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REPORT BRIEF

FINAL REPORT
OF
QUALIFICATION EVALUATION TESTS
OF
20.0 AMPERE-HOUR SEALED NICKEL-CADMIUM CELLS
MANUFACTURED FOR
MASA'S STANDARD CELL PROGRAM

Ref: (a) NASA Goddard Space Flight Center Purchase Order S-57075AG
(b) GSFC Test Procedure for Qualification Testing of the Standard
20 ah Nickel-Cadmium Cell, TP 711.,2-77-03

I.  TEST ASSIGNMENT BRIEF

A\. The purpose of this qualification evaluation *test program is to
provide information on the electrical performance characteristics of each
manufacturer's version of the Standard 20 AH cell when subjected to the
following tests: (a) initial evaluation; (b) low earth ortit cycling;
(c) synchronous orbit cycling; (d) vibration; and (e) general performance
tests.

B. The cells were purchased by the National Aeronautics and Space
Administration, Goddard ';pace Flight Center (GSFC) and provided to
NAVWPNSUPPCEN Crane for rvaluation. The cells were purchased from four
manufacturers in accordance with their Manufacturing Control Documents
(MCDs) produced to meet the intent of the GSFC Specification 74-15000
with amendments: Eagle-Picher Industries (RSN 20-3), General Electric
Company (232A2222AA-84), SAFT America Inc. (MCD NAS-0300), and Yardney
Electric Division (MCD 21406). Testing was funded and performed in
accordance with references (a) and (b).

C. Testing began 4 May 1977 and ended 29 April 1983. A total of
122 cells were evaluated which included 16 low earth orbit cycle packs
and four synchronous orbit cycle packs.
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II. SUMMARY OF RESULTS

A. General statements, which would apply to all nickel-cadmium cells,
are very difficult to make as each manufacturer's cells have their own
characteristics which may vary depending on the operating parameters. There-
fore, it is always advisable that each "lot" of cells be subjected to a test
program to determine their characteristics.

B. Specific
1. Initial Evaluation Tests

a. Each manufacturer's group of cells, on the average, indicated
an increase in piate stack thickness following test.

b. No limits or requirements were exceeded by any of the cells
manufactured by GE.

c. Limits/requirements exceeded during the charge portion of
the testing were as follows:

Number of Cells

Test Limits Exceeded EP SAFT YD

Charge, c/10 for 24 hrs @ 20°C 1.480 volts 3

65 psia 2 2 1

100 psia 1
Charge ¢/10 for 24 hrs @ 20°C 1.480 volts 2
(Second charge at this 65 psia 2 7
temperature) 100 psia 3
Charge, c/10 for 60 hrs @ 0°C 1.520 volts 22 4 27

1.560 volts for 3

2 hours

65 psia 2 5
Charge, c/10 for 24 hrs @ 35°C 65 psia 5 5

100 psia 3

d. One Yardney cell delivered less (47%) than the requirement
of 55% of the input capacity during the 20°C charge efficiency test.

e. Two Yarcney cells did not deliver the required capacity
following the 1 week stand period during the charge retention test, and
three cells did not meet the open circuit voltage requirement.

f. Two Yardney cells hac voltages, less than .9 volts, which
¢id not meet the 24-hour open circuit voltage requirement of 1.15 volts
following a short period of 16 hours during the internal short test.

g. During the oressure versus capacity tests, only the Eagle-

Picher cells reached the 1.55 cut-off voltage before reaching the 20 psia
cutoff pressure.

ii
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2. Low Earth Orbit Cycle Tests

a. EP -- Two packs (40% DOD at 10°C and 25% DOD at 20°C)
completed 24 months of 1ife cyciing withouct a cell failure before being
discontinued. The other 40% DOD packs at 20 and 30°C both faileu prior
to completing 12 months of cycling, due to low EOD voltages at 20°C and
high pressure ¢t 30°C. An attempt to increase the EOD voltages of that
pack ot 20°C, by increasing its voltage 1i.:it, resulted in high pressure;
and inversely to lower the pressure in the other pack at 30°C, by decreasing
its voltage limit, resulted in low EOD voltages.

b. GE (Standard Cell) -- The 25% DOD pack at 20°C completed
65.1 months of test without a cell failure before being discontinued. Two
40% DOD packs at 10° and 30°C had low EOD voltage cell failures at 43 and
16 months of cycle 1ife, respectively. The other 40% DOD pack at 20°C
experienced thermal runaway while voltage l1imiting following its 24-month
capacity check, when one cell's voltage went below 1.35 volts. The pack
was reconditioned and placed back on test and thermal runaway again occurred
after 24.2 months of cycling following the pack's 24-month capacity check.

c. SAFT -- A11 the packs, except the one at 30°C, completed
24 months of test without a cell failure before being discontinued. A1l
the cells of the 40% DOD pack at 30°C failed, in which the first failure
occurred after 18 months of test.

d. YD -- Two packs (40% DOD at 10°C and 25% DOD at 20°C)
completed 49 months of test without a cell failure before being discontinued.
The 40% DOD pack at 20°C completed 44 months of test before it had a low EOD
voltage cell farlure. The 40% DOD pack completed 22 months of test before its
first cell failure, in which a cell shorted.

3. Synchronous Orbit Cycle Tests

a. EP -- This pack (229C) completed 9.5 shadow periods without
a cell failure before being discontinued in the middle of shadow 10. The
cells exhibited slight voltage degradation throughout these periods, both
to the 1.00 and .75 voltage levels during the capacity checks. The cells
were unbalanced at the end-of-charge during the first 6 shadows; there was
a 11 mv difference between the high and low cells at mid-shadow during
shadow 6. During shadows 7 to 10, the cells were only unbalanced during
the first 3 to 12 days at the beginning of each shadow. The mid-shadow
input ranged from 39.1 ah (shadow 2), with a peak pack temperature of
27°C, to 24.4 ah (shadow 10), with the pack temperature not exceeding 20.3°C.

b. GE (Standard Cell) -- This pack (729A) completed 12.5 shadow
periods without a cell failure before it was discontinued in the middle of
shadow 13. The cells showed a voltage degradation to the 1.00 and .75 voltage
levels with a decrease in capacity of approximately 11 and 8 percent, respec-
tively. The cell voltages were balanced at the end-of-charge with a 5 mv
difference between the high and low cells before it was discontinued. The
mid-shadow input was normally 25 to 2€ ah.

iii
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C. SAFT -- This p " (229B) completed 9.5 shadow periods without
a cell failure before it was disc. tinued. The cells showed a capacity loss
of approximately 10 percent to 1.U0 volts over their cycle 1ife; but no loss
to .75 volts. The end-of-charge cell voltages were balanced with a 2 to 4 mv
difference between the high and low cells, except for at the start of shadows 2
and 4 through 10 for about 6 days. This unbalance corresponds to the unbalance
in the voltages at the end of the sun periods prior to these shadows. The mid-
shadow input increased from 20.6 (shadow 1) to 30.8 ah (shadow 5) and then
steadily declined to 23.2 ah prior tc being discontinued (shadow 10).

d. YD -- This pack has completed 9.5 shadow periods with one
cell failure. Cell 5, which received a capacity check each shadow, shorted
following its capacity check (24.8 ah) during shadow 4. Cell 5's voltage
degradation from shadows 1 to 4 had resulted in a 19.4 percent decrease
in capacity available to 1.10 volts and a 4.5 percent decrease to 1.00 volts.
The other cells showed only a slight capacity loss to 1.00 or .75 volts when
capacity checked duiring the shadow periods. The cells were unbalanced at
the end-of-charge in which minimum unbalance (3 to 5 mv) occurred the first
5 days of shadow 1 and the first half of shadow 5. Maximum unbalance (12 to
16 mv) occurred during the first 4 shadows with cell 5 having the lowest
voltage and cell 4 the highest. After cell 5 shorted, cell 1 became the low
cell while cell 4 remained the high. Prior to being discontinued, there was
a 5 mv difference between the high and low cells at mid-shadow. The mid-
shadow pressure (cell 2) increased from 7 psia (shadow 1) to 17 psia (shadow
10). The mid-shadow input ranged from 33.8 ah (shadow 5), with the peak
pack temperature being 25.4°C, to 23.3 ah (shadow 10), with the pack tempera-
ture not exceeding 20.3°C.

4. General Performance Tests
a. Effect of Charge Rate on Cell Performance

(1) Overall, the C/2 charge rate was founa to be the most
efficient at the various temperatures (40°, 20°, 0°, and -20°C).

(2) General observations indicated that: (1) a charge rate
of less than C/5 at 40°C is very inefficient; (2) a charge rate of C/40 is
74% efficient at 20°C while a C/1 rate would produce high cell voltages with-
out using a voltage limit type charge control; (3) a C/10 charge is most
efficient at 0°C, but would only be meaningful for use on a synchronous type
orbit due to the length of recharge time that would be needed; and (4) opera-
tion at -20°C is not recommended using any charge rate due to inefficiency
at the 1ow rate (C/40) and high cell voltages at the other rates. The pres-
sure in tne EP cells went above 300 psia at the C/1 rate.

(3) Due to the results obtained during these tests, it was
decided to use a charge rate of C/2 for all cells during those tests to
determine the effects of variable discharge rates. Also, these cells would
not be subjected to further testing at -20°C.

jv
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b. Effect of Discharge Rate on Cell Performance

(1) Maximum percent capacity was obtained, at all three test
temperatures, when discharging at the C/20 rate except at 40°C when the C/10
rate resulted in maximum capacity for the EP and GE cells.

(2) General observations show that minimum capacity is
obtained at the higher discharge rates of C/1 and 2C, while maximum capaci-
ties are obtained at discharge rates of C/20 and C/10. It was noted that
these capacities, delivered at the 2C rate, did increase as the test temp-
erature decreased from 40°C to 0°C except for the YD cells, which exhibited
a significant capacity loss of 16%.

c. Overcharge Characteristics

(1) The lower the test temperature, the higher were the
stabilized cell voltages for each overcharge rate. The GE cells did not
show any cell case deformities during these tests, while the EP and YD
cell cases were bulged following test at each temperature. The SAFT cell
cases only exhibited slight bulging following the 40°C overcharge test.

