mv 
- 20 80 8.00 0.60 0.04 150 mv - 20 80 8.00 0.60 0.00 150 mv 
- 20 80 8.00 0.60 0.00 160 mv 
- 20 80 8.00 0.60 0.00 153 mv 

* Charge current 0.20 anips s ince day 456 o f  pr io r  sun l ioh t  period. 

AE - Auxiliary Electrode 
ECL - Eclipse 

4 & 5  

1 & 5  

3 & 4  
3 & 4  
3 & 4  
3 & 4  

3 8 4  

3 & 4  
3 & 4  
3 8 4 4  

4 8 4 5  
4 & 5  

4 & 5  

3 & 5  

3 8 5  
3 8 5  
3 & 5  

1 
1 & 3  

17 1 
20 1 

186 2 

370 3 

371 3 
387 3 
547 4 
570 4 

4 1  

9 1  

10 1 

16 1 

23 1 
27 1 

183 2 
365 3 
393 3 

Short discharge. 
Short discharge. 
Trip voltage not reached, con- 
t inued 3.0 A charge from day 
186 t o  224. 
High pressure and voltage, ce l l  
voltage imbal ance . 
High pressure corrected.  
Short discharge. 
High pressure.  
Short discharge, removed AE 
control ,  used manual t r i p .  

High pressure and voltage, pack 
open circui ted.  
Remained open ci rcui t a f t e r  cor- 
rection t o  pressure and voltage. 
High pressure and voltage, i n -  
creased pressure limit from 55 
t o  100 psig. 
AE voltages remained s l i g h t l y  
negative o r  nearly zero,  AE 
control removed. 
Short discharge. 
High cel l  voltage. 
High voltage. 
AE of cel l  1 reached t r i p  f i r s t .  
Lar  voltage discharge. 

5 
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111. CELL DESCRIPTION 

A. The ce l l s  are nickel-cadmium, 12 ampere-hour, manufactured 
by General E lec t r i c .  They are rectangular and hermet ical ly sealed 
w i th  s t a i  nless s tee l  contai ners and covers. The separator materi a1 
i s  pe l lon.  The terminals are insu lated from the  c e l l  cover by 
ceramic seals, and the terminals protrude through the cover w i th  
solder tabs welded t o  the top. The aux i l i a ry  electrode terminals 
are s ta in less s tee l  tabs welded t o  the c e l l  covers. The aux i l i a ry  
electrode i s  welded t o  the i nne r  surface o f  the c e l l  container. 

IV. TEST RESULTS 

A. The t e s t  resu l ts  are s h w n  graphical ly i n  F i  ures 1 through 
37. The graphs per ta in ing  t o  each synchronous (Sync 3 pack imnedi- 
a te ly  fo l low the  discussion o f  the pack. 

1. The f i rst  graph f o r  each Sync gives data per t inent  t o  
the four  successive ec l ipse  seasons completed t o  date. The fol low- 
i n g  seven items were graphed dur ing the ec l ipse seasons: (1) Average 
end o f  discharge voltage, ***; (2) Avera e c e l l  voltage a t  t r i p ,  %%%; 
(3) Average end o f  charge voltage, &&&; 9 4) Aux i l ia ry  electrode vo l t -  
age a t  end o f  discharge, +++; (5) Aux i l ia ry  electrode voltage a t  
t r i p ,  ...; (6) Pressure a t  end o f  discharge, XXX; (7) Pressure a t  
t r i p ,  YYY. 

2. The second graph for each pack shws the f o l l w i n g  three 
items: (1)  Ampere-hours out on dischar (AHO, ***) dur ing the 
capacity check o f  each ec l ipse season; r 2) Ampere-hours i n  on charge 
( M I ,  t o t a l ,  a%); (3) Ampere-hours i n  on charge (MI, a t  t r i p ,  &a&). 

3. The remaining graphs f o r  each pack show the capaci ty 
check cycle f o r  each successive ec l ipse season. The capacity checks 
occurred on the  f o l l w i n g  days: Ecl ipse (ECL) 1, day 21 ; ECL 2, day 
203; ECL 3, day 385; ECL 4, day 567. 

ampere-hours by pack fo r ' the  t o t a l  t i m e  on t e s t  thus fa r .  
4. The l a s t  graph (Figure 37) summarizes the capacity, i n  

5. The discussion o f  each Sync gives a l l  data per t inent  t o  
the ec l ipse seasons f irst, then fol lows t h i s  w i th  a sumnary o f  the 
i nterveni ng data dur i  ng the sun l i  gh t per i  ods . 

B. Synchronous Packs 7 through 12: 

1. Sync 7 (Ecl ipse Seasons) : A l l  data except ampere-hours 
( i n  and out )  and the successive capacity check cycles are sham i n  

6 
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Figure 1. I n  a l l  such computer p r in tou ts  , i f  two characters share 
the same loca t ion  on the page, only one w i l l  be pr in ted.  Thus the  
aux i l i a ry  electrode voltage on the f i r s t  day o f  ec l ipse 1 (+) 
occupies the same loca t ion  as the end o f  discharge voltage o f  the 
same day, bu t  the l a t t e r  synbol (*) i s  impl ied rather  than appear 
as a str ikeover.  S imi la r  examples occur throughout , i n  the graphs 
o f  t h i s  type. The order o f  prs 'or i ty  For p r i n t o u t  i s  as f o l l w s :  
(1) Pressure a t  t r i p ,  Y;  (2) Pressure a t  end o f  discharge, X; (3) 
Aux i l ia ry  electrode voltage a t  t r i p ,  .; (4) Aux i l ia ry  electrode v o l t -  
age a t  end o f  discharge, +; (5) Average c e l l  voltage a t  end o f  
charge, &; (6) Average c e l l  voltage a t  t r i p ,  $; ( 7 )  Average c e l l  
voltage a t  end o f  discharge, *. 

a. Average End o f  Discharge Voltage (***): The basic 
p r o f i l e  o f  the  end o f  discharge voltage remains the  same f r o m  the 
f i r s t  t o  the four th  ec l ipse ( re fe r red  t o  as shadcws 1 t o  4 on Figure 
1).  The fo l low ing  tabulat ion condensed from Table I1 helps t o  
v i sua l l y  sumnarize the e f f e c t  o f  aging w i th  respect t o  the  end o f  
discharge voltage, and also the ef fects o f  the  capacity check each 
ec l ipse  (ECL). 

Day P r i o r  t o  Day A f t e r  Last  Day 
F i r s t  Day Capacity Check Capacity Check o f  Ecl ipse 

ECL 1 1.298 1.218 1.234 1.288 

ECL 2 1.280 1 .zoo 1.224 1.290 

ECL 3 1.268 1.197 1.218 1.284 

ECL 4 1.275 1.198 1.216 1.284 

Though not  so noticeable a t  t h i s  temperature (0' C) the  t rend i s  
toward a decreasing voltage a t  each corresponding day o f  successive 
ec l ipse  seasons. Further each capacity check thus f a r  has shown a 
re juv ina t ion  e f f e c t  on the end o f  discharge voltage by causing i t  
t o  increase 0.01 t o  0.02 v o l t  fo l low ing  the capacity check. 

b. Average Cel l  Voltage a t  T r i p  (%%%): The charge 
voltage per  c e l l  a t  the t r i p  p o i n t  o f  the aux i l i a ry  electrode s tab i -  
l i z e d  a t  1.44 vo l ts  per  c e l l  ea r l y  i n  ec l ipse 1 and continued through 
ec l ipse  3. This s t a b i l i z e d  l e v e l  has  dropped t o  1.43 vo l ts  i n  
ec l ipse  4. 

c. Average End o f  Charge Voltage (&&&): The c e l l s  
continue t o  t r i c k l e  charge fol lowing the aux i l i a ry  electrode t r i p  
voltage. Thus the end o f  charge voltage s t a b i l i z e d  a t  1.52 vo l ts  

7 
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per  cell dur ing the four th  ecl ipse. The end o f  charge c e l l  voltage 
exceeds the c e l l  voltage a t  t r i p  voltage by approximately 0.08 vo l t .  

d. Average Aux i l i a ry  Electrode Voltage a t  End o f  
Discharge (+++) : The p r o f i  l e  o f  the auxi li ary electrode voltage 
very c losely  resembles t h a t  o f  the c e l l  voltage a t  end o f  discharge. 
The voltage reaches a low plateau corresponding t o  the maximum dis-  
charge per iod  o f  the ecl ipse. This plateau varies from an i n t i a l  
5 3 - m i l l i v o l t  l e v e l  t o  0.0 m i l l i v o l t  dur ing the second and four th  
ecl ipses . 

e. Aux i l ia ry  Electrode Voltage a t  T r i p  (.  ..): The 
auxi li ary electrode t r i p  i s  automatic. Thus the exact voltage a t  
t r i p  i s  not  recorded. 
electrode voltages a t  the time o f  the  f i rst  recorded drop i n  charge 
current. The charge current i s  recorded once every 15 minutes dur ing 
the f i r s t  hour and hour ly  thereaf ter .  
average somewhat l ave r  than the actual  t r i p  voltage. Therefore no 
major s ign i f i cance i s  attached t o  t h i s  graph f o r  Syncs 7 through 12 
except t h a t  i n  Syncs 11 and 12 i t  r e f l e c t s  numerous changes t h a t  
were necessary i n  the aux i l i a ry  electrode t r i p  l eve l s  (see Table I). 

The computer p r i n t o u t  gives the a u x i l i a r y  

Thus , the voltages graphed 

f. Pressure!: The p iezoe lec t r i c  cha rac te r i s t i c  o f  the 
c rys ta l  i n  the transducer o f  Sync 7 has changed. This caused 
e r r a t i c  readings f o r  both end o f  discharge ( X X X )  and t r i p  ( Y Y Y )  
pressures as noted i n  Figure 1. 

g. Sync 7 (Ampere-Hours During Successive Ecl ipse 
Seasons) : The three d i f f e r e n t  aspects o f  ampere-hours considered 
i n  Figure 2 are (1 )  Ampere-hours ou t  on discharge ( A H O ,  ***); (2) 
Ampere-hours i n ,  on charge t o  the a u x i l i a r y  electrode t r i p  (MI, &a&); 
and (3) Ampere-hours in,  t o t a l ,  which includes the  amount added 
dur ing the  t r i c k l e  charge fo l low ing  the aux i l i a ry  electrode t r i p  
( M I - t o t a I ,  %%%) . 

