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REPORT BRIEF
GULTON INDUSTRIES, INC.
20.0 AMPERE-HOUR NICKEL-CADMIUM SPACECRAFT CELLS

Ref: (a) NASA P.0, S-23404-G
(b) Initial Evaluation Test Procedure for Nickel-Cadmium
Sealed Space Cells: NAD 3053-TP324, 10 Apr 73

I. TEST ASSIGNMENT BRIEF

A. The purpose of this evaluation test program is to insure
that all cells put into the 1ife cycle program are of high quality
by the screening .f cells found to have electrolyte leakage, internal
shorts, low capacity, or inability of any cell to recover its open
circuit voltage above '.150 volts on the cell short test.

B. The 32 cells were manufactured for the National Aeronautics
and Space Administration, Goddard Space Flight Center, by Gulton
Indus“ries, I~c., Metuchen, New Jersey. The cells were manufactured
in the sam: time frame and from the same plate lot as cells for OAQ
batteries, assembiies 36 and 37. They were manufactured to the
“Nickel-Cadmium Storage Cells Power Supply Subsystem Orbiting
Astronomicai Observatary, Specification for," Giumman Specification
AV-252CS-25F. (They are VO20HS-type cells and the manufacturer's
model number is 804325.) A1l cells, with the exception of G1, G2,
and G3, deviated slightly from the manufacturing processes called
for by thc specification. Five cells (S/N Gl to G5) were designated
as special cells because they differed from the manufacturing pro-
cedures used in the manufacturing of cells for Battery Assembli.s
36 and 37. Five cells had auxiliary electrodes, and all cells were
rated at 20.0 ampere-hours, contain double ceramic seals, and were
received with pressure gaun: assemblies. The testing was funded in
accordance with reference (a).

C. Test limits specify those values in which a cell is to be
terminated from a particular charge o~ discharge. Requirements are
referred to as normally expected values based on past performance of

aerospace nickel-cadmium cells with demonstrated 1ife characteristics.

A requirement does not constitute 2 1imit for discontinuance from
test.

IT. SUMMARY OF RESULTS

A. The capacity of the cells ranged from 24.0 to 28.0 ampere-
hours during the three capacity checks.
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B. The designated special cells (S/N G1 to G5) averaged approsi-
mately 5, 12 and 25 psia higher than the other cells during capacity
tests 1, 2 and 3 respectively.

C. Twenty-three cells exceeded the voltage requirement of 1.480
volts during the C/10, 24-hour charge at room ambient temperature
whereas all the cells exceeded this requirement when the charge was
performed at 20°C temperature.

D. During the auxiliary electrode characteristic tests, maximum
signal power was obtained with a 10-ohm resistor (5.20 milliwatts);
but a 47-ohm resistor, approximately 72 percent of maximum power, was
used as decided by Goddard Space Flight Center for the remainder of
the test. This was because the 47-ohm resistor was used on previous
cells of this type and also on flight batteries.

E. A1l cells =ecovered to a voltage in excess of 1.210 volts
during the internal short test.

F. The average ampere-hours out during the charge efficiency
test at 20°C was 7.9 which was 79 perceat of capacity input.

5. Eight cells exceeded the voltage limit (1.560 volts for
2 hours continuous) during the 0°C overcharge test and all the other
cells exceeded the vcltage requirement of 1.520 volts. Of the
eight cells that exceeded the voltage limit, one was a leaker and
the other seven had a 6.5-hour open-circuit-stand in the middle of
Ztl;e{r charge. Average ampere-hours out following the <harge was

H. Average ampere-hours out during the 35°C overcharge test
was 22.5.

I. Only two cells reached a pressure of 20 psia before their
1.550 voltage 1imit during the pressure versus capacity test and
17 cells did not reach 10 psia. Average ampere-hour input and
output, for all cells, was 30.5 and 24.8 respectively. Eight cells
indicated an increase in pressure of 1 to 3 psia, and one special
cell (S/N G5) had an increase of 7 psia during the 1-hour OCv
following charge. The other cells showed rither slight or no
decay during this period.