No attempt to expound on the variation between the types of manufacturer's
cells will be made due to the variance in the test temperatures and charge
rates. Section VIII does contain these results.

6. Vibration Tests
a., Sinusoidal Vibration

(1) There was no damage observed during the 5-35 Hz
(172" dia.) and 35-350 Hz (30 g) runs. Physical damage was observed on
all the cells following sinusoidal vibration at 35-2000 (60 g) in the
Z axis. It was observed that the narrow sides of the cell cases had
become convex. Also, the cell header on the Yardney cell, S/N 18,
became concave.

(2) Radiorraphs of the Yardney cell, S/N 18, showed that
the tilting of its negative comb was more than it was prior to testing.

b. Random Vibration -- No evidence of damage or malfunction
of the cells was noted during this test.

c. Physical Analysis -- One cell of each manufacturer's type
was opened to inspect for effects of vibration. The following was observed:

Eagle-Picher, cell S/N 17 -- tabs at comb area were slightly crunched
together indicating minor plate stack
movement.

Gererai Electric, cell S/N 55 -- no damage.
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SAFT America, cell S/N 703 -- no damage.

Yardney, cell S/N 18 -- auxiliary electrode connection to header was
not connected and looked 11ke a result of bad
welding during construction. Two positive
plates had grids visible at bottom corners,

but this .as not due to the effects of vibration.

vi
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EXPLANATION OF SYMBOLS

Special Symbols:

Aux:
ah:
AH:
AHo:

amps:

C:
DOD:
ECL:
EOC:
EOD:
EP:
GE:

GSFC:

LEO:
LV:

MANF :

ma:

mv:
NASA:
SAFT:
SYNC:
TEMP:

v/c:
VL:
YD:

Auxiliary Electrode

ampere-hour

Test Ampere-Hour Rating

Ampere-Hours out on discharge

amperes

refers to the manufacturer's rated capacity, 20 AH
Depth of Discharge

Eclipse

End-of-Charge

End-of-Discharge

Eagle-Picher Industries, Joplin, Missouri
General Electric Company, Gainesville, Florida
Goddard Space Flight Center, Greenbelt, Maryland
Low Earth Orbit

Low Voltage

Manufacturer

milliamperes

millivolts

National Aeronautics Space Administration

SAFT America, Inc., Valdosta, Georgia
Synchronous Orbit

Ambient Test Temperature

Volts per cell

Voltage Limit

Yardney Electric Corporation, Pawcatuck, Connecticut

vii
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FINAL REPCRT
OF
QUALIFICATION EVALUATION TESTS
OF
20.0 AMPERE-HOUR SEALED NICKEL-CADMIUM CELLS
MANUFACTURED FOR
NASA'S STANDARD CELL PROGRAM

I.  INTRODUCTION

A. This report contains the qualification evaluation results of the
following tests: (a) initial evaluation; (b) low earth orbit cycle;
(c) synchronous orbit cycle; (d) vibration; and, (e) th2 general perform-
ance tests conducted on those cells supplied by four manufacturers for
NASA's Standard Ce'l Program.

B. Testing began 4 May 1977 and ended 29 April 1983. A total of
122 cells were evaluated which included 16 .ow earth orbit cycle packs
and four synchronous cycle orbit packs.

IT. TEST COMIITIONS

A. The conditions to which the cells were subjected are summarized
as Tollows:

1. Initial Evaluation Tests - These tests were conducted on a
total of 116 cells and consisted of: (1) general inspectior, weighing,
and leak checks; (2) three capacity checks; (3) charge retention test;
(4) internal short test; (5) charge efficiency test; (6) ove-charge test,
0°C and 35°C; (7) internal resistance test; and (8) pressure versus cap-
acity test.

2. Low Earth Orbit Tests - Evaluation of one 4-cell pack, of each
manufacturer's type cells, at each of the following conditions: (1) 25% DOD,
20°C: (2) 40% DOD, 10°C: (3) 40% DOD, 20°C; and (4? 40% DOD, 30°C. The orbit
cycle was 1.48 hours (.48 hour discharge). Capacity tests, when performed,
were at 6-month cycle 1ife intervals.

3. Synchronous Orbit Cycle Tests - Evaluation of one 5-cell pack,
of each manufacturer's type cells, at a depth-of-discharge of 60 percent
with a test temperature of 20°C. The test had a 182-day cycle consisting
of 140 days of trickle charge and 42 days of discharge-charge (shadow).

The discharge time was 12 minutes the first day, increasing 3 to 4 minutes
each succeeding day, reaching its maximum of 72 minutes on the 20th day
which is maintained each day through the 23rd day. Beginning with the
24th day, the discharge time is decreased 3 to 4 minuies per day until

it has returned to the 12-minute minimum on the 42nd day. Capacity

tests, when performed, were run on the 21st day of the shadow period.

it
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4. General Performance Tests - Three cells of each manufacturer's
type cells were evaluated. The test consisted of: (1) charge at varying
rates from C/40 to 2C at temperatures of 40°, 20°, 0°, and -20°C with
discharge rate constant at C/2; (2) charge at a C/2 constant rate at
temperatures of 40°, 20°, and 0°C with the discharge rate varying from
C/40 to 2C; and (3) overcharge tests at 40°, 20°, and 0°C.

5. Vibration Tests - Two cells of each manufacturer's type cells
were subjected to various sinusoidal and vibration levels as may be exper-
ienced by a flight battery in a spacecraft.

III. GENERAL DESCRIPTION
A. Cells

1. The nickel-cadmium cells tested were of one basic type. They
are rectangular with stainless steel containers and covers, both terminals
are insulated from the cover by a ceramic seal and protrude through the
header as solder-type terminals. Where auxiliary electrodes were present,
the terminal is a ctainless steel tab welded to the cell header. The
separator material is normally nylon (pellon 2505). Detailed cell des:rip-
tions of each manufacturer's cells, are contained in Section V, Initial
Evaluation Test Results.

B. Test Control Methods
1. Discharges - Were at constant current.

2. Charges - Were at constant current except for the low earth
and synchronous orbit cycle tests, which used a voltage 1imit type charge
control in which the packs are charged at a constant current to an average
voltage per cell, then the current tapers while still maintaining the pack
at the voltage limit.

IV, EXPLANATION OF DATA PRESENTED

A. The test results are shown graphically in Figures 1 through 193,
The graphs pertaining to each synchronous (Sync) pack immediately follow
the discussion of that pack and those pertaining to the low earth orbit
packs follow the discussion of that manufacturer’'s group of packs. Because
of the large volune of data, data listings from which the graphs were plotted
are not included in this report, but are available upon request.

1. The first graphs for each pack show the precycling and post-
cycling capacity checks. Precycling and postcycling capacity checks were
performed at the ambient test temperature, following the same type charge
as the pack received during life cycling, unless otherwise noted on the
graph.
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2. The other graphs show the performance of the synchronous packs
through each shadow season, and the life cycling performance of the low
earth orbit packs

NOTE: (a) In all the computer printouts, if two characters share the same
location on the page, only one will be printed.

(b) A change in plotting techniques and capabilitics, which essen-
tially can now provide an "on-line" graphic representation of a pack's
performance, is now available and was used to generate all the graphs
except those which had been previously used in other reports.

(c) The packs were controlled and monitored by a computerized data
acquisition system. The system "looked at" each pack every 2.4 minutes
and data was recorded at this time or at various 2.4 minute intervals
depending on the test requirements.

3. Capacity check data listed under the cell designations may
either be voltages or ampere-hours out, for that cell, at the end of
discharge. When a value is listed in the ampere-hours (ah) out column,
for that capacity check, the values for the cells are end of discharge
voltages. When nothing is listed under the ah out column, then the cell
values are actual ampere-hours out for that cezll at the end of discharge.
Ampere-hours to the 1.00/.75 volt levels are given for the synchronous
and low earth orbit capacity checks except for precycling.

4. The start-of-float data presented on the synchronous packs
are those values obtained 24 hours following the end of the shadow period.

5. The discussion of each pack will only pertain to significant
changes or trends observed, cell failures and test parameter changes. No
attempt will be made to expound on each graph since, in most cases, they
are self-explanatory. The term "mid-shadow" refers to synchronous orbit
packs that are in the middle of cheir shadow period (day 20), which is the
first day when the pack is at maximum percent depth-of-discharge followed
by a 22.8-hour charge period.

6. Analysis comments on cells which failed or wsre discontinued
during all tests except vibration are not available as all the cells were
returned unopened to GSFC.
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V. Initial Evaluation Test Results
A. Test Assignment

1. The purpose of this initial evaluation test program is to insure
that all cells put into the Standard 1ife cycle program are of high quality.
This is accomplished by the screening of cells found to have electrolyte
leakage, internal shorts, low capacity, or inability of any cell to recover
its open-circuit voltage above 1.150 volts during the internal short test.

2. The 116 cells were purchased by the National Aeronautics and
Space Administration, Goddard Space Flight Center (GSFC) and provided to
NAVWPNSUPPCEN Crane for evaluation on life test. The cells were purchased
from four manufacturers in accordance with their Manufacturing Control
Documents (MCDs) produced to meet the intent of the GSFC Specification
74-15000 with amendments: Eagle-Picher Industries (RSN 20-3), General
Electric Company (232A2222AA-84), SAFT America Inc. (MCD NAS-0300), and
Yardney Electric Division (MCD 21406). (See Table I for detailed cell
description).

3. Test limits specified those values at which a cell was to be
terminated from a particular charge or discharge. Requirements are refer-
enced to as normally expected values based on past performance of aerospace
nickel-cadmium cells with demonstrated 1ife characteristics. A requirement
does not constitute a 1imit for discontinuance from test.

4. Results of these tests were previously reported in NAVWPNSUPPCEN
Crane Peport WQEC/C 79-144,

B. Test Conditions and Procedure
1. A1l evaluation tests were performed at room ambient (RA)
pressure and temperature (25° + 2° C), with discharges at the 2-hour rate,
unless otherwise specified, and consisted of the following:
(1) Phenolphthalein leak tests (2).

