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INTRODUCTION

In carly 1978, an extensive investigation was initizted by the National Aeronautics and Space Ad-
ministration Goddard Space Flight Center (NASA/GSFC) in conjunction with the General Electric
Company (G.E.) to evaluate nine of the most important nickel-cadmium (Ni-Cd) acrospace cell
designs that had been used during the previous decade. The need for a comprehensive evaluation was
fully recognized since a review of the cell design history indicated that the cells that were in use
bore only a slight resemblance to those used in the first satellite applications. The changes thut had
occurred in the cells could be attributed to a number of facters: the desire to improve energy density,
the nved for longer life, the need to improve production yield, the desire to enhance cell perfor-
mance, and the competitive drive to meet the customer's requirements. Many of the changes had
been tested and evaluated by various users but there was never a systematic approach to compare the
relative merits of each design. The objective of this report 15, therefore, to present the test results
and conclusions drawn from the Design Variable Program.

APPROACH

It was necessary to choose a test cell with & proven heritage and a physical design similar to that of
other widely used aerospace cells. For thes? reasons the G.E, 12ah cell was selected as the Design
Variable test cell, It had been used in the past with much success and because its design is much
like that of the 6ah and 20ah cell designs used by the GSFC, the data collected could be adapted
with confidence to those cells,

Description of Design Variables

Fight of the most frequently used designs and one proposed design were selected as the design
7aniables to be tested in this Program. Thus, a Control group and 8 design groups of 6 cells per
group were manufactured, A discussion of each group is as follows:

1. Control: This group represents G.E.’s basic aerospace design and processes as of 1978, The
positives of these cells were subjected to cadmium treatment (PQ) as is indicative of G.E.'s process
since 1970. The loading was somewhat lighter than normally used by G.E. during this time-frame.
These lighter leveis were chosen because the GSFC had recently procured 2 flight lots (IUE) with
this design. The cells were manufacutred with nonwoven nylon separator (Pellon 2508) and all cells
received the decarbonation treatment.

2. Teflon: These cells are identical (o the control with the exception that the negatives were treated
with teflon to level I1. As a result these cells also contain slightly more KOH than the Control,

3. Silver: This group is identical to the Control except the regatives had silver treatment and, as
with Teflon, slightly more KOH.

4. Light Loading: The plates of this group have lighter loading (less active material) t! an those of
the previous 3 groups. These plates are from the same impregnation post as “we Control but are from
different spirals. The purpose of this group was to evaluate a further reduction of plate loading with
respect to initial and life benefits. Though no teflon or silver treatments were used, these cells con-
tain Scc more electrolyte than the Control cells.

5. No PQ: This group is identical to the Control except that the positives were not subjected to the
PQ treatment. The positive plates are from the same impregnation post as the Control but from dif-
ferent spirals. The ncgative plates are from the same spiral as the Contrcl.



6. Polypropylene: This group contains all of the design parameters of the Control except that
polvpropylene separator miaterial was used in place of nylon,

7. A.K.-Old Process: This design is indicative of cells made during the middle sixties, i.c., the
cells are made with the plate design and processes of that era. Specifically, no PQ treatment was
used, the negatives were not depieted during the flooded celi test, and there was no decarbonation,
Also, the plate design was different than the Control and there was no precharge adjustment made to
the cells

8. A.K.-Present Process: This group contains the sume plate lot as the A.K.-Old Process.
Howcver, these cells were processed using the same acrospace procedures and practices as the
Control.

9. Electrochemical: This design contains electrochemically impregnated positives. All other vari-
ables are identical to the Control. This was an carly attempt by the G.E. Company to use clec-
trochemical impregnation in cell manufacture.

Each Design Variable group contained two signal electrode cells, One signal electrode was the stan-
dard G.E. teflonated eleesode that had been in use though 1983. The cther electrode was of a new
G.E. design and was designated the ‘‘Heart-Pacer Signal Electrode.”’ The old G.E. standard was dis-
continued in 1983 and the *‘Heart Pacer Electrode™ is now used across the board. Details conceming
the design and performance of these two types of signal clectrodes have been documented (REF, §5).

Test Program

The specifications of each of the designs discussed in the previous section were incorporated into a G.E.
Manufacturing Control Document (MCD) following discussion and approval at the GSFC. G.E, then used
this document to fubricate and acceptance test the celis. After review of the acceptance test data, the cells
were accepted by the GSFC and were shipped to the NASA Battery Test Facility at the Naval Weapons
Suppont Center (NWSC) in Crane, Indiana where the Design Variable Test Progmm was carried oui.

The test program consisted of 2 segments (figure 1). First an Initial Evaluation Program was con-
ducted, Initial evaluation tests were performed in order to characterize each cell, to compare initial
behavior, and to detect any manufacturing defects overlooked during acceptance testing. These tests
were repeated on | cell from cach design after | year of cycling and on all cells remaining in each
group at the end of cycling. The repetitions were carried out in order to compare performance and
degradation hased on the same criteria at different points during the life of the cells.

& INITIAL EVALUATION TESTS®
® LEAK TESTS
CAPACITY TESTS
INTERNAL RESISTANCE AND SHORT TEST
CHARGE RETENTION TESTS
CHARGE EFFICIENCY TEST
OVERCHARGE TESTS
PRESSURE VS. CAPACITY TESTS

® LOW EARTH ORBIT CYCLING
*TESTS REPEATED AFTER 1 YEAR CYCLING AND AT END OF PROGRAM

Figure 1. Design Variable Test Program
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The second segment and principle part of the Design Variable Program was extended cycling in the
low carth orbit (LEO) regime (tuble 1), A higher depth of discharge (DOD) than is normally seen in
Low Earth orbit (40%) was selected in order to obtain observable results as quickly as possible.

Table 1

Leo Cycling Test Regime
PARAMETER DESCRIPTION
Temperature 20°C
Depth-of-discharge 40 percent
Orbit period 90 minutes
Charge current 9.6 amps to a voltage limit

(1.453V/cell typical)

Discharge current 0.6 amps

MANUFACTURING DATA

Basic Cell Design Summary
The test cells were of the standard G.E. 12ah design and configuration, Figure 2 shows an outline of
the basic cell design. The design contains 11 positive plates, 12 negative plates, and other features as

follows:
1. Nickel braze, ceramic to-metal seal (positive and negative termirals),
2. Cell case wall of 0.17 in, (0.43 cm) nominal thickness.
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Figure 2. Cell Design Outlivie

The Design Variable cells were purchased rom G.E. under NASA contract #NAS5-23783 to NASA
specification 74-15000, *‘Specification for the Manufacturing of Aerospace Nic..el-Cadmium Storage
Cells.”’ A total of 54 cells were ordered. The cells were manufactured according to G.E. MCD 232
A2222AA-54, Revision 18. The G.E. catalog number for the cells was 42B012AB29.
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Physical Measuremants

A summary of the physical propertics of the plates of cach design group is shown in table 2.

Table 2
Electrode Physical Measurements
GROUP e AL POSITIVE NEGATIVE

Typical Length 2.998 in. to 3.001 in. 2.999 in. to 3.002 in.

(7.615 ¢m to 7.673 cm) {7.618 ¢cm to 7.625 cm)
Typical Width 2.755 in. 10 2.758 in, 2.754 in. to 2.758 in.

(6,998 c¢m to 7.005 cm) (6.995 cm to 7.005 ¢m)
Control Thickress (I'YP) 0.027 in. (0.06Y cmj 0.031 in. (0.079 c¢cm)
Teflon 0.027 in. {0.069 c¢m) 0.031 in. (0.079 cm)
Silver 0.027 in. (0.06Y cm) 0.031 in. (0.079 cm)
Light Loading 0.027 in. (0.069 ¢m) 0.031 in. (0.079 ¢m)
No PQ 0.027 in, (0.069 cm) 0.031 in. (¢.079 cm)
Polypropylenc 0.027 in. (0.069 cm) 0.031 in. (0,079 ¢m)
A.K.-Old 0.032 in. (0.081 ¢m) 0.026 in. (0.066 cm)
A.K.-Pres. 0.032 in. (0.081 cm) 0.026 in. (0.066 cm)
Electrochem 0.029 in. (0.074 cm) 0.031 in, (0.079 ¢m)

Electrochemical Cleaning and Testing (ECT) Data

ECT is a flooded test of temporary cells in which the capacities of the positive and negative plate are
determined. Table 3 shows the average, maximum, and minimum capacities obtained for each design
group.

Separator Analysis

The separator used on all groups except the Polypropylene group was Pellon 2505, Lot no. 29253,
Roll no. 1. The G.E. specification for the separator was A50-PB-112. The polypropylene separator
used was GAF, Lot no. 5382. The G.E. specification was A50-PB-116. To meet the requirements of
74-15000, the separator was tested as per G.E, Q.P.1. 701.07, Revision 5. A summary of the results
of the separator test is shown in table 4.

KOH Quantity

The final KOH quantity varied from group to group because of the different performance properties
caused by each variable and loading level. The criteria for determining the amount of KOH was to
obtain the maximum KOH allowable in each group consistent with reasonable overcharge pressures,



The overcharge pressure design goal was 30 to 75 psis. The final KOH quantities and loading levels
are shown in tabie §,

Tuble 3
ECT Plate Capacity Results
POSITIVE CAPACITY (Ah) | NEGATIVE CAPACITY (sh) AVERAGE
GROUP - NEU. TO POS,
AVG, MAX. MIN AVG. MAX. MIN. RATIO
Control 16.04 16.20 15.80 28.02 28.50 27.3¢ 1.75:1
Tetlon 16.04 16.20 15.80 28.02 28.50 27.30 1.75:1
Silver 16.04 16,20 15.80 28.02 28.50 27.30 1.75:1
Light Loading 13.83 14.10 13.68 24.95 25.40 24.63 1.80:1
NO PQ 15.63 15.76 15.58 27.88 28.51 27.34 1.78:1
Polyprop 16.04 16.20 15.80 28.02 28.50 27.30 1.75:1
A K.-Old 19.78  19.96¢  19.67 —! ! —! 1.25:1
A K.-Pres, 19.55 19.82 19.33 24,37 26.24 23.31 1.25:1
Electrochem 13.87 15.07 13.12 28.53 30.44 26.59 2.06:1
101d plate processing: Negatives discharged for 4 hours only.
Table 4
Separator Test Resuits
Q.P.1. 701.07 TEST PELLON 2505 GAF
PARAGRAPH AVG. VALUE AVG. VALUE
5.1 Air permeability 272.4 i}/ min/fi? 174.9 13 /min/ft?
5.4 Thickness dry 0.0147 in. 0.0117 in.
Thickness wet 0.0139 in. 0.0117 in.
3.5 Electroly*e retention 95.2% 89.9%
Electrolyte porosity 49.3% 36.15%
5.6 Wettability 5 min, + 0.5 min.
5.8 Tensile strength at break
Dry 182.52 Kg/in.? 101.60 Kg/in.?
After 24 hr. soak in 34% KOH 147.38 Kg/in.?2 122,10 Kg/in?
% Organic 6.63% 0.438%
% Inorganic 1.02% 0.00%




Table §
KOH QUANTITY, LOADING, AND PRECHARGE

GROUP KOH QUANTITY, CC LOADING g/dm! | PRECHARGE ADJUST!

NON 3rd/3rd POS, NEG. Ah % EXC. NEG.
Control 40/40 2095 2180 4.6 38.4
Teflon 48/49 2095 2180 4.6 38.4
Silver 43/44 2095 2180 4.6 38.4
Light Loading 45/46 1840 1833 4.6 41.4
No PQ 40/4| 2113 2180 4.6 37.6
Polypropylene 39/40 2095 2180 4.6 38.4
A.K.-Old 38/39 2130 2542
A.K.-Pres, 39/40 2130 2542 1.8 37.3
Electrochem 48/--- 1276° 2280 5.8 39.6

IBased on 228 cc O/Ah.
2By hydrate pickup, not hydrate reduction.

Precharge

Precharge was set by the oxygen incremental venting technique, The cell procurement specification,
7415000, required the precharge to be +°t to 4U%35 percent of the excess negative, The final
precharge adjust data is shown in table &

INITIAL EVALUATION TESTS

The Design Varuble Cell Initial Evaluation Program was performed at the Naval Weapons Support
Center in Crane, Indiana under NASA Purchase Order 8-57075 AG. The initial purpese of this evalua-
tion test program was to insure that all cells put into the life cycle program were of high guality oy
screening those cells found to have electrolyte leakage, internal shons, low capacity, or the inability to
recover an op~n-circuit voltage of 1.15 volts during the intemal shont test. The reevaluations at the |
year point and at the end of cycling were done in order to compare back to the initial data.

All evaluation tests were performed at room ambient (RA) pressure and temperature (25°+2°C) with
discharges at the 2-hour rute, unless otherwise specified, and consisted of the following:

=

. phenolphthalein leak tests (2),
. three capacity tests, the third at 20°C; with intemal resistance measurements made during the second,
. signal electrode characterization test,
. charge retention test at 20°C,
. internal short test,
. charge efficiency test at 20°C,
. overcharge tests at 0°C and 35°C,
. pressure versus capacity test,
phenolphthalein leak test,
For a summary of the test procedure see Appendix 1.
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Evalumion Test Results

The summary data sheets for the initial evaluation tests for alf groups at the beginning and end of
life (BOL and EOL) are provided in Appendix 2 and Appendix 3 respectively. Summary dati sheets
from the | vear repetition are «. 4 availuble, BOL & EOL electrical performance test data is sum-
marized in tables 6-8 and 9-11 respectively, From this summary of data, conclusions can be drawn
about the performance of cach design group. Discussion will be limited 1o the 25°C Capacity Test,
25°C Overcharge Test, and the 0°C Overcharge Test.

