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WQEC/C 77-87
'REPORT BRIEF

CYCLE LIFE TEST
OF
SECONDARY SPACECRAFT CELLS

Ref: . {a) NASA Purchase Order Number S-53742AG
{b) NASA Ttr BRA/VBK/pad of 25 Sep 1961 w/BUWEPS first end
FQ-1: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 Sep 1970

I. TEST ASSIGNMENT

A. In compliance with references (a) and (b), evaluation of
secondary spacecraft cells was begun according to the program out-
1ine of reference (c). This thirteenth annual report covers the cycle
1ife 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
ail cells put into the 1ife cycle program meet the specifications
outlined in the respective purchase contracts. A sample number
of cells of each type (usually five) are subjected to the general
performance tests to determine the 1imit of their actual capabilities.
A1l reports may be obtained from Nationai 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 Timitations 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, 0GO, OAO, SAS, and TETR
nave been studied and remedied through special tests performed at
NAYWPNSUPPCEN Crane.

II.  TEST OUTLINE

A. On 5 December 1963 this activity began the cycle 1ife test
on 660 sealed, nickei-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 Trom
several manufacturers have been added to the program, excluding |
synchronous orbit and accelerated test packs. The capacities of the F
nickel-cadmium cells ranged from 1.25 to 50 ampere-hours; and that

of the siiver-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 1ife program is to determine the cycling performance
capabilities of packs of cells (5 or 10 cell packs) under different Toad,
charge control and temperature conditions. The Toad 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 3
voltage 1imit, auxiliary electrode, coylometer, stabistor, a two-step
regulator, thermistor controlied voltage 1imit, and the Sherfey upside-
down cycling regime. Specially constructed cells to apply internai
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, 0°C, 10°C, 20°C, 40°C, 50°C, and a
cycling temperature of 0°C to 40°C within a period of 48 hours. A
"Symmary in Brief of Test Parameters® is Tisted in page iv.

ITI.  TEST RESULTS

A. Life cycling data shows that nickel-cadmium cells tested
at 0°C give Tonger cycle 1ife, higher end-of-discharge voltages
and less degradation of ampere-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
Tife is extended when the amount of recharge is Timited to the
following amounts: 105 percent at 0°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 c¢/10 with the amount of
recharge controlled by auxiliary electrodes or cadmium-cadmium
coulometers. A statistical analysis of the Tife cycle prediction
and cause of failure versus test conditions are given in reference (d).

8. Cycle Tife data is more limited on silver-cadmium cells.
However the silver-cadmium data leads to the following general-

izations:
1. Depth of Discharge: Longest 1ife is found at 18 to g
25 percent depth of discharge, while 40 to 50 percent depth shortens ;
1ife. '
i j
5
i
4
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2. Temperature: Cells giving longest life have gperated
at 0° to 25°C. Temperaturas of 40°C are detrizental. OCnly one of
five packs operatina at 46°C (332) has exceeded 58D days of eyciing.
Limited data at -26°C indicates short 1ife at this temperature. This
is exemplified in pack 258 which cycled 1438 days.

3. Orbit Period: The orbit peried for silver-cadeium
celis is predemizately O or 04 haurs. The failures are not comdn
to either regime until the packs excced 663 days {approximately &
years} of testing. Failuras prior o this Size on test are randomly
distributed between the orbit regives. Four of five packs (573,
778, 338 and 1138} exceeding 662 days have gperated under a JG-hour
orbit regime. Thus the lengovity of the silver-cadmium cells s
favored by the 24-hour orbit perisod.

C. The silvar-zinc packs were predoninantly 28-hour orbit; 40
percent depth of discharge at 25°C. Thus corparison of aperational
characteristics of the cells at different paramaters is not poscibie.
The basic conclusion is that silver-zinc mas very short life under
these conditions ranging from 32 to 325 days of cgcling--the average
being 120 days.

D. Cell faijure anaiyses of nickel-cadmium cells have shown
several failure rodes such as Tittie or no insulation around tabs and
bussesfcomb, ceranic shorts acrass the terminails, and ieaks around the
terminals which since have beon corrected. A bebter separator material
is still needed to extend cycle life of celis. Battery quality control
programs ir the manufacturers® planis would do much to eliminate or
minimize failure due %o misaligned separator materiai, blistering of
positive plates, ragged plate odges, and extraneous material, both
active and foreign.

E. Carbonate analyses of a Timited number of nickel-cadniun
separator tests have revealed extronely high percentages {eaquiva-
lence) of carbonate. The average is slightly over 60 percent of
the total equivajence. ~Analyses are performed using G3FC's “Procedure
for Analysis of Hickei-Cadmium Cell Materiail,” Report No. X-711-74-79
and Addendum, of QOcteber 1974.

F. All active and completed packs are iisted on pages viii
through xxi. The symbols used are explained on pages v through vii.

-l
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SUMMARY I GRIEF OF TEST PARAMETERS

CAPACITIES ORBIT
MANUFACTURER TESTED PERIOD
GE 3.0, 5.0, 6.0 1.5, 1.92
6.0, 8.0, 12.0 2.16, 3.0
15.0, 20.0 24.0 Sync
Gould 3.5, 20.0 1.5, 3.0
Guiton 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
Heliotek 20.0 1.5
RIFE 3.9 1.5
Sonotone 3.0, 3.5, 5.0, 1.5, 3.0
20.0
Eagie-Picher 3.0, 6.0 1.5, Sync
ESB 8.0 8.0
Yardney 3.0, 5.0, 10.0, 1.5, 8.0
11.0, 12.0, 24.0 24.0
Electromite 7.0 8.0
Delco 25.0, 40.0 3.0, 24.0
Mcbonnell- 5.0, 40.0 1.5, 4.0,
Douglas 12.0, Sync
Yardney 5.0, 12.0, 24.0, Sync
16.0, 21.0

PERCEHT DEPTH
OF DISCHARGE

Hi CKEL-CADMIUN
15, 21, 25, 40,

50, 60, 80

15, 25, 40

10, 15, 21, 25,

40, 50, 60

40
25
]5‘1 253 403 75

25, 60

SILVER-CADMIUM

25

16, 20, 27, 30,

40, 43
30

SILVER-ZINC

26, 40
25, 60

31, 42, 60

iy

S S

TEST
TEMPERATURES

0°, 106°, 20"
25+, 40°, 50°
a0, *

0°, 28°,
60°-40"

-2001 00’ 10:}’
10°, 20°, 25°,
500‘40’)3 400 ’*

20°
0°, 25°
-20°, 0°, 20°

25°, 50°-40°,
40°

g°, 20°

25°

"200 [ OD [ 200 5
25°, 40°

20°

25

0®, 20°, 40°

20°, 25°

WOECLE 7767

SPECIAL
CHARGE CONTROL

AE, AE14, AE1A
THER, COUL

AE, GLMW, MULTI
THER

CLH

ST, AE, IPD

At

AE

AE-GE
(12.0 AH only}

23R

25R

TOTAL 1D,
OF CELLS

423

180

724

10
305

ge

169

45
60

20
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EXPLANATION OF SYMBOLS
Temperature:

* Ambient temperature which varies sinusoidally from 0° to
40°C once per 48-hour period.

Special Symbols:

AE: Auxiliary electrode cells.

(AE): Atmospheric Explorer.

AE-GE: General Electric type.

AE-GU: Gulton type.

AE13: General Electric type ABI3.

AE14: General Electric type ABI4.

ASTRO: Astropower Laboretory, McDonnel1-Douglas.
ATS: Application Technology Satellite.

CC: Commercial 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: (€3 separator.

ERTS: Earth Resources Technology Satellite.

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

GOES: Geostationary Operational Environmental Satellite.

GSFC: Goddard Space Flight Center, Greembelt, Maryland

HCMM: Heat Capacity Mapping Mission

IM: Cells with improved materia1 and methods used in construction.

IME: International Magnetosphere Explorer (now known as ISEE}.

Y
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IMP: Interplanetary Monitoring Platform.

IPD: Cells containing an internal pressure device.

ITOS: Improved TIROS Operational Satellite.

ISEE: International Sun Earth Explorer {was known as IME).
IUE: International Ultraviolet Explorer. ‘

meq: Milliequivalents.

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

MULTI*: Pack contains cells with and without auxiliavy elec-
trodes.

NA: Not Applicable.

HB: NIMBUS cells.

NBPT: NIMBUS cells with pressure transducers.
pp: Polypropylene.

0AO: Orbiting Astronomical Observatory.

0G0: Orbiting Geophysical Observatory.

030: Orbiting Solar Observatory.

PE: Planetary Explorer.

PLSP: Pelion separator.

PS: Polymerized neoprene terminal to cover seal.
RAE: Radio Astronomy Explarer.

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.




Test and training sateliite.

Thermistor conirolled voltage limit.

WQEC/C 77-87

Two-step regulator used for charge control of celis.

Triple seal between termina

/ indicates a change in test

+ indicates those packs, or cells,

been chemically analyzed.

Date

13 May 1966

3 November 1967

14 May 1968

7 April 1969

6 March 1970

29 Jdanuary 1971

9 February 1972

22 May 1973

15 February 1974

SYNC: Synchronous Orbit.
TETR:
THER:
WNSP: Woven nylon separator.
25R:
3S5:
glass).
Date Completed:
D: Discontinued.
F: Failed.
Note:
present parameters).
Annual Last Graphed:
Annual  Report Number
2nd QE/C 66-304
3rd QE/C 67-685
4th QE/C 68-138
5th QE/C 69-244
6th QE/C 70-173
7th QE/C 71-1
8th QEEL/C 72-1
9th QEEL/C 73-4
10th QEEL/C 74-34
11th WQEC/C 75-2
12th WQEC/C 76-5

10 January 1975
11 February 1976

vii

Address

NAD Crane,
NAD Crane,
NAD Crane,
NAD Crane,
NAD Crane,
NAD Crane,
NAD Crane,
NAD Crane,
NAD Crane,

1s and cover (ceramic between

parameters (start of test/

of that type which have

Indicates last annual which contained that
pack's Tife-cycling graph.
entered then that
in this annual.

If nothing 1is
pack's graph is corntained
The annuals referenced to
are Tisted as follows:

IN
N
IN
IN
IN
IN
IN
IN
IN

NAD Crane, IN

NAVWPNSUPPCEN Crane, IN
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TYPE

NICD
HICD
HICD
RICD
NICD
NICD
NICD
H1CD
RICD
RICD
HICD
HICD
NICD
uico
NICD
HICD
HICD
HICD
HICD
HICD
HICD
HIcD
RICD
NICD
NICD
HIcD
HICD
HICH

AWPERE-

HOUR
3.00
3.00
3.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00

12.0

ORBIT  DEPTH OF  TEHP
PERIOL DISCHARGE ({°C)
Sync 603 20°
Sync 60% 20°
Sync 605 20°
1.5 25% 20°
1.5 25% 20°
1.5 255 20°
1.5 25% 20°
1.5 25% 20"
1.5 25% 20°
1.5 25% 20°
1.5 257 2
1.5 257 2
1.5 25% 20°
1.5 25% 25°
1.5 25% 25"
1.5 257 25°
1.5 254 25°
1.5 250 25°
1.5 255 25°
1.5 25% 25"
1.5 25% 25°
1.5 255 25°
1.5 259 25°
1,8 25% 25°
1.5 403 a9°
1.5 483 20°
1.5 ans 0"
Sync 60% 20°

EP
EP
Ep
EP
EP
EP
EP
EP
EP
Ep
Ep
EP
EP
EpP
13
EP
EP
EP
EP
Ep
EP
EP
EP
EP
EP
EP
EP
EP

ACTIVE AND COMPLETED PACKS
MMUFACTURER  SPECIAL PACK

synaoL

At
AE
hE
AE
AE
A
At
AE
fE
AE

no.
227A
2870
2770
an
14E+
26D
22c+
251+
31c+
30F+
A6C+
495+
2E+
ar+
Q3+
ot
aL
G
ity
o+
ag¢
9R+
95+
T

CHARGE
CURRENT

0.50
0.15
0,15
1.80
1.00
1.00
i.00
1.00
1.8D
¥.80
1.09
1.09
1.65
3.00
3.680
3.00
3,00
3.00
3.40
3.60
3.00
3.00
3.00
3.00
4.00
4.C0
4.00

1.20
yifi

DISCHARGE
cunREnY

1.50
1.50
1.40
3.00
3.00
3.00
3.00
3.00
3.00
3,60
3.40
.00
3.00
3.02
3.00
3.62
3.00
3.08
1.03
3.a0
3.60
3.49
3.0
3,00
4.00
4.00
4.00
6.00

Hd, CELLS
IN PACY

5

[~ S -~ S S = T - Y = I - S - A I L

T o oo O o {31} L= | [30}

L TR R <2 B o1 N L B <2

[>2]

WEE/C 77-B7

DATE
STARTED

9-5-73
4-10-74
2=14-76
2-15-711
2-15-71
2-15-71
2-16-1
2-11-71
2-17-7
2-17-71
2-17-7
217-11
5-2-1
11-14-74
18-20-74
16-18-74
10-2-74
10-2-74
10-186-74
18-29-74
10-29-74
n-1a-74
n-14-74
4-1-75
9-1=71
9-1-71
3-1-71
n-7.72

