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REPORT BRIEF 

CYCLE LIFE TEST 
OF 

SECONDARY SPACECRAFT CELLS 

Ref: . (a) NASA Purchase Order Number S-53742AG 

WQEC/C 77-87 

(b) NASA ltr BRA/VBK/pad of 25 Sep 1961 w/BUWEPS first end 
FQ-l:WSK of 2 Oct 1961 to·CO NAD Crane 

(c) Preliminary Work Statement for Battery Evaluation Program 
of 16 Sep 1974 

(d) NAD Crane report QE/C 70-687 of 20 Sep1970 

1. TEST ASSIGNMENT 

A. In compliance with references (a) and (b), evaluation of 
secondary spacecraft cells was begun according to the program out-
1 ine of reference (c). This thirteenth annual report cover's the cycle 
life test of the evaluation program of secondary spacecraft cells, 
through 15 December 1976. The acceptance tests and general perfor
mance tests of the evaluation program were reported earlier where 
applicable. The purpose of the acceptance tests is to insure that 
all cells put into the life cycle program meet the specifications 
outlined in the respective purchase contracts. A sample number 
of ce1ls of each type (usually five) are subjected to the general 
performance tests to determine the limit of their actual capabilities. 
All reports may be obtained from National Aeronautics and Space 
Administration. SCientific and Technical Information Division (Code 
US), Washington, D.C. 

B. This evaluation program gathers statistical information con
cerning cell performance characteristics and limitations which is 
used by spacecraft power systems planners, designers. and integra
tion teams. Weaknesses discovered in cell design are reported and 
aid in research and development efforts toward improving the reli
ability of space batteries. Battery weaknesses encountered in 
satellite programs such as IMP, NIMBUS, OGO, DAD, SAS, and TETR 
have been studied and remedied through special tests performed at 
NAVWPNSUPPCEN Crane. 

II. TEST OUTLINE 

A. On 5 December 1963 this activity began the cycle life test 
on 660 sealed, nickel-cadmium cells purchased by NASA. The cells 
were from four manufacturers. and consisted of seven sample classi
fications ranging from 3.0 to 20 ampere-hours. Since then 1300 
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nickel-cadmium, 183 silver-cadmium and 125 silver-zinc cells from 
several manufacturers have been added to the program, excluding 
synchronous orbit and accelerated test packs. The capacities of the 
nickel-cadmium cells ranged from 1.25 to 50 ampere-hours; and that 
of the silver-cadmium cells ranged from 3.0 to 12.0 ampere-hours;.and 
that of the silver-zinc cells ranged from 5 to 40 ampere-hours. The 
purpose of the cycle life program is to determine the cycling performance 
capabilities of packs of cells (5 or 10 cell packs) under different load, 
charge control and temperature conditions. The load conditions include 
cycle length (orbit periods) of 1.5 to 24 hours; and depth of discharge 
ranging from 10 to 75 percent. The charge control methods used are 
voltage limit, auxiliary electrode, coulometer, stabistor, a two-step 
regulator, thermistor controlled voltage limit, and the Sherfey upside
down cycling regime. Specially constructed cells to apply internal 
pressure against the fact of the plate stack, and a type to permit 
high charge rates were also tested. Environmental conditions include 
ambient temperatures of -20°C, DoC, 10°C, 20°C, 40°C, 50°C, and a 
cycling temperature of DoC to 40°C within a period of 48 hours. A 
"Summary in Brief of Test Parameters" is listed in page iv. 

III. TEST RESULTS 

A. Life cycling data shows that nickel-cadmium cells tested 
at O°C give longer cycle life, higher end-of-discharge voltages 
and less degradation of amper'e-hour capacities than cells tested at 
25°C or 40°C. Overall performance decreases with increase in the 
depth of discharge at all test temperatures. Cell cycle 
life is extended when the amount of recharge is limited to the 
following amounts: 105 percent at O°C, 115 percent at 25°C and 
125 percent at 40°C. Operating performance can also be improved 
by recharging at rates between c/2 and cllO with the amount of 
recharge controlled by auxiliary electrodes or .cadmium-cadmium 
coulometers. A statistical analysis of the life cycle prediction 
and cause of failure versus test conditions are given in reference Cd). 

B. Cycle 1 ife data is more 1 imited on silver-cadmium cell s. 
However the silver-cadmium data leads to the following general
izations: 

1. Depth of Discharge: Longest life is found at 18 to 
25 percent depth of discharge, while 40 to 50 percent depth shortens 
life. 
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2. 'l'c;;;llel'(lttir,,: Ce'i '05 g~'-'"Or.J longest 1 ife !lave ollcratetl 
at 0° to 25°1:. 'i'e;r.l'erilt!lrm, elf ,jll"C Jrt! datricenta L \Slliy ont! c;f 
five packs operating at 4fi~C [33~» has tlxceedej 400 da~s of cyciir.g. 
Limited data at -cij"C indicates shart life at this teMperature. rllis 
is exempl ified in pacl: 81m wilicn cycled 148 days. 

3. Orbit rerioj: The or~it period for silver-cad~iu~ 
cells is preliomililltelY 8 GI" 24 M:;rs. ille failures are not COIlr.,Qn 
to eithel' regir.1!.! unti'i the paCt::; eitcced 66l) days (ajl;;roxirr.ateiy ::: 
years) of testing. ra~;tlrD5 bl:'icr to this ti::;e on test are ramll'!"l1y 
distributed betwtlen tile Gl'llit reg~r..cs, f'(j~r of five packs (573, 
776, 3313 and 113[3) a"c.::ej>jr.ij 56l) days lI;}ve of,eratllil under il :4-l1our 
orbit regime. Thus the u~ng2.ity of the siiver-cad~iu~ cells is 
favored by the 24-hnar orbit Ileriod. 

C. The siiyer-~ir.~ packs we~e ~rcd~~inJntiy 24-h~ur orbit, 40 
percent depth of disco,al'§() at 25"1:. iltus c;(y.:;?JriSOll of oiJeratiollal 
characteri~tic5 of the eeils at different VJra~ter5 is not ~assible. 
The basic conclusion is that Silver-zinc has very short life under 
these conditions rangilig fro:! 32 to 325 days of cycling--the average 
being 120 days. 

O. Cell faiiure anaiy~es of nickel-cadmium celiS have sho~n 
several failure codes s\li:h as 'iitt.te or no insulation around tabs and 
busses/comb, cera~ic shorts across the tenninals. and lea~s around the 
terminals which since have been eorl'ected. A better separator naterial 
is ~till needed to extend cycle life of cells. Battery quality control 
programs in the ~anufacturer5' plant5 would dJ rnu~h to eliminate or 
minimize failure due to Dlsaiigned se~arator ~te~iai, blistering of 
positive plates, ragged plate edges. and extraneous ~terial. both 
active and foreign. 

E. Carbonate anaiyses ~f J liu]ted number of nickel-cad~iu~ 
separator tests have revealed extrencly nigh percentages (equiva
lence) of carbonate. rhe average is slightly over 60 percent of 
the total equivaien::e. Analyses are Il!!rforned using 65FC's "Procedure 
for Analysis of Nickei-I:adniurn Cell tiaterial." Report ti~. X-7i1 -74-79 
and Addendum. of October 1974. 

F. All active and e~~~leted packs are liste1 on pages viii 
through xxi. The symbols used are explained on pages v through vii, 

iii 
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MANUfACTURER 

GE 

Gould 

Gultan 

lIeliotek 
rmE 
Sonotone 

Eagle-Picher 

ESB 

Yardney 

Electromite 

Delco 

HcDonnell
Douglas 

Yardney 

,i 
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WllEG/G 77-07 
SUMMARY HI BRIEF OF TEST PliRI\!·IETERS 

CAPACITIES 
TESTED 

3.0, 5.0, 6.0 
6.0, B.O, 12.0 
15.0, 20.0 
3.5. 20.0 

ORBIT 
PERIOD 

1.5, 1.92 
2.16, 3.0 
24.0 Sync 
1.5, 3.0 

1.25, 3.5, 3.6, 1.5, 1.6, 
4.0, 5.0, 5.6, 3.0, 24.0 

6.0. 9.0, 10.0, Sync 
12.0,15.0,20.0.50.0 

20.0 1.5 

3.9 1.5 

3.0, 3.5, 5.0, 1.5, 3.0 
20.0 

PERCENT DEPTII 
OF DISCHARGE 

NiCKEL-CADMIUM 

15, 21, 25, 40, 
50. 60, 80 

15, 25, 40 

10, 15, 21, 25, 
40, 50, 60 

40 

25 

15, 25, 40, 75 

TFsr 
TEr~PEMTURES 

0°, 10°, 20" 
25", 40°, 50" 
40", * 
0°, 25°, 
50°_40" 

_20 0 , 0°, 10°, 
10°, 20", 25", 
50°.40., 40°,* 

20° 

0°, 25" 
_20 0 , on, 200 

250
, 50°_40°, 

40° 

5PLCIIIL 
CIIAr.m: COIITROL 

liE, AE14, "'::14 
TIlER, COUl 

liF., CL!~. MULTI 
TIlER 

CLH 

ST, AE, IPD 

3.0, 6.0 1.5, Sync 25, 60 00
, 200 AE 

8.0 8.0 

3.0, 5.0, 10.0, 1.5, 8.0 
11.0, 12.0, 24.024.0 

7.0 8.0 

SILVER-CADf1IUf1 

25 

16, 20, 27, 30, 
40, 43 

30 

25.0, 40.0 

5.0, 40.0 

SILVER-ZINC 

3.0, 24.0 25, 40 

5.0, 12.0, 
16.0, 21.0 

1.5, 4.0, 25, 60 
12.0, Sync 

24.0, Sync 31, 42, 60 

iv 

25 0 AE 

-200, 00
, 200

, AE-GE 
25°, 400 (12.0 AH only) 

20 0 

25 0 2SR 

00, 20 0
, 400 

200, 250 2SR 

TOTAL flO. 
OF CELLS 

423 

lAO 

724 

5 

10 

305 

02 

5 

169 

3 

45 

60 

20 

~------- -~~----.. ...,--.........-.....--~ ..... ~. __ '. -';\ .• _. ..-....111 
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EXPLANATION OF SYMBOLS 

1. Temperature: 

* Ambient temperature which varies sinusoidally from 0° to 
40°C once per 4B-hour period. 

2. Special Symbols: 

",~_ AE: Auxil iary electrode cell s. 

" 

" 
(AE): Atmospheric Explorer. 

AE-GE: General Electric type. 

AE-GU: Gulton type. 

AE13: General Electric type AB13. 

AE14: General Electric type AB14. 

ASTRO: Astropower labore~.ory, McDonnell-Dougl as. 

ATS: Application Technology Satellite. 

CC: Com~ercial cells. 

CHSP: "Chemsorb" separator. 

ClM: Coulometer in series with cells to effect charge control. 

CO-NI: Nickel-cadmium cells with cobalt additive to nickel-
plate. 

CPSP: Cellophane separator. 

C3SP: C3 separator. 

ERTS: Earth Resources Technology Satellite. 

FRS: Folded, vulcanized neoprene, terminal to cover seal. 

GOES: Geostationary Operational Environmental Satellite. 

GSFC: Goddard Space Flight Center, Greenbelt, Maryland 

HCMM: Heat Capacity Mapping Mission 

m: Cells with improved material and methods used in construction. 

mE: International Magnetosphere Explorer (now known as ISEE). 

v 
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mp: Interplanetary Monitoring Platform. 

IPO: Cells containing an internal pressure device. 

ITOS: Improved TIROS Operational Satellite. 

WQEC/C 77-87 

ISEE: International Sun Earth Explorer (was known as IHE). 

IUE: International Ultraviolet Explorer. 

meq: I-lilliequivalents. 

MULTI: Pack contains coulometer and cell with and without 
auxiliary electrodes. 

f.lULTI*: Pack contains cells with and without auxilial'y t>lec
trodes. 

NA: Not Applicable. 

NB: NmBUS cells. 

NBPT: NIMBUS cells with pressure transducers. 

pp: Polypropylene. 

DAD: Orbiting Astronomical Obsel·vatory. 

OGO: Orbiting Geophysical Observatory. 

050: Orbiting Solar Observatory. 

PE: Planetary Explorer. 

PLSP: Pellon separator. 

PS: Polymerized neoprene terminal to cover seal. 

RAE: Radio Astronomy Explorer. 

RC-AE: Recombination and auxiliary electrodes. 

RCPSP: Radiated cellophane separator. 

RS: Vulcanized neoprene terminal to cover seal. 

SAS: Small Astronomy Satellite. 

SMS: Synchronous Meteorological Satellite. 

ST: Stabistors used for charge control of cells. 

vi 
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WQEC/C 77-87 

SYNC: Synchronous Orbit. 

TETR: Test and training satellite. 

THER: Thermistor controlled voltage limit. 

WNSP: Woven nylon separator. 

2SR: Two-step regulator used fOi' charge control of cells. 

3S: Tri p 1 e sea 1 bet\~een termi na 1 s and cover (cerami c between 
glass). 

3. Date Completed: 

D: Discontinued. 

F: Fa i1 ed. 

4. Note: / indicates a change in test parameters (start of test/ 
present parameters). 

+ indicates those packs, or cells, of that type which have 
been chemically analyzed. 

5. Annual last Graphed: Indicates last annual which contained that 
pack's life-cycling graph. If nothing is 
entered then that pack's graph is contained 
in this annual. The annuals referenced to 
are listed as follows: 

Annual Report Number Date Address 
2nd QE/C 66-304 13 Hay 1966 NAD Crane, IN 3rd QE/C 67-685 3 November 1967 NAD Crane, IN 4th QE/C 68-138 14 May 1968 NAD Crane, IN 5th QE/C 69-244 7 April 1969 NAD Crane, IN 6th QE/C 70-173 6 I·larch 1970 NAD Crane, IN 7th QE/C 71-1 29 January 1971 NAD Crane, IN 8th QEEl/C 72-1 9 February 1972 NAD Crane, IN 9th QEEl/C 73-4 22 May 1973 NAD Crane, IN lOth QEEl/C 74-34 15 February 1974 NAD Crane, IN 11th WQEC/C 75-2 10 January 1975 NAD Crane, IN 12th WQEC/C 76-5 11 February 1976 NAVWPNSUPPCEN Crane, 
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~QEC/C 77-01 
ACTIVE AlID COIIPlETED PAtr.s 

TYPE AI,IPERE- ORBIT OEPTII OF TEIIP 1,IAIlUFACTURER SPEtlAL PACK CHARGE DISCHARGE lID. CEllS DATE CytLE" DATE Ali:IUAL If.ST 
1I0UR PERIOIJ OISCIIARGE ('C) SYllilOL 110. eURREIlT eURREIlT III PACY. Srr.I>TED CP"PlETEO CO:IPlETEO GRAPHED 

IHCO 3.00 Sync 

rllco 3.00 Sync 

III CD 3.00 Sync 

rlICO 6.00 

rlICO 6.00 

ruCD 6.00 

rileD 6.00 

IlIeo 6.00 

fllCD 6.00 

IIICD 6.00 

IUtO 6.00 

fueD 6.00 

lueo 6.00 

IlieD 6.00 

lIlCD 6.00 

rileD 6.00 

fUCD 6.00 

meD 6.00 

UleD 6.00 

IlIeD 6.00 

IlIeo 6.00 

IlIeD 6.00 

IIICD 6.00 

nlCD 6.00 

IlIeD 6.00 

11ICD 6.00 

UleD 6.00 

IlICO 12.0 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

Sync 

60;~ 

6Q;~ 

60Z 

2S~~ 

25Z 

250;.; 

25~~ 

25fj 

25Z 

2Si~ 

252 

25~1 

25~~ 

25~~ 

25~~ 

25~~ 

25Z 

25~~ 

25~~ 

25~~ 

25Z 

25~ 

25Z 

25\~ 

40;~ 

40;~ 

40;~ 

60~ 

20° EP 

20° EP 

20' EP 

20' EP 

20' EP 

20° EP 

20° EP 

20° EP 

20° EP 

20' EP 

20' EP 

20' EP 

20' EP 

25" EP 

25' EP 

25' EP 

25' EP 

25' EP 

25' EP 

25' EP 

25' EP 

25° EP 

25' EP 

25' EP 

40' EP 

20' EP 

0' EP 

20' EP 

AE 

AE 

AE 

AE 

AE 

AE 

AE 

AE 

AE 

AE 

AE 

AE 

AE 

--~------------.-----------

227A 0.50 

2270 0.15 

277C 0.15 

20 1.00 

14E' 1.00 

260 1.00 

22C+ 1.00 

250' 1.00 

31e+ 1.no 

30F' 1.00 

46C+ 1.flO 

490' l.UO 

2E+ 1.65 

9F' 3.00 

9J' 3.00 

OK' 3.00 

Ol+ 3.00 

91" 3.00 

90+ 3.00 

9P' 3.00 

OQ' 3.00 

OR' 3.00 

OS' 3.00 

9T' 3.00 

420 4.00 

65t 4.00 

53C 4.00 

221A 1.20 

viti 

1.50 

1.50 

1.50 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.0~ 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

4.00 

4.00 

4.00 

6.00 

5 

5 

5 

6 

6 

6 

6 

o 
6 

6 

6 

6 

5 

7 

4 

5 

6 

6 

5 

6 

6 

5 

6 

6 

5 

5 

5 

5 

9-;-73 5,' O,y. 10-29-73 0 

4-10-74 020 OlY. 

4-14-76 23D OlY' 

2-15-71 

2-15 .. 71 

2-15-71 

2-16·71 

2-11-71 

2-17-71 

2 .. 17-11 

2-17-71 

2-11-11 

5-2-11 

31G 3-23-71 0 

991 4-10-71 0 

2& 3 .. 07 .. 71 () 

5,950 3-22-72 0 

5.950 3-22-72 0 

5,936 3-22-72 U 

5,IJ03 3 .. 22 .. 72 [) 

5.wm 3-22 .. 72 0 

5.~G~ 3-22-12 0 

S.G01 6-7-7< 0 

11-14-74 10.530 

10-29-74 6,l67 1-19-76 0 

10-10-74 6,270 1-11-76 0 

10·2-74 6,391 1-11-76 0 

10-2-74 6,3e6 1-11-76 0 

10-10-74 4,001 0-11-75 0 

10-29-74 6,332 1-11-76 0 

10-29-74 6,031 1-11-76 0 

11-14-74 6,139 1-19·76 0 

11-14-74 10,476 

4 .. 1-7S 

9-1-71 

9-1-71 

9-1-71 

4.0D2 9-5-75 0 

95 9-13-71 0 

4,227 5-2,1-12 F 

10,325 9-6-73 0 

11-7-72 1975 OlY' 

tlii 

o 
n 

o 
9 

9 

9 

o 
9 

9 

o 

12 

12 

9 

9 

10 
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WQEC/C 77-07 

TYPE AHPERE- OROIT OEPTII OF TEI1P MAIIUFACTURER SPECIAL PACK CIIAROE OISCIlARGE 110. CELLS DATE CYCLES DATE AII:IUAL LAST 

1I0UR PERIOD OISCIlARGE ('C) SYHOOL 110. CURREIIT CURREIIT III PACK STARTED COI!PLETED COHPLETEO GRAPIIED 

IIICD 12.0 

IIICD 12.0 

IIlCO 

IIICD 

IIiCO 

!IICD 

IIICD 

III CO 

IIICD 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

IIiCO 3.00 

!lICO 3.00 

IIiCO 3.00 

IIiCO 3.00 

fliCO 3.00 

NICO 4.50 

NICO 5.00 

NICO 5.00 

NICO 5.00 

NICO 5.00 

IIICO 5.00 

NICD 5.00 

Sync 

Sync 

1.5 

3.0 

1.5 

3.0 

1.5 

3.0 

1.5 

3.0 

1.5 

3.0 

1.5 

3.0 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

IIICO 6.00 Sync 

NICD 6.00 Sync 

IIiCO 6.00 Sync 

NICD 6.00 Sync 

60;~ 

60~ 

15Z 

15~~ 

25~ 

25~~ 

25~~ 

25Z 

4m~ 

40;~ 

15Z 

15~ 

25~~ 

25% 

13)~ 

15% 

25% 

15% 

25% 

15% 

25% 

40% 

40% 

40% 

40% 

10' EP 

00 EP 

0' 

0' 

0' 

0' 

25' 

25' 

25' 

OE 

GE 

GE 

GE 

GE 

GE 

GE 

25° GE 

40' GE 

40' OE 

40' OE 

40' GE 

20' GE 

0' GE 

0° GE 

25' GE 

25' GE 

40' GE 

40' GE 

40' OE 

25' OE 

00 GE 

-20' OE 

NB 

11O 

222A 1.20 

223A 1.20 

63A 

67A 

64A 

60A 

15A 

19A 

16A 

0.52 

0.21 

0.86 

0.34 

0.94 

0.3B 

1.50 

20A 0.60 

39A 0.72 

43A 0.29 

40A 1.20 

44A 0.4B 

26E 1.10 

103A 0.83 

IIOPT 1D7A 1.3B 

NO 106A 0.90 

110PT 1040 1.50 

IlB 113A 0.98 

NOPT 114A 1.63 

201At 0.20 

202At 0.20 

203At 0.20 

20M 0.20 

Ix 

6.00 

6.00 

0.90 

0.90 

1.50 

1.50 

1.50 

1.50 

2.40 

2.40 

0.90 

0.90 

1.50 

1.50 

1.20 

1.50 

2.50 

1.50 

2.50 

1.50 

2.50 

2.00 

2.00 

2.00 

2.00 

5 

5 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

11-23-72 1975 Days 

11-3-72 1975 Days 

12-6-63 22.923 

12-20-63 11.532 

12-5-63 23.441 

12-20-63 11.740 

12-6-63 10.302 

12-20-63 10,768 

12-5-63 5.014 

2-15-60 0 

2-15-60 0 

2-14-60 0 

2-13-60 0 

11-6-65 F 

2-12-6B 0 

11-10-64 F 

12-20-63 5.410 1-8-66 F 

12-12-63 8.109 6-19-65 F 

12-20-63 2.656 12-26-64 F 

12-12-63 2,511 7-9-64 F 

12-20-63 4.487 9-14-65 F 

2-23-72 B,423 9-17-73 0 

4-24-65 62.905 

6-5-65 39.775 6-14-72 0 

4-24-65 26.013 12-31-69 F 

6-10-65 13.149 11-15-67 F 

4-24-65 4.99B 3-15-66 0 

6-12-65 8,273 12-19-66 F 

7-18-67 194B Days 11-19-72 0 

7-18-67 3407 Days 

7-18-67 3407 Days 

7-18-67 200 Days 2-5-6B F 

s 
5 

5 

5 

5 

3 

~ 

2 

2 

2 

10 

9 

7 

4 

3 

3 
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WqEC/C 77 -87 

TYPE AMPERE- OR8IT DEPTH OF TEI1P WlllUFACTURER SPECIAL PACK CHARGE DISCHARGE NO. CEllS DATE CYCLES DATE AlIlIUAl LAST 
HOUR PERIOD DISCHARGE ('C) SYI1BOl NO. CURRENT CURRENT IN PACK STARTED COHPlETED C0I1PlETE GRAPHEoD 

NICD 6.00 Sync 

NICD 6.00 Sync 

NICD 6.00 Sync 

NICo 6.00 

NICD 6.00 

NICD 6.00 

NICD 6.00 

NICD 6.00 

NICD 6.00 

IIICD 6.00 

NICD 6.00 

NICD 6.00 

NICD 6.00 

NICD 6.00 

NICD 6.00 

NICD 6.00 

NICO 6.00 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

40% 

60% 

80% 

25% 

25% 

25% 

25% 

25% 

25% 

25% 

25% 

15% 

15% 

15% 

25% 

25% 

21% 

NICO 6.00 2.16/1.5 20% 

NICD 6.00 2.16/1.5 20% 

NICD 6.00 2.16/1.5 20% 

NICD 6.00 

NICD 6.00 

1.5 

].5 

llICD 6.00 1.5 

NICD 6.00 1.5 

NICD 6.00 1.92 

NICD 6.00 24.0 

NICD 6.00 24.0 

25% 

25% 

25% 

25% 

29% 

60% 

60% 

. ~-... -~---... - -... ""-----".~.--. - .. ~-~.-'" 

_20" GE 

0' GE 

0' GE 

0' GE 

00 GE 

25° GE 

25° GE 

40' GE 

40' GE 

*/20' GE 

* GE 

0' GE 

25° GE 

40' GE 

40' GE 

40' GE 

25' GE 

10' GE 

20' GE 

0' GE 

_20' GE 

20' GE 

0' GE 

40' GE 

20' GE 

40' GE 

200 GE 

COUl 2040 0.20 

COUl 205Rt 0.30 

COUl 206At 0.40 

AE-13 52C 3.00 

AE-14 50B 3.00 

AE-13 5B 3.00 

AE-14 17B 3.00 

AE-13 6C 3.00 

AE-14 42C 3.00 

AE-13 62B 3.00 

AE-14 65B 3.00 

AE 53B 1.80 

AE 28C 1.80 

AE 47C 1.80 

CHSP 9G 4.BO 

PlSP 27C 4.BO 

SAS B let 3.50 

MULTI* 2F ,.50 

11UlTI* 2G ,.50 

I1UlTI* 2H '.50 

BIB 3.00 

958 3.00 

928 3.00 

1068 3.00 

70+ ,.45 

91B 0.30 

109B+ 0.30 

x 

2.00 

3.00 

4.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

1.80 

1.80 

1.80 

4.80 

4.80 

2.50 

1.90 

1.90 

1.90 

3.00 

3.00 

3.00 

3.00 

3.75 

3.60 

3.60 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

8 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

8-2-68 219B Days 8-28-74 0 

7-18-67 3407 Days 

7-18-67 3407 Days 

6-3-68 9,954 2-25-70 F 

5-20-68 29,206 7-3-73 F 

5-20-68 13,254 11-3-70 0 

5-20-68 15,938 2-21-71 F 

6-3-68 8,072 11-10-69 F 

5-20-68 9,047 1-16-70 0 

7-3-68 14,406 6-15-73 F 

7-3-68 14,392 1-31-71 0 

7-18-68 9,230 2-23-70 F 

7-18-68 9,987 4-8-70 F 

7-18-68 5,842 7-28-69 0 

11-7-68 143 11-21-6B F 

11-7-68 559 12-16-68 0 

7-22-70 24,064 1-26-75 0 

12-11-73 13,681 

12-11-73 13,512 

12-11-73 13,387 

3-14-71 

3-14-71 

3-14-71 

3-14-71 

5-5-75 

3-18-71 

3-18-71 

17,189 8-29-74 0 

30,073 

29,194 

7,538 7-2-72 F 

6,099 

792 6-23-73 0 

1,914 

.. _._ ...• _.- .,,- .. " .~- .. -'''-~--'-.--~.-.---'-~ . 

IIA 

7 

10 

7 

8 

6 

7 

10 

7 

7 

7 

6 

5 

5 

12 

11 

9 

10 

~% 
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WQEC/C 77-87 

TYPE AIlPERE- ORBIT DEPTH DF TEI1P IlAriUFACTURER SPECIAL PACK CHARGE DISCHARGE 110. CELLS DATE CYCLES DATE AlIlIUAl LAST 

HDUR PERIOD DISCHARGE ('C) SYI180l 110. CURREIIT CURREIIT 1/1 PACK STARTED COIlPlETED C0I1PlETED GRAPHED 

IIICD 6.DD 24.0 

IIICD 6.DO 24.0 

IIICO 6.00 1.5 

IIICD 6.0D 1.5 

IIICD 6.00 1.5 

III CD 8.00 1.5 

flito 8.00 1.5 

IIICD 12.00 

IIICO 12.00 

IIICD 12.0D 

IIICD 12.00 

riICD 12.DO 

fllCD 12.0D 

IIICD 12.0D 

IIICD 12.00 

IIICD 12.DO 

IIICD 12.DO 

IIICD 12.DO 

1.5 

3.0 

1.5 

3.0 

1.5 

3.0 

1.5 

3.D 

1.5 

3.0 

1.5 

riICD 12.DO 3.D 

IIICD 12.0D 24.0 

IIICD 12.DO 

IIICD 12.00 

riICD 12.DO 

IIICD 12.DD 

IUCD 12.00 

flICD 12.0D 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

6D% 0' GE 

6D% -20'/10' GE 

40% 40' GE 

40% 2D' GE 

4D% D' GE 

25% 20' GE 

25% 20' GE 

15% 

15% 

25% 

25% 

25% 

25% 

4D% 

40% 

15% 

15% 

25% 

25% 

5D% 

25% 

25% 

40% 

4D% 

25% 

4D% 

0° GE 

0' GE 

0° GE 

0° GE 

25' GE 

25° GE 

25° GE 

25' GE 

40' GE 

40° GE 

40' GE 

4D' GE 

25° GE 

0° GE 

25° GE 

25' GE 

0° GE 

D' GE 

0° GE 

-________ . .L:.~~~._._~ _____ _ 

1238+ 0.3D 

75E+ 0.3D 

RC-AE 6D 4.8D 

RC-AE 648 4.80 

RC-AE 30C 4.80 

AE 18E 4.00 

AE 18F 4.00 

AE 

AE 

AE 

AE 

AE 

AE 

1l0A 2.07 

11lA 0.83 

124A 3.45 

125A 1.38 

82A 3.75 

83A 1.50 

96A 6.00 

97A 2.40 

85A 2.88 

86A 1.15 

99A 4.80 

lDOA 1.92 

93A 0.52 

60A 6.00 

12A 6.00 

24A 9.60 

48A 9.60 

5BA 6.00 

72A 6.0D 

xi 

3.60 

3.60 

4.BO 

4.80 

4.BD 

4.DD 

4.0D 

3.60 

3.60 

6.DD 

6.00 

6.00 

6.00 

9.60 

9.60 

3.60 

3.60 

6.00 

6.00 

6.00 

6.00 

6.0D 

9.60 

9.60 

~.OO 

9.60 

5 

5 

5 

5 

5 

10 

10 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

3-18-71 1,876 

3-18-71 1,928 

4-25-71 2,268 10-11-71 F 

4-25-71 2,712 6-29-72 D 

4-25-71 4,129 6-29-72 D 

3-6-74 13,912 

3-6-74 13,948 

1-4-64 

1-4-64 

1-4-64 

1-4-64 

1-4-64 

1-4-64 

1-4-64 

1-4-64 

1-9-64 

1-4-64 

1-9-64 

1-4-64 

3-23-64 

68,319 

34,553 

34,343 11-5-69 F 

34,920 

lD,878 12-30-65 F 

13,897 1-24-69 F 

4,02D 10-2-64 F 

5,002 11-8-65 F 

9,710 11-8-65 F 

10,661 1-2-68 F 

4,853 1-5-65 F 

4,424 9-24-65 F 

349 4-28-65 0 

10-6-65 5,65D iO-20-66 D 

7-20-65 1,698 12-1-65 D 

10-2-65 665 11-19-65 D 

10-12-65 5,110 2-10-67 D 

1-20-67 136 2-1D-67 D 

1-20-67 304 2-2-67 0 

8 

9 

9 

6 

2 

6 

2 

2 

2 

5 

2 

2 

3 

3 

3 

3 

3 

IIA 

IIA 
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WQEC/C 77-87 

TYPE AMPERE- ORBIT DEPTH OF TEI1P MAIIUFACTURER SPECIAL PACK CHARuE OISCIlARuE 110. CELLS DATE CYCLES OAT. AIIIIUAL LAST 
HOUR PERIOD OISCHARuE ('C) SYHBoL 110. CURREIIT CURREIIT III PACK STARTED COMPLETED COHPLETEO GRAPHED 

HICo 12.00 

rHCO 12.00 

IIICO 12.00 

IIICo 12.00 

1.5 

1.5 

1.5 

1.5 

IHCo 12.00 1.6 

ruco 12.00 24.0 

rUCO 12.00 24.0 

rHCO 12.00 24.0 

rllco 12.00 1.5 

mco 12.00 1.5 

IIICo 12.00 24.0 

ruco 12.00 Sync 

IIiCo 12.00 Sync 

IIiCO 12.00 Sync 

rllco 12.00 Sync 

IHCo 12.00 Sync 

IIICO 12.00 Sync 

IIICO 12.00 Sync 

III CO 20.00 

IIICo 20.00 

tliCo 20.00 

IIICo 20.00 

IUCO 20.00 

IUCO 20.00 

rHCo 3.50 

tliCo 3.50 

tliCO 3.50 

HICo 3.50 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

3.0 

1.5 

3.0 

25% 

40% 

25% 

40% 

16% 

50% 

50% 

50% 

25% 

40% 

50% 

BO% 

60% 

80% 

60% 

80% 

60% 

80% 

15% 

15% 

25% 

40% 

25% 

40% 

15% 

15% 

25% 

25% 

...•. -. -~-~-, -.----.--

25° GE 

25' GE 

40' GE 

40' GE 

10' uE 

0° GE 

10° GE 

2011 GE 

200 GE 

0° GE 

20' GE 

20' GE 

00 GE 

0° GE 

20° GE 

200 GE 

40' GE 

_20' uE 

0' uE 

OQ GE 

20' uE 

Ot:l GE 

20' uE 

0° GE 

0' GOULD 

0' GOULD 

0' GOULD 

0' GOULD 

AE 

AE 

AE 

AE 

12B 6.00 

24B 6.00 

36A 6.00 

34A 6.00 

MULTI' 7C 3.20 

AE 8C 1.20 

AE 80 1.20 

AE 8E 1.20 

AE 8F 6.00 

AE 8G 9.60 

AE BH 1.20 

AE 22BA 1.20 

AE 207A 3.00 

AE 208A 3.00 

AE 209A 3.00 

AE 210A 3.00 

AE 

AE 

AE 

AE 

AE 

AE 

AE 

AE 

21lA 3.00 

212A> 3.00 

7B B.OO 

67B B.OO 

1G 10.00 

111 10.00 

11 16.00 

1J 16.00 

51A 0.60 

55A 0.24 

52A 1.00 

56A 0.40 

xii 

6.00 

9.60 

6.00 

9.60 

3.20 

6.00 

6.00 

6.00 

6.00 

9.60 

1.20 

1.20 

6.00 

B.OO 

6.00 

8.00 

6.00 

B.OO 

6.00 

6.00 

10.00 

10.00 

16.00 

16.00 

1.05 

1.05 

1.75 

1.75 

5 

5 

5 

5 

5 

5 

5' 

4 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

10 

10 

10 

10 

1-6-67 

1-5-67 

1-27-67 

1-27-67 

404 2-10-67 0 

3B 2-10-67 0 

75 2-3-67 0 

65 2-3-67 0 

12-11-73 13,894 

10-8-74 705 

10-8-74 722 

10-8-74 6B7 

3-7-76 3,643 

3-3-76 3,792 

~-15-76 232 

4-26-76 235 Days 

3-22-69 27B6 Days 

3-22-69 2786 Days 

3-22-69 2786 Days 

3-22-69 2786 Days 

3-22-69 793 Days 5-26-71 0 

3-22-69 1962 Days B-2B-74 0 

2-27-70 12,652 5-6-72 0 

2-27-70 12,634 5-6-72 0 

9-17-74 11,025 

9-17-74 11,065 

9-17-74 10,966 

9-17-74 11,000 

12-5-63 22,364 2-15-68 0 

12-20-63 11,546 2-15-68 0 

12-5-63 13,730 6-11-60 F 

12-20-63 11,B97 2-15-6B 0 

IIA 

IIA 

rIA 

IIA 

rIA 

rIA 

9 

9 

5 

5 

3 

5 
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WQEC/C 77-07 

TYpo AMPERE- ORBIT OEPTII OF TEI1P flAllUFACTURER SPECIAL PACK CHARGE DISCHARGE 110. CELLS DATE CYCLES DATE AllliUAL LAST 
,lOUR PERIOD DISCHARGE ('C) SO(tIBOL 110. CURREIIT CURREIIT III PACK STARTED COIiPLETEO CDliPLETEO GRAPHED 

IIiCO 3.50 

IIICO 3.50 

IIICO 3.50 

IIICD 3.50 

NICD 3.50 

NICO 3.50 

IIICD 3.50 

IIICO 3.50 

NICO 20.00 

III CD 20.00 

IIICO 20.00 

rllco 20.00 

NICD 20.00 

IIICD 20.00 

rllCD 20.00 

IIICD 20.00 

IIICD 20.00 

/lICD 20.00 

rllCD 20.00 

NICD 20.00 

ruco 1.25 

IIICD 1.25 

IIICD 1.25 

IIICD 1.25 

IIICD 3.50 

IllCD 3.50 

IIlCD 3.50 

//lCD 3.50 

1.5 

3.0 

1.5 

3.0 

1.5 

3.0 

1.5 

3.0 

1.5 

3.0 

1.5 

3.0 

I .• 

3.0 

1.5 

3.0 

1.5 

3.0 

1.5 

3.0 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

25% 

25% 

40% 

40% 

15% 

15% 

25% 

25% 

15% 

15% 

25% 

25% 

25% 

25% 

40% 

40% 

15% 

15% 

25% 

25% 

25% 

60% 

25% 

60% 

25% 

40% 

25% 

40% 

25' GOULD 

25' GOULD 

25' GOULD 

25' GOULD 

40' GOULD 

40' GOULD 

40' GOULD 

40' GOULD 

0' GOULD 

0' GOULD 

0' GOULD 

0' GOULD 

25' GOULD 

25' GOULD 

25' GOULD 

25' GOULD 

·10' GOULD 

40' GOULD 

40' GOULD 

40' GOULD 

_20' GULTOrl 

_20' GULTDIi 

0' GULTOII 

0' GULTOII 

_20' GULTON 

_20' GULTOII 

0' GUlTOIl 

0' GUlTDIi 

PS 

PS 

pS 

PS 

3A 1.09 

7A 0.44 

4A 1.75 

BA 0.70 

27A 0.B4 

31A 0.34 

2BA 1.40 

32A 0.56 

a4A 3.45 

aDA 1.30 

9BA 5.75 

94A 2.30 

104A 6.25 

105A 2.50 

llBA 10.00 

119A 4.00 

112A 4.BO 

10BA 1.92 

126A 8.00 

122A 3.20 

740 1.00 

880 1.00 

lOS0 1.25 

9SB 1.25 

89C 0.96 

750 1.54 

122C 1.01 

99C 1.61 

xlll 

1.75 

1.75 

2.80 

2.80 

1.05 

1.05 

1.75 

1.75 

6.00 

6.00 

10.00 

10.00 

10.00 

10.00 

16.00 

16.00 

6.00 

6.00 

10.00 

10.00 

0.63 

0.63 

0.63 

1.50 

1.75 

2.80 

1.75 

2.80 

10 

10 

10 

10 

10 

10 

10 

10 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

12-6-63 4.751 10-31-64 F 

12-20·63 4.173 7-26-65 F 

12-5-63 3.164 7-9-64 F 

12-20-63 2.494 11-29-64 F 

12-12-63 4.4B5 11-6-64 F 

12-20-63 2.517 1-3-65 F 

12-12-63 1.811 5-29-64 F 

12-20-63 975 6-10-64 F 

1-16-e. 22.440 2-13-68 0 

1-21-64 11.378 2-13-68 0 

1-21-64 10.641 1-14-66 F 

1-24-64 11.162 2-13-68 0 

1-16-64 

1-21-64 

2-1-64 

2-1-64 

1-16-64 

1-24-64 

1-16-64 

2.980 8-20-64 F 

5.690 3-17-66 F 

2.937 9-7-64 F 

1.793 9-27-64 F 

5.213 2-15-65 F 

4.237 B-31-65 F 

1.574 5-~-64 F 

1-24-64 983 7-2-64 F 

3-3-66 33.B7B 6-2-72 0 

3-3-66 

3-4-66 

3-4-66 

32.144 3-30-72 F 

33.063 4-5-72 0 

12.247 5-2B-6B F 

12-24-66 23.832 3-13-71 F 

12-24-66 14.197 9-2B-69 F 

12-24-66 37.570 5-12-72 0 

12-24-66 31.769 7-30-72 F 

2 

2 

2 

2 

2 

2 

2 

2 

5 

5 

3 

5 

2 

3 

2 

2 

2 

2 

2 

2 

9 

9 

9 

5 

8 

fi 

9 

9 
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WQEC/C 77-B7 

TYPE AHPERE- OROIT OEPTII OF WIP HAIIUFACTURER SPECIAL PACK CHARGE OISCIIARGE 110. CEllS OATE CYCLES OATE AlIIlUAl LAST 
HOUR PERIOD OISCHARGE ("C) SYMBOL 110. CURREIIT CURREIIT III PACK STARTED COHPlETED COHPlETED GRAPHED 

IIICD 3.50 

IIICD 3.50 

IIICD 3.50 

IIICD 3.60 

fIICD 4.00 

IIICD 4.00 

IIICD 4.00 

fIICD 4.00 

InCD 4.00 

IIICD 4.00 

fIICD 4.00 

IIICD 4.00 

llito 4.00 

fIICD 4.00 

III CD 4.00 

III CD 4.00 

/IICO 4.00 

IIICD 5.00 

III CD 5.00 

NICD 5.00 

UICO 5.00 

IlICD 5.00 

NICD 5.00 

IlICD 5.00 

IIICD 5.00 

NICD 5.00 

· __ ._L~~"""""'_' 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

25;~ 

25~~ 

40Z 

40;~ 

15:~ 

25% 

2S~~ 

40~ 

15~ 

25~~ 

25~ 

25% 

15% 

25% 

40r; 

60X 

25% 

15% 

25% 

15% 

25% 

15% 

25% 

25% 

25% 

40% 

25" GUlTOIl 

40" GULTOII 

25" GULTOII 

25" GUlTOIl 

0" GULTOII 

0" GULTOII 

25" GULTOll 

25" GUlTOIl 

40" GULTOII 

40" GULTOII 

_20" GUlTOII 

0" GULTOII 

25" GULTOU 

25" GUlTOII 

25" GULTOII 

25" GUlTOII 

40" GUlTOII 

0" GULTOII 

0" GULTOII 

25" GUlTOU 

25" GULTON 

40" GUlTorI 

40" GUlTOII 

0" GULTOU 

25" GUlTOII 

25" GUlTOU 

PS 

PS 

PS 

ClH 

CC 

CC 

CC 

CC 

~C 

CC 

ClM 

ClM 

CUI 

ClM 

CLI! 

