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, .'• REPORT BRIEF „ ': ;

INITIAL EVALUATION TESTS
OF

GENERAL ELECTRIC COMPANY • :
12.0 AMPERE-HOUR NICKEL-CADMIUM SPACECRAFT CELLS -

FOR THE
INTERNATIONAL ULTRAVIOLET EXPLORER SATELLITE

Ref: (a) NASA Purchase Order S-23404-G
(b) Initial Evaluation Test Procedure for Nickel-Cadmium Sealed

Space Cells: NADC 3053-TP324 of 10 Apr 73

I. TEST ASSIGNMENT BRIEF

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

B. The 20 cells were manufactured for the National Aeronautics
and Space Administration, Goddard Space Flight Center, under NASA
contract NAS-5-23153, by General Electric Company, Gainesville, Florida,
according to the Manufacturing Control Document (MCD) 232A2222AA-54,
Revision 4. They were manufactured to Goddard Space Flight Center's
specification number S-761-P.-6. Ten cells were identified with the ;

manufacturer's catalog number 42B012AB20-G3 and had no auxiliary
electrodes. There were five cells each of catalog number 42B012AB21-G3
and 42B012AB21rG3-A which had auxiliary electrodes; but of two
different designs. All the cells are rated at 12.0 ampere-hours,
contain double ceramic seals, and were fitted with pressure gauge
assemblies prior to testing. Testing was funded in accordance with
reference (a). :

-C. Test I1mi:ts_specify those values in which a cell is to be
terminated from a particular charge or discharge. "Requirements are
referred to as normally expected values based on past performance of
aerospace nickel-cadmium cells with demonstrated life ̂ characteristics.
A requirement does not constitute a limit for discontinuance from test.

II. SUMMARY OF RESULTS ... .

A. No requirements or limits were exceeded during any portion of
the test.
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B. Cell, S/N 016, exhibited a high auxiliary electrode voltage
during test. The cell was returned to Goddard Space Flight Center
following completion of testing. The cell was X-rayed and no physical
discrepancies were found. Also, the 0° C overcharge test was rerun
and the cell did not exhibit a high auxiliary electrode voltage.

i . .
C. The cell containers had a convex contour,, in which the

average thickness of the cells were 0.008 inches thicker at the
maximum thickness when compared to the minimum thickness, which
was the edge of .the containers. Following test, this value was
0.009 inches indicating an increase in. the plate stack thickness
although some cells idid decrease in thickness.

D. There were no differences in the average end-of-charge
voltages and capacity output between the cells with auxiliary
electrodes and those without.

£.. The cells which have their auxiliary electrodes enclosed
in non-woven nylon exhibited lower average end-of-charge electrode
voltages than the other type cells, except during the charge
efficiency test and the overcharge test at 35° C, in which the
averages were the same;

F. The average cell voltage at the end of one Week open-circuit,
during the charge retention test, was 1.315 vdl ts. Average capacity
output was 13.5 iampere-hours following the open-circuit stand period.

G. The 24-hour average cell voltage following a-16-hour short
period, for the cells without auxiliary electrodes and those with
auxiliary electrodes was 1.220 and 1.215 volts respectively.

H. All the cells reached a pressure of 20 psia before reaching
the voltage linrft of 1.550 volts during the pressure versus capacity
test. The average ampere-hours in and voltages at this pressure
were 18.5 and 1.490 volts respectively. A few cells,.of each type,
exhibited pressure decay in the range of 1 to 5 psia during the
last 30 minutes of the 1-hour open-circuit stand. Average capacity
out was 14.6 ampere-hours.

III. RECOMMENDATIONS - . .,

A. Manufacturing processes and controls should be such to prevent
swelling of the plate stack, thereby preventing cell case distortion.

•B. It is recommended that these cells be placed on life test
simulating that which the flight batteries will experience in orbit.

ii
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RESULTS OF -. : ;

INITIAL EVALUATION TESTS
' • - ; • • ! : , O F • • • . - . . - . - . . • ' •

GENERAL ELECTRIC COMPANY
12.0 AMPERE-HOUR NICKEL-CADMIUM SPACECRAFT CELLS

FOR THE
INTERNATIONAL ULTRAVIOLET EXPLORER SATELLITE , . /

I. TEST CONDITIONS AND PROCEDURE • .

A. All evaluation tests were performed at room ambient (RA) ;
pressure and temperature (25° ±2° C) , with discharges at the 2-hour .
rate, and in accordance w.ith. reference (b) , unless otherwise specified,
and consisted of ! the following: V