CYCLES
E0MPLETED

53 Days

920 Days

230 Pays
376

5,00
16,539
6,167
6,270
6,391
6,306
4,601
6,332
6,00
6,133
10,376
4,602
45
4,227
10,325
1975 Bays

DATE
CGIPLETED

16-29-73 b

3-23-71
4-10-71
3-07-N
3-2a-72
3-22-72
3-22-72
3-22-72
3.22-72
3227
6-7-72

[~ S -~ B - B —~ B N - S - B~ S — A~

1-19-76
1-11-76
1-11-76
1-1-76
g-11-75
1-11-7G
1-11-76
1-18-76

f— T - B < B~ S == S o S < B o |

ARMUAL LAST
GRAPHED

)
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12

12

10
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WREC/C 77-07
TYPE AHPERE- ORBIT DEPTH OF  TEUP MANUFACTURER SPECIAL PACE CHARGE  DISCUARGE 10. CELLS  DATE CYCLES DATE ANSUAL LAST

HOUR  PERIOD DISCHARGE ({°C) SYMBOL D, CURRENT  CURRENT IN PACK  STARTED COMPLETYED CGHMPLETED GRAPIED
nicp 2.0 Sync 603 10°  EP 2g2n .20 6.00 5 11-23-72 1975 Days
nico  12.0 Sync 60% 0° EP 223A 1.20 6.00 5 11-3-72 1975 Hays
H1CD 3.00 1.5 155 0° GE 637 0.52 0.90 19 12-6-63 22,923 2+15-68 D g ]g g
HICD 3.00 3.0 15% a° GE G7A 0.21 0.90 10 12-20-63 11,832 2-15-68 D 5 ' :
HICD 3.00 1.5 2564 o° GE G4A 0,86 1.50 10 12-5-63 23,541 2-14-63 D 5 % %
HICD 3.00 3.0 25% 0® GE 6BA 0.34 1.50 10 12-20-63 11,740 2-13-68 D 5 ;
KICD 3,00 1.5 2% 25° GE 15 0.9 1.50 10 12-6-63 10,302 11-6-65 F % '{f,
HiCD  3.00 3.0 25% 26° GE 197 0.38 1.50 10 12-20-63 10,768  2-12-GB D 5 E i‘?,
HICD 3.00 1.5 407 25° GE . A  1.50 2.40 10 12-5-63 5,019 1N-18-64 F E a
HICD 3.00 3.0 40z 25° GE 207 0.60 2.40 10 12-20-63 5,410 1-8-66 F 3
NIco 3.00 1.5 154 40° GE 39A 0.72 D.90 10 12-12-63 8,102 6-19-65 F e
RICD 3.00 3.0 15% 40° GE 430 0.29 0.90 10 12-20-63 2,656 12-26-64 F 2
Hich  3.00 1.5 25% 40° GE aon 1.20 1.50 10 12-12-63 2,511 7-9-64 F 2
NICD  3.00 3.0 25% 40° Gt 4h  0.48 1,50 10 12-20-63 4,487  9-14-685 F 2
NICD  4.50 1.5 134 20° GE B 26E 1.10 1.20 10 2-23-72 8,423 9-17-73 D 10
wIco  5.00 1.5 15% g° GE e 1038 0.83 1.50 5§ A-24-65 62,905
nico 5.00 1.5 25% 0° GE HBPT  T07A  1.38 2,50 ] 6-5-65 39,775 6-14-72 D g
NICD 5.00 1.5 15% 28° GE e 106A 0.90 1.50 § 4-24-65 26,013 12-31-69 F 7
NICD 5.00 1.5 25% 25° GE HBPT 1048 1.50 2.50 5 6-10-65 13,149 11-15-67 F 4
HIcn 5.00 1.5 182 ag° GE i} 113n 0.98 7.50 5 4-24-68 4,998 3-15-66 D 3
HICD 5.00 1.5 25% 40° GE NBPT T4 1.63 2.50 5 6~12-65 8,273 12-19-66 F 3
HICD 6.00 Sync 40% 40° GE 200+ 0.20 2.00 5 7-18-67 1948 Days 11-19-72 D HA
HICD  6.00 Sync 40% 25° GE 202A+ 0,20 2.00 5 7-18-67 3407 Days
HICD 6.00 Syne 40% 0° GE 203A+ 0.20 2.00 5 7-18-67 3407 Bays
NICD 6.00  Syac 402 -20° GE 2004 0,20 2.00 5 7-18-67 200 Days 2-5-68 F Ri

ix

T AL ? o oy g N
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TYPE

NICD
NICD
NICD
HICD
NICD
HICD
NICD
NICD
NiCD
HICD
NICD
“ICD
NICD
HICD
NICD
NICD
NICD
NICD
NICD
KICD
NICD
NIGD
NICD
NICD
NICD
NICD
NICD

AMPERE-

HOUR
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00

' 6.00
&.00
5,00
&.00
6.00
6.00
6.00
6.00
.00
§.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00

PERLOD DISCHAREE (-C)
Sync 40% -20°
syne 60% 0°
Sync 80% o°

1.5 25% 1
1.5 25% 0°
1.5 25% 257
1.8 25% 25°
1.5 25% 400
1.5 2% 400
1.5 25% */20°
1.5 25% *
1.5 15% 1
1.5 15% 25°
1.5 15% 4p°
1.5 25% 40°
1.5 25% 40°
1.8 21% 25°
2.16/7.5 20% 10¢
2.16/1.5 20% 20°
2.16/1.5 20% a°
1.5 25% ~20°
1.5 25% 20°
1.5 25% o°
1.8 25% 40°
1.92 29% 20°
24.0 603 40°
24.0 60% 20°

MAKUFACTURER SPECIAL PACK CHARGE

SYiBOL

GE couL
GE couL
GE CouL
GE AE-13
GE AE-14
GE AE-13
GE AE-14
GE AE-13
.GE AE-14
GE AE-T3
GE AE-14
GE AE

GE AE

GE AE

GE CH5P
GE pLSP
GE SAS B
GE lULTT*
GE HLTI*
GE WULTE*
GE

GE

GE

GE

GE

GE

GE

P T T A

ND.
2048
2050+
206A+

52C

508

58
178
6C
42¢

628

658

538

28C

47¢
96

27c
G+
F
26
2

818

958

928
1068

7B+
a8
10906+

CURRENT
0.20

0.30

0.40
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
3.50
1.50
1.50
T.50
3.00
3.00
3.00
3.00
1.45
0.30
0.30

DISCHARGE NO. CELLS

CURRENT
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
1.50
1.90
3.00
3.00
3.00
3.00
3.78
3.60
3.60

IN PACK
§

LS T < 4 B N . BN = 2 N 5 S 3 NN & ¢ S &4 B < ¢ I = R L~ NN 2 SO < 4 BN * N -+ NS ) B | NN -2 N+ N * 1 TN 4 2 Y 4 - B & (N 1 |

DATE
STARTED

8-2-68
7~18-67
7-18-67
6-3-68

§-20-58
5-20-68
5-20-68
6-3-68

§-20-68
7-3-68

7-3-68

7-18-68
7-18-68
7-18-68
11-7-68
11-7-68
7-22-70

g

12-11-73 13,681
12-11-73 13,512
12-11-73 13,387

3-14-7}
3-14-71
3-14-71
3-14-7)
5-5-75

3-18-71
3-18-71

WQEC/C 77-87

CYCLES DATE AHHUAL LAST
COMPLETED COMPLETE GRAPHEDD
2198 Days 8-28-74 D HA
3407 Days
3407 Days
9,954 2-25-70 F 7
29,206 7-3-73 F 10
13,254 1n-3-70 b 7
15,938 2-21-71 F 8
8,072 11-10-69 F 6
9,047 1-16-70 D
14,406 6~15-73 F 10
14,392 1-31-71 D 7
9,230 2-23-70 F 7
9,987 4-8-70 F 7
5,842 7-28-68 D 6
143 11-21-68 F 5
559 12-16-68 D 5
24,064 1-26-75 D 12
17,189 8-29-74 D n
30,073
29,1594
7,538 j-2-12 F 9 % %
6,099 o @
792 6-23-73 D 10 % %
1,914 ?2) 3
2%
N
oA (32




TYPE

HICD
HICD
NICD
HICD
HICD
fIco
HICD
HICD
nicon
HICD
HICD
HIco
HICD
HIco
RICO
HICD
HICD
HICD
RicD
HICO
HICD
HIco
NICD
HICD
HICD
HICD

AWPERE-
HOUR

6.00

6.00

6.00

6.00

6.00

8.00

8.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12,00
12.00
12.00
12,00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00

TEMP MANUFACTURER SPECIAL PACK CHARGE

QRBIT  DEPTH OF

PERIOD DISCHARGE (°C)
24.0 60%
24.0 60%
1.5 40%
1.5 a0%
1.5 40%
1.5 252
1.5 25%
1.5 15%
3.0 1583
1.5 25%
3.0 25%
1.5 25%
3.0 25%
1.5 40%
3.D 40%
1.5 15%
3.0 15%
1.5 25%
3.0 25%
24.0 50%
1.5 25%
1.5 25%
1.5 40%
1.5 40%
1.5 25%
1.5 40%

0° GE
-20°/10° GE
40° GE
20° GE
0° GE
20° GE
20° GE
0° GE
0* GE
0° GE
o GE
25° GE
259 GE
25° GE
25° GE
40° GE
ao0° GE
40° GE
40° GE
257 GE
0° GE
25° GE
25° GE
0° GE
0° GE
0° GE

SYMBOL

RC-AE
RC-AE
RC-AE
AE
AE

AE
AE
AE
AE
fE
AE

1o,
1238+
75EF
6D
64
30C
18E
18F
1104
114
1244
1254
82n
a3A
96A
a7A
B5A
86A
99A
100A
93A
60A
127
24A
48A
58A
728

CURRENT

xi

0.30
0.30
4,80
4.80
4.80
4.00
4.00
2.07
0.83
3.4%
1.38
3.7%
1.50
6.00
2.40
2.88
1.18
4.80
1.92
0.52
6.00
6.00
g.60
9.60
6.00
6.00

DISCHARGE
CURRENT

3.60
3.60
4,80
4.80
4.80
4.00
4.00
3.60
3.60
6.00
6.00
6.00
6.00
9.60
9.60
3.60
3.60
6.00
6.00
6.00
6.00
6.00
9.60
8.60
.00
9.60

HO. CELLS
IN PACK

5

tm & oMm >

10
10

mmmmmmmmmmmmmmmmmmm

DATE
STARTED

3-18-71
3-18-71
4-25-71
4-25-7}
4-25-71
3-6-74
3-6-74
1-4-64
1-8-64
1-4-64
1-8-64
1-4-64
1-4-64
1-4-64
1-4-64
1-9-64
1-4-54
1-5-64
1-4-56
3-23-04
10-6-65
7-20-65
10-2-65
10-12-65
1-20-67
1-20-67

WQEC/C 77-87

CYCLES

DATE

COMPLETED COMPLETED

1,876
1,928
2,268
2,712
1,129
13,912
13,948
68,319
34,553
34,343
34,920
10,878
13,897
4,020
5,008
2,710
10,661
4,853
4,424
349
5,650
1,698
6659
5,110
136
KL

10-11-71
6-29-72
6-29-72

11-5-69

12-30-65
1-24-69
10-2-64
11-B-65
11-8-65
1~2-68
1-5-B5
9-24-65
4-28-65
10-20-66
12-1-65
11-19-65
2~10-67
2-10-67
2-2-67

ANHUAL EAST
GRAPHED

0
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A XML M. . ..

-

TYPE

HNIce
RICB
RICD
HICD
RICD
RICD
RICD
RICD
NIcn
NICD
HICH
HIED
NICD
HICD
HICD
Hith
tiich
RicD
Nicoe
HICD
HICD
RICD
HICD
HICD
RICD
NICD
HICD
NICD

AMPERE-~

HOUR

12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12,00
12.00
12;00
12.00

12.00

12.00
12.00
20.00
20.00
20.00
20.00
20.00
20.00
3.50
3.50
3.50
.50

ORBIT  DEPTH OF
PERIOD BISCHARGE
1.5 25%
1.5 40%
1.5 25%
1.5 40%
1.6 16%
24.0 50%
24.0 50%
24.0 50%
1.5 25%
1.5 40%
24.0 50%
Sync 802
Sync 60%
Sync 80%
Syne 60%
Sync B80%
Sync 60%
Syne a0%
1.5 15%
1.5 15%
1.5 25%
1.5 40%
1.5 25%
1.5 40%
1.5 154
3.0 15%
1.5 25%
3.0 25%

D R OF ' I 7

.