ClM 

Cll! 

NB 

87C 1.09 

112C 1.40 

73C 1.75 

39B 3.60 

1158 0.69 

126B 1.15 

4B 1.25 

140 2.00 

2BD 0.96 

40B 1.60 

40C 2.00 

52D 2.00 

26C 1.20 

14C 2.00 

37C 4.80 

3BD 3.20 

39C 2.00 

117A 0.B3 

UBPT 121A 1.38 

liD 120A 0.90 

NBPT llBB 1.50 

NB 127A 0.98 

NBPT 128A 1.63 

CO-NI 21 E 1.4 

CO-NI 45E+ 1.40 

CO-III 69C+ 2.20 

xiv 

1. 75 

1.75 

2.80 

2.BB 

1.20 

2.00 

2.00 

3.20 

1.20 

2.00 

2.00 

2.00 

1.20 

2.00 

4.80 

3.20 

2.00 

1.50 

2.50 

1.50 

2.50 

1.50 

2.50 

2.50 

2.50 

4.00 

5 

5 

5 

10 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

10 

10 

10 

12-23-66 20,056 9-2-70 F 

1-2-67 11 ,155 1-3-69 F 

12-23-66 9,978 10-2B-fiB F 

11-11-65 5,399 12-6-66 F 

7-25-54 41,641 4-5-72 0 

7-25-64 42,234 1-10-72 F 

B-4-64 35,111 10-13-70 F 

B-4-64 B,474 3-19-66 F 

8-4-64 

8-4-64 

3-4-67 

3-3-67 

20,227 7-6-68 F 

10,360 6-22-66 F 

2 3-4-67 F 

5,6B5 3-5-6B F 

2-1B-67 11,455 2-~B-69 F 

3-3-67 

3-4-67 

2,42B 8-B-67 F 

790 5-5-67 F 

2-1B-67 1.927 6-25-67 F 

3-3-67 1 ,SOB 6-20-67 F 

5-B-65 3B,767 3-29-72 0 

6-5-65 20,B61 3-5-69 F 

5-2-65 29,753 11-03-70 F 

6-10-65 B,10B 11-22-66 F 

4-29-65 10,63B 5-24-67 F 

6-21-65 6,345 B-1B-66 F 

9-2-70 

9-2-70 

9-2-70 

32,714 

30,225 5-19-76 F 

16,196 B-14-73 0 

7 

6 

5 

3 

9 

9 

7 

3 

5 

3 

IIA 

5 

6 

4 

IIA 

4 

4 

9 

5 

7 

3 

4 

3 

9 
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WQEC/C 77-87 

TYPE AI1PERE- ORBIT DEPTH OF TEMP I1ANUFACTURER SPECIAL PACK CHARGE DISCHARGE 110. CELLS DATE CYCLES DATE AliliUAL LAST 
HOUR PERIOD DISCHARGE (OC) SYI·IBOL NO. CURRENT CURREIIT IN PACK STARTED COI1PLETEO C0I1PLETEO GRAPHED 

!lIeD 5.00 

NICO 5.00 

tliCO 5.60 

NICO 5.60 

NICO 5.60 

NICO 5.60 

NICO 5.60 

NICO 5.60 

NICO 5.60 

!IICO 5.60 

IiICO 6.00 

IiICO 6.00 

!IICO 6.00 

NICO 6.00 

HICO 6.00 

NICO 6.00 

!IICO 6.00 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

3.0 

i .5 

3.0 

1.5 

3.0 

1.5 

NICO 6.00 3.00 

liICO 6.00 1.5 

liICO 6. DO 3.0 

IiICO 6.00 1.5 

NICO 6.00 3.0 

NICO 6.00 24.0 

NICO 6.00 

NICO 6.00 

!IICO 6.00 

1.5 

1.5 

1.5 

25% 

40% 

25% 

25% 

25% 

25% 

25% 

25% 

25% 

25% 

15% 

15% 

25% 

25% 

25% 

25% 

25% 

40% 

15% 

15% 

25% 

25% 

50% 

25% 

40% 

25% 

40° GULTON 

40° GULTON 

_20° GULTOII 

_20° GULTOII 

0° GULTON 

0° GULTON 

25° GULTON 

25° GULTON 

40° GULTOII 

40° GULTON 

0° GULTON 

D° GULTON 

0° GULTON 

0° GULTON 

25° GULTON 

25° GULTON 

25° GUTLOII 

25° GULTON 

40° GULTON 

40° GULTON 

40° GULTON 

40° SULTON 

25° GULTON 

D° GULTOIl 

25° GULTON 

40° SULTOIi 

CO-III 9H' 1.40 

CO-iiI 330 2.20 

FRS 44B 1.61 

R5 

FRS 

RS 

FRS 

R5 

FRS 

R5 

1M 

1M 

II! 

32B 1.61 

100B 1.61 

90C 1. 61 

76B 1.75 

96C 1.75 

42B 2.24 

30B 2.24 

61A 1.04 

6SA 0.41 

62A 1.72 

66A 0.69 

13A I.BB 

17A 0.75 

14A 3.00 

lBA 1.20 

37A 1.44 

41A 0.5B 

3BA 2.40 

42A 0.96 

79A 0.20 

13B 1.73 

18B 3.00 

38B 2.40 

xv 

2.50 

4.00 

2.80 

2.80 

2.BO 

2.80 

2.80 

2.80 

2.BO 

2.80 

1.80 

1.80 

3.00 

3.00 

3.00 

3.00 

4.80 

4.80 

1.80 

1.80 

3.00 

3.00 

3.00 

3.00 

4.80 

3.00 

10 

10 

5 

5 

5 

5 

5 

5 

5 

5 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

5 

5 

5 

5 

9-2-70 

9-2-70 

1-2-66 

16,09B 8-11-73 0 

4,523 6-18-71 0 

31,907 8-30-71 F 

1-2-66 23,303 3-4-70 F 

12-17-65 28,758 2-5-71 F 

12-17-65 31,623 7-20-71 F 

12-10-65 11,158 1-2-68 F 

12-10-65 9,791 9-19-67 F 

12-3-65 3,79B 9-10-66 F 

12-3-65 1,275 3-8-66 F 

12-31-63 10,146 12-17-65 F 

12-31-63 11,208 2-15-68 0 

12-30-63 22,779 2-15-6B 0 

12-31-63 4,414 8-31-65 F 

12-31-63 4,021 11-11-64 F 

12-20-63 2,BB5 1-31-65 F 

12-30-63 2,OB6 6-9-64 F 

12-31-63 1 ,500 B-1B-64 F 

12-31-63 6,064 4-14-65 F 

12·Jl-63 1,6B9 9-14-64 F 

12-30-63 1 ,377 5-22-64 F 

12-31-63 4,133 8-23-65 F 

3-28-64 545 10-13-65 F 

2-22-65 37,650 10-27-71 F 

2-22-65 7,577 7-21-66 F 

2-22-65 5,766 3-31-66 F 

9 

8 

8 

7 

8 

8 

5 

4 

3 

3 

2 

5 

5 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

8 

3 

3 
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wqEc/c 77-07 

TYPE AIIPERE- OROIT OEPTII OF TEMP ~1A!IUFACTURER SPECIAL PACK CIIARGE OISCIIARGE 110, CELLS DATE CYCLES DATE AlI!IUAL LAST 
1l0UR PERIOD OISCIIARGE ('C) SYliOOL 110. CURREliT CURREIIT III PACK STARTED CQtlPLETEU COIIPLETEO GRAPHED 

tllCO 6. DO 

NICO 6,00 

IIICO 6.00 

HICO 6.00 

ruco 6.00 

NICO 6.00 

ruco 6.00 

IIICD 6,00 

NICO 6.00 

nICO 6.00 

NICO 6.00 

NICO 6.00 

NICD 6.00 

NICO 6.00 

IUCO 6.00 

NICO 6.00 

NICO 6.00 

NICO 6.00 

NICO 6.00 

NICO 6.00 

NICO 6.00 

Nito 6.00 

NICO 6.00 

NICO 6.00 

NICD 6.00 

NICD 6.00 

NICD 9.00 

1.5 

l.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

3.0 

3.0 

3.0 

3.0 

1.5 

1.5 

lOZ 

25% 

40;~ 

25Z 

40~ 

15% 

25~$ 

15~ 

25% 

4D~ 

25% 

25~ 

25~ 

25% 

15% 

25% 

0' GUlIOll 

0' GUlIOlI 

0' GULIOn 

25' GULTOn 

25' GULTOII 

40' GULIOlI 

40' GUlION 

*/20' GUlION 

* GUlION 

* GUlIOl1 

-20' GUlTOIl 

0' GUlTOIl 

25' GUlTOIl 

40' GUlION 

*/20' GUlION 

*/20' GUllOH 

1.5 0.8~ 20' GUlTON 

1.5 50Xl40Z -20' GULIOH 

1.5 50~/40% 0' GUlION 

1.5 50~/40~ 20' GUlION 

1.5 50%/40% 40' GUlTON 

1.5 21% 25' GULIOH 

1.5 

1.5 

1.5 

1.5 

1.5 

25% 

25% 

25% 

25% 

25% 

20' GUllOH 

20' GULIOlI 

20' GUllON 

20' GUlTON 

20' GULTON 

AE 

At 

AE 
AE 

AE 

AE 

At 

At 

AE 

ClM 

ClM 

ClM 

ClM 

AE 

At 

610 0.66 

59A 3.00 

711\ 4.30 

231\ 3.00 

111\ 4.00 

351\ 1.00 

47A 3.00 

600 l.no 
l.~C 3.00 

400 4.00 

410 3.00 

660 3.00 

18C 3.00 

29S 3.00 

360 1.80 

5S0 3.00 

TEIR 510 O.~O 

CLf! 390 6.00 

ClM 630t 6.00 

ClM 3C+ 6.00 

ClH 270 6.00 

SAS 1\ 180t 3.50 

AE 

AE 

AE 

AE 

280 3.00 

400 3.00 

520 3.00 

611 3 .. 00 

18G 4.50 

xvi 

1.20 

3.00 

4.00 

3.00 

4.80 

1.80 

3.00 

1.00 

3.00 

4.80 

3.00 

3.00 

3.00 

3.00 

I.BO 

3.00 

0.10 

6.00 

6.00 

6.00 

6.00 

2.50 

3.00 

3.00 

3.00 

3.00 

4.50 

10 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

10 

5 

5 

5 

5 

8 

5 

5 

5 

10 

10 

6-7-67 27,536 6-2-72 0 

4-15-65 14,863 2-2B-63 F 

4-15-65 5.753 5-18-66 F 

2-5·65 15.713 1-24-60 F 

2-5-65 7 .74~ 7-9·66 F 

6-28-65 12,511 11-30-67 F 

5-16-65 5,502 5-11-66 F 

4-25-67 3~.625 12-21-7~ 0 

4-25-67 17,328 5-24-70 F 

4-25-67 6,156 6-27-60 F 

11-1B-66 15,132 7-23-72 F 

11-10·66 13,396 0-9-71 F 

11-18-66 9,633 6-3-70 F 

11-10-66 7,941 9-17-69 F 

1-B-69 

I-S-69 

41.471 

41,756 

2-26-69 21,193 11-13-72 0 

9-21-70 1.376 5-10-71 F 

9-21-70 23.121 3-26-75 F 

9-21-70 26,829 10-31-75 F 

9-21-70 6,808 11-6-71 F 

7-22-70 23.230 11-17-74 0 

6-9-70 

6-9-70 

6-9-70 

9-25-74 

4-4-75 

10,804 5-4-72 0 

10.846 5-4-72 0 

10.446 5-4-72 0 

5.504 10-3-75 0 

8.139 

9 

5 

3 

5 

3 

4 

3 

10 

7 

; 

9 

o 
7 

6 

9 

8 

12 

12 

8 

11 

9 

9 

9 

12 

... ' i 

I' .t 
., 
y, 

t ~ ,~ .. ~~ .. , ... ,_ ..... ~~ ...... ' .......... <.~ ........ _." _____ ".<..>.J.:.o'_-::..;='...-....:.!.:~ ~~~.~~~d.;t ec. 0- 6ft ''I .... ' t!'Ni~6H. ~ XU' • 1";";''' 



iIiF" 

l 

~ - ~ ··f 
l' 

.1EC/C 71-07 

TYPE PJ1PEnE· OP.OIT DEPTH Of TElfP r';MlUFACTtJRER SPECUIL PAC~ CIIARGE DISCHAtlI3£ flO. CELLS OI\TE CYCLES O':\TE A~i:iUr\!. L/l.ST 

HOUr. PEn(Q~ DIStltM::;E ("C) SYI1ilOL liD. CURREfjT eURRE"! II, pp,er- SMnT£D GU::PLHEn CG:~?L~TED GP'/\PHED 

!Ueo 10.0il 

liU:r. lO.r.W 

:ae'. 10.GJ 

:ueD 12.CO 

rueD 12. O~ 

lileD 12.no 

~nCD 12.fn 

rilC:J 12.{J) 

ttlc\) j 2. GJ 

raw 12.CJ 

"ICD 12.GJ 

men 12.C)J 

tllt:) lZ.t:, 

1.5 

1.5 

1,,5 

1.5 

1.5 

1.5 

1.5 

1. tI 

1.5 

1.S 

1.& 

1.5 

1.~ 

~"CD: 1 ~.(JJ ~Jir:~ 

rueD 15.£;') ~ir.':. 

"ICO '!l.G) 

!,jECD 2Q.Gj 

MCO 'G.CJ 

IlIeD 20.0') 

iii., ao.cn 
rileD 20.0il 

IlIeD 20.CD 

lllCO 2G.Gil 

rileD 20.OJ 

mea 20.GO 

!lleD 20.0') 

1.5 

3.Q 

t.~ 

u.s 
1 •• 

l.~ 

3.0 

1.S 

3.0 

1.& 

3.0 

25:: 

2'" 
, 

25 : 

1 ~" " 
25 .. 

2~ . 

~G ' 

15 

2~ 

as. 

4G'· 

4:i: 

25'" 
rr-. _J 

r,J' 

1, .. . , 
1'" .. 
lS; 

15;; 

I , .. "' 
2:J'~ 

Z!;:; 

25:; 

25:: 

~o~ 

4!)J 

0' 

25' 

40': 

D' 

0" 

2::; 

,~ 

~r:( 

4tj"" 

0' 

0' 

25" 

40 

2:; ~ 

20"' 

GUUO:I 

GULrml 

GULTOII 

01L!0" 

G"tJ!. iI)~4 

-G'Jl.'G~j 

GlJl.IG·, 

(l'JI.TG·. 

Gl1~TG'i 

G'J'..iG"' 

G'J!..rC4 

Gu;.r,j·~ 

G'j:"~C. 

GJ~T0~i 

G~J!.ia~. 

fJ~ G~r.~:~. 

G'} Ct',::.i;::. 

1')" {ilJi.TC·' 

lG' 

1(j'"l 

0' 

0" 

25~ 

as" 
£&"1 

25" 

G,"TCI 

a'H.in:' 
G!Jl.VCj 

G.'J!.TIJ:. 

G'JL1£l:. 

G~l.tO~' 

G'Jtt{l;1 

G~LTD'I 

AE 

AE 

AE 

l\E 

A, 
t~: 

fl, 

(lE·r'r 

n, 

200 

80 

W 

1Qn-

1010 

2lG 

S~D 

,arl 
~jJ 

5.00 

S.OO 

S.O!) 

2.6; 

3.45 

3.i~ 

6.GJ 

2.0 

;UB 

n:\ u.{ij 

110 6.~) 

110 6.0 

418 u.i.:'} 

ftC'!\ 1.£; 

22t:J 1.£1] 

tOUt 3.~Cj 

l:J?n t.D 

c2J e.c:; 
3SJ [) •. ~1 

4C n.G) 
11~l\ lj,t~ 

1HL~ 2.:, 

nr. fi,Z5 

i~1'\ 2.~J 

o;~ 10.C) 

en ~.Cil 

xvii 

5.00 

5.00 

5.01 

3.00 

0.'10 

6.!.JJ 

lJ.u1 

3.60 

Hi.f~~ 

&.0) 

I).£J 

I).W 

6.r.'l 

fi~2~ 

6.E~ 

G.ea 
c.oo 
G.OJ 

G.GJ 

v.;n 
10.1:'; 

to.cn 
lO.e!) 

10.0,) 

I(;.U) 

l£:.CJ 

s 
s 
s 
5 

s 
s 
s , 
s 
:; 

f> 

s 
~ 

:; 

" 
,; 

" 
10 

5 

g 

?) 

5 

(, 

" 
5 

s 

I-1S-£9 

11-27-07 

2 

2,414 

1-1S-,J , 

~-f', .. en F 

l\ .. 27 .. (j7 6':2 3-14-f'l , 

2M20-65 51.127 

12-19·G~ 31,110 

l .. EJ~fj~ 14,2SS 

12·:: .. £·~ S.lS? 

12 .. 22·01 1l.Cj~ 

12 .. 5 .. 0 ~t~2~ 

2-10·0 S2.1.j) 

4·2'3-14 

!r;-,.71 , 

)-!j .. ~f f 

11"1·('~ 

l-: .. U. F 

n-lfJ.(~':. f' 

l .. lj .. lji 1t..21'S W' .. G .. £J F 

Hl .. 11.~1j H .933 1:~ .. 3t.~·: r 

l.S·ij7 (,,1)3; f;.1J .. ~'; F 

3·S·~3 

~·9"i,. 

,1tJ·,>~ 

l.:::l,,~~ 

2·~-11 

2·~-1I 

S",~4-i2 

1 .. 1fj .. £1 

2 .. 11 .. Sc1 

1-16·51 

1-21 .. ~1 

2 .. 1.!:'-: 

2 .. : .~1 

13n [:)1'; 

;J~,) ~.1JS 

3,£23 ~"D'j.::: F 

n ,212 2 .. n·~j U 

to:? •. '~ J3 H·[;"'3 0 

10, ?:J H·~3·~a 0 

23,J£.l 

(:I .~31 #;.:.1 .. (1 f. 

lO,'j1~ 2 .. 13 .. £') 0 

1,763 !:-,G·[,' 
1,i'i:" 9.27.[1 t 

(17 4.1 .. [.1 F 

~:'J 3 .. t?1 .. (1 F 

WI , 
:; 

11 

r) 

4 

J , 

': 
:; 

G 

2 

:; 

10 

() 

2 

f> 

2 

L 

2 

2 

'Itt 0 
v;:~ 

B~ 
~f; 

gu~ 
t'l 

, li1 

- ---~ -~. - --------.. --,. -~- --- -... sn • fd 



It'" ' 

• 

L 

'1 

iiJE!;/~ 11 .. f!,1 
TYPE r ... "!?ERE... OROIT DEPTn OF rEB)) r~'HmfACTUR£fI 5PECIM. Pit!:/( CIlf'tR~E tH~C"llRGE ril). CEl..l~ W\TE CY'Ct.E~ otlTE fi',;om:\! .. l.fI~7 IIOUR PERIOD DISCHJ\RGE t'C) SYflGOL fiO. CUR RElIT tURREIlT l" PAtr STN!rEO W~?LE!EO CG!!nETED [j'!,wil!:O 
IIW) 20.00 

"teD 20.00 

III CD 20.00 

fllCD 20.00 

fUCD 20.00 

flieD 20.00 

IlIeD 20.00 

flieD 20.00 

fileD 20.00 

IlIeo 20.00 

IlIeo 20.00 

flieD 20.00 

lIleo 20.00 

fileD 20.00 

Illeo 20.00 

Illeo 20.00 

Illeo 20.00 

Illeo 20.00 

Illeo 20.00 

III CO 20.00 

Illeo 20.00 

IIICO 20.00 

IIIeD 20.00 

IIIeo 20.00 

IIIeD 50.00 

.,:::; .. ~':-""""-:-'--. __ 5 _S .~ ........ 

1.5 

3.0 

1.5 

3.0 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.6 

1.5 

1.5 

1.5 

1.5 

15~ 

lSZ 

25~ 

25~ 

15; 

15':. 

15Z 

15: 

25% 

4D~ 

15~ 

lSg 

15~ 

25~ 

25% 

15% 

15% 

25% 

25% 

25~ 

25~ 

25% 

25% 

25% 

25% 

40" GULTD:. 

40' GULTO!I 

40' GULTON 

40' GUUOII 

0° GULTO!' 

25° GUllatt 

40' GVLTOII 

" 
" 
" 

GULTOII 

GULTO:I 

GULTOII 

Q!'J GULTOII 

25' GULTOII 

40' GULTOII 

" GULTOII 

20' GULTOII 

20' GULTOII 

0' GULTOII 

20' GULTOII 

20' GULTDII 

20' GULTOII 

10' GULTOII 

10' GULTOII 

10' GULTDII 

10' GULTOII 

0' GULTDII 

AE 

AE 

AE 

1M 4.00 

77A 1. 92 

9)A 0.00 

91A 3.20 

SOD 5.00 

12e S.on 
360 5.00 

l'IULTI 12D 10.00 

IIULTI 35C 10.00 

HULT1 

AE 
-

AE 

59C 10.00 

54D 0.00 

19B 0.00 

AE 3BE 0.00 

MULTI 4Bt 10.00 

HULTl' 4BD 10.00 

MULTI" 12£ B.OO 

IlULTl' 6BB 8.00 

AE 

M: 

AE 

lilt 10.00 

lE+ 10.00 

1 F+ 10.00 

MULTI" 4D 8.00 

MULTI" 4£+ 8.0B 

MULTI' 4F+ 9.00 

HULTl* 41l!- 8.00 

g5A 14.38 

xvl11 

6.00 

6.00 

10.00 

ID.OO 

6.00 

6.00 

6.00 

6.00 

10.00 

16.00 

6.00 

6.00 

6.00 

10.00 

10.00 

6.00 

6.00 

10.00 

10.00 

10.00 

5.00 

6.00 

6.00 

6.00 

25.00 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

6 

6 

5 

5 

5 

5 

5 

5 

5 

5 

; 

5 

l .. H! .. tjQ 

1-21-"4 

1 .. 1£$-64 

1-24·M 

4-0-67 

3-9-67 

3-11-67 

2-fJ-60 

2-0-68 

2-0-60 

fj,34U 1O .. 15 .. e~ F 

6.032 4-20-6, F 

4.0~5 11 .. 12 .. ~~ F 

4.4CO 10-14-6~ F 

·4,026 1-25-£0 & 
4 ,(n:1 1-25·~9 0 

2.740 9-5-67 0 

7.262 5-13-00 0 

966 0-14-eu F 

131 3-2-1;0 F 

3-23-69 46.915 

3-23-5B 24.625 7-2-72 0 

3-23-6B 4.943 2-12-59 0 

5-26-69 1.94B 3-24-70 F 

7-9·70 13.958 1-12-73 F 

5-13-70 34.461 

10-18-70 32.102 

10-15-73 15.403 

10-15-73 15.329 

10-15-73 13.977 

9-19-73 14.410 

10-22·73 15.363 

10-24-73 15.410 

10-22-73 15.154 

6-B-64 3.227 2-9-65 F 

3 

2 

2 

5 

5 

4 

6 

5 

5 

9 

6 

7 

10 

3 

._ '"' ,~.;,., ...... " .... $ m:;W'l'TF''57 7i .,a; r Dr .• wail; "-.-.-......--~~~-
;ga; .... -w tn , 



IF" 

l~ 

TYPE AHPERE- ORBn DEPTH OF TEHP HAIIUFACTURER SPECIAL PACK CHARGE 
HOUR PERIOD DISCHARGE C'C) SYHBOL 110. CURREIIT 

III CO 50.00 

IIICO 20.00 

IIlCO 3.90 

IIICO 3.90 

IIICO 3.00 

IIlCO 3.00 

/IlCO 3.00 

IIlCO 3.00 

IIICO 3.00 

IIICO 3.00 

IIICO 3.50 

IIlCO 5.00 

IIlCO 5.00 

IIICO 5.00 

IIICO 5.00 

//lCO 5.00 

III CD 5.00 

//lCO 5.00 

III CO 5.00 

IIlCO 5.00 

III CO 5.00 

rllco 5.00 

rllco 5.00 

IIlCO 5.00 

IIICO 5.00 

Inco 5.00 

l.5 

l.5 

l.5 

1.5 

1.5 

1.5 

1.5 

1.5 

1.5 

l.5 

1.5 

l.5 

3.0 

l.5 

3.0 

1.5 

3.0 

1.5 

3.0 

l.5 

3.0 

1.5 

3.0 

1.5 

l.5 

1.5 

15% 

40% 

25% 

25% 

15% 

25% 

25% 

40l 

15% 

25~ 

10~ 

15% 

15% 

25% 

25: 

25: 

25~ 

40'; 

40% 

15% 

15% 

25% 

25: 

25% 

40% 

25: 

40' GULTOII 

20' HELlOTEK 

0' III FE 

25' IIIFE 

0' 501lOTOIIE 

0' SOIIOTOIIE 

25' SOIlOTOIIE 

25' SOIlOTOIIE 

40' SOIIOTOIIE 

40' SOIIOTOIIE 

0' SOIIOTOIlE 

0' SOIIOTOIIE 

0' sOIIOTOIIE 

0' SOIlOTOIIE 

0' SOIIOTOIIE 

25' SOIIOTOIIE 

25' SOIIOTOIIE 

25' SOIlOTOIIE 

25' SOIIOTOIIE 

40' SOIIOTOIIE 

40' SOIIOTOIIE 

40' SDiIOTOliE 

40' SOIlOTOIiE 

-20' SOIiOTOIIE 

-20' SOIIOTOIiE 

0' SOIIOTOIIE 

__ ......i __ ---.-~-----.---- --- -.-~ 

35 

35 

35 

35 

35 

35 

ST 

5T 

ST 

123A 12.00 

340 16.00 

97C l.07 

B5C l.07 

4JB 0.52 

31B 0.B6 

38 0.94 

2B l.50 

26B 0.72 

37B 1.20 

15B 0.39 

49A 0.B6 

53A 0.35 

50A 1.44 

54A 0.58 

1A 1.56 

5A 0.62 

2A 2.50 

6A 1.00 

25A 1.20 

29A 0.411 

26A 2.00 

30A 0.80 

75C 5.00 

89B 5.00 

92A 5.00 

xix 

DISCHARGE 110. CELLS 
CURREIIT III PACK 

15.00 5 

16.00 5 

2.00 5 

2.00 5 

0.90 5 

1.50 5 

1.50 

2.40 

0.90 

1.50 

0.70 

1.50 

1.50 

2.50 

2.50 

2.50 

2.50 

4.00 

4.00 

1.50 

1.50 

2.50 

2.50 

2.50 

4.00 

2.50 

5 

5 

5 

5 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

5 

5 

5 

-.:-:s"J . , 
'1 

l' 

HQEC/C 77-B7 

DATE 
STARTED 

CYCLES 
COHPLETEO 

DATE AIIIIUAL LAST 
COIiPLETEO GRAPHED 0 0 

6-B-64 

3-14-72 

9-29-67 

9-29-67 

6-24-65 

6-24-65 

l.873 

2,903 

20.009 

9,356 

37,969 

28.074 

11-11-64 F 

10-15-72 F 

4-6-71 F 

6-19-69 F 

4-19-72 0 

8-10-70 F 

6-25-65 11.726 B-23-67 F 

7-10-65 5,399 7-26-66 F 

7-10-65 6,2B9 10-4-66 F 

7-10-65 

6-7-67 

5,625 8-4-66 F 

26,353 6-2-72 0 

12-31-63 23,112 2-15-68 0 

12-31-63 11,427 2-13-68 0 

12-17-63 22,525 2-15-68 0 

12-31-63 11,331 2-7-6B 0 

12-17-63 11,745 2-27-66 F 

12-31-63 il,092 2-12-68 0 

12-17-63 6,671 4-24-65 F 

1-2-64 5,211 12-13-65 F 

12-17-63 9,32B 10-31-65 F 

12-31-63 5,975 4-17-66 F 

12-17-63 3,625 10-15-64 F 

12-31-63 4,141 B-7-65 f 

10-24-65 2,145 4-5-66 f 

10-24-65 1.530 2-26-66 f 

9-5-65 8,774 5-10-67 f 

I"J~ 
3 '"" Q 

~~ 9 

8 

6 

9 

7 

4 

3 

3 

3 

9 

5 

5 

5 

5 

3 

5 

2 

2 

2 

3 

2 

2 

3 

3 

4 

g'"" 
~?3 
~l=l gti3 
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-j 
\" 

i'i1::G1C. 77·'j] 
UPE r<!~?ERE.· cr~fjIT ~E?Tii {Jr nV? :·:·,~jIJFf1~n':;(Er :';'ECU.i, ftj":.,r;.fo' ~tW~~t ('l';.r)~:..r·c.t It;. CELL':. LME r.fl~LE:' Ot.:£ ~!i·i'J::l. u:sr HQ'JR PERIOD !JlS'=-WH~1j~ ("'CJ :'W::'JL 'I':;. c';;;nwr ~1.!i1~W7 IIi pr,r.r :.1tir1TW C~:~;ILET([; Ctl,~:J!.Ei£D lji1M'HErJ 
IUCD ~.O!j 

rHW 

rHCO 

rm:.o 
rHCO 

rllCD 

s.on 
5.00 

1.00 

1.00 

1.00 

rllCD 20.00 

UICO 20.00 

rllCD 20.00 

rllCD 20.00 

rllCD 20.00 

rllCo ~O.OO 

UICD 20.00 

UICO 20.00 

rllCO 20.00 

rllco 20.00 

AGCD 7.00 

AGCD B.OO 

AGCD 3.00 

1.~ 

1.~ 

1.5 

loS 

1.1 

1.1 

1.5 

1.5 

1.5 

3.0 

1.5 

1.5 

1.5 

1.5 

3.0 

1.5 

B.O 

8.0 

1.5 

AGCO 5.00 24.0 

AGCD 5.00 24.0 

AGCD 5.00 24.0 

AGCD 5.00 24.0 

AGCD 5.00 24.0 

AGCD 5.00 24.0 

AGCD 5.00 24.0 

4f;,: 

25~ 

40~ 

25~ 

15~ 

25% 

25~ 

25~ 

40~ 

40% 

751 

25% 

25% 

4D~ 

40~ 

75% 

30~ 

25% 

16% 

20% 

20% 

20% 

20% 

20% 

20% 

20% 

0" 

25'" 

2~·· 

40~ 

40' 

25' 

25' 

25' 

25' 

25' 

25' 

20' 

20' 

20' 

20' 

20' 

20' 

25' 

25' 

0' 

25' 

40' 

25' 

25' 

25' 

0' 

:'1j~{)rG~IE 

~("/!ii)TIj!jE 

':O!i~TI'Yt£ 

:(l!I~TQ!j£ 

srm:)iorIE 
SG!m-TCI~jE 

SONOTON£ 

SO!iOT-OM. 

SO!IOTO:iE 

SO:iOTOHE 

SOllOTOIiE 

SOIiOTOllE 

SOIiOTOIIE 

SOIiOTOIiE 

SOIIOTOIIE 

SOIiOTOIIE 

ELECTROMlTE 

ESB 

YAADIIEY 

YAADIIEY 

YAROIIEY 

YAAOIIEY 

YAADIIEY 

YAROUEY 

YARDIIEY 

YAADIIEY 

~T 

~T 

'.T 

,T 
,T 
~E 

IPO 

IPO 

IPD 

IPO 

IPO 

IPO' 

IPD* 

IPO' 

IPD' 

IPD* 

AE 

C3SP 

C3SP 

C31P 

RCPSP 

CPSP 

PLSP 

1120 ~.fJ1 

71U 5.01 

P..7fJ ~.(jrJ 

99. 

112U 

140 

5.0~ 

S.I)1j 

2.50 

22~ 20.00 

lOA 7.00 

340 20.00 

46A 20.00 

72B 20.00 

lOB 7.00 

22B 15.00 

34C 15.00 

46B 15,00 

72C 20.00 

104C 

1B 

2C 

0.40 

0.50 

1.30 

57B 0.30 

21A 0.30 

45A 0.30 

9C 0.30 

33B 0.30 

69A 0.30 

113B 0.30 

"" 

4.fj~ 

t'.~') 

4 .rJ~) 

!:',Sf) 

1.50 

1.47 

H).G,) 

10.00 

16.00 

16.00 

30.00 

10.00 

10.00 

16.00 

16.00 

30.00 

2.10 

2.00 

1.00 

1.00 

].00 

].00 

].00 

].00 

],00 

1.00 

\ 

5 

5 

5 

5 

5 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

3 

5 

9 

5 

5 

5 

10 

5 

5 

5 

j .. ~ .. f.:' 

r!.I2'-fj~ 

;'·12·(S 

r;-(~_1j5 

"-23-55 

11-7-.1 

9-20-61 

9-20-67 

9-20-67 

9-20-67 

9-20-67 

5-13-70 

5-13-70 

5-13-70 

5-13-70 

5-13-70 

12-23-70 

9-9-66 

9-16-66 

9-17-65 

9-17-65 

9-27-65 

10-27-65 

10-17-65 

10-27-65 

1-22-67 

~,l~~ 

J.74? 

?:,,92 

to. 3~~1 

J ,(.'9.1 

1,179 

6,€'E~ 

7,l r;1J 

5.b2!l 

'.SOl 

9-24.~'.i 

4 .. 1S .. £f. F 

1-~7-t~ F 

7-9-~~ r 

4_1_f,~ F 

2-7-E'J F 

1 t) .. i-(,,) fJ 

10-7-&~ 0 

7-3-63 F 

10 .. 1 .. 6') U 

1,143 4-5-69 F 

13,964 

,,419 

8,357 

636 

4,331 

1,390 

10-30-72 F 

11-23-70 0 

11-2-71 F 

11-21-70 0 

2-22-71 F 

3-29-72 0 

3,875 6-8-70 F 

7,039 12-12-67 F 

267 6-17-66 F 

9B 12-25-65 F 

61 11-16-65 F 

34 12-1-65 0 

720 11-4-67 F 

595 7-17-67 F 

2,542 2-15-71 F 

1 

l 

) 

5 

6 

" 
6 

6 

6 

9 

7 

a 
7 

a 
9 

7 

4 

3 

3 

3 

2 

4 

4 
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TYPE AMPERE- ORBIT DEPTH OF TEI1P IWIUFAeTURER SPECIAL PACK CHARGE DISCHARGE 110. CELLS OATE CYCLES DATE AIIHUAL LAST 
HOUR PERIOD DISCHARGE ('C) SYMBOL 110. CURREIIT CURREIIT III PACK STARTEO C0I1PLETEO COMPLETEO GRAPHED 

AGeO 5.00 24.0 

AGeD 5.00 24.0 

AGCO 5.00 24.0 

20% 

20% 

20% 

AGeD 5.00 B.OO 20S 

AGeD 5.00 B.O 20S 

AGCD 10.00 8.0 30% 

AGeD 10.00 8.0112.0 25% 

AGCD 11.00 24.0 40% 

AGCD 11.00 24.0 40% 

AGCO 11.00 8.0 27S 

AGeD 11.00 8.0 

AGeO 11.00 24.0 

AGCD 11.00 24.0 

AueD 11.00 24.0 

AGCD 12.00 24.0 

AGeD 12.00 24.0 

AGeO 12.00 1.5 

AGCD 12.00 1.5 

AGCD 12.00 1.5 

AGeD 12.00 24.0 

AGCD 12.00 24.0 

AGZJI 5.00 1.5 

AUZII 5.00 12.0 

AGZJI 5.00 12.0 

AGZI! 5.00 1.5 

AUZII 5.00 Sync 

27% 

18% 

18% 

18% 

50% 

50% 

25% 

25% 

25% 

43% 

43% 

25% 

25% 

25% 

25% 

60~ 

25' YAROIIEY 

25' YAROIIEY 

40' YAROIIEY 

0' 

25' 

25' 

20' 

0' 

25' 

25' 

YAROIIEY 

YAROIIEY 

YAROIIEY 

YAROIIEY 

YARDIIEY 

YAROIIEY 

YARDHEY 

25' YARDIIEY 

0' YAROIIEY 

25' YARDIIEY 

40' YAROIIEY 

0' YAROIIEY 

40' YARDIIEY 

_20' YARDHEY 

0' YARDIIEY 

25' YARDHEY 

0' YARDHEY 

40' YAnOHEY 

20' ASTRO 

20' ASTRO 

40' ASTRO 

40' ASTRO 

25' ASTRO 

__ . _____ .JM=_ .... Z=_.L .• __ ~_~~~ ________ . _____ . ________ ------ ---------.---.• 

77B 0.30 

105B 0.30 

128B 0.30 

PLCPSP 114B 

PLepsP 118C 

450 

57E 

45B 

21B 

0.30 

0.30 

0.50 

0.50 

0.30 

0.30 

0.50 PLSP 21C 

WISP 45C 0.50 

AE-GU 570 0.25 

AE-GU 69B 0.25 

AE-GU 33C 0.25 

57A 0.60 

33A 0.60 

85B 3.90 

97B 3.90 

82B 3.90 

AE-GE 210 0.50 

AE-GE 9F 0.50 

25B 1.60 

25C 9.35 

370 0.35 

470 1.60 

213A 0.35 

xxi 

1.00 

1.00 

1.00 

1.00 

1.00 

3.00 

2.50 

4.40 

4.40 

3.00 

3.00 

2.00 

2.00 

2.00 

6.00 

6.00 

6.00 

6.00 

6.00 

5.20 

5.20 

2.50 

2.50 

2.50 

2.50 

2.50 

5 

5 

5 

5 

5 

5 

5 

10 

10 

5 

5 

5 

5 

5 

10 

10 

5 

5 

5 

5 

5 

10 

10 

10 

10 

10 

1-12-67 

1-12-67 

1-19-67 

1-22-67 

1-17-67 

5-3-67 

8-19-73 

11-5-66 

11-5-66 

3-28-67 

3-28-67 

2-14-68 

2-14-68 

2-14-68 

2-14-64 

2-/4-64 

1-19-66 

1-19-66 

1-17-66 

6-16-67 

6-16-67 

12-4-69 

2-B-70 

2-B-70 

12-4-69 

661 11-12-6B F 

77 4-19-67 F 

269 11-4-67 F 

1.496 

1,505 

1.759 

1.124 

121 

69 

37 

6-25-6B F 

7-9-6B F 

11-19-68 F 

11-27-75 0 

3-13-67 F 

1-13-67 F 

4-9-67 F 

70 4-22-67 F 

1.740 1-7-73 F 

507 7-13-69 F 

447 5-15-69 F 

168 9-3-64 F 

210 9-20-64 F 

2.375 3-25-67 F 

4.4Bl 3-15-67 F 

4.559 11-27-66 F 

60 B-13-67 F 

310 5-2B-6B F 

6B1 2-1-70 F 

567 11-27-70 F 

391 9-4-70 F 

2.013 4-19-70 F 

1-21-70 425 Oays 3-24-71 0 

,-~."--,,.-- '-~-"'--"--. -.-~ 

5 

4 

4 

5 

5 

5 

12 

4 

IIA 

IIA 

IIA 

10 

6 

6 

2 

2 

4 

4 

3 

IIA 

5 

7 

7 

7 

7 

IIA 
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TYPE I1HPERE- ORBIT DEPTII OF TEI1P f.lAIIU<ACTURER SPECIAL PACK CHARGE DISCHARGE 110. CELLS DATE CYCLES DATE AIIIIUAL LAST 

HOUR PERIOD DISCHARGE ("C) SYliBDL liD. CURREIIT CURREIIT Iii PACK STARTED COl~PLETED COI~PLETED GRAPHED 

AGZII 5.00 Sync 

AGZII 40.00 

AGZII 40.00 

4.0 

4.0 

AGZII 40.00 Sync 

AGZII 40.00 Sync 

AGZII 40.00 Sync 

AGZII 25.00 24.0 

AGZII 25.00 24.0 

AGZII 25.00 3.0 

AGZII 25.00 3.0 

AGZII 25.00 24.0 

AGZII 25.0ti 24.0 

AGZII 40.00 24.~ 

AGZII 5.00 Sync 

AGZII 5.00 Sync 

I1GZII 5.00 Sync 

AGZII 12.00 24.0 

I1GZII 16.00 24.0 

AGZII 21.00 Sync 

--.-.~~'-- --

601. 

20h 

20;t 

60~ 

60~ 

60~ 

40; 

4IJi 

4071 

40;~ 

40;: 

40~ 

25% 

t;t)~ 

60% 

60~ 

42% 

31% 

60Z 

40' ASTRO 

20° AS1RO 

20" ASTRO 

a· ASTRO 

20° ASTRa 

40° ASTRa 

25° DELCO-REI~Y 

25· OELCO-REI~Y 

25· DELCO-REI~Y 

25' OELCO-REII! 

25' OELCO-REI~Y 

25' OELCO-REI~V 2SR 

25' DELCO-REII( 

20' YAROIIEY 

20' VARDlIEY 

20· YAROIIEY 

25' VAROIIEY 

25' YAROIIEY 2SR 

20· YAROIIEY 

214A 0.35 

20C 3.00 

33E 3.00 

218A 1. 50 

219A 1.50 

220A 1.50 

89A 15.00 

75A 15.00 

BB8 15.00 

BBC 15.00 

90 1.00 

9E 1.00 

75B 25.00 

224A 0.40 

2248 0.40 

224C 0.40 

911 0.50 

57C 0.50 

22511 1.20 

xxii 

2.50 

5.00 

5.00 

20.00 

20.00 

20.00 

10.00 

10.00 

20.00 

20.00 

10.00 

10.00 

10.00 

2.50 

2.50 

2.50 

5.00 

5.00 

10.50 

10 

10 

10 

10 

10 

10 

5 

5 

5 

5 

10 

10 

5 

10 

6 

6 

10 

10 

10 

1-21-70 425 Oays 3-24-71 0 

10-25-71 

10-25-71 

4-27-71 

5-3-71 

5-3-71 

9-18-64 

8-18-64 

3-1-65 

3-26-65 

12-13-65 

10-5-66 

10-28-64 

519 2-7-72 0 

502 5-8-72 a 

3B9 Days 7-15-72 F 

389 Days 7-15-72 F 

228 Days 2-8-72 F 

80 12-8-64 0 

32 9-18-64 F 

120 3-16-65 0 

325 5-6-65 0 

121 4-18-66 a 

90 1-4-67 0 

139 3-15-65 0 

1-15-73 113 Oays 5-8-73 0 

8-18-73 48 Days 10-5-73 D 

8-18-73 392 Oays 10-2-74 D 

5-7-65 

12-2-66 

58 7-7-65 0 

2Bl 8-30-67 D 

1-15-73 739 Days 3-18-75 0 
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IIA 
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INTRODUCTION 

Considerable research is being done to find more efficient and 
reliable means of storing electrical energy for orbiting satellites. 
Rechargeable cells offer one such means. The test program at 
NAVWPNSUPPCEN Crane has been established in order to further the 
eva 1 uati on of certa i n types of cells and to obtain performance and 
failure data as an aid to their continued inlprovement. 