(2) Three capacity tests, third at 20°C, with internal resistance
measurements during second charge/discharge.

(3) Auxiliary electrode characterization test.
(4) Charge retention test, 20°C.

(5) Internal short test.

(6) Charge efficiency test, 20°C.

(7) Overcharge tests, 0° and 35°C.
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(8) Pressure versus capacity test.
(9) Phenolphthalein leak test.
Cell Identification

1. The cells were identified by each manufacturer as follows:



Manufacturer

Eagle-Picher (EP)

General Electric (GE)

SAFT America (SAFT)

Yardney Electric (YD)

* - Noninclusive

** - A--Standard Cell

B--Standard Cell w/pressure transducer
C--Standard Cell w/signal electrode

Model/Catalog No. Part No.
RSN20-3

RSN20-3

RSN20-3

RSN20-3

42B024AB06-G1

42B024AB06-G5

42B024AB07-G1

42B024AB07-G4

VO20HS 805129
VO20HS 805129
VO20HSAD 805136
V020HSAD 805136
YNC 20-1 14188
YNC 20-1 14188
YNC 20-2 14178
YNC 20-2 14178

Serial No.

85 to 96*
97 to 102
80 to 84

75 to 79*

0228059- (05 to 49)%*L02
-(07 to 42)*
-(55, 60)-
-(53 to 61)*

2653 to 2681*
2655 to 2700*
n9, 722

725 to 729*

01 to 76*
44, 60
21, 30
| | T

D--Standard cell w/pressure transducer and signal electrode

Type No. of
Cell** Cells
A 1
B 6
C 5
D 4
A 18
B 6
C 2
D 4
A 18
B 6
C 2
D 4
A 23
B 2
o 2
D 3

EEL-EG I/23DM
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The cells were placed in temporary pack configurations for
initial testing in which each cell was individually restrained. The pack
numbers(we;e 526X to 528X(GE), 535X to 537X(SAFT), 539X to 541X(EP), and 544X
to 546X(YD).

2. The standard type 20.0 ampere-hour cell is rectangular with
an average weight and physical dimensions as follows:

Thickness (in.)*
Pre-Test Post-Test

Manufacturer Weight (g) Height (in.) Minimum Maximum Maximum Width (in.)
EP 836.6 6.934 .891 .890 .894 2.998
GE 897.4 6.879 .894 .896 .901 3.095
SAFT 804.4 6.641 .877 .876 .884 2.971
YD 804.2 7.074 .905 .905 .907 3.000

* Minimum measured at edge of can and maximum at center.

3. The cell containers and covers are made of 304L stainless steel.
The positive and negative terminals are insulated from the cell cover by
ceramic seals and protrude through the cover as solder-type terminals.

4. The manufacture of these cells was to conform to the specifications
as outlined in the GSFC Report 74-15000, "Specification for the Manufacturing of
Aero-Space Nickel-Cadmium Storage Cells".

D. Results - The following was condensed from Tables II through IX.

1. Each manufacturer's group of cells, on the average, indicated
an increase in plate stack thickness following test.

2. No limits or requirements were exceeded by any of the cells
manufactured by GE.

3. Limits/requirements exceeded during the cha~ge portion of
the testing are as follows:
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Exceeded Number of Cells
Test Limits/Requirements EP  SAFT YD

Charge, ¢/10 for 24 hrs @ 20°C 1.480 volts 3
65 psia 2
100 psia

Charge, c¢/10 for 24 hrs @ 20°C 1.480 volts
(Second charge at this temperature) 65 psia 2
100 psia

Charge, c/20 for 60 hrs @ 0°C 1.520 volts 2
1.560 volts for
2 hours
65 psia

Charye, ¢/10 for 24 hrs 0 35°C 65 psia
100 psia

— TN
—

E =] WM

27

Lo, ~n w N
w

4. One Yardney cell delivered less (48%) than the requirement of
55% of the input capacity during the 20°C charge efficiency test.

5. Two Yardney cells did not deliver the required capacity following
the 1 week stand period during the charge retention test, and three cells did
not meet the open circuit voltage requirement.

6. 7Two Yardney cells, had voltages less than .9 volts, which did
not meet the 24-hour open circuit voltage requirement of 1.15 volts
following a short period of 16 hours, during the internal short test.

7. During the pressure versus capacity tests, only the Eagle-Picher
cells reached the 1.550 cut-off voltage before reaching the 20 psia cut-off
pressure.

€. The auxiliary electrode characteristic test was performed in
which maximum signal power was obtained with a 10-ohm resistance on the
EP and SAFT cells, a 20-ohm resistance on the YD cells and a 50-ohm resist-
ance on the GE cells. A 47-ohm resistance was used throughout the tests on
all the cells, except those from GE which used a 300-ohm resistance, as
instructed by Goddard Space Flight Center's Technical Officer.

9. Figures 1 through 6 show the average voltage profiles of each
manufacturer's cells during charge and discharge at 20°C, 0°C, and 35°C.
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TABLE

STANDARD CELL MANUFALTURING INFORMATION

I

SAFT

TARDNEY

MANUFACTURER E-P 3.£.
CELL DESIGNATION RSh-22-3/S £428023437%6/0 305129/36 YNC20.1/.2
LOT NO. 2 2 2 é
MCO NO. ASK-20-3/% 232A22224A-8 MCD WNAS-0320 21220647
REVISION MAY 1976 B 1-20-7¢ 71575
NOMIKAL CELL CAPACITY 20AH 20A- 2047 23An
FILL DAT 2-78 12-76 1-78 7-77
MECHANICAL DcSIGH
NOMINAL DIMENSIONS (H,W,Th) 6.95* x 3.00 x .835 6.95* x 2.99 x .89 6.68* x 2.96 x 0.87 7.05* x 3.00 x 6.58
NOMINAL WEIGHT (grams) 840 385 805 825
CASE MATERIAL 304L ST. STEEL 304L ST. STEEL 304L ST. STEEL 304L ST. STEEL
THICKNESS (in) .022 .019 .019 .019
COVER MATERIAL 304L ST. STEEL 304L ST. STEEL 304L ST. STEEL 3041 ST. STEEL
THICKNESS (in) .020 .019 019 219
TERMINAL TYPE GE NICKEL BRAZE GE NICKEL BRAZE GULTON ILC
NUMBER (2) (2) (2) (2)
LINER MATERIAL POLYETHYLENE POLYPROPYLENE HYLON TILFON
THICKKESS (in) .007 .005 .005 -005
SEPARATOR MATFRIAL PELLON 2505 BAG PELLON 2505 BAG PELLON 2505 WRAP PELLON 2505 BAG
TREATMENT - TRIPLE WASH TRIPLE WASH -
ELECTROLYTE KOH KOH L4 ]
CONCENTRATION 32 3 34.5: 34.4.
SIGNAL ELECTRODE TYPE COuPON U WRAP U WRAP U WRAP
AREA (dm<) 0.10 0.52 0.75 0.47
* 732 OF TERAINAL
o
- 2
(|
C 3
C o~
L
p
[
‘

EEL-€8 2/230M
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TABLE 1

-2 GE SAFT YASDNEY

PLATE INFORMATION + - 4 - + - B -
WUMBER n 12 11 iz B 3
PLAQUE TYPE dry Dry Slurry  Slurry Slurry Slurr Slurr
IMPREGHATICN METHOD FLEISCHER FLEISCHER CHEMICAL CHIRICAL CHEMICAL El El
DRY THICKHESS (in) .023 .030 .027 . 2315 133 .938 .08z
TOTAL PLATE AREA (dml) 11.98 13.08 10.45 1.33 8.19 | 7.86 8.85
ELECTROCHEMICAL DESIGN
LOADING g/dme 3.60 14.35 ii.69 2.92 12.62 1€.£3 13.02 16.28
FLOODED PLATE CAPACITY (AH) 2.36 4.63 2.30 .08 03 2.3 3.73 2.0

Plate Designation 5616 5616 ~5({PM)*~ & pV)w~ 404043-9 pDdsls-s 18152 14185

Plate Treatment Co - €d.Co Tefl o - Co -
PRECHARGE AH (02 Vent) 0 3.4 6.2 6.9
ELECTROLYTE VOLUME Bacc 85¢cc 75¢cc 96cc
CAPACITY MEASUREMENTS
24°C Capacity (AH) 24.30 22.75 23.57 26.23
35°C Capacity (AH) 23.06 23.31 21.18 23.37
0°C Capacity (AH) 21.16 20.03 26.62 25.23
Charge efficiency (%) 58.7% 68.6 60.8 69.1.
FINAL 24°C Capacity (AH) 24.90 23.9% 24.10 2694

** Prefix is 152B5460xXX

¥00d 40
TYNIDINO
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g1 AOvd

EEL-E8 2/030M
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TABLE 11

Initial Fvaluation Test Averace
EP Cells GE Cell- SAFT Cells YD Cells
Charge Volts psia ah Out volts psia ah Out Volts psia ah Out Volts psia ah Qut
c/20 for 48 hrs @ 25° C 1.440 28 5.9 1.442 3 24 6 1.438 24.1 1.439 3 26.7
c/10 for 24 hrs @ 25° C 1.447 45 25.1 1.857 6 23.4 1,446 29 23.2 1.447 21 24 .4
c/10 for 24 hrs @ 20° C 1.459 a8 24.6 1.454 18 22 .E 1.457 8 22.8 1.458 29 24.1
c/10 for 24 hrs @ 20° C* 1.452 a0 22.0 1.458 20 20.6 1.467 90 20.8 1.463 27 21.6
c/40 for 20 hrs @ 20° C** 1.376 6 6.1 1.368 0 .9 1.365 0 7.2 1.357 3 6.1
c/20 for 60 hrs @ 0° C 1.492 43 23.3 1.488 12 23.5 1.505 59 23.5 1.522 10 26.6
c/10 for 24 hrs @ 35° C 1.400 n 20.9 1.398 0 245 1.397 &0 20.4 1.405 20 23.1
Open-Circuit
End-of-1 week* 1.301 1.320 1.29 1.286
24 hrs after 16-hr short period 1.247 1.243 i.72¢ 1.188%**
Internal Resistance (mi!liohms)
30 min before end-of-charge (cycle 1) 2.3 2.5 j.a 2.2
1 hr after start-of-discharge {cycle 2) 2.3 2.4 3.3 2.0 o
2 hrs after start-of-discharge (cycle 2) 2.4 2.4 3.3 2.0 5 g
22
* - Charge Retention Test o =
** - Charge Efficiency Test, 10.0 ah input g p =
*** _ Average does not include 2 cells below 1.0 volts i
Qo
Cx
X oy
Cm
<3