TEMP
(°c)

25°
25°
40°
40°
10°
0°
1
20°
20°
o°
20°
20°
ge
0°
20°
20°
40°
~20°
0°
o°
20°
0°
20°
o°
a°
0°
e
o°

MAHUFACTURER SPECIAL PACK

GE
BE
BE
BE
GE
GE
GE
GE
GE
GE
GE
GE
GE
GE
GE
GE
GE
GE
GE
GE
GE
GE
GE
GE
GOULRD
GOULD
GOULD
GOULD

SYHBOL
AE
AE
AE
AE
MULTT*
AE
AE
AE
A€
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE

NO.
128
248
36A
34A
iC
8C
)]
8E
ar
8G
8H
228A
2078
2084
2094
210A
211A
2127+
78
678
16
H
11
19
51A
857
52/
56A

I

CHARGE
CURRENT

6.00
6.00
6.00
6.00
3.20
1.20
1.20
1.20
6.00
9.60
1.20
1.20
3.00
3.00
3.00
3.00
3.00
3.00
6.00
8.00
10.00
10.00
16.00
16.00
0.560
" 0.24
1.00

0.40
xii

DISCHARGE
CURRERT

6.00
9.60
6.00
9.60
3.20
6.00
6.00
6.00
6.00
3.60
1.20
1.20
6.00
8.00
6.00
8.00
6.00
8.00
6.00
6.00
10.00
10.00
16.00
16.00
1.08
1.08
1.75
1.75

N0. GELLS
IN PACK

5

5
5
5
5
]
5
4
5
5
5
5
5
5
§
5
5
1]

G th e v &

10
10
10
10

DATE
STARTED

1-6-57
1-5-67
1-27-67
1-27-67
12-11-73
10-8-74
10-8-74
10-8-74
3-7-76
3-3-76
3-15-76
4-26-76
3-22-69
3-22-69
3-22-69
3-22-59
3-22-69
3-22-69
2-27-70
2-27-70
9-17-74
g-17-74
8-17-74
9-17-74
12-5-63
12-20-63
12-5-63
12-20-63

HQEC/C 77-87

CYCLES DATE
COMPLETED COMPLETED
404 2-10-67 0
a8 2-10-67 ©
75 2-3-67 D
65  2-3-67 D
13,894
705
7a2
687
3,643
3,792
232
235 Days
2786 Days
2786 Days
2786 Days
2786 Days
793 Days 5-26-71 D
1962 Days 8-28-74 D
12,662  5-5-72 D
12,634  5-6-72 D
11,025
11,085
10,966
11,000
22,364  2-15-68
11,896  2-15-68 D
13,730  6-11-60 F
11,897  2-15-68 D

ANNUAL LAST
GRAPHED

HA
tA
tiA
tA




WHEC/G 77-07

TVZ  AMPERE- ORBIT DEPTH OF TEMP MAHUFACTURER SPECIAL PACK CHARGE  DISCHARGE HO. CELLS DATE CYCLES PATE ARMUAL LAST
HOUR PERIOD DISCHARGE ({°C) SYHBOL HO. CURRENT  CURRENT IN PACY.  STARTED COMPLETED COMPLETED  GRAPHED

HICD 3.50 1.5 25% 25° GOULD 3A 1,09 1.7 10 12-6-63 4,751 10-31-64 F 2
NICD 3,50 3.0 25% 25° GOULD A 0.44 1.76 10 12-20-63 4,173 7-26-65 F 2
ncp 3,50 1.5 40% 25° GOULD LT W 2.80 10 12-5-63 3,164 7-9-60 F 2
ficp  3.50 3.0 40% 25¢  GOULD an  0.70 2.80 10 12-2D-63 2,491 11-28-64 F 2
Hich  3.50 1.5 152 40° GOULD 270 0.84 1.05 10 12-12-63 4,485 11-6-64 F 2
HICD 3.50 3.0 15% 40° GOULD 3 0.3 1.06 10 12-20-63 2,517 1-3-68 F 2
HICD  3.50 1.5 25% 40° GOULD 288 1.40 1.75 10 12-12-63 1,811 5.29-64 F 2
NICD 3,50 3.0 25% 40°  GOULD ?’A 0.5 1.75 10 12-20-63 975  6-10-64 T 2
NICp 20,00 1.5 15% 0°  cOouLD 8n 345 6.00 5 1-16-B4 22,448  2-13-68 D 5
NICD  20.00 3.0 15% 0°  GOULD 80A  1.30 6.00 5 1-21-64 11,378 2«13-E0 D 5
NICD  Z26.00 1.5 25% 0°  GOULD 988  b.75 10.00 ] 1-21-64 10,610 1-14-66 F 3
Nico 20,00 3.0 25% 0° GOULD 94A 2,30 10.00 L] 1-24-64 11,162 2-13-60 D 5
NICD  20.00 1.5 25% 25°  GOULD 1044 6.25 10.00 5 1-16-64 2,980  B-20-64 F 2
Hice 20,00 3.0 25% 25°  GOUWp 1050 2,50 10.400 5 1-21-64 5,690  3-17-66 F 3
HICD 20,00 1.5 40% 25¢ GOULD 1787 10.00 16.00 5 2-1-64 2,937 9-7-64 F 2

_NICD  20.00 3.0 40% 25°  GOULD 1197 4.00 16.00 ] 2-1-G4 1,793  9-27-64 F 2
HICD  20.00 1.5 15% 10°  GOULD 112h 4.80 6.00 5 1-16-64 5,213 2-15-65 F 2
HICD  20.00 .0 15% 40" GOULD 1086 1.92 6.00 5 1-24-64 4,237 8-31-65 F 2
HICD  20.00 1.5 256% a0° GOULD 126A 8,00 10.00 5 1-16-£4 1,574  5-23.64 F 2
HICD 20,00 3.0 25% ar GOULD 1228 3.20 10.00 § 1-24~64 93  7-2-64 F 2

CHICD 1,25 1.5 25% «20° GULTOR s 1.00 0.63 5 3-3-66 33,878 6-2-72 © 9
nich  1.28 1.5 60% «20°  GULTON 88D  1.0D 0.53 5 3-3-66 2,144 3-30-72 F 9
HicD  1.25 1.5 25% o GULTON 1080 1.25 0.63 5 3-A-66 33,063 4-5-72 D 9
uicD 1,25 1.5 60% 0 GULTON 88 1.2 1.50 5 3-4-66 12,247  5-28-68 F 5
HICD  3.50 1.5 25% -20° GULTON Bs 89 0.9 1.78 5 12-24-66 23,832  3-13-71 F 8
NICD  3.50 1.5 403 «20°  GULTON s 750 1.54 2.80 5 12-24-66 14,197  9-28-69 F fi
NICD  3.50 1.5 a5k 0*  GULTON ] 122c 1.0% 1.75 5 12-24-66 37,578  §-12-72 D 9
nico  3.50 1.5 A0% 0°  GULTOH P5 9%c  1.61 2.80 5 12-24-66 31,768  7-30-72 F 9

xiii




TOE RN ViRt Distiace 1oy
BICB 3,50 1.5 253 257
HICD 350 1.5 253 40°
HILD 3,80 1.5 40z 25°
NICD 360 1.5 a0z 25°
HICD 400 1.5 157 0°
NICD 2,00 1.5 252 o°
HICD  4.00 1.5 25¢ 25°
NICD 400 1.5 103 25°
HICD 4,00 1.5 15% 40°
RICD 4,00 1.5 25% 40°
NICD 400 1.5 25% 200
HICD  4.00 1.5 254 g
RILD  4.00 1.5 5% 25°
HICD  4.00 1.5 25% 25°
HICD 4,00 1.5 403 25°
NICD 4,00 1.5 60% 25°
NICD  4.00 1.5 25% 10°
Hich  5.00 1.8 15% 0°
NICD 500 1.5 259 o
NICD  5.00 1.5 15% 25°
NICH  5.00 1.5 25% 25°
NICD  5.00 1.5 15% 40°
NICD .00 1.5 25% 40°
NICD 5,00 1.5 26% o°
NICD  5.00 1.5 25% 25°
NICD  5.00  1.& 403 25°
o

PANUFACTURER  SPECIAL PACK

GULTON
GULTON
GULTON
GULTOH
GULTON
GULTON
GULTON
GULTON
GULTON
GULTON
GULTOR
GULTCH
GULTON
GULTON
GULTOH
GULTOR
GULTON
GULTON
GULTON
GULTON
GULTON
GULTON
BULTON
GULTOM
GULTON
GULTON

SYMBOL
Ps
Ps
Ps
ce
cc
cc
cc
cc
cc
cc
CLM
CLH
cL
CLM
cLy
CLH
CcLMA
(iH]
NBPT
]
NBPT
Lt
NEPT
CO-HI
CO-NIT
CO-HI

VR
arc
12
73C
398
1158
1268
48
148
280
40B
aoc
528
26C
14C¢
37C
38D
38c
1178
1214
1201
1188
1274
128
21E
A5E+
69C+

xiv

CHARGE
CURRENT

1,09
1.40
1.75
3.60
0,69
1.15
1.25
2.00
0.95
1.60
2.00
2.00
T1.20
2.00
4.80
3.20
2.00
0.83
1.38
0.90
1.50
0.98
1.63
1.4

1.40
2.20

DISCHARGE NO. CELLS
IN PACK

CURRENRT
1.76
1.75
2.80
2.88
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

—r -
cmmmmmmmmmmmmmmmmmmmc

o J—
[ = =]

R

DATE
STARTED

12-23-66
1-2-67
12-23-66
11-11-65
7-26-64
7-25-64
B-4-64
8-4-64
8464
8-4-54
3-4-67
3-3-67
2-18-67
3-3-67
3-4-67
2-18-67
3-3-67
5-8-65
6-5-65
5-2-65
6-10-65
4-29-65
6-21-65
9-2-70
9-2-70
9-2-70

Bt

WQEC/C 77-87
CYCLES DATE
COMPLETED COMPLETED
20,866  9-2-70
11,1585 1-3-69
9,978  10-28-68
5,399  12-6-66
41,601 4-5-72
42,234 1-10-72
35,111 10-13-70
8,474  3-19-65
20,221  7-6-68
10,360  6-22-66
2 3-8-67
5,685 3-5-68
11,456  2-28-69
2,428 8-8-67
790 5-5-67
1.927  6-25-67
1,508 6-20-67
38,767  3-29-72
20,861  3-5-69
29,753 11-03-70
8,108  11-22-66
10,638  5-24-67
6,395  B-18-G6
32,714
" 30,225  5-19-7§
16,196  8-14-73

F
F
F
F

D
F
F
F
F
F
F
F
F
F
F
F
F
P
F
F
F
F
F

ANNUAL LAST
GRAPHED

7
G
5
3
g
5
7
3
5
3
HA

5
6

=
E

W & W s M WL S




“~

TYPE AMPERE-~

Hich

NICD
HICD

NICD

NICD
NICD
NICD
RICD

- NICD

NICD
HICD
HicD
Rich
NICD
HICD
RICD
NICD
NICD
NICD
HIED
NICD
RICD

NICD

HICh

- NICD

NICD

HOUR
5,00
5.00
5.60
5,60
5.60
5,60
5,60
5.60
5.60
5.60
6.00
6.00
6,00
6.00
6.00
6.00
§.00
6.0
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00

ORBIT  DEPTH OF

PERIOD DISCHARGE
1.5 25%
1.5 40%
1.5 25%
1.5 25%
1.8 25%
1.5 25%
1.5 25%
1.5 25%
1.5 25%
1.5 25%
1.5 15%
3.0 15%
1.5 25%
3.0 25%
1.5 25%
3.0 25%
1.5 252
3.00 40%
1.5 15%
3.0 15%
1.5 25%
3.0 25%
24.0 50%
1.5 25%
1.5 A0%
1.5 25%

TEMP
{°c)

ag°
a0°
-20°
-20°
-
.
250
25°
40°
40°
-
"
"
0°
25°
25°
250
25°
40°
a0°
40°
400
25°
®
25°
40°

MANUFACTURER SPECIAL PACK CHARGE

GULTON
GULTON
GULTOM
GULTON
GULTON
GULTOR
GULTON
GULTON
GULTON
GULTON
GULTON
GULTON
GULTOR
GULTON
GULTON
GULTON
GUTLON
GULTON
GULTON
GULTON
GULTON
GULTON
GULTON
GULTON
GULTON
GULTON

SYNBOL
C0-NI
CO-HI
FRS
Rs.
FRS
fis
FRS
RS
FRS

IH
M
IH

B C T ST N S S T e T T R S S

HO.