This thirteenth annual report covers the cycle life test, the third 
'phase of the evaluation program of secondary spacecraft cells, 
through 15 December 1976. The purpose of the cycle program is to 
determine the cycling performance capabilities of packs of cells 
under different load and temperature conditions. The acceptance 
tests and general performance tests, the first and second phases 
of the evaluation program, were reported earlier. 

A sunl11ary of the results of the life cycling program is given 
in this report. Complete data and graphs are available upon appli-

. cation via NASA Technical Officer. The application will include 
infonllation on exactly what data is required; the use to which the 
data will be put; application details including orbital description, 
charge control methods, load requirements, etc., as appropriate; 
name and address of the activity that stands to benefit; name and 
telephone number of the responsible individual concerned; and the 
affiliation with any Government agency as contractual arrangement. 

During December 1963, this activity began the cycle test on 660 
sealed, nickel-cadmium cells purchased by NASA. The cells were from 
four manufacturers, and consisted of seven sample classifications 
ranging from 3.0 to 20 ampere-hours. Since then l300'nickel-cadmium, 
183 silver-cadmium and 125 silver-zinc sealed cells, excluding 
synchronous orbit and accelerated test packs, from several manufacturers 
have been added to the program. The capacities of the nickel-cadmium 
cells ranged from 1.25 to 50.0 ampere-hours; that of the silver-cadmium 
ranged from 3.0 to 12.0 ampere-hours; and that of the silver-zinc cells 
ranged from 5.0 to 40.0 ampere-hours. These cells are cycled under dif
ferent load, charge control and temperature conditions. The load con
ditions include cycle length (orbit periods) of 1.5 to 24 hours; and 
depths of discharge ranging from 10 to 75 percent. Unless otherwise 
specified, all cell packs are recharged by using a pack voltage limit 
as given in the pack's test program. All charging is constant current 
until the voltage 1 imit is reached; at this time the charge current is 
automatically reduced to protect the cells during overcharge. 
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The time at which voltage limiting occurs varies slightly with 
cycling. Thus the percent of recharge is not constant from cycle 
to cycle as illustrated in graphs accompanying such voltage 
I imited packs. Other charge control methods used al"e au xi 1 i ary 
electrode, coulometer, stabistor, two-step regulator, thermistor 
controlled voltage limit, and Sherfey upside-down cycling-regime. 
Specially constructed cells to apply internal pressure against 
the face of the plate stack, and a type to permit high charge rates 
were also tested. Environmental conditions include ambient temper
atures of _20°, 0°, 10°, 20°, 25°, 40°, 50° C; and a sinusoidal cycling 
temperature of 0° to 40° C within a period of 48 hours . 

The ampere-hoUl' capacity of each pack, at its specified test 
temperature, is measured initially and every 88 days of continuous 
cycling unless otherwise specified. Each pack being checked is 
discharged immediately after the end of the regular cycle charge 
period, at the c/2 rate (c being the manufacturer's rated capacity) 
to a cutoff of 1.0 volt per cell average, or to a low of 0.5 volt 
on anyone cell, or a combination of the two. The pack is then 
recharged at the cllO rate for 16 hours and then discharged again 
as above. Before being returned to regular cycling, the pack is 
given a 16-hour charge (48-hour prior to 14 December 1969) at the 
cllO rate, with the regular on-charge cycling voltage limit. The 
summary of the capacity check results will list only the amount 
obtained on the second discharge (Disch #2) unless otherwise noted. 
All other capacity checks not noted this way receive only one dis
charge which is I"Un at the cycle rate to 1.0 volt per cell or 0.5 
volt on anyone cell, or a combination of the two, and then recharged 
at the regular cycle rate prior to being returned to automatic 
cycling. By direction of Goddard Space Flight Center capacities to 
1.20 and 1.10 volts per cell average have been interpolated from 
existing data. This has been done for five packs (24C, 48B, 60B, 
78A and 101B; see Figures 1 and 2). The first three packs (Figure 
1) were 6.0 ampere-hour nickel-cadmium cells in a temperature 
cycling regime. The other cells were 12 ampere-hour nickel-cadmium 
cells operating at 40° and O°C respectively. All these cells were 
manufactured by Gu lton. (See report bri ef, pages vi i i through xxi 
fOI" further information on parameters.) All of these packs have 
failed or been discontinued. 

A cell is considered a failure when its terminal voltage drops 
below 0.5 volt at any time during a regular discharge-charge cycle. 
It is removed from the pack upon completion of a recorded cycle unless 
otherwise specified. The remaining cells continue cycling until they 
either fail or are discontinued. This is a change, in that, prior to 
1972 a pack was considered as having failed when 60 percent of its 
cells had failed. By direction of Goddard Space Flight Center cell 
failure analysis is performed at NAVHPNSUPPCEN Cl"ane and a complete 
chemical analysis may be performed if deSignated by GSFC. The manu
facturer is invited to participate as an observer in the analysis of 
his cells. 
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In order to clarify the discussion that follows, all failure terms 
are defined (see page 8) according to their use in this report. These 
are our definitions, and they may differ somewhat from usage elsewhere. 

On 31 August 1972, the first battery pack was placed on the new 
Automatic Data Acquisition and Control System (ADACS) for test. 
The conversion of the battery packs from the old u","ally" system to 
ADACS was completed 27 November 1972. 

Data is recorded by the new system and consists of individual cell 
voltage, individual cell temperature, total voltage, current and 
ambient temperature. Also when appropriate, data is recorded on 
auxiliary electrode voltage, gas recombination electrode voltage, 
coulometer voltage, and pressure transducel' voltage. It is then 
converted to absolute values and stored on magnetic tape for data 
analysis and future reference. Data is read and recorded normally 
every 2.4 minutes for packs cycling on a *1.48, 3.0 and 24.0 hour 
orbits. Packs undergoing synchronous orbit testing are recorded 
every 2.4 minutes during their shadow period and every 8.0 hours 
during their sun/float period. 

All graphs are computer printed with cycle numbers automatically 

scaled and "staggered" (to allow room for printing) at the bottom of 
each graph. They are printed in multiples of 10 or 100 dependi.ng on 
the total cycles and room available. Thus the computer is programmed 
to round as follows: 

Multiples of 10 

0-4 Cycles, 0 
5-14 Cycles, 1 

15-24 Cycles, 2 
25-34 Cycles, 3 

Multiples of 100 

0-49 Cycl es, 0 
50-149 Cycles, 1 

150-249 Cycles, 2 
250-349 Cycles, 3 

*The 1.5 hour orbit period was changed to 1.48 hours in which the 
battery pack now receives a discharge time of .48 hour instead of 
.50 hour. 

3 
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•• Two Cells rail ed 

Note: Initial capacities to l,lOV 
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for 78A due to low cell cutoff prior 
to ave rage volt age reaching these 
leve Is. Pack 7BA was run at 40·C 
and Pack 1018 at D·C. 
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DIVERSE TESTS IN ADDITION TO LIFE CYCLING TESTS 

The following tests have been, or are being performed at 

MVWPNSUPPCEN Crane. These te~ts are not reported in this annual; 

but the results are ~eported b~ Crane unless otherwise specified and 

copies of data aloe available on request to the NASA Technical Officer or 

corresponding Program Officer. 

A. Acceptance Testing: These tests are conducted on cells 

rang:ng in capacity from 1.25 to 100 ampere-hours. The tests con

sist c.f: \i) general inspection, weighing and leak checks, (Z) 

tnree capacity checks, {3i cnarge retention test, (4) internal short 

test, {5) cnarge efficiency test, (6) overcharge test, O°C and 35°C, 

(7) internal resistance test, and (8} pressure versus capacity test. 

B. Separator Testing: Separator tests are conducted on all 

types of separators including nylon, cellophane, polyprophylene, 

various materials by RAI, and ceramic material. The tests are 

performed in three modes: (1) constant current charge, (2) con

stant potential charge, and (3) 3D-day stand while in a charged 

state. To date these tests have been limited to silver-zinc and 

silver-cadmium cells of the various manufacturers. The cells 

undergoing separator tests are reported by Goddard Space Flight 

Center. 

C. General Performance Testing: General performance testing 

has been conducted on cells ranging in capacity from 1.Z5 to 20 

ampere-hours. To date these tests have been limited to nickel

cadmium cells. All major manufacturers have been represented. 

The test consists of: (1) random vibration, (Z) sinusoidal 

vibration, (3) mechanical shock, (4) acceleration, (5) charge at 

varying rates from cllD to 2c with discharge rate constant at c/Z, 

(6) charge at constant rate previously determined to give maximum 

capacity at individual temperatures ranging from -ZOo to 40° C with 

discharge rate varying from c/20 to Zc, and (7) overcharge test. 

o. Synchronous Orbit Testing: These tests have been performed 

on 3, 6, 12 and 15 ampere-hour nickel-cadmium cells and on 5, 21 

and 40 ampere-hour silver-zinc cells. The test has a lSD-day cycle 

consisting of 140 days of trickle charge and 40 days of discharge

charge. The discharge time is lZ minutes the first day, increasing 

3 to 4 minutes each succeeding day, reaching its maximum of 72 minutes 

on the 18th day which is maintained each day through the 25th. 

Beginning with the 26th day the discharge time is decreased 3 to 4 

minutes per day until it has returned to the 12-minute minimum on 

the 40th day. 

E. Interplanetary Monitoring Platform (IMP) Testing: These 

tests were performed on batteries identical to the flight batteries 

aboard the IMP satellites E, F, G and I. The test conditions simulate 

those aboard the respective satellites and are baSically a l2-hour 

~rbit. ~he cells making up the batteries are silver-cadmium varying 

In.capaclty from 3 to 10 ampere-hours. Summary reports have been 

wrltten by Goddard Space Flight Center. 
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F. Jet Propulsion Laboratory (JPL) Testing: These tests 

involve silver-zinc and silver-cadmium cells and consist of three 

distinct programs. 

1. Program involving storage at different temperatures: 

This series of tests include: (a) capacity check upon receipt, (b) 

recharge and storage at temperatures ranging from _51 0 to +49 0 C, 

(c) discharge following removal from storage and temperature 

stabilization at room temperature (250 C), and (d) life cycling 

at room temperature . 

2. Program involving life cyc1ing only: This series of 

tests included: (a) general inspection, \~eighing and leak test, 

(b) measurement of internal resistance, (c) capacity tests, and 

(d) automatic cycling. 

3. Program involving sustained high g-levels: This test 

consists of subjecting silver-zinc cells of varying capacity to 

charge-discharge cycles while being subjected to high g-leve1s. 

The tests are conducted on both the sealed and vented types of cells. 

Further the testing is performed on cells that al'e starved and also 

on those containing normal amounts of electrolyte. Sustained g-levels 

applied to the cells during charge-discharge are 1.Og, 109, 20g, 30g, 

50g and 75g. 

G. Accelerated Testing: The purpose of this program is to 

develop: (1) a tool for spacecraft projects and other battery users 

to determine the life capability of sealed, nickel-cadmium cells, 

(2) a method of evaluating the effect of design and component changes 

in cells, and (3) a means of reducing the time and cost of cell 

testing. 

1. The program will consist of 94 test batteries (547 cells). 

2. An outline of this program is contained in NASA, GSFC 

Report X-76l-73-l83. 

3. Interim report, WQECjC 76-8 of 13 February 1976, includes 

tests completed through December 1975. 

H. NAVSEC Testing (Project 40 - Design Variations): These tests 

involve silver-zinc, 40-50 ampere-hour cells for evaluation of inorganic 

separator material. Cells are cycles at 30 and 100 percent DOD test 

regimes. 

I. USAF Aero Propulsion Laboratory: Evaluation of 50 ah nickel

cadmium cells, with nylon and polypropo1ene separators, on a synchronous 

type orbit. 
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DEFINITIONS 

I'iei qht Loss; The wei ght loss in grams between the wei ght at 
the time of acceptance dnd that at the time of failure. Gains or 
losses of less than one gram are not considered (slight gains may 
occur from traces o~: s01der left on the cell terminals). 

Deposits: Carbonate deposits, at a point of leakage such as 
at a terminal or seam; or cOl'I'osive deposits located under the 
top portion of the cell case around the seam and the terminal tabs. 
Depos;ts al'e removed prior to \~eighing as of 14 December 1969. 

High Pressu\'e: Signified by a bulged cell case or by a hissing 
of escaped gas whe~ cell is opened. It may not be present at the 
time th~ cell is opened although the bulge indicates its presence 
at some earlier time. 

Concave Sides: Refe\'s to l'ectangular cells only. The sides of 
the can al'e made permanently concave by the higher pressure of 
neighboring ceils in the pack. This sometimes causes a short 
between the case and inte,.,oal elements. 

Weak I,reld: An inadequate weld, as determined by the mechanical 
strength of the bond. The pieces separate, without tearing of the 
metal, ~:hen pulled apal't by the fingers. This may be at a tab··to
plate connectiod, a tab-to-cell case connection, or a tab-to-terminal 
connection. 

Loosened Active rtltel'ial: Positive piate active material which 
separates from tile grid in large intact pieces. This condition is 
often noticed in cylindrical cells due to the fact that the plates 
are unrolled during fa1',UI'e analysis. However rectangular plates 
often show the positive material to flake off at the edges or be 
extremely brittle and crumbly. 

Extraneous l!.ctive r,latel'ial: Pieces of loose active material 
found pressed betN22n tile plates. These are thought to have 
crumbled off the plate edges when the cell was being assembled, 
since there are no holes Qt' bare spots on the plate itself. These 
pieces put pressure on the separator material and often cause a 
short circuit between the plates at that point. 

Pierced Separator: Refers to short circuits between plates, 
which may be caused by plates having rough edges, foreign material 
between the plates, a g~id wire or a tab at the tab-to-plate 
connection piercin~ tile separator and contacting the adjacent plate. 
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Excess Scoring: Indenti1.:ions of tile cell case which may put in
creased pl"essure on the plates and separators vlhich may cause a short 
circuit betl~een the case and plates. 

Positive Tab Deterioration: The positive tab, above the plates, may 
be corroded, burned and sometilnes broken. The broken tab may fall 
against the case and cause a short circuit. At times the corrosion is 
such that the tab crumbles 11hen the cell is opened, so that its prior 
configuration cannot be determined. A burned positive tab has been 
attributed to an insufficient area of welding betl~een the tab and the 
positive terminal, causing a high-resistance contact . 

Short Separator: Related to a burned positive tab. The separator 
material just below the burned tab has pulled back, apparently from the 
heat generated, so that the plates are exposed. Usually a short between 
adjacent plates results. 

Ceramic Short: It is a dark colored, conducting deposit I~hich 
causes an electrfcal short across the ceramic insulator at the terminal, 
and is a result of silver brazing used in the cells' manufacture. It is 
determ;ned by measu!"ing the resistance between the insulated material 
and the cell case after tile plates have been cut off the buses. Its 
presence is fairly well defined, the measured resistance being on the 
order of 20 ohms or less. 

~liQration: Active material deposited on the surface of the separator, 
appearlng as a uniform dark coating on the separator material. In 
severe cases of migration, the separator material may stick to the 
negative plate. In small areas the plate material Inay penetrate completely 
through the separator and be visible as small, da."k spots on the posi-
tive plate side, usually resulting in a high-resistance short circuit. 
Where this condition is more pronounced there are burned spots on the 
separator at the point of penetration. Migration is always by the 
negative plate material except in two very advanced cases, where there 
was also slight migration from the positive plate. r"igration is accelerated 
at pOints of localized pressure on the separator, especially around the 
edge of the pressure area. For example in the round cells, where a 
pressure area is produced by a piece of tape covering the tab-to-plate 
connection, there is no migration at the taped area but a very dark line 
of migrated material outlines the tape's location. In addition, there 
may be brownish spots of discoloration around the edge of the tape and 
usua1ly a small hole in the center of each spot. A similar situation, 
due to the scoring of the Sonotone 3.5 ampere-hour cell case, also 
occurs. 
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81 isters: Raised areas of active material, I~hich have pulled 

al'JaY from the grid, Typically, they ranged front pinhead size to 

3/8 in .. h in diameter, and were invariably found on the positive 

p1Jtes. \,hile blistering has not been shown to have a direct 

bearing on cell failures, it is included here because is was co~non 

in some cell types, but rare or absent in others, and because in 

at 1 east tI~tl cases the sep"rator was burned ~l ightly where bl i stel'S 

ha.! compl'essed the separator material. 

?"pa1~a_t;o.'"- DeJeriE!~ltion: Decomposition of the separator mater

i.1l. er.clusive of visible bur'ned spots. Deteriorated separator 

material, dS defined 11ere, is decidedly thinner than normal, adheres 

to the negative plate, and has lost virtually all tensile strength. 
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SECTION I 

CELLS CURRENTLY ON TEST PROGRAH 
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I. CELLS CURRENTLY ON TEST PROGRAM 

Because of the continuing effort to extend the performance life, 

ne\~ cell s, with modifications such as nickel plating the silver braze 

area or new type seals, are added to the program for evaluation. New 

cells are also added to the cycle program for evaluation under new 

environmental conditions such as cycling at _20 0 C, or cycling during 

temperature cycling. Each pack is cy~led until at least 60 percent 

of the cells have failed unless instructed otherwise by the Goddard 

Space Fl ight Center at Greenbelt, 1'1aryland • 

A. General Description: 

1. Cells: 

a. The majority of the nickel-cadmium cells tested for 

use in space, or related programs are of one basic type. They are 

rectangular with stainless steel containers and covers, both terminals 

are insulated from the COJer by a ceramic seal and protrude through 

the cover as a solder-type terminals. Where auxiliary electrodes are 

present, the terminal is a stainless steel tab welded to the cell 

cover. Any cells differing from this description are separately 

described as they are encountered in the following paragraphs. 

2. Charge Control Methods: 

a. As a continued effort to improve cells and cell life, 

various types of charge control methods and devices are being developed. 

Charge control methods and devices that have been, or are being used 

for testing at NAVWPNSUPPCEN Crane are as follows: constant current, 

voltage limiting, high overcharge current capabilities, auxiliary 

electrode, thermistor, voltage limit dependent upon auxiliary electrode 

signal, coulometer, the twostep regUlator and internal mechanical 

pressure devices. Sherfey upsidedown cycling and stabistor charge 

control methods have also been used in the past. 
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B. Nickel-Cadmium Types: 

1. GE 5.0 ah (NIHBUS), Six 5-cell Packs: 

a. Cell Description: These cells are cylindrical with 
a convex base. A threaded stud is fastened to the base to facili
tate heat sink mounting. The cell container and the cell cover are 
made of stainless steel. Two stainless steel tabs, 11elded to the 
cover, serve as the contacts for the negative terminal. The posi
tive terminal is insulated from the c!!ll cover by a ceramic bushing 
and protrudes through the bushing 11it'1 a solder tab welded to the 
terminal. Three cells have pressure transducers mounted on the 
cell to read internal pressure in pounds pel' square inch absolute. 
These cell s were manufactured to NHmUS specifications. Acceptance 
test results are contained in NAD Crane l"eport QE/C 64-459. 

b. Parameters and Capacity Checks: 

Orbit 1. 5-hour 

Temperature 0° 0° 25° 25° 40° 40· 

Depth of Discharge 15% 25% 15% 25% 15% 25:; 

Pack Number 103A 107A* 106A 104B* 113A 114A* 

Precycling Capacity 5.42 5.21 4.67 5.58 3.67 3.83 

88 Days Disch #2 5.08 5.50 4.00 3.5B 2.42 2.25 

264 Days Disch #2 5.58 5.33 3.50 1.75 1.83 1.63 
F 

440 Days Disch #2 5.54 5.42 3.08 2.00 1.00 
F 

616 Days Disch #2 4.75 4.58 3.25 1.83 
F 

792 Days Disch #2 5.08 5.25 3.13 

968 Days Disch #2 5.17 4.46 2.92 

1144 Days Disch #2 5.08 4.21 2.58 

1320 Days Disch #2 4.75 4.42 2.46 

1496 Days Disch #2 4.67 4.37 1.21 
F 

1672 Days Disch #2 4.29 4.21 

*One cell in each pack 
F - Failed. 

is equipped with a pressure transducer. 

D - Discontinued. 

13 

I 
1 
1 

1 
: I 
: 1 
Ii , , 
r 

j 



•.. ~. 

WQEC!C 77-87 

Orbit 1.5-hour 

Temperature 0° 0° 25° 25° 40° 40° 

Depth of Discharge 15~~ 25~; 15% 255~ 15% 25% 

Pack Number 103A 107A* 106A 1048* 113A 114A* 

1848 Days Disch #2 4.42 1. 33 

2024 Days Disch #2 4.33 3.58 

2200 Days Disch #2 4.75 2.70 

2376 Days Disch #2 4.21 2.83 
D 

2606 Days Disch #2 3.96 

2782 Days Disch #2 NA 

2958 Days Disch #2 3.50 

3104 Days Disch #2 3.60 

3351 Days Disch #2 3.00 

3530 Days Disch #2 3.61 

3706 Days Disch #2 3.55 

*One cell in each pack is equipped with a pressure transducer. 
F - Failed. 
D - Discontinued. 

c. Test Results: 

(1) Performance on Cycling: (Figure 3) Cycling 
\~as started in May 1965. Pack 103A has completed 62,905 cycles 
with one cell fai1ur: '"In cycle 59,281. Pack 107A was discontinued in 
June 1972 at th,' rpl]ueot of Goddard Space Flight Center after completing 
39,755 cycles. PaCKS 106A, 1048, 113A and 114A failed on cycles 26,148; 
13,149; 4988 and 8273, respectively. 

(2) Failure Analysis: Analysis of the 14 failed cells 
(Pack 103A's failed cell sent to GSFC) showed the major cause of failure 
to be separator deterioration and migration of the negative plate material. 
Other conditions found were high internal pressure, electrolyte leakage, 
pierced separator by the negative tab, blistering on the positive plates 
and corrosive deposits internally at the positive terminals. In addition 
to the above failures one pack of five cells was destroyed by thermal 
runaway caused by the shorting of the positive tab to the top edge of 
the negative plate. This happened because the insulating material 
wrapped around the positive tab came loose. In order to prevent a 
recurrence of this problem in the flight battery a piece of insulating 
tubing was used to cover the positive tab. 
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2. Gulton 5.0 ah (Cobalt Additive \~ith Nylon or Poly
propylene Separator), Five 10-cell Packs: 

a. Cell Description: These cells are rectangular. 
The cell containers and covers are made of stainless steel. The 
positive terminal is insulated from the cell cover by a ceramic 
seal. The negative terminal is w.=lded to the cover. 80th termi-
nals protrude through the cover as solder type terminals. TWenty
five ce11s contain positive plates \~ith cobalt additive; 25 cells 
are without the cobalt additive and are designated as control cells. 

Twenty-four cells contain nylon separator and 26 cells contain a 
polypropylene separator (PPL). The cells are V05 HSB type cells and 

acceptance test results are contained in NAD Crane report QE/C 70-692 • 

The cells Wel"e divided into packs as indicated in the table below. 

Pack Type and Number of Cells per Pack 
Number Cobalt-Nylon Control-Nylon Cobalt-PPL Control-PPl 

(FT 2140) (FT 2140) 

21E 5 5 
(cell s 1 to 5) (cells 6-10) 

45E 2 2 3 3 
(cells 1 & 2) (ce11s 6 & 7) (cells 3 to 5) (ce11s 8 to 10) 

69C 5 5 
(cell s 1 to 5 (ce11s 6 to 10) 

9H 5 5 
(cells 1 to 5) (cells 6 to 10) 

33D 5 5 
(cell s 1 to 5) (ce 11 s 6 to 10) 

16 

f 

! 

, 
I 
I 

j 
1 
I 



-- ~-

.. 

~ 

WQEC/C 77-87 

b. Parameters and Capacity Checks: 

Orbit Period 1. 5-hour 

Temperature 0° 25° 25° 40° 40° 

Depth of Discharge 25~~ 255; 4ml 255! 40% 

Pack Number 21E 45E 69C 9H 33D 

Precycling Capacity 4.83 5.70 5.70 3.33 3.30 

88 Days 5.08 2.75 3.52 2.38 3.92 
F 

264 Days 5.08 2.93 3.08 3.50 

440 Days 5.00 2.80 4.72 2.88 

616 Days 5.08 3.00 3.07 2.63 

792 Days NA NA NA NA 
D 

983 Days 5.10 3.63 2.27 
D 

1170 Days 5.53 2.78 

1350 Days 4.71 1.75 

1527 Days 4.87 1.31 

1705 Days 4.39 3.07 

1882 Days 3.61 2.53 
D 

c. Test Results: 

(1) Performance on Cycling: (Figure 4) Cycling was 
started in June 1970. Pack 21E has completed 32,714 cycles without 

a cell failure. Packs 33D and 45E fai,led on cycles 4523 and 30,225, 

respectively. Packs 69C and 9H were discontinued because of low 
capacity after 16,196 cycles and 16,098 cycles, respectively, with 
pack 9H having six cell failures and pack 69C, eight cell failures. 

The following table indicates the cycle number that the cells either 

failed or were discontinued on. 
CELLS 

Pack 1 2 3 4 5 6 7 8 9 

45E 16521 26813 16521 30225 30225 17221 23600 24578 29909 
D F D D F F F F F 

69C 14116 13174 13200 16196 16196 9395 9714 11432 9195 
F F F D D F F F F 

9H 16098 16098 14363 13067 16098 10970 11739 16098 15681 
D D F F F F F D F 

F - Failure 
D - Discontinued 
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(2) Failure Analysis: One cell from 69C, three cells 

from 45E, and two cells from 9H were analyzed for carbonates following 

their discontinuation or failure. The other cells from packs 9H, 33D 

and 69C were returned to NASA Lewis. The failed cells seven from pack 

45E had pitting of the positive plates, severe migration was present in 

the PPL type cells and separator deterioration (one cell shorted) in the 

nylon separator type cells. The results of the carbonate analysis were 

tabulated as follows: 

AVERAGE ANALYSIS OF EXTRACTED ELECTROLYTE 
69C 45E 45[ 45E 9H 9H 

SN 1874 SN 1875 SN 189!) SN 1892 SN 1880 SN 1913 

Cell No. 5 1 3 5 1 10 

Total 
meq K2C03* 85.17 73.74 82.59 96.13 77.21 74.21 

Total 
meq KOH 59.39 68.91 58.09 61.23 62.23 63.29 

IHERAGE ANALYSIS OF EXTRACTED SEPARATOR PATCHES 
69C 45E 45E 45E 9H 9H 

SN 1874 SN 1875 SN 1890 SN 1892 SN 1880 SN 1913 

Cell No. 5 1 3 5 1 10 

Wet Wt.** 0.2099 0.4194 0.8360 0.7316 0.7795 0.4780 

Dry Wt.** 0.0894 0.1435 0.5936 0.6340 0.5768 0.3904 

cc Sample 0.737 1.153 1.039 1. 1090 1.020 1.176 

meq K2C03*** 0.4332 0.7049 0.6263 0.5760 0.8259 0.3503 

meq KOH*** 0.1498 0.3992 0.4261 0.2350 0.4844 0.1592 

*meq is the abbreviation of milliequivalent. 
**Wet weight is determined immediately following removal from the cell 

case and prior to leaching in water overnight; dry weight is det~rmined 

following titration and air drying overnight. 
***The separator patch data is an average of four patches sampled. One 

from the first third of the plate stack, two from the middle, and one 

from the last third. 
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WQEC/C 77-87 
3. EP 6.0 ah (Separator Evaluation), 11 Packs: 

a. Cell Description: See Paragraph I.A., page 12. Cells were manufactured for NASA, GSFC, according to GSFC's specification number S-716-P-6 under NASA contract number NAS-5-17806. They are RSN-6B type cells with auxiliary electrodes; but the electrodes are not being evaluated, therefore no test data is being taken on them, nor is there an auxiliary electrode resistor. Nylon and polypropylene are the types of separator material being evaluated in these cells. Initial evaluation test results and detailed cell descriptions are contained in NAD Crane Report WQEC/C 75-32 except for Pack 9T. 

b. Parameters and Capacity Checks: 

Orbit Peri od 1.5-hour 
Temperature (OC) 25 0 

Depth of Discharge (%) 25% 

Type of Separator* (1) (2) (3) (4) (5) (6 ) (7) (8) (9) (10) 
Pack Number 9L 9M 9K 90 9P 9Q 9J 9R 9F 9S 
Precycling Capacity 5.1 5.6 5.2 5.7 6.6 7.0 6.3 7.5 7.4 6.6 

2000 Cycles 2.1 1.5 2.0 1.4 5.3 2.5 2.2 5.8 4.8 3.2 
4000 Cycles 2.2 1.7 1.4 1.9 5.0 3.0 2.5 4.9 4.7 4.0 
6000 Cycles 4.1 1.7 2.1 D 4.3 5.4 2.5 4.4 4.7 2.9 

0 0 D 0 0 0 D 
8000 Cycles 4.1 2.9 

10000 Cycles 4.3 3.1 
c. Test Results: 

(1) Performance on Cycling: (Figures 6 through 14) 

(11 ) 

9T 

6.3 

3.1 

D 

Cycling began in September and October 1974 and in April 1975 (Pack 9T). Packs 90 and 9T were discontinued after completing 4001 and 2004 cycles respectively, in which 90 had three cell failures and 9T had four. Packs 9K and 9M each had one cell failure following the 2000 cycle capacity test, due to failure to recharge and low capacity, respectively. All the other packs except 9F and 9S were discontinued following their capacity test at 6000 cycles because GSFC had obtained all the information they required, at that time, of those type separators. The packs have completed the following cycles: 

*(1) Grace, 3073, pp. (6) RAI, WEX 1242, pp. (2) Grace, 3073-35, pp. (7) Hercules, 2711-55, pp. (3) Grace, 3074-18, pp. (8) Canadian, WEX-ISIS, pp. (4 ) Grace, 1972-31W, pp. (9) Pellon, 2505 (control), nylon (5) Grace, 3073-32W, pp. fm Grace, Extracted, nylon 
Potassium Titanate 
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WQEC/C 77-87 

Pack Number 9L 9M 9K 90 9P 9Q 9J 9R 9F 95 9T 

Cycle Completed 6391 6386 6270 4001 6332 60~1 6167 6139 10530 10476 2004 
D D D D D D D D D 

D - Discontinued. 

The voltage limit is 1.42 vic for all packs except 90 and 9Q, in which 
high pressure necessitated a change to 1.40 and 1.41 vic after completion 
of 103 and 617 cycles respectively. 

(2) Failure Analysis: The five failed cells, from Packs 
9K, 9:4 and 90, had severe migration, uncoined positive plates, loosened 
active material, and weak tabs. The separators of the four failed cells 
of Pack 9T were like a white paste, in which the compression of the plate 
stack would allow the inside edges of the plates to short out. Visual 
analysis of the cells, following extractor analysis, showed excessive 
migration in which the separator stuck to the negative plates; except for 
packs 9Q, 9R and gp, in which the separator was extremely darkened. 

(3) One cell, with each type separator material, was 
subjected to chemical analysis following initial evaluation testing. 
Also, a cell was removed from each pack for analysis at 2000-cycle 
intervals. The following table shows the results of the chemical 
analysis of extracted electrolyte (soxhlet) from individual cell 
stacks, and from sample patches of the separator material: 

22 " , 
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: .. 1 ~leq KOH 
Total meq** Total meq per 

Pack Cyc1 es KOH per K2C03 per Separator 
Number Completed extract (avg) extract (avg) patch*** 

9L 3 127.419 70.423 1. 536 

9L 2023 124.879 69.513 1. 516 

9L 4002 104.547 83.412 0.830 

9L 6351 11 O. 711 98.309 D.965 

9M 3 145.209 68.342 1.392 

9M 2007 67.489 35.672 1.214 

9M 4021 69.294 50.498 1. 231 

9M 6386 119.347 79.283 O. ~75 

9K 3 161.019 64.582 1. 973 

9K 2008 169.442 59.453 1. 520 

9K 4001 164.605 55.115 0.769 

9K 6270 155.125 68.829 1.003 

90 3 138.026 79.822 1.383 

90 2012 143.896 64.418 1.266 

90 4001 140.540 58.312 1 .142 

9P : 128 Z;'l7 q?R4~ 1.109 

9P 2018 112.471 70.364 1.168 

9P 4005 99.722 73.467 1.037 

9P 6332 110.743 72.790 0.610 

9Q 3 133.428 82.369 0.930 

9Q 1997 118.318 67.816 0.873 

9Q 4019 112.805 57.779 0.325 

9Q 6091 104.737 69.868 0.396 

9J 3 127.419 70.423 1. 536 

9J 2003 143.897 90.225 1.439 
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Meq K2C03 
per 

Separator 
patch 

1.185 

1.169 

0.966 

1.264 

0.998 

0.784 

0.709 

o 893 

0.992 

0.625 

0.381 

0.864 

0.994 

0.515 

0.676 

1. 743 

0.967 

1.198 

0.6747 

1.~~7 

0.729 

0.330 

0.580 

1. 185 

0.902 

'I ,." 
\' 

WQEC/C 77 -87 

Total Wet 
Volume (cc) Weight 
per patch (g)**** 

0,7010 0.6060 

0.7069 0.6060 

0.7661 0.4720 

0.8538 0.6239 

0.4890 0.4892 

0.5545 0.4533 

0.5007 0.4126 

O.62~1 U.3763 

0.6270 0.5461 

0.0853 0.5488 

0.6788 0.3930 

0.6870 0.4018 

0.9030 0.6301 

0.8813 0.4393 

0.9580 0.5959 

0.8857 0.5733 

0.8517 0.5245 

0.8158 0.5814 

0.7895 0.3852 

0.7283 0.5577 

0.9131 0.5325 

0.7416 0.3522 

1.0299 0.4115 

0.7070 0.6060 

0.8235 0.5300 

Dry 
Weight 

(g)**** 

0.1923 

0.1923 

0.1925 

0.2700 

0.1210 

0.1299 '0 OJ 
0.1253 ~a 

!'dOl 
0.1366 82 
0.1000 ,.,~ 

0.2959 ~." 
0.2237 t~ 
0.1265 ~ii;l 
0.2872 

0.2537 

0.2979 

0.1717 

0.1853 

0.2025 

0.1950 

0.2342 

0.2556 

0.2594 

0.2656 

0.1923 

0.1667 

'M ... 
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HQEC/C 77 -87 
Ileq KOH I~eq K2C03 

Total meq** Total meq per per Total Het Dry 
Pack Cycles KOH per K2C03 per Separator Separator Volume (cc) Weight Weight 

" lIumber Completed extract (avg) extract (avg) patch*** patch per patch (g)**** (g)***' 

9J 4001 124.675 77.137 0.860 0.802 tlA 0.4749 0.2103 

9J 6167 123.503 83.049 0.915 1.023 1. 1137 0.7052 0.4008 

9R 3 99.863 46.044 1.222 0.447 1.4489 0.5008 0.2520 

9R 1995 112.700 48.673 1.973 1.659 1. 0179 0.8314 0.2435 

9R 4014 97.828 61.508 0.238 0.283 1.1652 0.3966 0.3011 

9R 6139 86.199 68.050 0.299 0.502 0.9018 0.4507 0.3215 

9F 3 131. 970 55.730 1.975 0.580 1.2840 0.6362 0.2205 

9F 1994 112.242 58.146 0.257 0.346 0.9729 0.3304 0.2472 

9F 4002 88.237 55.292 1.000 0.924 1.2151 0.6711 0.3046 
9F 6177 106.360 73.699 0.965 1.312 1.2026 0.7112 0.3085 
9F 8001 76.233 59.40u 0.359 0.692 1.9289 0.4495 0.2503 

9F 10044 113.579 67.737 1. 1385 0.864 1.5614 0.7722 0.4108 

9S 3 155.527 75.014 1.368 0.768 0.9895 0.9294 0.2641 

9S 1995 109.988 75.133 0.803 0.770 1.3470 0.4878 0.2254 

95 4011 92.796 76.664 0.974 1.456 1 .3537 0.7822 0.3394 
95 6129 102.237 96.296 0.9000 1.5636 1.3367 0.7937 PAOOO 
95 8002 103.800 93.067 0.8053 1.0626 NA 0.5451 0.2280 

95 10020 104.061 84.419 0.7346 1. 2895 1 .2040 0.6500 0.3478 
9T 3 133.860 71.296 1.349 1.168 * 0.6478 0.2863 
9T 630 * .. * * * * * 
9T 2004 111.118 79.150 1.122 1.372 * * * 
*could not obtain measureable duta. 

**meq is the abbreviation of milliequivalents. 
***The sepal'.tor patch data is an average of four patches sampled. One from the first thil'd of the plate 

stack, two from the center, and one from the last third. 
****Wet weight i5 detennined immediately following removal from the cell case and prior to leachin9 in water 
overni9ht, dry weight is detennined following titration and air drying overnight. 
NA - not ava flable. 
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4. General Electric 6.0 ah (AE-C and D, Atmospheric 
Explorer, C and D), three 5-ce11 Packs: 

NQEC/C 77-87 

a. Cell Description: These cells are rectangular, the 
containers and covers are made of stainless steel, and the terminals 
are insulated from the cell cover by double ceramic seals and protrude 
through the cover as solder-type terminals. The auxiliary electrode 
is a teflon-coated, sintered, nickel plaque located along one side 
of the narrow edge of the cell. Physical dimensions are 1.25 inches 
by 0.065 inch and has a bag-type enclosure of pe110n 2506K4 nylon 
material. Five cells are identified by RCA lot number 19722-94-1 
and the seven auxiliary electrode cells have the RCA lot number 
19722-94-2. The cells were purchased. by RCA under contract rumber 
G6F015-0204-00-F23. The remaining three cell s were purchased by 
GSFC under contract number NAS 5-1849~, and were identified by 
General E1ectl"ic catalog number 42B006AB37-64. Initial evaluation 
test results and detailed cell descriptions are contained in NAD 
Crane Report QEEL/C 74-1. 

b. Parameters and Capacity Checks: 

Orbit Peri od* 2.16-hours 

Temperature 10° 20° 0° 

Depth of Discharge* 20.3% 20.3% 20.3% 

Trip Voltage (mv) .53V .56V .48V 

Auxiliary Electrode 
Resistor (ohms) 2000 2000 2000 

Pack Number 2F 2G 2H 

Precycling Capacity 7.00 7.29 6.79 

120 Days 5.81 7.01 5.52 

230 Days 6.11 1J.82 7.14 

450 Days 6.49 7.03 7.18 

547 Days 6.31 6.86 6.77 

730 Days 6.33 6.60 6.82 

*Orbit period 1.5 hour after 2970 cycles \~ith 15.8% DOD 
and then 20% DOD after 5800 cycles. Packs on voltage 
limit control after 8800 cycles. 

c. Test Results: 

(1) Performance on Cycling: (Figures 15 through 17) 
Cycling was started in December 1973 and packs 2F, 2G and 2H have 
completed 13,681, 13,512 and 13,387 cycles respectively, without a 
cell failure. 
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;-rL« - ~ULTIPLFS OF" IOn 

F" 1 GUPF 17 
NOTE: Orbit period changed to 1.5 hours with 15% 000 after 2g74 cycles: 20% 000 after 5676 cycles: 

and voltage limit control after 8800 cycles. 
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5. GE. 6.0 ah (Nickel-Braze). Eight 5-cell Packs: 

a. Cell Description: The cell case fits the description 
of all nickel-cadmium stainless steel cases. The ceramic-to-metal 
seal has an all nickel b,'aze construction to eliminate ceramic 
shorting through silver migration. Acceptance test results are 
contained in NAD Crane report QE/C 71-45. 

Orbit 
Period 
(Hrs) 

Temp. 

c 
e 
1 
1 

n 
Depth u 

of III 
Disch. b 

e 
Pack# r 

b. Parameters and Capacity Checks: 
Orbit Period (Hr) 1.5 1.5 1.5 

Tempera ture 

Depth of Discharge 
Pack Number 

88 Days 

264 Days 

440 Days 

555 Days 

724 Days 

906 Days 

1140 Days 

1320 Days 

1500 Days 

1672 Days 

1848 Days 

24 

-20°** 

60% 

75E 

25% 

818 

2.46 

2.61 

3.40 

NA 

3.00 

2.85 
o 

24 

0° 

60% 

1238 

0° 20° 

25% 25% 
92B 95B 

6.90 6.99 
4.71 6.78 
7.75 6.78 

NA NA 

7.00 6.02 
7.89 4.49 

7.75 2.63 
5.72 3.10 

6.74 2.83 

5.40 2.43 

3.13 

24 

20° 

60% 

1098 

1.5 

40° 

25% 
106B 

2.25 

2.34 

3.30 
F 

24 

60% 

91B 
Cutoff 1.0 0.5 0.0 1.0 0.5 0.0 1.0 0.5 0.0 1.0 0.5 0.0 Voltage 

Cap.Ck. 
1 yr. 1 7.448.168.22 5.707.02 7.44 6.367.32 7.80 3.184.444.98 

2 6.06 6.54 6.66 6.30 7.44 7.86 5.88 7.08 7.43 3.304.50 5.04 

1 yr. 45.82 6.72 6.84 5.046.967.38 4.865.826.12 3.184.20456 6 mo. 