( 1 )  Anpere-Hours Out (MO, ***): The ampere-hours 
removed on discharge i s  con t ro l l ed  very r i g i d l y  throughout the 
successive ec l ipse  seasons. T9is i s  noted f r o m  the inver ted  pyramid 
curves o f  Figure 2. 
removed. (Note tha t  t he  AH0 scale o f  Figure 2 increases from top  t o  
bottom wh i le  the reverse i s  t r u e  f o r  the other  scales .) 

(2) Ampere-Hours I n  t o  T r i p  (AH1 , &&a) : The ampere- 
hours restored a t  the po in t  o f  t r i p  depends on the  funct ion o f  the 
a u x i l i a r y  electrode. Thus the time t o  t r i p  w i l l  vary causing the 
ampere-hours returned t o  vary. 
decreases s l i g h t l y  (0.3 t o  0.4 ah) w i th  each successive ec l ipse.  

During maximum discharge 7.20 ampere-hours are 

I n  general , the anpere-hours returned 

8 
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(3 )  Ampere-Hours In ,  Total ( AHI-Total , %%%) : The 
to ta l  ampere-hours returned a t  the end of the t r i ck le  charge gives 
a profile identical t o  t!iat of the ampere-hours wturned a t  trip. 

h .  Sync 7 (Capacity Checks): Figures 3 through 6 show 
the capacity checks a t  the middle of each eclipse season. 
voltage (average, +++; high c e l l ,  ... ; and low c e l l ,  ***), auxiliary 
electrode voltage ( c / o % % )  and pressure ($$$) are plotted against time 
on discharge t o  the low cell cutoff. The same parameters are plotted 
on charge t o  the end of  the 24-hour day. 

Cell 

(1) In general the profiles of the auxiliary elec- 
trode voltage and pressure are identical .  They shaw a continuous 
drop dur ing  discharge; they reach a low plateau a t  end of discharge 

his plateau u n t i l  near end of charge. Then the profiles 
ncrease d u r i n g  the last  14 h o u r s  of charge. 

and mai ntai n 
shw a sharp 

i 
Constant Sun1 
Cell voltage; 

nc 7 (Sumnarj of Parameters During Periods o f  
: The three parameters consi dered are: (1) 

2 )  Auxiliary electrode voltage; and (3 )  Pressure. 

(1) Cell Voltage ( S u n l i g h t ) :  The cel ls  averaged 
1.52 volts w i t h  an average h i g h  cell of 1.54 volts and an average 
low cell of 1.47 volts. 

(2 )  Auxiliary Electrode Voltage ( S u n l i g h t ) :  Follow- 
i n g  the f i r s t  ecl ipse,  the auxiliary electrode averaged 115 milli- 
volts. The average increased t o  140 millivolts fol lowing the second 
eclipse.  Then the average dropped 80 millivolts following the t h i r d  
ecl i pse. 

due t o  a bad pressure transducer. 
(3) Pressure ( S u n l i g h t ) :  No trends are considered 

9 



KEY * AVE EkC DISCHARGE VOLTAGE 
% AVE CELL VOLTAGE AT T R I P  
& AVE CELL VOLTbGE AT EOC 

2 PRESSURE TRbRS. AT EO0 
Y PRESSURE TRANS. PT T R I P  

+ AVE AUX-ELFCT. VCLT. AT €00 
AVE AUX-ELECT. VCLT. AT T R I P  

SYNCHRONOUS ORBIT SHACOW PLOT 

PACK = 7 

CEPTH DISCHARGE 60.0 

AMPERE RATE 12.0 

S E R I A L  9-4 1 0 - 1 0 ~ 1 0 - 1 2 ~ 9 - 1 5 , 9 - 1 9  

TCFPCRATURE 0 .0  C 

CATOLOG 4 2 8 0 1 2 A 8  

PROJECT A T S  FEG 
GENERAL ELECTRIC CELLS 

SCALE-1 SCALE-2 SHAOCW-1 SHACOL-2 SHACOW-3 SCALE-3 
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1.555 

1.5C3 

1 . 4 5 1  
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1 .347  

1.295 
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1.191 
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28.0 

25.8 
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21.2 

18.9 

16.7 

14.4 
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7.6 

5.3 

3.0 

0.2 

FIGURE 1 
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SCALE- 1 

c V C L T S  
1.564 

1.53C 

1.497 

1.403 
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1.363 
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1.296 

1.263 
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SYNCHRONOUS O R B I T  SHACOk PLOT 
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E 

E 
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19.0 

17.2 

15.4 

13.6 
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6.4 

4.7 

2.9 

0.6 

FIGURE 1 (Contd) 
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KEY * AH@ 
Z AHI-TCTAL 
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5'5w 
P AHI-TCTAL 
E AH! A T  TRIP 
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SHACOk-5 

DEPTH OISCHARGE 60.0 
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CCDE EVALUATION OF AUX ELECTROOE CHARGE CONTROL ECLIPSE SEASON 1. 
“60 

AMPERE HOUR RATE IS 
DEPTH OF DISCHARGE IS 
TEMPERATURE IS 00 
CELL NO CATALOG IS 428012AB 

+ = AVERAGE CELL VOLT I N  SYNCHRONUS TYPE ORBIT 
= HIGH CELL VOLT GENERAL ELECTRIC CELLS 
= LCY CELL VCLT PROJECT ATS F+G- 

SERIAL NO ARE 9 4110-10*10-1219-15 9-19 
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18.9t 
69.C3- 
59.1C- 
49.1E 
39.25- 
19.4C- 

1.6C- 
1.5L- 
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2. 
12 
60 OEPTH O f  O I S C I A R 6 E  f f  

TEWCERATUR 1 
CELL NO C A f A L 8 6  IS !?8012AB 

itnb:tSEEHabPSPITE f s EVALUATION OF AUX ELECTROOE CHARGE CONTROL 
I N  S NCHRON S TYPE ORBIT 

CODE + = AVERAGE CELL VGLT 
= H I G H  CELL VCLT 
= LCW CELL VOLT PROJECT ATS F+6 

GEWXAL ELE!!TR~C CELLS 

SERIAL NO ARE 9-4.10-1C.10-l2r9-15 9-19 
CELLS = 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ~ 5 5 0 0 0 0 0 0 0 0 0 0 0 0 0  

- - - - -_  
1 2 4  54- 
11 e. 
1c5. 
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111. 8'- 

E;"*- - 

+ .  * + +  

+ + +  + 
+ . +  + + + 

$;E+- - 

t 

FIGURE 4 
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CODE EVALUATION OF AUX ELECTRODE CHARGE CCNTROL ECLlPSE SEASON 4. + = AVERAGE CELL VOLT IN SYNCHRONUS TYPE ORBIT AMPERE HOUR RATE IS 
00 

GENERAL ELECTRIC CELLS 
PROJECT AT F+G i = LCU CELL VCLT 
SERIAL NO 3RE 9-4.10-10*10-12*9-15 9-19 

"60 DEPTH OF DISCHARGE IS 
TEMPERATURE IS 
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= H I G H  CELL VCLT 
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FIGURE 6 
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2. Sync 8 (Ecl ipse Seasons) : The format o f  the data presen- 
t a t i o n  f o r  t h i s  and the succeeding Sync packs i s  i den t i ca l  t o  t h a t  
o f  Sync 7. Thus t o  avoid unnecessary repet i t ion ,  the explanation of 
the  type data presented has been given only once. 

a. Average End o f  Discharge Voltage (***): The basic 
p r o f i l e  remains the same as may be seen i n  Figure 7 and noted i n  the 
f o l l  owing tabu1 a t i  on. 

Day P r i o r  t o  Day A f t e r  Last Day 
F i r s t  Day Capaci ty Check Capacity Check o f  Ecl ipse 

ECL 1 1.270 1.204 1.212 1.260 

ECL 2 1.250 1.176 1.192 1.268 

ECL 3 1.238 1.169 1.189 1.213 

ECL 4 1.245 1.173 1.186 1.263 

I n  a l l  cases thus f a r  the capacity check cycles has produced an 
increase i n  end o f  discharge voltage on days imnediately fo l lowing 
the  capacity check. Secondly, the voltage tends t o  drop on corre- 
sponding days from one ec l ipse  season t o  the next.  

b. Average Cel l  Voltage a t  T r i p  (%%%) : The c e l l  vo l t -  
age a t  t r i p  remains r e l a t i v e l y  constant w i t h i n  each ec l ipse season 
but  t he  overa l l  average drops approximately 0.01 v o l t  per season-- 
1.45, ECL 1; 1.44, ECL 2; 1.43, ECL 3; and 1.42, ECL 4. With time, 
the c e l l  voltage a t  t r i p  shws greater va r ia t i on  f o r  succeeding 
ecl ipses . 

charge voltage has averaged 1.51 vo l ts  each ec l ipse season bu t  shows 
more random var ia t ion  w i th  successive seasons. This "sca t te r i  ng" i s  
greater than the  corresponding voltages a t  t r i p ,  previously c i  ted. 
The end o f  charge voltage exceeds the  t r i p  voltage by approximately 
0.07 vo l t .  

c. Average End o f  Charge Voltage (&&ti):  The end o f  

d. Average Aux i l ia ry  Electrode Voltage (*+): The 
aux i l i a ry  electrode voltages remain a t  o r  near zero m i l l i v o l t s  during 
the bulk  o f  each ec l ipse season. I n  general, on ly  the first and l a s t  
days o f  the respective seasons show an increase i n  vol tage--approxi - 
mately 30 m i  11 i v o l  t s  . This corresponds t o  the shor test  discharge 
periods and consequently, the longest charge periods . 

e. Pressure a t  End o f  Discharge (XXX)  and a t  T r i p  ( Y Y Y ) :  
The end o f  discharge and t r i p  pressures c losely fo l low the p r o f i l e  o f  

8 
1 
i 
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the end of discharge cell voltage except du r ing  eclipse 4. In this 
l a t t e r  eclipse, the pressures track the end of discharge cell voltage 
except when the season nears i ts  end and the length of discharge 
diminishes daily. Although the pressure a t  t r i p  exceeds the end of 
discharge pressure by approximately 5 psia,  neither pressure rises 
much above a vacuum--15 psia. 
found a t  the beginning  o r  end o f  an eclipse season when the ce l l s  are 
on charge fo r  longer periods of time. 