OH+

330
448
32B

1008

90C
768
95C
428
308
1A
66
62A
664
134
178
144
18
37A
AT
38A
42A
70A
138
188
388

CURRENT
1.40
2.20
1.61
1.61
1.61
1.61
1.75
1.75
2,24
2.24
1.04
0.4
1.72
0.69
1.88
0.75
3.00
1.20
1.44
0.58
2.40
0.96
0.20
1.73
3.00
2.40

Xy

DISCHARGE
CURRENT

2.50
4.00
2.80
2.80
2.80
2.80
2.80
2.80
2.80
2.80
1.80
1.80
3.00
3.00
3.00
3.00
4.80
4.80
7.80
1.80
3.00
3.00
3.00
3.00
4.80
3.00

NO. CELLS
IN PACK

10

—
[=]

o YF M Wt ;o ;o om

O e e e e | - et et
[+=] Lo o o o [=] (=] [} o = =

[y [4;] o

DATE
STARTED

§-2-70
5-2-70
1-2-66
1-2-66
12-17-65
12-17-65
12-10-65
12-10-65
12-3-65
12-3-65
12-31-63
12-31-63
12-30-63
12-31-63
12-31-63
12-20-63
12-30-63
12-31-63
12-31-63
12-31-63
12-30-63
12-31-63
3-28-64
2-22-65
2-22-65
2-22-65

L1 S

CYCLES

g i

WOEC/C 77-87
DATE

COMPLETED COMPLETED

16,008
4,523
31,907
23,303
28,758
31,623
11,158
9,791
3,798
1,278
10,146
11,208
22,779
4,414
4,021
2,885
2,086
1,500
6,064
1,689
1,377
4,133
545
37,650
7.577
5,766

8-11-73
6-18-71
8-30-71
3-4-70
2-571
7-20-71
1-2-68
9-19-67
g-10-66
3-8-66
12-17-65
2-15-68
2-15-68
8-31-65
11-11-64
1-31-65
6-8-64
8-18-64
£-13-65
9-14-64
§-22-64
8-23-65
10-13-65
10-27-1
7-21-66
3-31-66

n m =m M 4 M M m M M ‘T M M O W H M W W M M M WM M oI

ARNUAL LAST
GRAPHED

9

mmmmmmmmmmmmmmmmwwar.nmm-.locm
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TYPE AMPERE-
HOUR
NICD  6.00
NICD 6,00
NICD  6.00
'NICD 6.0
HICD  6.00
NICD  6.0D
HICD 6,00
NICD  6.00
NICD  6.00
HICD 6,00
NICD  6.00
NICD  6.00
NIED  6.00
NICD  6.00
NICD 6,00
NICD  6.00
NICD  6.00
NICD  6.0D
NICD  6.00
NICD  6.00
NICD 6,00
NICD  6.00
NICD  6.00
-HICB 6.00
NICD  6.00
NICD 6.00
NICD  9.00

TEMP HANUFAGTURER SPECIAL P
14B0L

0°
o0
a°
257
25°
a0°
40°

*f20°

-20°
g°
25°
a°
*/20°
*120°
20°
~20°
oo
20°
40°
25°
20°
20°
20°
20°

PERLDD DISCHARGE (°C)
1.5 103
1.6 258
1.5 403
1.5 25%
1.5 a0%
1.5 15%
1.5 26%
1.5 15%
1.5 25%
1.5 40%
3.0 25%
3.0 a5

- 3.0 25%
3.0 25%
1.5 15%
1.5 25%
1.5 0.8%
1.5 50%/40%
1.5 50#/40%
1.5  EDR/A0R
1.5  50%/40%
1.5 21%
1.5 25%
1.5 25%
1.5 25%
1.5 25%
1.5 25%

20°

T T T LT T T T S oy s Tl TF W Abig SR Ty

GULTON
GULTON
GULTOH
GULTON
GULTOM
GULTON
GULTOR
GULTON
GULTOK
GULTON
GuLTOR
GULTON
GULTON
GULTON
GULTON
GULTOH
GULTON
GULTON
GULTON
GULTON
GULTEH
GULTON
GULTON
GULTON
GULTON
GULTON
GULTON

SYi

A
AE
P
A
A
P
AE
5
ae
cLM
o
oM
CLk
%
A
TETR
oM
CLM
oL
e
SAS A
AE
AE
AE

AE

ACK
to.

618

CHARGE
CURRENT

0.66
3.0n
4.8D
3.00
4.60
1.80
3.00
1.80
3.00
4.00
3.00
3.00
3.00
3.00
1.80
3.00
0.70
6.00
6.00
6.00
6.00
3.50
3.00
3.00
3.00
3.00
4.50

o oxvi

DISCHARGE
CURRENT

R

-

0. CELLS  DATE
IN PACK  STARTED

10

tn

-
Q ! [ -2 B & 1] [N L ) I ¢ A [ -5 SR - 4 B 4+ B <1

m o th ¢t @ ¢ ot o1&

P
o o

G7-67
4-15-65
4-15-65
2-5-65
2-5-85
6~28-65
5-16-65
4-25-67
4-25A67
4-25-67
11-18-66
11-18-66
11-~1B-66
11-18-66
1-8-69
1-B-69
2-26-69
9-21-70
9-21-70
§-21-70
9-21-70
7-22-70
§-0-70
6-9-70
6-9-70
9-25-74
4-4-76

1

WQEC/C 77-87

COHFLETEL COHPLETED
27,5%  6-2-72
14,863 2-20-63

5,753  5-18-G6
15,713 12468
7,743, 7-9-66
12,511 11-30-67
5,502 5-11-66
32,625 12-d-n
17,328 5-24-70
6,156  6-27-68
15,132 7-23.72

13,396 8-9-71
9,633  G-3-70
7,041 9-17-69
414N
0,756
21,193 11-13-72
1,376 5-10-71
23,121 3-26-75
26,829  10-31-75
6,808 11-6-71
23,230  11-17-74
10,804 5-4-72
10,846  5-4-72
10,446  5-4-72
5,504  10-3-75
8,139

ANNUAL LAST
GRAFHED

9
5
3
&
3
4
3

10

[ T R s S T- B

12
12

13

12

L 8
-

- v




TYPE

NIED
(17
H{ NN
el
nikh
R
$ICh
gy
Wit
RIED
Ay
uieh
h163
HELG
HIED
Nleh
[EH{ M
HiED
Hich
HIcd
1AL
nien
T HAY
({341
HIgD
%ECD

AMPERE-

HEUR

16.09
10,52
10.43
12.69
JR.0%
12,69
1253
12.03
12,402
12.03
12,61

12,03
18.0%
15.63
15,47
£3.C3
26,52
25,
20,09
20,62
20.03
E0.LD
2.6
20.03
20.6%
20.05

GRBIT  DERTH OF
PERIOD  DISCRAKGE
1.5 ast
1.9 257
1.9 25
1.9 15
1.5 25.
1.5 g4
1.5 [T
1.0 11
1.5 5.
1.5 &5
1.8 4%
1.5 Ci
1.5 a5
ys £
Y1 e} L
1.5 157
3.9 3o
1.4 15
.5 153
1.% 157
1.5 9%
3.0 53
1.8 253
3.0 Zan
1.5 anz
3.8 403

TEMP
e

o
25%

i3
[3:]

¥

ny
oy

a

Tir
“h

3]
(%]
3

MANUFACTURER SPECIAL PACK

SYMEOL
GULTON AE
GULTON AE
GULTON AE
FILTEN
GHLTAN
GULIGN
GULIGLN

HULTN

GULECH fE

GILTCN
GULYN
guLis

LN

5ELT0

GULTEY fCaPT

GULTEN el
ULTEN

GILIEN

GULTAY

GULTEN

BULTEN

GULTIN

T TP

Ko,
200
oo

CHARGE
CURRENT

5.09
5.09
5,47
2.67
3.45%
3.7%
6,07
2.3
R}
DR
6.43
6.5

667

DISCHARGE
CURRENT

5.00
5,00
5.0%
3.61
G.00
6.13
9,69
3.69
R
GG
3.457

Ny, CELLS
i PACK

5

o

th

et kD wh

e

[ia)

La]

[

(4]

v

[5:]

[T I FE T Y

P

OATE
STAUVED

1.15-63
11-27-67
11-27-07
22065
121364
1-E385
12-2-£4
122200

2=11-57
V+6-67
13764
Val=3?

JaheFd

{-16=63
1=01-5%
2a6a01

&=

Ge14-72
1-16-6%
2wilatt
t-i6-53
1-2184
2-1-58

2-1-24

!
d
WIEC/C 77-B7
ibiEree comLETED
2 1-186% F
2,414 C-t.€2 F
602 1-14-€% F
51,787 f423-74 F
T, 10 10aCe?l F
14,355 058 F
5,162 11365 F
1,00 1a8.01,  F
Geicd t1=16efs F
LT D
1o 370 eEe£d F
81,433 13587 F
UEH fel3eC: F
T3E) Do
17 Lapn
3,680 GellaC3 F
11,000 EBelZ2.23 U
12,073 =23 0
2,75 0008 O
£3,32%
P,i3) EelRa03 F
18,971  0-13«£0 O
7,763 £e30.65 F
1,900 52003 F
€37 4=f<i3 F
ks A4 P

AfUNL LAST
ERAPHED

A

5

[14]

Lol el

[}

L2+ ]

e

(4]

(o]

r>

gLrand ¥ood ks

gr mova IYNIDNO




WIELIT 27-137

TYPE AMPERE- 0ABET DEPTH OF  TEMP MANUFACTURER  SPECIAL PACK CHARGE  DIGCMARGE %9, CELLS DATE CYELED DATE AnnigiL LAGT
HOUR  PERIOD DISCRASAE {°C) SHGOL KD CURMENT CURRENT 1N PACE  STAGTED COMPLETED CRUGLETED - Conporr
MR 20,09 1.5 155 40t GuLTON A 400 6.00 5 1alBe88 5,300 10-15e€5 F
ST 2000 3.0 15% 40°  GULTON A 1.9 6.9 5§ 1-21-60 6,032 4-20e65 F 3
MICD 20,00 1.5 28%  ag®  GULTON SN 560 10.60 5 1-18-60 4,085 11-12-63 F z
HIChH  20.0% 3.0 259 40° GULTON 1A 3.28 10,00 5 1-24-64 4,486 10-14-E5 F 2
HICD 20,00 1.5 5% 0> GuLTON ag 9B 5.00  6.60 6§ A7 4,026 1-25-€5 5
HICD  20.00 1.8 158 25¢° GULTON AE 120 5.408 6.08 5 3-9-57 4,924 1-25.6% 5
BICD 20,00 1.5 185 40°  GuLTon Y W0 500 6.00 5 3-l-67 2,780 G567 D s
NICD 20,00 1.5 1ss * GULTON MLTT 12D 10.00 6.0 5 2660 7,262  5-13.60 D 6
NICD 20.00 1.5 253 + GuLToy MATI  3C 10,00 10.60 5 p-g-68 966 BelaeEn F 3
NICD 20,00 1.5 403 * GuLTON MILTI 53¢ 10.60  16.00 §  2-0-60 131 3260 F 5
NICD 20,00 1.5 5% 0°  AuLToN AE 5B B.00  6.00 5 3-2368 46,95
nICD 20.60 1.5 152 25°  guLTon AE 198 8.00  6.00 §  3-23-68 20,625 7-2.72 D 9
NIED 20,00 1.5 15%  40°  GULTON AE BE 800 6.00 5  3-23.68 4,043 2-12.69 D 5
BICD 20,00 1.5 251 * GuLTON MILTI  48C 10.00  10.00 6  5-26-60  1.988  3.24-70 F 7
NICD 20,00 1.5 25 20°  GULTON MILTI* 48D 10,00 10,00 6 7-9-70 13,968  1-12-73 F 10
HICD 20,00 1.5 158 20°  GULTON MLTI* 12E 8.06  6.00 5 5-13.70 36,481
NID 20,00 1.5 5% 0> GuLTON MULTI* 688 8.00 6.0 5 10-18-70 32,102
NICD 20,00 1.5 285 20°  GULTON AE D+ 10,00 10.00 5 10-15-73 15,403
NICD 20,00 1.5 25%  20°  GULTON Az 1€+ 10.00 10,00 5 10-15.73 15,329
NICD 20.00 1.5 25%  20°  GULTON A 17+ 10,00 10.00 5 10415-73 13,977
NECD 20.00 1.6 25%  10°  GULTOY MLTI* 4D 8.00  5.00 5 91973 14,470
NICD 20.00 1.5  25%  10°  GULTON MULTI* 4B+ 8.00  6.00 §  10-22.73 15,363
NECD 20,00 1.5 25%  10°  GULTON MILTI*  aF+ 9.00  6.00 5 10-20-73 15,410
NICD 20,00 1.5 28%  10°  GuLTON MULTI* 4G+ 8.00  6.00 5 10-22-73 15,154
NICD 50.00 1.5 251 0°  GuLTON A 14.38 25,00 5 6-B-60 3,227  2:9-65 F 3
xyiit
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e

TYPE

RICD
HICD
HICD
HICD
nico
RICD
HICD
HICD
RICD
RICD
NICD
nico
HICD
Hico
Hico
HICD
HICD
HIcn
RI1CD
nied
K1CD
HICD
1] (4]
RICH
Rico
H1c0

AMPERE~

HOUR
50,00
20.00

3.90
3.90
3.00
3.00
3.00
3.0o
3.00
3,00
3.50
5.00
5.00
5.00
5.00
£.00
5.00
5.00
5.00
5.00
5.00
5.00
5.09
5.00
5.00
5.60

ORBIT DEPTH OF TEMP
PERIOD DPISCHARGE (°C)
1.5 15% 40°
1.5 40% 20°
1.5 25% 0°
1.5 25% 25°
1.5 15% o
1.5 25% o
1.5 25% 25°
1.5 40% 25°
1.5 15% 40°
1.5 25% 40°
1.5 T2 6°
1.5 15% o°
3.0 154 0®
1.5 25% 0*
3.0 253 o°
1.5 25% 25°
3.0 25% 25°
1.5 403 25°
3.0 40% 25°
1.6 15% 40°
3.0 153 40°
1.5 25% a0°
3.0 25% a0?
1.5 255 -20°
1.5 40% -20°
1.5 a5% 0°