J. One cell, serial number 1656, indicated a leak at the base
of the fill tube following test completion.

i1
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I1I. RECOMMENDATIONS

A. It is recommended that these cells, with the exception of
cell S/N 1656 (which leaked), be placed into the 'ife cycling program
for comparison of performance with other cells which had no deviations
from the specification during manufacture.

B. On 24 October 1973, three 5-cell battery packs (4E, 4F and 4G)
began 1ife-cycle test.

114



RESULTS OF INITIAL EVALUATION TESTS
OF
20.0 AMPERE-HOUR NICKEL-CADMIUM SPACECRAFT CELLS
MANUFACTURED BY
GULYON INDUSTRIES, INC.

I. TEST CGNDITIONS AND PROCEDURE
A. A1l evaluation tests were performed at room ambient (R.A.)
pressure and temperature (25°C + 2°C) with discharges at the 2-hour
rate, and in accordance with reference (b), unless otherwise specitied,
end 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. Internal short test.

Cherge efficiency test, 20°C.

($2]
.

Overcharge tests, 0°C and 35°C.

~N o

Pressure versus capacity test.
°henolphthalein leak test.

See Appendix I for summary of test procedure.
IT. CELL IDENTIFICATION DESCRIPTION

A. The cells were manufactured in the same time frame and from
the same plate lot as cells for OAQ batteries assemblies 36 and 37.
They were manufactured to the "Nickel-Cadmium Storage Cells Power
Supply Subsystem Orbiting Astronomical Observatory, Specification for,"
Grumman Specification No. AV-252CS-75F. They are VO20HS type cells
and the manufacturer's model number is 804325. Cells, serial numbers
G1 to G5, were dasignated as special cells because the manufacturing
process differed from the battery assemblies 36 and 37 cell build
as follows during formation:
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Last
Formation
Cycle
E0D Virgin 224cc of OZ/AH
Cell _Voicage _Cycle Precharge Technigue Jplented  Precharge”Al
G1* -0.2v Yes Vent 0. to 710 M. 710 ML 3.16
G2* -0.2v Yrs ‘ent 05 to 710 ML 770 M 3.16
G3* -0.2v Yes Vent 02 to 710 ML 710 ML 3.16
G4 -0.2v No Charge“16 hrs @ 3.1 amps 390 ML 1.74
G5 -0.2v No Charc2 16 hrs @ 3.1 amps 210 ML 094

Tne other cells, wrich were manufactured identically to the battery
issemhlies 36 and 37, had deviat’ons from the specification as follows:

1. Cells discharged to -0.2. volts during last formaticn
disch>rge.

2. Ne virgin cycle b:fore setting precharge.

) 3. 1050 ML of uas vented during precharge, 4.7 AY (224cc of
0,/Ad).
2

B. The cells were identified by the manufacturer's serial number
and 5 cells had nickel auxiliary electrodes. The cells were placed
in 8-cell pack configurations for testing and the pack numbers were
503X to 506X. A1l the cells were received with pressure gauge assemblies.

C. The cell containere and cover are made of stainless steel.
The positive and negutive cerminals are insulated from the cell cover
by ceramic seals and protrude through the cover as solder-type terminals.

D. The 20.0 ampare-hour cell is rectangular with average physical
dimensions as follows:

Overall
Hﬂgﬁ(inQ Length ﬁn4 Width ﬁnq
6.884 0.901 2.986

I17. RESULTS--THE FOLLOWING WAS CONDENSED FROM TABLES I THROUGH VI

A. Leak Tests--one cell (5/N 1656) indicated a leak at th- base of
its fill cube following test.

*Mariufactured as per Gri'mman SpeciTication No. AV-252CS-25F.