Table 6
Beginning of Life Initinl Evaluaion Test Data Averages
Control, Silver, Teflon

CONTROL

SILVER

TEFLON

CHARGEZC™ | EOC_ EOC DCH. | EOC EOC DCH. | EOC EOC DCH.
- VOLTS PSIA Ah OUT{VOLTE PSIA Ah OUT|VOLTS PSIA Ah QUT
C/20, 48 hrs., 25°C 1.453 16 16.1 1.437 19 15.5 1.441 |8 16.0
C/10, 24 hrs., 25°C 1.460 37 15.3 1.453 35 14.8 1.455 4i 15.0
C/10. 24 hrs., 20°C 1.469 48 14.8 1.461 42 14.2 1.465 56 14.4
C/10, 24 hrs , 20°C! 1.470 56 13.5 1.463 39 13.0 1.470 55 13.5
C/40, 20 hrs., 20°C? 1.372 4 3 1,373 7 4.6 1.373 6 4.2
C120, 60 hrs., 0°C 1,496 45 14.5 1.483 36 13.9 1.493 44 14.6
C/10, 24 hms.. 35°C 1.418 37 15,9 1.417 17 16.1 1.417 31 15.9
Open Circuit
End-of-] week! 1,326 4 1.332 B 1.329 6
24 hrs. after 16 hrs. short | 1,250 4 1,287 7 1,250 6
ICharge retention test ICharge efficiency test, 6.0 Ah input
Table 7
Beginning of Life Initial Evaluation Test Data Averages
Light Loading, No PQ Polypropylene
LIGHT LOADING NO PQ POLYPROPYLENE

CHARGE EOC EOC DCH. | EOC EOC DCH. | EOC EOC DCH.
_I_VOLTS PSIA Ah QUT|VOLTS PSIA Ah OUT|[VOLTS PSIA Ah QUT
C/20, 48 hrs., 25°C 1441 20 14.3 1.447 13 16.3 1.443 16 16.1
C/10, 24 hrs., 25°C 1.457 29 13.7 1.455 26 16.0 1,458 39 15.5
C/10, 24 hrs,, 20°C 1.466 34 13.6 1,460 52 15.0 1.471 66 5.1
C/10, 24 hrs., 20°C! 1.467 42 12,5 1.468 58 13.7 1.475 77 13.8
C/40, 20 hrs., 20°C2 1.376 10 39 1.375 4 4,1 1.374 6 4.3
C/20, 60 hrs., 0°C 1491 W7 13.1 1.506 37 14.8 1.497 69 14.8
C/10, 24 hrs., 35°C 1.423 35 14.1 1.402 34 14,1 1415 24 16.0
Open Circuit

End-of-1 week! 1.319 10 1.315 5 1.330 6
24 hrs. after 16 hrs, short | 1,238 10 1.259 4 1.247 6

ICharge retention test

ICharge efficiency test, 6.0 Ah input




Tuble 8
Beginning of Life Initial Evaluation Test Data Averages
AK.-Old, A K.-Present, Electrochem

3Shorted cells

AK.-OLD A K.-PRESENT ELECTROCHEM

CHARGE EOC EOC DCH. | EOC EOC DCH. | EOC EOC DCH.

VOLTS PSIA Ah QUT|VOLTS PSIA Ah OUT{VOLTS PSIA Ah OUT

C/20. 48 hrs., 25°C 1452 14 18.6 {1452 14 157 | 1446 32 107
C/10, 24 hrs., 25°C 1463 30 180 | 1463 9 181 | 1.435 32 10.1
/10, 24 hrs., 20°C 1477 26 177 | 1480 34 178 | 1444 40 10.|
C/10, 24 hrs., 20°C! 1.477 37 152 | 1.480 40 154 | 1.443 36 9.0
| C/40. 20 hrs., 20°C? 1.370 6 36 | 1369 9 301377 1 3.1
€720, 60 hrs., 0°C 1578 68 168 | 1.581 66 161 | 1.494 46  10.2
C/10, 24 hrs., 35°C 1396 §2 145 | 1,397 40 147 | 1.395 26 9.4

Open Circuit
End-of-1 week! 1.308 7 1.308 1) 1.294 13
24 hrs, after 16 hrs, shon 1.263 GO 1,259 9 $.236 12
'Charge retention test
IChurge efficiency test, 6.0 Ah input

Table 9
End of Life Initinl Evaluation Test Data Averages
Control, Silver, Teflon
CONTROL SILVER TEFLON
CHARGE EOC FEQC DCH. | EOC EOC DCH. | EOC ECC DCH.
VOLTS PSIA Ah QUT|VOLTS PSIA Ah OUT|VOLTS PSIA Ah OUT

C120. 48 hrs., 25°C 1.450 34 107 {1438 36 101 | 1.436 44 115
C/10, 24 hrs., 25°C 1.461 53 106 | 1447 52 104 [ 1450 T2 1i.7
C/10, 24 hrv., 20°C 1482 54  j0.4 | 1.457 35 103 [ 1467 74 114
C/10, 24 hrs., 20°C! 1.476 53 9.0 | 1.449 52 -3 1465 70 9.6
C/40, 20 hrs., 20°C? 1.372 20 2.8 B S -3 11374 6 3.8
C120, 60 hrs., 0°C 1.510 39 9.6 AL -4 [ 1.497 59 108
C/10, 24 his., 35°C 1438 46 106 | 1410 30 99 11424 64 119

OEcn Circuit
End-of-1 week! 1.303 20 3 1.296 17
24 hrs. after 16 hrs. shon AL 33 1.183 16
'Charge retention test
2Charge efficiency test, 6.0 Ah input




Table 10
End of Cycling Initia! Evaluation Test Dats Averages
Light Loading, No PQ, Polypropylenc

CHARGE

LIGHT LOADING

NO PQ?

POLYPROPYLEN E—

EOC EOC DCH.
VOLTS PSIA Ah OUT

EOC EOC DCH.
VOLTS PSIA Ah OUT

EOC EOC DCH.
VOLTS PSIA Ah OUT

C/20, 48 hrs., 25°C 1.431 31 9.9 - 1436 16 825
C/10, 24 hrs., 25°C 1.455 39 10.1 - - 1.447 1o 8.25
C/10, 24 hrs., 20°C 1.476 41 a9 - 1.447 14 6.85
C/10, 24 irs., 20°C! 1.471 40 8.3 T B V.7 S | G
C/40, 20 hrs., 20°C? 1.385 19 3.7 --- 1.389 4 34
C/20, 60 hrs,, 0°C 1.512 34 9.3 1.505 8 5.9
C/10, 24 hrs., 35°C 1.434 32 10.5 - 1.394 9 6.7
Open Circuit

End-of-1 week! 1.293 20 --- --- 1.231 4

24 hrs. after 16 hus. shont| 1.183 19 S — SR S
'Charge retention test 3Shorted cells
ZCharge efficiency test, 6.0 Ah input

Table 11
End of Cycling Initial Evaluation Test Da... Averages
A.K.-Cid, A.K.-Present, Electrochem
A.K.-OLD A.K. PRESENT ELECTROCHEM !

CHARGE

EOC EOC DCH.
VOLTS PSIA Ab OUT

EOC EQC DCH.
VOLTS PSiA Ah OUT

EGC EOC DCH.
VOLTS PSIA Ah OUT

C/20, 48 hrs., 25°C
C/10, 24 hrs., 25°C
C/10, 24 hrs., 20°C
C/10, 24 hrs., 20°C!
C/40, 20 hrs., 20°C?
C/20, 60 hrs., 0°C

C/10, 24 hrs., 35°C

Open Circuit
End-of-1 week!
24 hrs, after 16 hrs, short

1424 21 104
1.5204 24 11.5
1.5200 22 1.0
1.520% 22 8.8
1.376 20 3.6
1.602% 45 9.1
1412 35  12.1
1302 21

1.197 20

1470 24 132
1.5204 20 125
1.520* 19 117
1.520" 18 9.1
1385 18 4.0
1.608° 42 96
1,391 37 12.1
1.304 18

3 3

1.448 21 10,6
1485 19 105
1.497 18 10.1
1.486 17 9.0
1.383 17 314
1.550 41 9.0
1472 20 104
1.326 {7

3 3

ICharge retention test

2Charge efficiency test, 6.0 Ah input

3Shorted cells

4Ah in. to 1.520 volt cut-off

SVoltage exceeded 1.52 volts for 2 hrs.
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25°C Capacity Test Results

The roon: ambient capacity test consisted of a charge at the 20-hour rate for 48 hours followed by a
discharge at the 2-hour rmte te 0.7 volts per cell. The initial, 1 year, and end-of-cycling capazities
are shown in Table 12,

This data indicates that the capacity loss for most groups to the end-of-cycling (3 to 4 years) was
between 24 percent and 35 percent excluding the Polypropylene, Eilectrochemical and No PQ groups.
Thiny-nine percent of the initial tested capacity of the Polyropylene group was lost within the first
year under the LEO cycling regime. This first year capacity loss was the greatest among any of the
groups as was the total capacity Inss of 49 percent at the end of 3 years of cycling. Conversely, the
Electrochemical group appears to have lost the least capacity with a Joss of oniy 2 percent at the
end-of-cyeling. This is misleading, however, because this group remained on test for anly 2.5 years
{14000 cycles), and there was no 1-year test point available for compurison.

The No PQ group remained on test for 4 years (23300 cycles) and had lost the Jeast amount of
capacity of any group at the | year point, {only 6 percent) but covid not be recharged after the end-
of-cycling and, therefore no capicity data point was obtained. The other groups that remained on
test for 4 years, Control and A.K.-Old Process, showed average capacity performance not only to the
| year point showing 21 percent and 16 percent capacity losses respectively, but also to the end-of-
cycling as * as mentioned above.

Table 12
initial Evaluation Tests
25°C Cupacity Test

vaRiABLE | PACK | INTIAL | 1¥EAR | EOL

Control b 5.3 12.1 10.6 (4 yrs)
Teflon 3E 14.7 12.5 1.1 (3 yrs)
Silver JF 15.2 12.1 115 (3 yrs)
Ligni G 13.9 1.6 0.1 (3 yrs)
No PQ 3H 16.0 15.1 1@ ym)
Polypropylene 3 15.6 9.5 8.0 (3 yrs)
AK-Old Proc K1} ‘ 7.7 14.9 S (4 ym)
AK-Pres Proc 3K 17.4 18.0 12.5 (3 yrs)
Electrochem iL 10.8 S 10.6 (2.5 yrs)

'No one year iest.
7
“Would not accept charge.




25°C Overcharpe Test Results

The 25°C overcharge test consisted of & constant current charge at the 10-hour rate for 24 hours.
The initial, | year, and end-of-cycling end-of-charge (EOL) voltages reached during this test for all
design groups are presented in Table 13, Groups 1, 2, 3, 5, 6, and 9 showed little or no change in
the EOC voltage levels during life. The voltages reached by these groups were in the normal range
for acrospace Ni-Cd cells and ranged from 1.454 volts to 1.465 volts, Of the groups mentioned
above, the Control group showed the highest voitage cuch time tesied followed by Polypropylene and
the A.K.-Old Process group.

Group 4, Light Loading, initially had an average EOC test voltage of 1.458 volts bul when the test was
repeated at the |-year point the test voltage had risen 10 1.477 volts. However  the ENOC voltage at the
end-of-cycling was again in the nominal range. Group 8, A.K.-Present Process, also showed an EOC
voltage rise at the | year point with a voltage of 1.520 volts causing the charge 10 be stopped
prematurely, unlike Light Loading, however, an abnormally high EOC voltage remained at the end-of-
cycling indicating that these cells were “*negative limited™ and had been so since before the | year
retest, The A.K.-Old Process group, even though it was made with the same plate as Group 8, surpris-
ingly showed no signs of being *‘negative limited”’ until the remaining cells were tested at the end-of-
cycling (4 years). This difference, therefore, must be due to the differences in the plate pmccssin;,
techniques used on cach group. Both groups initially had a lower ncgative to positive mtio than the other
groups by design and so from the beginning possessed a strong tendency to becoming *‘negative
limited,” In addition to this, the plate forming or ECT process which permits a longer reversal time and
additional precharge adjustment, cansed the amount of excess negative in the group to be reduced 10 a
much greater extent than in the old process group. The efiect of less excess negative is a rise in voltage
during overcharge, a condition in which cells are said to be *‘negative limited. ™

Table 13
Initial Evaluation Tests
25°C Overcharge Test

PACK INITIAL | YEAR EOL
VARIABLE NC. EOC V EOC V EOC V
Control iD 1.462 1.465 1.461
Teflon 3E 1.455 1.457 1.447
Silver 3F 1.456 }.458 1.450
Light 3G 1.458 1.477 1.455
No PQ 3H 1.454 1.452 -3
Polypropylene 3 1.459 1.457 1.450
AK-Old Proc 3l 1.459 1.419 1.520%
AK-Pres Proc 3K 1.458 1.520 1.5229
Electrochem 3L 1.456 o2 1.480

ITest terminated a1 23.4 Ah in. due to high voltage.
2No one year test.

Would not accept charge.

Tcsl terminated at 17 Ah in. due to high voltage,
STest terminated at 15 Ah in. due to high voltage.
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0°C Overcharge Test Results

The 0°C overcharge test consisted of a constant current charge = the 20-hour rate for 60 hours, The
initial EOC voltages, and the | year and end-of-cycling EOC and peal voltages are presented in
Table 14,

The 0°C overcharge test produced contrasts of a much greater magnitude between the groups on test
than did the 25°C test. Results showed that by the | year retest the Light Loading, No PQ,
Polypropylene, A K.-Old Process, and A.K.-Present Process groups all had higher than nomal peak
and EOC voltages which indicated they may kave become *‘negative limited.”” In fact, the charge
was stopped prematurely on each of these groups because of high voltage or pressure. By contrast,
the Teflon group showed the lowest peak voltage at 1.529 volts of any group at | year tollowed by
Silver at 1,546 volts and the Control at 1.552 volts.