MANUFACTHRER SPECIAL PACK

GULTON
HELIOTEK
RIFE
HIFE
SONOTONE
SONDTONE
SONOTONE
SONOTONE
SOHOTOHE
SONOTONE
SOKOTGHE
SOHOTONE
SONOTONE
SONOTONE
SOHOTONE
SOHOTOKE
SONOTONE
SONOTONE
SONOTONE
SONOTONE
SONOTONE
SOHOTONE
SOHOTONE
SGHOTONE
SONOTONE
SONOTOUE

SYIBOL

35
35
35
35
35
38

ST
ST
5T

VN
1234
34D
a7c
85C
418
3ie
an
28
258
a7s
158
49A
53A
50A
S4A
1A
SA
2A
GA
25A
294
26A
304
75C
Bag
92h

CHARGE
CURRENT

12,00
16.00
1.07
1.07
0.52
0.86
0.94
1.50
0.72
1.20
0.39
0.86
0.35
1.44
0.58
1.56
0.62
2.50
1.00
1.20
0.48
2.00
0.80
5.00
5.00
5.00

xix

DISCHARGE
CURRENT

15.00
16.00
2.00
2.00
0.90
1.50
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
2.80
4.00
2.50

0. CELLS
IN PACK

DATE
STARTED

6-8-64
3-18-72
9-20-67
9-20-67
6-24-65
6-24-65
6-25-65
7-10-65
7-10-65
7-10-65
6-7-67
12-31-63
12-31-63
12-17-63
12-31-63
12-17-63
12-31-63
12-17-63
1-2-64
12-17-63
12-31-63
12-17-63
12-31-63
10-24-65
10-24-65
9-5-65

WQEC/C 77-87
CYCLES DATE  ANKUAL LAS
COMPLETED COMPLETED  GRAPHED |
1.873 N-11-64 F 3
2,903 10-15-72 F 9
20,009 4-6-71 F e
8,356  6-19-69 F [
37,969 4-19-72 D 9
28.074 8-10-70 F 7
11.726  8-23-67 F 4
5,399  7-26-66 F 3
6,289  10-4-66 F 3
5,625 B8-4-66 F 3
26,353 6-2-72 D 9
23,012 2-15-68 D 5
11,427  2-13-68 D 5
22,525  2-15-68 D L
11,331 2-7-68 D 5
n,745  2-27-66 F 3
16,092  2-12-68 b 5
6,61 4-23-65 F 2
5,21 12-13-65 F 2
9,328 10-31-65 F 2
5,975 4-17-66 F 3
3,625 10-15-64 F 2
4,14 B-7-65 F 2
2,145  4-5-66 F 3
1.530  2-26-66 F 3
8,774 5-10-67 F 4
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wico
KIED
NICD
NIfD
HICD
NICD
HILD
Hich
RIED
nIco
NICO
NICD
HICH
HICD
nicn
NICD
AGLD
AGCD
AGCD
AGCD
AGLD
AGCD
AGED
AGCD
AGCD
AGCD

PAMAERE -
HEJR

5.00
5.09
£.90
8.00
5.00
£.00
20,00
20,00
20.00
20.00
20.00
26.00
20.00
20.00
20.00
20.00
7.00
8.00
3.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

ORBIT  LERTH OF
PERIND  LIGLHARGE
1.5 46
1.5 25%
1.5 a0
1.5 25%
1.5 5%
1.5 25%
1.5 257
i.5 #5%
1.5 402
3.0 403
1.5 75%
1.5 25%
1.5 25%
1.5 40%
3.0 403
1.5 75%
8.0 302
a.4 25%
1.5 16%
24.0 20%
24.0 20%
24.0 20%
24.0 20%
24.0 20%
24.0 20%
24.0 20%

TEMP
")

457
an"
25"
25"
25"
25%
28
25*
20°
20°
20
20°
20°
20°
25°
25°

0°
25°
40°
25°
25°
28°

0°

WNUFASTURER

SUNGTONE
SGNOTONE,
SONJTCNE
SONGTONE
SONOTONE
SGHOTONE
SONOTONE
30NOTGON:
SONOTGNE
SONOTONE
SONGTONE
SONOTONE
SONOTONE
SONOTQNE
SONHOTONE
SONOTONE
ELECTRGHITE
ESB
YARDNEY
YARDNEY
YARDNEY
YARDKEY
YARDNEY
YARDHEY
YARDHEY
YARDNEY

SPECLAL
LR

AE

c3sp
c3sp
casp
RCPSP
cesp
PLSP

T W

578
21A
454
5C
338
G9A
1138

LUpRGE
CURTENT

8009
5.09
£.9%
5.08
8.0%
2.59
20,09
7.00
20.400
20.07
20.G0
7,40
15.460
15.00
15.00
20.00
0.40
0.50
1.30
6.30
0.30
0.30
Q.30
0.30
0.30
0.30

GILGUHARGE
LURHENT

4,09
#.5
4.02
z.50
1.26
1.47
10,99
16,05
16.08
16.60
30.409
10.490
10,68
16.08
16.60
30.00
2,10
2.00
1.09
1.00
i.00
1.00
1.00
1.00
1.60
1.00

NG CELLS
It phty

5

(L]

ELUTN S I 1

10

0

10
10
10
10
14
10
10

oM ot wo o W

10

LATE
STANTED

3565

fi-12-65

H-23-65
11-7-67
9-6-67
9-20-67
3-20-67
8-20-67
9-20-67
5-13-70
5-13-70
5-13-70
§-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

LYLLED

dWEL/0 77-07

Uhie

CBLETEDL  LEMBLETED

£,14%
3,742
£,332
4,305
3,633
1,178
AR
7,160
5,634
3,808
1,143
13,964
3,419
8,387
€36
4,33
1,380
3,875
7,635
267
98

61

33
720
535
2,542

Yez4-£6
4-15-£6
1-27-£¢
7-9-4
4-1-FF,
2-7-€
10-7-63
10-7-64
7-3-63
10-7-69
4-5-69
10-3%-72
11-23-70
1-2-n
11-23-76
2-z2-11
3-29-72
6-8-70
12-12-67
6-17-66
12-25-65
11-16-65
12-1-65
11-4-67
7-17-67
2-15-71
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WQEC/C 77-87
- TYPE AMPERE- ORBIT DEPTH OF TEMP HANUFACTURER SPECIAL PACK CHARGE DISCHARGE 0. CELLS DATE  CYCLES  DATE AUNUAL LAST
HOUR  PERIOD DISCHARGE (°C) SYMROL M. CURRENT ~CURRENT  IN PACK STARTED COMPLETED COMPLETED  GRAPHED

AGED  5.00 24.0 203 25°  YVARDIEY 78 0.30  1.00 5 1-12-67 661  11-12-68 F 5
AGCD  5.00 24.0 206 25°  YARDHEY 1058 0.30  1.00 5 1-12-57 77 4-18-67 F 3
AGCD  5.00 20.0 205 40°  YARDHEY 1288 0.30 1.0 5 1-19-67 269 11-4-67 F 4
ASCD  5.00  8.00  20% 0°  VARDNEY  PLCPSP 1148 0.30  1.00 5 1-22-67 1,49  6-25-68 F 5 et
AGCD  5.00 8.0 205  25° YARDNEY  PLCPSP 1I8C  0.30 1.0 5  1-17-67 1,505 7-9-68 F 5 ;%
AGCD  10.00 8.0 308 25°  YARDHEY 40 0.50  3.00 5§ 5367 1,75 11-19-68 F 5 &2
AGCD 10.00 8.0/12.0 25%  20°  YARDHEY E 0.50  2.50 5 81973 1,28 11-27-75 D 12 B
AGCD 11,00 240 402 0°  YARDIEY 486 0.30 4.0 10 11-5-86 121 31367 F 3 O
ASCO 11.00  24.0  40%  25°  YARMNEY 2B 0.30  4.40 0 11-5-66 69 1-13-67 F i g
ASCD  11.00 8.0  27%  25° YARDNEY PSP 2IC  0.50 3.0 §  3-28-67 37 4267 F A =
AGCR 11.00 8.0 27%  25°  YARDMEY  WNSP 45C 0.50 3.0 5 3-28-67 70 4-22-67 F A
AGCO 11.00  20.0 8% 0°  YARDNEY  AE-6U 570 0.25  2.00 5 21468 1,740 1-7-73 F 10
AGED 1100 24.0 183 25°  YARDNEY  AE-G) 698 0.5 2.0 5 2-14-68 507  7-13-69 F 6
ASCD  11.00  24.0 8% 40°  YARDNEY  AE-GU  33C  0.25 2.0 5 2-14-68 447 5-15-69 F 6
AGCD 1200  26.0  50% 0°  YARONEY 574 0.60 6.0 0 21464 168 9-3-64 F 2
ASCO  12.00  24.0  50%  40°  YARDNEY 3 0.60 6.0 10 21464 210 9-20-60 F 2
AGCO 12.00 1.5 255 -20°  YARDNEY 858 3.0 6.0 5 1-19-66 2,375  3-25-67 F 4
AGCD  12.00 1.5 25% 0°  YARDNEY 978 3.0 6.00 5 11966 4,481 3-15-67 F 4
AGED 12.00 1.5 25%  25°  YARDNEY 88 3.90  6.00 5 1-17-66 4,559 11-27-65 F 3
AGCD 12,00 240 43% 0°  YARDNEY  AE-GE 210 0.50  5.20 5 6-16-67 60  8-13-67 F A
ASCD 12.00 260 431 40°  YARDNEY  AE-GE  9F  0.50  5.20 §  6-16-67 30 5-28-68 F 5

: ASZH  5.00 1.5 25%  20° ASTRO 250 1.60  2.50 0 12-4-68 681 2-1-70 F 7

f. ASZN 5,00 120  25%  20°  ASTRO 25C  9.35  2.50 0 2870 s67  11-27-70 F 7
AGIN 5.0 12,0  25%  40°  ASTRO 30 0.3 2.50 0 2-8-70 3/ 9470 F 7
AGZH  5.00 1.5 25%  40°  ASTRO e 1.60 250 10 12-4-69 2,013 4-19-70 F 7
AGZN  5.00 Syne 60 25°  ASTRO 23 0.3 2.50 10 1-21-70 425 Days 3-24-71 D A

xx1
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TYPE

AGZH
AGZH
AGZN
AGZH
ASZN
AGZH
AGEN
AGZN
AGZH
AGZN
AGZN
AGZH
AGZi
AGZN
AGIR
AGZH
AGZN
AGZN
AGZH

NAPERE-

HOUR
5.00
40.00
40.00
40.00
40.00
40.00
25,00
25.00
25.00
25.00
25.00
25.00
40.00
5.00
5.00
5.00
12.00
16.00
21.00

ORBIT  REPTt OF  TEMP
PERIOD DISCHARGE {°C)
Sync 607 40
4.0 20% 20°
4.0 203 20°
Sync 602 o°
Sync 60% 20°
Sync 602 40°
24.0 a40% 25¢
24.0 403 25°
3.0 40% 25°
3.0 a0 25
24.0 406% 25°
24.0 40% 25°
24.0L 25% 257
Sync &A% 20°
Sync 60% 20°
Sync 603 20"
24.0 42% 25°
24.0 N 25°
Sync (117 20°

MANUFACTURER SPECIAL PACK CHARGE

ASTRO
ASTRO
ASTRO
ASTRO
ASTRO
ASTRD
BELCO-REMY
DELCO-REMY
DELCO-REMY
DELCO-REMY
DELCO-REMY
DELCO-REMY
DELCO-REWT
YARDHEY
YARDHEY
YARDNEY
YARDNEY
YARDHEY
YARDHEY

SYMBOL

25R

25R

u0,
214A
200
I3E
218A
2194
2204
B9A
754
B3B
£8C
an
9E
758
2244
2248
224C
9
57¢C
225A

T Y WP Ry
e e i B A _
P P S T
P T

CURRENT
0.36
3.00
3.60
1.50
1.50
1.50

15.00
15.00
15.00
15.00
1.00
1.00
25.00
0.40
0.40
0.40
0.50
0.50
1.20

Pras!

DISCHARGE
CURRENT

2.90
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

HO. CELLS DATE CYCLES
i PACK  STARTED  COMPLETED
10 1-21-70 425 Days
10 16-25-71 519
10 10-25-71 502
10 4.27-1 389 Days
10 5-3-71 389 Days
10 5-3-71 228 [Days
5 9-18-64 80
5 8-18-64 K4
5 3-1-65 120
5 3-26-65 325
10 12-13-65 121
10 10-5-66 90
5 10-28-64 139
10 1-15-73 113 Days
& B-18-73 48 Days
6 8-18-73 392 Days
10 5-7-65 58
10 12-2-66 281
10 1-15-73 739 Days
Q%
%,
%
. ‘Q'%v
<, 0,
e

WQEC/C 77-87

BATE
COMPLETED

3-24-1
2-7-72
§-B-72
7-15-72
7-15-72
2-8-72
12-8-64
9-18-64
3-16-65
5-6-65
4-18-66
1-4-67
3-15-65
5-8-73
10-5-73
10-2-74
7-7-65
8-30-67
3-18-75

D

ANHUAL LAST
GRAPHED
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WQEC/C 77-87
INTRODUCTION

Considerable research is being done to Tind mare 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
evaluation of certain types of cells and to obtain performance and
failure data as an aid to their continued improvement.