5 7.02 7.68 7.74 4.745.64 5.88 4.205.04 5.22 3.724.98 5.52 
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WQEC/ C 77 -87 

Cap.Ck. 
2yrs. 1 7.99 7.92 6.63 NA 

2 6.68 7.92 6.36 -- 4 ... 9 

2yr*, 1 4.79 8.51 5.76 8.96 8.19 

6 mo. 
F 

2 7.46 8.76 4.75 8.00 

3yrs. 4 5.41 7.57 5.78 8.68 

5 8.10 4.28 5.58 5.10 6.53 

3yrs. 1 1.8 4.31 8.37 8.58 6.22 6.56 

6 mo. 
2 4.657.147.16 -- 8.89 8.98 3.65 6.25 6.66 

4yrs. 1 1.3 4.98 8.84 9.09 -- 6.57 6.91 

2 4.92 7.11 7.34 -- 8.909.11 3.80 6.31 6.69 

4yrs. 1 -- .81 -- 6.56 6.75 4.08 8.31 8.63 

6 mo. 
2 4.03 6.42 6.66 3.66 6.10 6.37 -- 8.51 8.68 

5yrs. 1 -- 2.91 -- 6.77 6.97 3.88 9.03 9.33 

2 4.37 7.25 7.44 3.93 6.19 6.41 9.20 9.33 

*Run at cycle rate to first cell 1.OV then at 0.6 amp to O.OV each 

cell. Number in 0.0 column total ampere-hours. 

**Temperature change to 10DC after 270 cycles. 

c. Test Results: 

(1) Performance on Cycling: (Figures 20 through 24) 

Cycling was started in March 1971. Packs 92B and 95B (1.5-hour orbits) 

have completed 29,194 and 30,073 cycles respectively, with two cell 

failures in pack 92B. Pack 81B had one cell failure, pack was dis

continued after 17,190 cycles. Pack 106B failed on cycle 7538. Also, 

one cell was removed from packs 95B and 106B and shipped to Goddard 

Space Fli9ht Center, as instructed by that activity. Packs 123B 

and 109B (24-hour orbits) have completed 1,897 and 1,914 cycles 

respectively, with no cell failures. Pack 75E has completed 1,928 

cycles and one cell failed on cycle 1210. This cell (cell 1) is being 

allowed to cycle even though it reverses during discharge. Following 

the 3-year capacity test, cell 5 was removed from each 24-hour orbit 

pack. Pack 91B (24-hour obit) \~as discontinued after three cell failures 

on cycle 792. These packs had two cell capacity checks, after one year 

of cycling, to the 1.0, 0.5 and 0.0 cut-off levels. Six months later 

two different cells wert. capacity checked to the same cut-off levels. 

Following the 3-year' capacity check, only the first 2 cells now receive 

a capacity check. 1 .. is method of capacity checking was used to measure 

the effect of the capacity check itself since two different cells were 

capacity checked at six-month intervals--thus the need for the two 

different formats of the previous tabulation. 
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(2) Failure Analysis: Cell from pack 81B failed because 

gauge assembly was accidentally broke at bottom of fill tube allowing it 

to fall into pack stack causing a short. All 3 cells of pack 105B I'lere 

shorted due to separator deterioration. Cells of pack 91B showed extreme 

migration and separator deterioration. All cells of these packs had one 

side of their positive plates that were uncoined and sllall blisters were 

seen at the top of the plates. . ..... ' ... ' . 
'" 

(3) Results of chemical analysis of extracted 

electrolyte are as shown: 

Pack Number 75E 109B 123B 

Cycles 1097 1087 1085 

Serial Number 042 048 031 

Tota 1 meq* KOHl 
extract (avg) 

79.523 85.489 85.318 

Total meq K2C031 52.880 45.352 50.221 
extract (avg) 

meq KOHl .250 .250 .240 
sepal'ator patch** 

Total volume (cc)1 .7150 .9513 1 .0020 
patch 

Wet weight (g )*** .2997 .2881 .3229 

Dry weight (g)*** .1955 .1735 .1883 

*meq is the abbreviation of milliequivalents. 
**The separator patch data is an average of four patches sampled. 

One from the first third of the plate stack, two from the center, and 

one from the last third. 
***Wet weight is determined immediately following removal fran] the 

cell case and prior to leaching in water overnight; dry weight is 

determined following titration and air drying overnight. 
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6. General Electric 6.0 ah (ITOS), dne 5-cell Pack: 

a. Cell Description: See paragraph I.A., page 12. The 
cells were manufactured according to RCA's specification 2272642, 
drawing number 2278372 and were from the same lot of cells as those 

procured by RCA under NASA contract NAS 5-10306. The cells were 
identified by General Electric's catalog number 42B006AB49. Initial 

evaluation test results and detailed cell descriptions are contained 

in NAVWPNSUPPCEN Crane Report WQEC/C 75-164. 

b. Parameters and Capacity Checks: 

Orbit Period 1.92-hours 

Temperature (DC) 20 0 

Depth of Discharge (%) 29.6 

Pack Number 70 

Precycling Capacity 8.0 

7.6 Months 8.04 

13.6 Months 7.84 

(1) Performance on Cycling: (Figure 23) 
Cycling began in ~'ay 1975. Various changes in the test parameters 

began on cycle 1687 and are still continuing as requested by the 
GSFC's Technical Officer. One cell was analyzed following acceptance 

test (7 cycles). This pack has completed 6099 cycles without a cell 

failure. 
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(L) Results of chemical analysis of extracted electro

lyte are as shown: 
7D 

Pack Number 
7 

Cycles 

Serial Number 
l30-LOl 

* 
Total meq** KOHl 
extract (avg) 

Total meq KZC031 
8 

extract (avg) 
1.3146 

meq KOHl 
separator patch*** 

.3967 
meq KZC031 
separator patch 

* 
Total volume (cc) 
per patch 

Wet weight (g)**** 
.4864 

Dry weight (g)**** 
.19Z1 

*Extract of cell CGre was not performed. 
**Meq is the abbreviation of milliequivalents. 

***The separator patch data is an average of four patches 
sampled. One from the first third of the plate stack. two from the 
center. and one from the last third . .. '***'.~ .Ileight is determined immediately following removal 
from the cell CO'r'c and prior to leaching in water overnight. dry 
weight is determined following titration and air drying overnight. 
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Number 

580 

360 

WQECjC 77-87 

·7. Gulton 6.0 ah (Nickel-Cadmium), Two 5-cell Packs: 

a. Cell Description: See paragraph LA., page 12. 

b. Test Parameters: 

Percent Trip Auxiliary 
Test Depth of Voltage Level Electrode 

Temperature Discharge (~illivolts) Resistors (Ohms) 

* 25 170 6.8 

* 15 170 6.8 

* These cells were in an ambient temperature which varied sinusoi
dally from 0° to 40° C \~ithin a period of 48 hours until 3-1-71; 
at which time the test temperature was changed to 20° C and the 
packs placed under a voltage limit control. 

c. Capacity Checks: 

Pack Number 360 580 

Pre-Cycling 7.56 6.05 

2 years 6.80 5.64 

3 years 5.55 3;40 

4 years 4.00 3.26 

5 years 2.91 2.19 

6 years 3.10 1.90 

7 years 1.75 1. 12 (Following last cell failure) 

d. Test Results: 

(1) Performance on Cycling: (Figures 24 and 25) 
Cycling was started in January 1969. Pack 360 has completed 41,471 
cycles with one cell failure on cycle 35,050. Pack 580 has completed 
41,756 cycles and all the cells have failed. When these cells failed, 
they were allowed to remain in the circuit until they shorted. Only 
one cell, last one that failed, is still cycling and it now reverses 
to -.070 volts at the beginning of each discharge. Pack 580 had cell 
failures occur on cycles 21,569, 37,726, 38,241 and 40,393. One cell, 
also was removed from each pack after approximately 2 years of cycling 
and sent to Goddard Space Flight Center. These packs are being cycled 
without interruption for capacity check. The cycle life results will 
later be compared to packs that receive capacity checks every 88 days. 
Capacity checks are run at the cycle rate to 0.5 volt, first cell. 

(2) Failure Analysis: Analysis of the two failed 
cells showed that extreme separator deterioration took place and small 
blisters were located at the top and bottom of the positive plates. 
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8. GE B.O ah (SAS-C), Two lO-cell Packs: 

a. Cell Descl'iption: See Paragraph LA., page 12. 
The cells \~ere procured by the Applied Physics laboratory (APl) to 
APl specification 7217-9014-A. Pack 18E contains eight cells, with 
standard plates and no auxiliary electl'odes, which were identified 
by the manufacturer's part number 42BOOBAB09-G3; and two cell s with 
standard plates, auxil ial'y electrodes, and pressure gauges had the 
part number 42BOOBAB06-G4. Pack IBF contains 10 cells which have 
teflon-covered negative plates in which two cell s (part number 
42Bu08AB08-G4) have auxiliary electrodes and pressure gauges and 
the remaining cells (part number 42B008AB07-G3) do not. The 
auxiliary electrode is a teflon-coated, sintered, nickel plaque 
located along one side of the narrow edge of the cell. Initial 
evaluation test l'esults and detailed cell descriptiDns are contained 
)n NAD, Crane Report QEEL/C 74-252. 

b. Parameters and Capacity Checks: 

Orbit Period 1.5-hours 

Temperature (~C) 20° 

DepU! of Di scharge (:.,) 25 

Auxil iary E1 ectrode 
Resi stor (ohms) 300 

Pack Numbel' 18E 1BF 

Precyc1ing Capacity 9.6 (cell 1) 10.1 (cell 1) 

6 months 8.6 (cells 9 &10) 
(cells 9 & 10) 

10.5 (cell 9) 

12 months 8.7 (cell 7) 
(cells 7 & 8) 

10.0 (cell 7) 

IB months 8.7 (cell 5) 
(cells 5 & 6) 

9.7 (ce 11 6) 

24 months 9.2 (cell 4) 
(cells 3 & 4) 

9.9 (cell 4) 

c. Test Results: 

(l) Performance on Cycl !ng: (Figures 26 and 27) 
Cycling began in March 1974. Packs lBE ?,,; l8F have completed 13,912 
and 13,94B cycles respectively without " cell failure. 
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: ~ 9. Gu ]t,l\l '1.l1 all (SAS-C'). one 1 O-ce 11 Pack: 

" a. Ct;l1 [l",.(npti0n: See f\l\'<1\1l'aph l.A., paqi.' l~, 

1 he ,~~ 11 s Wel't! 111'0<':11I""lj by till' '\PP 1 i ed l'hys i cs Labnt'd t,11'Y (APt.) 

to APL "Pt'.:i1it.:,ltitl'l l;'ll'·:l(1H-P,. rdd WG cllntains l'iqilt celL, 

lqj th no .1\1x11 i ,ll'y t' h,dl'\ld,~,;, wlli ell were i dent i fi ell by the mdllU

f,l.;tlll','l,1 s P,lI't 1ll1Illb"l' Sll~;l1:ji; ,lnd two ce'i1 s \qith ,urd 1 i ,!l'Y .,1 ec

t l'\1Jes, h.l.i ttl<' l'ill't llUllillll' c;ll:'ll~;:;, Tht'St, ,~e 11 s ill'~ fl'llill the 

SJillC lot of ':I~1!S t:hlt ai',; 11,:inQ 1'1"1,11 in ttll' sat('l1ite I,hkfl W,lS 

1 Jun~hod i n ~ht.v 1 ~)lh. Thp ;.ltC~ (l i dry e 1 t!c trodu is \lu', t\ln I ~ stuuddrd 

,ltillyd,'od,' \ll-Fcold). InilLtl ,'v,I'iu,lt;,.!! t"5t I'L'sult" ilnJ ,h;L111.'d 

ce 11 des.:~'j [1li \lii~ <il'e cont,l j 11",; ill Nt'\\'\'PNSlIrI'Cli'!. CNlh' 1"'l'Ol't 

\,QEC/G !":.;-1tl~J. 

?tlPi,i Ii:;i.l~.\, t 1::"'~l:iTl.h.10 
Hcsi~;t\ll· \Oh!ll} 

lJ;"~ nd.\'~; 
(,:1.'11, 1, ',0;, 3) 

'j 
~. ~1 

, " 
.. tl 

lHG 

11,<+ (Cell :i) 

11. 1(,'11 ;:) 

1:)0 llilv~ 
(ccl1~' .i. ·1 :; 

iLl (C<'J1 J) 
~ ~1 ,:7"() 

1 " (',n' 
(cl~11s l & ~~) 

(1) i\~t'ft'nlMn,:" Ol! eye 1 i 09: (Fi \lUl'O ::;) 

Cyclill\j bC,]i\l\in :\pl'il lQni, Til,) PJck's Vl;1til9l' limit W,\S hlWel'od 

and till' (hIck W,l~ [Ildced in d t\~st tompel'atul'" of 2l"C 1'01' 114 qG1t~5 

as n'ljlll'stl'd by tho ll$I'C',. It'dm;.;"l Officet', Tlli'S fMCk ihlS compll'ted 

S13~l cycles \~ithollt. ,1 cell fai1Ul'c. 
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WQEC/C 77-S7 

10. 'GE.12.'0 ah (IUE), Two S-cell and One 4-cell Pack: 

a. Cell Description: See Paragraph I.A., page 12. 
The cell s were manufactured for NASA, GSFC, under NASA contract 
number NAS-5-231S3 according to the Manufacturing Control Document 
(NCO) 232A2222AA-54, Revision 4, and the GSFC's specification 
number S-761-P-6. Each cell has tefl onated, negative el ectrodes 
(TFE-II) and a 10 percent reduction in their positive plate loading. 
The electrodes were teflonated prior to the electrochemical cleaning 
test (ECT). Cells without auxiliary electrodes have catalog number 
42B012AB20-G3 and those with auxiliary electrodes have the catalog 
number 42B012AB2l-G3 or 42B012AB2l-G3-A, indicating two different 
designs. Each pack contains cells of each catalog number. The ceramic
to-metal seal has an all nickel bl'aze construction. Initial evaluation 
test results and detailed cell descriptions are contained in NAD, Crane 
Report WQEC/C 74-511. 

b. Parameters and Capacity Checks: 

Orbit 24-hours 

Tempel'a ture (OC) 0° 10" 20° 

Depth of Discharge (") .. ' 50 SO 50 

Auxiliary Electrode 
Resistor (ohms) 300 300 300 

Pack Number SC SO SE* 

Precycling Capacity * 14.1 14.4 14.7 
(1 ,4) (1 ) (4) 

1 S ~lonths 14.2 13.1 11 .4 
(cells 4 & 5) (4) (4,5) (3,4) 

30 Months 
(cells 4 & 5) 

*Only four cells, cell 4 is noted as cell 5 in capacity schedul e 
only. 

**Number in parenthesis indicates limiting cellon discharge. 

c. Test Results: 

(1) Performance on Cycl ing: (Figures 29 through 31) 
Cycling began in October 1974. Packs SC, SO and SE have completed 
705, 722 and 6S7 cycles without a cell failure. The auxiliat'y control 
trip voltage was changed from .30 to .1S volts after 14 months of 
cycling in order to reduce the percent of recharge. 
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HQEC/C 77-87 

11. GE 12.0 ah (IUE), Three 5-cell Packs: 

a. Cell Description: See paragraph I.A., page 12. The 
cells were manufactured for NASA, GSFC, under NASA contract number 
NAS-5-l9584 according to the tlanufacturing Control Document (HCD) 
232A2222AA-54 and the GSFC's specification number S-761-P-6. The 
producti on of the cell s for the 1. U. E. Program represents the second 
genF.!:'ation of cell s manufactured \~ith the specific objective of 
reducing the active material loading. As a result, several key cell 
design parameters were incorporated into the production. Details of 
cell design, construction, manufacturing and performance during accept
ance testing by the manufacturer are summarized and \'eported in GSFC 
Report X-711-16-18 of January 1976. The cells were identified hy 
the manufacturer's catalog number 42B012AB21-G2. Each pack i;ont;ains 
two cells (3 & 5) \~ith auxiliary electrodes although only one pack 
(8H) 1s using th& electrodes as a charge control. The cel'amic-to-metal 
seal has an all nickel braze construction. Initial evaluation test 
results are contained in NAVHPNSUPPCEN Crane Report HQEC/C 7689 of 
15 Harch 1976. 

b. Parameters and Capacity Checks: 

Orbit «Hrs.) 

TemperatHre (OC) 

Depth of Oi schal'ge (:'; ) 

Alixi 1 ial'y E1 ectrode 
Resistor (ohms) 

Pack Number 

Precycling Capacity* 

6 Months 
(Cell 5) 

12 ~lonths 
(Cells 4 & 5) 

1.5 

20 

25 

300 

8F 

14.0(5) 

15.7 

1.5 

0 

40 

300 

SG 

12.6(1,3,4) 

13.0 

*Number in parenthesis indicates limiting cell on discllarge. 

c. Test Results: 

24.0 

20 

50 

300 

SH 

13.2(4) 

15.8 

.(1) Performance on Cycling: (Figures 32 through 34) 
Cycling began in Harch 1976. Packs 8F, 8G and 8H have completed 3,643, 
3,792 and 232 cycles respectively without a cell failure. 
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\ WQEC/C 77 -87 

12 . GE 12.0ah (OSO-I). One. 5-cell Pack: 
• 

a. Cell Description: See paragraph I.A . • page 12. The 
cells' negative plates were given a proprietary silver treatment by the 
manufacturer. 

b. Parameters and Capacity Checks: 

Orbit Period 1.6-hour 

Test Temperature 10°C 

Depth of Discharge 16% 

Vo 1 ta(le Limi t 1.440 VIC 

Pack Number 7C 

Capacity Check 
Precycling 16.8 

6 months 14.0 
(Cell l' 

12 months 13.2 13.4 
(Cells 1 & 2) 

18 months 14.3 14.3 14 . 7 
(Cells 1. 2 & 3) 

24 months 13.1 13.2 13.4 13.7 
(Cells 1. 2. 3 & 4) 

30 Months 11.6 11 .6 11.8 
(Cells 1. 2. 3. 4 & 5) 

c. Test Results: 

(1) Performance on Cycling: (Figure 35) Cycling 
was started in December 1973. This pack has completed 13.894 cycles 
with no failures . 
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13. GE 12.0 ah (Cycling Since Original Program) : 

. a. Program Oescription: At the start of the original 
- cycling program there was a total of 84 packs and as of January 1968, 

25 of these packs were still cycling. At the request of Goddard 
Space Flight Center, tests on 20 of these packs were discontinued to 
make room for newly ileveloped space cells being procured for evaluation. 
Five of the test performing packs of the original 9rouP were mai ntained 
on cycling for life capability determination purposes. Of these five 
packs, two have failed. Thus only three of the original 84 packs 
continue to cycle. The results of the remaining packs are corotained 
in Figures 36 through 39. 

b. Cell Description: The three packs maintained on 
cycling contain five GE 12 ampere-hour, nickel-cadmium, ce'\ls per 
pack. These cells are rectangular. The cell containers and covers 
are made of stainless steel. Both terminals are insulated from the 
cell cover by ceramic seals end protrude as 1/4-20 threaded posts . 
Acceptance test results are contained in NAD Crane Report 63-319. 

fo 11 owi n9 
c . Pa rameters : These packs are being tested under 

pa rameters: 

Pack Test Percent Depth 
Number Temperature of Discharge 

llOA* O°C 15 

lllA O°C 15 

125A O°C 25 

*This pack is cycled at the 1.5-hour orbit period, 
the others are at the 3.0-hour orbit per 'jod. 

t he 

d. Test Results: Cycling wa s started in January 1964. 
Packs lllA and 125A have completed 34,553 and 34,920 cycles respectively , 
with one cell failure in each pack at 28,312 and 19,654 cycles, respec
tively. Pack 110A has completed 68,319 cycles with 2 cell failures, 
54,972 and 62,680 cycles. Failed cells have not been removed for 
analysis because thi s would disturb the packs. 
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14. Gulton 12.0 ah (Nickel-Caamium), Four 5-cell Packs: 

a. Cell Description: See Paragraph LA., page 12. {;,-., 
Acceptance test results are contained in NAD Crane Report QE/C 67-~~.~~~ 

~ ..... "". b. Parameters and Capacity Checks: ~ cl?' 
Orbi t Peri od 1. 5-hour ~ _ rSJ"t-
Temperature 0° 0° 25° 40° ~:~ - O· 
Depth of Discharge 25% 40% 40% 25% 
Trip Voltage (MV) 70 70 150 230 
Auxiliary Electrode 
Resistor (Ohms) 6.2 6.2 6.2 6.2 

Pack Number 70A 718 11B 47B 
Precycling Capacity 15.0 15.4 15.9 14.3 

88 Days Disch #2 14.9 15.2 14.0 3.7 
264 Days Disch #2 14.7 14.4 6.5 3.2 
440 Days Disch #2 11.6 11.5 9.0 3.4 

F 
616 Days Disch #2 9.5 9.1 7.4 

F 
792 Days Disch #2 9.1 10.4 

968 Days Disch #2 8.1 7.8 
D 

1144 Days Disch #2 * 

1320 Days Disch #2 6.4 

1496 Days Disch #2 5.7 

1672 Days Disch #2 6.0 

1848 Days Disch #2 4.5 

2000 Days Disch #2 3.9 

2162 Days Disch #2 NA 

2342 Days Disch #2 4.93 

2427 Days Disch #2 4.70 

2619 Days Disch #2 4.49 

2798 Days Disch #2 5.09 

2980 DdYS Disch #2 5.59 
3156 Days Disch #2 5.57 

*Capacity check not performed. 
D - Discontinued. 
F - Failed. 
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c. Test Results: 

(1) Performance on Cycling: (Figure 40) Cycling 
was started on Pack 11B in October 1966, on packs 47B and 71B in 
January 1967 and on pack 70A in February 1967. Pack 70A has com
pleted 52,709 cycles to date with no failures. Packs 71B, 11B 
and 47B failed on cyo:les 15,275, 11,933 and 6536, respectively. 
The following table indicates the cycle number that the cells 
either failed or were discontinued on. 

CELLS 

Pack 1 2 3 4 5 

71B 15275 9991 15275 15275 15275 
D F D D F 

11B 11933 11930 11930 11933 11933 
F F F F F 

47B 6537 5463 5801 6536 6537 
F F F D D 

F - Failed 
D - Discontinued 

(2) Failure Analysis: Analysis of the nine failed 
cells showed that the failure was due to separator deterioration and 
migration of the negative plate material. Other conditions found in 
these cells were high internal pressure and electrolyte leakage. 
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, : '~15. GE 20.0 ah (Standard versus Teflonated Negative Electrodes), 
Four 5-cell Packs: 

a. Cell Description: See Paragraph I.A., page 12. 
The cells were manufactured for NASA, GSFC, under NASA contract 
number NAS-5-17876, and manufactured to GSFC's specification number 
S-761-P-6. Packs lG and lH contain teflonated, negative electrodes 
(TFE-II). The electrodes of these cells were teflonated prior to 
the Electrochemical Cleaning Test (ECT) and had catalog number 
42B020A829-G4. Cells of packs 11 and lJ had standard electrodes 
and catalog number 428020AB30-G4. All cells contain a teflon
coated (one side only), sintered, nickel plaque auxiliary electrode, 
located along the narrow edge of the cell. Initial evaluation test 
results and detailed cell descriptions are contained in NAD, Crane 
Report WQEC/C 7~-337. 

b. Parameters and Capacity Checks: 

Orbit 1 .5-hours 

Temperature (OC) 20° 0° 20° 0° 

Depth of Discharge (%) 25 40 25 40 

Auxiliary Electrode 
Resistor (ohms) 300 300 300 300 

Pack Number lG lH 11 lJ 

Precycling Capacity 26.6 26.3 28. g 27.2 

6 months 29.0 25.5 30.0 27.0 
(Cells 4 & 5) 

12 months 27.6 26.5 29.1 26.2 
(Cells 4 & 5) 

18 months 25.4 25.7 27.2 24.9 
(Cells 4 & 5) 

c. Test Results: 

(1) Performance on Cycling: (Figures 41 through 44) 
Cycling began in September 1974 and Packs lG, lH, 11, and lJ have 
completed 11,025, 11,085, 10,966 and 11,000 cycles, respectively, with no 
cell failures. 
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16. Gu1ton 20 ah (Variable Electrolyte), Three 5-ce11 Packs: 

a. Cell Description: See paragraph I.A., page 12. 
Cells in Pack 1D are designated as control cells with 69 cc electrolyte; 
Pack 1E has a 20 percent increase, 82 cc electrolyte; and Pack 1F has 
a 40 percent decrease, 106 cc electrolyte. Evaluation of the cells is 
to determine effects of life-cycling with variable electrolyte. These 
cells were manufactured under contract number NAS 5-17365 for GSFC. 
Initial evaluation test results and detailed cell descriptions are 
contained in NAD, Crane Report QEEL/C 74-2 • 

b. Parameters and Capuchy Checks: 

Orbit Period 1.5-hours 

Temperature (OC) 20° 20° 20° 

Depth of Discharge (%) 24 24 24 

Auxiliary Electrode 
Resistor (ohms) 47 47 47 

Pack Number 1D 1E 1F 

P,"ecyc 1 i ng Capac i ty 24.0 24.3 24.5 

6 months (Cell #: 26.0 (5) 26.5 (1) 26.2 (2) 

12 months (Cell #) 25.8 (4) 26.7 (2 ) 19.7 (5) 

24 months (Cell #) 19.5 (3) 16.5 (5) 14.5 (4) 

36 months 

c. Test Results: 

(1) Performance on Cycling: (Figures 45 through 47) 
Cycling was started in October 1973 and Packs lD and lE have completed 
15,403 and 15,329 cycles respectively without a cell failure. There was 
equipment failure on Pack IF which resulted in cell reversal and high 
pressure on cycle 138. As a result, two cells were discontinued from 
test; but were replaced with two other cells of the same type. One 
of the replacement cells was discontinued on cycle 1116 due to high 
pressure. Pack IF has completed 13,977 cycles. Pack lD's typical 
pressure range at EOC is 14 to 40 psia, lE's is 38 to 55 psia, and 
IF's is 20 to 50 psia (although prior to cycle 138 its range was 71 
to 78 psia). The packs are voltage limit controlled on charge, and the 
voltage limit is adjusted to maintain 108 to 110 percent recharge. Cells 
of each group were analyzed following acceptance test (7 cycles), and 
one cell from Packs lD and lE were analyzed following 6 months of cycling 
along with the discontinued cell of Pack IF. Also, one cell of each 
group was analyzed following 12 and 24 months of cycling. 
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(2) Analysis has shawn that migration has increased witn cycle life; but the last cells which were 
removed from all three packs showed severe migration, with the separator adhering to the negative plates. The 
separator material was damp. The results of the chemical analysis are as fallows: 

Pack Ilumber 10 1E 

Seri a 1 Ilumber 553 551 550 549 529 530 531 537 548 541 

7 3069 6093 11759 7 3029 5925 11613 7 985 

IF 

542 

5965 
Cycles Completed 

Tota 1 meq* KOH 
per extract 424.698 187.968 408.144 391.548 514.754 227.832 503.514 492.649 606.973 563.468 675.938 

Tota 1 meq K2C03 
per extract 

Meq KOH per 
separator patch** 

meq K2C03 per 
separator patch 

Total volume 
(cc) per patch 

Wet Weight per 
patch, avg (g)*** 

138.062 70.026 

4.0389 3.1040 

2.0665 1.647 

3.876 4.293 

1.5420 1.7526 

156.750 173.696 136.620 

2.260 1. 2608 8.0911 

3.5815 4.106 2.5912 

4.2808 4.5959 3.965 

1. 7983 1. 9967 2.3530 

68.772 151.536 177 .592 129 .41 0 140.492 161.634 

7.3480 2.9888 6.0500 13.1842 12.1614 6.4807 

3.216 3.4597 3.2376 3.0808 3.2818 4.8216 

4.921 4.6363 5.0681 3.980 3.894 4.8382 

2.8355 2.8407 3.2308 3.3110 3.0344 3.7344 

540 

11705 

543.900 

188.533 

8.6693 

3.0413 

5.5970 

2.9535 

Dry Weight per 
patch, avg (g)*** 0.5607 0.7447 0.7539 .7885 0.5294 0.7159 0.9675 i.184 0.5998 0.6532 1.0411 0.8013 

*meq is the abbreviation of mil1iequiva1ents. 
**The separator patch data is an average of four patches sampled. 

One from the first third of the plate stack, two from the center, 
and one from the last third. 
***Wet weight is determined immediately followin9 removal from the 
cell case and prior to leaching in water overnight; dry weight is 
determined fallowing titration and air drying overnight. 
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17,:., Gulton 20 ah (DAD), One 9cell Pack: 
, 

a.~ Cell Description: See paragraph 
the cells contain precharged cadmium material as 

Cell 

1 
2 
3 

AH 

5.92 
5.0 
5.0 

Cell 

4 
5 
6 

AH 

4.5 
5.0 
4.5 

b. Parameters and Capacity Checks: 

(l) Orbit Period: 1.5hour. 

(2) Test Temperature: 10°C. 

(3) Depth of Discharge: 15%. 

(4) Pack Number: 4C. 

WQEC/C 7787 

LA., pa\Je 12. Also, 
follows: 

Cell AH 

7 4.5 
8 0,.74 
9 6.45 

(5) Capacity Checks: As requested by Technical Officer 
at Goddard Space Fl ight Cen1;er. 

42 Days (Cells 1 8nd 2) 26.8 

55 DaJs (Cells 8 and 9) 26.1 

93 Days (Cells 6 and 7) 26.3 

514 Days (Cells 1, 2 and 3) 28.3 

c. Test Results: 

(l) Performance on Cycling: (Figure 48) Cycling \~as 
started in ~lay 1972. The pack's voltage limit is 1.457 vic and cell 9, 
with the greatest amount of precharge, is exhibiting the highest end of 
charge voltage (1.504 volts). This pack has completed 23,164 cycles 
with no cell failures. 
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WQEC/C 77-87 

18. Gulton 20 ah (OAO), One 5-cell Pack: 

a. Cell Oescription: See paragraph lA., page 12. 

b. Parameters and Capacity Checks: 

Orbit Period 1.68-hours 

Temperature (OC) 10° 

Depth of Discharge (%) 15 

Auxiliary Electrode 
ResistOl" (Ohm~) 47 

Pack Number 4D 

Precycling Capacity 24.7 

Capacity Check None Scheduler! 

c. Test Results: 

(1) Performance on Cycling: (Figure 49) This 
pack received 5394 life-cycles at Goddard Space Flight Center before 

beginning cycling at NAVWPNSUPPCEN, Crane. Since then, it has 
completed 14,410 cycles with no cell failures. 
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l~QEC/C 77-87 

Gulton 20 ah (OAO), Three 5-cell Packs: 

a. Cell Description: See paragraph I.A., page 12. 
These cells were manufactured in the same time frame and from the 
same plate lot as cells for OAO batteries, assemblies 36 and 37. 
They were manufacted to the "Nickel-Cadmium Storage Cells Power 
Supply Subsystem Orbiting Astronomical Observatory, Specification for". 
Grumman specification AV-252CS-25F. (They are V020HS-type cells and 
the manufacturer's model number is 804325.) Initial evaluation test 
results are contained in NAD, Crane Rep~rt QEEL/C 73-459. 

b. Parameters and Capacity Checks: 

Orbit Period 1.5-hours 

Temperature (OC) 10° 

Depth of Discharge on 14.4 

Auxiliary Electrode 
Resistor (Ohms) 47 

Pack Number 4E 

Precycling Capacity* 25.2(2) 

6 months 25.7(1) 
(Cells 1 & 2) 

12 months 26.1(2) 
(Cells 2 & 3) 

18 months 26.5(3) 
(Cells 3 & 4) 

24 months 24.3(5) 
(Cells 4 & 5) 

30 months 25.8(5) 
(Cells 1,2,3,4 & 5) 

14.4 

47 

4F 

10° 

14.4 

47 

4G 

25.1(2,3,5) 24.2(3) 

22.8(2) 26.8(1,2) 

22.3(2) 25.6(3) 

23.3(4) 24.5(3) 

22.5(4) 25.5(5) 

23.4(2) 26.1 (1,3) 

*Number in parenthesis indicates limiting cellon discharge. 

c. Test Results: 

(1) Performance on Cycling: (Figures 50 through 52) 
Cycling began in October 1973 and Packs 4E, 4F and 4G have completed 
15,363, 15,410, and 15,154 cycles, respectively with no cell failures. 
The voltage limit on Pack 4F was reduced to 1.433 vIc, cycle 15405, 
following its last capacity check; due to the pack temperature reaching 
20°C because of cell imbalance during charge. The auxiliary trip voltage 
of pack 4G was reduced from 300 to 100 millivolts, cycle 14955, follow
ing its last capacity check; because of a high percent of recharge 
caused by cell imbalance. 
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20. Gulton 20 ah (OAO), (Nickel-Cadmi';io), One 5-cell Pack: 

a. Cell Description: The first, third and fifth cells 
were fitted with pressure transducers. The first cell has the only 
auxiliary electrode of the pack. They physical description may be 
found in paragraph I.A., page 12. 

b. Parameters and Capacity Checks: 

(1) Pack Number: 12E. 

(2 ) Orbit Peri od: 1.5-hour. 

(3) Test Temperature: 20°C. 

(4 ) Depth of Discharge: 15%. 

(5) Auxil iary Electrode Resistor: 47 Ohms. 

(6) Capacity Checks: The ampere-hour capacities 
during precycling were determined by discharging each cell at 6.0 
amperes to 0.5 volt per cell. The capacity checks during cycling 
are determined by that time required for the first cell in the pack 
to reach 0.5 volt. Further, the capacity checks during cycling are 
not run on a regular 88-day cycle, but only when instructed by 
Goddard Space Fl ight Center; and when run, the capacities are dete,"
mined by the time for the first cell in the pack to reach 0.5 volt. 

Ce 11 #1 Cell #2 Cell #3 Cell #4 Cell #5 

Precycling Capacity 25.26 25.38 25.38 24.96 25.56 

58 Days* 29.80 29.50 27.60 27.50 28.60 

97 Days 25.80 

158 Days 29.22 

174 Days 26.83 

650 Days 28.40 

* Thi s capacity check was run at the c/2 di scharge rate as 
opposed to precycl ing data and that at 97 days \~hich was run 
at the cycle rate of 6.0 amperes. When only one column is 
used (97 days), the capacity is determined by the low cell 
reaching 0.5 volt. 
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c. Test Results: 

(1) Performance on Cycling: (Figure 53) Cycling 

started in ~Iay 1970. Pack 12E has completed 34,461 cycles with 

two cell s removed. The voltage 1 imit was lowered from 1. 420 VIC 

to 1.380 VIC after 19,488 cycles due to increasing percent recharge. 

(2) Analysis: After 2522 cycles, the cells showed 

a large amount of imbalance at the end of charge. The cell showing 

the highest end-of-charge voltage (position one) was removed at the 

request of Goddard Space Flight Center. Analysis showed excessive 

migration and moder,lte separator deterioration. Samples of positive 

and negative (adjacent) plates were removed, and individual plate 

capaclties were measured. The positive capacity exceeded the nega

tive capacity in each case by as much as 13 percent. This leads to 

high voltage (unusually high pressure also, though not noted in this 

case) during charge. A second cell (position 4) was removed after 

2729 cycles and discharged through reversal to -1.0 volt while flooded 

with 31% KOH; then recharged for 48 hours and the peak voltage was 

noted after 35 hours and 12 minutes at 1.516 volts. The cell was 

then removed from its case and immersed in 31 j; KOH whereupon it was 

discharged through reversal to -1.50 volts. The cell remains were 

then sent to Goddard Space Flight Center. 
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21. Gulton 20 ah (OAO), (Nickel-Cadmium), Three 5-cell Packs: 

a. Cell Description: See paragraph I.A., page 12. 

b. Parameters and Capacity Checks: 

Orbit Period 1.5-hours 

Temperature 0° 25° 40° 

Depth of Discharge 15% 15% 15% 

Trip Voltage (MV) 250 250* ~OO 

Auxiliary Electrode 
Resistor (Ohms) 47 47 47 

Pack Number 548 19B 38E 

Precycling Capacity 22.7 23.3 17.3 

88 Days 25.1 19.8 5.6 

264 Days 24.7 14.9 2.9 
F 

440 Days 24.8 8.7 

616 Days 22.1 9.4 

792 Days 6.7 8.2 

968 Days 17.1 8.4 

1144 Days 16.9 11. 9 

1320 Days 14.9 5.9 

1496 Days 15.7 4.0 
D 

1672 Days 18.8 

1865 Days 14.2 

2027 Days 20.2 

2206 Days 10.5 

2381 Days 6.7 

2559 Days 14.4 

2735 Days 10.2 

2911 Days 5.9 

*Placed on voltage limit control (3-4-71) due to both auxiliary 
electrode cells in the pack failing. 

F - Failed. D - Discontinued. 
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c. Test Results: 

(1) Performance on Cycling: (Figure 54) 
Cycling 11as started in March 1968. Pack 54B has completed 46,915 
cycles with no cell failures; pack 19B was discontinued after 24,625 
cycles in ~larch 1970 in which it had tl10 cell failures (internal 
shorts), cycles 17130 and 16028; pack 3BE failed after 4943 cycles due 
to loss of capacity at high temperatut'e. Pack 54B's chat'ge current was 
reduced to 3.5 amperes after 25,069 cycles due to high percent rechat·ge. 

(2) Failure Analysis: Analysis of five failed/discon
continued cells showed that failure 11as due largely to separator deteriora
tion. r'ligration was not as extensive as that seen in most failed cells. 
Other conditions included blistering and high pressure as evidenced 
by gas escaping from the punctured cell. 
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WQEC/C 77-87 • 22. Gulton 20 ah (OAO), (Nickel-Cadmium), One 5-cell Pack: a. Cell Description: See paragraph I.A., page 12. 
b. Parameters and Capacity Checks: 

(1) Orbit Period: 1.5-hour. 
(2) Test Temperature: O°C. 
(3) Depth of Discharge: 15% . 
(4) Auxiliary Electrode Resistor: 47 Ohms. 
(5) Pack Number: 68B. 
(6) Capacity Checks: The ampere-hour capacities 

during precyclin9 was determined by discharging each cell at 6.0 
amperes to 0.5 volt per cell. The capacity checks are not run on 
a regular 88-day schedule; they are scheduled by Goddard Space 
Flight Center. When only one column is used (88 days), the capacity is determined by the low cell reaching 0.5 volts: 

Cell #1 Cell #2 Cell #3 Cell #4 Cell #5 Precycling Capacity 27.00 26.82 27.30 27.12 27.12 88 Days 27.00 

c. Test Results: 

(1) Performance on Cycling: (Figure 55) Cycling 
was started in October 1970. The vol tage 1 imit was lowered from 
1.495 VIC to 1.457 VIC on cycle 3274 due to cell voltage imbalance 
at end-of-charge and a percent recharge above 110. Pack has completed 
32,102 cycles without a cell failure. 
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I. CELLS WHICH HAVE COMPLETED TEST WITHIN THE LAST YEAR 

A. General Description: 

1. The majority of the nickel-cadmium cells tested for use 
in space, or related programs, are of one basic type. They are rec
tangular with stainless steel containers and covers, both terminals 
are insulated from the cover by a ceramic seal and protrude th-ough 
the cover as solder-type terminals. Where auxiliary electrodes are 
present, the terminal is a stainless steel tab welded to the cell 
cover. Any cells differing from this decription are separately 
described as they are encountered in the following paragraphs. 

B. Nickel-Cadmium Types: 

1. Gu1ton, 5.0 ah (Nickel-Cobalt): 

a. 
located on page 
in which one is 

Cell description and test results of this pack are 
16 since cells of this type make up a group of packs, 
currently on test. 

2. EP, 6.0 ah (Separator Evaluation), Packs 9J-M and 9P-R: 

a. Cell description and test results of this pack are 
located on page 21 since cells of this type make up a group of packs, 
in which some are currently on test. 
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I. CELLS ON TEST PROGRAM WHICH HAVE COMPLETED TEST 
In order to gather sufficient data to indicate the performance of nickel-cadmium cells cycled at various test conditions; 660 cells were placed on test during Decenber 1963 and January 1964. These cells were from four manufacturers and consisted of seven different types as shown in Table I. The ce'ls were grouped in packs of 5 or 10 cells depending upon the an;Jere·,hour capacity. All cells rated above 6.0 arrpere-hours were grouped into 5-cell packs; the remai nder were placed in 10-cell packs. 

A. DescriptIon of Cycle Test: 

The cells were operated at three temperatures and three depths of discharge, which are sU!ll11arized in Table II. Each pack was cycled under its respective conditions until 60 percent or more of the cell s fai 1 ed. A cell was cons i dered failed when its terminal voltage dropped below 0.5 volt at any time during cycling. 
B. Life Test Results: 

1. The cycling results show that discharge voltages tend to drop slightly or remain the same during the life test. The drop is usually not more than 0.04 volt per active cell. The exceptions to this are immediately after a capacity check when there is an increase in the discharge voltage and when a cell is about to fail. the average voltage drops more rapidly. The least overall change is seen at DOC. For a given terrperature and cell type, the discharge voltage is generally from 0.02 to 0.08 volt per cell lower at the greater depths of discharge, that is, at the higher rate, as expected. The discharge voltage tends to decrease no more than 0.1 volt per cell with increases in test terrperature from DoC to 40°C for each depth of discharge. The amount of decrease depends on the cell type. The orbit period seems to have little effect on the discharge characteristics of normally functioning cells (the 1.5-hour and 3-hour orbit periods both have 3D-minute discharge periods). 

2. When pronounced long term changes in percent of recharge and end-of-charge voltage occurred, they were almost always in the direction of lower percent of recharge and higher voltage although some of the packs df d have an increase in the percent of recharge. On the average, packs operating at DoC had an early percent of recharge of 107 percent and after 5 years it was 105 percent. While at 25°C, the early percent of recharge was 120 percent and after 4 years it was 118 percent. At 40°C, the early percent of recharge was 153 percent and after 4 years it was 146 percent. At all temperatures the percent of recharge is, on the average, 
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below the specified percent of recharge indicating that the amount 
of recharge need not be as high as was originally set for the testing 
program--approximately 10 percent less. 

3. Capacity Check Results : 

a. The ampere-hour capacity was checked approximately 
every 88 days. These capacity checks showed that temperature had 
a very defi nite effect on the loss of capacity. The packs cycl ed 
at 40°C shewed a very rapid drop in capacity until failure occurred. 
The loss o~ capacity was not as severe for the packs at 2SoC while 
those operated at O°C shewed very little capaci ty loss. Orbit 
periods and depths of discharge also have a small effect but these 
do not show any definite trends. 

b. The ampere-hour capacity checks also show how the 
cells degrade during life c.vcling. 