At the end-of-cycling only the A.K.-Present Process and A.K.-Qld Process groups had high EOC
voltage and therefore, were the only groups which appeared to be '‘negative limited’ at the end-of-
cycling. This agreed with the results obtained during the 25°C overcharge test. The Teflon group
showed many intermittent shonts during this test at the ead-of-cycling and thus, the data obtained is
not valid and, in fact, represents only 1 of the 4 cells; the others could not be recharged. The Ne
PQ group possessed intemal shonts prior 1o the start of the end-of-cycling evaluation tests as was dis-
cused previously.

Table 14
Initial Evaluation Tests
0°C Overcharge Test

none | 0G0 | NN | eV | iR | R | ik
Control D 1.496 1.508 1.552 1.510 1.537
Teflon 3E 1,486 1.496 1.529 1.433 1.4334
Silver 3F 1.494 1.494 1,546 1.496 1.527
Light 3G 1.492 1.567 1.577! 1512 1.542
No PQ 3H 1.508 1.599 1.600" -5
Polypropylene 3 1.497 1.578 1.583! 1.509 1.540
AK-Old Proc 3 1.575 1.585 1.5852 1.602 1.610
AK-Pres Proc 3K 1.578 1.572 1.5852 1.608 1.611!
Electrochem 3L 1.495 -3 1.506 1.539

I"Terminated due to high voltage (voltage exceeded 1.56V for 2 hrs.).
2Terminated due to high pressure (>100 PSIA).

3No one year test.

SAll cells in Teflon Group showed intermittent shorts.

SWould not accept charge,

12



LOW EARTH ORBIT CYCLING TEST RESULTS

Following the Initinl Evaluation Test sequence discussed cadier, each design group was placed in the
LEQ life cyeling regime outlined in Table 1. Individual cell failure criteria during cycling was defined
as: end-of-discharge (EOD) voltage £0.75V, EOC voltage 21.52 V, or intemal cell pressure 2100
psig. A summary of the individual cell failures is given in Table 15 by cycle number.

Tuble 15
LEO Cycling Cell Failure/Removal Record
CYaF | variabLe | PACK | FAILURE MODE/REASON FOR REMOVAL
248 i AK-Old Proc 3 Cell 4 removed - high EOC voltage (1.525V)

2008 | AK-Pres Proc IK Celi 5 removed - high EOC voltage 21,52V

2459 [ AK-Pres Proc 3K Cell ! removed - high EOC vollage 21,52V

9022 | Electrochem 3L Cell 4 removed - low EOD voliage (-0.17V)

10200 | AK-Pres Proc K Cell Ia failed - low EOD voltage <0.75V

10268 | AK-Pres Proc 3K Cell 1a removed - shorted

14517 | Teflon 3E Cell 4 failed - fow EOD voltage <€0.75V not removed
14728 | Polypropylene ]| Cell 3 failed - low EOD voltage <0.75V not removed
15700 | Poly ropylenc 3l Cell 2 failed - low EOD voltage <0.75V not removed
16149 | Teflon 3E Cell 2 failed - low EOD voltage £0.75V not removed
21103 | Control D All cells failed - low EOD voltage £0.75V not removed

Capacity Performance

A direct comparison of capacity performance of each of the groups during cycling proved to be very
beneficial to the evaluation of each design variable. Capacity checks were performed on each group
at 6 month intervals through two years and then yearly to the end of cycling. In order to reduce the
reconditioning effect on the capacity measurements, a progressive sequence of cells undergoing the
checks was used, i.e., cell | at six months, cells 1 and 2 at one year, cells 1, 2 and 3 at 18 months,
cells 1. 2, 3, and 4 at two years, and all cells from that point on.

The data from each capacity cycle (6 mo., | yr., 18 mo., 2 yrs., 3 yrs.) for all 9 design groups is
presented in Figures 3 to 12. The odd numbered figures have the data from the Control, Teflon,
Silver, Light and No PQ groups while the even numbered figures hive the Control (for comparison),
Polypropylene, A.K.-Old Process, A.K.-Present Process, and Electrochem. A 4 year capacity plot
for the Control, No PQ, and A.K.-Old Process groups is shown in Figure 13, From the plots it is
obvious that the above 3 groups maintained a greater amount of capacity than any of the other
groups tested and of those 3, the No PQ group performed the best.

13



DESIGN VARIABLE PROGRAM —~ 6 MONTH CAP. CHECK
CRANE PACKS 3D~3JH, 407% DOD, 9.6 AMP DIS., 20C

PACK 3D PACK 3E PACK JF PACK 3G PACK JH
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Figure 3. 6-Month Capacity Check 3D-3H
DESIGN VARIABLE PROGRAM - 6 MONTH CAP. CHECK
CRANE. PACKS 2D, 3I-L, 40% DOD, 2.6 A DIS, 20C
PACK 3D PACK 31 PACK 3J PACK K PACK 3L
CONTROL POLYPROP 68,NO COOLD  6B,NOCD,’RES  ELLCTROCHEM
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Figure 4. 6-Month Capacity Check 3D, 31-3L
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DESIGN VARIABLE PROGRAM - 1 YEAR CAP. CHECK
CRANE PACKS 3D-3H, 40% DOD, 9.6 AMP DIS,, 20C

PACK 3D PACK 3E PACK 3F PACK 3G PACK 3H
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Figure 5. | Year Capacity Check 3D-3H
DESIGN VARIABLE PROGRAM -~ 1 YEAR CAP. CHECK
CRANE PACKS 3D, 3l-L, 40% DOD, 9.6 A DIS, 20C
PACK 3D PACK 31 PACK 3J PACK 3K PACK 3t
CONTROL F OLYPROP 68,NO CD,0LD 68,NCOCD,PRES ELECTROCHEM
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Figure 6. 1 Year Capacity Check 3D, 31-3L
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DESIGN VARIABLE PROGRAM ~- 18 MONTH CAP, CHECK
TPANE PACKS 3D-3H, 40% DOD, 9.6 AMP DIS,, 20C
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Figure 7. 18 Month Capacity Check 3D-3H
(L GIGKN VARIABLE PROGRAM - 18 HIONTH CAP, CHECK
CRANE PACKS 3D, .5|—L 402’/’ pOD, 9.6 A DIS, 20C
PACK 3D PACK 3 PACK 3K PACK
CONTROL POLYPROP 68, NO CD OLD 68,NOCD,PRES ELEPTPOCHEM
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Figure 8. i8 Month Capacity Check 3D, 31-3L
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DESIGN VARIABLE PROGRAM — 2 YEAR CAP. CHICK

CRANE PACKS 3D-3H, 40% DOD, 9.6 AMP DIS., 20C
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CONTROL TEFLON SILVER LiGHT HG PQ
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Figure 9. 2 Year Capacity Check 3D-3H
DESIGN YARIABLE PROGRAM — 2 “EAR CAF. CH:CK
CRANE PACKS 3D, 3I-L, 40% DOD, 9.6 A DI5, 70C
PACK 3D PACK 31 PACK 3. PACK 3¥ PACK 3L
CONTROL PO YPROP 68,NO CO,0LD  6BNOCD,PPES  ELECTROCHEM
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Figure 10. 2 Year Capacity Check 3D, 31-3L
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DESIGN VARIABLE PROGRAM — 3 YEAR CAP. CHECK

CRANE PACKS 3D-3H, 402 DOD, 9.6 AMP DiS,, 20C
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Figure 11. 3 Year Capacity Check 3D-3H
DESIGN VARIABLE PROGRAM — 3 YEAR CAP, CHECK g
CRANE PACKS 3D, 3I—K, 40% DOD, 9.6 A DIs, 20C
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Figure 12. 3 Year Capacity Check 3D, 31-3K
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DESIGN VARIABLE PROGRAM — 4 YEAR CAP, CHECK
CRANE PACKS 3D, H, J, 40% DOD, 9.6 A DIS, 20C
EoRTREY 0 Y Y T

CELL VOLTS

4 1 1 I ] i i Il 1 i
0 2 4 8 8 10 12 14 16 18 20
CAPACITY ~ AH

Figure 13. 4 Year Capacity Check 3D, 3H, 3]

A more accurate and objective representation of the capacity performance is presented in Figures 14
and 15 where the percent of initial capacity is plotted versus the number of cycles. These plots
decisively show that the No PQ group, from the beginning, lost the least amount of capacity on a
percentage basis than any other group. This group lost only 15 percent of its initial capacity during 3
years of cycling. This is compared to the Control gioup loss of 35 percent in 3 years and the A.K.-
Old Process Group loss of 40 percent in 3 years. The Silver and Teflon groups lost 59 percent and
65 percent of their initial capacities respectively in 3 years while the Electrochem group lost only 22
percent in 2.5 years. The capacity lost percentages uoted here do not necessarily agree with the
percentages calculated from the Initial Evalaution Test data. The discrepancies are a result of the dif-
ferent discharge current levels used. All discharges during the Initial Evaluation Program were at the
2-hour rate while those performed during the cycling capacity tests were at the 1.3-hour nominal
cycling rate. Also, since the capacity discharges during the Initial Evaluation Program followed a
deep discharge in a previous test, the data could reflect a slight reconditioning effect.

Plois of capacity checks by individual pack are included in Appendix 4. From the plots, capacity
loss trends can be observed.
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Endpoint Daty

A comparison of average EOD voltages throughout life for all design groups is shown on Figures 16
and 7. These higures serve to reassert that the No PQ group outperformed all others. It maintained
an EOD voltuge of 1.14 volts/cell from cycle 7500 through cycle 19000 after s‘owly declining from a
BOL EOD voltage of 1.21 volis/cell and before beginning a sharp decline near the end of cycling.
The A.K.-Old Procass groty performed well, maintaining an EOD voltage of 1.12 volts/cell before
declining at approximately 17000 cycles. The Control group also provided adequate performance
afier a sharp decline at BOL, maintaining an EOD voltage of approximately 1.03 voits/cell
throughout most of its cycle life.

The Silver, Electrochem, and Teflon groups did not perform quite as well, The EOD vollage of ihe
Silver group parullelled that of the Contro! until approximately cycle 11000 when a steady voltage
decline began, culminating with an EOD voltage of 0.94 volt/cell at the end of ¢ycling (17300
cycles). The EOD voltage of the electrochemical group declined shamply during the first 1506 cycles
to 1.06 volts/cell. This voltage was then mair.ained by the pack until removal from test. The Teflon
group showed a steady EOD voltage decline throughout life. The EOD voltage at the end of cvcling
was 0.89 volt/cell.

The A.K.-Present Process, Light, and Polypropylene groups displayed the worst performance of any
of the 9 groups tested. The data shown on Figure 17 for the A.K.-Present Process group would in-
dicate that it performed adequately but because of numerous cell failures (Tabic 15) and pack im-
balance, this data is misieading. The Light Loading group cxhibited a steady voltage decline during
life to 0.87 velt/cell. The Polypropylene group had a very sharp voltage decline to 1500 cycles and
ended cycling with an EOD voltage of 0.90 voit/cell after two cell failures,

NESIGN VARIABLE PROGRAM-~EOD VOLTAGE VS CYCLE
CRANE PACKS 3D-3H, 4@% DOD, 9.6A CHG-DCH, 26C
E6NTwE gt PEILheR e PR6 pd

EOD VOLTRGE

i.10 \.\
R ANV
ol TTRUAN Yy
.35 b ~. U %
N
.90 b Sy
.85 b
.88 ) 1 1 L
) 5888 TTT) 15600 20088 25800

CYCLE NUMBER
WAVERRE OF CELLE ROPINING IN PO

Figure 16. EOD Voltage vs Cycle 3D-3H
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Plots of EOC curment and percent recharge versus cycle number for each group are shown on Figures
18-26. A nominal percent recharge of 115 percent was to be maintained throughout life by adjusting
the charge voltage limit of each pack. As the plots show, 115 percent recharge was not maintained.
However, all groups were maintained at a perceniage adequate to assure that full charge was
achieved with a difference between groups of 5 percent cf less. Thercfore, all groups were main-
tained at approximately the same state throughout life, Figures 18-26 also provide a record of
changes in the voltage limit for each pack.

Typical cycle piots tor each pack at 6 points during cycle life are provided in Appendix 5. Average
cell voltage, current, pressure, and signal electrode voltage are plotted versus cycle time,
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DESIGN VARIR3LE ENDPOINT DATA - PACK 3D
EOC CURRENT RAND PERCENT RECHARGE V8§ CYCLE

% RCHG E0C CURRENT (AMPB)
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Figure 18, EOC Current & % Recharge vs Cycle 3D
DESIGN VARIABLE ENDPOINT DATA - FACK 3E
EOC CURRENT AND PERCENT RECHARGE VS CYCLE
X RCHG EOC CURRENT (RMPS)
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Figure 19, EOC Current & % Recharge vs Cycle 3E
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Figure 20, EOC Current & % Recharge vs Cycle 3F
DESIGN VARIABLE ENPPOINT DATA - PACK 3G
EOC CLRRENT AND PERCENT RECHARGE VS CYCLE
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Figure 21. EOC Current & % Rechurge vs Cycle 3G
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Figure 22. EOC Current & % Recharge vs Cycle 3H

DESIGN VARIABLE ENDPHINT DATA - PACK 31
£0C CURRENT RND PERCENT RECHRRGE VS CYCLE
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Figure 23. EOC Current & % Recharge vs Cycle 31
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DESIGN VARIABLE ENDPOINT DRTA - PACK 3K
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Figure 25. EOC Current & % Recharge vs Cycle 3K
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DFSIGN VARIABLE ENDPOINT DATA - PACK 2L
EOC CURrcMT AND PERCENT RECHARGE VS CYCLE
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Figure 26. EOC Current & % Recharge vs Cycle 3L

CONCLUSIONS

The No PQ group outperformed all other Design Variable Program groups in both the areas of
capacity retention and EOD voltage. This performance was rivaled only by the Control group that
had PQ but no other treatment and the 1968 A.K.-Old Process group which did not have PQ treat-
ment. The failure of the No PQ group to accept charge at the end of cycling did leave doubts about
its performance. Inability to accept a charge is an indication that hard shorts had developed between
the plates in ail cells, a condition caused by excessive cadmiutn migration.