This thirteenth annual report covers the cycle 1ife test, the third
‘phase of the evaluation program of secondary spacecraft ceils,
through 15 December 1976. The purpose of the cycle program is to
determine the cycling performance capabilities of packs of cells
under different Toad and temperature conditions. The acceptance
tests and general performance tests, the First and second phases
of the evaluation program, were reported earlier.

A summary of the results of the 1ife cycling program is given
in this report. Complete data and graphs are avaiilable upon appli-
.cation via NASA Technical Officer. The application will include
information on exactly what data is required; the use to which the
data will be put; application details incTuding orbital description,
charge control methods, Toad 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 1300 ‘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 Toad, 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 1imit
as given in the pack's test program. A1l charging is constant current
until the voitage Yimit is reached; at this time the charge curpent is
automatically reduced to protect the cells during overcharge.

. T S ST T
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WQEC/C 77-87

The time at which voltage 1imiting occurs varies slightly with
cycting. Thus the percent of recharge is not constant from cycle
to cycle as illustrated in graphs accompanying such voltage

Timited packs. Other charge control methods used are auxiliary
electrode, coulometer, stabistor, two-step regulator, thermistor
controlled voltage 1imit, and Sherfey upside-~down cycling regime.
Specially constructed celis 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-hour 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 cycie charge
period, at the c/2 rate (¢ being the manufacturer's rated capacity)
to a cutoff of 1.0 volt per cell average, or to a Tow of 0.5 volt
on any one cell, ar a combination of the two. The pack is then
recharged at the c/10 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
¢/10 rate, with the regular on-charge cycling voltage limit. The
summary of the capacity check results will 1ist 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 run at the cycle rate to 1.0 volt per cell or 0.5
volt on any one 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,
/8A 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 Q°C respectively. Al71 these cells were
manutactured by Guiton. (See report brief, pages wiii through xxi
for further information on parameters.) A1l of these packs have
failed or been discontinued.

A cell is considered a failure when its terminal voitage 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 NAVWPNSUPPCEN Crane and a complete
chemical analysis may be performed if designated by GSFC. The manu-

chtur?¥ is invited to participate as an observer in the analysis of
is cells.
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WQEC/C 77-87

In order to clarify the discussion that follows, all failure terms
are defined (see page 8) according to their use in this report. These 3
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 Contrgol System (ADACS) for test.
The conversion of the battery packs from the old "Tally" system to i
ADACS was completed 27 November 1972.

- e Data is recorded by the new system and consists of individual cell
voltage, individual cell temperature, total volitage, current and
- ambient temperature. Also when appropriate, data is recorded on
A auxiliary electrode voltage, gas recombination electrode voltage,
coulometer voltage, and pressure transducer voTtage. It is then i
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 periocd. ]

A1l 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 depending on
the total cycles and room available. Thus the computer is programmed
to round as follows:

Multiples of 10 MuTtipies of 100

0-49 Cycles,
50-149 Cycles,
150-249 Cycies,
250-349 Cycles,

0-4 Cycles,
5-14 Cycles,
15-24 Cycles,
25-34 Cycles,

WMo

wrno—O0

*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. i

e S
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i $3832 i Se3iioad] bigat iod

i cepactty to: 1.20v 1.0V 1.00V

Pack 24C -] Y SRR
Pack 488 P i st

@
Pack 608 —0— —— —@—

* One Cell Failed
' : : e : = Two Cells Failed
i i NOTE: Temperature cycling 0-40°C

1
t

16
CYCLES (THOUSANDS)

CAPACITY, AT CYCLE RATE, TO 1.20, 1.10 AND 1.00 VOLTS
FIGURE 1
4
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20V 1.10v 1
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1

Pack 78BA was run at 40°C

Initial capacities to 1.20V
10V could not be determined

for 78A due to low cell cutoff prior

to average voltage reaching these

levels.

* One Cell Failed
** Two Cells Failed

24

nd Pack 101B at 0°C,

Pack 78A
Pack 1018

Capacity to:

Note
and 1
a

20
CYCLES (THOUSANDS)

CAPACITY, AT CYCLE RATE, TO 1.20, 1.10 AND 1.00 VOLTS

FIGURE 2
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DIVERSE TESTS IN ADDITION TO LIFE CYCLING TESTS

The foliowing testis nave been, or are being performed at
t veported in this annual;

NALWPNSUPPCEN Crane. These tesis are no

but the resuils are reported by Crane unless otherwise specified and
copies of data are avaiiable on request to the NASA Technical officer or
corresponding Prograi gfficer.

A. Accepiance Testing: These tests are conducted on cells
ranging in capacity from 1.25 to 100 ampere-nhours. The tests con-

sist of: A1) general inspection, weighing and jeak checks,
etention iest, {4) internal short

tnree capacity Checks, {3} cnarge T
test, (D) chargé efficiency test, {6} overcharge rest, 0°C and 35°C,
versus capacity test.

(7) internal resistance test, and (B) pressure

B. Separator Testing: Separator tests are conducted on all
types of separators inciuding nylon, cellophane, po]yprophy1ene,
ic material. The tests are

various materiais by RAI, and ceraml
performed in three nodes: (1) constant current charge, (2) con-

stant potential charge, and (3) 30-day ctand while in a charged
ctate. 10 date these tests have been 1imited to <ilver-zinc and
silver-cadmium cells of the various manufacturers. The cells
undergoing separator tesis are reported by Goddard Space Flight

Center.

C. General performance Testing: General performance testing

has been conducted on cells ranging in capacity from 1.25 to 20
ampere-hours. To date these tesis have been 1imited to nickel-
cadmium celis. All major manufacturers have been vepresented.

The test consists of: (1) random vibration, (2} sinusoidal
yibration, (3) mechanical shock, (4} acceleration, {(5) charge at
varying rates from ¢/10 to Zc with discharge rate constant at c/2,
(6) charge at constant rate previously determined to give maximum
capacity at individual temperatures ranging from -20° to 40° C with
discharge rate yarying from c/20 to 2¢, and (7) overcharge test.

D. Synchronous Orbit Testing: These tests have been performed
on 3, 6, 12 and 15 ampere-hour nickel-cadmium cells and on 5.

and 40 ampere-hour silver-zinc cells. The test has a 180-day cycie
nd 40 days of discharge-

consisting of 140 days of trickle charge a
charge. The discharge time is 12 minutes the £irst day. jncreasing
3 to 4 wminutes each succeeding day. reaching its maximum of 72 winutes

on ?he_18th day which is maintained each day through the 2bth.
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.

£. Interplanetary Monitoring Platform (IMP) Testing: These
tests were performed on batteries jdentical to the fiight batteries

aboard the IMP catellites E, F, G and I. The test conditions simulate
those aboard the respective satellites and are basically & 12-hour
qrbit. The cells making up the batteries are silver-cadmium varying
in capacity from 3 to 10 ampere-hours."Summary reports have been

written by Goddard Space Flight Center.

o -
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Testing: These tests

F. Jet Propulsion Laboratory (JPL)
caells and consist of three

invoive silver-zinc and 5§ 1ver-cadmium
distinct programs.

1. Program involving storage at d
This series of tests include: (a) capacity check upon receipt, (b)
recharge and storage at temperatures ranging from -51° to +49° C,
(c) discharge following removal from storage and temperature
stabilization at room temperature (25° ¢), and (d) 1ife cycling

at room temperature.

jfferent temperatures:

This series of
d 1eak test,
tests, and

2. Program involving 1ife cycling only:
tests included: (a) general inspection, weighing an
(b) measurement of internal resistance, (c) capacity

(d) automatic cycling.

3. Program involving suystained high g-1gvels: This test

consists of subjecting silver-zinc cells of varying capacity to
charge-discharge cycles while peing subjected to high g-leveis.

The tests are conducted on both the sealed and vented types of cells.
Further the testing is performed on cells that are gtarved and also

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

applied 1o the cells during charge~discharge are 1.0g, 109, 209, 30g.

50g and 75g.

G. Accelerated Testing: The purpose of this program is 10
develop: (1) a tool for spacecvaft projects and other battery users
to determine the life capability of seajed, 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-~-761-73-183.

3. Interim report, WOEC/C 76-8
tests completed through December 1975.
- Design yariations): These tests

hour cells for evaiuation of inorganic
d 100 percent DOD test

of 13 February 1976, includes

H. NAVSEC Testing (Project 40
involve silver-zinc, 40-50 ampere-
separator material. Cells are cycles at 30 an

regimes.

1. USAF Aero Propulsion Laboratory: Evaiuvation of
cadmium ge115, with nylon and polypropolene separators,

type orbit.

50 ah nickel-
on a synchronous




WQEC/C 77-87
DEFINITIONS

lieight Loss: The weight loss in grams hetween the weight at
the time of acceptance and that at the time of failure. Gains or
losses of Tess than one gram are not considered (slight gains may :
occur from traces oV soider Teft on the cell terminals). -

Deposits: Carbonate deposits, at a point of leakage such as
at a terminal or seam; Or corrosive deposits Jocated under the
top portion of the ceil case around the seam and the terminal tabs.
Deposits are removed prior to weighing as of 14 December 1969.

High Pressure: Signified by a bulged cell case or by a hissing
ot escapad gas whea cell is opened. It may not be present at the
time che cell is opened atthough the bulge indicates its presence
at some earlier time.

Cancave Sides: Refers to rectangular cells only. The sides of
the can ave made permanentily concave by the higher pressure of
neighdoring cells in the pack. This sometimes causes a short
betwsen the case and internal elements.

Weak leld: An inadeguate weld, as determined by the mechanical
strengtn of the bond. The pieces separate, without tearing of the
metai, when pulled apari by the fingers. This may be at a tab-to-
piate connectior, a tab-to-ceil case connection, or a tab-to-terminal i
connection.

Loosened Active Material: Positive piate active material which
separates Trom the arid in large intact pieces. This condition is
often noiiced in cylindrical celis due to the fact that the plates
are unroiied during ¥aiwuve analysis. However rectangular plates
often show the positive material to flake off at the edges or be
extremely brittie and crumbly.

Extranepus Active Material: Pieces of Toose active material
Tound pressed betwaen the piates. These are thought to have
crumbied off the plate edges when the cell was being assembied,
since there are no holes ovr 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
betweer the plates, a grid wire or a tab at the tab-to-plate
connection piercing the separator and contacting the adjacent plate.

e
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Excess Scoring: indentacions of the cell case which may put in-
creased pressure on the plates and separators which may cause a short
circuit between the case and plates.

Positive Tab Deterioration: The positive tab, above the plates, may
be corroded, burned and sometimes broken. The broken tab may fall
against the case and cause a short circuit. At times the corrosion is
such that the tab crumbles when the ceill is opened, so that its prior
configuration cannot be determined. A burned positive tab has been
attributed to an insufficient area of welding between 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 which
causes an electrical 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 measuring the resistance between the insulated material
and the cell case after the 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.

Migration: Active material deposited on the surface of the separator,
appearing 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 piate material indy penetrate completely
through the separator and be visible as small, da.k spots on the posi-
tive plate side, usually resulting in a nigh-resistance short circuit.
Where this condition is more pronounced there are burned spots on the
separator at the point of penetration. Migration is atways by the
negative plate material except in two very advanced cases, where there
was also slight migration from the positive plate. Migration 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 Tocation. In addition, there
may be brownish spots of discoloration around the edge of the tape and
usually 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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Blisters: Raised areas of active material, which have pulled
away trom the grid. Typically, they ranged from pinhead size to
3/8 inch in diameter, and were invariably found on the positive
plates. While blistering has not been shown to have a direct
bearing on cell failures, it is included here because is was common
in some cell types, but rare or absent in others, and because in
at least two cases the separator was burned 41ightly where blisters
had compressed the separator material.

Separator Deterioration: Decomposition of the separator mater-
ial, exclusive of visible burned spots. Deteriorated separator
material, as defined here, is decidedly thinner than normal, adheres
to the negative plate, and has lost virtually all tensile strength.

10
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SECTION I
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CELLS CURRENTLY ON TEST PROGRAM
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CELLS CURRENTLY ON TEST PROGRAM

gecause of the continuing effort 1o extend t
new cells, with modifications such as nickel plat
area or new type seals, are added to the program
cells are also added to the cycle program for eva
environmental conditions such as cycling at -20°
temperature cycling. Each pack 1is cycled until at
of the cells have failed unless instructed otherwi
Space Flight Center at Greenbelt, fdaryland.

he performance 1ife,
ing the silver braze
for evaluation. New
Tyation under new

¢, or cycling during
1east 60 percent
se by the Goddard

A. General Description:

1. Cells:
nickel-cadmium cells tested fov

a. The majority of the
e of one basic type. They are

use in space, Ov related programs ar
rectanguiar with stainless steel containers and covers, both terminals

are insulated from the cover by a ceramic seal and protrude through
the cover as a solder-type terminals. Where auxiliary electrodes are

present, the terminal is @ stainless steel tab welded to the cell
this description are separately

cover. Any cells differing from
described as they are encountered in the following paragraphs.