The most noticeable exceptions are 

f .  Sync 8 (Ap'ere-Hours During Successive Eclipse 
Seas ons ) : 

(1) Ampere-Hours Out  ( AHO, ***) : 
the graph of  the ampere-hours removed is very sytrmetrical due to  
precise control of time and r a t e  of discharge. The maximum ampere- 
h o u r s  removed is constant a t  9.60 (see Table I fo r  ra te  of discharge). 

Figure 8 shws tha t  

( 2 )  Ampere-Hours In t o  T r i p  (MI, &&a) : The ampere- 
hours returned to  the p o i n t  of trip have remained very s tab le  for  
this pack--approximately 9.6 arqere-hours through four ecl ipse 
seasons dur ing  the days corresponding t o  the maximum discharge. 

(3)  Ampere-Hours In , Total ( AHI-Total , %%%) : The 
graph of to ta l  ampere-hours returned closely follows t h a t  of the 
ampere-hours t o  t r i p .  The to ta l  ampere-hours returned exceed the 
arrpere-hours t o  trip by 4 anpere-hours. 

g. Sync 8 (Capacity Checks): Figures 9 through 12 shaw 
the capacity checks a t  the middle of the successive ecl ipse seasons. 

(1)  The general profiles of the auxiliary electrode 
vol tage and pressure are the same--gradual taperi  ng downward duri  ng 
discharge, plateauing a t  or before end of discharge, and then 
increas ing  dur ing  the las t  half of charge. This pattern is typical 
and shall  be referred t o  as "typical" i n  l a t e r  discussions. 

taper  of the auxiliary electrode voltage and i ts  f inal  upward swing 
are not as great for l a t e r  eclipses as they are f o r  the f i r s t  ones e 

The pressures, hawever, do not vary greatly.  T h i s  indicates a "desen- 
si t iz ing" of the auxi l i a ry  electrode t o  oxygen developed duri ng charge. 

Constant Sun1 i gh t) : 

(2 )  I t  should be noted tha t  the i n i t i a l  dawnward 

h. Sync 8 (Sumnary of Parameters During Periods of 

(1) Cell Voltage (Sunlight) : During the continuous 
trickle charge, the average cell  voltage has dropped by 0.01 volt 

I 
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each o f  the three sun l igh t  periods thus far .  The f i r s t  plateau 
averaged 1.51 vo l ts  per  0?11 , the second averaged 1.50 vo l ts ,  and 
the t h i r d  averaged 1.49 vo l ts .  The high c e l l  remained 0.02 v o l t  
above the average, and the l o w  c e l l  remained 0.04 v o l t  below the  
average. 

(2) Aux i l ia ry  Electrode Voltage (Sunl ight) :  Begin- 
n ing each sun l igh t  period, the  aux i l i a ry  electrode has a r e l a t i v e l y  
high voltage--100 m i l l i v o l t s  . This voltage then tapers downward t o  
30 m i l l i v o l t s  o r  less j u s t  p r i o r  t o  the next ec l ipse season. 
each successi ve sun1 i gh t per i  od s t a r t s  w i  th an auxi li ary e lec t  rode 
voltage s l i g h t l y  less than the preceding period; i t  tapers more 
quickly;  and i t  tapers t o  a lower l e v e l  (see tab le  b e l w ) .  

Further, 

Sun1 i gh t I n i  ti a1 Voltage a t  
Peri od Vol t age Taper Characteris ti cs End o f  Period 

1 114 MV Gradual t o .29  MV 29 MV 

2 103 MV Sharp decl ine t o  36 MV 11 Mv 
w i t h i n  30 days 

3 90 MV Sharp decl ine t o  30 MV 5 MV 
w i t h i i i  15 days 

Thus the  aux i l i a ry  electrode shows a tendency t o  become "desensi- 
t i zed"  t o  the oxygen produced during the t r i c k l e  charge o f  the sun- 
l i g h t  period. 

constant a t  14 ps ia  during the  f i r s t  two sun l igh t  periods. The 
average pressure increases t o  20 ps ia  dur ing the t h i r d  sun l igh t  
period. This fu r the r  supports the f a c t  t h a t  the aux i l i a ry  elec- 
trode shcws less s e n s i t i v i t y  t o  gas pressure w i t h  time--the average 
pressure has increased but  the average auxi li ary electrode voltage 
has decreased. 

(3) Pressure (Sunl ight)  : The pressure remai ns 

' 
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% AVE CELL VOLTAGE AT TRIP 
E AVE C E L L  VOLTAGE dT EOC 
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SYNCHRONOUS O R B I T  SHACOU PLOT 
:‘;VE END DISCHARGE VOLTAGE 
X AVF CELL VOLTAGE AT T R I P  
E AVE CELL  VOLTAGE AT EOC 
t AVE AUX-ELECT. VCLT. AT ECD 

Y PRESSURE TRLIhS. b T  T R I P  

AVE AUX-ELECT. VCL?. A? T R I P  
PRESSURE TRAFS. AT € 0 0  PACK = 8 

OEPTH DISCHARGE 80.0 
TEHPERATURE 0.0 C 
AMPERE RATE 12.0 
S E R I A L  10-3 9-6 9-12110-13 r  10-14 
CATOLOG 428012A8 

PROJECT ATS FC6 
GENERAL E L E ~ T R I ~  CELLS 

SCALE-1  S C A L E - 2  SHAOQW-4 SHAOOW-5 SHADOW-6 SCALE-3 
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FIGURE 7 (Contd) 
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:EXHO 
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KEY * AH0 
% AHI-TCTAL 
E AH1 AT TRIP 
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7.166 

7.847 

8.527 

9.200 

9.880 
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FIGURE 8 (Contd) 
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4. 
I t  

ECLIPSE SEASON 
AMPERE HWR RATE IS 
DEPTH OF DISCHARGE I S  80 
TEMPERATURE I S  
CELL NO CATALOG I S  8 B O 1 2 A B  

EVALUATION F AUX ELECTRODE CHARGE CONTROL 
[tN SYNCHRQNUS TYPE ORBIT 
GENERAL ELECTRIC CELLS 
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3. Sync 9 (Ecl ipse Seasons): 

a. Average End o f  Discharge Voltage (***): Figure 13 
shcws a sharp increase i n  the end o f  discharge voltage fo l law ing  
each capacity check. The increase (0.03 v o l t  , average) has occurred 
each ec l ipse  thus f a r  (see tabulat ion below). 

Day P r i  o r  t o  Day A f t e r  Lqst Day 
F i r s t  Day Capaci ty Check Capacity Check o f  Ec l ipse 

ECL 1 1.294 1.220 1.240 1.286 

ECL 2 1.280 1.190 1.230 1.276 

ECL 3 1.279 1.188 1.222 1.287 

ECL 4 1.282 1.184 1.221 1.288 

The end o f  discharge voltage drop w i th  t i m e  i s  not so noticeable 
f o r  t h i s  pack a t  the  beginning o r  end o f  the  ec l ipse periods but 
averages 0.01 v o l t  per ec l ipse j u s t  p r i o r  t o  the capacity check. 

b. Average Cel l  Voltage a t  T r i p  (%%%): The voltage 
a t  t r i p  has Shawn a random d is t r i bu t i on ,  averaging 1.40 vo l ts .  The 
only exception t o  t h i s  was  dur ing the f i r s t  ecl ipse. Here the vo l t -  
age tapered downward from 1.43 t o  1.40 vo l ts .  

charge voltage shaws a d e f i n i t e  tendency t o  taper dwnward from the 
beginning t o  the end o f  each ec l ipse season. This i s  p a r t i c u l a r l y  
noticeable dur ing the f i rst  and t h i r d  ecl ipses. The overa l l  average 
has dropped f r o m  1.41 i n  the f i r s t  ec l ipse t o  1.40 i n  the four th .  
Another notat ion,  i s  that ,  the end o f  charge c e l l  voltage exceeds 
t h a t  o f  the  c e l l  voltage a t  t r i p  by only 0.01 v o l t  on the average. 
This di f ference was greater i n  Syncs 7 and 8. 

c. Average End o f  Charge Voltage (&&&): The end o f  

d. Average Aux i l ia ry  Electrode Voltage a t  End o f  
Discharge (+++): The aux i l i a ry  electrode voltage a t  end o f  
discharge has closely fol lowed the  p r o f i l e  o f  c e l l  voltage a t  end 
o f  discharge w i t h  two exceptions: 
age remains l i n e a r  during maximum discharge each ec l ipse and does 
not t rack increased c e l l  voltage a t  end o f  discharge fo l lowing each 
capacity check. This l i n e a r  l e v e l  has increased from 65 m i l l i v o l t s  
i n  ec l ipse  1 t o  95 m i l l i v o l t s  i n  ec l ipse 3. Ecl ipse 4 shws  a 
general increase i n  aux i l i a ry  electrode voltage over most o f  the 
season--varying from 50 m i l l i v o l t s  on the 10th day t o  123 m i l l i v o l t s  
on the 42nd day. 

(1) the aux i l i a ry  electrode vo l t -  
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e. Pressure a t  End o f  Discharge (XXX)  and a t  T r i p  ( Y Y Y ) :  
Both pressures tend t o  fo l low the same pat te rn  w i th  respect t o  each 
other. Hwever, excepting ec l ipse 1, these pressures s h w  no obvious 
re la t ionsh ip  t o  c e l l  o r  aux i l i a ry  electrode voltage. I n  ec l ipse 1, 
both pressures t rack the  end o f  discharge c e l l  voltage very c losely.  
A f u r the r  observation i s  , t h a t  the pressures tend t o  taper dwrrward 
f r o m  a s l i g h t  vacuum a t  the beginning o f  the ec l ipse  t o  a hard vacuum 
toward the  end. 
ecl ipses where the pressures s t a r t  above atmospheric. 

Seas ons ) : 

Exceptions are noted i n  the f i r s t  and four th  

f. Sync 9 (Ampere-Hours During Successive Ecl ipse 

(1) Ampere-Hours Out (AHOY***) :  Figure 14 shws the 
same symnetrical graph f o r  ampere-hours removed as noted i n  previous 
packs. The ampere-hours removed during periods o f  maximum discharge 
i s  7.20. 

(2) Ampere-Hours I n  t o  T r i p  (AH1 , &A&):  The p r o f i l e  
o f  the  ampere-hours returned t o  the  t r i p  p o i n t  has remained almost 
as pe r fec t l y  symnetrical as t h a t  o f  the ampere-hours out p r o f i l e ,  
duri  ng the f i  rs t two e c l i  pses . The ampere-hours returned begi n t o  
s h w  some var ia t ion  i n  the t h i r d  and fourth ecl ipses. The average 
overa l l  i s  7.4 ampere-hours. 