EEL-€8 2/230M
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TABLE 111
Measurement and Leak Test Data
’_E_Qg]e-Pi*her
‘ PHENCLPHTHALEIN LEAX TESTS
sertaL | werest | HEIGHT g LE'*G%:F?“?S)CE”ER__ ¥IDTH INITIAL POST HI VAC POST JEST
vuBER (Grams) |(Incies) | MINTHUM | FAXTMOM 4ax1rMom Kinches) Terninals {Other] Terninzls |Other{ Ter~inale |Other
{Pre-TesthPost-Test, + - + - + - 4

075 | 9534 | 6909 | 920 | .900 | .89Cc | 2995 ]
076 gs9,2.7| c.935 957 97 | .9s0 2.989 i
078 #ss.2>| o517 919 2% | 293 2984 '
079 2602 % (925 .930 936 998 2976

080 gdo.8 | €.929 .B88 .90 894 3.001

owl 242.5 6.925 .900 .29/ , Pay 3.602

081 837.9 6527 .85/ . %50 . 898 3.0l

082 8379 | 693 | 891 | .82 | .298 | 2.999

o84 3423 | ¢.9325 992 890 B4 2.00/

08 25,6 | 6523 B8S 987 991 3.00/

087 $39.0 | 6933 .293 .891 . 894 3.002 D LEAKS NP LEals LE

088§ 83432 | ¢.93/ .8%9 991 894 2596

0389 §34.6 | 621 989 | .891 - 891 2596

090 2350 | 6915 . 891 3389 .89 1.9%¢

o0/ 539.6 6935 893 . 891 894 3.002 |

092 226.0 ¢.933 .852 . 289 . 995 2.9%%

022 33%.3 6.947 .892 .89/ 998 259 i

o5¢ | 8283 | ¢S54« | 999 | .¥92 g9¢ | 3.002 g

095 | 83%( | 6922 | .84 | .99 | .897 | 29%6 =

096 8394 | ¢925 .99/ . 8%& 295 2993 ~ % o

097 | 8555 6935 | 906 | .908 | a7 | 296 3 ‘;’:

98 8s2.5% 4.927 .95S 941 96! 2.586 - ﬁ‘k

099 ¥s39 * ¢s53¢ 95¢ 922 291 2.589

100 9s3.5™| ¢953z2 500 | .907 .92/ 2589

101 gse.e ™| €925 | .537 952 .893 255/

oz | 353.4* 6915 | 925 | 509 91 2923

- celly wird Sw‘f"-‘( ‘('H.N3




TABLE 111
Méasurement and Leak Test Data

~General Electric .
PHENOLPHTHALEIN LEAK TESTS
SERIAL | WereHT | WEIGHT LENGTH (Inches) — IN) 1AL POST HI VAC POST TEST
NUMBER | (Grams) |(Inches) | fficfmum | SkRTM 1 SETRGM l[lnches) Terminals | Other| Terminals |Other| Terminals |Other
i (Pre-TestjPost-Tes + - i - + -

005~ 298. 8% | ¢.980 258 855 .257 | 3.05¢
ool 858.7 | ¢€.825 | .#92 .835 501 2,065
009 g9s5.8 | ¢.27¢ .293 955 . $95 2.c9¢

et 8%.2 | ¢.8fs 898 895 .Gol 3. 659
012 £572./ | ¢.Foc 595 856 .900 3.093
ol9 8942 | 6827 .855 855 £92 2.092
ozl 89.4 | ¢.2717 .892 852 - 850 3.097
oL £92. 6 &.880 258 . 899 .Foo 3./00

=y 025 | 297.6 | 6.8F! 295 | .%%6 898 3.092

D o3z | 993 | ctrs | 891 | .893 | 904 | 3095 ol
033 g97. 2 6. 385 . 293 .F98 .91 3.09¢ | alo |LEa] s No|LEaK S ol Lengs !
o038 .0 é6.BF s . 393 . 895 .Go 3./01

Lo g99.2 | ¢.888 893 996 7c8 | 3.088

0«0 293.8 | ¢.885 | .99 .8%7 .Fo<f 3.053
043 85¢.0 6. 88C 852 .858 B9y 3.059
o8 $92.32 6.5725 855 .859 .99 3,052
0 ¥4 004 | 6235 | .#5¢ | 857 | .85 | 3.050 2L
o072 Flionna | ¢.z0e | 295 | .257 8955 | z.cov a_g‘
008 *| rott.v | 6. 988 93 .£96 2 3.073 S E_f =
o “| 3.3 | ¢c.8% .893 892 .893 | 2093 > X
635 Y| wid | .95 856 857 295 | 3.09% X e
037 %0137 | €.852 | .992 F7E 89¢ | 3.07¢ 5 »
oz *| o8 C.2OF 23 956 .90 3.093 @ g
o4 £97.6 6. #30 599 899 , 298 3.093
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General Electric

TRBLE

111

Measurement and Leak Test Data

PHENOL PHTHALEIN LEAK TESTS

LENGTH {Inches a1 : 2
SERIAL | WEIGHT | WEIGHT | s gww - INITIAL POST HI VAC POS | TEST
NUMBER (Grams) |(Inches) | MINTMUM MAXIMUM 1 maxIMum [ Inches) Terminals fOther] Terminals | Other| Terminals |Other
' (Pre-TestfPost-Test, + - + - + -
o053 Y| r1c.8 .28 . 296 .90¢ F0& 2.095
os¢ *| 101e.7 ¢.872 . 896 . BS5§ 90¥® 3.095
cSS G00.0 &. 3¥¢ .29%5 8BS .50 2.0%0 Ao |iEe s rle Urs s A Urais
057 *| /08¢ ¢. 290 .92 995 5032 3./e2
060 Go¥. 6 €.275 .¥92 . 599 .9ed 3.089
ool *| sor43 | 6.872 | .g5s . 995 ,§98 31032
| Have Pressvee A—:iSemé.(w:,
(e N o]
S ]
_h.a_"___
-
____§gr;;. =
M
oo
S5
=8 | o
—— — — ——— p— Fa—-—— T —— . . sl . e . . — &
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SAFT America

TABL

g III

Medasurement and Leak Test Data

PHENOLPHTHALEIN LEAK TESTS
ssni - Lanore -1 wetinr '-E“GT“U(YI“C“ES) ) v INITIAL POST HI VAC POST TEST
NUMBER (Grams) | (Inches) .;PP?FMUM " ff;ﬁp &E}(‘;;SM [ Inches) Terminals |Other] Terminals |Other| Terminals |Other
' (Pre-TestPost-Test] + - + - + -

2653 ¥03.2 | .70 .87¢ .87 981 2.97/

26LS5Y £02.3 | 629 879 876 .87¢ 2972

2656 Fok.7 6.c28 .¥7% %73 220 2576

2657 Fod.5 | b.G28 .87 §77 984 297

2658 ¥c3.0 6629 878 LEEI .98s” 2 99

2662 go2.5 | 6.6z5 .87s .8723 | .g8= 2.7

26%3 goz.y | 6.c29 .878 .8¥%0 -6 2.99%

266l po3.8 6.629 279 . 880 985 2967

2667 | BoY] | &.630 .¥fo .973 .98S .57

2668 Yof.6 ¢.629 877 873 .88) 2.9 o |Lesis o |LEwks ~o | Leaks

2670 §02.8 | ¢.e5Y¢ £ . 875 ..¥80 2.97%

267/ $o379 6.627 2% .8 -898 2.969
{2073 | 3048 | ce20 | .97 | 377 | .97 2.9%

2674 Fo4 9 ¢.629 . 876 .876 .98Y 2.5¢9

2676 go03.5° | 6.662 .879 874 .287 2.9%

2677 205.9 | 6.c70 | .98 296 | .927 2.5 = =

2680 god.3 | 6.629 .87 277 .89 2569 2 ‘-;_:

268! go6.2 | .7 . 878 . 875 284 257 g_':a_

2655 *| G187 6.587 875 275 ..¥27 2569 o

2660 | 9.0 6.573 .$76 75 890 299 > =~

2669 4| /70 | ¢.s588 870 872 279 2972 3 %
2675 | 9.3 6.570 -879 .877 8233 25% ﬁ
[ 2685 | 156 6.583 | .85 .875 86 2567

2700"| w572 | ¢.s75 | .8 L8717 980 2994




Méasurement and Leak Test Data

TABLE 111

SAFT America
: ) PHENOLPHTHALEIN LEAK TESTS
LENGTH (Inches
SERIAL | WEIGHT | HEIGHT e WIDTH s T o B
NUMBER | (Grams) |(Inches) HPEFMUM MKTCm { fiXThum KInches) | Terminals |other| Terminals |other] Termjnals [other
3 (Pre-Test JPost-Tes + - + - + -
219 3183 6.628 R ar 874 277 2970
12z $20.7 | ¢.628 872 872 s 2972
725" "] 9224 6566 . 280 .80 .g82 2.96C
L 726" 926.2 | 6.S®i .81 .§75 981 2568
728 *| 929.6 | 6579 . %89 890 976 2983
7229 *| 9282 | esev | 878 | .89 | .878 | 2578
i “ﬂ‘ ] vAR A S‘!ﬂ\ "\6;
N

ST

ALITVYND ¥00d 40
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Yardney Electric

TABLE

I11

Measurement and Leak Test Data

P PHENOLPATHALEIN LEAK TESTS
SeRiAL | WEIGHT | HEIGHT Lo L-"‘Gg;”(g:c“esg{mm —— INITIAL POS‘:f HI VAC PG?T TEST
NUMBER (Grams) | (Inches) | MINIMUM MAXIMUM | MAXIMUM j!lnches) Terminals | Other| Terminals |Other{ Ierminals |Othen
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Yardney Electric