2. Charge Control Methods:

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

various types of charge control methods and de
Charge control methods and devices that have been, oOr are being used
for testing at NAVWPNSUPPCEN Crane are as follows: constant current,
voltage 1imiting, high overcharge current capabilities, auxiliary
electrode, thermistor. yoltage 1limit dependent upon auxi

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.

12
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B. HNickel-Cadmium Types:
1. GE 5.0 ah (NIMBUS), 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, welded to the
cover, serve as the contacts for the negative terminal. The posi-
tive terminal is insulated from the ctll cover by a ceramic bushing
and protrudes through the bushing with a solder tab welded to the
terminal. Three cells have pressure transducers mounted on the
cell to read internal pressure in pounds per square inch absolute.
These cells were manufactured to NIMBUS specifications. Acceptance
test results are contained in NAD Crane report QE/C 64-459.

b. Parameters and Capacity Checks:

Orbit 1.5-hour

Temperature 0° 0° 25° 25° ag° 40°

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

Pack Number 103A 107A*  106A 104B* 113A T14A%

Precycling Capacity 5.42 5.21 4.67 5.58 3.67 3.83
88 Days Disch #2 5.08 5.50  4.00 3.58 2.42 2.25
264 Days Disch #2 5.58 5.33 3.50 1.75 1.83 1.63
440 Days Disch #2 5.54 5.42 3.08 2.00 1.00
616 Days Disch #2 4.75 4.58 3.25 1.83

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

1672 Days Disch #2 4.29 4.21 "

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

F - Failed.
D -~ Discontinued.

13
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Orbit 1.5-hour

Temperature o° 0° 25° 25° 40° a0°

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

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

1848 Days Disch #2 4.42 1.33
2024 Days Disch #2 4.33 3.58
2200 Days Disch # 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 oisch #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  3.5b
*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
was started in May 1965. Pack 103A has completed 62,905 cycies
with one cell failurz an cycle 59,281. Pack 107A vas discontinued in
June 1972 at th~ reque.t of Goddard Space Flight Center after completing
39,755 cycles. Packs T06A, 104B, 113A and 1T14A 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,
pijerced 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 gdge 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.

14
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o Gulton 5.0 ah (Cobalt Additive with 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 walded to the cover. Both termi-
nals protrude through the cover as solder type terminals. Twenty-
five cells contain positive plates with 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 were divided into packs as indicated in the tabie below.

Pack Type and Number of Cells per Pack
Number Cobalt-Nylon Control-Nylon Cobalt-PPL Control-PP1
(FT 2140) (FT 2140)
21E 5 5
(cells 1 to 5) (cells 6-10)
45k 2 2 3 3
(cells 1 & 2) (cells 6 & 7) (cells 3 to 5) {cells 8 to 10}
69C 5 5
(cells 1 to 5 (cells 6 to 10)
9H 5 5
{cells 1 to 5) (cells & to 10)
33D 5

5
(ceils 1 to 5) (cells 6 to 10)

16
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b. Parameters and Capacity Checks:

Orbit Period 1.5~hour

Temperature 0° 25° 25° 40° 40°
Depth of Discharge 25% 25% 403 25% a0%
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
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
983 Days 5.10 3.63 2.27 °
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 2653

c. Test Results:

(1) Performance on Cycling: (Figure 4) Cycling was
started in June 1970. Pack 21E has completed 32,714 cycles without
2 cell failure. Packs 33D and 45E failed on cycles 4523 and 30,225,
respectively. Packs 69C and OH 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 celis either
failed or were discontinued on.

CELLS
Pack 1 2 3 4 5 & L 8 2
45F 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
oH 16098 16098 14363 13067 16098 10970 11739 16088 15681
D D F F F F F D F
F - Failure

D - Discontinued
17
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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 celis. The results of the carbonate analysis were
tabulated as follows:

AVERAGE ANALYSIS OF EXTRACTED ELECTROLYTE
69C 45E 45E. 45E 9H 9H
SN 1874 SN 1875 SN 1899 SN 1892 SN 1880 SN 1913

Celd No. 5 1 3 5 1 10
Total
maq KZCOB* 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
DYFRAGE 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.** 0.209¢ 0.4194 0.8360 0.7316 0.7795 0.4780
Dry Wi.** 0.0894 0.1435 (0.5936 0.6340 0.5768 0.3904
cc Sample 0.737 1.153 1.039 1.1080 1.020 1.176

meq KpCOg***  0.4332 0.7049 ©£.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.

**ljat 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.

#%*The separator patch data is an average of four patches sampled. One
from the first third of the plate stack, two from the middie, and one
from the last third.
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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 specifica-
tion number $-716-P-6 under NASA contract number NAS-5-17806. They
are RSN-6B type celils 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 poly-
propylene 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
Tor Pack 9T.

b. Parameters and Capacity Checks:

Orbit Period T.5-hour
Temperature (°C) 25°
Depth of Discharge (%) 259

Type of Separator* (1) (2) (3) (4) (®) (6) (7) (8) (9) (10) (1)
Pack Number 9L 9M 9K 90 gp 99 93 9R 9F g5 oT

Precycling Capacity 5.1 5.6 5.2 5.7 6.6 7.0 6.3 7.5 7.4 6.6 6.3

2000 Cycles 2.1 1.5 2.0 1.4 5.3 2.5 2.2 5.8 4.8 3.2 3.1
4000 Cycles 2.2 1.7 1.4 1.9 5.0 3.0 2.5 4.9 4.7 4.0 D

6000 Cycles 4.1 1.7 2.1 D 4.3 5.4 2.5 4.4 4.7 2.9
D D D D D D D

8000 Cycles 4.1 2.9

10000 Cycles 4.3 3.1

€. Test Results:

(1) Performance on Cycling: (Figures 6 through 14)
Cycling began in September and October 1974 and in April 1975 (Pack 9T).
Packs 90 and 9T were discontinued after campleting 4001 and 2004 cycles

i i i i Packs

the 2000 cycle capacity
ure to recharge and low capacity, respectively. A1l the

_ : Tollowing their capacity
test at 6000 cycles because GSFC had obtained a

. 11 the information they
required, at that time, of those type separators. The packs have completed

*(1} Grace, 3073, pp.

(6) RAI, WEX 1242, pR.
(2) Grace, 3073-35, pp. (7) Hercules, 2711-55, pp.
(3) Grace, 3074-18, pp. (8) Canadian, WEX-ISIS, pp.
(4) Grace, 1972-31y, pp. (9) Pellon, 2505 (control), nylon
{5) Grace, 3073-324, pp. 510; Grace, Extracted, nylon
11) Potassium Titanate

21
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Pack Number 9L 94 9K 90 9P 90 93 9R oF 95 9T

Cycle Completed 6391 6386 6270 4001 6332 6091 6167 6139 10530 10476 2004
D [V} D ) D D D D D

D - Discontinued.

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

(2) Failure Analysis: The five failed cells, from Packs
9K, 94 and 90, had severe migration, uncoined positive plates, loosened
active material, and weak tabs. The separators of the four failed cells
o7 Pack 9T were Tike 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, Tollowing extractor analysis, showed excessive
migration in which the separator stuck to the negative plates; except for
packs 97, SR and 9P, 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 (soxhiet) from individual cell
stacks, and from sample patches of the separator material:

22

A - L. L . . "y " s i

Yy P

Y PP




[

Al e

Pack
Number

9L
9L
a9
9L
aM
oM
M
9M
9K
9K
9K
9K
90
90
20
op
9p
ap
ar
90
9
o0
90
93
a4J

Cycles
Completed

3
2023
4002
6351

3
2007
4021
6386

3
2008
4001
6270

3
2012
400

ki

2018
4005
6332

3
1997
4019
6091

3
2003

Total meg**
KOH per
extract {avg)

127
124

67

161

128

112.

99,
110.
133.
118.
112.
104.
127.
143,

419
.879
104.
nao.
145,
.489

69.
119.
.018
169.
i64.
155,
138,
143,
140.

547
m
209

294
347

442
605
125
026
896
540
587
471
722
743
428
e
BOS
137
419
897

Total meq
K2CO3 per
extract (avg)

70.
69.
83.
o8.
68.
35.
50.
79.
64.
59.
55.
68.
79.
64.
58.
97,
70.
73.
72.
8z2.
67.
57.
69.
70.
90.

423
513
412
309
342
672
498
283
582
453
15
829
B22
418
32
R4
364
467
790
369
816
779
868
423
225

Meq KOH

Separator
patch#***

.536
.516
830
. 965
.392
.214
.23
.R75
973
.520
. 769
.003
.383
.266
142
.109
.168
.037
.610
.930
.873
. 325
.39
.36
.439

per

23

Meq K2COj3

Separator

per

patch

1.185
1.169
.

966

.264
.998
.784
.709

893

1
0
0
0
0
0.992
0.625
0.381
0.864
0.994
0.
0
1
0
1
0
1
0
0
0
1
0

515

676
743
. 967
.198
.6747
AT
.729
.330
. 580
.185

902

O T

WQec/C 77-87

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

0.7070 0.6060
0.7069 0.6060
0.7661 0.4720
0.8538 0.6239
0.48%0 0.4892
0.5545 0.4533
0.5007 0.4126
0.6251 0.3763
0.6270 0.5461
0.0853 0.5488
0.6788 0.3930
0.6870 ¢.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
0.910 (.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
0.1253
0.1366
0.1000
0.2959
0.2237
0.1265
0.2872
0.2537
0.2979
0.1717
0.1853
0.2025
0.1950
0.2342
0
0
0
0

.2556
.2594

. 2656
L1823

5] AOVd TYNIDRIO

xIrTvn® #o0d X0
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WQEC/C 77-87
Meq KOH Mg KpCOs

Total meg** Total mecj per per Total Het Dry
Pack Cycles KOH per K2C03 per Separator Separator Volume {cc) Weight Weight
Humber Completed extract (avy) extract (avg) patch*** patch per patch (g)ress {g)xee+
- 94 4001 124,675 77.137 0.860 0.802 HA 0.4749 0.2103
9J 6167 123.503 183.049 0.915 1.023 1.1137 0.7052 0.4408
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 : 07.828 51,508 0.238 0.283 1.1652 0.3966 0.301
9R 6139 86.199 68.050 0.299 - 0.502 0.9018 0.4507 0.3215
aF 3 131.970 £5.730 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
oF 4002 88.237 55.292 1.000 0.924 1.2151 0.6711 0.3046
ar 6177 106. 360 73.699 0.965 1.312 1.2026 0.7132 0.3085
9r 3007 76.233 59.400 0.359 0.692 1.9289. 0.4495 0.2503
oF 10044 113.579 87.737 1.1385 0.864 1.5614 0.7722 0.4108
95 3 155.527 75.014 1.363 0.768 0.9895 0.9294 0.2a41
95 1995 109,988 75.133 0.803 0.770 1.3470 0.4878 0,2254
95 4011 92.795 76.664 0.974 1.456 1.3537 0.7822 0.3394
g5 6129 102.237 96.296 0.9000 1.5636 1.3367 0.7937 0.4000
s Boo2 103.200 03,067 0.8053 1.0626 HA 0.5451 0.2280
g5 10020 104.061 84.419 0.7346 1.2895 1.2040 0.6500 0.3478
ot 3 133,860 71.298 1.349 1.168 * 0.6478 0.2863
T B30 * * * * * * *
g7 2004 111.118 78.150 1.122 1.372 * * *

*could not obtain measureabie data.

**maq is the abbreviation of milliequivalents.
***The separator patch data is an average of four patches sampied, One from the first third of the plate
stack, two from the center, and one from the last third.
***4at weight is determined immediately following removal from the cell case and prior to leaching in water
avarnpight; dry weight is determined following titration and alr drying overnight.
#A - not available,
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4. General Electric 6.0 ah (AE~C and D, Atmospheric ) :
Explorer, C and D), three 5-cell Packs: v 1

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 pellon 2506K4 nylon
material. Five cells are identified by RCA lot number 19722-54-1
and the seven auxiliary electrode cells have the RCA Tot number
19722-94-2. The cells were purchased by RCA under contract rumber
G6F015-0204-00-F23, The remaining three cells were purchased by
GSFC under contract number NAS 5-18495, and were identified by
General Electric 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 Period* 2.16-hours
Temperaiure 10° 20° 0°
Depth of Discharge* 20.3% 20.3% 20.3%
Trip Voltage (mv) .53V .56Y .48V

Auxiliary Electrode

Resistor (ohms) 2000 2000 2000 ]

Pack Number 2F 26 2H g

Precycling Capacity 7.00 7.29 6.79 3;
120 Days 5.8 7.01 5.52 i]
230 Days 6.11 w.82  7.14 1%
450 Days 6.49 7.03 7.18 |
547 Days 6.31 6.86 6.77 i
730 Days 6.33  6.60 6.82

*Orbit period 1.5 hour after 2970 cycles with 15.8% DOD
and then 20% DOD after 5800 cycles. Packs on voitage
Timit control after 8800 cycies.