4. Cell Failures: 

a. The analysis of the failed cells is a very important 
phase of the testing program. From these analyses manufacturing 
defects, poor des i gn, and materi al weakness can be detected and an 
effort made to correct or improve them. This in turn will lead to 
a bettery product with better performance characteristics. 

b. Special Considerati ons: 

(1) The charge rates specified in the cycling program 
usually exceeded the maximum rates recommended by the manufacturers. 
For example, packs which are cj'cli ng ina loS-hour orbit at 2SoC, 40 
percent depth of discharge are being charged at the c/2 rate, although 
the maximum charge rate recommend~d by the manufacturers is c/10. The 
only charge rates below c/10 are those for the 3-hour orbit, lS percent 
depth of discharge corrbinations, the rates for which are calculated to 
be c/14.S at DoC and c/10.4 at 40°C. 

(2) These cells were manufactured pri or to January 1963. 
Because of subsequent changes in construction, newer cells of the same 
capacity and manufacturer may not show the characteristics discussed 
here. Also, the manufacturers have reported that corrective action 
has been taken to eliminate the sources of premature mechanical 
failure • 
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c. Discussion of Failures: 

(1) General Observations: 

(a) ~~3t of the cell failures occurred at the higher ambient temperatures. The cell failures were earlier and more frequent at the greater depths of discharge and shortelo orbit periods. A detailed summary of the failure analysis for each cell may be obtained by request to the NASA Technical Officer (See Introduction). 

(b) Many of the ce 11 fail ures may be cons i dered premature because they res ulted from a defect in manufacture or design. This is in contrast to an end-of-1ife failure, in which a basic component, such as a separator, has reached the end of its normal life span at the particular cycling conditions. Some examples of premature fai lures are those due to leakage, pierced separators, burned tab, ceramic short, or extraneous active material. 

(e) It is frequently difficult to isolate the exact cause of failure for a particular cell. In some cases several factors may have been responsible. In others, it is not obvious why the conditions found should have resulted in failure. For this reason, unless otherwise stated, this report will not attempt to isolate the direct cause of failure; the conditions noted in the discussions are included because they are abnormalities and because they may have contributed to the cell failure. 

(2) Discussion of Failures by Cell Type: 

(a) GE: 

1. 3.0 ah Cells: There were 48 cell fail ures, of Ithich four were at O°C, 19 were at 25°C, and 25 were at the 50°-40°C ambient temperature. 

a. Higration was present at all test conditions except 25 percent-depth of discharge, 40°C and i.5-hour orbit period. This was probably because of the burned tabs, along wi'i:h short separators, which occurred early in life, only 157 days of cyc1 i ng. Separator deteri orati on began to appear in fail ures that occurr"d after 287 days of cycling. Blistering on the positive plates was very common at 25°C after 436 days of cycling. 

2. 12.0 ah Cells: There Itere 27 fail ures, of which three were at O°C, 12 were at 25d~ and 12 were at 50°-40°C. 
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a. ~lf grati on was present in mos t a f til" 
cell faillJres that occurred after 239 days of cycling. Cell failures 
began to show signs of separator deterioration after 240 days of 
cycling. High internal pressures occurred in a few cell failures at 
all anbi ent temperatures. 

(b) Gould: 

1. 3.5 ah Ce 115: There were 63 ce 11 fail ures , 
of which eight were at O~C. 26 were at 25"C and 29 were at 50°-40°C 
anbient temperature. 

a. Wei gh t loss was one of the mai n condi
tions found in these failures. Losses ranged from 1.0 gram to 7.1 
grams. Deposits were always present with the weight loss which 
occurred earlier at 25°C and 40°C but did not appear in the cell 
fail ures at O°C until after 687 days of cycli ng. ~'i grati on and 
separator deterioration were present at all conditions. The number of 
weak welds inside of the cells analyzed varied I~ith temperature as 
indicated by 14 weak I~elds out of 29 failed cells at 40°C; 11 weak I~elds 
out of 26 failed cells at 25°C; and 1 weak weld out of 8 failed cells 
at O°C. 

2. 20.0 ah Cells t There were 29 ce 11 fail ures • 
of whi ch fi ve were at O°C, 12 were at 35°C and 12 were at 50°-40°C 
amb ient temperature. 

a. High internal pressure was present in 
almost all failures. Pierced separator was roore predominate at the 
1.5-hour orbit period at all ambient temperatures. Blisters were 
present on the positive plates at 25°C for the 3-hour orbit period 
and the 1.5-hour and 3-hour orbit peri ods at 40°C. 

(c) Gulton: 

1. 6.0 ah Cells: There were 68 cell fail ures , 
of whi ch 20 were at O°C ,-24 were at 25°C and 24 I~ere at 50°-40°C 
ambient temperature. 

a. Ceramic shorts were the roos t camlllon 
roode of failure. Weight losses Iyere also very comrron and ranged from 
1.0 gram to 12.0 grams. Host of the cells that lost weight did not 
show signs of leakage in the form of deposits around the seals. ~'ost 
of the failures due to ceramic short did not show signs of migration 
or separator deter; orati on because the fail ures occu\"red early in 1 He. 
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I~QEC/C 77-87 

20.0 ah Ce 11 s: Th ere were 36 ce 11 fail ures • 15 were at 25°t and 13 were at 50°-40°C 

a. l~eight losses were very common at O°C and 25°C and ranged from 6.a-grams to 26.9 grams. Host of the cells that lost weight did not show signs of leakage in the fonn of deposits around the seals. Several cell fai lures were caused by the sides of the case bei ng pushed agai nst the "uses at the top of the pl ates. Migration and separator deteriorat, on were found at 40°C but not very common at O°C or 25°C . 

(d) Sonotone: 

1. 5.0 ah Cells: There were 51 cell failures, of whi ch si x were at O°C-;- 21 were at 256 C and 24 were at 50°-40°C anbient temperature. 

a. Excess s co ri ng. along with mi gl'ati on. \~as present in ntlst of the cell failures at all arrbient temperatures. Separator deteri orati on was more frequent at 25°C and 40°C. Hi gh internal presslJre and leakage as shown by deposits around the seal were present at 25°C and 40°C. 
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TABLE I 

PHYSICAL CHARACTERISTICS OF CELLS 

Manufacturer 
and 

Manufacturer's 
Rated Capaci ty Shape 

GE 3.0 ah Cylindrical 

Gould 3.5 ah Cylindrical 

S onotone 5.0 ah Cyl i ndri ca I 

Gu 1 ton 6.0 ah Rectangu 1 ar 

GE 12.0 ah Rectangul ar 

Gould 20.0 ah Rectan£ular 

Gulton 20.0 ah Rectangular 

* Before Epoxy Cover 

** After Epoxy Cover 

Average DillEnsions \Inches) 
Height Width Length 

Base to Top or or 
of Tenni na 1 Di allEter Depth 

3.10 1.25 D 

2.22 1.28 D 

3.67 1.31 D 

3.58 2.09 W 0.81 

4.59 3.02 " 1.11 

*7.95 3.05 fl 0.97 

**8.10 3.56 vi 1.49 

7.10 2.98 '~ 0.90 

--.~---- --.-
__ ~,_................. a;;,-,;,,,;;.'-' .• ; _:..~_, .. ~_,,~_~ ...... ! ._ ..... -...-..._~_ • __ ~_._._ ~ .• ~ ~~.-- .•.. -

l" 

Average 
Height 
( Grams) 

155.0 

135.2 

237.4 

267.0 

562.0 

104~.O 

1423.0 

871.6 

Case 
Polari ty 

Ilegati ve 

Posi tive 

tle~ative 

tlegati ve 

:;: 
o 
1"'1 
n -n 
-...0 
-...0 , 
00 
-...0 

.....011 
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T,1.BLE I I 

SUMMARY OF TEST PARAMETERS 
For each orbit peri od. one pack of each of the seven cell types is cycling at each of the six temperature-depth of discharge combinati ons • 

ORB IT PERIODS: 
1.5 Hours 

and 
3.0 Hours 

Discharge Charge Temperature Percent Depth Time Time °C of Discharge 

(50*) (15) 
(25) 

, 
40 15 60 Mi nu';es 25 30 Minutes and 

2.5 /lours 25 25 
40 

0 15 
25 

* A 11 packs dlanged to 40° C anD i ent. 
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II. COMPLETED TESTS OF CELLS WHICH FOLLOWED JANUARY 1964 
These packs were added to the cycling program to obtain infonnat ion either on new cell types or new tes t parameters. Each pack was cycled until 60 Jercent or more of the cells fai led. A cell is considered a failure when its terminal voltage drops below 0.5 volt duri ng cyc1 i ng. Tes ti n9 has been terminated on all packs covered in this section of the report. 

II 1. CELLS US ING CONSTANT CURRENT CHARGE lHTH VOLTAGE LIMIT CONTROL 
A. Nickel-Cadmium Types: 

1. NIFE 3.9 ah, Two 5-cell Packs: 

a. Cell Description: The cell container and the cell cover of these cflindrical cells are made of stainless steel. The cell container serves as the negative terminal. The positive terminal is a button extension of the positive plate tab through the center of the cover. The positive terminal is isolated from the negative container by means of a membrane seal. Connections are made by 501 deri ng di rect 1y to the con tai ner and the positi ve termi na1 . 

b. Parameters and Capaci ty Checks: 
Orbi t Peri od 1.S-hour 
Temperature 0° 25° 
Depth of Discharge 25% 25% 
Pack Number 97C 85C 
Precycling Capacity 4.10 3.90 

88 Days Disch #2 3.93 3.57 
264 Oays Disch #2 3.33 3.33 
440 Days Disch #2 3.27 2.90 
616 Days Disch #2 3.60 2.20 
792 Days Disch #2 3.50 

968 Days Disch #2 3.23 

1144 Days Disch #2 3.03 
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c. Test Results: 

(1) Perfonnance on Cycling: Cycling was started in Sep·tember 1967. Pack 85C and 97C failed on cycl es 9356 and 20,000, respectively. 

(2) Failure Analysis: The six failed cells shCMed separator deterioration, migration, shorting across the membrane seal, several weak welds, and leakage of electrolyte as indicated by deposits around the positive tenninal. 
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2. Gulton 3.5 ah (Polymerized Neoprene Seal). Seven 5-cell 
Packs: 

a. An additiona1 5-cell pack was put on continuous 
charge at the c/10 rate in al1 ambient temperature of 250C in order 
to evaluate the new seal. This pack was not assigned a pack number 
as were those appearing in the table. 

b. Cell Description: These cells are cylindrical with 
cell co~tainers and covers made of stainless steel. The positive 
terminal is insulated from the cell cover by a polymerized neoprene 
bushing and protrudes through the bushing as a 8-32 threaded post. 
The negative lead is soldered to the cell container . 
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c; Parareters and Capaci ty Checks: 

Orbit Peri od 1. 5-hour 

Temperature -20" _20" 0" 0" 25" 25" 40° 

Depth of Discharge 25% 40% 25% 40% 25% 40% 25% 

Pack Nunber 89C 75D 122C 99C 87C 73C 112C 

Precycl i n9 Capaci ty 3.12 3.79 3.70 4.38 4.14 4.26 4.32 

88 Days Disch #2 2.39 3.50 3.33 4.23 3.62 3.50 1.20 

264 Days Disch #2 2.25 2.80 3.00 4.03 2.95 2.33 1.23 

440 Days Disch #2 2.33 3.30 2.65 3.65 2.01 1.87 1.05 

616 Days Disch #2 1.72 2.77 2.45 3.12 1.17 1.60 1.08 

792 Days Disch #2 1.60 2.80 2.33 2.97 1.11 

968 Days Disch #2 1.25 2.27 2.97 0.93 

1144 Days Disch #2 1.55 2.19 2.51 0.93 

1320 Days Disch #2 1. 17 2.07 2.54 

1496 Days Disch #2 1.98 2.30 

1672 Days Di sch #2 2.19 2.01 

1848 Days Disch #2 1. 75 l.93 

d. Test Results: 

(1) Performance on Cycling: Cyclin9 was started in 
December 1966. Packs l22C (discontinued) and 99C (failed) completed 
37.578 and 31.769 cycles respectively. Packs 75D, 73C, 112C 87C and 
89C failed on cycles 14. 197, 9978, 11,155, 20,866 and 23,832 
respectively. 
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(2) Failure Analysis: 

(a) Analysis of the 19 failed cells showed tile 
major cause tc be migration of the negative plate material and sepa
rator deterioration. Other conditions found were high internal 
pressure and electrolyte leakage. 

(b) The pack that was put on continuous charge 
had one cell that developed high internal resistance anci was removed 
from tes t on 5 November 1969 after 1066 days. The hi g;l i nterna 1 
resistance was caused by corrosion of the positive tab. The cell 
also had electrolyte leakage and high internal pressure. The second 
cell failed on 26 August 1970 after 133~ days of testing. The positive 
tab-to-terminal connection had corroded in two. The positive active 
material was very loose and brittle. Phenolphthalein indicated elec
trolyte leakage around the positive terminal. The pack remains on 
test with no more failures to date. 
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3. Gulton 4.0 ah (Commercial), Six 5-Cell Packs: '. 
a. Ce 11 Des cri pti on: These are rectangul ar sealed cells of commercial grade, but were not hermetically sealed as supplied. They were epoxy potted into 5-cell packs at the Goddard 

Space Flight Center in order to hermeti cally seal the cells before 
test. 

b. Parameters and Capacity Checks: 
• Orbit Peri od 1.5-hour -~~ ·u 

Terrperature 0° 0° 25° 25° 40° 40° -. ... 

j Depth of Discharge 15% 25% 25% 40% 15% 25% 
I Pack Number 115B 126B 4B 14B 28B 40B ~ Precycling Capacity 5.04 4.87 4.63 5.00 4.20 3.37 
1 ~*!>. 

\ 88 Days Disch #2 3.57 4.00 2.47 2.00 1.70 1.17 

1 

t 

f· 
264 Days Disch #2 4.00 3.73 1.80 1.87 1.43 1.30 1 
440 Days Disch #2 4.07 3.60 1.67 1.93 1.53 1. 17 

; ~ ~ 616 Days Disch #2 4.60 1.60 1.67 0.76 I , 
i' 792 Days Disch #2 4.33 

, 
3.63 1.67 1.77 

! 

968 Days Disch #2 4.03 3.50 1.67 2.07 
1144 Days Disch #2 3.67 3.30 1.30 0.47 

~' 

1320 Days Disch #2 3.63 3.37 1.47 1 .. 73 
1 

1496 Days Disch #2 3.40 3.33 1.33 1 
1 

l 1672 Days Disch #2 3.17 3.03 1.70 I 

i 1848 Days Disch #2 3.07 3.63 1.40 

2024 Days Disch #2 3.17 3.87 0.97 

2200 Days Disch #2 2.80 3.04 

2376 Days Disch #2 2.64 

2552 Days Disch #2 2.66 
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e. Test Resul ts: 

( 1) Perfonnanee on Cye 1 i I1g: 
cycling was started in August 1964. Packs 1158 (discontinued) and 
126B (failed) cOf1ll1eted 41,641 and 42,234 cycles respectively. 
Pack 14B failed on cycle 8476, pack 28B on cycle 20,227, pack 408 
on cycle 10,360 and pack 48 on cycle 35,11l. 

(2) Fai lure Analysis: The analysis of 14 fai led 
ce 11s shCMed the major cause to be due to separator deteri orati on 
and migration. Other conditions found were weak tab-to-terminal 
welds, high internal pressure and electrolyte leakage. 
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4. Gulton 5.0 ah (NIMlUS), Six 5-cell Packs: 

a. Cell Oescription: These cells are cylindrical with a convex base. A threaded stud is fastened to the base to facilitate heat sink mounting. The cell container and the cell cover are made of stainless steel. Two stainless steel tabs, welded to the cover, serve as the contacts for the negative terminal. The positive terminal is insulated from the cell cover by a ceramic seal and protrudes through the cover as a solder type terminal. Two solder tabs are welded to the terminal. Three cells have pressure transducers which are used to read internal pressure in pounds per square inch absolute. These cells were manufactured to the NHflUS specificati ons. 

b. Parameters and Capacity Checks: 

Orbi t Peri od lo5-hour 

Temperature 0° 0° 25° 25° 40° 40° 
Oepth of Discharge 15% 25% 15% 25% 15% 25% 
Pack Number 117A 12lA* 120A 1188* 127A 1 28A* 
Precycling Capacity 5.00 5.38 5.25 5.46 3.29 3.04 

88 Days Disch #2 5.17 5.38 5.40 2.55 1.67 1.42 
264 Days Disch #2 5.17 5.00 2.79 1.50 1.38 1.71 
440 Days Disch #2 4.75 4.29 2.08 2.00 1.71 
616 Days Disch #2 4.70 3.96 ** 2.04 
792 Days Disch #2 4.08 4.08 3.21 

968 Days Disch #2 4.17 3.79 2.58 

1144 Days Disch #2 3.83 3.67 2.37 

1320 Days Disch #2 4.46 2.12 

1496 Days Disch #2 4.50 1.79 

* One cell in each pack is equipped with 
** Capacity check not perforued. 

a pressure transducer. 
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Orbit Period 1.5-hour 

Temperature 0° 0° 25° 25° 40° 40° 
Depth of Oischarge 15% 25% 15% 25% 15% 25% 
Pack NUiTiler 117A 121A* 120A 1188* 127A 128A* 
1672 Days Disch #2 4.33 

1848 Days Disch #2 4.12 

2024 Days Disch #2 4.11 

2200 Days Disch #2 4.45 

* One cell in each pack is equipped with a pressure transducer. 

c. Test Resu1 ts: 

(l) Perfonnance on Cycling: Cycling was started in May 1965. Pack 117A was discontinued in March 1972 after completing 38,767 cycles with one cell failure and two discontinuations. Packs 121A, 120A, 118B, 127A and 128A failed on cycles 20,861. 29753, 8108, 10,638 and 6345, respectively. 

(2) Fai lure Analysis: Analysis of the 18 failed or discontinued cells showed the major causes to be separator deterioration and migration of the negative plate mat~ria1. Other conditions found were electrolyte leakage, ceramic shorts, weak tab-to-plate welds, burned positive tabs • extraneous active matera1, pierced separator material by the positive tab, short (vertical height) separators, high internal pressure. corrosive deposi ts internally at the positive tab ,and dry separator materi a1 • 

119 



0·, 

, 
1 

~. 

1 
I 
1 

i 

I~QEC/C 77-87 

5. Gu1ton 5.6 ah (Neoprene Seal), Eight 5-ce11 Packs: 

a. Cell Description: These cells are cylindrical in shape. The cell container and the cell cover are made of cold rolled steel. The positive terminal is insulated from the cell cover by a vulcanized neoprene bushing and protrudes through the bushing as a 1/8 inch projection. The vulcanized neoprene bushings used in the folded cover to terminal seals are longer than those used in the nonfo1ded cover to terminal seals to protrude through the sleeve formed by the inward fold at the center of the cover (see Figure 51). This design results in a greater length of seal and affords greater protection to the seal from heat during welding of the cover to the can. The possible damage to the neoprene seal of either type cove~ to terminal seal .. by attempting to solder electrical connections to the 1/8 inch positive terminal made it necessary to spot weld metal tabs to these terminals. Metal tabs were also spot welded to the bottom of the cans to serve as the negative terminals. 

b. Parameters and Capaci ty Checks: 

Orbit Period 1.S-hour 

Temperature _20° _20° 0° 0° 25° 25° 40° 40° 
Depth of D'ischarge 25% 25% 25% 25% 25% 25% 25% 25% 
Pack Number 44B 

( FD) 
32B 

(NF) 
100B 
( FD) 

90C 
(NF) 

76B 
(FO) 

96C 
(NF) 

42B 
( FD) 

30B 
(NF) 

Precyc1ing Capacity 4.01 4.53 6.25 6.58 5.60 6.30 4.39 4.90 
88 Days Disch #2 * 4.57 5.32 5.88 1.63 2.33 1.49 

264 Days Disch #2 4.34 3.64 4.85 5.27 1.59 1.87 
440 Days Disch #2 * 3.64 4.25 4.48 2.10 2.33 
616 Days Disch #2 3.64 3.17 3.64 3.604 1.17 

792 Days Disch #2 3.41 2.85 2.75 3.08 

968 Days Disch #2 3.87 2.10 2.61 2.57 

* Capaci ty Check Not Performed. 
FD - Fo1 ded. 
NF - Nonfo1 ded. 
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Orb i t Peri od 1.5-hour 

Temperature _20° _20° 0° 0° 25° 25° 40° 40° 

Depth of Discharge 25% 25% 25% 25% 25% 25% 25% 25% 

Pack Nunber 44B 32B 100B 90C 76B 96C 42B 30B 
( FD) (NF) ( FD) (NF) ( FD) (NF) ( FD) (NFl 

1144 Days Disch #2 2.66 2.33 2.05 3.17 

1320 Days Disch #2 2.72 2.01 2.43 

1496 Days Disch #2 2.66 2.10 2.74 

1672 Days Disch #2 3.59 2.46 1.90 

1848 Days Disch #2 2.72 2.01 

FD - Fol ded. 
NF - Nonfolded. 

c. Test Resul ts: 

(1) Performance on Cycling: Cycling was started in 
December 1965. Pack 44B fai led on cycle 31,907, pack 100B on cycle 
28,758, pack 90C on cycle 31,623, pack 32B on cycle 23,303, pack 76B 
on cycle 11,158, pack 96C on cycle 9791, pack 42B on cycle 3798 and 
pack 30B on cycle 1275. 

(2) Failure Analysis: Failure analysis of the 24 
failed cells showed the major cause to be separator deterioration, 
migration of the negative plate material, electrolyte leakage, and 
burned positive tabs. Other conditions found were weak positive 
tab-to-plate welds, burned positive tabs, high internal pressure, 
corrosive deposits internally at the positive terminal, carbonate 
deposits externally at positive terminal,and dry separator material. 
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6. Gulton 6.0 ah (Improved), Three 5-cell Packs: 

a. Cell Description: The cells are rectangular in shape. The cell container and the cell cover are made of stainless steel. The positive terminal is insulated from the cell cover by a ceramic seal, while the negative terminal is welded to the cover. Both are solder type terminals. The silver braze of the ceramic seal is nickel plated to prevent internal cell shorting by silver migration to the cover. 

b. Parameters and Capaci ty Checks: 

Orbit Period 1.5-hour 

Temperature 0° 25° 40° 

Depth of Discharge 25% 40% 25% 

Pack Number 13B 18B 38B 

Precycl i ng Capacity 7.30 6.90 5.00 

88 Days Disch #2 6.95 3.00 1. 75 

264 Days Disch #2 7.20 3.80 1. 50 

440 Days Disch #2 6.75 

616 Days Disch #2 * 
792 Days Disch #2 6.25 

968 Days Disch #2 5.15 

1144 Days Disch #2 4.80 

1320 Days Disch #2 4.15 

1496 Days Disch #2 * 
1672 Days Disch #2 4.00 

1848 Days Disch #2 3.90 

2024 Days Disch #2 3.55 

2200 Days Disch #2 3.74 

* Capacity Check Not Performed. 
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c. Test Results: 

(1) Perfonnance on Cycling: Cycling started in 
February 1965. Packs 188, 38B, and 13B fai led on cycles 7577, 5766, 
and 37,650, respecti vely. 

(2) Fai lure Analysis: Fai lure analysis of nine 
cells shIMed the major causes of failure to be separator deteriora
tion and migration of the negative plate material. Other conditions 
found were blistering on the positive plates, ceramic shorts, burned 
positive tabs, electrolyte leakage, high internal pressure, and 
corrosive deposits internal',y underneath the positive terminal. 
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7. Gulton 6.0 ah. One 5-cell Pack. 24-hour Orbit Period 
(Pack 79A): 

a. Ce 11 Des cri pti on: The ce 11 s are rectangular in 
shape. The cell container and cell cover are made of stainless 
steel. The positive terminal is insulated from the cell cover by 
a ceramic seal; while the negative terminal is welded to the cover. 
Both are solder type terminals. 

b. Test Parameters: 

( 1 ) Tes t TelTqlerature: 25° C. 

(2) Oepth of Oischarge: 50%. 

c. Test Results: 

(1) Performance on Cycl i ng: Cycl i ng \~as started in 
March 1964. The pack failed on cycle 545 with four cell failures. 

(a) All cell voltages dropped below 1.0 volt at 
the end of discharge with the original 150 percent of recharge. 
Increase of the recharge to 200 percent after cycle 57. caused the 
end-of-discharge voltages of all five cens to remain fairly constant 
at about 0.9 volt. Two ce11s failed at 1<'19 and 168 cycles; then the 
end-of-discharge voltages or the remaining three cells climbed to an 
average of 1.08 volts per cell. The end-of-charge voltages remained 
fairly constant. between 1.39 and 1.40 volts per cell. average. 
th rough out 1 i fe cyc 1 i ng. 

(b) Cell Failures: Analyses of the four cell 
failures showed that all hJd separator deterioration and blister
ing on the positive plates. The first two failures had high inter
nal pressure as indicated rly outgassing when opened. The last t\~O 
failures had pinpoint migration which caused shorts through the 
separator. 

(2) Capacity Checks: The ampere-hour capacities on 
the precycling and capacity check cycles are as follows: 

Precycl ing 6.60 

88 Days Disch #2 3.55 

176 Days Disch #2 4.40 

264 Days Disch #2 4.25 

352 Days Disch #2 4.05 

440 Days Discl1 #2 3.50 
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13. Gulton 6.0 ah, One IO-cell Pack (Pack 61B): 

a. Cell Description: These cells are rectangular in 
shape. The cell container and the cell cover are made of stainless 
steel. The positive terminal is insul ated from the cell cover by a 
ceramic seal, while the negative terminal is welded to the cover. 
Both are solder type terminals. 

faci 1i ty): 

was raised 
fad li ty. 

b. Test Parameters: 

(1) Initial Test Parameters (at another test 

(a) Test Temp(lrature: -10° C. 

(b) Depth of Discharge: 10%. 

(c) Orbit Period: 1.5 hour. 

(2) Change in Test Parameters: The tes t temperature 
to 0° C after 22,900 cycles at _10° C at another tes t 

c. Parameters and Capacity Checks: 

Orbi t Peri od 1.5-hour 

Temperature 0° 

Depth of Discharge 10% 

Pack Number 618 

Precycli ng Capaci ty 5.30 

88 Days Disch #2 5.40 

264 Days Disch #2 5.45 

440 Days Disch #2 4.70 

616 Days Disch #2 3.75 

792 Days Disch #2 3.40 

968 Days Disch #2 2.46 

1144 Days Disch #2 3.45 
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Orbi t Peri od 1.5-hour 

Temperature 0° 

Depth of Discharge 10% 

Pack Nurrber 616 

Precycling Capaci ty 5.30 

1320 Days Disch #2 2.45 

1496 Days Disch #2 2.76 

1672 Days Disch #2 2.94 

d. Tes t Results: 

(1) Performance on Cycling: Cycling started at NAD 
Crane in June 1967. Prior to discontinuation, this pack completed 
27,536 additional cycles at DOC with one cell failure. The pack was 
discontinued in June 1972 at the request of Goddard Space Flight 
Center. 

(a) The end of discharge voltage is 1.27 volts 
per cell and the pel'cent of rechai'ge is approximately 105 percent. 

(2) Failure Analysis: Analysis of the one failure 
and four di sconti nuati ons reveal ed heavy carbonate deposits around 
the terminals, high internal pressure, and dryness of the failed 
cell. All but one of the discontinued cells shO\~ed adequate to 
very moist separator material. Migration was moderate to extreme. 
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9. Gu1ton 6.0 ah. One lO-cell Pack. loS-hour Orbit Period 
(Pack 51B): 

a. Cell Description: Four of the 10 cells are from 
the same lot of cells used for the Test and Training (TETR) satel
lite. These four cells are of the TETR-B type which has only a single 
ceramic seal; the other six cells are of th~ RAE type which has double 
ceramic seals. In all other respects the 10 cells fit the general 
description of Paragraph LA. 

b. Tes t Parameters: 

(1) Cycling Test Parameters: 

(a) Test Temperature: 20° C. 

(b) Discharge Current: 0.10 amperes. 

(c) Charge Current: 0.30 amperes. 

(2) Special Test: At random times the cycling had 
a 1.5-ampere discharge superimposed upon the regular cycle. This 
was done to simulate the type of operation encountered by the TETR 
Satellite. 

c. Tes t Res ults : 

(1) Perfo~nce on Cycling: Cycling started in 
February 1969. This pack has been discontinued after completing 
21.193 cycles. The 1.5-ampere discharge was superimposed on the 
regular cycling condition at random times and for various lengths 
of time to simulate the conditions encountered in space. Limiting 
conditions were encountered on the four cells from the T[TR satellite, 
indicating a deficiency in these cells; thus permitting the TETR 
project office to predict the performance that could be expected from 
the satellite. Because of the simulation of the satellite performance, 
no capacity checks were run on these cells. 

(2) Five of the RAE type cells were replaced with 
TETR-C type cells in February 1970. 

(3) Failure Analysis: Analysis of cell 2 and cell 7 
shCMed that cell 2 had extreme migration and cell was moist as com
pared to cell 7. Cell 7's separator was deteriorated more than cell 
2'5 and cell 7 had silver migration on the positive port of its 
header. Cell 7 had a single seal whereas cell 2 had a double seal. 
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10. Gulton 6.0 ah (San Marco), One lO-cell Pack: 

a. Cell Description: See Paragraph LA., page 12. The 
cell s \~ere purchased by NASA, GSFC, under LTV Purchase Order Number 
833219 and \~ere manufactured to GSFC's specification numbel' S-761-P-6 \~ith 
waivers given to the ratio and particle size requirement. Plates had 
heavier loading of active material and five cells have a higher amount 
of electrolyte than the other five cells. Initial evaluation test 
results and detailed cell descriptions are contained in NAD, Crane 
Report WQEC/C 75-1. Complete test results al'e contained in project 
report WQEC/C 76-10. 

b. Parameters and Capacity Checks: 

Orbit Peri od 1.5-,;our 

Temperature (OC) 200 

Depth of Discharge (%) 25 

Pack Number 6M 

Discontinuance (Cell ) 4.2 (2) 

c. Test Results: 

(1) Performance on Cycling: Cycling began in September 
1974 and the pack completed 5054 cycles before it was discontinued 
\~ithout a cell failure. The cells with the higher amount of electrolyte, 
exhibited higher end of charge voltages and pressures and had higher 
capacities. Three cells were chosen for analysis. 

. (2) Analysis: Migration was more severe in the cell 
with the higher amount of electrolyte. Small blisters and flaking 
of the active material, from the positive plate, was also observed on 
two cells, one each with the lower and higher amount of electrolyte. 
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(3l The following table compares chemical analysis of 
extracted (soxhlet from the individual cell stacks, and from sample 
patches of the separator material. 

Serial Number 1090 

Amount Electrolyte (cc) 13.8 

Tota 1 meq* KOH 
per extract (avg) 109.150 

Total meq* KZC03 
per extract (avg) 46.750 

meq KOH per 
separator patch** 

meq K2C03per 
separator 'latch 

Total volume (cc) 
per patch 

\~et Height (g)*** 

Dry Height (g)*** 

0.2380 

0.4928 

1.3289 

0.2869 

0.1869 

1096 

13.6 

85.650 

44.090 

0.2032 

0.3655 

1.1773 

0.2582 

0.1668 

*meq is the abbreviation of milliequivalents. 

1100 

18.0 

126.070 

44.540 

0.6854 

0.6032 

1. 1889 

0.3594 

0.1770 

**The separator pat.:!1 data is an average of four patches sampled; 
one from the first third of the plate stack, two from the center, 
and one from the last third. 

***Het weight is determined immediately following removal from the cell 
case and prior to leaching in water overnight; dry weight is 
determined following titration and air drying overnight. 

130 

1 . 
! 

1 

I 
I 

1 



" 

• 1 
; , 

WQEC/ C 77 -87 

~. 
11. Gulton 12.0 ah (OGO). Six 5-cell Packs: 

a. Cell Descri ,Jti on:. See paragraph LA .• page 12. 

t b. ParalOOters and cat,ac; ty Checks: . I , 

Orbit Period 1.5-hour ~ 
'. 

f Temperature 0° 0° 25° 25° 40° 40° 

'. .' ... ..;..,,).., Depth of Discharge 15% 25% 25% 40% 15% 25% 

~~ Pack Number 16B 101B 27B 96B 78A 90B 

Precycli og Capaci ty 14.86 14.20 14.10 13.30 6.80 11 .40 
! 

r 
88 Days Di sch #2 13.50 14.50 5.90 3.20 4.30 5.40 

P •. 264 Days Di sch #2 14.20 12.90 4.10 5.00 3.30 3.70 

440 Days Oi sch #2 13.70 11.90 4.80 3.40 

,. 616 Di\Ys Disch #2 13.10 10.60 4.00 5.30 

792 Di\Ys Di sch #2 12.70 9.00 3.90 

968 Days Disch #2 11 .80 9.00 
! 

I 
i 

1144 Days Di sch #2 11.50 8.80 I 

1 
1320 Days Disch #2 10.50 8.10 

1496 Days Disch #2 10.30 7.80 

I 1672 Days Disch #2 9.00 8.00 

1848 Di\Ys Disch #2 10.20 7.68 

2024 Di\Ys 01 sch #2 9.50 6.78 
I 

2200 Days Disch #2 9.20 6.20 

2376 Days Disch #2 8.50 

2552 Di\Ys Disch 62 9.00 

2729 Days Disch #2 W\ 

2905 Oi\YS Di sch #2 8.54 

3159 Days Disch h •• 8.12 
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c. Test Resul ts: 

(1) Performance on Cycling: Cycling was started in January 1966. Pack 16B failed on cycle 50,727 following the shortin9 0;' three cells. No failures had occurred prior to environmental chamber overheating on cycle 50,431. Packs 27B, 96B, 78A, 90B, and 101B failed on cycles 14,250, 5152, 11,OB1, 5124, and 3B,110 respectively. 

(2) Failure Analysis: Analysis of the 19 failed cells showed the major cause of failure to be separator deterioration and migration of the negative plate material. Other conditions found were high internal pressure, blistering on the positive plates, electrolyte leakage, extraneous active material and external carbonate deposits on the negative terminal. 

(3) The following table shows I"esults of the chemical analysis of extracted electrolyte (soxhlet) from individual cell stacks, and from sample patches of the separator material from the last failed cell, serial number 1476, of Pack 16B. 
Total meq* KOH per extract (avg.) 145.045 
Total meq K2C03 per extract (avg.) 104.280 
meq KOH Der separator patch ** .307 
Total volume (cc) per patch 1.994 
Wet Weight (g)*** .5961 
Dry Weight (g)*** .4190 

*meq is the abbreviation of milliequivalents. **The separator patch data is an average of four patches sampled. One from the first third of the plate stack,. two from the center, and one from the last third. 
***Wet weight is determined immediately following removal from the cell case and prior to leaching in water overnight; dry weight is determined following titration and air drying overnight. 
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12. r.ulton 20 ail (ClAO, OriJitilll1 Astronomical Observatory). 
One lO-ccll Pack: 

a. Ccll Description: See para!lraph I.A. 

b. Parameters and Capaci ty Checks: 

Orbit Pe ri od 1 .!i-hour 

Temperature 

Depth of Di scha r!le 15% 

Pack :;~rlJiJer 231l 

88 Days (all Cells) 22.1 

237 [Jays (Cells 1 & 2) 18.3 

377 Days (Cells 5 & 6) 18.7 

c. Test Results: 

(1) Performance on Cycling: Cycling was started in February 1971. A cell failure occurred after 8248 cycles and the pack was discontinued after 12,803 cycles because of equipment failure which caused high cell pressure due to cell reversals. 

133 

... --, 
1 

t j 
i 
] 

1 

1 
.1 



\ 

". , 

WQEC/C 77-87 

13. Gu lton 20 a h (OAO), One 5-ce 11 Pack: 

a. Cell Description: See paragraph II .A. 

b. Parameters and Capacity Checks: 

(1) Orbit Period: 1.5-hour. 

(2) Test Temperature: 10° C. 

(3 ) Depth of Discharge: 15%. 

(4) Pa ck Number: 358. 

Pre Cycl ing 24.1 

527 Days (Cell ) 35.0 (5) 

646 Days 31.8 (Pack Discontinued) 

c. Test Results: 

(1) Performance on Cycling: Cycling was started in February 1971. This pack completed 10,349 cycles with no cell failures prior to its discontinuation in November 1972, as requested by Goddard Space Flight Center. 
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14 . Gulton 50 ah, Two 5-c;e11 Packs, 1.5-hour Orbit Period: 

a. Cell Des cri pti on : These are rectangular, hennet-ica 11y sealed, nickel-cadmium cells. 

b. Tes t Parame ters: 

Pack Test Percent Depth 
Number Temperature of Discharge 

95A D· C 25 

123A 40· C 25 

c. Test Results: 

(1) Performance on Cycling: Cycling was started in June 1964. 

(a) Pack 95A failed on cycle 3227 . The end-ofcharge voltage increased and the end-of-charge current decreased steadily until the fi rst cell fai led on cycle 2643. The end-ofcharge voltage then decreas ·!d and the end-of-charge current increased. The second ce 11 fai lure occurred on cycl e 2938 but thi s di d not affect the operati on of the pack. The separator in each of the fi rs t two failed ce 11 s was very dry and short ci rcui ts had occurred between the plates. Large blisters were present on the positive plates of the first failed cell and slight mi9ration of material from the negative plates was evident in the second failed cell. The positive plates of the third failed cell showed large blisters, and separators impregnated with negative plate material. 

(b) Pack 123A completed 1873 cycles when the first cell fai lure occurred. It had low voltage during the discharge and the recharge. Two additi onal ce 11 s shorted out whil e the pack was off cyc1 i ng to remove the fi rs t failed cell . The separators of all three cells had deteriorated, resulting in shorts between the plates in two of these cells . The outside negative plates of two cells were stuck to the case. The three failed cells had bul"ed cases from high internal pressure; two of which were sti 11 under pressure, and the third had a carbonate deposit at the positive terminal. 
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(2) Capaci ty Checks: The ampere-hour capaci ti es on the precycling and capaci ty check cycl es are as follows: 

(a) Pack 95A: 

Precycling 54.6 

88 Days Disch #2 59.6 

176 Days Disch #2 45.4 

(b) The precycli ng capaci ty of pack l23A at 40~ C W~~ 27.9 ampere-hours. An equipment failure interrupted the fi~t capacity check. The pack was then allowed to complete an additional month of cycling in order to let the cells stabilize again before receiving a capacity check, but the pack failed shortly before the capacity check was to have begun. 
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15. GE, 4.5 ah, (ERTS, Earth Resources Technology Satellite), 
One la-cell Pack: 26E 

a. Cell Description: The cells are cylindrical and the 
covers are stainless steel. The positive terminal is insulated from 
the covet· by a cerami c sea 1 and protrudes through the cover as a 
solder-type terminal. The negative terminal is a stainless steel tab 
to which the negative lead is soldered. There are three such tabs, 
any one of \~hich may serve as the negative terminal. In addition, 
the bottom of the stainless steel container is slightly rounded (come 
shaped) in a convex manner. At the center of the dome is a threaded 
stud designed to affix the cell to a heat sinking fixture when 
installed in the satellite. 

b. Parameters and Capacity Checks: 

Orbit Period 1.5-hour' 

Temperature 20° 

Depth of Discharge 13% 

Pre-cycling Capacity 5.65 

5.90 

131 Days (Cells 1 & 2) 7.10 

137 Days (Cells 1 & 2) 7.00 

c. Test Results: 

(1) Performance on Cycling: Cycling started in 
February 1972 and was discontinued in September 1973 after completing 
9423 cycles. This pack received excessive overcharge during cycles 
4331 to 4631, due to environmental chamber malfunction in which the 
ambient temperature reached 28 Q C. This resulted in extreme cell 
imbalance for the remainder of its life test. 

(2) Capacity Tests: Pack was scheduled for 
capacity test of 2 cells every 365 days. Special capacity tests were 
perfonlled after 131 and 137 days as requested by the Project Technical 
O-Fficer (aSFC). 

(3) Failure Analysis (Cells 4 and 9): No pressure and 
severe migration. 
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16. GE 12.0 ah, One 5-cell Pack, 24-hour Orbit Period 
(Pack 93A): 

a. Cell Oescription: The cells are rectangular in 
shape. The cell container and the cell cover are made of stain
less steel. Both tenninals are insulated from the cell cover by 
ceramic seals and protrude as 1/4-20 threaded posts. 

b. Tes t Parameters: 

(1) Test Temperature: 25° C. 
(2) Oepth of Discharge: 50%. 

c. Test Results: 

(1) Perfonnance on Cycling: Cycling was started in 
~tarch 1964. This pack fai led on cycle 349. 

{al Average end-of-discharge voltage fell to 
less than 1.0 volt per cell under the original test parameters, but 
satisfactory operation was obtain~d when the percent of recharge 
was changed to 200 percent after cycle 57. 

(b) In order to gain additional information the 
environmental temperature was raised from 25° C to 40' C after 173 
cycl es, wi th the charge va ltage 1 i mi t lowered to 1. 45 vol ts per 
ce 11, average. At 40° C the pack di d not operate as we 11. End-of
discharge voltages of the pack were low and qui te vari ab leo Two 
cells appeared to have failed on cycle 266. Since the first cel1 
showed no defects upon fai lure analysis, the second cell was dis
charged completely and shorted overnight. It was then charged for 
16 hours at the cllO rate, and discharged again at the c/2 rate, 
all at 25° C. Its capacity was thus found to be 12.9 alf4Jere-hours.. 
It was returned to the pack and conti nued to cycl e until the pack 
failed on cycle 349. The cycling behavoir of these two cells was 
attributed to insufficient charge acceptance. At no time was the 
on-charge voltage limit reached. The end-of-charge voltage remained 
close to 1.39 volts per cell at both temperatures. 

(cl The four remaining cells (including the one 
returned cell) failed on cycle 349. All of the cells showed 

138 

l 
\ 
1 



I " 

~ , 
! 
r-

'. 

( 
~' 

!: 

... ..:;;~~ 
" 
~ 

r , 

~ , .. 

'j , 

.,.. ... ,.,. 
t\ I '~,'" • 

WQEC/C 77-87 

separator deterioration and migration of the negative plate material. 
All cells showed signs of leakage around the terminals but no weight 
loss was detected. 