(3) mere-Hours I n  , Tota l  ( AHI-Total , %%%) : The 
t o t a l  ampere-hours returned forms a p r o f i l e  almost i den t i ca l  t o  the 
ampere-hour p r o f i l e  a t  t r i p .  One exception i s  noted i n  the f i r s t  
three ecl ipses. The ampere-hours returned p r i o r  t o  the capacity 
check i s  s l i g h t l y  greater than afterward. 

g. Sync 9 (dapaci ty Checks) : Figures 15 through 18 
show the capacity checks ,at the  middle o f  the successive ec l ipse 
seas ons . 

(1) The p r o f i l e  o f  the aux i l i a ry  electrode voltage 
and the pressure are t yp i ca l  (see paragraph IV.B.2.g.). The 
"desensit izing" o f  t he  aux i l i a ry  electrode i s  a lso noted. 

h. Sync 9 (Sumnary o f  Parameters During Sunl ight ) :  

(1) Cel l  Voltage (Sunlight) : The c e l l  voltage has 
averaged 1.41 vo l ts  f o r  ' the three sun l igh t  periods. Furthermore the 
e n t i r e  pack has remained i n  near per fect  voltage balance f o r  most o f  
the three sun l igh t  pert ods . Only w i t h i n  the l a s t  30 days o f  the 
t h i r d  sun l i gh t  per iod d i d  the ind iv idua l  c e l l  voltages begin t o  vary 
appreciably from the average. During t h i s  time, the  maximum 
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variation from high t o  low cell was 0.06 volt--1.47 versus 1.41 w i t h  
an increased average of 1.44 volts.  

(2 )  Auxiliary Electrode Voltage (Sunlight) : There 
is a general trend f o r  tlie auxiliary electrode voltage t o  diminish 
w i t h  time. During the f irst  sunlight period the auxiliary electrode 
voltage opposes this t r e n d  and gradually increases by 20 t o  80 milli- 
volts , dependi ng on the i ndi v i  dual auxi l i  ary electrode. 
second s u n l i g h t  period, the voltages remain relatively s table  but a t  
a level 15 t o  20 mill ivolts below the level established a t  the end 
of the f i r s t  sunlight period. There was one exception out of the 
three auxiliary electrodes i n  this pack. T h i s  electrode's voltage 
showed a 40 mill ivol t  increase over the previous level a t  the s t a r t  
of the second sunlight period; the voltage increased an additional 
30 millivolts to a maximum and gradually descended t o  the i n i t i a l  
level a t  the end of  the period. The th i rd  sunlight period shaved two 
of the auxiliary electrode voltages s t a r t i ng  a t  the previous estab- 
lished level and remaining there through half  o f  the period. The 
la t ter  half  showed a gradual descent i n  voltage (20 mv) unti l  the 
l a s t  30 days of the period. During the l a s t  30 days the voltages 
dropped sharply (70 mv). During this same th i rd  sunlight period, 
the auxiliary electrode that  had previously shavn h i g h  voltage 
s ta r ted  a t  a much lower level--approximately 150 mill ivolts less. 
I t  displayed a fluctuation o f  + 30 mill ivol ts  , but remained a t  the 
same overall level t h r o u g h o u t  %he period. 

(3 )  Pressure (Sunlight): The pressure remains a t  
approximately 5 psia throughout the three sunlight seasons. This 
i l l u s t r a t e s  two t h i n g s :  

no problem and s tab i l ia t ion  is quickly effected during the long 
tri ck le charge peri od. 

t o  become desensitized t o  the oxygen present as time increases. 

Duri ng the 

(a) Pressure a t  this temperature (20" C) poses 

(b) The auxiliary electrode shws a tendency 
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SYNCHRONOUS O R B I T  SHADOW PLOT 
"*:,E END DISCHARGE VOLTAGE I AVE CELL VCLTAGE AT T R I P  
S AVE CELL VOLTAGE AT EOC + AVE AUX-ELECT. VCLT. AT EO0 

AVE AUX-ELECT. VCLT. AT T R I P  
PRESSURE TRANS. AT EO0 PACK = 9 

Y PRESSURE TRANS. AT T R I P  

DEPTH DISCHARGE 60.0 
TEWPERATURE 20.0 C 
AHPERE RATE 12.0 
S ER I AI. 
CATOLOG 42B012AB 

LO- 5 0-6 9 9- 8 9 9- 1 0 v 9- 1 3 
GENERAL ELE~#RIC CELLS 
PROJECT ars FPG 

S C A L E - I  SCALE-2 SHADOW-1 SHADOW-2 SHADOW-3 SCALE-3 

c VOLTS 
1.419 

1.452 

1.424 

1.397 

1.370 

1.343 

1.315 

1.288 

1.261 

1.233 

1.206 

1.119 

1.145 

PT-PS I A 
21.9 

20.5 

19.0 

17.5 

16.0 

14.5 

13.0 

110 5 

10.0 

8.6 

7.1 

5.6 

3. 1 

FIGUP? 13 

32 



SYNCHRONOUS O R B I T  SHADOW PLOT 
EEXVE €NU DISCHARGE VOLTAGE 
I a v E  CELL VOLTA E AT TRIP 
6 AVE CELL V O L T A ~ E  AT E ~ C  
f AVE AUX-ELECT. VOLT. AT EOD 

a v E  AUX-ELECT. VCLT. AT TRIP ? PRESSURE TRANS. AT EOD PACU = 9 
Y PRESSURE TRANS. AT T R I P  
SCALE-1 SCALE-2 SHAOOW-4 SHAOOW-5 

QE/C 71-183 

DEPTH DISCHARGE 60.0 
TEMPERATURE 20.0 C 
AMPERE RATE 12.0 
CATOLOG 4280 2AB 
S E R I A L  1 0 - 5  10-6.9-8 9-1099-13 

PROJECT ATS F6G 
GENERAL ELECTRIC CELZIS 

SCALE-3 

PT-PSIA 
56.8 

52.6 

48.3 

44.1 

39.8 

35.6 

31.3 

27. 1 

22.8 

18.6 

14.3 

10.1 

4.8 

FIGURE, 13 ( Contd) 
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K*EAYHo t AHI-VOTIIL 
& AH1 AT TRIP 

SYNCHRONOUS ORBIT  SHAOOU PLOT 

PACK = 9 

SHAOOU-2 SCALE-3 SHADOW-3 SCALE-1 SCALE-2 SHAOOU- 1 

AH0 
1.164 

1.802 

2.312 

2.823 

3.333 

3. 843 

4.354 

4.864 

5.375 

5.885 

6.395 

6.906 

7.416 

AHIT 
12.1 

11.0 
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8.9 

7.8 

6.8 

5. 7 

4.7 

3.6 

2.6 
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0.4 
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FIGURE 14 
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KEY * AH0 t AHI-TOTIIL 
E AHI AT TRIP 

SCALE-1 

AH0 
1.164 

2.296 

3.201 

4.107 

5.013 

5.918 

6.824 

7.729 

8.635 

9.54c 

10.446 

11.351 

12.257 

SYNCHRONOUS ORBIT SHADOW PLOT 

PACK = 9 

SCALE-2 SHADOW-4 

* 
% 

- 
8.6- 

7.7- * & & t t  - t - & E  I 

t 

t 

DEPTH DISCHARGE 60-0 
TEMPERATURE 20.0 C 
AMPERE RATE 12.0 
CATOLOG 428012A6 
SERIAL 10-5 10-699-8r9-1099-13 

PROJECT ATS FtG 
GENERAL ELE~TRIC CELLS 

SHADOU-5 SUAOOW-6 SCALE-3 

i i  
11 

ii 
11 
11 

i i  
ti 

i i  
11 

f f  

AHIT 
12.1 

11.2 

10.3 

9.4 
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7.7 
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6.0 
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4.2 

3.4 
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1.4 

FIGURE 14 (Contd) 
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3. 
12  

ECLIPSE SEASON 
AMPERE HOUR RATE I S  
CEPTH OF DISCHARGE I S  60 I N  SYNCHRONUS TYPE ORBIT 

GENERAL ELECTRIC CELLS TEMPERATURE I S  
CELL NO CATALOG IS %012AB 

PROJECT ATS F+G 
SERIAL NO ARE 1C-5110-6.9-Br9-1019-13 

EVALUATION OF AUX ELECTRODE CHARGE CCNTRCL CCCE + = AVERAGE CELL VOLT 
= H I G H  CELL VCLT 
= I C Y  CELL VCLT 

CELLS = .......................................................................................................................... 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 0 0 0  

FIGURE 17 
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ECLIPSE SEASON 4. 
AMPERE HOUR RATE I S  12 
DEPTH OF DISCHARGE IS 60 
CELL NO CATALOG IS 42801218 

CCCE EVALUATION OF AUX ELECTRODE CHARGE CONTROL + = AVERAGE CELL VCLT 
= HIGH CELL VCLT 

I N  SYNCHRONUS TYPE ORBIT 
GENERAL ELECTRIC CELLS i = LCh CELL VEL1 PROJECT ATS F+G TEMPERATURE I S  20 
SERIAL NO ARE 10-5.10-619-819-1019-13 

CELLS = 5 5 5 5 5 5 5 5 5 5 s 5 5 5 5 5 5 5 5 5 s 5 5 5 5 5 5 5 5 5 9 5 5 5 5 5 5 5 5 5 5 5 5 0  
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4. Sync 70 (Eclipse Seasons): 

a. Average End of Discharge Voltage (***) : Figure 19 
shws a sharp increase i n  the end of  discharge voltage fo l lw ing  
each capacity check. The increase has averaged 0.04 volt f o r  the 
four capacity checks. 