The Electrochemical group exhibited a capacity loss on a percentage basis lower than that of most
other test groups, especially during the Initial Evaluation Tests, and above average active material
utilization. It did not perform at the same level as the No PQ group, however, and had a very low
BOL capacity as a result of the low positive plate loading level it possessed. Undoubtedly, the cause
of the low positive loading level was that this was an early attempt by G.E. to use electrochemical
impregnation in cell manufacture. Because of the indications of decreased capacity loss and enhanced
active material utilization with this design, and in light of the advances made in this technology dur-
ing the past 6 years, this process should be reevaluated with respect to aerospace energy storage
programs.
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Teflon and silver treatments enhance the rate of oxygen recombination and thus allow a greater
amount of electrolyte to be added to the cells. The use of one or the other of these treatments was
strongly recommended by G.E. and previous acceptance test and life test data indicated that these
treatments improved cell performance and life. On the contrary, these groups showed very poor per-
formance. The Teflon group had the highest capacity loss and the lowest end of cycling EOD
voltages of any group discussed thus far. It also exhibited intermittent shorts at the end of cycling
(17300 cycies) which is an indication of excessive cadmium migration, a condition teflon supposedly
helps prevent. The merits of this design should clearly be reevaluated.

The Polypropylene, Light Loading, and 1968 A.K.-Present Process groups exhibited poor perfor-
mance in all aspects of the test program. The Polypropylene group showed excessive capacity loss,
low EOD voltage and two cell failures. The data did indicate, however, adequate performance if
polypropylene separators were the only alternative because of mission requirements, Light loading
levels in theory will reduce plate swelling and in tum reduce the drying of the separator yielding
longer cycle life. This theory can be taken to the extreme and the data shows that was the case in
this test. The Light Loading group showed very low capacity and EQD voltage from the beginning
of life indicating that loading levels were too low for the physical design of the cell. The 1968 A.K.-
Present Process group displayed performance to be expected when utilizing an early plate design with
current processing techniques. The cells were very urbalanced and although averaged data looked
good, overall performance because of cell problems and failures was poor.

From the above observations and conclusions regarding each design group, it is clear that celis
manufactured with the fewest plate additives and treatments performed best (No PQ and Control).
The worst performance among the present cell designs came from groups with the most additives and
treatments (Teflon and Silver). Also, clectrochemical impregnation proved itself to be a viable alter-
native and perhaps, because of its characteristics, a preferred manufactuting process for nickel-
cadmium aerospace cells,
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INITIAL EVALUATION TEST PROCEDURE

A. Phenolphthalein Leak Tests:

I. This test is a determination of the condition of the welds and ceramic seals on receipt of
the cells znd following the last discharge of the cells (Cycle #8).

2. The cells were initially checked with a onc-half of onc percent phenolphthalein solution
applied with a cotton swab and then placed in a vacuum chamber and exposed to a vacuum of 40
microns of mercury or less for 24 hours. Upon removal they were rechecked for ieaks and then
received a final check following test completion, The requirement is no red or pink discoloration
which indicates a lcak.

B. Capuacity Tests:

1. The capacity test is a determination of the cells' capacity at the C/2 discharge rate to
0.75 volt per cell, where C is the manufacturer’s rated capacity. This type discharge follows all
charges of this evaluation test.

2. The charges for the capacity tests are as follows:

a. C/20, 48 hours, room ambient (RA), Cycle 0, with a test limit of 1.52 voits or
pressure of 100 psia.

b. C/10, 24 hours, RA, Cycle !, with a test limit of 1.52 volts or 100 psia pressure and
a requirement of maximum voltage (1.48) or pressure (75 psia).

c. C/10, 24 hours, 20°C, Cycle 2, with the same limits and requirements as the charge
of Cycle 1.

C. Intemal Resistance:

1. Measurements are taken across the cell terminals 1/2 hour before the end-of-churge
(EOC) on Cycle 1, and 1 and 2 hours after the start-of-discharge of Cycle 2. These mcasurements
were made with 2 Hewlett-Packard milliohmeter (Model 4328A).

D. Special Charge Retention Test, 20°C:

1. This test is to establish the capacity retention of each cell following a 7-day open-circuit-
stand in a charge mode.

2. The cells are charged at C/10 for 24 hours with a test limit of 1.52 volts or 100 psia
pressure. They then stand on open-circuit for 7 days, with the requirement that the open-circuit
voltage of each cell, following this period, is within 45 millivolts of the average cell voltage. The
cells are then discharged and 80 percent capacity out of that obtained in Cycle 3 is required.

E. Internal Short Test:

1. This test is a means of detecting slight shorting conditions which may exist because of
imperfections in the insulating materials, or damage to element in handling or assembly.
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2. Following completion of the third capacity discharge, the cells are shunted with a
0.5-ohm, 3-watt resistor for 16 hours. At the end of 16 hours the resistors are removed and the cells
stand on open-circuit-voltage (OCV) for 24 hours. A minimum voltage of 1.15 is required at the end
of the 24 hours,

F. Charge Efficiency Test, 20°C:

1. This test is a measurement of the cells’ charge efficiency when charged at a low current
rate.

2. The cells are charged at C/40 for 20 hours with a test limit of 1.52 volts or 100 psia
pr:ssure. They are then discharged and the requirement is that the minimum capacity out equals 55
percent of capacity in during the preceding charge.

G. Overcharge Test #1, 0°C:

1. The purpose of this test is to determine the degree to which the cells will maintain a
balanced voltage, and to determine the cells’ capability to be overcharged without overcharging the
negative electrode.

2. The cells are charged at C/20 for 60 hours. The test limits arc cell voltages of 1.56 or
greater for a continuous time period of 2 hours or pressures of 100 psia. The requirement is a
voltage of 1.520 or a pressure of 75 psia, The cells are then discharged and 85 percent capacity out
of that obtained in Cycle 3 is required.

H. Overcharge Test #2, 35°C:

1. This test is a measurement of the cells’ capacity at a higher temperature when compared
to its capacity at 20°C. This test also determines the cells’ capability of reaching a point of pressure
equilibrium; oxygen recombination at the negative plate at the same rate it is being genentted at the
positive plate,

2. The cells are charged C/10 for 24 hours with a test limit of 1,52 volts or 100 psia
pressure and a requirement of 1.45 volts or 75 psia pressure. The cells are then discharged and 55
percent capacity out of that obtained in Cycle 3 is required.

1. Pressure versus Capacity Test:

1. The purpose of this test is to determine the capacity to 2 pressure and the pressure decay
during charge and open circuit stand respectively.

2. Each cell is charged at C/2 to either a pressure of 20 psia or a voltage of {.550. Recor-
dings are taken on each cell when it reaches 5, 10, 15 and 20 psia pressure. The cells then stand
OCV for 1 hour with 30-minute recordings and then are discharged, shorted out and leak tested.
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Group 4

Group |

Group 7

Group 8

Table |

Measurement and Leak Test Data

PHENOLPHTHALEIN LEAK TESTS
SERIAL IWEiGHT lMEIGHT LENGTH (Inches) winthl INITIAL  [POST HI v.iC| POST TEST
NUMBER| (Grams) j (Inches) Mg&gM MiEx“]'L%RM MiEx":L%RM (Inckes) |+ minals |Other | Terminals Other | Terminats [Cther
(Pre-Test) | (Post-Test) + | - + | - + | -

001 769.6% | 4.559 893 898 895 2.993

002 15203 | 4.533 893 893 898 2.992

003 | 509.5 | 4.554 898 896 899 2.991

004 | 7702+ | 4.543 893 894 897 2.987

005 | 774.3* | 4.544 890 898 898 2.987

006 | 774.4* | 4.544 890 893 893 2.986

001 767.3* | 4.549 892 899 893 2.991

002 | 5097 | 4565 891 890 894 2.99]

003 | 509.1 | 4.563 895 893 895 2.989

004 | 760.4* | 4.547 895 900 893 2.986

005 | 7654* | 4.539 890 891 890 2.999

006 | 762.0% | 4.548 891 891 895 2991 NO LEAKS NO LEAKS  NO LEAKS
00! 771.0% | 4.539 898 919 911 2.983

302 | 1734+ | 4549 897 909 915 2.985

003 | 519.6 | 4.549 896 906 o 2.984

004 | 521.6 | 4.553 891 917 929 2.984

00s 1| 7780 | 4.545 899 916 923 2.987

006 | 777.8* | 4.535 899 932 919 2.995

001 521.0 | 4.557 894 910 916 2.983

002 | 770.8* | 4.552 892 916 922 2.987

003 | 5193 | 4.553 896 912 919 2.981

004 | 767.8* | 4.556 892 920 911 2.984

005 | 774.8* | 4.541 896 909 928 2.967

006 | 772.9* | 4.557 | .89l 909 922 | 2.984 | |

*_Has Pressure Transducer

WQEC/C 79-114
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Group 3

Group 2

Group 5

Group 6

Table 1

Measurement and Leak Test Data

PHENOLPHTHALEIN LEAK TESTS

SERIAL IWEIGHT [HEIGHT LENGTH (Inches) WIDTH INITIAL POST HI VAC| POST TF.ST
NUMBER | (Grams) | (Inches) Mlili)l\(f}lf]M MiEg:dEURM Mi?:;%!” (nches) Terminals |Other|Terminals |Other Temlinals'Olhcr
(Pre-Test, ! (Post-Test) + | - + | - + | -
001 538.8 4.560 891 .898 .898 2.989
002 3345 4.571 -890 .898 .808 2989
003 793.6* | 4.559 .899 902 902 2.99
004 789.6* | 4.560 895 702 902 2.989
005 791.6% | 4.561 .897 -898 .898 2.991
006 790.5% | 4.564 .895 898 898 2.989
001 524.1 4.567 .891 901 903 2.989
002 790.7* | 4.564 893 904 904 2.992
003 775.4* | 4.583 891 .895 .B96 2.984
004 524.6 4,563 .889 898 904 2.987
005 783.7% | 4.567 .894 .902 905 2.987
NO LEAKS NO LEAKS NO LEAKS
001 766.6% | 4.577 .B9S 902 .903 2,982 |
002 516.3 4.576 .892 502 .903 2.985
003 712.3% | 4.571 897 .504 S04 2.984
004 5164 4.576 .B89 902 904 2.986
005 770.8% | 4.561 .889 898 901 2.985
006 768.4*% | 4.560 -891 .897 900 2.984
001 520.0 4.563 .896 897 .899 2987
002 771.0* | 4.606 .89¢ 902 903 2.987
003 770.0* | 4.567 .896 900 902 2.987
004 519.6 4.559 .892 .903 903 2.987
005 T74.7% | 4.565 .896 -898 .898 2084
006 715.6% | 4.564 .890 895 897 2.987

*_Has Pressure Transducer

e 2.
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Group 9

Table 1

Measurement and Leak Test Data

LENGTH (Inches)

PHENOLPHTHALEIN LEAK TESTS

P

SERIAL |WEIGHT|HEIGHT wipTH|_ INTIAL  |POST HI VAC | POST TEST
NUMBER| (Grams) | (Inches) fyrinyngym IMAXIMUM [MAXIMUM |19 | re nminats [Other [ Terminats [owher | Terminals {Other
(Pre-Test) | (Post-Test)
+ |- + ] - + | -

001 | 8308+ | 4567 | o1 925 928 | 2.99

002 | 8088+ | 4509 | 909 922 924 | 3.002

003 |5539 | 4567 | 903 970 924 | 2.998 NO LEAKS NO LEAKS  NO LEAKS

004 | 5587 | 4s8s | on 928 931 | 2995

005 | 5557 | as73 | 904 920 922 | 2.999

*_Has Prassure Transducer

WQEC/C 79-114
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Group 7 Group 4 Group |

Group 8

Table 11
Capacity Data

Capacity Test 1-CHG. Cr20. 41 hrs.. (RA)

Capacity Test 2—CHG. C/10. M4 hn .. (RA)

Capacity Test 3 (20°C)—CHG. C/10. 24 hns.