QEEL/C 73-459
B. Average Capacity (ampere-hours, AH):

Type of Charce AH Out
L0, 18 hrs. RA 26.5
C/10, 24 hrs. RA* 25.8
C/10, 24 hrs. 20°C** 25.1

* 23 cells exceedad 1.480 volts requirement.
** A1l cells exceeded 1.480 volts recuirement.

C. Average "nternal Resistance Measurements {(im 11iohm):

Measurement Tezken Resistance
30 min. before end-of-charge (Cycle 1) 3.93
1 hr. after start-of-discharge (Cycle 2) 4.24
2 hrs. after start-of-discharge (Cycle 2) 4.35

D. Maximum power was btained with a 10-ohm resistor during the
resistaice characteristic test on the auxiliary electirode cells,
although 2 47-ohm resistor was used throughout the tests as instructed
by Goddard Space Flight Center. This was because flight batteries and
other cells of this type used this res’stance value.

E. During the intermmal short test the 24-hour average cell voltage
following a 16-hour short period was 1.231 volts.

F. Average ampere-hours out during the charge efficiency test at
20°C was 7.9 which was 79 pe.cent o€ capacity input.

G. Eight cells exceedad tne voitage 1imit (1.560 volts for 2 hours
rontinuous? during the 0°C overcharge test and the other cells exceeded
the voltage requirement of 1.520 volts. Of the eignt cells that exceeded
the voltage 1imit, one was a leaker and the others had an open-circuit-
stand or 6.5 hours in the middle of their charge. Average capacity out
following charge was 24.1 ampere-hours.

H. Average ampere-hours cut following the overcharge at 35°C was
22.5,

I. Two cells reached a pressure of 20 psia before their 1.550
voltage 1imit during the pressure versus capacity test and 17 cells did
not reach a pressure of 10 psia. Average ampere-hour input and output,
for all celis, was 30.5 and 24.8 respectively. Eight celis indicated
an increase in pressure of 1 to 3 psia, and one special cell (S/N G5)
had an increace of 7 psia during the 1-hour OCV following charge. The

other cells showed efther slight or no decay during this period.

Can Aaca i & ol il
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APPENDIX |

I. TEST PROCEDURE
A. Phenolphthalein Leak Tests:

1. This test is a determiration of the ccndition of the
welds and coramic seals on receigt of the cells and following the
last discharge of the celis [Cycle #7).

2. The cells were initially checked with a cne-half of
one percent phenolpnthalein 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 leaks and then received a final check following test completion.
']I’he requi rement is no red or pink discoloration which indicates a
eak.

B. Capacity 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 ail
charges of this evaluation test.

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

a. C/20, 48 hours, room amhient (R.A.), Cycle 0, with a
test limit of 1.52 volts or pressure of 100 psia.

b. C/10, 24 hours, R.A., Cycie 1, with a test limit of
1.52 volts or 100 psia pressure and a requirement of maximum voltage
(1.48) or pressure (65 psia).

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

C. Special Resistance Characterization Tests for Auxiliary
Electrode Cells:

1. The purpose of this test is to determire the resistance to
be placed across the cell's auxiliary electrode and negative temminal
which will provide maximum signal when the cell is fully charged.

2. The cells are charged at C/10 for 24 hours at the room
anbient temperature following their initial charge/discharge cycle.
Following this the cells are continued on charge with the current
reduced, 1f necessary, to maintain the cell's voltage below 1.520 volts
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and to stabilize the pressure between 10-20 psia. Resistance values,
between 10,000 ohms and C.1 ~hm are then placed hetween the auxiliary
electrode and the regative cerminal. The cells are allowed a minimum
of 5 minutes, at each resistance value, tc obtain an equilibrium
voltage across this resistance. This voltage value is then recorded
and by calculation usiny the equation P = E</R the resistance that
produces maximum power is determined.

D. Internal Resistance:

1. Measurements are taken across the cell terminals 1/2 hour
hefore the end-of-char~ (EOC) on Cycle 1 and 1 and 2 hours after the
start-of-dischar:e of Cycle 2. These measurements were mace with a
Hewlett-Pachard milliohmreter (Model 4328A).