Day Prior  t o  Day After Last Day 
F i r s t  Day Capacity Check Capacity Check of Eclipse 

ECL 1 1.276 1.196 1.222 1.272 

ECL 2 1.262 1.164 1 .zoo 1.260 

ECL 3 1.258 1.153 1.189 1.269 

ECL 4 1.260 1.127 1.183 1.271 

The tendency t h u s  f a r  shws t h a t  the end of discharge voltage pr ior  
t o  the capacity check drops s teadi ly  from one eclipse season t o  the 
next--averaging 0.02 vol t  per season. The same tendency exists a t  
a l l  points , b u t  the day following the capacity checks h a s  averaged 
a loss of only 0.01 v o l t  per season. The  f i rs t  and las t  days of 
the season have sham even less of a drop w i t h  time. The depth of 
discharge (80 percent) 5s the basic reason for the voltage drops a t  
the periods of maximum discharge. 

b.  Average Cell Voltage a t  T r i p  (%%%): The cell voltage 
a t  trip has remained relatively constant a t  1.39 volts through the 
four ecl ipse seasons. 

c. Average End of Charge Voltage (&&&): The end of 
charge voltage exceeds t h a t  of the t r i p  voltage by 0.01 vol t  on the 
average, dur ing  the f irst  three eclipses. The end of charge and 
t r i p  voltages are a t  the same level (1.39 volts) throughout most of 
the fourth season. 

d. Average Auxiliary Electrode Voltage a t  End of 
Discharge (*+) : The auxiliary electrode voltage closely follows 
the end of discharge cell voltage except dur ing  the t h i r d  ecl ipse.  
Here the voltage started low and plateaued higher than for previous 
ecl ipse seasons. However the only difference i n  the profile is 
d u r i n g  the f i r s t  portion of the ecl ipse.  The fourth ecl ipse shws 
the prof i le  of the auxiliary electrode t o  continue tracking tha t  of 
the cell voltage, b u t  the cell voltage is much more erratic for this 
ecl ipse j u s t  prior t o  the capacity check. 
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e. Prxssure a t  End of Discharge ( X X X )  and a t  T r i p  ( Y Y Y ) :  
The  pressures have al l  remained i n  a vacuum throughout a l l  four 
ecl ipse seasons. Hwever this is the only factor  t ha t  has remained 
constant. During the f irst  half  o f  the f i r s t  ecl ipse,  the pressures 
followed the prof i le  of the end of discharge cell voltages--the trip 
pressure exceeding the end of discharge pressure by 3 psia. The 
l a t t e r  portion of the f irst  ecl ipse shaved a sharp rise i n  pressure 
which had no correlation t o  the cell voltage or  auxiliary electrode 
voltage. The pressures remained h i g h  through the second and t h i r d  
eclipse seasons, shwing no cormlation w i t h  cell voltages. The 
end o f  discharge pressure averaged 11 psia w i t h  the t r i p  pressure 
averaging 12 psia dur ing  these two seasons. The pressures during the 
f o u r t h  eclipse wen? completely random; shawing  no trends o r  correla- 
ti ons whatever. 

f. Sync 10 (Aqere-Hours During Successive Eclipse 
Seasons) : 

(1) Anpere-Hours O u t  ( A H O ,  ***) : 
the same symmetrical profi l e  of the previous Sync packs cited-- 
inverted pyramid. The ampere-hours out d u r i n g  maximum discharge is 
9.60. 

Figure 20 shms 

(2 )  Anpeie-Hours In t o  T r i p  ( M I ,  &&&): The prof i le  
of the ampere-hours returned t o  the trip point remains the mirror 
image of the ampere-hours out,  previously cited,  through the f i r s t  
two eclipse seasons. The t h i r d  and fourth eclipse seasons shw more 
variation i n  the ampere-hours returned dur ing  the maximum period of 
recharge . 

(3) Ampare-Hours In , Total (MI-Total , %%%) : The 
graph of  the to ta l  ampek-hours returned is  identical t o  the graph 
o f  the ampere-hours returned a t  the trip point except i t  is 5 ampere- 
hours greater for  each corresponding poi nt--averagi ng 13.5 ampere- 
h o u r s  fo r  the maximum return. 

g. Sync 10 (Capacity Checks): Figures  21 t h r o u g h  24 
shuv the capacity checks a t  the middle of the successive eclipse 
seasons . 

(1) The profiles of the auxiliary electrode and the 
pressure are typical (see paragraph IV.B.2.g.) except the upward 
taper dur ing  charge s t a r t s  much sooner a f t e r  discharge than for  tha t  
noted i n  previous Sync packs. Desensitizing of the auxiliary elec- 
trode during capacity checks is n o t  noticeable for this pack. Hw- 
ever this is noted during the s u n l i g h t  period described i n  the next 
paragraph. 
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h .  Sync 10 ( S u m r y  of Paranletem During Sunlight) : 

(1) Cell Voltage (Sunlight): The cell  voltage has 
averaged 1.40 t h r o u g h  a l l  three sunlight periods. Furthemre the 
cel l  balance fo r  the pack has remained near perfect throughout this 
time. 

( 2 )  Auxi 1 i ary Electrode Vol tage (Sun1 i gh t) : The 
auxi l i a ry  electrode voltages have fluctuated more for this pack than 
for  previous packs, b u t  s imilar  t r e n d s  exist .  The voltage tends t o  
increase gradually t h r o u g h  most of the f i r s t  sunlight period. This 
t r e n d  i s  countered i n  the second sunlight period d u r i n g  w h i c h  the 
voltages s t ab i l i ze  and, in  some instances, drop rapidly during the 
l a s t  20 days of the period. Beginning the t h i r d  period, the volt- 
ages are a l l  returned t o  the s t ab i l i za t ion  levels established d u r i n g  
the p r io r  s u n l i g h t  period. These levels are maintained u n t i l  the 
l a s t  20 days of  the t h i r d  period, then they gradually decline. 

pressure h a s  remained approximately 11 psia throughout  the three 
sunlight periods. T h i s  indicates once more t h a t  there i s  a tendency 
for  the auxi li ary. electrodes t o  become desensitized with elapsed 
time on t e s t .  

(3) Pressure ( S u n l i g h t )  : With  few exceptions, the 
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SYNCHRONOUS ORBIT SHADOW PLOT "*EXVE END DISCHARGE VOLTAGE 
X AYE CELL 

L $ 2:'x:g EO0 
AVE AUX-E TRIP 
PRESSURE PACK = 10 

Y PRESSURE 

O w T m  OISCHARGE 80.0 
T E # P f R A T U R E  20.0 C 
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FIGURE 13 (Contd) 
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:?HO 
X AHI-TOTAL 

~ C AH1 AT TRIP 
SYNCHRONOUS ORBIT SHADOW PLOT 

PACK = 10 
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5 .  Sync 11 (Ecl ipse Seasons) : 

a. Average End o f  Discharge Voltage (***): Figure 25 
shws much var ia t ion  i n  end o f  discharge voltage throughout the four  
ec l ipse  seasons. The bas ic  reason f o r  the va r ia t i on  i s  t h e  high 
atrbient temperature ( N o  C). This var ia t ion  has necessitated numer- 
ous changes i n  charge currents and auxi li ary electrode tri p 1 evels 
as shown i n  Table I .  For ec l ipse 1, the rap id  da i l y  dropping o f  t h e  
end o f  discharge voltage p r i o r  t o  the capacity check s i g n i f i e d  t h a t  
the o r ig ina l  t r i c k l e  charge current (0.200 ma) fo l lowing the  aux i l -  
i a r y  e lectrode t r i p  was not s u f f i c i e n t  t o  overcome the s e l f  discharge 
a t  40' C. 
l a t e r ,  an increase i n  t r i p  voltage f o r  the aux i l i a ry  electrode plus 
the usual recondi t ioning e f f e c t  o f  the capacity checks, a l l  cotrbined 
t o  keep the  end o f  discharge voltage a t  a higher leve l  during the 
l a s t  h a l f  o f  ec l ipse  1. Hawever near the end o f  t he  maximum dis- 
charge per iod the voltage again dropped o f f  j u s t  before the  t i m e  on 
discharge begins t o  decrease each day. Ecl ipse 2 shws a s i m i l a r  
d i p  i n  the end o f  discharge voltage p r o f i l e .  
extremely low end o f  discharge voltages throughout the maximum dis-  
charge period. I h e  graph o f  ec l ipse  4 reveals voltages dropping 
below allowable l i m i t s .  To improve the performance, the aux i l i a ry  
electrode control  was e l im i  nated; the  ce l l s  are cont inual ly  charged 
a t  1.20 amperes fo l lowing discharge. The tabu la t ion  below sumarizes 
the endpoint end o f  discharge voltages as shwn f o r  previous Sync 
packs. 

An increase o f  t r i c k l e  charge current, and three days 

Ecl ipse 3 shws  

Day P r i o r  t o  Day A f te r  Last  Day 
F i r s t  Day Capacity Check Capacity Check o f  Ecl ipse 

ECL 1 1.260 0.802 1.132 1,258 

ECL 2 1.240 1.164 1.164 1.220 

ECL 3 1.216 0.396 0.635 1.211 

ECL 4 1.202 0.452 0.767 1.197 

b. Average Ce l l  Voltage a t  T r i p  ( % x X )  : The voltage a t  
t r i p  has remained r e l a t i v e l y  constant 1.35 vo l ts  except f o r  ec l ipse  
2. I n  ec l ipse  2 and the  l a t t e r  h a l f  o f  ec l ipse  4, the aux i l i a ry  
electrode control  was removed (see Table I) and the ce l l s  were con- 
t inuously charged a t  the spec i f ied  rates u n t i l  the next discharge. 

charge voltage exceeds t h a t  o f  the t r i p  voltage (where the  t r i p  vo l t -  
age i s  i n  e f fec t )  by 0.02 v o l t  on the average. 

c. Average End o f  Charge Voltage (&8&): The end o f  

51 



QE/C 71-183 

d. Average Aux i l ia ry  Electrode Voltage a t  End o f  
Discharge (++t): I n  general the aux i l i a ry  electrode voltage p r o f i l e  
f o l l w s  t h a t  o f  the c e l l  voltage dur ing discharge f o r  the  f i r s t  two 
ec l ipse seasons. For ecl ipses 3 and 4 there i s  no obvious correla- 
t i o n  between the two p r o f i l e s .  This graphical ly substantiates t h a t  
aux i l i a ry  electrode operation beyond two ec l ipse  seasons, i n  a syn- 
chronous o r b i t  regime, i s  no t  r e l i a b l e  a t  40" c. 