] END-OF-CHARGE | END-OF-.DISCHARGE | END-OF-CHARGE | END-OF-DISCHARGE | END-OF-CHARGE | END-OF-DISCHARGE
NUMBER o] AUX [ores [oapacf aux 1o o Teeri | AUX Jogess(eapace| aux 1opeeclop | AUX | pppcs|CAPAC) AUX foppco
vois) | ELECT | pepay | TTY JELECT| pori )l vons) JELEST [ipsia) | 1TY |ELECTE ngia) b volg | ELECT 1 pgia) | ITY | ELECTY pgpy,
(Volt:) tah} {(Volts) (Volts) (ah) Volts) {Vilts) {ahy {Vulis)
oo1 | 1.6 19 | 164 | 162 a7 | o153 2 | 169 3 1 14 5
002 | 1456 16.4 362 15.3 1469 145
003 | 1.456 16.4 1.462 15.3 1169 156
004 | 1.3447 16 | 154 1| 1ae2 % [ 155 14 1am 2 | s 6
00s Jrass| ms ) 15 ] 69 [ -o0s6| o [rasr! e { s 4 o | sty 7 Jisesf 5o | ss | re | ise | 1
006 |1.447) s3] s ] 159 | —oes| w l1as7{ 725 0 s} 153 02 3 Jrao] 03 | ss | sa | 2s7 ] we
oo | L 23 | 43 8 |i1ass | 1se g | 1.966 37 | i3s 10
002 | 1442 43 458 13.9 1467 137
003|144 143 1.457 136 1465 137
003 )14 15 ] 143 10 | 145 1w | orie 1| 1485 P BEE "
00s |isatd sin ) 2 ] a3 oo 12 |iass{ oes | 0 ) 136 1-002| 13 [raee] se0 [ 38 | 14 | a2} a3
006 Jraul s | 18 | 140 §-015| o J156) 396 | 26 | 136 | osr| 7 |17 300 | m | 137 ] a3 | 9
oor | rasi 2 ! e 5 | i46% s | 84 9 147 s | 13 6
002 {1450 17 | 186 7 | 16e 33| 18 12 | 176 w9 | 177 1
003 | 1359 26 1,465 .84 | 476 180
00s ] 1.452 8.3 i 465 17.9 1.476 173
o0s {1452} 750} 6 | 186 | -oi3)] o )1as9) <} o2 70 | o061l o faam) as2 ) o2 opoa7s ) es2 ) 7
006 l1as3) 663 b 12 ) 189 ] om| s [rasol mo | x4 w27 | ss2) o0 fiawe] ms o3 | oo | 3w | o0
oo | 145t 18.8 1.463 184 1477 17.9
002 | 1453 n oy 19 o |14 2 | 186 7 | 1489 w0 | 180 o
003 | 1.4a9 18.8 462 8.4 1474 179
o0t {1453 1+ | ss 6 11463 22 | 184 0 |14 i | 178 17
oos l1ass] 79§ 16 | 188 | 0] 6 Jrass| sie | s | 174 osz) s liaw] soe ] 27 | vk | osi | 10
006 ) 1s53) 32 F 6 | 186 | —.on tas0f 39 % 28 ) 17e ] o2 1 Jreml ms | 2] 95 | o0 s

IND-NADC (SP 11/73;
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Group 6 Group 5 Group 3 Group 2

Group 9

Tabie II
Capacity Data (Cont)

Capacity Test | —CHG. C/290. 48 hrs.. (RA}

Capacity Test 2—CHG. C/106. 24 hns.. (RA)

Capacity Test 3—(20°C) CHG. C/10. 24 hn,

cexia, | _ENDOFCHARGE | ENDOFDISCHARGE | ENDOFCHARGE | ENDOF-DISCHARGE END-OF-CHARGE | END-OF-DISCHARGE
NUMBER | o, | AUX [ ppesslcapac-| aux ool o | aux [opessrrac] aux |ooees| cene | AUX | press|carac:| aux Lo o
vohs | ELEST | psiay | 1TY  {ELECTI ngiay d (vois | ELECT | psiay | 7Y 3ERECT | ngray | ivotesy | ELECT Lipstay | TTY  JELECT 5y
(Valis) tah) {Volts) (Volts) (zh) (Volis) (Volis) {ah} (Volts)
001 | 1438 15.5 1.455 17 362 14.2
002 | 1437 15.5 1.452 4.9 [.459 132
003 | 1.435 16 | 153 s [ 1453 6 | w7 6 | 1480 a | o 1
003 | 1434 % | 155 6 | 1452 35 | a7 1| 1460 si | 42 16
00s {1a36] 27 | 19 1 1ss | —ooe) 11 |ias2| ase | 32 | a9 | -oxr| 0 |raso| se7 | o | 12 ol o
006 1437 28 | 14 | 157 oos| w0 Jrass| | | e o] 10 || a3 | 2 | 113 s oz
001 1.442 16.1 1.456 15.2 1.467 145
002 | 1es2 w0 | is9 6 1} 1455 52| 1a8 9 | 165 65 | 142 14
003 | 143 2 6.1 o | 1435 37 |15 1| 1465 2| o1ss 14
004 | 1.441 15.9 456 5.1 1.166 145
005 e s3] 2 | 159 o2 | 1 Jasss) s | o3 | oes o) 2 |ises]| s | s 145 ns| s
001 | 1446 8 | 163 0 {1454 3 | 160 0 |14 0| 150 1
oz | 1448 16.2 ] 454 16.0 1 165 15.0
003 | 14ss 16 [ 162 s | aass 32 | 160 6 | 1165 61 15.0 10
003 | 1448 16.3 1455 16.2 1,366 15.0
00s |raas| 30 15 ] 62 | w0/] o [r1ast| s0s b 27 | o |-o0e| 8 |raee] 366 | s3 | 150 oo 1
006 |iaa7] as0 | 12 | 163 | —ois] 3 [rass| s f 23 w60 [-o002 + Jiae6| sss ko5 [ 150 | o] e
oo1 | 1aa 16.0 1.359 15.6 14.71 149
002 | rass s | 160 6 | 1161 57 | 154 6 | 147 o | 149 19
003 | 1413 2 16.0 12 | iast 13 | 154 2 | 1am g b o146 16
004 |14 16.0 1458 15.4 1472 146
o0s taraz| 262 | 13§ 1en | -o002] s fias) a0 | 33 [ 154 | —om] 3 Joram| e | se | o157 | o2
006 | 1442 21 o | 163 [-o0| 2 |1as7] 536 | 156 | —02sf 1 J1a0] sz | x| se | -0 2
001 | 1.449 % | 104 7 | 14 26 9.8 g | 1em 96 1
002 |1 33 | 108 9 | 1437 3% | 100 20 |16 10.1 1
003 | 1.444 10.8 1436 9.2 1.443 102
004 | 1.344 10.8 1433 10.2 1343 i | w0z
005 | 1.445 10.8 1433 102 P43 s | 102
IND-NADC (SP 11/73) WQEC/C 79-113



GROUF 7 GROUP 4 GROUP 1

GROUP 8

Table 111

Intemal Resistance and Shont Test Data

INTERNAL RESISTANCE (MiLLIONS) INTERNAL SHORT TEST
SERIAL ONE HOUR TwWO HOURS | AFTER 16 } AFTER 24 HOUR
NUMBER ?,Tf,;%'; AFTER START- | AFTER START- | HR SHORT|{ OCV STAND
OF-DISCHARGE | OF-DISCHARGE | cgLr. | CELL | PRESS
001 2.4 2.3 2.2 058 1,252 |
002 2.3 2.3 2.3 059 1.252
003 2.1 2.2 2.2 058 1.252
004 2.3 2.1 2.2 058 1.250
005 2.3 2.1 2.1 058 1.249 4
006 2.2 2.1 2.1 057 1.247 8
001 2.2 2.3 2.2 017 1.240 9
002 2.3 2.3 2.2 020 1.237
003 2.2 2 2.3 020 1.240
004 2.3 2.3 2.3 015 1.234 1
005 2.1 2.2 2.2 025 1.239 13
006 2.2 2.2 2.1 025 1.239 6
001 2.3 2.2 2.3 102 1.264 6
002 2.4 2.3 2.4 091 1.264 10
003 2.4 2.4 2.4 085 1.262
004 2.4 2.3 2.3 091 .264
005 2.4 2.4 24 088 1.260 0
006 2.5 2.4 2.4 095 1.262 7
001 2.2 2.1 2.1 093 .26
002 22 2.1 2.1 091 257 6
003 2.2 2.2 2.2 084 1.261
004 2.2 2.1 2.2 082 1.257 10
005 2.3 2. 2.3 084 1.26] 8
006 2.3 2.1 2.2 083 1.259 12

9ND-NADC (SP 11/73)
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GROUP 6 GROUP 5 GROUP 3 GROUP 2

GROUP 9

Table HI

Internal Resistance and Shor! Test Data (Cont)

INTERNAL RESISTANTE (MILLIONS)

INTERNAL SHORT TEST

SERIAL ONE HOUR TWO HOURS | AFTER 16 | AFTER 24 HOUR
NUMBER ggf&%’g AFTER START- | AFTER START- | HR SHORT| OCV STAND
OF-DISCHARGE | OF-DISCHARGE | g1 CELL | PRESS
00! 2.6 2.8 2.8 059 1,258
002 2.9 3.0 3.0 G2 1.255
003 2.9 2.9 3.0 057 1.258 4
004 2.8 3.1 3.0 .06 1.258 5
005 3.0 3.0 3.1 062 1.258 i
006 2.9 3.0 31 066 1.254 9
001 2.6 2.7 2.8 051 1.249
002 3.1 3.0 3.1 .050 1.250 6
003 2.9 3.0 2.9 057 1.251 10
004 2.9 3.0 3.1 060 1.252
005 2.8 3.0 3.1 051 1.248 1
00! 2.6 2.8 3.0 054 1.261 0
002 3.0 3.0 3.1 056 1.259
003 3.0 3.2 3.1 047 1.260 5
004 3.0 3.1 3.1 .049 i.258
005 3.0 3.1 3.0 054 259 8
006 2.9 2.9 3.1 048 1.256 4
001 2.9 2.9 3.0 057 1.249
002 3.4 3.2 3.1 047 1.248 6
003 3.1 3.1 3.1 044 1,251 12
004 3.4 3.2 3.2 045 1,251
005 3.2 3.0 3.2 043 1.247 3
006 3.2 3.1 3.1 042 1.235 2
001 3.2 3.1 N/A 027 1,232 8
002 3.1 3.1 N/A 021 1.238 19
003 3.1 3.0 N/A .029 1.236
004 3.0 3.0 N/A 024 1.237
| 005 3.2 3.1 N/A 030 1.238

N/A - Not applicable.

OND-NADC (SP 11/73)
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GRO.IP 7 GROUP 4 GROUP |

GROUP &

Tuble 1V
Charge Retention Test Data

END-OF-CHARGE 24 HR. OCV ! WEEK OCV END-OF-DISCHARGE
ﬁ._’f,('},'.;‘én CELL Eﬁ% PRESS | CELL E?gé'r PRESS [ CELL | AUX 1PRESS C?,,'.’QC‘ X I PRESS
(Valis) (Volis) (PSIA) | (Voits) (Volts) (PSIA) { (Volis) (Volts) (PSIA) (uh) (Volts) (PS1A)
00t | 1.469 52 ) 1.367 2 | 132 L | 135 |
o2 | 1470 1.368 1326 3.0
003 | 1.469 1,367 1.326 13.5
o4 | 1.47) s0 | 1.369 2 (1328 13.5 ]
oos {14680 sso | 60 |13es! o0 ] 5 lisaaf 0o | 4 ] 135 | oot} 4
006 |14} 34 | 63 | 1367 099 ) 10 |r324] on2 137 | ~.042
o0 | 1.468 a0 | 1.366 9 {1320 9 { 125 9
002 | 1.467 1,365 1.317 12.5
003 | 1.466 1,366 1.320 12.5
004 | 1.466 34 | 1.365 | s nolons 10
005 |1467) 58 | 46 [raes| 007 | 13 |1az] w00 | 13 | 125 | —005] 13
006 | ta67| 425 | 46 [1.3651 051 7 1132 oos | 7 | 25 l-aml 7
ooi | 1.476 a1 {146 8 | 1.3 7 | 153 6
002 | 1.476 as | 1.345 14 | 1.309 1o s 1
003 | 1am 344 1.309 15.4
004 | 1.476 1.344 1,308 14.9
005 |1478) 403 | 25 |t3a| o8 { 5 |30 000 i | 149 | -003] o
006 {1480| 733 | 36 liaas| 248 | 10 {1300 02 7 | 155 | -o84| 7
00l | 1.479 344 1.309 15.4
002 | 1.486 40 1344 18 | 1308 5 | 156 8
003 | 147 1,344 1.309 15.4
a4 | 1.478 46 | 1.343 20 | 1.308 12 | 154 T
005 (14810 400 | 28 i3a2) 020 ) 12 Viaost o2 ] 9 | 154 §-00s) o
006 | 1484 | 319 | 37 {1341 035 | 23 |i306] .13 | 15 | 152 | .004] 14

41
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GROUP 6 GROUP 3 GROUP 3 GROUP 2

GROUP 9

Table IV

Charge Retention Test Data (Cont)

END-OF-CHARGE 24 HR. OCV | WEEK OCV END-OF-DISCHARGE
Nt Fegy X 1pREss| cELL | AUX Tpress| cuLL } AUX (press| CAPAC MUK | prESS
(Vos) | e bt | volus | FUECT | @sia fvole | (UECT esian| ¥ | ECECT (psia)
001 | 1.465 1.371 1.334 12.9
002 | 162 1.370 1.331 13.0
003 [ 1.463 3w |13 5 |13 s | 130 5
004 | 1.463 46 {1370 6 |1333 6 | 130 5
oos (1462 a9 | 38 [1370] 005 | 1 [133¢] 000 [ 1 | 130 [-o7] u
006 | 1463| a4 | 32 [13m] o6 | 10 |1330) 00 [ 9 | 132 [ -0 o
001 | 1471 1.369 1,329 13.6
002 | 1470 63 | 1.369 7 | 1327 6 | 135 6
003 | 1.469 52 | 1.369 | 1330 TR ENEY: I
004 | 1.469 1.370 1,330 13.4
oos {1ae9| 5311 51 li3el o8 | 1 i3] w00 [ a0 | 134 [-00s| 1
001 | 1.466 53 {1352 o |13 o | 137 0
002 | 1467 1352 1314 13.7
003 | 1.468 64 | 1.354 6 |1.316 5 [ 137 5
004 | 1.469 1.352 1.314 13.7
005 | 147 | 342 | 60 |13s8] 025 | w0 [139] 002 | o | 137 | -2
o6 1469 se8 | 53 [13s3| o053 1 4 |13 o0 137 | -4 4
001 | 1.475 1371 1.330 13.7
002 | 1.479 9 |17 7 | 1331 6 | 137
003 | 1.475 92 | 1.370 13 {1.330 12 { 135 12
004 | 1473 1.370 1.320 13.5
00s {1473 ) 424 | 74 |130| o009 | 3 {1320 000 13.7 | -.003
006 {1473} 587 | 48 }1370] 494 | 2 [1327) 005 14.5 | -.059
001 | 1.443 31| 1323 8 | 1.286 8.3 8
002 | 1.445 a1 | 133 17 | 1.296 17 [ 90 16
003 | 1.442 1.329 1.295 9.1
004 | 1.443 1.330 1.296 9.4
005 | 1.442 1,330 1.296 9.1

42
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Charge Efficiency and Overcharge Data

Table V

Charge Efficiency (20°C)

Overcharge Test (0°)

Overcharge Test (35°C)