TABIE 111
Measurement and Leak Test Data
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General. Electrde 0000000 . _Capacity Data _

i ) s —r
S = T S ) 7 S S 2 E""”";r“.ﬁrs:‘cﬁiéf T
SEAL| | K T e | GO A T T T A | | CAPAC-| ~AUK AX WA Al T
NUM_ oLl ! ELECT |PRESS| ITY | ELECT |PRESS| CELL § ELECT | PRESS | ITY ELECT | PPESS| CELL ELECT |PRESS | ITY ELECT | PRESS
L volts)i {veits) ilPi-EF (an) | (Volts) {PSM}: { -'cits}! (volts) [(PSIA}| (an} | (vYolts} |(PSIA) (Volts) (volts) (PSIA) | (an) | (volts) [(PSIA)
R-LE o L -;-:';_' : ; _“- Z2Y. 5 { ;s._ il A::;iﬁ; 23 o_ Ik = /oS 22.1
P o0 | LUYS i ! 24.9 [ s 238 | 1957 23.3
o009 1N 245 13y 234 /957 229
.,._910 1.9¥%3 ! 2145 (93 23 4 fdTe 229
Y7 revy | s 193se 23.0 i4SE 22.1
ot luYL ! 29.5 Ri1e) 23y LYY 229 =
o2t | rued | 4.5 1T 130 L4y 22.1
| oza LYY 24.5 145t | 23.§ 19452 - 23.3
\_o2s e 24.5 1451 2315 145 229
| o3 /YT 24,5 |45y 3.5 /. ¥5S 22.9
Mo33 ¥ 4.5 145y a3s 145% 229
mogﬂ 19443 245 1956 | 23,1 /459 25 .5
| o3% 1945 | 14.9 1457 3.5 /457 23.3
F_oc(o LYY 24,5 /453 23.1 /4SS 229
|_o¥ (435 570 1454 22.5 |45S 230
. o¥3 | revo 250 1¥ss 235 476 23.0
| _o¥& LaYS _ 1 ¥ (460 | 3.5 /. %60 2.6
' _o¥9 492 296 tese | 235 /957 z2%0
007 i _i-vdl e 246 o 145y ry 23.1 o | pH5Y 27 22.& c
| o008 | #1738 7 242 =) s 4¥9 28 23. o | r¥so 32 | 226 o
o | 1429 3 e e | 1y g 21§ o_| /951 9 22.¢ -
o33 r 1.%39 o 15.0 o 10 o 237 o 1.4t o 230 o
27 | 143§ | o 25.0 o v 1 L < 23 % e J. 452 /6 z3.0 o
oYL | 1¥35 o 250 o Wiz 9 215 o /4T3 it 23,0 o |
Ay
:_. s |

~HaDC :-:F 11/?3) - — C‘»qo.‘ 5 Recease , 3.0 AN at stadt od :L—-:g

JA17¥ND ¥OOd 40
51 30Yd IWNIDIHO

EEL-E€8 2/030M



LA A

General Electric
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_Capecity Data
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— SAFT America e 0 — _Cepacity Data ===~ = s
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SAFT America ] - Capacity Data
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Eagle-Picher

TABLE Al%
INTERNAL RESISTANCE SHORT TEST DATA

ORIGINAL PAGE &
OF POOR QUALITY

4QEC/C83-133

gND-NADC (SP 11/73) Ll
INTERNAL RESISTANCE (MILLIOHMS) INTERNAL SHORT TEST |
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General Electric

-NADC (SP 11/73)

INTERNAL RESISTANCE AND SHORT TEST DATA
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WQEC/C €3-133

1
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SAFT America
9ND-NADC (SP 11/73)

TABLE V
INTERNAL RESISTANCE AND SHORT TEST DATA

WQEC/C £3-133

INTERNAL RESISTANCE (MILLIOHMS) INTERNAL SHORT TEST
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ORIGINAL PAGE 13
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Electric

-NADC (SP 11/73)

TABLE V
INTERNAL RESISTANCE AND SHORT TEST DATA

WQEC/C 83-133
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Eagle-Picher SPECIAL RESISTANCE CHARACTERISTIC DATA ON THE AUXILIARY ELECTRODES
{SERIAL 0. | o755 076 | ‘ AVERAGE ]
CHAMS VOLTS | PRESS | VOLTS | PRESS | VOLTS ; PRESS | VOLTS | PRESS | VOLTS | PRESS VILTS MILLIWATTS
10,000 52| 3¢ |.8s¢ | 17 sy 073
5,000 852 | 3¢ 857 | 17 . .5y N
2,000 |.8¢7 | 36 | .85/ | 17 ' . 249 TR
1,000 753 | % s 12 ; .29 i . 7cd
500 779 | 26 %8 | 17 T 786 | 1226
230 G | 36 | e | 17 : 628 /972
=120 sos | 26 S| 17 j S 2.6
50 Hor | 3¢ Ao 17 o2 = vk
20 298 | 26 269 | 17 , 2853 4. o0
10 226 26 20¥ | 17 ? 218 d, 752
5 Jed £ A NS ”‘:;‘ ] sd of 71 3
2 o9 | 3¢ | 081 | 47 087 2 98
1 059 26 o5/ 177 .055% 2 o2s
0.5 | o3¢ | 2¢ |.032 | 17 3y 2.312
0.2 | o522 | 3¢ 020 | 17 02/ 2.205
0.1 ol | 26 ol 7 015 2.250
Note: A1l pressures in PSIA. 2 Milliwatts

PGIER = g_ Watts 103 —jEr—— : Milliwatts
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Someral Elactric SPECIAL RESISTANCE CHARACTERISTIC DATA ON THE AUXILIARY ELECTRODES
SERIAL 0. <z e | AVERAGE
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i SPECIAL RESISTANCE CHARACTERTSTIC DATA ON THE AUXILIARY ELECTRODES
ISERIAL .i0. 2, 226 ' l AVERAGE
CiMS VOLTS PRESS | VOLTS l PRESS | VOLTS i PRESS | VOLTS | PRESS | VOLTS | PRESS VOLTS MILLIWATTS
W0 |om | ¢ | ool u | _22d LO7E
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Yardney Electric SPECIAL RESISTANCE canmgig;slrxrc DATA ON THE AUXILIARY ELECTRODES
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WQEC/C 83-133

VI. Low Earth Orbit Cycle Test Results
A. Test Assignment

1. The purpose of these tests is to provide information on the
alectrical performance characteristics of each manufacturer's version of
the Standard 20AH cell when subjected to a Low Earth Orbit (LEO) type
test regime.

2. Sixteen cells from each manufacturer were placed into four,
4-cell packs for evaluation at the following conditions:

Depth-of-Discharge (%) Temperature (°C)
40 10
25 20
40 20
40 30

3. A voltage limit type charge control was used, and these
limits were changed at various times to obtain desired percent recharqges
and to increase end-of-discharge voltages.

4. Capacity checks on selected cells were originally scheduled
every 6 months; but these were discontinued as it was felt that these
discharges may be causing an unbalance in the packs' EOC voltages.

5. Results of these tests have been summarized and reported
each year in NASA's "Annual Report of Cycle Life Test", by NAVWPNSUPPCEN
Crane, beginning with the Fourteenth dated 1 February 1978.
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EP 20.0 ah, Four 4-Cell Packs:
'. Cell identification and type:
Serial Number/Type*

Pack Number Cell 1 Cell 2 Cell 3 Cell 4

129 85/A 91/A 80/C 76/D
12P e7/A 92/A g1/C 79/D
12Q 8E/A 93/A 83/C 99/8
12R 29/A 95/A 84/C 101/8

¥ - A -- Standard Cell
B -- Standard Cell w/pressure transducer
C -- Standard Cell w/signal electrode
D -- Standard Cell w/pressure transducer and signal
electrode

Test Parameters:

ny
.

Pack Number 129 12p 12Q 12R
Temperature (°C) 10 20 20 30
Depth of Discharge (%) 40 25 40 40
Dischg/Charge Orbit (hrs.) .48/1.00 .48/1.00 .48/1.00 .48/1.00

Dischg/Charge Current (amps) 16.0/16.0 10.0/10.0 16.0/16.0 16.0/16.0
Initial Voltage Limit (v/c) 1.457 1.414 1.434 1.430

GSFC VT Level 6 5 6 7
Aux Electrode Resistor (ohms) 47 a7 47 47

56



WOEC/C 83-133
ORIGINAL PACE 1g

OF POOR QUALITY
3. Capacity Checks: Ampere-hours out to 1.00/.75 volts (cell number).

Pack Number 129 12p 12 128
Pre-cycling 23.1(1,3) 22,3(3) 23.1(4) 24.9(1,3)
6 mos. 22.0/23.9(4) 17.0/17.8(4) 11.9/13.2(4)
12 mos. 18.8/21.3(3) 12.213.1(3)

20.1/722.6(4) 11.8/12.2(4)
18 mos. 18.8/23.1(2 17.8/18.6&2;

16.9/19.4(3) 14.4/15.5(3

16.9/19.8(4) 12.8/14.4(4)
24 mos. 17.8/23.821; 18.7/19.9(1)

18.6/22.2(2) 18.7/19.9(2)

16.6/19.3(3) 14.8/16.2(3)
14.0/17.8(4) 13.6/15.2(4)

Post-cycling 20.7/21.1(3) 20.8/20.8(3) 15.7/16.5(1)
20.1/20.7(4) 20.4/20.8(4) 15.0/15.7(3;

18.7/79.4(4
** - Graphs of selected cells are shown in Figures?7 to1?

4. Performance on Cycling: Life-cycles completed/term ion mode ,***

Pack Number Cell 1 Cell 2 Cell 3 Cell 4
120 11681/D 11681/ 11681/0 11681/D
12p 11616/D 11616/D 11616/D 11616/D
12Q 4570/LV 4080/LV 4523/LV 4687 /LY
12R 676/D 676/0 676/D 626/P

***% . D -- discontinued
P -- pressure
LV -- Tow EOD voltage

(1) Packs 12@ and 12P: (Figures 13 and 14 ) - These packs
completed 24 months of life cycling, without a cell failure, before being
discontinued. Cells 3 and 4 cf pack 12P were reversed (cycle 5767) when
overdischarged because of equipment failure.