Pressure a t  End o f  Discharge (XXX) and a t  T r i p  ( Y Y Y ) :  
Pressures both a t  end o f  discharge and t r i p  run high a t  t h i s  tempera- 
ture.  As time goes on the pressure cont inual ly  increases u n t i l  ear ly  
i n  ecl ipses 3 and 4 the  pressure jumps d ras t i ca l l y  t o  100 ps ia  o r  
more. This i s  accompanied by c e l l  voltage inbalance f o r  the whole 
pack. 

e.  

f. Sync 11 (Anpere-Hours During Successive Ecl ipse 
Seas ons ) : 

(1) Anpere-Hours Out (AHO, ***): 
i l l u s t r a t e s  the i ne f f i c i enc ies  o f  operating a t  40" C. I n  ec l ipse  1, 
the ampere-hours out  foms a p r o f i l e  t h a t  i s  no t  the symmetrical, 
inver ted pyramid as noted f o r  the previous Sync packs. Ecl ipse 2 i s  
the only ec l ipse o f  the four  t h a t  shows the  usual symmetry. The 
reason f o r  the exception i s  t h a t  the aux i l i a ry  electrode control  was 
removed dur ing most o f  t h i s  ec l ipse wh i l e  the c e l l s  were continuously 
charged. The graph o f  ecl ipses 3 and 4 also s h w  t h a t  the c e l l s  have 
f a i  l ed  t o  de l i ve r  the  required capacity on discharge. 

(2) Anpere-Hours I n  t o  T r i p  (AH1 a&&) : The ampere- 
hours returned t o  t r i p  i s  no t  s u f f i c i e n t  t o  proper ly recharge the 
c e l l .  Increasing the t r i p  voltage leve l  resul ted i n  the aux i l i a ry  
electrodes never reaching the leve l ,  which required a manual t r i p  o r  
the r e s u l t  would have been high voltage and pressure. Thus aux i l i a ry  
electrode charge contro l  i s  no t  recomnended f o r  a synchronous o r b i t  
regime a t  40" C. 

(3) Ampere-Hours I n ,  Tota l  (PHI-Total , %%%) ; The 
graph o f  the t o t a l  ampere-hours returned t o  the c e l l  c o n f i r m  the 
statements previously made. 
i n g  the t r i p  t o  prevent premature low voltage on the  succeeding 
charge. When the  aux i l i a ry  electrode control  i s  removed as i n  ec l ipse  
2, the discharge w i l l  g o  the required t i m e  dur ing maximum discharge 
but  the  ampere-hours returned i ndi cates the i n e f f i  c i  ency o f  operat i  on 
a t  40" C. 

Figure 26 c lea r l y  

I n s u f f i  c i  ent  charge i s  returned f o l l  w- 

g. Sync 11 (Capacity Checks): Figures 27 through 30 
s h w  the  capacity checks a t  the middle o f  the successive ec l ipse 
seas ons . 
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(1) The p r o f i l e s  o f  the aux i l i a ry  electrode voltage 
and the  pressure fo l low the general trends previously discussed 
(paragraph IV.B.2.g.). However the  values are greater and the  pres- 
sure s t a r t s  increasing sooner (w i th in  1.5 hours o f  end o f  discharge 
dur ing the fo l low ing  charge). 

charge during ec l ipse  4. 
(2) The voltage o f  the c e l l s  shm poor balance on 

h. Sync 11 (Sumnary o f  Parameters During Sunl ight) :  

(1) Cel l  Voltage (Sunl ight)  : During the sun l i gh t  
per iod fo l lowing the f i r s t  ec l ipse,  the voltage averaged 1.39 vo l ts ,  
and the  vol age balance was good for a l l  the ce l l s .  The second sun- 
li ght  per iod produced an i ncreased average i n c e l l  vol tage--approxi- 
mately 1.44 vo l ts .  This was accompanied by voltage imbalance (as 
much as 0.17 v o l t  d i f ference between high and l w  c e l l s )  and high 
pressure--80 psia. The same c e l l  averages and problems were encoun- 
te red  dur ing the t h i r d  sun l i gh t  period. 
t h i r d  sun l igh t  periods, the t r i c k l e  charge current  had t o  be reduced 
w i t h i n  the f i r s t  40 days--from 600 milliamperes t o  400 mill iamperes, 
then t o  200 mill iamperes. 
second sun l i gh t  period, t he  charge current was removed t o  allow the  
pressure t o  go down. 

(2) Aux i l ia ry  Electrode Voltage (Sunl ight)  : The 
auxi li ary electrode voltage tends t o  decrease w i th  succeeding sun- 
l i g h t  periods. The average aux i l i a ry  electrode voltage drops 100 
m i l l i v o l t s  dur ing the second sun l igh t  per iod from t h a t  o f  the f i r s t .  
The voltage drops an addi t ional  20 m i l l i v o l t s  , on the  average, dur ing 
the t h i r d  sun l i gh t  period. 

as 80 psia dur ing port ions o f  the  second and t h i r d  sun l igh t  periods 
due t o  high voltage and pocr voltage balance among the c e l l s  as noted 
i n  pagaraph (1) above. During the f irst sun l igh t  per iod the pressure 
ranged from 13 t o  16 psia,  gradually increasing from the beginning t o  
the end o f  the  period. Thhughout the second per iod the pressure 
shaved a general increase h m  beginning t o  end w i th  peaks o f  80 p s i a  
during the  f i r s t  t h i r d  o f  the period. 
a t  these points,  the  overa l l  pressure ranged upward from 22 ps ia  t o  
40 psia,  beginning t o  end. The t h i r d  sun l i gh t  per iod shaved the 
overa l l  pressure t o  range f r o m  30 ps ia  t o  60 psia,  beginning t o  end, 
w i th  a peak o f  63 psia. 

During both the second and 

I n  one instance, a f t e r  60 days o f  the  

(3) Pressure (Sunl ight) :  The pressure got as high 

Despite correct ive measures 
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6.  Sync 12 (Eclipse Seasons) : 

a. Average End of Discharge Voltage (***): F i g u r e  31 
T h i s  indicates an e r r a t i c  end of discharge voltage for eclipse 1 ,  

is due t o  the low operating temperature (-20" C) which necessitated 
a large nunher of parameter changes dur ing  this eclipse (see Table I ) .  
W i t h  the exception of eclipse 1,  the capacity check has caused a 
s l i gh t  voltage i ncrease i n  succeedi ng end of di scharge voltages 
imnediately following the capacity check; this is i n  accordance w i t h  
similar observations of the previous Sync packs. The end of d is -  
charge voltages fo r  ecl ipse 2 and 3 are more stable  as shown by their 
respective profiles i n  F igure  31. Hwever for  eclipse 4,  the end of 
discharge voltages are erratic and a t  a lower level overall .  
general, the voltages for  successive eclipses and corresponding days 
have dropped rapidly w i t h  time--particularly d u r i n g  the maximum dis- 
charge period on either side of the capacity check. T h e  tabulation 
below summarizes the endpoint end o f  discharge voltages as shwn fo r  
previous  Sync packs. 

In 

Day Prior t o  Day After L a s t  Day 
F i r s t  Day Capacity Check Capacity Check of Eclipse 

ECL 1 1.260 0.878 0.722 1.228 

ECL 2 1.152 1.112 1.126 1.220 

ECL 3 1.158 1.072 1.113 1.211 

ECL 4 1.155 1.007 1.018 1.197 

b .  Average Cell Voltage a t  T r i p  (%%%) : T h e  average 
voltage a t  t r ip  has ranged from 1.53 t o  1.54 vol ts  du r ing  the f i rs t  
three eclipse seasons. Then the average drops t o  1.43 volts d u r i n g  
the fourth eclipse.  The  voltage plotted i s  an open c i r cu i t  voltage. 
Open circuit ing the cells fol1owin.g trip has been necessary inter- 
mittently since the fourth day of eclipse 1 due t o  pressure problems 
a t  this temperature (-20' C).  

c. Average End of Charge Voltage ( A & & )  : The end of 
charge voltage is really an open circuit voltage a f t e r  eclipse 1. 
T h i s  i s  due t o  h i g h  pressure problem encountered when a t r i ck le  
charge follows the regular charge, after the trip, for  the remainder 
of the 24-hour cycle. 

d. Average Auxiliary Electrode Voltage a t  End of 
Discharge (+++): T h e  auxiliary electrode prof i le  of Figure 31 shows 
no general t r e n d s  t h u s  far. In an e f f o r t  t o  control the h i g h  pressure 
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and c e l l  voltage problems, the charge rates,  t r i c k l e  charge rates 
and auxi li ary electrode t r i p  leve ls  , have mqu i  red frequent changes. 
Therefore, i f  trends ex i s t ,  they are not obvious. The fo l low ing  
four  observations may be noted from Figure 31 : (1) The aux i l i a ry  
electrode voltage a t  end o f  discharge fol lows the p r o f i l e  o f  the c e l l  
voltage dur ing discharge f o r  the f i rst  h a l f  o f  ec l ipse 1, bu t  not the 
second h a l f .  
t h a t  i s  near ly constant a t  15 m i l l i v o l t s .  (3)  During ec l ipse 3, the  
aux i l i a ry  electrode voltage increases as the  end o f  discharge c e l l  
voltage decreases. (4) Figure 31, ec l ipse 4, shws the aux i l i a ry  
electrode voltage t o  fo l low a pa t te rn  s i m i l a r  t o  t h a t  found i n  
ec l ipse  3, except the voltage runs higher and peaks a t  75 m i l l i v o l t s .  

Pressure a t  End o f  Discharge ( X X X )  and a t  T r ip  ( Y Y Y ) :  
Both pressures fo l low the  c e l l  voltage p r o f i l e ,  a t  end o f  discharge, 
dur ing ec l ipse  1. The pressure a t  t r i p  exceeded 100 ps ia  both a t  
the beginning and a t  the  end o f  ec l ipse  1. The pressures were s tab le  
a t  17 ps ia  most o f  ec l ipse  2. This was due t o  removal o f  the t r i c k l e  
charge. However the pressure s ta r ted  a rap id  increase t m a r d  the end 
o f  ec l ipse 2. During ec l ipse  3 both pressures plateaued a t  approxi- 
mately 75 ps ia  bu t  rose sharply toward the end o f  the eclipse--peaking 
near 150 psia. Figure 31 shows the pressure p r o f i l e  o f  ec l ipse  4 t o  
s tead i l y  increase--peaking near 190 ps ia  f o r  the end o f  discharge 
pressure and 170 ps ia  f o r  the t r i p  pressure. The tendency f o r  the  
pressure t o  increase near the  end o f  successive ec l ipse seasons i f  
f e l t  due t o  the  aux i l i a ry  electrode los ing  "sens i t i v i t y "  over a 
per iod o f  t ime. Thus more charge i s  returned t o  the ce l l s  dur ing the  
l a t t e r  port ions o f  each ec l ipse  before the a u x i l i a r y  electrode t r i p s  
due t o  t h i s  lack of s e n s i t i v i t y  f o r  oxygen produced during charge. 
This evidence i s  f u r the r  substantiated i n  Figure 32 which graphs the  
ampere-hours returned f o r  Sync 12. 