END.OF-CHARGE | END-OF-DISCHARGE | END-OF-CHARGE | END.OF-DISCHARGE | END-OF-CHARGE | END-OF-DISCHARGE
nfgfqlé%n cerr | A% foress|caPac| aux Topecol cern | AUX | ppess|capac:| aux foppecd cp) | AUX [ppposjcapac-| aux o o
ELEC] ITY |ELECT ELECT ITY |ELECT ELECT ITY |ELECT
Volsh | oy PSIAV |y (votsy | (FSIAY | Vol | gy [ ST oy | (voiesy | FPSIAY [VRIS gy | PSIV any | (volsy | PSHA

o1 | Lan t 39 1| 1496 a0 | 145 4 |14 57 | 159 3
002 | 1373 3.9 1.49% 135 1.419 159
03 | 137 39 1.496 14.5 1.418 15.9
004 | 137 i 3.4 1 | 1.39% 9 14.6 14 | 1416 w | 161 3
005 |i372} .006 4 39 J-005s| 3 |14e5| 4090 | o 143 § 9 | 2 frar| ess | 36 | 156 | 0es 6
006 l13n{ o6 8 3.4 0wl 2 |1aor| 59| so § a6 | s | 27 Lesol 78 | 30 { 60 | 230 | 13
001 {13717 9 39 9 | 1.4% 38 12.8 18 | 142 o | 14 1
002 | 1.37 39 1.492 13.0 1.423 4.2
003 | 1.376 3.9 1.490 13.3 1.423 142
00+ | 1.376 i 39 10 | 1.9 2 13.3 17 |14 w ]| 13
005 t1376} 005 | 13 3.9 ool 12 {ram] 300 | 0] o | ol 2 [1au] ew Mo { o2 | 13
006 | 1.376 | .025 7 3.9 00! 7 {14 sex | 37 130 | 33 | 17 frazs| e | s | e | 2w ] w0
o0t | 1370 6 10 6 | 1.576 61 16.6 ss | 1.39 s1 14.5 32
002 {1.370 10 35 10 | 1578 70 16.8 61 | 1.39 si | 146 37
003 | 1.370 35 1.578+ 16.8 1.396 18.5
00¢ | 1370 38 1.578+ 16.6 1.396 14.6
005 | 1371 ] .25 0 3.5 018 15825 206 | 65 166 | 03 | 58 |13es| a9 | a2 1o | 032 | M
06 | 1360 | .191 3.5 22| 7 |sts| e | T 170 | 276 | 63 |130s) 06 | s | 196 | ;| 38
001 | 1.368 3.1 1.578* 16.2 1.398 15.1
002 {1370 6 29 6 | 1.5%0° 62 [ 164 8 | 1400 27 | 15 19
003 | 1.368 3.1 1.579+ 16.2 1.398 15.1
004 | 1.369 10 3 10 [ 1.583 0 | 160 38 | 1.398 w | 157 29
005 | i368| 077 3 3.1 o1s] 3 Jisws| 28 | s8 | w0 | oos | 42 [i3es) e+ | 4 | 140 2
o06 |13ss| os8 | 12 ER| o6 12 1518 240 | 60 | o6 | 56 |r3ss| 324 | s2 | 139 37

9ND-NADC (SP 11/73}

*Charge terminaled because of higl. cell voltage. average AH;;: Group 7 (21.8) Group 8 {22.0)

WQEC/C 79-114




Group 6 Group 5 Group 3 Group 2

Group 9

Charge Efficiency and Overcharge Data

Table V

Charge Efficiency (20°C)

Qvercharge Test (€°)

Overcharge Test (35°C)

semiap | _ENDOF-CHARGE | END-OFDISCHARGE | ENDOFCHARGE | END-OFDISCHARGE | END-OF-CHARGE | END-OF-DISCHARGE
NUMBER| (o | AUX | ppess[€APAC-| AUX [porcd cer | AUX [oress|caPace| aux [oppcel cer | AUX [press|CAPAC] AUX [oppes
(Volisy | ELECT | ipgray | Y PELECT | popu) Lvonsy | ELECT L pgray | TY  FELECT) poora) [ (vots) | ELECT | (psiay | TTY | ELECT| oy,
(Vohis) (ah) (Vaolts) (Vols) rah) (Vols) (Volts) [F3) (Volts)

001 | 1373 47 1.486 13.7 1418 16.0
002 |1am a4 482 13.9 1417 16.1
003 |13 4 | as s |14 % | 1337 15 |4 17 | 1se 5
003 | 1313 s ) a3 5 | Lam 5] 139 19 |16 9 | 161 7
005 |rann]| oot | N 17 oo v Jraso| 32| 32 | 17 | ow | 6 |isr] 2w | 19 | 66 | 002 | 12
o6 |13m]| o1 s 1 o4s 005l o Jrass| 303 | 2 | 2l ase | 12 fasis| 209 | s | 62 | om0 | 10
oot [ 1373 1.0 1,494 147 1.4% 16.0
002 |137m 6 | 43 6 | 149 s2 1 s 17 | a6 33 | iss 8
003 |13m o | a1 10 | 14902 a | oz 17 ) 1.417 2 | 160 12
002 | 1373 43 1.493 14.6 1417 5.8
005 §1373] om 1 42 | -0 1 |1a| 386 | w0 | 146 | 124 g8 [1a7] s | 28 | 157 | o3| 2
001 | 1375 o | as o | 1305 32 | 119 10 1398 w | 133 0
002 1375 41 1,508 148 1.397 131
003 | 1.375 s | s |ises w0 | 143 18 | 1309 i | 150 7
004 | 1375 4.0 1.509 15.1 1,400 132
005 |1376| 032 8 | 41 e7) 8 f{ueso2| a2 | 43 | 136 | 031 | 20 Jiao] s25 4 33 | 155 | 025 ] 10
006 fi3rs| os0 | 1 | a0 os| 4 fusoo| 33| 30 f 148 | s 10 [rac0| eo2 | o35 | 130 | a2 | s
oo1 | 1374 42 1.497 14.9 1.416 16.1
02 |13 6 | 42 6 | 1.499 8 | 150 33 | 1415 15 | 159 7
003 | 131 2 | s 12 | 1.9 g0 | 146 3 | s s | 159 14
004 | 1.3% 4.4 1498 14.2 1.415 15.8
005 f137a) o0s | 3 ] 43 002 3 |1s9s| 230 | 65 | 149 | wsa ] 25 |ras) 30| 20 | 61 | 00| 6
006 |137a]| o063 | 2 | a2 03| 2 [raosf 488 | a9 | 52 [ as2 ) s tras| a0t | us et | oes | s
oot [ 1377 8 | 29 8 | 149 4 96 24 | 1397 7 9.3 i
002 | 1.378 16 | 3l 16 | 1.494 9 | 102 i | 1398 2 9.6 13
003 | 1.7 31 1.497 10.4 1397 93
004 | 1377 3.1 1.495 10.6 1,393 9.5
00s | ram 3.1 1.492 10.4 1.393 9.3

IND-NADC (SP 11/73)

WQEC/C 79-114



Sy

Table VI

Pressure vs. Capacity Test Data

N/A-Not Applicable

Serial No. 001 | 004 10051006 | 001 {004 { COS [ 006 | 00i | 002 | 005 | 006 | 002 } 004 } 005 | 006
Stant-of-Charge, Press. | | 2 4 10 10 12 13 8 19 20 9 18 7 14 15 19
AH in to 5 PSIA 18.4 }I83 175 N/A | N/JA | N/A | NJA | NJA | N/JA { N/A I N/A [ NVJA | N'A | NJA | NJA [ N/A
Cell (volts) 1.520] 1.505] 1.476
Aux {volts) 297
AH in to 10 PSIA 189 118.7 184 N/A | N/A | N/A | N/A |15.8 N/A 20.2 N/A 205 I N/A | N/JA | N/A
Cell (volts) 1.540| 1.528] 1.520 1.489 1.521 1.526
Aux (volts) 592 309 067
AH irn to 15 PSIA 19.1 |19.0 [18.6 [19.0 |l6.0 |164 |156 [16.3 | N/A N/A | NJ/A 210 203 | NJA | NVA
Cell (volts) 1.545| 1.536] 1.530] 1.534| 1.498| 1.514| 1.479| 1.517 1.546] 1.513
Aux (volts) 631y 505 el 379
AH in to 20 PSIA 195 1193 [19.1 {193 {16.7 |169 |16.3 ji64 1186 N/A [20.2 N/A P12 212 |19.0
Cell (volts) 1.548| 1.5431 1.545| 1.542| 1.528] 1.530] 1.520] 1.522 1.469 1.492 1.549] 1.539| 1.473
Aux (volts) 6811 .572 5821 401 2.68 3071 090
AHintw V/IL (1.55V)| N/A | N/A | N/A | N/A | NJA | N/A | N/A | NfFA | N/A 209 | N/A 21.2 | NJA | N/JA | N/A
Aux (volts}) 165
Press (PSIA) 14 19
30 Min OCY, Cell 1.415] 1.419] 1.412} 1.420] 1.415| 1.415| 1.415] 1.416] 1.383 1.386| 1.382] 1.387| 1.386] 1.385] 1.384
Aux (volts) 5067 5.37 482} 488 .OTI{7 266 1431 076
Press (PSIA) 27 24 26 27 N/A | NJA | NJA | NJA | N/A 20 20 22 23 22 20
1 hour OCV, Cell N/A | 1.409] N/A | 1.411} 1.403] 1.403]| 1.400) 1.403] 1.378 1.380] 1.378) 1.379 1.378] 1.378
Aux (volts) 526 468 321 .055} .26] 086] 077
Press (PSIA) 21 7 P4 b2 bt 3 14 po P2 p3 p2 o
EOD AH out 159 1155 {154 {153 j13.6 1136 {13.6 (136 (153 17.2 165 |17.6 (176 (176 JI53
Aux (volts) A1 224 0070 114 .003} .087 003] .031
Press (PSIA) 3 3 6 13 12 13 14 ¢ po 13 8 {19 Rl 20 p0
N/A-Not Applicable Group 1 Group 4 Group 7 Group 8

OND-NADC (SP 11/73)

WQEC/C 79-114



Table VI
Pressure vs. Capacity Test Data

9

Serial No. 003 | 004 1 005 J 006 1 002 [ 003 | 005 001 | 003 | 005 | 006 { 02 | NO3 | 005 | 006

Start-of-Charge, Press. | 4 5 1 5 | 4 4 0 5 6 4 5 4 2 3

AH in to 5 PSIA 150 | N/A 184 | N/A f18.1 |16.7 |174 {19.6 | NJA | NJA 174 | N/A [I15.7 |182 |18.2
Cell (volts) 1.441 1.499 1.507| 1.459| 1.477] 1.532 1.465 1.444| 1.492| 1.492
Aux (“ults) 237 163 183 A37] 370

AH in o 10 PSIA i18.1 {179 [19.1 {i8.1 {l8.6 |IR4 [i184 |i9o.7 |[I18.8 [18& [19.1 |184 [}i8.2 }[I8.6 |(I18.6
Celi (volts) 1.496] 1.484| 1.514| 1.495} 1.529] 1.514] 1.520] 1.536| 1.508] 1.518} 1.519] 1.5100 1.495} 1.515| 1.514
Aux (volts) 3251 279 321 498 402 1971 428

AH in to 15 PSIA 18.8 (188 |19.5 |18.8 [i8.8 {188 |I88 [20.1 [19.3 [19.3 [i9.6 [I189 [i89 |[I189 139
Cell (volts) 1.516] 1.512} 1.515] 1.513] 1.536| 1.533| 1.536] 1.545} 1.530] 1.539] 1.540] 1.526f 1.522| 1.522} 1.520|
Aux (volis) 378] 354 488 S578] 458 223 456

AH in to 20 PSIA 19.3 |19.3 [19.9 [195 (9.f [19.1 }19.1 [203 {i9.7 §19.6 199 1191 [i9.1 ]19.1 {19.2
Cell (volts} i.518] 1.518} 1.514] 1.519| 1.540] 1.538] 1.540] 1.548] 1.540{ 1.545| 1.545| 1.530] 1.527]| 1.526{ 1.523
Aux (volts) A411| .387 547 601 504 2531 526

AHinto V/IL (1.55V)| N/A | N/A | N/A | N/A [ N/A | N/A [ NJA | NJA I N/A { NFA [ NFA I NJA | N/A | N/A | N/A
Aux (volts)

Press (PSIA)

30 Min OCV, Celi 1.411] 1.411} 1.408] 1.412} 1.415] 1.415; 1.413] 1.306] 1.406] 1.407] 1.406; 1.418| 1.417] 1.416] 1.417
Aux (volts) 384| .328 493 340} 435 286 463
Press (PSIA) 23 22 18 19 26 26 26 24 D7 24 23 26 27 23 21

I hour OCV, Cell 1.402] 1.401] 1.401] 1.403} 1.407| 1.406} 1.405| 1.397] 1.396f 1.397] 1.395| 1.408] 1.406| 1.405| 1.407
Aux (volts) 3421 304 A67 278 408 .267| .470]
Press (PSIA) 2] 20 13 16 25 26 4 21 24 122 21 25 25 2] 17

EOD AH out 156 {156 156 |15.6 [15.7 5.7 }15.7 [16.1 {159 59 [i59 158 |[I158 [I158 |158
Aux (volts)

Press (PSIA) 8 8 2 7 4 B 7 0 7 8 5 8 7 4 4
Group 2 Group 3 Group 5 Group 6

N/A-Not Applicable

9ND-NADC (SP 11/73) WQEC/C 79-114
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Table V1
Pressure vs. Capacity Test Data

Serial No. 004 005

Start-of-Charge, Press. | 8 9

AH in to 5 PSIA N/A | N/A
Cell (voits)

Aux (volts) l

AH in to 10 PSIA 120 {122
Celt (volts) 1.4€9| 1.457
Aux (volts) N/A | N/A

AH in to 15 PSIA 13.0 ]13.2
Celi (volts) 1.482 | 1.478
Aux (volts)

AH in 1o 20 PSIA 13.5 13.7
Cell (volts) 1.491] 1478
Aux (volts)

AH in o V/L (1.55V)| N/A | N/A
Aux (volts)

Press (PSIA)

30 Min OCV, Cell 1.379| 1.380
Aux {voits)

Press (PSIA) 23 22

1 hour OCV, Cell 1.370] 1.370
Aux (volts)

Press (PSIA) 21 2]

EOD AH out 10.1 10.3
Aux (volts)

Press (PSIA) 11 13
Group 9

N/A-Not Applicable

OND-NADC (SP 11/73)

WQEC/C 79-114
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Table VII

Group 1 Special Resistance Characteristic Data on the Auxiliary Electrodes
OND-NADC (SP 11/73)

SERIAL NO 005 006 POWER - 005 | POWER - C06 AVERAGE
OHMS VOLTS | PRESS | VOLTS l PRESS | VOLTS } PRESS | VOLTS | PRESS | VOLTS | PRESS | VOLTS | MILLIWATTS
10,090 928 19 .891 16 086 079
5.000 916 I8 .804 6 168 129
2.000 .895 18 162 16 .401 290

1.000 870 18 17 17 157 SH4
500 .840 18 .568 18 1.411 645
200 .785 18 426 18 3.081 907
100 732 18 1R 17 5.358 967

50 676 17 211 17 9.140 .890
20 Y} 17 122 16 16.302 44
10 479 17 .079 17 2794 624
5 .381 17 038 16 | 29.032 .288
2 238 16 017 16 28.322 A4
1 .168 16 .008 17 28.22 064
0.5 111 4 063 16 24.642 018
0.2 .079 14 .001 16 31.205 005
0.1 066 14 2001 17 | 43.560 .010

Note: All pressures in PSIA.