(2) Pack 12Q: (Figure 15) - The voltage 1imit was increased
(cycle 3610) to 1.454 v/c due to low EOD voltages and a low percent recharge.
This resulted in high pressure and the voltage limit was returned to 1.434 v/c
(cycle 3616). A1l the cells in this pack failed; but were allowed to continue
cycling until the pack was discontinued on cycle 4873.
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(3) pack 12R: (Figurel16 ) - Had a pressure failure (75 PSIA)
on cycle 150, Its voltage limit was reduced from 1.430 v/c to 1.410 v/c. It
then had a lTow voltage failure on cycle 626, at which time its voltage limit
was reset to 1.430 v/c. The pressure rose to 100 PSIA on cycle 630 and con-
tinued to increase to 150 PSIA on cycle 641 when cycling was stopped. The
gas was then allowed to recombine, the pack was placed back on cycling and
then discontinued on cycle 677 when the pressure again reached 75 PSIA.

{4) Voltage limits were changed at various times (see changes
on Figures 13to16 ) to obtain desired percent recharges and to increase end-
of-discharge voltages.

5. Gas analysis results of one cell from each pack are contained
in Section X.
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Cell Voitage (Volte)

Pack:120 ManfiEP 2@ AH
Capacity Check — Pre & Post Cycling
Cycle:10 & 11683 Temp(C): 18 Rate(Amps):16.0

Note: Pre - Followed 16 amp charge, 1.457v/c, 28.8 AH Key:
Post- Followad 16 amp charge, 1.457v/c, 29.8 AH e PP ]
EEEE T e Pre, C-2
1.40 DRI O -
R e A el Pre, C-4
A —ee—_Post, C-3
- \as
1.2e [
L
1.1 pe
X
¥ o]
llm - -
E o
- O
: S
2.98 |
: 2
- P
2.6e0 g 5
e.7e |
e.s8 |
3
e.se r
a.4a 2 a re L a e 2 1 a2 2 2 L 2 2 2 1 2 2 2 1 M 2 a. ___§ e

Capacity (RAmpere—Hours)
Figure 7
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Cell Voltage (Voits)

Pack:128 Manf:EP 20 AH
Capacity Check - 6, 12, 18 & 24 Mo. Life
Cycle: Temp(C):18 Rate(RAmps):16.0

Note: 6 mo. after cycle 2918(48% DOD, 1.457v-/c, 1.83 C/D)
12 mo. after cycle 5828(48% DOD, 1.457v/c, 1.86 C-/D)
3 18 mo. afte. cycle 8788(48% DOD, 1.457v/c, 1.83 C/D)
1.48 24 mo. after cycle 11681(48X DOD, 1.457v/c, 1.89 C/D)
. Key:
S——— " YA =
1.3 TSP B TR -
— — —— le mo., c_z
......... 24 mo., C-1
1.28 — - — O WB., C=4
1.18 F
P
-
l-m :' (o)
5 -
: 2
8.%8 o)
'_' -
I o
e.880 >
8 e
- -
: <
8.78 P
@.68 |
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Pack:12Q Manf:EP 28 RAH
Capacity Check - Pre &k Post Cycling, & 6 Mo. Life
Cycle:18, 2919 & 4875 Temp(C):280 Rate(fAmps):16.0
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WQEC/C 83-133

GE 20.0 ah (Standard Cell), Four 4-Cell Packs:
1. Cell identification and type:
Serial Number/Type*

Pack Number Cell 1 Cell & Cell 3 Cell 4
12F 006/A 007/8 019/A 054/D
12G 041/A 008/8 043/A 057/D
12H 009/A 026/8 032/A 053/D
121 025/A 037/8 049/A 061/D

* - A -- Standard Cell
B -- Standard Cell w/pressure transducer
D -- Standard Cell w/pressure transducer and signal electrode

2. Test Parameters:

Pack Number 12F 126 12H 121
Temperature (°C) 10 20 20 30
Depth of Discharge (%) 40 25 40 40
Dischg/Charge Orbit (hrs) .48/1.00 .48/1.00 .48/1.00 .48/1.00

Dischg/Charge Current (amps) 16.0/16.0 10.0/10.0 16.0/16.0 16.0/16.0

Initial Voltage Limit (v/c) 1.477 1.434 1.45% 1.430
GSFC VT Level i 6 7 7
Aux Electrode Resistor (ohms) 300 300 300 300



Capacity Checks**:

ORIOINAL T

OF PCOR QU

WQEC/C 83-133

Ampere-hours out to 1,00/.75 volts (cell number).

Pack Number 12F 126 12H 121
Pre-cycling 24.,2(2,3) 24,0(1,3) 23.5(1,3) 23.8(1,3)
6 mos. 15,3/20.5(4) 23.4/24.6(4) 11.2/16.3(4) 10.1/12.0(4)
12 mos. 15.4/17.3{3; 20.1/23.0(3) 13.9/14.6(3) 7.6/8.2{3;
14.8/17.3(4) 19.7/23.3(4) 13.9/15.2(4) 7.6/8.6(4
18 mos. 9.8/16.9(2) 17.2/21.3(2) 8.2/11.8(2) 7.4/7.4(2)
9.8/16.9 3; 18.0/22.2%3; 8.2/10.8 3; 7.4/8.0 3;
10.5/17.6(4) 16.0/20.4(4 8.2/12.6(4 7.4/8.0(4
22.3 mos. 7.2/7.9(1)
5.8/6.4 2;
7.9/8.2(3
24 mos. 12.6/17.9 1; 14.0/19.5 1; 7.6/8.9(1
12.0/17.1(2) 16.0/20.4(2 7.6/8.9(2
12.6/16.5(3) 16.0/20.4(3) 7.6/8.9(3
12.6/17.1(4) 14.0/18.4(4) 7.6/9.9(4
24.4 mos. 15.2/16.5(3)
30 mos. 10.6/17.0(4) 13.1/17.6(4)
36 mos. 9.1/16.2(3) 10.3/15.6(3)
11.0/17.0(4) 9.9/14.3(4)
42 mos. 9.7/14.8(2) 8.6/15.3(2)
9.1/13.6(3) 11.4/16.6(3)
9.1/13.6(4) 10.2/14.5(4)
48 mos. 8.0/13.5(1) 8.5/16.8(1)
8.7/11.9(4) 10.1/15.8(2)
12.5/17.3(3)
10.5/15.0(4)
65.1 mos. 10.5/16.8(1
10.1/16.3(2
11.7/18.6(3
8.9/12.9(4)
Post-cvcling 20.9/21.3(2) 18.2/18.2(2) 5.5/6.7(2)
20.9/21.3(3) 16.8/17.4(4) 8.5/9.2(3)

** Graphs of selected cells are shown in Figures 17 to 27.
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WQEC/C 63-133

4, Performance on Cycling: Life-cycles completed/termination mode.***

Pack Number Cell 1 Cell 2 Cell 3 Cell 4
12F 25305/D  21059/LV 22021/LV 23983/LV
126 31671/D  31671/D 31671/D 31671/D
12H 11793/S  11793/D 11898/D 11793/D
121 9266/LV  £124/LV  9012/LV  8933/LV

*** . [ -- discontinued

S -- shorted

LV -- low EOD voltage

(1) Pac. 12F: (Figure 28) - Completed 25,479 cycles, with
three cell failures, before it was discontinued. These failures occurred
on cycles 21,059, 22,021, and 23,983, and were due to severe unbalance in
the pack's EOC voltages. The failed cells were the low voltage cells at
EOC when failure occurred.

(2) Pack 12G: (Figure 29) - Completed 65.1 months of life-cycling
without a cell failure, before being discontinued. The pack's voltage limit
was increased to 1.434 v/c (cycle 14774) to increase its EOD voltages and
percent recharge. Cell voltages were balanced at EOC until following the
36-month capacity check, when cell 3's voltage began to decline., Cell 3
exhibited the lowest EOC voltage until cycle 31535 when cell 4's voltage
began to decrease. Various cycle endpoints were as follows:

Cycle EOD/EOC Cell 1 Cell 2 Cell 3 Cell 4 Recharge (%)

20426 EOD 1.152 1.152 1.413 1.151

20426 EOC 1.438 1.439 1.418 1.440 105.6
20427 CX - 42 month 1ife - cells 2, 3, and 4

23350 EOD 1.163 1.159 1.172 1.150

23350 EOC 1.435 1.435 1.431 1.436 105.0
23351 CX - 48 month 1ife - cells 1, 2, 3, and 4

29440 EOD 1.142 1.135 1.162 1.182

29440 EOC 1.445 1.444 1.406 1.447 106.0
31671 EOD 1.136 1.132 '.186 1.089

31671 EOC 1.450 1.447 1.441 1.397 111.5
31672 CX - 65.1 month 1ife - pack discontinued

71



WOEC 1133

(3) Pack 12H: (Figure 30) - This pack, during charge following
its 2-year capacity check (cycle 11,702), experienced thermal runaway while
voltage limiting. The pack's temperature gradually increased causing the
current to increase to maintain the voltage limit, and the charge was ter-
minated when one cell's voltage went below 1.35 volts. The pack was recondi-
tioned and placed back on cycling. Thermal runaway again occurred (cycl: 11,793),
following the pack's 24-month capacity check on cycle 11,702, in which cell 1
shorted. Cells 2 and 4 were discontinued at this time and cell 3 was placed
on cycling until cycle 11,898, when it was discontinued.

(4) Pack 121: (Figure 31) - A1l the cells failed (below .75
volt EOD); but were allowed to continue cycling. Cell 4 shorted on cycle
9,036 and the other cells were discontinued on cycle 10,859,

(5) Voltage 1imits were changed at various times (see changes
on Figures 28 to 31) to obtain desired percent recharges and to increase
end-of-discharge voltages.