(2) Capacity Checks: The ampere-hour capacities on 
the precyc1ing and capacity check cycles are as follows: 

Precycling 25° C 13.0 

100 Days Disch #2 25° C 7.60 

231 Days Disch #2 40° C 6.50 

339 Days Disch #2 40° C 5.00 
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17. Sonotone 3.0 ah (Triple Seal), Six 5-cell Packs: 

a. Cell Description: The cell container and the cell 
cover of these cylindrical cells are made of stainless steel. Two 
stainless steel tabs, welded to the cover, serve as the contacts 
for the negative terminal. The positive terminal is a solder type 
extens ion of the positi ve plate tab extendi ng through the "neg at i ve" 
cover and insulated by a ceramic seal between two glass to metal 
seals to form a triple seal. Two ring indentations, about 1/32 
inch deep, located about 1/2 inch from each end of the cell, were 
crimped after cell assembly to hold the element snugly in the 
cylindrical can to withstand v'ibration. 

b. Parameters and Capaci ty Checks: 

Orbit Period 1.5-hour 

Temperature 0° 0° 25° 25° 40° 40° 

Depth of Discharge 15% 25% 25% 40% 15% 25% 

Pack Number 438 318 38 28 26B 378 

Precyc1 ing Capaci ty 3.23 2.88 3.35 3.60 3.53 3.48 

88 Days Disch #2 3.55 3.05 1.40 1.32 l. 10 1.05 

264 Days Disch #2 2.63 2.67 1.50 l.62 0.90 l.05 

440 Days Disch #2 3.27 2.12 1.28 

616 Days Di scll #2 3.00 2.67 1.30 

792 Days Disch #2 2.50 2.37 

968 Days Disch #2 2.32 2.27 

1144 Days Disch #2 2.10 2.10 

1320 Days Disch #2 2.35 1.85 

1496 Days Disch #2 2.70 1.95 

1672 Days Disch #2 2.37 1.37 
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Orbit Peri od 1.5-hour 

Temperature 0° 0° 25° 25° 40° 40° 

Depth of Di scharge 15% 25% 25% 40% 15% 25% 

Pack Nunber 43B 31B 3B 2B 26B 37B 

1848 Days Disch #2 2.30 

2024 Days Disch #2 2.40 

2200 Days Disch #2 2.10 

2376 Days Di sch #2 1.62 

c. Test Results: 

(1) Performance on Cycling: Cycling was started in 
July 1965. Pack 43B has completed 37,969 cycles with one cell 
failure, and was discontinued in April 1972. Packs 31B, 3B, 2B, 
26B and 37B failed on cycles 28,074, 11,726, 5399, 6289 and 5625, 
respectively. 

(2) Failure Analysis: Analysis of the 18 failed 
or discontinued cells showed that the major causes of failure were 
due to separator deterioration, migration of negative plate material 
and excessive scoring. Other conditions found were weak positive 
tab-to-plate welds, electrolyte leakage, pierced separator by grid 
wires and plate tabs, high internal pressure and loosened positive 
acti ve materi a 1. 
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18. 50notone 3.5 ah, One 10-cell Pack: 
a. Cell Description: These are cylindrical cells made of stainless steel. One stainless steel tab is welded to the cover for the negative connection. The positive terminal is an extension of the positive tab and is insulated from the negative cover by a ceramic seal. Two ring indentations, about 1/32 inch deep, located approximately 1/2 inch from either end of the cell can, we\''e crimped after cell assembly to hold the element snugly in the cylindrical can. 

b. Parameters and Capacity Checks: 

Orbi t Peri ad 1.5-hour 

Temperature* 0° 

Depth of Discharge 10% 

Pack Nunber 158 

Precycli ng Capacity 3.18 

88 Days Disch #2 3.09 

264 Days Disch #2 2.95 

440 Days Disch #2 2.60 

616 Days Disch #2 2.77 

792 Days Disch #2 3.06 

968 Days Disch #2 2.73 

1144 Days Disch #2 2.68 

1320 Days Disch #2 2.60 

1496 Days Disch #2 2.77 

1672 Days Disch #2 2.25 

* The tes t telJllerature was rai sed to 0° C after 22,900 cycl es at _10° C at another test facility. 
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c. Test Results: 

(1) Perfonnance on Cyclirlg: This p~ck completed 
26.353 cycles prior to its discontinuation in June 1972 with no 
cell failures. 

(a) The end-of-discharge voltage is 1.25 volts 
p~r cell but the percent of recharge shows some variations between 
iOO and 105 percent with a corresponding variation in the end-of
charge voltage. 

d. Analysis: The 5 cells analyzed revealed green 
deposits around the positive terminals. high internal pressure. 
migration of cadmium through separator and separator deterioration. 
The cells had adequate moisture from electrolyte. 
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8. Silver-Zinc Types: 

1. Astropow~r Division of McDonnell-Douglas 5.0 ah, Four 
lO-ce 11 Packs: 

a. These cells are sealed, but are provided with vent 
caps designed to vent the cell at -\ pressure of 40 psig. The cells 
are rectangular, with cell jars and cell covers rro1ded of plastic. 
The zi nc electrodes are encapsu1 ated in an i norgan i c separator .. 
The silver electrodes are separated from the inorganic separator by 
pellon. A small volume of epoxy potting material is poured into 
the cell jars just prior to the insertion of the electrodes apd 
prevents movement of the electrodes. The cell top is then sealed 
to the ce 11 jar by means of epoxy potti ng. The fi 11 port is 
sealed by means of a screw and rubber O-ring • 

(l) Performance on Cycling: Cycling was started in 
Decerrber 1969 for Packs 258 and 470; and in February 1970 for packs 
25C and 370. Packs 258, 470, 25C, and 370 fail ed on cycl es 681, 2013, 
567 and 391 cvrl!"~., respectively. As requested by NASA, Lewis 
Research Cente. each pack was cycled until all cells failed. 

(2) Failure Analysis: Analysis of the 40 failed 
cells showed that 22 cells had cracked inorganic separators due to 
a shape change of the zinc plate. Cells that were life-cycled at 
40° C were dry compared to cells that were cycled at 20° C. The 
zinc plates of all the cells were found in a discharged condition. 
Only 10 cells had charged silver plates of which eight had been 
life-cycled at the 90-minute orbit period. Twenty-seven cells had. 
carbonate deposits either around the negative or postive terminals, 
fill hole, or pressure relief valve. 
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r; (3) Capaci ty Checks: The. arrpere-hour capacities on the precyc1i n9 and capacity check cycles are as follows: 

\' 
Orbit Peri od 1.5-hour 

Terrperature 20° 40° 

f Depth of Discharge 25% 25% • 
Pack NtIllber 25B 47D 

.. ~~~ 
. " ,. 

30 Days 1.18 3.50 r 60 Days 1.25 
90 Days 1.25 

12D Days 1. 21 
'~," 

t Orb it Peri od 12-hour 
Tenperature 20° 40° 

,. 

Depth of Discharge 25% 25% 
Pack titlllber 25C 37D 

50 Days 4.29 4.50 
100 Days 0.12 1.75 
150 Days 1.25 2.50 
200 Days 4.07 1.25 
250 Days 2.50 
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2. De1cn-RemY 25.0 ah, Two 5-ce11 Packs, 24-hour Orbit 
Peri od: 

a. Cell Description: 

(1) Pack 89A: Manufacturer's Standard Model. 
These cells are rectangular in shape with the cell containers and 
cell covers of nylon. The cells were epoxy potted into 5-ce11 
packs by the manufacturer • 

(2) Pack 75A: Same as standard model, Pack S9A, 
except for the addition of one percent of palladium to the positive 
plate materi al. 

b. Test Parameters: Both packs were cycled at the 
test parameters listed below: 

on cycle 32. 

(1) Test Temperature: 25° C. 

(2) Depth of Discharge: 40%. 

(3) Orbit Period: 24 hours. 

c. Test Results: Cycling was started in September 1964. 

(1) Pack 89A (Standard Model) failed on cycle 80. 

(2) Pack 75A (Palladium in Positive Plates) failed 

(3) Both packs were returned to the manufacturer 
for fai 1 ure analysi s • 

3. Delco-Remy 25.0 ah, Two 5-ce11 Packs, 3-hour Orbit 
Peri od: 

a. Cell Description: 

(1) Pack 888: Standard model as Pack 89A, except 
for the addition of one percent palladium in the positive plate 
material and the use of 2.2xH Radiation Application Company's 
separators • 
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(2) Pack 88C: Standard model as Pack 89A, except for the addition of one percent palladium in the positive plate material, and the use of a 45 percent NaOH solution as the electrolyte. 

b. Test Parameters: 60th packs were cycled at the test parameters listed below: 

(1) Tes t Te~erature: 25° C. 

(2) Depth of Discharge: 40%. 

(3) Orbit Period: 3 hours. 

c. Test Results: Cycling was started in March 1965. 
(1) Pack 886: One cell fai led on cycle 100. The remaining cells still functioned on cycle 120; at which time the pack was removed from test. 

(2) Pack 88C: Pack 88C was discontinued on cycle 325. 

(3) Both patks were returned to the manufacturer for analysis. 

4. Delco-Remy 40.0 ah, One 5-cell Pack, 24-hour Orbit Peri od (Pack 758): . 

a. Cell Descri pti on: Manufacturer's Standard Model. These cells are rectangul ar ; n shape wi th the cell contai ners and cell covers of nylon. These cells were epoxy potted into one 5-cell pack by the man~facturer. 

b. Test Parameters: 

(1) Test Temperature: 25° C. 

(2) Depth of Discharge: 40%. 

(3) Orbit Peri od: 24 hours. 
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c. Test Result;: Cycling \~as started in October 1964. 
One cell failed while the pack was being prepared for test; a second 
cell failed on cycle 34. The remaining three cells still functioned 
on cycle 139; at which time the pack was removed from test. 

5. Yardney 12.0 ah, One 10-cell Pack, 24-hour Ol'bit 
Peri od (Pack 9A): 

ct. Cell Description: These are vented cells, rectan
gular in shape, with the containers and covers of plastic material. 
They contained a limited amount of electrolyte. The cens were 
individually epoxy potted to hermetically seal them. 

b. Tes t Parameters: 

ll) Test Temperature: 25 0 C. 

(2) Depth of Discharge: 42%. 

(3) Orbit Period: 24 hours. 

c. Test Results: Cycling was started in May 1965. One 
cell failed c-n cycle 53. Three additional cells failed on cycle 58. 
Following rew.ov111 of the failed cells, the remaining cells did not 
respond to cyci 1I1g; thus failing the pack. 
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C. Sil ver-Cadmi urn Types: 

I. Electromite 7.0' ah (IMP), One 4-cell Pack: 

a. Cell Description: The cel15 are rectangular in 
shape. The cells' containers are made of polystyrene and have a 
netal/plastic type of seal around their terminals. The cells were 
epoxy potted into a 4-cell pack. 

b. Parameters and Capaci ty Checks: 

Orbit Peri od 8-hour 

Tenverature 20° 

Depth of Discharge 30% 

Pack Nurrber 104C 

88 Days 4.lf 

264 Days 7.47 

352 Days 8.13 

528 Days 7.70 

c. Test Results: 

(1) Cell nurrber 3 was found to have a high internal 
resistance and did not start life cycli,ng. 

(2) Performance on Cycling: This pack completed 
1380 cycles witll no cell failures prior to discontinuation in 
March 1972. 

d. Analysis: Analysis of 4 discontinued cells revealed 
discharged positive plates, silver migration throughout separators 
and absorbers, excess electrolyte, and mushy material at the top of 
some cadmium plates. 
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2. ES6, Inc. 8.0 ah (Silver-Cadmium), One 5-ce11 Pack, 8-hour Orbit Period (Pack 16): 

a. Cell Description: These cells are rec'~angu1ar in shape. The cen jars and cell covers are molded of a plastic material. Each ~el1 is equiPfled with a pressure gage, auxiliary electrode, and cellophane bellows. The auxiliary electrode is used for gas reconbination only. The plastic bellows, located in the bottom of the c",·' , is usee to control the electrolyte level inside the cell. 

b. Tes t Parar ':-;rs: 

cell, average. 

(1) Test Temperature: 25° C. 

(2) Depth of Discharge: 25%. 

(3) Charge Voltage Limit: 1.51 + 0.03 volts per 

(4) Orbit Period: 8 hours. 

c. Test Results: 

(1) Pe"for .. once on Cycl i ng: Cycl i ng was started in Septenber 1966. This: 'd:Jiled in June 1970 after completing 3875 cycles. 

(2) Failure -.:-}lysis: Analysis :Yi'= three cells shOto/ed one to develop high p"essure resulting in tr -!Jpture of the plastic case. All cells showed excessive migr. 1, loose active (mushy) material, separator deterioration, b _Jnate deposits around the outside negative ter-'~na1, and c-;;-eme brittleness of the positive plates. 

(3) Capacity Checks: The ampere-hour capacities on the precycling and capacity check cycles are as follows: 

15D 
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': PRECYCLING AND CAPACITY CHECKS 

~. 
Precycl i n9 8.20 ah 

Days ah Days ah Days ah , 
~ 

80 12.67 106 10.17 175 12.27 

211 11.63 238 12.43 290 12.23 
...... ;. •. ,)..., 

304 
~":" 

11.50 332 9.07 365 4.77 

t 392 3.73 425 2.87 453 4.83 , 

:~ 475 5.90 506 7.53 533 7.77 

568 2.40 601 6.73 629 6.77 

661 6.40 694 5.17 722 4.80 
, 754 3.57 787 3.40 815 4.03 1 , 

841 3.90 868 3.33 902 4.43 

935 4.20 999 3.63 1027 3.77 

1094 2.67 1125 0.67 1150 6.63 

1186 2.63 1213 4.00 1239 2.27 

1277 2.47 
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3. Yardney 3.0 all (FR-l) , One 9-ce11 Pack, 1.5-hour Orbit 
Period (Pack 2C): 

a. Cell Description: These are vented cells, rectan
gular in shape, with the cell jars and cell covers 1ID1ded of a 
plastic material. The cells were epoxy potted, by the manufacturer, 
into a metal container like that used in the French satellite FR-l. 

b • Test Parameters: 

(1) Tes t Temperature: 25° C. 

(2) Depth of Discharge: 16.67%. 

c. Test Results: 

(1) Performance on Cyc1 i ng: Cycl i ng was started in 
September 1966. This pack completed 7039 cycles before several 
cells blew up destroying the pack. The end-of-discharge voltage 
had been very consistent at 1.08 volts per cell, average. The per
cent of recharge was very close to 100 percent. 

(2) Capacity Checks: The ampere-hour capacities on 
the precyc1ing and capacity check cycles are as follows: 

Precycling Capaci ty 

88 Dav Discharge 

2.52 

* 
176 Day Discharge 0.85 

264 Day Discharge 0.87 

352 Day Discharge 0.67 

* First 88 day capacity check not 
performed because of equipment 
rna 1 functi on • 
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4. Yardney 5.0 ah, Four 5-ce 11 Packs: 

a. Cell Description: These are vented cells, rectan
gular in shape, with cell jars and cell covers I1lJlded of a plastic 
material. The separator material is pellon and cellophane. The 
cells were individually ~poxy potted at the Goddard Space Flight 
Center to hennetically seai them. 

b. Parameters and Cap ad ty Checks: 

Orbit Peri od 24-hour 

Temperature 0° 25° 25° 40° 

Depth of Discharge 20% 20% 20% 20% 

Pack Number 1138 778 1058 1288 

Precycling Capacity 4.08 5.02 4.95 6.47 

100 Days 5.27 4.92 5.53 

300 Days 4.67 4.67 

500 Days 4.03 1.25 

700 Days 4.03 

900 Days 5.42 

HOO Days 4.75 

1300 Days 6.10 

c. Test Res'Jl ts: 

(1) Performance on Cycling: Cycling ~!as 
started in January 1967. Packs 1138, 778, 1058, and 1288 
failed on cycles 661, 77, 269, and 2542, respectively. 
(Prior to start of this test, Packs 778 and 1058 . ,.are cycled 
at Goddard Space Flight Center for aDout 1 year. Most of 
that "cycl ing" was continuous float.) 
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(2) Failure Analysis: AnC(lysis of the 12 fai led cells showed that the failures were due td silver migration and separator deterioration which resulted in internally shorted cells. 
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O. Yardney 5.0 ah (C-3 Separator), Three 5-ce11 Packs, 
24-hour Orbit Peri od: 

a. Cell Description: These are vented cells, rectan
gular in shape, with the cell containers and cell covers of plastic 
material. The plates were insulated with C-3 Sepal"atOl"s. The cells 
were epoxy potted into 5-ce11 packs, at the Goddard Space Flight 
Center, in order to hermetically seal them. 

b. Test Parameters: 

Pack Test Percent Depth 
Number TetT4lerature of Discharge 

578 0° C 20 

21A 25° C 20 

45A 40° C 20 

c. Test Results: 

(1) During cycle life, the end-of-discharge voltage 
of the packs. remained around 1.09 volts per cell. average; whereas 
the approximate percentage of recharge increased from 105 to 115 
percent. 

(2) Performance on Cyc1 i ng: Cycli ng was started in 
SepteJrber 1965. Packs 578. 21A and 45A failed on cycles 267. 98 
and 61 res pecti ve 1y • 

( a) Pack 578 : One cell fai led on cyc1 e 138, 
and two on cyc 1e 267. 

(b) Pack 21A: One cell failed on cycle 90, 
two on cycle 98. 

(c) Pack 45A: The pack fai led on cycle 61 
because of severe leakage. 

(d) The three packs were returned to Goddard 
Space Flight Center for analysis. 

(3) Capacity Checks: The ampere-hour capacities 
on the precycling and capacity check cycles are as follows: 
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PRECYCLING AND CAPACITY CHECKS 

Orbit Peri od 24-hour 

Temperature 0° 25° 40° 

Depth of Discharge 20% 20% 20% 

Pack Nurrber S7B 21A 45A 

Precycl i ng Capaci ty 3.67 5.80 6.00 

100 Days 1.83 0.76 

200 Days 1.33 

j 
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6. Yardney 5.0 ah (Cellophane Separator), Two 5-cell 
Packs, 24-hour Orbit Period: 

a. Cell Oeser; pti on: These are vented ce 11s, rectan
gular in shape, with the cell jars and cell covers 1OO1ded of a 
plastic material. The separator material is cellophane (C-19). 
One of the75-cell packs (Pack 9C) had been subjected to gama radia
tion (2xlO rads). The cells were epo~v potted into S-cell packs 
at the Goddard Space Flight Center. 

b. Tes t Parameters: 

Pack Test Percent Depth 
Number Temperature of Discharge 

9C 25° C 20 

:l3B* 25° C 20 

* Control Pack 

c. Test Results: 

(1) Performance on Cycling: Cycling was started in 
October 1965. Cycling on Pack 9C \"las discontinued on cycle 34, and 
Pack 338 failed on cycle 720. 

(a) Pack 9C: One cell failed on cycle 34. 
Since the separator material of the cells in this pack had been 
subjected to gama radiation, the pack was returned to Goddard Space 
Flight Center for analysis. 

(b) Pack 338: Two cells failed on cycle 720. 
Whil e the pack was removed from cycl i ng to di s connect the two 
failed cells, the three remaining cells failed. The pack was 
returned to Goddard Space Flight Center for analysis. 

(2) Capacity Checks: The ampere-hour capacities 
of Pack 338 on the capacity I:heck cycles are as follows: 

100 Days 5.85 200 Days 6.13 

300 Days 6.35 400 Days 5 .48 

500 Days 2.08 600 Days 1.88 

700 Days 1 .00 
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7. Yardney 5.0 ah (Pellon Control Separator), ,One 5-cell 
Pack, 24-hour Orbit Peri od (Pack 69A): 

a. Cell Description: These are \~nted cells, rectan
gular in shape, with the cell jars and cell covers 1IIJ1c/ed of Cl 
plastic material. The plates of the cells are insulated with 
Pellon t:mtrol separator material. Each cell has a pressure gage 
for monitoring internal cell pressure. The cells are individually 
epoxy potted to hermetically seal them. 

b. Test Parameters: 

(1) Test Temperature: 25° C. 

(2) Depth of Discharge: 20%. 

c. Test Results: 

(1) Performance on Cycling: Cycling was started in 
October 1965. This pack failed on cycle 595 with its third cell 
failure. and \1aS returned to Goddard Space Flight Center for analysis. 
There w~s very little variation in both the average end-of-discharge 
and end-of-charge cell voltages until the first cell failure at cycle 
494. Also the internal pressure as read on the gages was very low. 

(2) Capaci ty Checks: The ampere-hour capaci ti es on 
the capacity check cycles are as follows: 

100 Days 4.95 

200 Days 4.17 

300 Days 3.20 

400 Days 4.42 

500 Days 1.02 

600 Day's 2.08 
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B. Yardney 5.0 ah, Two 5-cell Packs, B-hour Orbit Period: 

a. Cell Description: These are vented cells, rectan
gular in shape, with cell jar .>.nd cell cover molded of a plastic 
material. The separator material is pellon and cellophane. The 
cells were individually epoxy potted at the Goddard Space Flight 
Center to hermetically seal them. 

b. Test Parameters: 

Pack Test Percent Depth 
Nullber Telr4Jerature of Discharge 

ll4B 0° C 20 

nBC 25° C 20 

c. Test Results: 

(1) Performance on Cycling: Cycliilg was stal"ted 
in January 1967. Packs 114B and llBC failed on cycles 1496 and 
1505 respecti ve ly. 

Ca) Pack 114B: "'<lilure of three cells, all on 
cycle 1496 was due to silver migration and separator deterioration. 

(b) Pack llBC: Failure of three cells, all due 
to silver migration and separator deterioration, occurred relatively 
close together--at cycles 146B, 1491 and 1505. 

(2) Capacity Checks: The ampere-hour capacities on 
the precycling and capacity check cycles are as follO\~s: 
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PRECYCLING AND CAPACITY CHECKS 

Orb; t Peri od 8-hour 

Te~erature 0° 25° 

Depth of Discharge 20% 20% 

Pack Nunber 1148 118C 

~. . Precycling Capacity 4.08 5.70 

30 Days 4.00 5.37 

t 
60 D~s 3.10 5.42 

90 Days 2.50 5.32 ' " 
120 D~s 2.90 6.48 

150 D~s 2.98 6.25 

180 Days 3.45 5.20 

210 Days 2.48 6.55 
~. 

240 D~s 1.55 6.35 

270 D~s 1.75 5.83 

300 D~s 1.17 5.07 

330 Days 1.65 6.33 

360 Days 1.18 5.73 

390 D~s 2.40 5.68 

r 420 Days 1.00 5.97 

45G rJays 0.90 3.32 
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9. Yard~ey 10 ah, One 5-cel1 Pack, 8-hour Orbit Period, 
(Pack 450): 

a. Cell Description: These are vented cells, rectan
gular in shape, with cell jars and cell covers molded of a plastic 
material. The cells were individually epoxy potted at the Goddard 
Space Flight Center in order to hermetically seal them. 

b. Tes t Parameters: 

(1) Test Temperature: 25° C • 

(2) Depth of Discharge: 30%. 

c. Test Resul ts: 

(1) Performance on Cycling: Cycling \~as started in 
May 1967. This pack failed on cycle 1759. Fai lure of the three 
cells, all due to silver migration and separator deterioration, 
occurred at cycles 1666, 1756 and 1759 .. 

(2) Capacity Checks: The ampere-hoUl' capaci ties on 
the precycling and capacity check cycles are as follows: 

Precyc1ing Capacity 13.50 

30 Days 8.90 60 Days 9.60 90 Days 7.10 

120 Days 8.45 150 Days 9.25 180 Days 8.50 

210 Days 7.70 240 Days 10.00 270 Days 9.55 

300 Days 10.60 330 Days 8.75 360 Days 5.60 

390 Days 4.35 420 Days 5.60 450 Days 4.65 

480 Days 3.15 510 Days 6.05 540 Days 3.15 
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10. Yardney 10 ah (ISEE-International Sun Earth Explorer, 
formerly IME), Silver-Cadmium, One 5-cell Pack: 

a. Cell Description: The cell case is rectangular and 
made of plastic (polystyrene). The terminals are of gold-plated brass 
and sealed in epoxy potting. The separator wrapped around the negative 
(cadmium) plate is woven nylon; that about the positive (silver) plate 
is C-19 cellophane. 

b • Parameters and Capacity Checks: 

Orbi t Peri od* 8.0-hours 

Temperature (0C) 20° 

Depth of Discnarge (%) 25 

Pack Number 57E 

Precycling Cap.icity 
(average) 9.64 

42 Days 8.02 

62 Days 7.62 

112 Days 8.03 

163 Days 7.27 

215 Days 6.01 

273 Days** 3.72 

323 Days 6.00 

372 Days 4.90 

423 Days*** 5.23 
D 

*Orbit period changed to 12-hnur period after 
340 cycles. 

**Cell 1 discontinued following caRacity check. 
**~Cell 5 discontinued prior to capacity check. 
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c. Test Results: 

(1) Performance on Cycling: Cycling was started in 
August 1973 and the pack completed 1124 cycles. with t\~O cells discontinued 
due to low capacity (cycles 822 and 1038). before it was discontinued. 

(2) Failure Analysis: 
the GSFC for analysis . 

The pack was returned to 
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11. Vardney 11.0 ah. Two 10-cell Packs, 24-hour Orbit 
Period: 

a. Cell Description: These are vented cells, rectan
gular in shape, with the cell jars and cell covers molded of a plastic material. The cells were epoxy potted into la-cell packs 
at the Goddard Space Flight Center in order to hermetically seal 
them. 

b. Test Parameters: 
Pack Test Percent Depth Nuniler Tellllerature of Di scharge 
45B 0° C. 40 
21B 25° C 40 

c. rest Results: 

(1) Performance en Cycling: Cycling was started in 
November 1966. Packs 458 and 21B were considered as having failed 
on cycles 121 and 69 respectively since three of the 10 cells in 
each pack had by then developed internal shorts. At the request of 
Goddard Space Fli9ht Center. the packs were returned for analysis. 

(2) Capacity Checks: The ampere-hour capacities on 
the precycling and capacity check cycles are as follows: 

Tellllerature 

Pack Nuniler 

Precycling Capacity 
100 Days 

164 

45B 

9.26 

5.91 

216 

11.46 
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12. Yardney 11 ah. Two 5-cell Packs. a-hour Orbit Period: 

a. Cell Oescription: These are vented cells. rectan
gular in shape. with the cell jars and cell covers molded of (I 

plastic material. The cells were epoxy potted into 5-cell packs 
at the Goddard Space Flight Center in order to hermetically seal 
them. The cells of pack 21C have pellon (2505K) separators. and 
those of pack 45C have woven nylon separators. 

b. Test Parameters: 

Pack Test Percent Oepth 
Number Temperature of Oischarge 

21C 25° C 27 

45C 25° C 27 

c. Test Results: 

(1) Performance on Cycling: Cycling was started in 
~1ar'ch 1967. Packs 21C and 45C failed on cycles 37 and 70 respec
tively. Several cells in each pack developed high internal pressure 
which resulted in breakage of those cell jars and the epoxy potting. 

(2) Capacity Checks: The precycling capacities for 
Packs 21C and 45C were 8.40 and 9.45 ampere-hours respectively. 
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13. Yardney 11.0 ah (Silver-Cadmium), throe 5-cel1 Packs: 

a. Cell Description: These cells are rectangular in 
shape. The cell jars and covers are made of a plastic material. 
An auxiliary electrode (aclhydrode type) was installed in each cell 
by Goddard Space Fli gilt Center before being i ndivi dually epoxy 
potted with a wrap of fiberglass material to hermetically seal and 
strengthen them. The auxiliary electrode is used for gas recombi
nati 011 only. 

b. Parameters ann Capacity Checks: 

Orbit Period 24-hour 

TeJT4lerature 0° 25° 40° 

OePth of Discharge 18% 18% 18% 

Auxiliary Electrode 
Resistor «(1UI15) 1 1 1 

Pack Nurrber 57D 69B 33C 

100 Days. 4.10 7.55 8.70 

300 Days 4.10 3.50 5.15 

450 Days 8.35 1.85 

600 Days 3.95 

SOO Days 2.90 

1000 Days 6.75 

1200 Days 3.00 

1400 Days 4.55 

1600 Days 3.65 

c. Test Results: 

(1) Performance on Cycling: Cycling was started in 
February 1968. Packs 57D, 69B and 33C failed on cycles 1740, 507 
and 447 respectively. 
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(:!) railure Analysis: Analysis of the nine failed 
cells shOiled thc major cause of failure to be loose nC9ative material. 
miqration of the negati ve plate material and separator deterioration. 
Otner conditions found were weak tab-to-plate \~eld~ and el ectrolyte 
leakage. 
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14. Yardney 12.0 ah. Two 10-cell Packs. 24-hour Orbit Peri ad: 

a. Cell Description: These are double sealed rectangular cells. That is. each sea1ed polystyrene cell is encased in a hermetically sealed stainless steel container. 

b. Tes t Parameters: 

Pack Test Percent Depth 
Nunber Terrperature of Discharge 

57A 0° C 50 

33A 40° C 50 
i 

c. Test Results: 

{l} Performance on Cycling: Cycling was started in February 1964. These packs fai led on cycl es 168 and 210. 

(a) Pack 57A: LIM end-of-discharge cell voltages began on cycle 31 and continupd erratically until the pack failed on cycle 168. Although cell voltages had frequently fallen below the 0.5 volt failure point, they had not been classed as failures earlier because of their erratic behavoir. After completion of 162 cycles. electrolyte had leaked out and formed a pool over the tops of the cells. thus shOI'1:ing them out. The 10 cells were cleaned. after which seven were returned to cycling. All seven cells leaked again after six additional cycling. 

(b) Pack 33A: The plateau voltage of the nonfai 1i ng cells on discharge was fai rly steady at about 1.06 volts per cell for the first 110 cycles with little or no drop off at the end of discharge. Thereafter. the plateau voltage began to drop steadily and the end-of-discharge voltage became quite erratic. This ~ack failed on cycle 210. All of the failed cells had dried out because of electrolyte leakage. 

(2) Capacity Checks: The ampere-hour capacities on the precycling and capacity check cycles are as follows: 

Pack Nunber 57A 33A 

Precycling Capacity 13.8 13.5 

140 Days Disch #2 8.6 12.0 
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15. Yardney 12.0 ah, Three 5-cell Packs, 1.5-hour Orbit 
Peri od: 

a. Cell Oiscription: These are vented cells, rectan
gular in shape, with cell jars and cell covers nnlded of a plastic 
material. The cells were individually epoxy potted to hermetically 
seal them. 

b. Test Parameters: 

Pack Test Percent Depth 
Nunber Temperature of Discharge 

858 _20° C 25 

978 0° C 25 

828 25° C 25 

c. Test Results: 

(1) Performance on Cycling: Cycling was stated in 
January 1966. Pack 858 failed on cycle 2375, pack 976 on cycl e 
4481, and pack 828 on cycle 4559. Due to poor charge acceptance at 
_20 0 C the end-of-discharge voltage dropped below 0.8 volt per cell. 
On cycle 214, the test temperature of pack 856 was increased to 
400 C with a voltage limit of 1.55 volts per cell, average. The 
pack then cycled satisfactorily with the end-of-discharge voltage 
being approximately 1.06 volts per cell. The end-of-discharge volt
age of pack 978 and 828 was also approximately 1.06 volts per cell. 

(2) Failure Analysis: Analysis of the 10 fai led 
cells showed the cause of failure to be silver penetration of the 
separator resulting in an internally shorted cell. 

(3) Capacity Checks: The ampere-hour capacities on 
the precycling and capacity check cycles are as follows: 
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PRECYCLING ~.ND CAPACITY CHECKS 

J Orbi t Peri ad 1.5-hour 

Tel1ljlerature _20°* 0° 25° 

Depth of Discharge 25% 25% 25% 

Pack Nurrber 85B 97B 82B 

'V. l-. I .- Precycling Capacity 5.40 9.00 13.30 
:;-
, .. j 

88 Days 13.80 ** 4.50 

176 Oays 8.70 3.50 2.90 J 
264 Days 13.70 5.70 3.30 

352 Days 9.60 3.70 

* Cycle 214 changed to 40° C 

** Capaci ty check not performed due to low 
voltage on several cells. 
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IV. CELLS USING SOPHISTICATED CHARGE CONTROL METHODS AND DEVICES 

A. Auxiliary Electrode: 

1. Eagle-Picher 6.0 ah, (Nickel-Cadmium, Separator Test), 
Eight 6-cell Packs, One a-cell Pack and One 6-cell Replacement Pack: 

a. Cell Description: See Paragraph I.A., page 12. 

b. Purpose of Test: This experiment is designed to 
test various types of separator material (listed in following table) 
while on life cycling. All the usual parameters (temperature, depth 
of discharge, and orbit period) are held constant. 

c. Parameters and Capacity Checks: 
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Orb; t Per; od 

Temperature 20° 20° 20° 20° 

Depth of Discharge 25% 25% 25% 25% 

1.5-hour 

20° 20° 20° 

25% 25% 25% 

': .il ~,~, 

r-

20° 

25% 

20° 

25% 

Trip Voltage (MY) i~o auxiliary electrode control, 1.55 volt limit fOl' protection. 

Auxil;ar,y Electrode 
~sistors (Ohms) 200 200 

Type of Separator (1) (1 ) 

Pack Number 2D 2E* 

88 Days 6.45 
176 Days 3.39 
264 Days 6.54 
352 Days 7.26 

(1) Kendall, E1451AR, pp1. 
(2) Kendall, E1451W, ppl. 
(3) Kendall, E1451T, pp1. 
(4) GAF, Wex 1242AR, pp1. 
(5) GAF, Wex 1242W, pp1. 
(6) Pel1on, 2505 K4 AR, nylon. 
(7) Pel1on, 2505 K4 W, nylon. 
(8) Pellon, FT 2140 AR, ppl. 
(9) Hercules, RT-37-2665-15, ppl. 

* Replaced 2D which failed early. 
** Low cell #2 Discharge. 

200 200 

(2) (3) 

14E 260 

200 200 200 200 200 

(4) (5) (6) (7) (8) 

38F 22:': 46C 49B 31C 

6.54 7.44 7.44 7.35 7.14 
5.25 6.60 7.41 7.44 6.30 
5.40 6.54 7.50 6.84 6.75 
6.06 5.76 7.26 6.99 5.34 

20° 

25% 

200 

(9) 

250 

7.50** 
7.26 
7.41 
6.99 

,,;: 
.0 
,." 
n -.. 
n 

" " I 

~ 

• 

~'""'""'"""-_ .• ~,c._ _ ~ 

_'",~.L ~~"'-~'~-"-"'~~"'''''''_L' ___ . ' __ ''' •• ':'. __ k' •• __ . _ __.._ • » 
~_~_,,-, ___ ,,,,,,,~---,,,,,_,,,,,,,_ .... _ ..... _. ___ ,_... • 



WQEC/C 77-87 

d. Test Results: 

( 1) Performance on Cycl i ng: , 
Cycling ~Ias started in February 1971. Packs 20, 14E and 260 have 
failed and have been sent to Goddard Space Flight Center after com
pleting 376,997, and 25 cycles respectively. Packs 2E, 38F. 22C, 
46C, 49B, 31C and 25D have completed testing with porti ons of eacn 
respective pack completing 5801, 5903, 5950, 5888, 5965, 5936 and 
5940 cycles. Each of these latter packs had one cell removed and 
the separator samples, of known dimensiqns and weight, were soaked 
in water for 48 hours and then tes ted for carbonates at approxi mate ly 
1500-cycle intervals. Tabulation of the results of these tests 
follows. The averages pertain to four samples removed from each cell 
and each is defined as follows: 

Avg. Area: Average area of the four separator samples. 

Avg. Wet Wt.: Average weight of the four separator samples upon 
removal from cell. 

Avg. Dry Wt.: Average weight of the four separator samples following 
ti tration and ai r drying. 

Avg. KOfI meq: Average mi 11i equi va lents of KOH soaked from each of 
separator samples. 

Avg K2C03 meq: Average mi 11 i equi va lents of K2C03 soaked from each 
of four separator samples. 

(2) On the 3000-cycle analysis, one of the four samples 
taken from packs 31C and 38F, respectively, indicated no carbonate 
whatsoever. The "zero-carbonate" sample from pack 3&F ,was taken from 
an area where a negative plate had been connected to the positive bus. 
Though not so noted, the "zero-carbonate" sample of pack 31C is believed 
to have resulted from a similar condition. 

(3) For further reporting see the "Minutes of the 
1972 Goddard Battery Workshop". report by Mr. Henni gan. 
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2E 38F 22C 

Avg Area cm2 35.7 36.3 35.9 

Avg Het Wt 9 0.5817 0.7094 1).4518 
~,,~, til 

UJ 
ciA vg Ory Wt 9 0.2432 0.5669 0.3801 

.-
" ~ .... 

oAvg KOH meq 0.931 0.323 0.189 
0 
0 «>Avg K2C03 meq 1.117 0.589 0.253 

%K2C03 (meq) 54.54 64.58 57.24 
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35.0 

0.6590 

0.3852 

0.589 

0.936 

61.38 
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49B 31C 250 

36.1 35.2 31.6 

0.6089 0.4944 0.2691 

0.3730 0.3879 0.1869 

0.563 0.074 0.238 

0.877 0.261 0.441 

60.90 77.91 64.95 
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2. Eaqle-Picller. G.O ah. Til ree !i-ce 11 Pucks: 
a. Cell Descri pti on: See pa ra graph LA. 
b. Parameters and Capaci ty Checks: 

Orb i t Peri ad 1.5-hour 
Temperature 0° 20° 40° 
Depth of Di scharge 40% 40% 40~ 

Auxil i a ry El ec trade 
Tri p Vol taqe (rW) 500 500 500 
Auxiliary Electrode 
Res is tor (Ohms) 680 680 68[) 
Pack ~lumber 53C* 65C* 42U 
Precycling Capaci~v 3.26 8.40 8.54 

F 152 Days 7.12 3.04 
F 330 Days 8.413 

SOD Days NA 

592 Days 3.38 
F 

* Percent recharge set at 102.5. 

F - Fai led. 
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c. Test Results: 

(1) Performance on Cycling: Cycling was started in 
Septemb:r 1971. Packs 420 and 65C failed after 95 and 4227 cycles, 
respectlvely. Pack 53C had one cell failure after 9998 cycles and 
the pack was discontinued after 10,325. 

(a) Pack 42D, cyc"ling at 40°C, could not exceed 
105 percent recharge without experier1cing high pressures and this 
amount of recharge would not sustain the cells at this temperature. 

(b) Packs 53C and 65C also were put on a set 
amount of recharCje due to high cell voltages and pressures. 

(2) Failure Analysis: Analysis of the nine cells 
sha.'led weak negati ve tab-to-plate welds, heavy mi gration, and ITOderate 
separator deteri orati on. 
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3. Gulton 6.0 ah (Nickel-Cadmium), Six 5-cell Packs, 
1.5-hour Orbit Period: 

a. Cell Description: These cells are rectangular in 
shape. The cell container and cell cover are made of stainless 
steel. Both terminals are insulated from the cell cover by ceramic 
seals and protrude through the cover as sol der type termi na1s. A 
stainless steel tab is welded to the cell cover for the auxi1ilary 
electrode terminal. The auxiliary electrode is welded to the inner 
surface of the cell container. A resistor is mounted externally 
between the auxiliary electrode and the negative terminal. Recharge 
percentage may be adjusted by adjusting the voltage level of the 
auxiliary electrode detector circuit and/or varying the auxiliary 
electrode resistance while maintaining a fixed voltage to the detec
tor ci rcui t. 

b. Test Parameters : 

Percent Tri p Auxiliary Electrode 
Pack Test Depth of Vol tage Leve 1 Res is tors (Ohms) 

Number Temperature Discharge (Mill i volts) 1 2 3 4 5 

59A 0° C 25 150 10 10 10 10 10 

71A 0° C 40 150 10 10 10 10 10 

23A 25° C 25 300 12 12 20 29 24 

llA 25° C 40 300 24 24 10 8 24 

35A 40° C 15 70 47 47 47 47 47 

47A 40° C 25 300 11 11 12 11 11 

c. Test Results: 

(1) Performance on Cycl i ng: Cycl i ng was started in 
February 1965. Pack fai lures occurred on cycle 14,863 for pack 59A, 
on cycle 5753 for pack 71A, on cycle 15,713 for pack 23A, on cycle 
7743 for pack llA, on cycle 12,511 for pack 35A and on cycle 5502 
for pack 47A. 
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Gulton 6.0 ah (Nickel-Cadmium), Three 5-cell Packs: 

a. Cell Description: See Paragraph LA., page 12. 

b. Parameters and Capaci ty Checks: 

Orbi t Peri od 1.5-hour 

Temperature 20 0 20 0 200 

Depth of Oischarge 25% 25% 25% 

Trip Voltage (MV)* 150 300 450 

Res is tors (Ohms) 6.8 6.8 6.8 

Pack Number 28D 40D 52D 

Precycl i ng Capaci ty 7.65 7.74 7.65 

88 Days 0.96 8.60 7.65 

264 Days 4.35 8.95 7.95 

440 Days 6.25 8.45 6.15 

616 Days 2.20 7.00 4.60 

* The tri p voltage levels of packs 40D and 520 
were changed to 250 and 300 MV, respectively. 

Packs were pl aced on voltage limit control 6-20-71. 

c. Test Results: 

'(1) Performance on Cycling: Cycling was started in April 1970. Packs 280, 400 and 52D completed 10,804, 10,846, and 10,446 cycles, respectively. with no cell failures, prior to their discontinuation in May 1972 at the request of Goddard Space Flight Center. 

d. Analysis: Though not failed, four cells were given post mortem analysis which revealed evidence of high pressure, limited blistering of positive plates, and migration and separator deteri orati on. 
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5. Gulton 6.0 ah (Nickel-Cadmium), Three 5-cell Packs: 

a. Cell Descri ption: See \1':: ragra ph 1.11. 

b. Parameters ani:! Capaci ty Checks: 

Orbit Period 1.5-hour 

Temperature * * * 

Depi:h of Discharge 40% 25% 15% 

Tri p Vol tage 170 170 170 

Auxili ary Electrode 
Resistor (Ohms) 6.8 6.8 6.8 

Pack NlIrrber 488 24C 608** 

Precycling Capacity 7.40 7.20 7.45 

88 Days 3.68 6.90 7.02 

264 Days 3.76 6.30 6.45 

440 Days 3.84 3.25 6.33 
F 

616 Days 3.10 5.51 

792 Days 2.55 4.68 

968 Days 3.15 3.21 
F 

1144 Days 2.25 

1320 Days 3.02 

1496 Days 2.07 

1672 Days 1.62 

1848 Days 0.75 

1936 Days 1.23 
F 

F - Failed. 