(2)  Ec l ipse 3 produces an aux i l i a ry  electrode voltage 

e. 

f. Sync 12 (Ampere-Hours During Successive Ecl ipse 
Seasons) : 

t h  
f i  

(1) Ampere-Hours Out (AHO, ***) : Figure 32 shows 
a t  the ampere-hours removed on discharge was i r r e g u l a r  dur ing the 
rst p a r t  o f  ec l ipse  1 , but  s t a b i l i z e d  a f t e r  numerous parameter 

adjustments l i s t e d  i n  Table I. The ampere-hours removed continues 
t o  be s tab le f o r  each ec l ipse  and equal t o  9.60 ampere-hours a t  the  
periods o f  maximum discharge. 

(2) were-Hours I n  t o  T r i p  (MI, &&&): I n  general 
the ampere-hours returned t o  t r i p  (ampere-hours, t o t a l  and ampere- 
hours t o  t r i p  are equal a f t e r  ec l ipse  1 because o f  t r i c k l e  charge 
removal) increases dur ing the l a s t  h a l f  o f  a given ec l ipse  over t h a t  
o f  the f i rst  h a l f .  This i s  f e l t  due t o  the aux i l i a ry  electrode los ing  
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sensi t ivi ty  t o  oxygen produced dur ing  charge, and r e t u r n i n g  more 
ampere-hours t o  the cell  t h a n  should  be, before the  auxiliary elec- 
trode reaches i ts  t r i p  level. 

for ecl ipse 1 ,  the ampere-hours i n  t o  trip and the ampere-hours i n ,  
t o t a l ,  are equal because the pack was p u t  on open c i rcu i t .  

the capacity checks a t  the middle of the successive eclipse seasons. 

(1) Eclipse 1 shows an abnormal voltage prof i le  for  
the auxiliary electrode near end of discharge. I t  increases sharply 
a t  the s t a r t  o f  charge, tapers dowrward w i t h i n  1 hour and plateaus 
a t  a h ighe r  level t h a n  t h a t  of the end of discharge voltage. The 
rest of the auxiliary electrode and the pressure profile are typical 
(see paragraph IV.B.2.g.) except the auxiliary electrode voltage 
level is  much lower than , for  previous Syncs. Eclipse 2 ,  figure 34, 
shws typical profiles except a f t e r  end of discharge. W i t h i n  1 hour 
of the start of charge, the pressure shows an increase instead of 
the usual plateau. The auxiliary electrode shows no increase u n t i l  
the very end of charge. The increase i s  usually gradual over long 
periods of time for  Syncs a t  other temperatures. Eclipse 3, figure 
35, shws  no i n i t i a l  downward taper for the discharge voltage of the 
auxi 1 i ary electrode. A small increase of auxi l i  ary electrode voltage 
is noted a f t e r  end of discharge similar t o  eclipse 1. The voltage 
again shows a sharp increase a t  the very end of charge. Eclipse 4 ,  
Figure 36, shws the increase of auxiliary electrode voltage a t  end 
of discharge as observed i n  eclipses 1 and 3. The corresponding 
pressure increase follows 30 minutes later on charge. The pressure 
is extremely high t h r o u g h o u t  the capacity check cycle--rangi ng from 
126 t o  142 psia. 

(3) Ampere-Hours In ,  Total (AHI-Total , %%%): Except 

g. Sync 12 (Capacity Checks): Figures 33 to  36 show 

h .  Sync 12 (Summary of Parameters During S u n l i g h t ) :  

(1) Cell Voltage (Sunl i  h t ) :  I t  was found early i n  
the f irst  s u n l i g h t  period (f irst  2 days 3 tha t  the cel ls  must remain 
on open c i r cu i t  o r  they would develop excessively h i g h  voltages--1.66 
to  1.70 v o l t s .  From t h i s  time on,  the cells have remained on open 
c i rcu i t  dur ing  each s u n l i g h t  period following the l a s t  charge of the 
preceding ecl ipse season. Thus the open c i r cu i t  voltage tapers down- 
ward from the beginning  t o  the end of the s u n l i g h t  period--ranging 
from 1.40 t o  1.29 volts.  
thes e condi ti ons . Voltage balance presents no problem under 

( 2 )  Auxiliary Electrode Voltage { S u n l i g h t ) :  T h e  
auxiliary electrode voltage remains a t ,  o r  near, 0.0 mil l ivol t  
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under the conditions spec i f ied  i n  the previous paragraph. Thus the  
problem o f  the aux i l i a ry  electrode becoming "desensitized", as noted 
for sun l igh t  periods o f  previous Sync packs, i s  not  observable under 
these conditions. Hwever t h i s  problem i s  considered i n  paragraphs 
IV.B.6.e. and IV.B.6.f. 

(3)  Pressure (Sunlight) : The only pressure problems 
dur ing sun l igh t  periods occur a t  the beginning o f  t he  per iod as a 
r e s u l t  o f  residual  pressures developed dur ing the preceding ecl ipse. 
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KEY * AVE END DISCHARGE VOLTAGE 
% AVE CELL VOLTAGE AT TRIP SYNCHRONOUS ORBIT SHACOW PLOT 
6 AVE CELL VOLTAGE AT EOC + AVE AUX-ELECT. VOLT. AT €00 

AVE AUX-ELECT. VOLT. AT TRIP 
PRESSURE TRANS. AT €00 PACK = 12 ' 

Y PRESSURE TRANS. AT TRIP , 

SCALE-1 SCALE-2 SHADOW-1 SHADOW-2 SHADOW-3 SCALE-3 

C VOLTS 
1.699 

AUX KV - 
298.7- 

PT-PS i A 
157.2 

145.7 

134.2 

122. 8 

111.3 

99.8 

88.3 

76.9 

65.4 

53.9 

42.4 

30.9 

16.6 

1.569 

1.438 

1-3C7 

1.170 

1.045 

0.915 152.4- . ii 
- Y  x 

0.784 128.0- 

0.653 Y 
Y X .  

0.522 

- 
54.9- 0.391 

0.261 

0.097 

30.5: + ' Y X  - + +  ; + +  - - 
0 . 0 - x  + + + + i +  

1 9 I8 20 23 25 34 42 187 196 201 204 206 211 * 
5 14 19 22  24 29 38 183 191 zoo 2c2 20s  207 2i 

D A Y S  

FIGURE 31 
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KEY * AVE EN0 DISCHARGE VOLTAGE 
'I; AVE C E L L  VOLTAGE AT T R I P  SYNCHRONOUS O R B I T  SHACOY PLOT 

. t AVE C E L L  VOLTAGE AT EOC 
+ AVE AUX-ELECT. VOLT. AT EGO 

AVE AUX-ELECT. V tLT.  AT T R I P  
PRESSURE TRANS. b T  EGO PACK = 12 

Y PRESSURE TRANS. PT T R I P  

DEPTH OISCHARGE 80.0 
TEMPERATURE -2O.OC 
AMPERE RATE 2.0 
CATOLOG 4 B O f 2 A B  
S E R I A L  9-3 10- 5 9 - 1 6  9-1819-20 tmfg?\ g:g~p& CELLS 

SCALE-1 SCALE-2 SHADOW-4 SHAOOLI-5 SHACOY-6 SCALE-3 

c VOLTS 
1 699 

1.617 

1 534 

1,451 

1.368 

1.285 

1.202 

1.119 

1.036 

0.953 

0.870 

0.787 

0.683 

PT-PSIA 
192.4 

178.7 

164.9 

151.1 

137.4 

123.6 

109.9 

96.1 

82.3 

68.6 

54.8 

41.1 

23.9 

FIGURE 31 (Contd) 
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:‘&io 
2 AHI-TOTAL 
6 AH1 AT T R I P  

SYNCHRONOUS ORBIT SHAOOW PLOT 

PACK = 12 

SCALE- 1 

AH0 
1.552 

2.403 

3.083 

3.764 

4.444 

5.125 

5.805 

6.486 

7.166 

7.841 

8.521 

9.208 

9.888 

DEPTH DISCHARGE 8 -0  
TEMPERATURE -20.08 
AMPERE RATE 
CATOLOG 428ff%i8 
SERIAL 9-3 -1Sr9-16 9 - 1 8 ~ 9 - 2 0  gptt+ gtgcP,pp CELLS 

SCALE-3 SCALE-2 SHADOW-I SHAOOW-2 SHADOU-3 

6 6 6  

S L 6  6 

S 

* 

AHIT 
12.4 

11.6 

10.7 

9.8 

8.9 

8.1 

7.2 

6.3 

5.5 

4.6 

3.7 

2.8 

1.7 

FIGURE 32 
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KEY * AHG 
% AHI-TCTPL 
& AH1 b T  T R I P  

SYNCHRONOUS O R B I T  SHACOk PCOT 

PACK = 12 

SCALE-1 

AH0 
1.552 

2.403 

3.083 

3.704 

4.444 

5.125 

5.805 

6.486 

7.166 

7.847 

8.527 

9.208 

9 . 8 0 8  

SCALE-2 SHAOCW-4 SHADOW-5 

* 
6 

6 

6 * 

t 

G 

* 

6 

* 

t 
t t a 

t 

6 

0 0 0 0  
0 ' 0  a o o o 0 0  

8 A Y S  

f 
t 
f 

DEPTH DISCHARGE 8 -0  
TEMPERATURE -20.0? 
AMPERE RATE 

SERIAL 9-3 10-15~9-16  9-1899-20 

PROJECT ATS F t 6  

CATOLOG 4 a a t I i 8  
GENERAL EL€CTR c CELLS 

SHAOOY-6 SCALE-3 

AHIT 
10.9 

10.0 

9.1 

8.2 

7.4 

6.5 

5. 6 

4.7 

3.8 

2.9 

2.0 

1.1 

0.0 

FIGUR 32 (Contd) 
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ECLIPSE SEASON 1. 
AMPERE HOUR RATE IS 
DEPTH OF DISCHARGE IS 
CELL NO CATALOC IS 42801218 

lzSO 
EVALUATION OF AUX ELECTROCE CHARGE CONTROL 

I N  SYNCHRONUS TYPE O R B I T  
GENERAL ELECTRIC CELLS 

SERIAL NO A R E  9 3.10-15.9-16 9-18.9-20 

CCDE + = bVERAGE CELL VOLT 
= HIGH CELL VPLT i = LCW CELL VCLT PROJECT ATS F+G- TEMPERATURE IS - 20 

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 5 5 5 5 5 5 5 5 0 0 0 0 0 0 0 0 0 0 0  .......................................................................................................................... CELLS = 

AUX 
€LET 

p i -  * *  

CELL 
VOLT 

PRES 
IRAN 

+ + + +  
. +  

3 4 . l t -  
33.92- 
33.be-  
33.44- 
33.2C- 
32.91- 
32.73- 
32.49- C I S 
32.25- 
32.01- 
31.11- 
31.53- 
31.3C- 
31.C6- 
3C.82- 
30.34- 

s 

-------------- 
I 20 

10 30 
nbY IS 21. 