5. Gas analysis results of one cell from each pack are contained
in Section X.
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12 mo. after cycle 5773(40% DOD, 1.457v/c, 1.84 CsD)
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Ce'l Voltage (Volts)

STANDRRD CELL
Pack:12F Manf :GE 20 AH
Capacity Check - 38, 36, 42 & 48 Mo. Life
Cycle: Temp(C): 18 Rate(Amps):16.8
Note: 38 mo. after cycle 14613(48% DOD, 1.477vsc, 1.87 C/D)
36 mo. after cycle 17522(4@% DOD, 1.477v/c, 1.86 C/D)
42 mo. after cycle 2044S(4@8% DOD, 1.457v-/c, 1.86 C/D)
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1.40 48 mo. after cycle 23411(48% DOD, 1.477v/c, 1.84 C/D)
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Cel! Voltage (Volts)

STANDRRD CELL
Pack:12G Manf:GE 20 AH
Capacity Check - 6, 12, !P & 24 Mo. Life
Cycle: Temp(C):20 Rate(RAmps):108.0
Note: 6 mo. after cycle 2943 (25% DOD, 1.414v/c, 1.85 C/D)
12 mo. after cycle 5797 (25% DOD, 1.414vse, 1.86 C/D)
18 mo. after cycle 8757 (25% DOD, 1.414v/c, 1.84 C/D)
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STRANDARD CELL

Pack:12G Manf : GE 20 AH
Capacity Check - 38, 36, 42 & 48 Mo. Life
Cycle: Temp(C):28 Rate(RAmps):10.8
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36 mo. after cycle 17492(25% DOD, 1.434v/c, 1.85 C/D)
42 mo. after cycle 20426(25% DOD, 1.434v/c, 1.086 C/u)
48 mo. after cycle 23350(25% DOD, 1.434v/c, 1.85 C/D)
Key:
3@ mo., C-4
" — o= = 36 mo., C-3
-——-——-42 mo., C"2
......... 49 mo., C_l
S 48 mo., C-4
n B
0D
o
-5
B3
i i A ) Y i i | e i 2 1 i a2 1 i i L L L 1 i
a 4 B8 12 16 20 24
Capacity (RAmpere—Hours)
Figure 22
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Cell Voltage (Volts)
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8.7e

8.50

B.48

Note:

STANDRRD CELL
Pack:12G Manf:GE 28 RAH
Capacity Check - 65.1 Mo. Life
Cycle:31672 Temp(C):20 Rate(RAmps):18.8
Followed cycle 31671(25% DOD, 1.434v/c,

1.11 C/D)

Key: Cell No

b cc
3 ‘_"a
I T D
[ <L
i \
L
3
W L U S | 1 i A L i i i 1 A i i 1 _a ) " B
7 4 8 12 16 ce 24

Capacity (Ampere—Hours)

Figure 23
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Cell Voltage (Volts)

STANDARD CELL
Pack:!12H Manf:GE 28 AH
Capacity Check - Pre & Post Cycling
Cycle:18 & 118889 Temp(C):20 Rate(Amps):16.08
Note: Pre - Followed 16 amp charge, ..454v/c, 38.3 AH Key:
Post— Followed 16 amp charge, 1.454v/c, 38.3 AH —— "

i aups e TP

81 3oV4 TUNIDNO

EEL-E8 2/030M

1.48 s s ey TN,
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Figure 24



STANDARD CELL
Peck: 12H Manf : GE 280 RH
Capacity Check - 6, 12, 18, 24, & 24.4 Mo. Life
Cyclet Temp(C):28 Rate(Amps):16.0
Note: 6 mo. after cycle 2928(48% DOD, 1.434v-/c, 1.88 C/I)
12 mo. after cycle 5848(40% DOD, 1.434v/c, 1.87 C/I)

19
Cell Voltage (Volts)

[ 18 mo. after cycle 8883(48% DOD, 1.434v/c, 1.83 C/I)
1.42 24 mo. after cycle 11781(48% DOD, 1.454v/e, 1.14 C/D)
s 24.4mo.after cycle 118S7(48% DOD, 1.454v/c, 1.84 C/I) Key:
: 5 mo., c-‘
1.38 L— P — - B P o
o — e — 18 mO., C-2
o YSsSSae... sesessses 24 mo., C-1
1.28 i s e B W T4
4 i 24.4mo0, C-3
1.18 F \
-
5
1.28 f
3
E oc
g8.90 i o | :?-,‘
L . \ \ 1 C‘.: ":
e.se | A . § | = i-
: * A I C o
E ” \ \ ! 2
ac?a - : o
; - \ l < &
@.e8 | | '
[ |
2.58 5 l
5 |
.43 P e A i 1 i 1 i 1 L A i 1 A Al L I L A i i A .l

8 12
Capacity (Ampere-Hours)
Figure 25
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Cell Voltage (Volts)
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1.30
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@.9%8

g.68

e.7e

8.6@

@.58

a.40

" "ANDARD CELL

Pack:121

Manf:GE 20 PH

Capactity Check - Pre & Post Cycling

Cycle:10 & 18861

Temp(C):30

Rate(Amps):16.0

Note: Pre — Followed 16 amp charge, 1.438v/c, 31.8 AH Key:
Post- Followed 16 amp charge, 1.45@vsc, 31.1 AH Pre, C-1

— == = Pre, C-2
— ——— e Pre, C-3
......... Pre, C-4
— Post, C-2
e Post, C-3

RN

- 1 h‘“‘x\

: | \ <

9 : 1 G

b \ -

5 \ ‘\ i

- . \ =

[ \ =

E \ \

C \

[

2

[

B i - L | A 4 A 1 A - el A — 1N A o | - = = L k. yEE— 1 .

a 4 8 12 16 e 24

Cacacity (Rﬁpnre-Hour:)
Figure 26
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Cel! Voltage (Volts)
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STANDARD CELL

Pack:121 Manf:GE 28 AH
Capacity Check - 6, 12, 18 & 22.3 Mo. Lifs
Cycle: Temp(C):382 Rate(RAmps):16.2
Note: 6 mo. after cycle 2928(48% DOD, 1.43@v/c, 1.16 C/M)
| 12 mo. after cycle 5798(48% DOD, 1.43@v/ec, 1.87 C/D)
[ 18 mo. after cycle 8783(48x DOD, 1.458vsc, 1.10 C/D)
= 24 mo. after cycle i@859(48% DOD, 1.45@v/c, 1.18 C/D)
[ Key:
E 6 mo., C-4
" — — 1—12 no.. c-3
3 —_— — — 18 mo., C-2
G T el i e el A IR e 24 mo., C-1
L ———e———24 mo., C-3
S
F
[ o¥e)
L. -
- -
=
[
o - .
E <
[
i .. l A B ! i - ——— l i A A ’ 4 _— e 1 ;- —r I
a 4 e 12 16 28 24
Capacity (PAmpere-Hours)
Figure 27
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WQEC/C 83-133

C'.I‘,' Ay
OF ko, ’
OUI- L'. ALN 4
STANDARD CELL Key1
LIFE CYCLING PERFOIMANCE * EOC
Pack: 12G Manf: GE 22 AH 0O Mid. Discharge
Orbit: LEO Temp(C)1 20 DOD(X%)1 25 e EOD
Dischurge (Amp/Hre): 10.07.48 Charge(Amp Hre): 10.871 B0 X X Recharge

Inittinl Voltage Limit (V/C)1 1.434 GSFC YVt Leval: 6
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NOTES

187 252 317
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Voltage 11mit changad from 1.434 to 1.414 v/c Cycle 179

Voltage 1imit ohanged from 1.414 to 1.434 v/c Cycie 14,744

Figure 29
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NOTE: Voltage limit changed from 1.454 to 1.434 v/c (cycle 60), and then returned
to 1.454 v/c (cycle 10,375).

£EL-€3 /2301



o<

L8

ke

- ——
o T— T
Arm===Df

T
DO O=r—riky

- - - - - - . - -

L TR
CxEo&
LI I A |

12-
25~
97~

b o et o o e e
DRI B R )

wssrsrrrrrE

e=]lelajelal= l
4 6

NOTE :

lALk 121 MANE . GE c0.0 ar
T PERIOD HULRS Leut
D CHAP&E DEUNEG Ce 30
D JF CHA ‘nnndc RATE AMP 156+00
'ENY RECH!HGE EPTh OF CISCLHARGE % «0

CrLLs CvipiIng

D I T T T T T O M M I "I T "N S A A S T I |

T -, -

*Sssssas

- XX
AXXXRNX

YYYYYYYYY

-]

L)

Voltage

- " as & & g

seessa
sesssssevsnse .

L LR N

XK
KRX x
AX X
XXRKX

X
X REAXX

>

|' LA I I I DL I DI RN I O I A I I R I RN N RN AN

X
ARREEX X

>
-

XXX

ot o ot e e e e et e 0

[Felel=l=T=Trtry Y N NN
O EQC O W T OWN 0O

YYYYYYYYYYYYYYYYYYYY

YYYYYYYY vy Y Y
YYYYYYYY YYYYYYYYYYYYYYYYYYYYYYY YY ¥y vY

lelalel=laleclalelelelelelel=l=lal=lal=]
19 24 “s 69 Be 98
15 16 18 2! is 5¢ ™ B9 102
93 10

15 17 l? b 6l 80
LES « MULTIPLED> OF 100
FIGURE 31

810

»

[al

limit changed from 1.430 to 1.410 v/c (cycle 182), to 1.430 v/c (cycle 993), and

to 1.450 v/c (cycle 5835).
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WOEC,C 83-133

D. SAFT 20.0 ah, Four 4-Cell Packs:
1. Cell identification and type:
Serial Humber/Type*

Pack Number Cell Cell 2 Cell 3 Cell 4
12J 2666/A 2660/8 2674/A 728/D
V2K 2671/A 2655/8B 2677/A 725/D
12L 2656/A 2675/B 2657/A 729/D
12M 2663/A 2700/B 2681/A 726/0D

*_A--Standard Cell
B--Standard Cell w/pressure transducer
D--Standard Cell w/pressure transducer and signal electrode