* These cells are in an arrbient temperature ~/hich varies 
sinusoidally from 00 to 400 C 11ithin a period of 24 hours. lifter 
260 days, the temperature cycle period ~/as increased to 48 hours; 
all other parameters remained the same. The temperature cycle is 
stopped at 25° C for capacity checks. 

** Test terrperature was changed to a constant 20 0 C on 3-18-71 
after more than 23,000 cycles. 
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c. Test Results: 

(1) Performance on Cycling: Cycling was started in April 1967. Packs 48B and 24C failed on cycles 6156 and 17,328, respectively. Pack 30B failed after completing 32,645 cycles with three cell failures. 

(a) From the tes t data obtai ned to date the indi cations are that the auxiliary electrode, when used for charge control, operates satisfactorily over the range of temperatures under whi ch these packs 11ere operated, ~Iithout temperature compensation. 

(2) Failure Analysis: Analysis of the nine failed cells shCIIled the major causes of failure to be shorting betl1een the positive and auxiliary electrodes due to insufficient separator material between the edge of the positive plates and the auxiliary electrode. Separator deterioration, migration of negative material and lolistered positive plates also ~Iere major reasons for failure. Other conditions found vlere high pressure, electrolyte leakage, weak weld between the auxiliary electrode and the bracket on the inside wall of the cell, and sho~ting between plates within the cell stack. This latter shorting is due to separator deteri oration. The 11eak 11e1ds may result from failure to J"emove active material from the grid of the auxiliary electrode prior to welding to the bracket. 
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6. Gulton 10.0 ah (iHckel-Cadmillm), Three 5-cell Packs, 1.5-hour Orbit Period: 

a. Cell Descr~ption: These cells are rectangular in shape. The cell container and cover are made of plastic. Each cell is fitted I~ith a pressure gage. 80th terminals protrude through the cell cover as solder type terminals. Each cell contains an adhydrode as a signal electrode and an Alrerican Cyanamid type A8-6X electrode for a scavenger electrode. The adhydrode is located in the center of the plate stack and welded to the base of the pressure gage fitting. The scavenger electrode is located on the side of the plate stack and connected internally to the negative material. Each 5-cell pack was epoxy potted into a lretal container by Gulton Industries in order to herrretically seal the cells. The cells were developed under Contract NAS 5-10241. 

b. Test Parameters 

Percent Trip Auxi li ary Pack Test Depth of Vol tage Level Electrode Nurrber Temperature Discharge (Mill i vo 1 ts). Resistors (Ohms) 
208 0° C 25 250 47 
88 25° C 25 250 47 
68 40° C 25 250 47 

c. Test Results: 

(1) Perfonnance on Cycling: Cycling was started in !lovenber 1.967. Pack 208 failed duri ng the precycli ng capacity, pack 88 on cycle 2414, and pack ·68 on cycle 602. All three packs were returned to Goddard Space Flight Center for analysis. 
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7. Gu1ton 20 ah (OAO) , (Nickel-Cadmium), Three 5-ce11 Packs, 1.5-hour Orbit Peri od: 

a. Cell Description: These cells are rectangular in shape. The cell container and cell cover are made of stainless steel. Both termi nals are i nsul ated from the cover by cerami c seals and protrude through the cover as solder type terminals. Each ceramic seal is set in an expansion joint to remove the stress placed on the seal by the IIIJvement of the plates or l:el1 cover. A stainless steel tab is welded to the cover for th~ auxiliary electrode terminal. The auxiliary electrode is welded to the inner surface of the cell container. A resistor is lIIJunted externally between the auxilia~ electrode and negative terminal. This type cell was used in the DAO satellites. 

b. Tes t Parameters: 

Percent Tri p Auxi 1 i ary Pack Test Depth of Voltage Level Electrode Number Temperature Discharge (Mi llivolts) Resistors (Ohms) 

58B 0° C 15 40 6.8 

12C 25° C 15 200 6.8 

36B 40° C 15 200 6.8 

(1) The following changes in the charge current were made in order to obtain more data on the auxi1ia~ electrode control. 

Pack Number Cycle Current 

58B 

12C 

36B 

234 9.5 Anps 

85 9.6 Anps 

51 9.6 Amps 

c. Test Results: 

Cycle 

794 

262 

226 

Current Cyc 1 e Current 

19.5 Anps 1 518 10 Amps 

19.5 Amps 

19.6 Amps 

629 10 Amps 

698 10 Amps 

(1) Performance on Cycling: Cycling was started in March 1967. Pack 36B conpleted cycle 2740 on 5 September 1967 without any cell failures, at which time cycling was discontinued. Packs 58B and 12C conpleted 4026 and 4934 cycles respectively on 
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25 January 1968 without any cell failures, at whici'l time cycling 
was discontinued on both packs. The three packs were returned to 
Goddard Space Flight Center for evaluation. 

(2) Capacity Checks: The ampere-hour capacities 
on the capacity check cycles are as follows: 

Orbi t Peri od 1.5-hour 

Te~erature 0° 25° 40° 

Depth of Discharge 15% 15;G 15% 

Pack Nurrber 58B 12C 36B 

30 Days * 14.7 * 
88 Days 20.0 20.6 10.7 

176 Days 22.0 20.5 

264 Days 22.4 

* Capacity checks were not run due to the 
changes in charge rate. 
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8. Gulton 20 -ah (DAD), (Nickel-Cadmium), Three 5-cell 
Packs, 1.5-hour Orbit Period: 

a. Cell Description: 

(1) Each pack consists of three conventional cells, 
two cells with an auxiliary electrode, and a cou10meter. Both 
types of cells, used in OAOsatel1ites, are rectangular in shape. 
The cell container and cell cover are made of stainless steel. 
Both terminals are insulated from the cover by ceramic seals and 
protrude through the cover as sol der type termi na1s. Each cerami c 
seal is set in an expansion joint to remove the stress placed on 
the seal by the movement of the plates or cell covers. 

(a) The cells flith auxiliary electrode have a 
stainless steel tab welded to the cover for the auxiliary electrode 
terminal. The auxiliary electrode is welded to the inner surface 
of the cell container. A resistor is mounted externally between 
the auxiliary electrode and the negative terminal. 

(b) The cou1ometers are of the cadmium-cadmium 
type and are rated at 20 ampere-hours. They are of the same case 
construction as the cells described above. 

(2) These packs are cycled with auxiliary electrode 
control. A cou10meter on each pack is monitored to note how well 
the two charge control devices in the pack function. 

b. Test Parameters : 

Percent Trip Auxili ary 
Pack Test Depth of Voltage Level Electrode 

Number Temperature Discharge (Millivolts) Resi s tors (Ohms) 

58C * 40 250 47 

36C * 25 250 47 

120 * 15 250 47 

* These cells are in an anbient temperature which varies sinusoi
dally from 0° to 40° C within a cycle period of 48 hours. 
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c. Test Results: 

(1) Performance on Cycling: Cycling was started in 
February 1968. Packs 58C and 36C failed on cycles 131 and 966, 
respecti ve ly; but Pack 12D was di sconti nued on cycl e 7262. All 
three packs were returned to Goddard Space Flight Center for failure 
analysis. 

(2) Capacity Checks: The ampere-hour capacities on 
the precycling and capacity check cycles are as follows: 

Pack NuniJer 58C 36C 12D 

Ternperature * * * 
Precycling 
'Capaci ty 22.7 22.9 25.3 

88 Days 13.7 

176 Days 6.3 

264 Days 5.8 

352 Days 5.7 

440 Days 6.9 

* The temperature cycle is stopped at 
25° C for each capacity check cycle. 
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:J. Gulton 20 ah (DAD). (Nickel-Cadmium. Precharge), One 
6-cell Pack. 1.5-hour Orbit Period (Pack 48C): 

a. Cell DescY'iption: 

(1) These cells are rectangular in shape. The cell 
container and cell cover are made of stainless steel. Both tenFinals 
are insulated from the cover by ceramic seals and protrude through 
the cover as solder' type terminals. Each ceramic seal is set in an 
expansion joint to remove the ~tress placed on the seal by the move
ment of the plates or cell cover. A stainless steel tab is welded 
to the cover for the auxiliary electrode terminal. The auxiliary 
electrode is welded to the inner surface of the cell container. A 
resistor is mounted externally between the auxiliary electrode and 
negative terminal. This type cell was used in DAD satellites. 

(2) Each cell was fi tted wi th either a pressure gage 
or pressure transducer. Before cycle was started, the amount of 
precharged cadmium material was adjusted so that cells 2 and 3 had 
0.0 ah. cells 4 and 5 had 4.0 ah and cells 1 and 6 had 8.0 ah. 
This was accomplished by a procedure specified by Goddard Space 
Flight Center. 

b. Test Parameters: 

(1) Test Te~erature: These cells are in an ambient 
temperature which varies sinusoidally from 0° to 40° C within a 
peri od of 48 hours. 

(2) Depth of Discharge: 25%. 

(3) Trip Voltage Level: 300 Millivolts. 

(4) Auxiliary Electrode Resistors: 51 Ohms. 

c. Tes t Resul ts : 

(1) Performance on Cycling: Cycling started in 
May 1969. Pack 48C was terminated after completing 1984 cycles. 
On cycles 586 and 627 cell number 1 (8.0 ah of precharged cadmium) 
developed high internal pressure. In both cases the gas pressure 
was allowed to decrease while the cells were on open circuit. On 
cycle 627. four ampere-hours of precharged cadmium were removed 
and the cell returned to cycling. No further difficulties with 
hi gh pressure were encountered with this cell. Cell number 5 
failed after 1733 cycles, and cell 2 failed after 1984 cycles. 
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(2) Failure Analysis: Failure analysis was 
performed on three cells. The analysis showed migration of nega
tive material, separator deterioration, high pressure, carbonate 
deposits at the positive terminal, and blistering of the positive 
plates. In addition, sa~les of positive and negative plates were 
removed from these three cells plus a fourth, nonfailed, cell. 
Individual plate capacities on these four samples showed the posi
tive plates to equal or exceed the capacity of the adjacent nega
tive plates in 75 percent of the samples. The cadmium to nickel 
ratio in such samples ranged from 0.74 to 1.00. Such negative 
limiting leads to high pressure during charge due to hydrogen 
evolution which cannot be recombined. 

(3) Capaci ty Checks: The ampere-hour capac; ty, 
after 461 cycl es, was 8.67 alll>ere-hours. 
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10. !;ulton 20 ah (OAO. Nickel-Cadmium, Precharge), One 
6-ce 11 Pack: 

a. Cell Oescription: Each cell vias fitted ~Iith a pres
sure gage, and a pressure transducer. Prior to cycling, the cells 
were subjp.cted to a series of tests including conditioning. capacity 
calibration, and overcharge. The final step of the series was an 
adjustment of precharged cadmium material,. T\~o cells had -3.0 ail. 
two had 0.0 ah and two had + 3.0 ah of precharge. In ne9ati ve pre
cha rgi ng. the des i red amper.~-hour equi va 1 ent of oxyqen is added 
to fully chargee cells. In positive precharging, the desired ampere
hour eCjuiva1ent of oxygen is removed from the cells as they charge. 
This preliminary procedure \~as specified by Goddard Space Flight 
Center. 'fhe methods of precharge adjustment were developed by NAt) 
Crane. 

b. Parameters and Capaci ty Checks: 

(1) Precyc1 i nf] capacity was deternti ned pri or to 
precharge adjustment. The capacity of eac:1 cell is deterrlined by 
the ti me to reach 0.5 volt. 

(2) Pack Number: 480. 

(3) Orbit Period: 1.5-hour. 

(4) Test TelTlperature: 2UoC. 

(5) Depth of Discharge: 25%. 

(6) Trip Voltage Level: 300 tlillivo1ts. (Placed 
on vo1taqe limit control 2-4-71 per instructions from Goddard Space 
F1if]ht Center.) 

(7) Auxiliarv Electrode Resistor: 47 Ohms. 
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Precycling 

Negative 
Cell #1 
SIN 475 

Capacity 25.60 

88 Days 14.17 
(Cycle 1378) 

176 Days 9.20 
(Cycle 2811) 

352 Days 6.70 
(Cycle 5790) 

528 Days 8.16 
(Cycle 8529) 

707 Days 16.66 
(Cyc1e 11526) 

802 Days 14.33 
(Cycle 12834) F 

Failure 
Cycle 

F - Failed. 

13,784 

c. Test Results: 

Precharge 
Cell #4 
SIN 953 

25.60 

11.17 

6.80 

5.80 

7.50 

15.00 

13.50 
F 

13,968 

Zero Precharge 
Cell #2 Cell #5 
SIN 481 SIN 961 

25.60 

12.67 

8.80 

8.50 

9.66 

16.16 

14.66 
F 

24.80 

14.33 

9.00 

7.30 

9.50 

17.66 

15.16 
F 

13,848· 13,238 

WQEC/C 77-87 

Positive Precharge 
Cell #3 Cell #6 
SIN 493 SI N 959 

25.50 

12.50 

8.30 

7.50 

9.16 

13.83 

15.50 
F 

25.10 

15.00 

10.20 

10.07 

11 .33 

15.00 

16.00 
F 

13,057 13,288 

(1) Performance on Cycling: Cycling was started in July 1970. 
Pack 480 failed after 13,968 cycles. The pack was placed on voltage 
limit control (1.420 VIC) after 2845 cycles. The limits were increased 
to 1.440 VIC (cycle 7011) and 1.46 VIC (cycle 8633) in an attempt to 
increase the capacity. Each cell failed and the cell failure cycle 
number is listed under the capacity check information. 

d. Failure Analysis: All the cells were shorted out. The shorts 
occurred at the lower corners of the cells and were due to migration 
and separator deterioration. 
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11. GE 6.0 ah (Ni cke l-Cadmi urn), Two 5-cell Packs, 1. 5-hour 
Orbit Period: 

a. Cell Description: These cells are rectangular in 
shape. The cell container and the cell cover are made of stainless 
steel. Both terminals are 'insulated from the cell cover by ceramic 
seals and protrude through ,the cover as solder type terminals. A 
stainless steel tab, welded to the cover, provides the terminal for 
the auxiliary electrode. The auxiliary electrode (Type C) is welded 
to the inner surface of the cell container. A resistor is mounted 
externally between the auxiliary electrode and the negative terminal. 
The pl ates of the cells of Pack 9G are separated with a materi al 
called "Chemsorb" whereas those of the cells of Pack 27C are 
separated with "Pellon" used as the standard for this test. 

b. Test Parameters: 

Percent Trip Auxil iary 
Pack Test Depth of Voltage Leve 1 Electrode 

Nunber Temperature Discharge (Mill i va lts) Resi stars Separator 

9G 40° C 25 500 510 Ohms Chemsorb 

27C 40° C 25 500 510 Ohms Pellon 

c. Test Results: 

(1 ) Performance on Cycling: Cycl i ng was started in 
N(Jvenber 196&. 

(a) Pack 9G: This pack failed on cycle 143 at 
which time three cell~ shorted internally. In one of these cells 
the auxiliary electrode shorted to the positive terminal. 

1. One of the fai led cells was returned to 
Goddal'd Space Fli ght Center for detail ed ,analys i s of the separator 
materi al "Chemsorb". 

2. Failure analysis of the other two cells 
showed that distortion of the cases and covers, caused by high 
internal pressure, moved the corner of the plates opposite the tabs 
in one cell into the bus of the plates of opposite polarity; and in 
the other cell the positive plates came into contact with the cell 
case, thereby shorting the auxiliary electt"ode to the positive 
termi nal. Both cells also showed separator deteri ol'ation. 
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(b) Pack 27C: The two cells whi ch failed on cycle 496 showed signs of high internal pressure and migration of negative plate material. Cycling was discontinued on cycle 559. 

(2) Capaci ty Checks: 

(a) Precycling consisted of a charge at the cycling rate unti', the auxiliary electrode voltage of any of the five cells reached 500 millivolts followed by a discharge at the cycling rate to 1.00 volt per cell, average. Each pack delivered 3.15 ampere-hours on precycling. 

(b) Capacity check cycles were to be identical to the precycling check cycle but none were made because of failure or discontinuance of cycling before first scheduled capacity check. 
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12. GE 6.0 ah (Nickel-Cadmium), Eight 5-cell Packs: 

a. Cell l)escription: The cens of four packs contain 
Type C auxiliary electrode (Code AB13), which is a sintered nickel 
plaque with a Teflon coating; whereas. those of the other four packs 
contain Type B auxiliary electrode (Code AB14), which is a platinum 
loaded sintered nickel plaque with no Teflon coating. 

.... ~. u 
b. Parameters and CapaC"i ty Checks: 

~ Orbit Peri od 1.5-hour 

Temperature 0° 00 25" 250 400 40 0 * * 

Depth of Dischal'ge 25% 25% 25% 25% 25% 25% 25% 25% 

Tri p Vol tage (MV) 250 250 250 250 250 250 250 250 

1 
Auxiliary Electrode 
Resi stor (Ohms) 82 82 82 82 82 82 82 82 

Pack Nuni>er 52C SOB 5B 17B 6C 42C 62B 65B 1 
Auxiliary Electrode C B C B C B C B i 
Precycling Capacity 7.05 7.20 7.50 7.38 5.55 5.10 7.40 7.70 

88 Days 6.50 7.40 3.20 4.70 1.50 1.50 1.15 5.80 • 
0** 

264 Days 3.10 7.25 1.50 2.20 2.10 2.20 5.55 2.65 
*** 

440 Days 3.35 7.05 1. 75 1.90 2.50 2.10 5.60 2.00 
F 0** 

616 Days 1.45 6.60 2.00 1.00 6.00 3.35 
F 

792 Days 6.35 2.45 1.77 NA 1.71 
0** 0 

968 Days 6.00 1.65 
F F 

1144 Days 5.65 

1320 Days 4.25 

1496 Days 3.10 

1584 Days 3.35 I 
F j 

i 
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* These cells are in an ambient temperature which varies sinusoi
dally from 0° to 40°C within a cycle period of 48 hours. The temp~r
ature cycle is stopped at 25°C for each capacity check cycle. 

** These cells were removed from automatic cycling for a series of 
special tests as instructed by Goddard Space Flight Center. 

*** Placed on voltage limit control (4-6-71) at 20°C due to auxiliary 
electrode allowing cell voltage to go too high. 

D - Discontinued F - Failed. 

c. Test Resu1 ts: 

(1) Performance on Cycling: Cycling started in June 
1968. Pack 62B was discontinued after 2367 cycles and then started 
again using a voltage limit control and completed 14,406 cycles 
before pack failure. Packs 6C, SOB, 52C and 17B failed after 8072, 
29,206, 9954 and 15,938 cycles, respectively. Packs 42C, 5B and 
65B were discontinued after 9047, 13,254 and 14,392 cycles, respectively, 
due to low capacity. Failures and discontinuations have accounted for 
a total of 18 cells. The two cells that did not fail in pack 50B 
were subjected to special tests, as requested by JPL, in May 1974. 
Results of these tests are contained in NAD Crane Report WQEC/C 74-617. 

(2) Failure Analysis: Analysis of 13 cells showed 
that the major causes of ai1ure were due to separator deterioration, 
migration of the negative material, and high internal pressure resulting 
in case distortion. Other problems included ceramic shorting, dryness 
of separator, ragged edges on positive plates and blistering of 
posttive plates. 

- ., .. 

195 

j 



\ 
~.,. 

WQEC/C 77-87 

13. GE 6.0 ah (Nickel-Cadmium), Three 5-cell Packs, 1.5-
hour Orbit Period: 

a. Cell Description: These cells are rectangular. 
The cell container and cover are made of stainless steel. Both 
terminals are insulated from the cell cover by ceramic seals and 
protrude through the cover as solder type terminals. There are 
two auxiliary electrodes in each cell; the signal and the gas recom
bination electrodes. The recombination electrode is welded to the 
inside of the container, and its terminal is a stainless steel tab 
welded to the outside. The signal electrode, which is' used for 
charge control, is welded to a wire that protrudes through a hole 
in the cell cover. This hole is potted to seal the cell. Different 
values of resistance are used to connect the signal and gas recombi
nation electrodes to the negative terminal. The cells were developed 
under contract NAS 5-10261. 

b. Test Parameters: 

Percent Trip 
Pack Test Depth of Voltage Level 

Number Temperature Discharge (Mill i vo 1 ts) 

53B 0° C 15 185 

28C 25° C 15 70 

47C 40° C 15 58 

* Gas Recombination Electrode Resistors: 1 Ohm 

c. Test Results: 

Signal Electrode 
Resis tors (Ohms) * 

300 

10 

10 

(1) Performance on Cycling: Cycling was started in 
July 1968. Packs 53B and 28C fai led on cyc1 es 9230 and 9987, respec
tively. Pack 47C was discontinued on cycle 5842. One cell was 
removed from each pack and returned to the manufacturer for analysis. 
These cell removals occurred on cycle 4039 for 538, on cycle 4095 for 
28C and on cycle 4063 for 47C. Two additional cells (one failed and 
one nonfai1ed) from 47C were returned to the manufacturer for analysis 
as outlined in the NASA contract. 

(2) Failure Analysis: Analysis of the eight failed 
cells from the three packs showed the major cause of failure to be 
separator deterioration, migration of negative plate material and 
high internal pressure. Additional problems included electrolyte 
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leakage, corrosive internal deposits, blistering of positive p ate~, 
ragged edges of pos iti ve p 1a tes, and dry separator materi a 1. IJne 
cell from 47C which did not fail was analyzed for comparison with 
tne failed cell. The conditions found in this cell were similar 
to the failed cell except that the separator deterioration and 
mi gra ti on were not as severe. 

, 
(2) Capacity Checks: The ampere-hour capacities 

on the ca paci ty check cyclE's are as follows: 

Pack Number 53B 28C 47C 

Temperature aoc 25°C 40°C 

88 Days 6.96 7.74 5.22 

176 Days 6.80 6.50 1.50 

264 Days 6.75 6.30 1. 75 

352 Days 6.05 5.50 

440 Days 1.71 3.00 

528 Days 1.59 0.90 

616 Days 0.96 
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14. GE 6.0 ah (Nickel-Cadmium with Signal and Recombination Electrodes), Three S-cell Packs: 

a. Cell Description: These cells are rectangular with stainless steel containers and covers. Both terminals are insulated from the cell cover by ceramic seals and protrude through the cover as solder type terminals. There are two auxiliary electrodes in each cell; the signal an:l the gas recombination electrodes. The recombination electrode is welded to the inside of the container, and its terminal is a stainless steel tab welded to the outside. The signal electrode, which is used for charge control, is welded to a wire that protrudes through a hole in the cell cover. This hole is potted to seal the cell. 

b. ParaJTeters and Capaci ty Checks: 

Orbit Period loS-hour 
Temperature 0° 20° 40° 
Depth of Dischal"ge 40% 40% 40% 
Trip Voltage (MV) 150 200 600 
Signal Electrode 
Res istors (Ohms) 330 330 330 
Recorrbi nati on Electrode 
Resistors 2.2 2.2 2.2 
Pack Nurrber 30C 64B 60 

88 Days 6.96 4.18 3.75 
176 Days 6.73 

c. Test Results: 

(1) Performance on Cycling: Cycling was started in April 1971. Packs 30C and 648 completed 4129 and 2712 cycles respectively, prior to discontinuation in June 1972. Pack 60'failed on cycle 2268. 
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(2) Failure Analysis: Chemical Analysis of cell 1 
from pack 60 revealed a high equivalence percentage of potassium 
carbonate--averaging 47.2 percent. Physical analysis of the same 
cell showed blistering of positive plates, ragged plate edges and 
uneven distribution of electrolyte--highest moisture content toward 
the center of the plates. 

. ~~ 
Equlvalence % C03 = Meq C0

3 
+ Meq KOH X 100 

where Meq = milliequivalence. 
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15. GE 12.0 ah (Nickel-Cadmium), Four 5-ce11 Packs, 1.5-hour 
Orbit Period: 

a. Cell Description: These cells are rectangular in 
shape. The cell container and the cell cover are made of stainless 
steel. Both terminals are insulated from the cell cover by ceramic 
seals c,nd protrude through the co\'er as 1/4-20 threaded posts. A 
stainlf)ss steel tab is welded to tle cell cover for the auxiliary 
electn,de terminal. The auxiliary electrode is a fuel cell type 
electrode and is welded to the inner surface of the cell container. 
A resistor is roounted externally between the auxiliary electrode 
and the negative terminal. ' 

b. Test Parameters : 

Percent Trip Auxil i ary 
Pack Test Depth of Vol tage Leve 1 Electrode 

Number Temperature Discharge (Mi 11 ivolts) Resi stars (Ohms) 

60A 0° C 25 400 3 

12A 25° C 25 400 1 

24A 25° C 40 400 1 

48A 40° C 25 400 0.5 

(1) Pack 4BA was changed to 0° C after 528 cycles 
with the following parameters: Depth of Discharije, 40 percent; 
Res is tors, 3 ohms on each ce 11 • 

c. Test Results: 

(1) Performance on Cycling: Cycling was started in 
October 1965. Cycling of Packs 60A, 12A, 24A and 48A was discon
tinued on cycles 5650, 1698, 665 and 5110 cycles respectively. 

(a) Pack 12A, at 25° C: The end-of-discharge 
voltage fell below •• 0 volt per cell, average, on cycle 486. The 
pack was reconditioned and returned to cycling. At cycle 872 the 
voltage again dropped below 1.0 volt per cell, average. The pack 
was agai n recondi ti oned. At cycle 1051 the pack agai n lost capaci ty 
and was reconditioned for the third time. Cycling of this pack was 
discontinued at cycle 1698 because of loss of capacity. 
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(b) Pack 24A, at 25° C: The end-of-discharge 
voltage fell below 1.0 volt per cell, average, on cycle 410. The 
pack was reconditioned and returned to cycling. At cycle 537, t.he 
voltage again dropped below 1.0 volt per cell, average. The control 
unit was then set to charge at 2.5 amperes for the remaining portion 
of the 60-minute charge period after the trip point had been reached. 
This overcharge did not irrprove the capacity of the pack so the test 
was discontinued on cycle 665. 

(c) Pack 48A completed 528 cycles at 40° C at 
which time the test temperature was reduced to 0° C and the depth 
of discharge was increased from 25 to 40 percent. Cycling was 
discontinued after cycle 5110 because the cells would not operate 
satisfactorily over the E;ltire temperature range of 0° to 40° C. 
Additional data at 0° C would be (,f little value in evaluating the 
cells for space application. 

(d) Pack 60A, at 0° C, completed 5650 cy~les 
before it was disconti nued for the same reasons given for Pack 48A. 

(e) Failure Analysis: Consultation with Goddard 
Space F1 i ght Center and the manufacturer res u1 ted in the deci si on 
to forego failure analyses of these cells since it was be1ievt:!d 
their poor perfonnance was the result of questionable processing. 

(2) Capacity Checks: The ampere-hour capacities on 
the capaci ty check cyc1 es are as follows: 

Orbit Peri od 1.5-hour 

Temperature 0° 0° 25° 25° 

Oepth of Oischarge 25% 40% 25% 40% 

Pack Nutrber 60A 48A 12A 24A 

100 Cycles 15.00 5.30* 8.90 9 .10 

88 Days Disch #2 15.10 15.20 ** ** 

176 Oays Disch #2 14.60 15.10 

264 Days Disch #2 11 .50 

* Pack 48A capacity test discharges 
at ambient temperature of 40° C. 

at this point were 

** Capacity check at 88 days (1440 cycles) was not run 
because of earlier losses of capaci ty. 
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16. GE 12.0 ah (Nickel-Cadmium), Six 5-cell Packs, 1.S-hour 

Orbit Period: 

a. Cell Description: These cells are rectangular in 

shape. The cell container and cell cover are made of stainless 

steel. Both terminals are insulated from the cell cover by ceramic 

sea 1 s and protrude through the cover as 1/4-20 threaded posts. A 

stainless steel tab is welded to the cell cover for the auxiliary 

electrode terminal. One auxiliary electrode was welded internally 

to the negative terminal and the other one was welded to the cell 

container. A resistor is mounted externally between the auxiliary 

elE!ctrode and the negative terminal. 

b. Test Parameters: 

Percent Trip Auxili ary 

Pack Test Depth of Vol tage Level Electrode 

Nunber Temperature Discharge (Millivolts) Resistors (Ohms) 

58A 0° C 25 500 6.8 

72A 0° C 40 SOD 6.8 

12B 25° C 25 500 6.8 

24B 25° C 40 500 6.8 

36A 40° C 25 500 6.8 

34A 40° C 40 500 6.8 

c. Test Results: 

(1) Performance on Cycling: Cyclin9 was started in 

January 1967. Packs 58A, 72A, 12B, 24B, 36A and 34A were di scon

tinued on cycles 136, 304,404, 38, 75 and 65 respectively. These 

packs showed excessive capacity losses in relatively few cycles as 

reflected in the capacity Check data. 
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(2) Capaci ty Checks: The ampere-hour capaci ties 
on the precycling and capacity check cycles are as follows: 

(a) Pack 58A, at 0° C: Precyc1ing capacities 
were 17.4 ampere-hours on the first discharge and 16.6 ampere-hours 
on the second discharge. After 133 cycles the pack was again given 
a capacity check and delivered 16.0 ampe~-hours on the first dis
charge and 15.7 ampere-hours on the secontl discharge. 

(b) Pack 72A, at 0° C: Precycling capacities 
were 17.4 ampere-hours on the fi rst di scharge and 16.4 ampere-hours 
on the second discharge. After 177 cycles the pack was again given 
a capacity check and delivered 15.6 ampere-hours on the first dis
charge and 15.6 ampere-hours on the second discharge. 

(c) Pack 12B, at 25° C: Precyc1ing capacities 
were 15.9 ampere-hours on the first discharge and 10.5 ampere-hours 
Oil the second discharge. After 401 cycles the pack was again given 
a capacity check and delivered 6.8 ampere-hours on the first dis
charge and 7.2 ampere-hours on the second discharge. 

(d) P:ad. 24B, at 25° C: Precycling capacities 
were 17.2 ampere-hours on the first discharge and 15.1 ampere-hours 
on the second discharge. After 38 cycles the pack was again given 
a capacity check and delivered 4.6 ampere-hours on the first dis
charge and 6.8 ampere-hours on the second discharge. 

(e) Pack 36A, at 40° C: Precyc1ing capacities 
were 12.1 ampere-hours on the first discharge and 6.3 ampere-hours 
on the second discharge. After 56 cycles the pack was agai n gi ven 
a capaci ty check and de 1i vered 3.5 ampere-hours on the fi rst dis
charge and 2.6 ampere-hours on the second discharge. 

(f) Pack 34A, at 40° C: Precycling capacities 
were 13.0 ampere-hours on the first discharge and 6.7 ampere-hours 
on tne second discharge. After 43 cyc1 es the pack was agai n gi ven 
a capacity check and delivered 4.1 ampere-hours on the first dis
charge and 3.2 ampere-hours on the second discharge. 

(g) Failure Analyses: Consultation with 
Goddard Space Flight Center and the manufacturer resulted in the 
decision to forego failure analyses of these cells since it was 
believed their poor performance was the result of questionable 
processing. 
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17. (it 20 ah (Nickel-Cadmium), Two 5-cell Packs: 

a. Ce 11 Des cri pti on : See Paragraph 1. A .• page 12. 'l 
b. ParallEters and Capaci ty Checks: 

Orbi t Peri od 1.5-hour 

"," ). Temperature 0° 0° 

. 
Depth of Discharge 15% 15% 

Trip Voltage (MV) 300 300 

Res is tors (Ohms) 300 300 

Pack Nurrber 78 67B 

Precycl i ng Capaci ty 22.7 21.8 

88 Days 27.3 29.3 
l 

176 Days 24.9 28.8 1 , 
264 Days 27.3 30.0 1 

1 
352 Days 27.0 29.8 I 
440 Days 27.9 30.4 

I 
1 , 

528 Days 28.5 28.1 
1 

704 Days 24.4 29.1 1 
i , 
1 
I 

c. Test Results: 

j (1) Performance on Cycling: Cycling was started in 
February 1970. Packs 78 and 67B have completed 12.652 and 12.634 

1 
cycles. respectively. prior to discontinuation in May 1972. 
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18. Sonotone 5.0 ah (Nickel-Cadmium), One S-cell Pack, 
1 .S-hour Orbit Period (Pack 140): 

a. Cell Description: These cells are rectangular in 
shape. The cell jars and cell clovers are made of a plastic material. 
Each cell is equipped with an au:'dliary electrode which is used for 
gas reconilination. The cells were constructed at the Goddard Space 
Flight Center from parts supplied by Sonotone. The cells were then 
i ndi vi dually epoxy potted in order to henneti ca lly seal them. 

b. Tes t Parameters: 

( 1 ) Test Temperature: 25° C. 

(2) Depth of Discharge: 25%. 

( 3) Auxiliary Electrode Resistors: All 1 ohm . 

(a) Following the low end-of-discharge voltage 
condition of one cell between cycles 1110 and 1136, the auxiliary 
electrode resistors on each of the five cells were changed to 50 
ohms, at the request of Goddard Space Flight Center, to note any 
changes in the cell voltage characteristics. 

c. Test Results: 

(1) Perfonnance on Cycling: Cycling was started 
in NovelTtler 1967. This pack failed on cycle 1179 due to failure 
of three cells at that time as a result of severe migration of 
negative plate material. The positive plates of one cell were 
blistered; and ilTtledded in one was a piece of extraneous plastic 
mater; al . 

(2) Capaci ty Checks: The ampere-hour capaci ty on 
precycling was 3.99 ampere-hours. 
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19. Yardney 12.0 :ah (Silver-Cadmium), Two 5-ce11 Packs, 
24-hour Orbit Period: 

a. Cell Description: The cells are rectangular in 
shape. The cell jars and covers are molded of a plastic material. 
A fuel cell type auxiliary electrode for gas recoiIDination was 
installed in each cell by Goddard Space Flight Center before being 
i ndi vi dua 11y epoxy potted with a wrap of fiberg1 ass materi alto 
hermetically seal and strengthen them. 

b. Tes t Parameters: 

Pack Test Percent Oepth Auxi 1i ary Electrode 
l~uiIDer Temperature of Di scharge Resistor (Ohms) 

210 00 C 43 1 

9F 40 0 C 43 1 

c. Test Results: 

(1) Performance on Cycling: Cycling was started 
in June 1967. 

(a) Pack 210: This pack failed on' cycle 60 
due to low capacity of ~evera1 cells. 

(b) Pack 9F: The first of four cell failures 
occurred on cycle 258, the second on cycle 288, and the remaining 
two on cycle 310. 

(c) The two packs were returned to Goddard 
Space Flight Center for analysis. 

(2) Capacity Checks: The ampere-hour capacities 
on the precyc1ing and capacity check cycles are as follows: 

Pack Nurrber 

Precycling Capacity 

100 Oa,ys 

200 Days 

273 Da,ys 

206 

210 

4.33 

9F 

5.53 

8.33 

7.60 

5.33 
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B. Stabistor: The staJistor is a semiconductor device that is 
used to shunt current around a fully charged cell. The stabistor 
will pass current when the voltage across it has reached the break
down val ue. The breakdown va 1 tage depends upon the temperature of 
the stabistor. At higher temperatues the breakdown voltage is 
lower than at cold temperatures. Across the terminals of each cell 
is mounted a 5-ampere stabistor to limit the charge current, and an 
anti revers al diode to prevent cell reversal on discharge. 

1. Sonotone 5.0 ah (tlicke1-Cadmium), Eight 5-ce11 Packs, 
1. 5- hour Orb i t Peri od: 

a. Cell Description: These are cyc1indrica1 cells 
made of stainless steel. Two stainless steel tabs are welded to 
the cover for the negative connections. The positive terminal is 
an extension of the positive plate tab and is insu1ateo from the 
"negati ve" cover by a cerami c seal. Two ri ng i ndentati ons, about 
1/32 inch deep, located approximately 7/8 inch from either end of 
the cell can, were crimped after cell assembly to hold the element 
snugly in the cylindrical can. This type cell was used in the 
TIROS (Television Infrared Observation Satellite) satellite. 

b. Tes t Parameters: 

(1) Initial Test Parameters: 

Pack Test Percent Depth 
Number Temperature of Discharge 

75C -20° C 25 

89B _20° C 40 

92A 0° C 25 

122B 0° C 40 

73B 25° C 25 

87B 25° C 40 

99B 40° C 25 

ll2B 40° C 40 
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(1) Pack 1126 did not cycle satisfactori ly at 40 
percent depth of discharge so at cycle 48 the depth of discharge 
was reduced to 15 percent, with all other parameters unchanged. 

(2) It was necessary to recharge all packs at the 
cll rate (5 al11leres) since the 5-ampere stabistor (with heat sink) 
in parallel with each cell was designed to maintain the proper 
stabistor temperature for the correct breakdown voltage when shunt
ing the 5 al11leres. 

c. Test Results: 

(1) Performance on Cycling: Cycling was started in 
Augus t 1965. Pack 75C fai led on eyc1 e 2145, pack 89B on cycle 1530, 
pack 92A on cycle 8774, pack 122B on cyc1 e 5190. pack 73B on cyc1 e 
4742, pack 87B on cycle 2392, pack 99B on cycle 4399. and pack 1126 
on cycle 3294. The breakdown voltage of the stabistors was too high 
for proper voltage limiting. thereby resulting in excessive gassing 
and high internal pressure. This in turn caused leakage as evidenced 
by carbonate deposits around the ceramic seal of the terminal of 26 
of the 29 failed ct!l1s, of which the containers of 23 cells were 
bulged. Other conditio~5 found during the failure analysis were 
excess scoring. migration of the negative plate material, weak tab
to-plate welds. ceramic shorts. separator deterioration, blistering 
on the positive plates, loosened active material, and extraneous 
active material. 

(2) Capacity Checks: The ampere-hour capacities on 
the precycling and capacity check cycles are as follows: 
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PRECYCLING AND CAPIICITY CHECKS 

Orbit Peri od 1.5-hour 

Temperature _20° -20° 0° 0° 25° 

Depth of Discharge 25% 40% 25% 40% 25% 

" l> 
Pack NuniJer 75C 89B 92A 1228 73B 

.,. Precyclin9 Capaci ty 4.92 4.96 3.38 4.13 5.33 

88 Days Disch #2 1.21 2.58 2.75 2.33 2.33 

176 Days Disch #2 1.71 1.50 1.29 

264 Days Disch #2 0.75 0.79 

352 Days Disch #2 * * 

440 Days Di sch #2 1.38 

* Cell failure occurred during capacity check. 
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25° 40° 40° 

40% 25% 40% 

87B 998 112B 

5.50 4.21 3.71 

3.66 1.88 1.04 
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C. Coulometer: (See Section I, Paragraph L7.b., for description of cadmium-cadmium coulometer.) 

1. Gulton 3.6 ah (Nickel-Cadmium with Neoprene Seal), One lO-cell Pack, loS-hour Orbit Period (Pack 39B): 

a. Cell Description: These are cyclindrical cells with a folded neoprene seal. 

b. The coulometer used was buil t by GE with a capacity of 6.0 ampere-hours. 

c. Test Parameters: 

(1) Test Temperature: 25° C. 

(2) Depth of Discharge: 40%. 

d. Test Results: 

(l) Performance on Cycling: Cycling was started in November 1965. This pack completed 5399 (.Jcles before failure by sel f des tructi on. Duri ng recharge foll ow; ng the fi rs t capaci ty check after cycle 5399, one or more cells of the seven cells cycling shorted and caugh t fi re. All seven ce 11 s were comp 1 ete ly des troyed thereby preventing fai lure analysis. The coulometer failed after 1868 cycles due to loss of capacity. The end-of-discharge voltage improved after a new coulometer was placed in the pack. 

(a) The first three cell failures occurred at cycles 2182, 4949 and 4976. The three cells showed migration of negative plate material and separator deterioration. The positive plates of the three cells had loosened active material and were blistered. The welded seam of each of the three cells showed 1 eakage as evi denced by depos its. 

(b) The cadmium-cadmium coulometer failed due to internal shorting caused by cadmium migration through the single layer of nonwoven nylon separator. Because of this cadmium migration, the coulometer must have at least twice the amount of plate separation as regular nickel-cadmium cells also requiring the cells to be operated in the flooded state to keep the internal resistance down. 
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(2) Capac; ty Checks: The ampere-hour capacities on 
the precyc1ing and capacity check cycles are as fo11C1i1s: 

Precyc1ing 3.06 

88 Days 2.07 

176 Days 2.01 

264 Days 2.55 

352 Days 1.71 
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2. Gulton 4.0 ah (Nickel-Cadmium), Seven 5-cell Packs, 
1.5-hour Orbit Peri od: 

a. Cell Description: These are rectangular sealed 
cells of commercial grade. The containers and covers are of a 
plastic material. They were epoxy potted into 5-ce 11 packs with 
a coulometer at the Goddard Space Flight Center in order to 
hermeti cally seal the cells and the coulometer before test. 

b. Test Parameters: 

Pack Test Percent Depth 
Nurrber Temperature of Discharge 

40C _20 0 C 25 

528 0° C 25 

26C 25° C 15 

14C 25° C 25 

37C 25° C 40 

38D 25 0 C 60 

39C 40 0 C 25 

c. Test Results: 

(1) Performance on Cycling: Pack 40C failed during 
precycling capacity checks at _20 0 C. Cycling of the remaining six 
packs started in Harch 1967. The first cell failure occurred on 
cycle 5685 for pack 52B, on cycle 11,455 for pack 26C, on cycle 2428 
for 14C, on cycle 790 for 37C, on cycl e 1927 for 38D and on cycl e 
1508 for 39C. At the request of Goddard Space Flight Center, cycling 
of any pack I~as stopped upon failure of any cell within the pack 
since there was no way of physically or electrically removing the 
failed cells from the pack. No failure analyses were performed 
because failure of these commercial cells was due to high internal 
pressure because too much electrolyte in the cells prevented gas 
recombination to occur which caused the cells to rupture. 