POWER = VI Waus 10° Milliwaus : Milliwatts

R

Watt

WQEC/C 79-114
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Table VII

Group 4 Special Resistance Characteristic Data on the Auxiliary Electrodes (Cont)
9ND-NADC (SP 11/73)

SERIAL NO 005 036 POWER - 005 | POWER - 006 AVERAGE
OHMS | VOLTS | PRESS | VOLTS | PRESS | VOLTS | PRESS | VOLTS | PRESS | VOLTS | PRESS | VOLTS | MILLIWATTS
10,900 .907 20 739 .082 055
5,000 .896 20 670 .161 089
2,000 874 20 543 381 147

1,000 845 20 420 714 176
500 814 20 .280 1.325 157
2049 .755 20 131 2.850 .086
100 .703 20 074 4942 055

50 648 19 {049 8.398 048
20 544 19 027 14.797 036
10 449 19 017 20.160 029
5 347 19 on 24.082 024
2 705 19 -009 21.012 040
1 142 18 005 20.i64 205
0.5 .082 18 002 13.448 .008
0.2 049 I8 .001 12.005 .005
0.1 037 17 -001 13.690 010

Note: All pressures in PSIA.

POWER = V2 Wans 10° Miiliwans - Milliwatts

R

Warnt

WQEC/C 79-114



0s

Table VII

Group 7 Special Resistance Characteristic Data on the Auxiliary Electrodes (Cont)
IND-NADC (SP 11/73)

SERIAL NO 005 006 POWER - 005 | POWER - 006 AVERAGE
OHMS VOLTS | PRESS | VOLTS | PRESS | VOLTS | PRESS | VOLTS | PRESS | VOLTS | PRESS | VOLTS | MILLIWATTS
10,000 .884 19 817 25 078 .067
5.000 871 19 815 25 132 133
2.000 845 19 814 25 357 331

1.000 811 19 .802 25 .638 643
500 767 19 754 25 1177 1.137
200 .697 19 646 25 2.429 2.087
100 .634 19 S4 25 4.019 2.96

50 559 19 420 25 6.250 3.53
20 430 9 252 £5 9.25 3.18
10 323 19 16 25 10.43 1.35
5 221 19 090 25 9.77 1.62
2 117 i9 042 25 6.84 .882
1 1 070 19 024 25 <10 .576
0.5 043 i9 014 25 3.69 392
0.2 025 i9 .008 25 3.13 -320
0.1 019 19 006 25 3.61 .360

Note: All pressures in PSIA.

POWER = V2 Wais 10° Milliwatts : Milliwats

R

Watt

WQEC/C 79-114
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Table VII

Group 8 Special Resistance Characteristic Data on the Auxiliary Electrodes (Cont)
IND-NADC (SP 11/73)

SERIAL NO. 005 006 POWER - 005 | POWER - 006 AVERAGE
OHMS VOLTS | PRESS | VOLTS } PRESS { VOLTS | PRESS | VOLTS | PRESS | VOLTS | PRESS | VOLTS | MILLIWATTS
10,000 .889 22 821 24 079 067
5,000 .876 22 759 24 153 115
2,000 .849 22 654 24 .360 214

1,600 815 22 523 24 664 274
500 71 22 .380 24 i.189 .289
200 707 22 221 24 2499 24
100 .652 22 149 24 4.251 222

50 .588 22 091 24 5915 -166
20 482 22 049 24 11.616 120
10 .385 22 029 24 14.823 .084
5 283 22 .012 24 16.018 029
2 163 21 006 24 13.285 018
1 .103 2i .005 24 10.609 025
0.5 066 20 003 24 8.712 048
0.2 040 20 000 24 8.000 .000
0.1 031 19 000 24 9.61 000

Note: All pressures in PSIA.

POWER = V2 Wans 103 Milliwatis - Milliwats

R

Watt

WQEC/C 79-114
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Initial Evaluation Test-Summary
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Group 9 Group 8 Group 7 Group 6 Group 4 Group 3 Group 2 Group 1

Table |

Measarement and Leak Test Data

PHENOLPHTHALEIN LEAK TESTS

SERIAL |WEIGHTHEIGHT [LLENGTH (inches} WIDTH INITIAL PGST HI VAC | POST TEST
NUMBER| (Grams) | (Inches) EDGE CENTER* | CENTER** (Inches) Terminals |Other | Terminals |Other| Terminals |Other
(Pre-Test) | (Post-Test) —
+ 1 - + | - + | -
003 .899 974
005 898 914
(06 .893 .909
002 898 .999
003 902 .891
006 .898 894 Pross
002 o004 004 Fitting
003 896 .899
04 804 985
003 905 .898
003 .895 .930
504 .893 894
005 .890 .890
006 .895 .891
003 902 .894
004 903 .887
005 898 .895
006 .897 8717
001 911 9i0
002 915 928
003 922 990
003 919 995
04 911 .92%
002 924 919
004 .731 .785
Q05 922 965

*_Followed Initial Evaluation Tests

**_Followad Post Evaluation Tests
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Group 2 Group |

Group 4 Group 3

Group 6

Group 9 Group 8 Group 7

Table II
Capacity Data

Capacity Test 1—CHG. C/20. 48 hrs.. (RA) Capacity Test 2—CHG. C/10, 24 hrs.. (RA) Capacity Test 3 {20°C)—CHA, €10 24 hrs,
RIAL END-OF-CHARGE END-OF-DISCHARGE END-OF-CHARGE END-OF-DISCHARGE END-OF-CHARGE END-OF-DISCHARGE
!\ISSMI;\ER CELL AUX PRESS CAPAC-] AUX PrESS | CELL AUX PRESS C:\PA'C- AUX PRESS | CELL AUX PRESS CAPAPC- AUX PRESS
(Volts) ELECT (PSIA) ITY ELECT (PSIA) | (Volis) EITECT (PSIA) ™ ELECT (PS1A) | (Volts) ELECT (PSIA) ITY ELECT (PSIA)
(Volts) (ah (Volis) (Volis) {ah) (Volts} (Volis) tah) (Volis)

003 1.452 10.7 1462 10.6 1484 10.4

005 1.449 348 34 10.7 {008 ] F.360 401 b 0.6 023 18 1481 352 55 10.4 oM 21
006 1.449 501 35 1¢.7 105 25 1.461 608 52 10.6 114 25 1.482 .553 53 10.4 120 25
002 1.434 8.7 1.452 9.7 1.359 9.7

003 1443 40 10.8 19 1448 59 10.7 23 12yl ] 105 28
006 437 3% 32 10.9 080 20 |irsao] 36t 4 10.9 069 23 1451 | 355 1 108 053 24
002 1.436 48 11.2 I3 1.451 80 1.3 17 1.469 83 1.0 21
003 [.438 16 i3 19 1.450 77 152 25 1.467 78 11.0 18
00 1436 11.7 1.450 1.9 1.468 187

005 1.436 210 37 11.9 e 18 1.450 288 5% 122 012 20 1.466 219 &0 12.0 813 e
003 1441 10.1 1.456 1.2 1.478 1o

04 1.491 28 93 21 1.452 35 10.0 22 474 36 99 2
005 E44 (158 38 9.8 023 23 1.457 207 50 9.8 026 15 1.478 174 52 97 033 26
006 1.438 343 e 99 16 1484 .387 33 10.2 18 1.476 352 kS 10.1 013 18
003 1.420 5 58 5 I.442 6 57 6 1.397 b 34 6
004 1445 107 1 455 it.2 1473 9.9

005 [.445 023 32 9.2 i3 14 1459 {50 36 Y.l 029 13 1.476 D0 31 8.2 020 13
006 1.432 330 ] 73 o7 5 1.433 (285 7 7.0 A58 5 P.412 237 3 62 005 4
001 1.428 18 9.5 I8 1.520+ 25 11.3 24 1.520~= 23 N8 n
02 [.422 Rt 12.8 24 1.520+ 23 125 23 1.521= 2 R n
003 1.423 8.9 1.521% 107 [.52]™= 104

003 1.500 13.6 1.523~ 128 1.521™ 19

o 1.440 24 129 24 §.521+ 20 i2.3 20 ] .523= % 14 19
002 [.432 21 10.3 19 1.520* 9 9.7 18 L5821 i8 8.9 18
[L12] 1.456 11.0 1.470 112 1.487 [ ]

005 1.456 i0.a l 168 1.6 1533 10.4

OND-NADC (SP [1773)

*AHj; 10 1.520 Voits: Gip 7. §:N 001 (17.1 At 5/N 12
**AH,, 10 1.520 Volts: Grp 7. $'N 001 {14.7 AH). § N (K12

(6.8 AHL S X 003 (17.5 AH) Gip 8. SN 003 (17 5 AH). § N 004 (17.0 AHp, Grp 9. 5N 002 (135 AH)y
U3 3 AHL SN D03 (3.3 AHE Gp 8. S N 003 (152 AH) SN O (13,6 AN Grp 9. SN 002 111 3 AH)




GROUP 2 GROUP |

GROUP 4 GROUP 3

GROUP 6

GROUP 9 GROUP 8 GROUP 7

Table 111

Internal Resistance and Short Test Data

INTERNAL RESISTANCE (MILLIONS) INTERNAL SHORT TEST
SERIAL ONE HOUR TWO HOURS | AFTER 16 | AFTER 24 HOUR
NUMBER g[';‘f]'{%';' AFTER START- | AFTER START- | HR SHORT [ OCV STAND
OF-DISCHARGE | OF-DISCHARGE [ GELL | CELL | PRESS
003 3.1 3.2 N/A 019 {.168
005 3.2 3.3 N/A 017 o017 17
006 3.0 3.2 N/A 023 1175 | 22
002 3.4 3.0 N/A 000 000
003 3.7 3.0 N/A 000 000 16
006 2.9 2.6 N/A 000 000 { 20
002 2.8 2.9 N/A 015 1.190 13
003 2.9 2.9 N/A 013 1,186 18
064 3.1 3.2 N/A 013 1.178
005 2.7 3.2 3.4 010 1.177 17
003 3.0 3.1 N/A 012 1.187
004 3.3 3.4 N/A 016 1.179 19
005 3.6 3.7 N/A 014 1.187 22
006 2.9 3.0 N/A 012 1.180 16
003 3.1 8.5 N/A 008 055 6
004 5.1 5.0 N/A 008 012
005 4.0 5.6 N/A 033 1.193 3
006 5.2 5.6 N/A 011 1.170 3
001 3.3 3.1 N/A 0l 1.194 19
002 3.2 3.1 4.0 012 1206 | 21
003 3.0 3.1 N/A 011 1.191
003 33 3.3 3.8 003 004
004 4.0 3.3 3.8 005 007 18
002 2.8 3.0 N/A 015 1.200 17
004 3.0 2.9 N/A 012 1.206
005 2.9 2.8 N/A 013 1.207

N/A - Not applicable - cells did not last 2.0 hrs. on discharge.