+ 
+ .  

4 

s 
S S S  

O S I  

1 90 
15 45 

PLCT IS 
9C 12C 150 1BC 21C 240 1020 1439 

6c 75 lC5 135 165 195 225 66C 1260 AGAINST TIME. I N  MIYUTES PACK NO IS 
0 

O l 2  
FIGURE 33 
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22-71 
22.51 
22.25 

21.41 
21.21 
2c.-= 

PRES 20.u- 
TRAN 20.43 

20.17 
19.9: 

I! :  31 

f8r% 

s s  

* L 

FIGURE 34 
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ECLIPSE SEASON 3. 
AMPERE HOUR RATE IS 12 

TEMPERATURE IS -20 
CELL NO CATALOG IS 428012AB 

EVALUATION OF AUX ELECTRODE CHARGE CCNTROL 
DEPTH OF DISCHARGE I S  eo I N  SYNCHRONUS TYPE ORBIT 

PROJECT ATS F+G- 
SERIAL NO ARE 9 3.10-15.9-16 9-18.9-2C 

COCE + = AVERAGE CELL VOLT 

i = LCcl CELL VCLT 
= H I G H  C E L L  VCLT GENERAL ELECTRIC CELLS 

CELLS = 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ~ 5 5 5 5 5 0 0 0 0 0 0 0 0 0 0 0 0  

CELL 
VOLT 

PRES 
TRAb 

+ + + +  
* + .  + + * * .  + * .  

+ 

+ * 

+ 
+ + + + + + + + + + + +  + + + + *  + 

J 
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C. Effect of the Capacity Check on Cell Voltage: 

1. Shwn below is a sketch typifying the end of discharge 
voltage as i t  varies from day t o  day during a given eclipse season. 
In most instances, as shwn, the voltage will show an increase 
following the capacity check and will often shaw a h igher  voltage 
on the l a s t  day of the ecl ipse t h a n  on the f i r s t  day. While there 
appears t o  be an imnediate rejuvination i n  cell voltage,  the average, 
da i ly  increase i n  end of discharge voltage ( l ine 2)  does not equal 
t h a t  of the da i ly  decrease ( l i n e  1) .  Thus the net effect  of the 
capacity tends t o  be s l igh t ly  injurious t o  the c e l l s '  capability t o  
deliver power dur ing  the l a s t  half of each eclipse season. T h i s  
observation is contrary t o  similar observations made f o r  6 anpere- 
hour ce l l s  without auxiliary electrodes as outlined i n  reference (c ) .  

2. Table I1 lends i t s e l f  t o  the following type o f  calculation. 
f 

Example: Sync 7,  Eclipse 1 

a. 1.218 - 1.298 -3 Volts = -4,21 - 
20 - 1 Day 

(Negative Slope of Line 1)  

b .  1.288 - 1.234 -3 Volts 
42 - 22 Day 

+2.70 10 

(Positive Slope o f  Line 2 )  i 
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c. Difference o f  Absolute Slope Values: 
3 Volts = 1.51 x 10- - Line 1 - Line 2 = [(-4.21)-(2.70)] -x Day 

d. Percent Difference: 

- Line 1 - Line 2 = 
Line 2 2.70 x 10- 

e. These calculat ions are summarized i n  Table 111. The 
s i g n i f i c a n t  p o i n t  i l l u s t r a t e d  by t h i s  tab le  i s  t h a t  the major i ty  o f  
the values calculated f o r  the percent d i  f ference are pos i t i ve  . As 
defined by the  calculat ions,  t h i s  means t h a t  the da i l y  end of d is-  
charge voltage o f  each ec l ipse  tends t o  descend more rap id ly  p r i o r  
t o  the  capacity check than i t  ascends aftendard. A negative value 
f o r  percent d i f ference mans simply the  reverse. The most notable 
exception t o  the  t rend i s  found f o r  Sync 12. 
negative , percent di  fferences . The imp l i  c a t i  on i s  t h a t  the  capacity 
check gives more overa l l  re juv ina t ion  t o  Sync 12 than t o  the other  
packs, because the  negative values s h w  the  ascent o f  end o f  d is-  
charge voltage fo l lowing the  capacity check i s  more rap id  than the 
descent preceding the check. 

This Sync has a l l  
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Sync 
Pack 

7 

8 

9 

10 

11 

12 

TPBLE I1  

ENDPOINT VOLTAGES AT THE E N D  OF DISG’IARGE DURIW ECLIPSE SEASONS 

Ecli pse 
IJunber 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

Day 1 

1.298 
1.280 
1.268 
1.275 

1.270 
1.250 
1.238 
1.245 ~ 

1.294 
1.280 
1.279 
1.282 

1.276 
1.262 
1.258 
1.260 

1.260 
1.240 
1.216 
1.202 

1.260 
1.152 
1.158 
1.155 

(Volts) 

Day Preceding 
Capacity Check 

(Volts) 

1.218 
1 .zoo 
1.197 
1.198 

1.204 
1.176 
1.169 
1.173 

1.220 
1.190 
1.188 
1.184 

1.196 
1.164 
1.153 
1 .I27 

0.802 
1.164 
0.396 
0.452 

0.878 
1.112 
1.072 
1.007 

Day Following 
Capacity Check 

(Volts) 

1.234 
1.224 
1.218 
1.216 

1.212 
1.192 
1.189 
1.186 

1.240 
1.230 
1.222 
1.221 

1.222 
1.200 
1 . l a  
1.183 

1.132 
1 . le4 
0.635 
0.767 

0.722 
1.126 
1,113 
1.018 

QE/C 71-183 

L a s t  Day 

(Volts 

1.288 
1.290 
1 * 284 
1.284 

1.260 
1.268 
1.213 
1.263 

1.286 
1.276 
1.267 
1.288 

1.272 
1.260 
1.269 
1.271 

1.258 
1.260 
1.237 
1.248 

1.228 
1.220 
1.211 
1.197 
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TMLE I 1 1  

COMPARISON OF DAILY DISCHARGE VOLTAGE P R I O R  TO CAPACITY CHECK (LINE 1 )  COMPARED TO THAT 
FOLLOWING CAPACITY CHECK (LINE 2)--(  SEE SKETCH OF PARAGRAPH I V .  C. 1 .) 

Sync Eclipse Avg Neg Slope Avg Pos Slope Difference o f  Slopes Percent Difference 
Pack Number L ine 1 Line 2 [Line 13 - [Line 21 [Line I ]  - rLine 21 

( m/daY 1 (w/day) Line 2 

7 1 -4.21 + 2.70 
2 -4.21 3.30 
3 '  -3.74 3.30 
4 -4.05 3.40 

. r -  

1.51 
0.90 
0.44 
0 .C5 

8 1 -3.47 2.40 1.07 
2 -3.89 3.80 0.90 
3 -3.63 1.20 2.43 
4 -3.79 3.85 -0.60 

9 1 
2 
3 
4 

10 1 
2 
3 
4 

-3.8%. 
-4.74 
-4.79 
-5.16 

-4.21 
-4.89 
-5.53 
-7.00 

- 

2.30 1.59 
2.30 2.44 
3.25 1.54 
3.53 1.63 

2.63 
3.00 
4.00 
4.40 

1.58 
1.89 
1.53 
2.60 

1 1  1 -24.1 6.30 17.8 
2 -4 .OO 4.80 -0.80 
3 -43.2 30 .l 13.1 
4 -39.5 24.1 15.4 

12 1 - 
2 
3 
4 

B20.1 
-2.11 
-4.53 
-7.79 

25.3 -5.20 
4.70 -2.59 
4.90 -0.37 
8.95 -1.16 

55.9 
27.3 
13.3 
19.1 

44.6 
23.7 
202.5 
-26 .O 

69.1 
106 .O 
30.8 
46.2 

60.1 
63 .O 
38.3 
59 .'I 

282.5 
-16.7 
43.5 
63.9 

-20.6 
-55.1 
-7.6 
-13.0 
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D. Capacity versus Time on Test: (See Figure 37) 

1. E f fec t  o f  Temperature: Figure 37 shows 0" C t o  provide 
the best ambient temperature for  mai n ta i  n i  ng the highest capacity 
(ranging f r o m  15.2 t o  17.3 ampere-hours f o r  Syncs 7 and 8) dur ing 
the time on t e s t  thus far. The capacity ac tua l l y  shows a s l i g h t  
increase wi th  t ime a t  t h i s  temperature. A t  20' C, the capacity 
averages a l i t t l e  over 1 ampere-hour less than the  packs operat ing 
a t  0" C. The range i s  13.3 t o  16.0 ampere-hours f o r  Syncs 9 and 
10. Further the  tendency i s  t o  maintain capacity o r  s l i g h t l y  decl ine 
i n  capacity ( a t  80 percent depth o f  discharge) during the time on 
tes t .  The poorest capacity i s  del ivered by Sync 11 operating a t  
40" C. This pack has del ivered the manufacturer's ra ted capacity 
o f  12.0 ampere-hours only once. The capacit ies have ranged from 
6.0 t o  12.0 ampere-hours. Sync 72, a t  -20° C, has shown the 
measured capacity t o  be almost as l a w  as Sync 11--ranging from 9.3 
t o  13.3. Only once has the measured capacity equalled o r  exceeded 
the manufacturer's ra ted capacity . 

2. E f fec t  o f  Depth o f  Discharge: 
e f f e c t  o f  depth o f  discharge f o r  Syncs 7 and 8 at. 0" C. The 
capacit ies have averaged near ly equal values regardless o f  the 
depth o f  discharge. A t  20" C, the pack operating a t  the highest 
depth o f  discharge (Sync 10, 80 percent) shws a decl ine i n  capacity 
w i th  time on tes t .  Only one pack operated a t  each o f  the  tempera- 
t u n s ,  40' C and -20' C. Thus l i t t l e  can be determined f o r  the  
e f fec ts  o f  depth o f  discharge a t  these temperatures. 

Figure 37 shows no net  
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