(2) Capacity Checks: The ampere-hour capacities on 
the precycling and capacity check cycles are as follows: 
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PRECYCLING AND CAPACITY CHECKS 

Orbi t Peri od 1.5-hour 

Temperature _20° 0° 25° 25° 25° 25° 

Depth of Discharge 25% 25% 15% 25% 40% 60% 
~,;" 

,- Pack Number 40C 52B 26C 14C 37C 38C 
, -, . . ' Precycling Capacity * 4.43 4.67 4.23 5.03 4.57 , , 

88 Days Disch #2 4.10 3.10 3.50 1.87 

176 Days Disch #2 3.37 2.43 

264 Days Disch #2 2.33 3.37 

352 Days Disch #2 3.80 3.37 

440 Days Disch #2 3.40 

528 Days Disch #2 2.33 

616 Days Disch #2 1.33 

704 Days Disch #2 0.93 

* Pack failure occurred during precycling capacity check. 
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3. Gulton 6.0 ah (Nickel-Cadmium), RAE, Four 5-cel1 Packs: 

Ce 11 Des cd pti on : Se-a paragraph LA., page 12. 
a. 

b. Parameters and Capacity Checks: 

Orbit Peri ad 3.0-hour 

Temperature _20· 00 25° 40 0 

Depth of Discharge 25% 25% 25% 25% 

Pack NuiTber 41B 66B 18C 29B 

Precycling Capacity 6.60 7.15 7.00 6.25 

88 Days Disch #2 6.45 6.90 2.75 2.35 

264 Days Disch #2 4.50 5.70 1.50 1.80 

440 Days Disch #2 3.0li 4.75 1.35 1.55 

616 Days Disch #2 2.40 4.00 1.50 1.50 

792 Days Disch #2 1.45 4.25 1.55 1.60 

968 Days Disch #2 2.15 6.25 1.60 

1091 Days* Disch #2 3.30 * * 

1232 Days Disch #2 2.00 6.10 

1408 Days Disch #2, 2.25 6.0.5 

1584 Days Disch #2 1.95 1.15 

1760 Days Disch #2 0.45 

* Number of days does not fit into 88-day sequence due to 
loss of time with numerous cou1ometer changes on Pack 41B. 

c. Test Results: 

(1) Performance on Cycling: Cyclhg was started in 
November 1966. Packs 29B, 18C, 66B and 41B failed after 7941, 9633, 
13,396 and 15,724 cycles, respectively. 
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(2) Fail ure Ana lysi s : 

(a) Analysis of eleven failed cells showed the 
maj or causes to be separator deteri orati on, cerami c short, and 
migration of the negative plate material. Other conditions found 
were high internal pressure, blistering of the positive plate mater
ial, electrolyte leakage and loose active material. 

(b) It was necessary to replace the coulometer 
in pack 41B, operating at -200 C, on nine occasions; and on one 
occasion in pack 66B operating at 00 C because each coulometer had 
shorted internally. The n~mber of cycles between failures range 
from 193 to 3698 cycles for an average of 965 cycles. These fail
ures were due to inadequate plate separation having one layer of 
nonwoven nylon. The failute mode being combated is cadmium migra
ti on. It has been found that coulometers requi re twi ce the effec
tiveness of plate separation as that found in its nickel-cadmium 
counterpart. These results have lead to the use of two layers of 
nonwoven nylon in RAE coulometers. 
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4. Gu'ton 6.0 ah (Nickel-Cadmium with Gulton Plates), 
Four 5-cell Packs: 

a. Cell Description: These cells are different from 
previous Gulton cells in that the plates were manufactured by 
Gulton rather than SAFT of France. 

b. Coulometer: The coulometer is a device which measures 
the amount of electrical charge (coulombs or ampere-hours) passed 
through it. It accomplishes this by means of an electrochemical 
reaction which is directly proportional to the product of the magni
tude of the current and the time for which it is passed. The coulom
eter used with nickel-cadmium cells is made from two sets of cadmium 
hydroxide plates bathed in KOH electrolyte, and constructed in a 
manner similar to that of a nickel-cadmium cell. Coulometer action 
is obtained by imbalancing the two sets of plates, so that when one 
set is reduced to cadmium by the passage of charge, the other set is 
oxidized to cadmium hydroxide. This reaction continues at a low 
voltag0 on the coulometer until the imbalance is complete. Then the 
coulometer voltage rises very sharply. The coulometer reaction can 
take place in either direction, charge or discharge, because the 
co~lometer reaction is complet~ly reversible. Thus, it is easy to 
detect when 100 percent of the' discharge has been returned to the 
cell s. 

Orbit Peri od 1.5-hours 

Temperature _200 00 20 0 40 0 

Oepth of Discharge* 50% 50% 50% 50% 

Pack Number 39D 63B 3C 27D 
Precycling Capacity 6.30 5.70 6.09 6.00 

88 Days 5.00 6.08 4.96 2.96 
F 

176 Days 6.08 3.60 3.76 
264 Days 5.92 4.08 5.44 

352 Days 6.32 3.36 2.64 
F 

528 Days 6.48 3.28 

704 Days 6.16 3.76 
893 Days 4.32 NA 

1062 Days 4.61 4.93 
1240 Days 3.80 4.2/f 
1434 Days 2.88 3.23 
1613 Days F 4.64 
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* Depth of Discharg~ was changed to 40% on 9~29-70 by NASA, 
Goddard Space Flight Center Technical Monitor. This 
change occurred within the first 75 cycles for all packs. 

F - Failed. 

c. Test Results: 

(l) Performance on Cycling: Cycling was started in 
September 1970. Packs 638 and 3C completed 23,121 and 26,829 cycles 
before failure. One cell was removed from each pack for separator 
analysis on cycle 16,011 (Pack 638) and cycle 16,544 for Pack 3C. Packs 
270 and 390 failed after 6869 and 1376 cycles respectively . 

(2) Failure Analysis: Analysis of the 12 failed 
cells showed extreme pitting of both the negative and positive plates 
throughout the plate stack. The cell cases were bulged due to internal 
pressure. Ultim·"te failure resulted in low capacity due to pitting 
and loosened active material. When compared, migration was more 
pronounced in the cells of 638 and separator deterioration was pre
dominate in the cells of 3C. 

Pack Number 3C 3C 6.38 638 

Serial Number 920 914 9·12 900 
(fa i1 ed) (failed) 

Cycles Completed 16,554 26,829 16,011 23,121 

Total meg KOH 
per extract 78.27 72.75 89.08 103.290 

Tota 1 meg K2C03 per extract 57.66 72.46 45.26 42.900 

meg KOH per 
separator patch 0.5877 0.7016 0.8691 0.5280 

meg K2C03 per 
separator patch 0.7197 1.4961 0.7409 0.9174 

Total volume (cc) 
per patch 1.004 N/A 1 .156 1.2623 

Wet weight per 
patch, avg (g) 0.4200 0.5164 0.5327 0.4793 

Dry weight per 
patch, avg (g) 0.1472 0.1571 0.1772 0.1842 

N/A - Not Available. 
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5. Heliotek 20.0 ah. One. 5-cell Pack: 

a. Cell Description: See Paragraph I.A .• page 12. 

b. Parameters and Capacity Checks: 

Orbit Period 

Test Temperature 

Depth of Discharge 

Pack Number 

Precycling Capacity 

88 Days 

c. Test Resul ts: 

1.5-hour 

20°C 

40% 

34D 

16.0 

7.73 

Discontinued 

(1) Performance on Cycling: Cycling was started in 
March 1972. This pack completed 2903 cycles. with one cell failure. 
before a malfunction of the control system severely discharsed the 
remaining cells resulting in the pack being discontinued. One cell 
was returned to Heliotek. three cells to Goddard Space Flight Center. 
and the remaining cell was stored. 
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6. Sonotone 5.0 ah, One 5-cell Pack, loS-houl' Orbit Periori: 

a. Cell Description: 

(1) The cell container and the cell cover are made 
of stainless steel. Two stainless steel tabs, welded to the cover, 
serve as contacts for the negative terminal. The positive terminal 
is a solder type extension of the positive plate tab through the 
center of the cover. The positive terminal is insulated from the 
"negative" cover by a gl ass to metal seal. Two ri ng i ndentati ons, 
about 1/32 inch deep, located approximately 7/8 inch from either 
end of the cell can, were crimped after cell assembly to hold the 
element snugly in the cylindrical can. 

b. The cou10meter used was built by the Goddard Space 
F1 i ght Center. 

c. Test Parameters: 

(1) Test Teflllerature: 25° C. 

(2) Depth of Discharge: Started at 80 percent but 
was lowered by steps of 10 percent until the pack operated satisfac
torily at 30 percent depth of discharge. 

d. Test Results: Cycling was started in August 1964. 
Upon cOflll1etion of a total of 13,540 cycles at the various depths 
of discharge listed below, cycling was stopped because the coulom
eter developed a short and coul d not control the cycl i ng operati on 
any longer. 

(1) At 80 percent, the pack conllleted 59 cyc1 es • 
The end-of-discharge voltage dropped below 1.0 volt. 

(2) At 70 percent, the pack completed 61 cycles. 
The end-of-discharge voltage again dropped belo~1 1.0 volt. 

(3) At 60 percent, the pack cODll1eted 55 cycles 
before the end-of-discharge voltage fell bel0\1 1.0 volt. 

(4) At 50 percent, the pack completed 90 cycles 
before the end-of-discharge voltage fell below 1.0 volt. 

(5) At 40 percent, the pack cODll1eted 250 cycles 
before the end-of-discharge voltage fell below 1.0 vol t. 
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(6) At 30 percent, the pack completed 13,025 cycles 
before the cou1onEter developed a short. The end-of-discharge volt
age was about 1.07 volts per cell, average, with an end-of-charge 
voltage of 1.42 volts per ce 11 , average, over the enti re cyc1 e 1 ife. 
The percent of recharge. as controlled by the cou1ometer. ranged 
from 104 to 111 percent with an average value of 106 percent. 
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D. Sherfey Upside-DlJiln Cycling: This type of cycling starts 
with the cells in a completely discharged condition. Each cycle 
consists of a charge of 60 percent followed by a discharge of ·40 
percent of the cell's rated capacity. L1pon completion of each 
fifth cycle, the cells are discharged through resistors for 90 
additional minutes to return the cells to the completely discharged 
condition (bleed portion of cycle) for the start of the next 
sequence of five cycles. In this manner, the cells operate be10\1 
the 100 percent charged state much of the time thereby preventing 
overcharging and buildup of excessive gas pressure. 

1. Test Equipment: The charge and discharge currents for 
the pack are supplied by a pOtIer supply. The rates and cycling 
regimen are cc.otrol1ed by the Sherfey cycling unit 11hich contains 
the resistors llsed to completely discharge the cells after each 
fifth cycle. Yle cycle timing is done by using a synchronous 
motor timer. 

2. Gulton 3.6 ah (Nickel-Cadmium with Neoprene Seal), One 
10-ce11 Pack, 1.5-hour Orbit Period: 

a. Cell Description: These are cyclindrical cells with 
a folded neoprene seal as described in Section II, Paragraph 
III.8.2.a. 

b. Tes t Parameters: 

(1) Test Temperature: 25° C. 

(2) Depth of Discharge: 40%. 

c. Test Results: Cycling was started in September 1965. 
This pack failed on cycle 5505. Each of the cell failures was caused 
by the loss of electrolyte around the weld between the cell container 
and cell cover. Because of this leakage, which began at the start 
of cycling, the cells began to dry out and the charge voltage began 
to increase. The end-of-charge voltage gradually increased from 1.44 
volts initially to 1.60 volts per cell, average, at the end of cycle 
life reflecting the effects of the drying out of the cells. On eacn 
successive discharge follOtiing the bleeding of every fifth cycle,' 
the end-of-discharge voltage increased about 0.02 volt per cell. 
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E. Two-Step Charge Regulator: Hhen si lver-cadmium and silver
zinc cells are put on a long charge period with only a voltage 1 imit. 
the cells begin to unbalance when the pack goes into overcharge. A 
new method of charging cells of these types was developed at Goddard 
Space Flight Center. Charging of the battery is by constant current 
to the upper voltage limit. then is automatically crossed over to 
cons tant potenti al. When the curl'ent decrease5 to a predetermi ned 
level. the constant potential charge is reset to the lower voltage 
limit which is equal to the open circuit voltage of the battery. 
The unit will not return to the upper voltage limit until the charge 
current goes above the predetermined value. This nethod prevents 
the cells from becoming unbalanced during long charge periods. 

1. Test Equipnent: The charge and discharge currents are 
supplied by a unit described in Spction VI, Paragraph I.B.1. The 
two-step regulator, designed by tte Goddard Space Flight Center. is 
used to control the rate of charge and the voltage 1 imits. 

2. Delco-Rell\Y 25.0 ah (Silver-Zinc). Two lO-cell Packs, 
24-hour Orbi t Peri od: ! 

a. Cell Description: These cells are rectangular in 
shape with sealed nylon cases. Each cell was individually epoxy 
potted by the manufacturer. The positive plates have one percent 
of palladium added to the active material. 

b. Test Parameters: 

(1) Test Temperature: 25° C. 

(2) Depth of Di' charge: 40%. 

cell, average. 
(3) Upper Vo1ta0e Limit: 1.97! 0.03 volts per 

(4) Low Current Level: 0.35 amps. 

(5) Lower Voltage Limit: 
ce 11. average. 

1.87 ! 0.03 volts per 

1965. 

c. Test Results: 

(1) Performance on Cycling: 

(a) Cycling was started on Pack 9D in December 
This pack completed 121 cycles with two cell failures. 
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The tes twas di s conti nued, at the reques t of Goddard Space F1 i gh t 
Center when the two cells failed, because the voltage limit 
settings could not be 10we~d. The faile,tl cells were returned to 
the manufacturer for ana1ys~s. This analysis indicated that the 
zinc plates were in better ,:ondition (very little shape change) 

'than plates of previous san{Jles, but that silver penetration was 
still a problem. 

(b) Cycling of pack 9E was started in October 
1966. This pack co~leted 90 cycles \~ith three cell failures. 
The test was discontinued at that time. The cells were returned 
to ·he manufacturer; no report on the failure analysis has been 
rec"jved. 
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J. Yardney 16.0 ah (Si1ver-Zinc). One 1O-cel1 Pack. 24-hour Orbit Period (Pack 57C): 

a. Cell Description: These are vented cells. rectangular in shape. with the cell jars and cell covers molded of a plastic materia1. They contain a limited amount of electrolyte. The cells were individual1y epoxy potted to hernJetically seal them. 
b. Test Parameters: 

(1) Depth of Discharge: 31 %. 

(2) Upper Vol tage Limit: 1.98 + 0.03 volts per cell. average. 

(3) Low Current Level: 0.10 amperes. 
(4 ) LOIver Voltage Limit: 1.86 + 0.03 vol ts per ce 11. average. 

(5) Test Temperature: 25° C for 100 cycles. then 0° C for lOO cycl es. Repeat until pack fail ure occurs. 
c. Test Results: 

(1) Performance on Cycling: Cycling was started i1l December 1966. This pack completed 281 cycles with one cell failure. The failed cell began leakilg electrolyte after 137 cycles. The cells operated very well at both temperatures. Because of the difficulty in changing the voltage limits. as set by the two-step regulator. Goddard Space Flight Center requested that the test be discontinued. 

(2) Capacity Checks: Each cell \vas discharged to the cutoff vol tage of 1.30 volts and the ampere-hour capaci ties determined. After 80 days of cycling the capacities ranged from 6.67 to 20.0 ampere-hours. After 203 days of cyciing the capacity range was 0.67 to 18.5 ampere-hours. 
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F. Internal ~lechani cal Pressure Devi ces: In certai n ins tanCt:; the capacity output of a cell can be improved by applying pressure to the face of the plate stack. This test is designed to determine what effect, if any, a cons tant rnechani ca 1 pressure has on the 1 He of the cell. 

1. Sonotone 20.0 ah (Nickel-Cadmium), Five lO-cell Packs, 1.5-hour and 3-hour Orbit Pf.ri ods: 

a. Cell Description:: These cells are rectangular. The cell container and cell cover are made of stainless steel. Both terminals are insulated from the cell cover by a teflon seal and protrude through the cover as a threaded terminal. Each cell is also fitted with a pressure relief valve. Cells 1 through 5 in each pack are standard cells; cells 6 through 10 contain a stainless steel eliptical spring which supplies the presssure to the face of the plates. 

b. Parameters and Capaci ty Checks: 

Orbit Peri ad 1.5 1.5 1.5 1.5 3.0 

Temperature 20° 20° 20° 20° 20° 
Depth of Oischarge 25% 25% 40% 75% 40% 
Pack rturrber lOB 22B 34C 72C 46B 

Precycling Capacity 20.80 20.70 20.50 23.10 21.70 

88 Days 21.67 20.00 19.70 22.70 20.20 
176 Days 22.20 7.00 18.30 22.00 9.00 

264 D<lYs 22.17 18.00 16.18 

352 Days 9.33 16.00 

440 Days 8.67 14.16 

616 Days 5.33 

792 Days 5.00 
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c. Test Results: 

(1) Performance on Cycling: Cycling was started in 
May 1970. Packs 22B and 46B were discontinued after 3419 and 16B6 
cycles, respectively, with two cell failures in pack 46B. Pack lOB 

completed 13,964 cycles with three cell failures prior to failure in 
October 1972. Packs 34C and 72C failed on cycles 8357 and 4381 
respectively. 

(2) Failure Analysis: Analysis of four failed 
cells revealed that separator deterioration and migration of the 
negative mateial were the major causes of failure. Hi9h pressure, 
weak tab-to-plate welds, extraneous active material, and blistering 
on the positive plates were also in evidence. Packs 22B and 46B 
were discontinued when they failed to reach the voltage limit on 
cycling thereby receiving a recharge in excess of 200 percent 
which was causing the cell cases to become exceeding1y hot. These 
packs were sent to NASA, Lewis Research Center, for further test
ing and/or failure analysis. 
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2. Sonotone 20.0 ah (Nickel-Cadmium), Five 10-cell Packs, 
1.5-hour and 3-hour Orbit Periods: 

a. Cell Oescription: These cells are rectangular in 
shape. The cell container and cell cover are made of stainless 
steel. Both terminals are insulated from the cell cover by a 
teflon seal and protrude through the cover as a threaded terminal. 
Each cell is also fitted with a pressure relief valve. Cells 1 
through 5 in each pack are standard cells; cells 6 through 10 
contain a stainless steel eliptical spring which supplies the 
pressure to the face of the plates. 

b. Test Parameters: 

Pack Test Percent Depth 
Nunber Temperature of Discharge 

lOA 25° C 25 

22A 25° C 25 

34B 25° C 40 

46A* 25° C 40 

72B 25° C 75 

* This pack has an orbit period of 3 hours, 
all others are 1. 5 hours. 

c. Test Results: 

(1) Performance on Cycling: Packs 34B and 72B 
failed on cycles 5634 and 1143, respectively. In order to use the 
same equipment for replacement cells pack lOA was discontinued on 
cycle 7188, pack 22A on cycle 6664, and pack 46A on cycle 3501. 

(al Shortly after the start of cycling in 
September 1967, high internal pressure developed in all cells as 
evidenced by bulged case and the rupture of four. Cycling was 
stopped in Noveniler 1967 with 1170 cycles on pack lOA, 599 cycles on 
pack 22A, 943 cycles on pack 34B, 427 cycles on pack 46A, and 609 
cycles on pack 72B. 
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(b) A representative from NASA, Lewis Research Center, and one from the manufacturer revi ewed the resu1 ts in order to determine what steps should be taken before continuation of the cycling test. Five of the 14 failed cells were analyzed at NAD Crane, the manufacturer's representatl ve took the remai ni ng nine failed cells with him in order to determine the cause for the excessive pressure buildup in both the control and spring loaded cells. 

(c) After completion of his testing, the manufacturer recomrended that new relief valves be installed, the cells be reconditioned, and the charge current be reduced from 20 to·15 amperes on packs 22A, 348 and 45A. It was necessary that the charge rate on pack 728 remain at 20 amperes because of the deep depth of discharge. The packs were then n:'turned to cycling. 

(2) Failure Analysis: 

(a) Analysis of five of the first 14 fai led cells showed the majOl' cause to be the plates shorting against the cell case because of the high interna1 pressure, 

(b) Analysis of the 24 cells that failed after the test modification showed the major cause of failure to be migration of the negative plate material and separator deterioration in both the control and spring loaded cells. 

(3) Capacity Checks: The ampere-hour capacities on the precycling and capacity check cycles are as follows: 
Orbi t Peri od (Hr) 1.5 1.5 1.5 3.0 1.5 
Temperature 25° 25° 25° 25° 25° 
Depth of Discharge 25% 25% 40% 40% 75% 
Pack Number lOA 22A 348 45A 728 
Precycling Capacity 28,7 28.8 29,7 25.7 25.2 

88 Days Disch #2 22.5 21.3 20.0 24.3 
175 Days Disch #2 22.2 7.7 13.5 15.2 
254 Days Disch #2 21.3 10.8 11.3 23.5 
352 Days Disch #2 18.2 21.2 4.7 
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G. High Overcharge Current Capabilities: These cells were 
constructed to withstand continuous charge rates as high as cll for 
extended periods of time. 

1. Gulton 1.25 ah. (Nickel-Cadmium). Four 5-cell Pack,: 

a. Cell Description: These cells are rectangular. The 
cell container and cell cover are made of stainless steel. The 
positive terminal is insulated from the cell cover by a ceramic seal 
whereas the negative terminal is common to the can. Both are solder 
type terminals. Each cell was equipped with a pressure gage. 
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b. Paraneters and Capacity Checks: 

Orbit Period 

Temperature _20 0 

Depth of Discharge 25% 

Pack Number 74B 

Precyc1ing Capacity 1.43 

B8 Days Disch 112 0.39 

264 Days Di sch 112 0.40 

440 Days Disch 112 0.36 

616 Days Disch 112 0.41 

792 Days Disch 112 0.29 

968 Days Di sch 112 0.27 

1144 Days Di sch 112 0.25 

1320 Days Di sch 112 0.38 

1496 Days Disch 112 0.27 

1672 Days Disch 112 0.30 

1848 Days Disch 112 0.33 

2024 Days Disch 112 0.37 

1.S-holJr 

60%* 25% 

88D 108B 

1.28 1.78 

0.36 1. 76 

0.35 1.43 

0.35 1.32 

0.36 

0.28 

0.28 

0.28 

0.39 

0.27 

0.29 

0.37 

0.43 

0.92 

1.01 

0.66 

0.42 

0.47 

0.54 

0.41 

0.39 

0.30 

60% 

98B 

1.83 

1.60 

0,95 

0.87 

0.99 

* Depth of di scharge was reduced to 25% after 46 cyc1 es • • 

c. Tes t Results: 

(1) Performance on Cycling: Cycling was started in 
March 1966. Packs 74B (discontinued), 880 (failed) and 1080 (dis
continued) completed 33,878, 32,144 and 33,063 cycles, respectively. 
They failed or were discontinued on June, March and April 1972. Pack 
98B failed on cycle 12,247. All four packs have experienced high 
pressure (some in excess of 150 psig). 
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The cells operating at _20 0 C required a reduction in charge current 
from 1.25 to 1.00 aITPere in order to cycle and avoi d hi gh internal 
pressure. After this reduction in charge current, packs 74B and 880 
averaged 10,500 cycles before high pressure was noticed and released. 
Pressure again developed in packs 74B and 880 after 13,400 cycles and 
was released. 

(2) Fai lure Analysis: Analysis of the seven fai led 
and five discontinued cells shows severe migration of negative material, 
blistering of the positive plates. high internal pressure, external 
carbonate deposits around the terminals, rust on inside positive tab, 
loose active material and excessive dryness . 
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H. Thermi stor: 

1. GE 6.0 ah (SAS 8), One 8-cell Pack: 

a. Cell Description: See Paragraph I.A., page 12. 

b. Project: Small Astronomy Satellite. 

c. Parameters and Capacity Checks: 

Pack Number lC 

Orbit Period 1.5 

Test Temperature 25° 

Depth of Discharge 21% 

Precycling Capacity 6.99 

88 Days 6.13 

176 Days 6.17 

264 Days 5.95 

352 Days 5.18 

440 Days 5.13 

616 Days 4.75 

894 Days NA 

1054 Days 3.73 

1247 Days 3.53 

1429 Days 2.17 
D 

d. Test Results: 

(1) Performance on Cycling: Cycling started in July 
1970. The pack completed 24,064 cycles with three cell failures (cycles 
13,600, 23,617 and 24,064) before it was discontinued. One cell was 
removed for analysis (cycle 5300) and replaced with a cell of the same 
type. Analysis showed the equivalence percentage of carbonate to range 
from 53.2 percent to 64.9 percent, averaging 58.2 percent. Also noted 
was migration and blistering of positive plates. Three cells also were 
removed for analysis on cycle 16,385. Pack was placed on voltage limit 
contl"ol only, after 12,256 cycles. 
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(2) Failure Analysis: Of the three cells that failed: 

separator was moist, migration heavy in the middle of the plate stack, 

and its positive plates were uncoined along one side and at the 

bottom. 

(3) The following table compares chemical analysis of 

1 extracted electrolyte (soxh1et) from individual cell stacks, and 

samples of separator patch material for cells experiencing varying 

cycle life. 1 
'"7'. l--, Original Original I 
. Uncyc1ed Replacement (recon) Original (failed) Original 

.. I 
Serial 
Number 55 13 54 53 44 43 

Cycles 
Completed 0 11,OB7 l6,3B5 16,3B5 24,064 24,064 

Tota 1 meq* KOH 
per extract 
(avg) B3.66 67.60 55.B3 5B.29 61.611 52.B99 

Total meq K2C03 
per extract 
(avg) 62.B1 80.30 90.64 90.37 113.25 107.97 

meq KOH per 
separator 

i 

patch** 0.8374 0.4550 0.1890 0.2190 0.0356 0.1567 , 
.~ 

meq K2C03 per 

1 , 
I 

separator 
i 

patch 0.7955 0.5973 0.9425 0.5998 0.7366 0.9016 i 

I 
Total volume 
(cc) per 

, 

patch 1 .1691 1. 1299 0.78B3 0.9652 1.11 B6 0.9019 I 

Wet Weight 
J , 

(g)*** 0.4238 0.3292 0.3696 0.3039 0.3952 0.3059 I Dry Weight 
(g)*** 0.1717 0.1660 0.1760 0.1627 0.1615 0.1307 

* meq is the abbrevlation of mi11iequivalents. t 
** The separator patch data is an average of four patches sampled. 

One from the first third of the plate stack, two from the center, ~ 

and one from the last third. 
i 

*** Wet weight is determined immediately following removal from the I 
cell case and prior to leaching in water overnight; dry weight is 

determined following titration and air drying overnight. 
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20 Guiton 6.0 ah (SAS A. Small AstronomY Satelllte), One 

8-cell Pack: 

a. Cell Oescription: 

(1) See Paragraph I.A. 

(2) Thermistor: This method of charge control utilizes 

a thermistor to maintain a constant to~l voltage on a cell pack at 

a specified temperature. Should the specified temperature be exceeded 
or lowered. the resistance of the thermistor is correspondingl" changed. 
The charging circuitry then establishes a new voltage limit and the 
charge current is automatically adjusted to maintain the new limit. 

b. Parameters and Capacity Checks: 

Pack Number 18D 

Orbi.t Period 1.5 

Test Temperature 25° 

Depth of Discharge 21% 

Precycling Capacity 6.99 

88 Days 7.75 

176 Days 7.33 

264 Days 6.08 

352 Days 6.88 

440 Days 5.75 

616 Days 4.96 

894 Days NA 

1065 Days 2.80 

1257 Days 2.23 

1437 Days l. 96 
D 

c. Test Results: 

(1) Performance on Cycling: Cycling started in July 
1970. This pack completed 23,230 cycles with three cell failures 
(cycles 19,429, 22,577 and 23,230) before it was discontinued. During 
life cycling, one cell was removed for analysis (cycle 5296) and 
replaced with a cell of the same type. Analysis showed the equivalence 

percentage of carbonate to range from 37.4 percent to 40.9 percent, 
averaging 39.6 percent. Three more cells were removed for analysis 

after 16.573 cycles. Pack was placed on voltage limit control only, 
after 12.259 cycles. 
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(2) The following table compares chemical analysis 
of extracted electrolyte (soxhlet) from individual cell stacks, and 
samples of separator patch material for cells experi enci 1'19 varying 
cycle 11 fe. 

..... ----------Original-----------c:~ 

"0 21...: .... ~ • 
III a8 '" . ..... ..... .... c:C 8 "0 "0 C 
0 "'0 ..-0 III III 0 

~ .... III 0>0 0 .... ,.... U 
0."- l:~ VI .... .~ VI 

C IIICl is '" '" .~ 

:::> c:: ...... 0 ...... t.r... t.r... Cl 

,. l-. Seri a 1 Number 1944 1940 1937 1939 1968 1965 1946 

'" Cycles C0II"4l1 eted 0 11 ,279 16,573 16,573 19.429 22,577 23,230 

Total meq* K(}I 
per extract (avg) 102.58 80.88 83.24 71.83 63.324 68.845 69.894 

Total n-eq K CO 
per extract2(a~g) 33.80 57.87 59.96 69.12 77.543 80 .493 74.844 

meq KOH per sep- 1.3278 0.4064 0.2472 0.2674 0.0341 0.1320 0.1584 arator patch** 

meq ~co per 
separ to~ patch 0.5040 0.4624 0.2469 0.4142 0.4365 0.3470 0.4277 

Tota 1 vol ume 
1.2~02 0.9246 0.5907 1.1083 b:,. l'!. (ce) per patch 

Wet Weight (g)*** 0.4593 0.2900 0.1915 0.2969 0.0888 0.2218 0.2333 

Dry Weight (g)*** 0.1724 0.1165 0.0897 0.1195 0.7620 0.0808 0.0886 I 
*meq is the abbreviation of mll1iequfvalents. I 

1 
**The separator patch data is an average of fOur patches sampled. One 

from the first third of the plate stack, two from the center, and one f."Om 
the last third. 
***Wet weight is determined immediately following removal from the cell I 
case and prior to leaching in water ovem1ght; dry weight is determined . i , 
following titration and ai r drying ovem1ght. I 
6Separator material extremely t"1n, measurement could not be attained. 

j 

1 (3~ Failure Analysis: Analysis of two of the three failed 
cells (one shorted indicated the major cause of failure was severe 

j separator deterioration. Migration was heaviest at upper half of pack 
stack. The third cell that failed was not analyzed as per GSFC instructions. 

! 

i , 
) 

235 



WQEC/C 77-87 

1 
" 

SECTION IV j 

SUMMARY OF SYNCHRONOUS ORBIT TESTING 

• 

J 

236 



. , WQEC/C 77-87 

I. SUMMARY OF SYNCHRONOUS ORBIT TESTING 

A. The synchronous orbit tests were begun on six, 5-ce11 packs 
on 18 July 1967. These packs were 6ah GE and became known as packs 
201A, 202A, 203A, 204B (replacement to 204A). 205A and 206A. Two 
reports (QE/C 70-634 and QEEL/C 73-302) have collectively covered the 
bulk of these packs' progress since 1967. These packs were followed 
in March 1969 by six, 12ah GE packs, known as 207A. 208A. 209A. 210A, 
21lA and 212A. One report (QE/C 71-183) has covered the orogress of 
these cells through 1971. The remainder of the synchronous testing 
has encompassed: packs 213A through 227A, 226B. 227B. 227C. 228A. 
(excluding 215A. 216A. and 217A) four additional manufacturers. and one 
additional cell type--si1ver-zinc. An official report, WQEC/C 77-14, 
will be released in March 1977 which updates packs previously reported 
and will include those nickel-cadmium packs which have never been 
reported. However. no official reports have covered silver-zinc 
testing. The purpose of this section to summarize the vast amount of 
synchronous orbit testing by this activity. 

B. In a synchronous orbit, the velocity of a satellite and 
its distance from the earth are adjusted such that one revolution 
of the satellite matches one rotation of the earth. The earth's 
shadow cone changes relative to the satellite's plane of orbit. 
(See diagram.) Thus, every 180 days the satellite enters an eclipse 
season. This season lasts approximately 40 days after which the re
maining 140 days are in continuous sunlight. At the beginning Of an 
eclipse season, the satellite first moves through the outer area of 
the earth's shadow cone. Each day of the eclipse season it progresses 
through a different section of the shadow cone until it has completely 
traversed the cone at the end of the season. The satellite's time 
within the shadow cone thus varies from day to day within the eclipse 
season beginning with a minimum, progreSSing to a maximum, and return
ing to a minimum. 
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II. TEST CONDITIONS 

A. To simulate the conditions experienced by the space ce1}s 
aboard a synchronous orbiting 5atellite. the following .182-day test 
regime was adopted for the original 6 ah packs. 

1. Period simulating continuous sunlight (140 days): 

a. The cell s were conti nuous1y charged at 200 mi 11 i
amperes except the cells in pack 204B whose cou10meter limited them 
to 25 milliamperes. 

2. Period simulating eclipse season (42 days): 

a. All cells were discharged for 12 minutes the first 
day of the eclipse season. The discharge time increased by 3 to 
4 minutes per day for 18 days to a maximum of 1 hour and 12 minutes. 
This maximum discharge then occurs once a day for 8 days (18th through 
25th day of eclipse season) with one exception--a capacity check was 
always run during the middle of each eclipse season. 

b. The capacity check was run on the 21st day of the 
eclipse season. The capacity check consisted of a constant current 
discharge (rate depending on the depth of discharge) to an average 
voltage or low cell cutoff (values dependent on type of cell). 
whichever came first. 

c. Following the capacity check, the cells continued 
the daily discharge of 1 hour and 12 minutes through the 25th day 
of the season. From the 26th day to the end of the season. the dis
charge was shortened 3 to 4 minutes per day. The last day's discharge 
was 12 minutes. the same as the first day. The cells then returned 
to continuous charge (sunlight) completing the lBO-day cycle. 

B. The following table identifies the synchronous packs and 
gives their present status. 
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PACK SHADml PERIOD DAYS 
NUMBER NFR DEPTH TEr4P TYPE AH COMPLETED RUN STATUS PROJECT 

20lA GE 40% 40° NICD 6 #l1 1948 Completed 11-19-72 Sync. Orbit 
202A GE 40% 25° NICD 6 #17 3377 In shadow #18 Sync. Orbit 
203A GE 40% 0° NICD 6 #17 3377 In shadow #18 Sync. Orbit 
204A GE 40% _20° NICD 6 #1 (failed 2nd 200 Completed 2-5-68 Sync. Orbit 

day of #2) 
204B GE 40% _20° NICD 6 #12 2198 Discontinued 8-28-74 Sync. Orbit 
205A GE 60% 0° NICD 6 #17 3377 In shadow #18 Sync. Orbit 
206A GE 80% 0° NICD 6 #17 3377 In shadow #18 Sync. Orbit 
207A GE 60% 0° NICD 12 #14 2786 In shadow #15 ATS F&G 
208A GE 80% 0° NICD 12 #14 2786 In shado~1 #15 ATS F&G 
209A GE 60% 20° NICD 12 #14 2786 In shado~1 #15 ATS F&G 
210A GE 80% 20° NICD 12 #14 2786 In shado~1 #15 ATS F&G 
211A GE 60% 40° NICD 12 #5 793 Completed 5-26-71 ATS F&G 
212A GE 80% _20° NICD 12 #11 1962 Discontinued 8-28-14 ATS F&G 
213A ASTRO 60% 25° AGZN 5 #2 425 Completed 3-24-71 Sync. Orbit 
214A ASTRO 60% 40° AGZN 5 #2 425 Completed 3-24-71 Sync. Orbit 
218J\ ASTRO 60% 0° AGZN 40 #2 389 Completed 7-4-72 Sync. Orbit 
219A ASTRO 60% 20° AGZN 40 #2 389 Completed 7-4-72 Sync. Orbit 
22DA ASTRO 60% 40° AGZN 40 #2 228 Completed 1-25-72 Sync. Orbit 
221A EP 60% 20° NICD 12 #9 1975 In shadow #10 Sync. Orbit 
222A EP 60% 10° NICD 12 #9 1975 In shadow #10 Sync. Orbit 
223A EP 60% 0° NICD 12 #9 1975 In shadow #10 Sync. Orbit 
224A YD 60% 20° AGZN 5 10 Discontinued 5-8-73 PE 
224B YD 60% 20° AGZN 5 14 days of shadow Discontinued 10-5-73 PE 
224C YD 60% 20° AGZN 5 #1 392 Discontinued 10-2-74 PE 
225A YD 60% 20° AGZN 21 #3 739 Discontinued 3-18-75 PE 
226A GU 50% 20° NICD 15 #8* 1310 In shadow #9 ATS F 
226B GU 50% 20° NICD 15 #4 948 I n shadow #5 ATS F 
227A EP 60% 20° NICD 3 #1 59 Discontinued 2-6-74 St·1S 
227B EP 60% 20° NICD 3 #4 920 In shadow #5 SMS 
227C EP 60% 20° NICD 3 #1 238 In shadow #2 GOES B & C 
228A GE 80% 20° NICD 12 #1 235 In shadow #2 IUE 

*completed 2 at GSFC. 
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SECTION V 

EQUIPMENT AND PROGRAt'lS TO BE ADDED TO THE CYCLE 
LIFE TEST PROGRAM 
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I. EQUIPMENT AND PROGRAMS TO BE ADDED TO THE CYCLE LIFE TEST PROGRAM 

A. New Equipment: 

1. None--New items will only be used for replacement of 

existing equipment. 

B. New Programs: 

1. GE, 6.0 ampere-hour, nickel-cadmium, IVE type cells for 

evaluation of life-cycle capability . 

2. SAFT, 20.0 ampere-hour, nickel-cadmium cells for eva1u

tion of standard versus light plate loading. 

3. EP, 9.0 ampere-hour, nickel-cadmium cells, AEM program 
(HCMM satellite), for evaluation of life-cycle capability. 

4. 20.0 ampere-hour, nickel-cadmium cells, for evaluation 
on the standard cell pro~ram. Cells from four manufacturers will be 
evaluated. 
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SECTION VI 

TEST FACILITIES 
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I. TEST FACILITIES 

A. The ambient test temperatures of DOC, +lOoC, +2DoC, +30°C, 
+40°C and +SO°C, are maintained by environmehtal chambers with tem
pei"ature controls accurate to w"thin +l.SoC; whereas test items cycl ing 
at +2SoC are located in an airiconditioned room with other temperature 
critical equipment and the temperature is mai,ltained at 2SoC :!:. 2°C. 
Several chambers, with a temperature range of -7SoC tn +17SoC, are 
available for additional tests which require special temperatures. 

B. Automatic Data Acquisition and Control System (AOACS): 

1. Brief Summary: 

a. The system (Photograph 1) is capable of testing 256 
battery packs with 3000 channels available for data input from these 
packs. 

(1) Each battery pack has its own power supply and 
system interface, remotely programmed by the system, to provide its test 
requirements. During test, the system routinely scans each pack's data 
every 2.4 minutes and compares each data point, whether voltage, tem
perature, or pressure. with programmed limits to insure that the test 
items meet their test specifications. If a parameter is out of limits 
the system will initiate an alarm and also type out a message identi
fying which pack's parameter was out of limits. 

(2) As data is being scanned, it is recorded on 
magnetic tape and also on a teletype, in report form, if requested. 

(3) The system was designed to provide an accuracy 
of 1.0 millivolt on directly read data such as auxiliary electrode and 
cell voltages. The accuracy of temperature (thermistor) and pressure 
(transducer) measurements are 0.05°C and O.OS psia respectively. 

b. The system is organized in three functional hard
ware groupings as follows: 

(1) Computer and computer peripherals: 

recorder and spooler. 

(a) Honeywell 316 computer and options, 

(b) Two ASR35 heavy duty teletypes, 

(c) Honeywell 316-50 high speed paper tape 
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(d) Datum, Inc., Model 5091-H316 magnetic tape 
I/O system with four tape transports. 

(e) Datum, Inc., two Model 6078-H3l6 mass 
memory systems with 131,000 work drum memory each. 

(f) Tally, Model 2200 line printei". 

(2) Auxiliary digital functions include: 

(a) The real time clock, the system shut
down time and alarm circuits, and medium speed analog input sub
system. 

(b) Two John Fluke, Mode 83000-A digitizers. 

(c) 3000-Channel reed relay scanner. 

(d) Computer interface. , 

(3) Control sub· system: 

(a) 200 Control channels providing the digital 
resistance conversion and control-relay outputs to the interface between 
the system and the test items. 

2. Measurements: 

a. Cell and auxiliary electro1e voltages are presented 
directly to the system. Throughput measurement is 1.0 millivolt 
maximum. 

b. Currents are measured by means of sampling the 
voltage drop across a low-resistance shunt of 100 MV full current 
value. Throughput measure~ent error of the shunt voltage is 1 
millivolt maximum. 

c. Temperature; cell and ambient, are measured by 
means of sampling the output of a thermistor bridge which is driven 
by an excitation voltage. The temperature range is -30°C to +70°C 
and is resolved in increments of O.loC, with an error of less than 
0.05°C resulting from linearity. 

d. Cell pressures are measured by means of sampling 
the output of a pressure transducer which is driven by an excitation 
voltage. The pressure range is 0 to 200 psia, and is resolved in 
increments of 0.1 psia with an error of less than 0.05 psia resulting 
from linearity. 
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HQEC/C 77-87 

e. Battery pack voltages, which exceed 10 volts, 
are attenuated by resistors to the extent that the scanner and system 
measures a maximum of 10 volts. 

3. Expandability: 

a. The system is expandable on a modular plug-in 
cabled-together basis up to a maximum of 5000 analog input channels. 

b. The computer memory may be expanded frolll 24K 
words to 32K words. 

4. Calibration: 

a. The system was designed for a maximum throughput 
measurement error of 1.0 millivolt. 

b. The digitizers are routinely calibrated off-line, 
and when on line, measures the temperature and pressure bridge excita
tion voltages along with a secondary standard reference voltage each 
scan (2.4 minutes) to insure maximum system accuracy. 
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