G s, el e e gt

]
c. Test Results: 'q
[

(1) Performance on Cycling: (Figures 15 through 17)
Cycling was started in December 1973 and packs 2F, 26 and 2H have

completed 13,681, 13,512 and 13,387 cycles respectively, without a
cell failure. d
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seal has an all nickel braze construction to e
h silver migration.
D Crane report QE/C 7

shorting throu
contained in N

Orbit
Period

(Hrs)
Temp.
Depth
Disch.

Pack#

Cutoff
Voltage

Cap.Ck.
1 yr,

1 vr,
6 mo.

WQEC/C 77-87

5. GE, 6.0 ah (Nickel-Braze), Eight 5-cell Packs:

a. Cell Description:
of all nickel-cadmium stainless ste

The cell case fits the description
el cases.

The ceramic-to-metal

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

Temperature

Depth of Discharge 25%

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

— =D N

- 200 %+

60%

== o

S0 o

75E
1.0 0.5 0.0

17.44 8.16 8.22
2 6.06 6.54 6.66
4582 6.72 6.84
5

7.02 7.68 7.74

1.5 1.5 1.5
-20°  Q° 20° 40°
25%  25% 259
81B  92B 958 1068
2.46 6.90 6.99 2.75
2,61 4.71 6.78 2.34
3.0 7.75 6.78  3.30
F
NA NA NA
3.00 7.00 6.02
2.85 7.89 4.49
D
7.75  2.63
5.72  3.10
6.74 2.83
5.40 2.43
3.13
24 24
0° 20°
602 60%
1238 1098
1.0 0.5 0.0 1.0 0.5 0.0
5.70 7.02 7.44 6.36 7.32 7.80

6.30 7.44 7.86
5.04 6.96 7.38

4.74 5.64 5,88

38

5.88 7.08 7.43
4.86 5.82 6.12

4.20 5.04 5.22

liminate ceramic
Acceptance test results are
1-45,

24

4p°
60%

918
1.0 0.5 0.0

3.18 4.44 4 98
3.30 4.50 5.04
3.18 4.20 4 56

3.72 4.98 5,52

N




WQEC/C 77-87

Cap.Ck.
sps. 1 e- -- 799 - =m T2 em 6.63 NA
> - - 6.68 -- -- 7.92 == -0 636 o0 4.39
pyet, 1 4.79 -- 8.51 5.76 -- B.96  -= 8.19
6 mo. F
s - -- 7.6 -- -- 8.76 475 -- 8.0
ayrs. & 5.1 -- 1.57 == -= 878 -~ = 8.68
s .. -- 8.10 4.28 -- 5.58 5.10 -- 6.5
ayrs. 1 - -- 1.8 4.318.37 858 - 6.22 6.56
6mo. L 657.147.16  --8.89 8.9 3.656.256.66
4grs. 1 - --1.3 4.988.849.09 - 6.57 6.91
, 4.927.117.3%  --8.909.11 3.80 6.31 6.69
ayrs. 1 - == .8 - 6.56 6.75 4.08 8.31 B.63
6 M. 4.036.42 6.66 3.66 6.106.37  -~- 8.51 8.68
6yrs. 1 -- --2.91  --6.776.97 3.88 9.03 9.33
» 4.37 7.25 7.44 3.93 6.19 6.41 - 9.20 9.33

*fun at cycle rate to First cell 1.0V then at 0.6 amp to 0.0V each
cell. MNumber in 0.0 column total ampere-hours.
+*Temperature cnange to 10°C after 270 cycles.

c. Test Results:

(1)} Performance on Cycling: (Figures 20 through 24)
Cyciing was started in March 1971. Packs 92B and 958 (1.5-hour orbits)
have completed 29,194 and 30,073 cycles respectively, with two cell
failures in pack 92B. Pack 818 had one cell failure, pack was dis-
continued after 17,190 cycles. Pack 1068 faiied on cycle 7538. Also,
one cell was removed from packs 958 and 106B and shipped to Goddard
Space Flight Center, as instructed by that activity. Packs 123B
and 1098 (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 cycie 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 918 (24-hour obit) was 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 werc 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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WQEC/C 77-87

(2} Failure Analysis: Cell from pack 81B failed because
gauge assembly was accidentally broke at bottom of Fi11 tube allowing it
¥o fall into pack stack causing a short. A1l 3 cells of pack 106B were
shorted due to separator deterioration. Ceils of pack 918 showed extreme
migration and separator deterioration. A1l cells of these packs had one
side of their positive plates that were uncoined and smgl] blisters were

seen at the top of the plates. -

(3) Results of chemical analysis of extracted
electrolyte are as shown:

Pack Number 75E 1098 123B
Cycles 1097 1087 1085
Serial Number 042 048 031
Total meq* KOH/  79.623 85.489 85.318
extract {avg)

Total meg K,C03/ 62.880 45.352 60. 221
extract (avg)

meq KOH/ .250 .260 .240
separator patch**

Total volume (cc}/ .7150 .9513 1.0020
patch

Wet weight (g)***  .2997 . 2881 .3229
Dry weight (g)***  .1956 L1736 .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.
**kat weight is determined jmmediately 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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WQEC/C 77-87

6. General Electric 6.0 ah (IT0S), dne 5-cell Pack:

a. Cell Description: See paragraph I.A., page 12,  The
celis 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 Flectric's catalog number 47B006AB49. Initial
evaluation test results and detailed cell descriptions are contained

in NAVNPNSUPPCEN Crane Report WQEC/C 75-164.

b. Parameters and Capacity Checks:
Orbit Period 1.92-hours

- Temperature (°C) _. 3 .20° '
Depth of Discharge (%) 29.6

pack Number 7D

Precyciing Capacity 8.0
7.6 Months  B8.04
13.6 Months _ - 7.84

(1) Performance on Cycling:"(Figure 23)
Cycling began in May 1975. Various changes in the test parameters

.. began. on cycle 1687 and are sti11 continuing as requested by the
1 Officer. One cell was analyzed following acceptance -

GSFC's Technica
test (7 cycles). This pack has completed 6099 cycles without a cell

- failure.
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(2) Results of chemical
1yte are as shown:
pack Number

Cycles
_SeriaT Number

Total meq*™* KOH/
extract (avg)

Total meq KpCO3/
extract (avg

meq KOH/

sepavrator patch***

meq K2C03/
‘separator patch

Total volume (cc)
per patch
il

et weight (9

dodekk

Dry weight (g)

*Extract of cell

#*Meq is the abbre

_ x*%The separator pa
sampled. One from the 1

center, and one from the

from the cell core and prior
‘weight 1S determined following

core was not performed. _
viation of mi11iequiva1ehts. -
tch data is @
rst third of the p
last third. '

wxkx: o geight s determine
to leaching in
titration an

WQEC/C 77-87

analysis of extracted electro-

70
7
130-L01

1.3146

.3967

4864
1921

n average of four patcheé
1ate stack, two from the

water overnight, dry
d air drying overnight.
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KT WQEC/C 77-87
.-7j' Gulton 6.0 ah (Nickel-Cadmium), Two 5-cell Packs:
a. Cell Description: See paragraph I.A., page 12.
bh. Test Parameters: |
_ . Percent Trip Auxiiiary
Pack Test Depth of Voltage Level Electrode
Number Temperature Discharge  (Millivolts) Resistors (Ohms)}
58D * 25 170 . 6.8
360 * 15 o 6.8

* These cells were in an ambient temperature which varied sinusoi-
dally from 0° to 40° € within 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 Timit control.

c. Capacity Checks:

Pack Number 36D 58D

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 o291 2.9
6 years 310 1.90 | |
7 years 1.75 | 1.12 (Fo]Iowiﬁg 1ast.ce11 fai1ure}

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 35,060. Pack 58D 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 volis at the beginning of each discharge. Pack 58D 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 1o 0.5 volt, first cell.

- (2) Failure Analysis: Analysis of thé*two failed

cé]1s 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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WQEC/C 77-87
8. GE 8.0 ah (SAS-C), Two 10-cell Packs:

a. Cell Description: See Paragraph 1.A., page 12.
The cells were procured by the Applied Physics Laboratory (APL) to
APL specification 7217-9014-A.. Pack 18E contains eight cells, with
standard plates and no auxiliary electrodes, which were identified
by the manufacturer’s part number 42B008AB09-G3; and two cells with
standard plates, auxiliary electrodes, and pressure gauges had the
part number 42BO0BABUG-G4. Pack 18F contains 10 cells which have
teflon-covered negative plates in which two cells (part number
42B00BAB0S-G4) have auxiliary electrodes and pressure gauges and
the remaining cells (part number 42B00BAB07-G3) do not. The
~auxiliary electrode is a teflon-coated, sintered, nickel plaque
iocated ajong one side of the narrow edge of the cell. Initial
evaluation test results and detailed cell descriptions are contained
~in NAD, Crane Report QFEL/C 74-252. .

b. Parameters and Capacity Checks:

. Orbit Period _ 1.5-hours

Temperafure {°C} 20°

Deptly of Discharge (i) 25 -

Auxiliary Electrode

Resistor (ohms) 300

Pack Number  18E . IsF
Precycling Capacity 9.6 (ceil 1) 10.7 (cell 1)

6months 8.6 (cells 9 810) 10.5 (cell 9)

(cells 9 & 10)

.12 months .- - B.7 (cell 7) 10.0 (cell 7)
(cells 7 & 8) :

18 months _ 8.7 (cell 5) 9.7 (cell 6)
(cells 5 & 6) = o IR '

24 months ' 9.2'(ce11 1) E 9.9 (cell &)
(cells 3 & 3) _ _ o

c.'_Test Results:
(1) Performance on Cyciing: (Figures 26 and 27)

- Cycling begdn'ih March -1974. Packs 18E #r: 18F have completed 13,972
and 13,948 cycles respectively without z cell failure.
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WQEC/C 77-87

Gulton 9.0 ah {SAS-C), one 10-cell Pack:

t 9.
-. ¢ .
o a. Cell Description:  See Paragraph T.A., page 12,

The ceils were procured by the Applied Physics Laboratovy (APL}
to APL speciTieation J210-901E-A, Pack 138G contains eight cells,

with no auxiliary electroins, w

nich wore identi

fied by the manu-

facturer's part number 305Chic and wa ceils with auxiliary elec-

trodes, had the part nunbor A0HOLE.

These cells are from the

came 1ot of cells that ave boing Tlown in the satellite which was
Taunched in May 1974, The auniliary electrode 18 Guiton's standard

adhvdrode (U=Feld).

Tnilial cwdiuation test resuits and Jetailed

coll guscriptions are contained in NAVWPNSUPPCEN, Urane Report

WQEC/C F5-Tub,

b Pavameters and Gapacity Chaoks:

Qe Joriod
Tomperature {4
Depiit of tischacae { o

Ausiliary iootroae
Resistor (o}

Pach Number

Procyelica dapacity

1. h=hours

ol

-—

11.4 {Cell 5)

1R Davs T3

(colis 1.0 & 3)

1He Days

1 oyear
(cells 7 & 8)

(1) Performance on Cycling:

_ i Rerl 1)
{cells &, 4 & & @ 277°¢)

0. 1(Cell §)

SCell §)

(Fiaure .5}

Cyeling began -t April 1974, The pack's voltage Himit was Towaerod

and the pack was placed in a test temperature
as requestoed by the GSFC's Technical Qfticer.

8139 cycles without a cell failure.

bh

of 27°C for 114 cyclues
This pack has completed

o A
P ST
P RSy gy ' va-
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WQEC/C 77-87
10. GE-12.0 ah (IUE), Two 5-cell and One 4-cell Pack:

a. Cell Description: See Paragraph I.A., page 12.
The cells were manufactured for NASA, GSFC, under NASA contract
number NAS-5-23153 according to the Manufactur1ng Control Document
(MCD) 232A2222AA-54, Revision 4, and the GSFC's specification
“number S-761-P-6. Each cell has teflonated, negative electrodes
(TFE-I1I) and a 10 percent reduction in their positive plate loading.
The electrodas 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 428012AB21-G3 or 42B0T2AB21-G3-A, indicating two different
designs. Each pack contains cells of each catalog number. The ceramic-
to-metal seal has an all nickel braze 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
Temperature (°C) 0° 10° 20°
Depth of Discharge (%) 50 50 50
Auxiliary Electrode _

‘Resistor (ohms) © 300 - 300 300
Pack Number 3C 80 8E*
“precycling Capacity *  14.1  14.4 14.7

| (1,4) 1) (4)
18 Months - S : 14.2 - 13.% - 11.4 ..
(cells 4 & 5) o {4) (4,5) (3,4)
30 Months

(cells 4 & 5)

*Only four cells, cell 4 is noted as cell 5 in capacity schedule
only.
**Number. in parenthesis indicates 1imiting cell on discharge.

¢. Test Results:

- (1) Performance on Cycling: - (Figures 29 through 31)
Lyc11ng began in October 1974. Packs 8C, 80 and 8E have completed
708