E. Internal Short Test:

1. This test is a means of detecting siight shorting conditions
which may exist because of imperfections in the insulating materials,
or damage to element in hand'ing or assembly.

2. Following compietion of the third capacity discharge, the
cells are shunte” with a 0.5-ohm, 3-watt resistor for 16 hours. At the
end of 16 hours the re:istors are removed and the cells stand on open-
circuit-voltase (OCV) 7or 24 hours. A minimum voltage of 1.15 is
required at the end of 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 (/40 for 20 hours with a test
Timit of 1.52 volts or 100 psfa pressure. They are then discharged
and th2 requirement is that the minimum capacity out equals 55 percent
of capacity in during the preceding charge.

G. Jvercharae Test #1, C°C:

1. The purpose of this test is to determine the degree to
which tie cells wiil maintain a ba’inced voltage, and to determine

the cells' capabi ity %o te overcharged without overcharging the
negative elecctrode.

2. The cells are charged at C/20 for 60 hours. The test
limits are cell voltages of 1.5 or greater for a continuous time
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period of 2 hours or pressures of 100 psia. The requirement 1s a
voltage of 1.520 or a pressure of 65 psia. The cells are then dis-
charged and 85 percent capacity out of that obtained 'n Cycle 3 is
requi red.

H. Overcharge Test #2, 35°C:

1. This test is a measurement of the cells' capacity at a
higher temperature when cumpared to its capacity at 20°C. This test
also determines the cells' capability of reachirg a point of pressure
equi 1ibrium; nxygen recorbination at the negative plate at the same
rate it is being generated at the positive plate.

2. The cells are charged at C/10 for 24 hours with a test
1imit of 1.52 volte or 10C psia pressure and a requirement of 1.45
volts or 65 psia pressure. The cells are then discharged with a
requirement that capacity out equals 55 percent capacity out as
obt. :~d in Cycle 3.

I. Pressure versus Capacity Test:

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

2. Each cell {s charged at C/2 to either a pressure of 20
psia or a voltage of 1.550. Recordings are taken on each cell when
it reaches 5, 10, 15 and 20 psia prezsure. 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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INTERRAL RESISTANCE AND SHORT TEST DATA

INTERNAL RESISTANCE (MILLIOHMS)

INTERNAL SHORT TEST

| SERIAL AFTER 16| AFTER 24 HOUR |
"MBER | END-0F~CHARGE]  START-OF-DISCHARGE | START-OF-DISCHARGE. |"R-sHORT| OCV STAND
CELL CELL | PRESS
567 3.5 3.7 o, 5 /03 | 1230 §
56§ 3.7 .0 4 2 D9y | 1.225| &
S7Y 3.7 39 .3 070 |/7.227| £
578 3.9 3-8 i & 270 ) ) 2487
585 3.4 2 “4.3 Oy | /225 5
¢/ (PY] 3.5 3.3 3.9 /82 | 1239 4
G2(Pu) 3.5 3,7 4,/ DI 1 /233] B8 ]
¢3(pu)| 4.5 3.4 o DES | 7233 =
cy(Pv)| 4.4 3.8 8.3 085 | /232] 5
Cs(Pv) $4.2 &hoZ <. 7 O | L 235] 3
/635 4.8 3.¢ 4/, 3 /05 |/ 232 | 4
/63§ 57 &*. / . 090 | 1228 | 4
/6 56 3.3 2./ 4/, 4/ 051 (12224 6
/707 3.9 3.9 4/, 5" 07¥ | L2240 2
/709 2.y 3.5 <. & 040 (127 ) #
172/ 4.2 3.9 A D5y | L 220 5
/724 3.8 5.0 4.3 062 | /230 | &
/725 “. 5 </, 5 4 -3 067 |/ 234 ¢
/726 4.4 5./ WL 057 | /1228 7
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