2. Test Parameters:

Pack Number 12J 12K 12L M
Temperature (°C) 10 20 20 30
Depth of Discharge (%) 40 25 40 40
Dischg/Charge Orbit (hrs) .48/1.00 .48/1.00 .48/1.00 .48/1.00

Dischg/Charge Current (amps) 16.0/16 0 10.0/10.0 16.0/16.0 16.0/16.0

Ini1tial Voltage Limit (v/c) 1.457 1.414 1.434 1.430
GSFC VT Level € 5 6 7
Aux Electrode Resistor (ohms) 47 47 47 47

3. Capacity Checks**: Ampere-hours out to 1.00/.75 volt (cell number).

Pack Number 120 12K 12L 1M
Pre-cycling 23.3(1,2) 22.9(1) 22.7(all) 22.9(all)
6 Months 16.8/23.2(4) 20.9/22.5(4)  9.1/16.4(4) 7.7/9.7(4)
12 Months 12 9/23.1(3) 13.6/]6.4{3) 9.6/12.853' 8.0/10.]53)
15.4/23.1(4) 13.6/16.4(4) 10.2/15.3 4‘ 8.0/9.3(4)
18 Months 8.7/17.6(2) 6.5/10.1(2) 8.7/14.3(2)  5.1/5.8(2)
12.5/20.5(3) 8.1/11.8 3} 8.7/13.8{3} 7.7/9.0(3
14.4/22.1(4) 8.9/11.9(4 10.6/15.9(4 7.7/9.0(4
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WQEC/C €3-133

Pack Number 120 12K 12L 12M
24 Months 9.0/19.5(1) 8.0/11.6(1 8.7/13.9(1
9.0/16.6(2) 8.4/11.6(2 8.7/15.2(2
11.5/19. 523; 9.6/12.8&3 8.7/13.9(3
14,1/21.0(4 9.2/11.9(4 10.0/14.9(4
Post-cycling 20.3/20.9{3; 19.7/20.4 3; 20.4/21.0 3;
20.9/21.9(4 19.3/19.7(4 19.9/20.4(4

**..Graphs cf selected cells are shown in Figures 32 to 39.

4, Performance on Cycling: Life-cycles completed/termination mode.***

Pack Number Cell 1 Cell 2 Cell 3 Cell 4

20 1165.,0 11693/D 11693/D 11693/D

12K 11735/D 11735/D 11735/D 11735/D

12L 11694/D 11694/0 11694/D 11694/D

[ 11445/5 7114/LV 11004/S 9058/S
*#*.D--discontinued

S--shorted
LV--low EOD voltage

(1) Packs 12J, 12K, and 12L: (Figures 40 to 42 ) - These packs
completed 24 months of life cycling, without a cell failure, before being
discontinued.

(2) Pack 12M: (Figure 43 ) - Ali four cells failed in which cells
3, and 4 shorted and cell 2 failed vecause of low EOD voltage (cycle 7114).
Ce11 2 was allowed to continue cycling and it was discontinued on cycle 9058
when cell 4 shorted.

(3) voltage limits were changed at various times (see changes on
Figures 40 to 43) to obtain desired percent recharge and to increase end-of-
discharge voltages.

5. Gas analysis results of one cell each from packs 12J, 12K, and
12L are contained in Section X.
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Cell Voltage (Volte)

1.40

1.3

1.208

1.18

1.00

e.ze

6.10
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Pack:12T Manf:SAFT 28 AH
Capacity Check - Pre & Post Cycling
Cycle:18 & 116395 Temp(C):18 Rate(Amps):16.8

Note: Pre - Followed 16 amp charge, 1.457v/c, 38.1 RAH
Post- Followed 16 amp charge, 1.45?v/o0, 38.1 AH

Keys
Pre,

— =— — Pre,

—— —— —— Pre,
Pre,
—.—————Iut.
Post,

® % o ® s e 8 8 .

C-1

Cc~-3
C—+4
c-3
C—4

ALITYND ¥00d 40
31 32¥d TYNIDINO

4 8 12 16
Capacity (PAmpere-Hours)
Figure 32
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Celld Voltage (Vcits)

Puck:12J Mant:SAFT 28 AH
Capacity Check - 6, 12, 18 & 24 Mo. Life
Cycle: Temp(C): 18 Rate(Ampe):16.9

B! 39vd TYNIDINO

CEL-E8 2/030M

Note: 6 mo. after cycle 2975(48% DOD, 1.457v./c, 1.85 C/D)
12 mo. after cycle 5853(48% DoD, 1.45?v/c, 1.04 CsD)
t 18 mo. after cycle €788(4px DOD, 1.45?v/c, 1.8S c/D)
1.48 . 24 mo. after cycle 11693(48% DOoD, 1.457v/¢c, 1.04 c/D)
: C-4
1.30 Cc-3
c-2
C-1
1.20 C-4
1.1
1.80 o
-
3
8.%09 Q
2
8.88 E
8.7e
8.68 | :
e.se [
2.49 . & 8 1 : ~ g 1 a - - 1 A " 4 1 i = . g - - 1
8 4 8 12 16 28 24

Capacity (Ampere-Hours)
Figure 33



Cell Voltage (Volte)

Pack:12K Manf:SAFT 20 AH
Capacity Check - Pre & Post Cycling
Cycle:10 & 11737 Temp(C):28 Rate(RAmps):18.8
Note: Pre — Followed 18 amp charge, 1.414v/c, 29.6 AM Key:
Post— Followed 18 amp charge, 1.434v/0, 29.6 AH P-e,

EEL-E8 2/230M
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1.48 :' et e Pr..
L s & s s 8 e 0 " a Pr..
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1.30 _—\_. — Post,
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Capacity (Ampere—Hours)
Figure 34
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Cell Voltage (Volts)

Pack:12K Manf:SAFT 20 RH
Capacity Check - 6, 12, 18 & 24 Mo. Life
Cycle: Temp(C):20 Rate(Amps):18.9

8! ITVd TWNIDIUO

EEL-E8 1/730M

Note: 6 mo. after cycle 2927(25% DoD, 1.414v/c, 1.84 C/D)
12 mo. after cycle S8S4(25% DOD, l1.414v/c, 1.04 C/D)
18 mo. after cycle 8778(25% DoD, 1.414v/c, 1.82 C/D)
1.40 24 mo. after cycle 11735(25% DOD, 1.434v/c, 1.8 C/D)
Key:
— s m-| c—4
— — — 12 ”.. C"3
-— —— -——. 18 mo., C-2
--------- 24 mo., c-l
———— 24 mo., C-4
(@]
m
- ~ ©
2 o
: b ¥ \\ \ S
0.%8 | "
i \ . | Q
: \ S
! = "
8.80 - A ‘ 2
. -\ =
b |
8.7e - '
e.68 | |
e.se [ |
.40 A 4 - 1 . e . 1 A - . 1 - - = o - 1 R o N
e 4 8 12 16 28 24

Capacity (Ampere-Hours)
Figure 35



he

Cel! Voltage (Volte)

e.98

a.78

8.40

Note: Pre — Followed 16 amp charge, 1.434v/c, 38.4 RAH
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Pack312L. Manf:SAFT 20 AH
Capacity Check - Pre & Post Cycling
Cycle:10 & 11696 Temp(C):20 Rate(Pmps):16.0

Post— Followed 16 amp charge, 1.454v/c, 38.4 AH

* - s e
« & @ 2 8 8 8 ® @

Key:

Pre,
Pre,
Pre,
Pre,

Post,
Post,

Cc-1
c-2
Cc-3
C—4
c-3
C—4

ALITY(10 ¥0O0d 40
§! 79%d TVNIDIHO

4 8 12 16 20
Capacity (Ampere—Hours)
Figure 36
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Cell Voltage (Volts)

l.48

1.38
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8.7e

8.68

8.40

Pack:12L Manf:SAFT 20 AH
Capacity Check - 6, 12, 18 & 24 Mo. Life
Cycle: Temp(C):208 Rate(Amps):16.0
Note: 6 mo. after cycle 23942(48% DOD, 1.434v/c, 1.88 C-D)
12 mo. after cycle 5824(48x DOD, 1.454v/c, 1.13 C/D)
F 18 mo. after cycle 8728(4@x DOD, 1.454v.c. 1.87 CrD»
- 24 mo. after cycle 11694(48% DOD, 1.4S54v/c, 1.86 C/D)
3 ' Key:
' 6 mo., C—4
+ === —12 mo., C-3
—_— e — 18 mo., C-2
......... 2‘ mo., C-l
—_—————24 mo., C-4
L
C- =
[
k-
=
< _
b 2 ~ ] 5 a M 1 2 i 1 : - A 1 . s 1 2 = 1
"] 4 8 12 16 o 24

Capacity (RAmpere—Hours)
Figure 27
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Cell Voltage (Volts)

1.48

1.38

1.10

1.0

8.7e

8.40

Pack:12M Manf:SRFT 28 AH
Capacity Check - Pre Cyeling
Cycle:18 Temp(C):30 Rate(Amps):16.8

Note: Followed 16 amp charge, 1.438Bv/ec, 29.1 AH

F Key: Cell No
o 1
=3 2 ————— oo
3 3
= 4!.-‘
[ |
[ | nz
= l vg
_- | :Ul:',
s l O:‘U
o CJ'
- >|'.-?
- :l
[ 'iig
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] 4 8 12 16 28 24

Capacity (Ampere—Hours:

Figure 38
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Cell Voltage (Volts)

1.48

1.3

1.18

e.ze

8.40

Pack: 12M Manf:SAFT 280 RAH
Capacity Check - 6, 12, & 18 Mo. Life
Cycle: Temp (C):30 Rate(Amps*:16.8
Note: 6 mo. after cycle 2832(48x DOD, 1.438v/c, 1.13 C/D)
12 mo. after cycle 5883(48% DOD, 1.438v/c, 1.86 C/D)
18 mo. after cycle 6762(48% DOD, 1.43@v/c, 1.83 C/D)

4

* 8 s s s @8

I"'-I'l

Key:
6 mo., C-4

-—-——-—’2‘.. c-3

— 18 mo., C-2
«+..180 mo., C-4
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NOTE: Voltage limit changed from 1.434 to 1.454 v/c (cycle 4369].
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