55
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GROUP 1

GROUP 8 GROUP 7 GROUP & GROUP 4 GROUP 3 GROUP 2

GROUP 9

Table IV
Charge Retention Test Data

END-OF-CHARGE 24 HR. OCV 1 WEEK OCV END-OF-DISCHARGE
SERIAL
NUMBER| cgry, | AYX. | press| ceLL | AUX. | press| ceLL [ AUX: | prEss | CAPAC AUX. |0 poe
(volts) | ELECT 1 pgra) | (vons) | ELECT | (psia) | evolts) | ELECT [ (psiay | ITY  [ELECT{ nera)
(Volts) 1 (Volis) T (Volts) {ah) (Volts)
003 | 1.477 1.364 1.300 8.9
oos  |1a7s| 32 | sy beaer| oo | e [raos | w00 | s 9.4 | —.o45| 18
006 |1476] 514 | s3 |raew| o | 24 Lrsos| w07 | 2 90 | -035| 22
002 | 1.449 1.269 0,000 0.0
o | 1.452 s8] 1302 18 ) 1.254 16 4.0 6
000 |1aas | 34t | 45 fraoe| o020 | 22 Jrais| oo | 2 68 |-.04] 2
002 | 1.466 80 | 1.361 15 | 1.300 14 9.5 14
003 | 1.464 75 | 1.358 20 | 1290 19 9.0 19
o4 | 1.465 1.350 1,297 9.8
00s Viass| 220 | se |60 wos | oao (12w | w00 | 19 | 100 | -o0i2) 18
o3 {1471 1.360 1.269 8.6
004 | 1.469 16 | 1350 n | 200 20 79
ws  |rarz ] asa | st |iaea ] ooos |23 27| o | o2 84 | —o002] 22
006 (1470 351 | 34 {1353 ooa | 16 [12s7 | om0 | 16 g1 | —.0s9{ i6
003 | 1.413 6 |1.254 6 1| 1.080 6 0.0 6
004 | 1.466 1.315 1.280 6.1
00s  |1472| 025 | 23 |37 012 4 1rom | oo 3 7.1 002
oo | 1424 | 69 3 |28 | on 3 | 1260 | 002 3 3.7 | -.043
ool | 15204 2 {1345 2 |1am 21 8.7 20
002 | 1.521° 2 |18 22 | 1308 2 | 102 2
003 | 1.520¢ 1341 1,295 7.6
*AH,, 1o 1.520 volts: S/N 001 (14.45), S/N 002 (14.92 AH), S/N 003 (14.04 AH)
003 | 1.521% 1.356 1.312 9.8
004 | 1.522% 8 {1.33 18 {1.295 18 8.5 18
*AH, 10 1.520 vohts; §/N 003 (14.99 AH), S/N 004 (14.3]1 AH)
002 | 1.522¢ 17 | 1363 17 |12 17 8.1 17
004 | 1.486 1,369 1,322 9.7
005 | 1.481 1.370 1,326 9.1

*AH,, to 1.520 volts: S/N 002 (11.06 AH)
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Group 2 Group |

Group 3

Group 4

Group 6

Group & Group 8 Group 7

Charge Efficiency and Overcharge Data

Table V

Charge Efficiency =CHG, C/40, 20 hrs., 20°C

Overcharge Test 1—CHG. C720. 60 hrs.. 0°C

Overcharge Test 2—-CHG, C/10. 24 hrs.. 35°C

cenia | EVD-OFCHARGE | END-OF DISCHARGE END-OF-CHARGE | END-OF-DISCHARGE | END-OF-CHARGE END-OF-CHARGE
NUMBER | o | Aux {piccdeapac ] aux foi of o b oaux pooeccleapac] aux Loeecclcpy | AUX |press|capac-t AUX Joppe
(votts) | EVECT} (psiay ] 1TY  [ELECT b ipcras | volesy | ELECT [ pgiay [ ITY | ELECTH ogiay Fivois) | ELECT | (pgiay | 1TV {ELECTH pgp,
{Volts) tah) (Vels) {Volis) (ah: (Volts) {(Vois) (ah) {Volis)

03 | 13m 28 1514 96 1.439 10.6

oos [137m3| o2 | 17 r8 | —o001| 17 |rsos| ez | 37 07 | -o}) 20 l1ase | an | 35 | we | @7 |
o6 |13n]| oa | 2 28 |-ms| 22 |iss] 3331 o6 | )| 26 1438 | es | 47 | w06 | o088 | 26
o0z 007 0.0 013 0.8 1423 8.5

003 013 16 0.0 16 | 1.433 15 53 15 |i.368 2 | s 2
006 ots| 002 | 20 o0 | oo2| 20 § o33 w00 | 19 00 | woo0) 19 |rsor | 255 | 28 ] w8 | o5 |
002 | 1.376 13 3.7 13 | 1.498 6 | 105 L 4 ] e 10
o3 | 1375 18 37 ts | 1.496 61 | 104 34 {4 68 | 16 25
o0s | 137 18 1.497 "o 1425 122

oos §137a| oo | 17 s0 | ool 17 1aesy o0 | so | 2 | o] 22 Jrams | e | a7 ) o123 o | 2
003 | 1385 3.8 1519 9.4 1.436 10.6

00s | 1.386 ; 19 3.6 i | 1.510 3 9.1 » |ian 0 | 103 a3
oos |r3ss| oo | 2 36 | o000 23 Jisos| e { . o7 28 fiasr | 250 f 38 | w03 | o2 | 25
oo |13ss| o2 | s 38 |-o2] 16 frswe| 23| 2 94 | os2| 08 fras2 | 356 | 2 | 106 | 09 | 10
003 | 1399 6 33 6 | 1510 6 5.9 6 |1.412 7 73 7
oos | 1304 33 1.196 51 1.367 s

oos 139 002} 3 37 | -003| 3 |isua| o3| s 68 | ©003) 9 |iae | 03t | 16 | 100 } on 6
006 |r13s]| ma | 3 33 | —o0e2| 3 |isoo| 203 | 4 sz | o3] 4 |13 | 205 | 3 6o | .oz 3
001 | 1.376 19 37 19 | 1.508* 38 91 36 [1418 s | a2 3
o2 | 1am 2 34 a | Lens 52 9.4 18 |r404 35 | 125 32
003 | 137 37 1.597* 8.9 1.415 1.7

003 | 1388 4.0 603 97 1.402 12.5

004 | 1381 18 40 18 | Lol 2 95 a1 fram 37 1 17 3
002 | 1386 17 35 17 | rease 41 74 0 |1.520 20 9.1 19
oos | 138 33 507 01 1 450 13

005 | 1.380 34 .505 9. 1447 10.8

1

GND-NADC (SP [1/73)
*_Removed from charge because of high voltage (AH,): Group 7. S/N 001 (14.1). S/N 002 (14.4)

SIN 002 (11.5)
**__Remuved from charge because of high voltage after 12.5 AH;,

. SIN 063 (13.8): Group B, S/N 003 (14.7). $/N 004 (14.2): Group 9.
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Table VI

Pressuy~ vs. Capacity Test Data

Serial No. G5 | 006 003 | 006 002 { 003 | 005 G4 | GOS | 006
Stant-of-Charge, Press.| 6 10 7 9 3 8 8 6 14 8
AH into 5 PSIA N/A | N/A N/A | N/A 12.3 | N/A | N/A N/A | N/A | N/A
Cell (volis) 1.489
Aux (volts) N/A N/A | N/A N/A
AH in to 10 PSIA 1Z.1 N/A 1.4 |10.7 13.0 H2.¢ |13.0 N/A {109
Cell (volts) 1.537 1.487] 1.468 i.520] 1.490] 1.505 1.509
Aux {voits) 339 145 264 343
AH in to 15 PSIA 25 121 28 134 127 |35 9.7
Cell (volts) 1.557 1.519} 1.547 1.538| 1.318] i.5%1 1.472
Aux (volts) 392 387 341 .098
AH in 10 20 PSIA 12.8 3.5 N30 |i38 114
Cell (volts) 1.539 1.5421 1.527] 1.544 1.548
Aux {(volts) 386 221
AHinw VIL (1.55V)125 123 12.9 N/A § N/~ | N/A 11.4 115
Aux (volis) 392 462 418 392
Press (PSIA) H) i4 18 6 13
30 Min OCV, Cell 1.4071 1.406 1.3981 1.396 1.402) 1.402} 1.403 1.396] 1.397] 1.396
Aux (volts) 278] .402 238 303 153 260
Press (PSIA) i6 iR 21 16 25 2] 23 6 19 i2
I hour OCV, Cell 1.3971 1.397 i.385) 1.385 1.3911 1.391] 1.393 1.388] 1.389] 1.389
Aux (volts) 238 342 255 273 131 224
Press (PSIA) 12 18 17 14 19 18 19 6 17 11
EOD AH out 96 |94 10.0 [10.2 109 106 116 90 (9.0 |94
Aux {volts) —-021) .i22 BEY! 048 026 .06
Press (PSIA) 7 |13 10 |0 6 |n 9 6 |15 9
Group | Group 2 Group 3 Group 4

N/A-Not Applicable
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Pressure vs. Capacity Test Data

Table VI

Serial No. 003 | GU5 | V06 ot | 002 004 002
Start-of-Charge, Press.| 8 6 4 7 9 8 17
AH in to 5 PSIA N/A|NALT6 N'A | N/A N/A N/A
Cell (volts) 1.538
Aux {volts) N/A .203 N/A | N/A N/A N/A

AH in to 10 PSIA 11.4 145 H3.7 N/A
Cell (volts) 1.544 1.556] 1.515
Aux (volts) 204

AH in to 15 PSIA N/A
Cell (volis)

Aux (volts)

AH in to 20 PSIA ;
Cell (voits) I
Aux (volts)

AH inte V/L (1.55V)] 6.6 |11.8 | 8.5 145 J14.5 13.7 10.5
Aux (volis) 0271 246
Press (PSIA) 8 14 9 10 i0 8 8

30 Min OCV, Cell 1.367% 1.391} 1.368 1400} 1.396 1.391 i.391
Aux (volts) 018 122
Press (PSIA) 8 10 9 10 10 8 18

1 hour OCV, Cell 1.355] 1.381} 1.355 1.393] 1.388 1.382 1.384
Aux (valts) 0171 100
Press {PSIA) ] 8 9 9 10 8 18

EOD AH cut 49 |91 |63 11.6 |it.7 11.3 8.1
Aux (volts) .003]-.080
Press (PSIA) 8 7 9 8 10 8 18

Group 6 Group 7 Group 8 Group 9

N/A-Not Applicable




Appendix 4

Capacity Checks by Individuals Pack
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19

48 MONTH
CAP. CHECK

36 MONTH
CAP. CHECK

o ——

18 MONTH
CAP. CHECK

12 MONTH
CAP. CHECK

———— s——

6 MONTH
CAP. CHECK

DESIGN VARIABLE PROGRAM — CAP CHECKS BY PACK

CRANE PACK 3D, 40% DOD, 9.6 AMP DIS., 20 C

1.4

1.3

1.2

1.1

1.0

CELL VOLTS

N
=
=

- |

1

1 1
0 2 4 6 8 10 12
CAPACITY — AH

14

16

18

20
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DESIGN VARIABLE PROGRAM — CAP CHECKS BY PACK
CRANE PACK 3E, 40% DOD, 9.6 AMP DIiS., 20C

6_MONTH 12 MONTH 18 MONTH 24 MONTH 36 MONTH
CAP. CHECK CAP. CHECK CAP. CHECK CAP. CHECK CAP. CHECK
CELL VOLTS
1.4

L
0 2 4 6 8 10 12 14 16 18 20
CAPACITY — AH

N DL IFL | SOTIR S
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DESIGN VARIABLE PROGRAM — CAP CHECKS BY PACK
CRANE PACK 3F, 407 DOD, 9.6 AMP DIS., 20C

MONTH 12 MONTH 8 MONTH 24 MONTH 36 MONTH
CAP CHECK CAP. CHECK CAP CHECK CAP. CHECK CAP. CHECK
CELL VOLTS
1.4

L 1
0 2 4 6 8 10 12 14 16 18 20
CAPACITY — AH



DESIGN VARIABLE PROGRAM - CAP CHECKS BY PACK
CRANE PACK 3G, 407% DOD, 9.6 AMP DIS., 20C

6 MONTH 12 MONTH 18 MONTH 24 MONTH 36 MONTH
CAP. CHECK CAP. CHECK CAP. CHECK CAP. CHECK CAP. CHECK
CELL VOLTS

.6 +

ol o

4 1 1 i - i 1 1 1 i 1
0 2 4 6 8 10 12 i4 16 18 20

CAPACITY — AH
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48 MONTH
CAP. CHECK

36 MONTH
CAP. CHECK

24 MONTH
CAP. CHECK

. -

18 MONTH
CAP. CHECK

12 MONTH
CAP. CHECK

6 MONTH
CAP. CHECK

DESIGN VARIABLE PROGRAM — CAP CHECKS BY PACK
CRANE PACK 3H, 40% DOD, 9.6 AMP DIS,, 20 C

CELL VOLTS

1.4

1.3 +
1.2 B
1.1 F

1.0

1 i 1 1 1 1 ]
4 6 8 10 12 14 16
CAPACITY — AH

i Tt o AT e s e S ——— L A e .5 . A Y I 4. Sk . - e et e — e

18

20
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DESIGN VARIABLE PROGRAM — CAP CHECKS BY PACK
CRANE PACK 3l, 40% DOD, 9.6 AMP DIS., 20 C

6 MONTH 12 MONTH 18 MONTH 24 MONTH 36 MONTH
CAP. CHECK CAP. CHECK CAP. CHECK CAP. CHECK CAP. CHECK
CELI VOLTS

!
.
"
.

L
0 2 4 6 8 10 12 14 16 18 20
CAPACITY — AH
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48 MONTH
CAP. CHECK

o — . s———

36 MONTH
CAP. CHECK

24 MONTH
CAP. CHECK

———— r —

18 MONTH
CAP. CHECK

—r —————

12 MONTH
CAP. CHECK

6 MONTH
CAP. CHECK

DESIGN VARIABLE PROGRAM — CAP CHECKS BY PACK
CRANE PACK 3J, 40% DOD, 9.6 AMP DIS.,, 20 C

1.4

1.3

1.2

1.1

1.0

CEL. VGLTS

1 1
0 2 4 6 8 10 12 14 16 18
CAPACITY — AH
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DESIGN VARIABLE PROGRAM — CAP CHECKS BY PACK
CRANE PACK 3K, 40% DOD, 9.6 AMP DIS., 20 C

6 MONTH 12 MONTH 18 MONTH 24 MONTH 36 MONTH
CAP. CHECK CAP. CHECK CAP. CHECK CAP. CHECK CAP. CHECK
CELL VOLTS
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DESIGN VARIABLE PROGRAM — CAP CHECKS BY PACK
CRANE PACK 3L, 40% DOD, 9.6 AMP DIS,, 20 C

6 MONTH 12 MONTH 18 MONTH 24 MONTH S0 MONTH
CAP. CHECK CAP. CHECK CAP. CHECK CAP. CHECK CAP. CHECK
CELL VOLTS
1.4 [

6 -
S F
RS i 1 1 1 1 1 1 i i
0 2 4 6 8 10 12 14 16 18 20

CAPACITY — AH
sNO 38 MONTH CHECKe



Appendix 5

Typical Cycle Plots
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