1. Phenol phthalein leak tests (2).

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

3. Auxiliary electrode characterization test.

, 4. Charge retention i test, 20° C. .v ., ' . . ' - . ,

5. Internal short test. . , : . ] . - • .

6. Charge efficiency test, 20° C. • :

7. Overcharge tests, 0° and 35° C. -,,'•'

8. Pressure versus capacity test. ' .

9., Phenol phthalein leak test. ,

(See Appendix I for summary of ; test procedure.) ; ~ ~J

II. CELL'lDE'NTiFICATrON AND" DESCRIPTION :" ' ~ :~"-- : -"~ - - • - " - - - ; r -

A. Ten cells were manufactured without auxiliary; electrodes while
the other 10 have auxiliary electrodes ; but with two different types
of electrode separator design. The cells were identified by the
manufacturer's catalog and serial numbers as follows:



Manufacturer's Number
C a t a l o g ; S e r i a l

i

42B012AB20-G3 1-10

42B012AB21-G31 11-15

42B012AB21-G3-A 16-19, 21

: WQEC/C 74-511

Auxiliary Electrode Design

None

Non-Woven Nylon/Nylon Mesh

Non-Woven Nylon

The cells were fitted with pressure gauge assent)lies and placed in
temporary pack configurations for Initial testing (Packs 516X and
517X). •*" "•"- '•'•" , ':"•- •: ' " .'• ' . " " . ' • • Y ' V - • , / •

.- ' ,' •' ' •' : • •>. Y . •• : '. '. • • i . •' • • . ';

B. The 12^0 ampere-hour cell Is rectangular with an average
weight and physical dimensions as follows:

Length (In)
Weight. Overall Pre-Test Post-Test
(g) Height (Inl Minimum Maximum Maximum

555.3 4.562 0.882 0.890 0.891

Width
(In)

2.989

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

D. Each cell has teflonated, negative electrodes (TFE-II) and a
TO percent reduction in their positive plate loading;; The electrodes
of these cells were 'teflonated prior to the electrochemical clearring
test (ECT). Each cell contains 51 cubic centimeters of potassium
hydroxide. . | : i 1 - " - . ' ' • . - . " ' ' • ' ' . ; • . ' ' . . ' ' , . • • . • ; ' . . , ' ' . ' ' ' • '

- • , : j i • ' . . • ' • ' ' ' • ' . • , - . . • "

E. The auxiliary electrode 1s a teflon coated (one side only,
next to cell case), sintered, nickel plaque located along the narrow
edge of the negative terminal side of the cell, 0.3 centimeter below
the top of the plate stack. The Itab is welded between the cell cover
and the case. Its physical area Is approximately 10 square centi-
meters (1.9 cm x 5.1 cm). The AB21-;G3 type cells have non-woven
nylon next to the back side of their auxiliary electrode and a nylon
mesh on the gas -side. The AB21-G3-A type cells have non-woven nylon
on both sides of their auxiliary: electrode.

. . ' . . ' . • ' . : • . . • • ."" • ' '• ' ' - . " . , ! | ..Y ' ' - ' • • '" ' - .'•" • ' ' • ' ' ^ ' "

III. RESULTS—The following was condensed from Tables I through VII.
• • • ' • • . • ' / ' • .

A. Cell, S/N 016, exhibited a high auxiliary voltage during test.
The cell was returned to. G'odda'rd Space Flight Center following test.
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The cell was X-rayed and no discrepancies were found. Also, the 0° C.
overcharge test was rerun and the ce 11 did not exhibit a high auxiliary
electrode voltage. •

: B. The cell containers had a convex contour, in which the average
thickness of the cells was 0.008 Inches thicker at the maximum thick- :
ness when compared to the minimum thickness, which was the edge of
the container. Following test, this value was 0.009 inches Indicating
an increase 1n the plate stack thickness although some cells did :
decrease In thickness. I. .

- ' - . ' • - ' , • . / "

C. There were no differences in the average end-of-charge (EOC)
voltages and capacity output in ampere-hours (ah), between the cells
with auxiliary electrodes and those without, One cell, S/N 005,
Indicated high voltage and low pressure; but this was due to a leak
in Its pressure gauge assembly. Following is :a listing of these
averages excluding those values of cell, S/N 005.

: Charge Volts ah Out ' ,.

c/20 for 48 hours at 25° C 1.429 -14.9 V

c/10 for 24 hours at 25° C 1.436 14.8

c/10 for 24 hours at 20°-C 1.453 ;i4'6 :

c/10 for 24 hours at 20° C* 1.453 ;V 13.5} ,:'•'. :

c/40 for 20 hours at 20° C** 1.372 3.7

c/20 for 60 hours at 0° C • 1.473 14.2

c/10 for 24 hours at 35° C i;.39? ,15.0/ r

• • '" . • • ' ' •" • ' ' - - • ' . •, ' - . • • . ' l : • - . ' • ' ' • .
* Charge ^retention test. " . _ } , ' _

:** Charge efficiency test, 6 ah input.

D. Average Internal Resistance Measurementsi (mi 111ohms): - :

Measurement Jaken Resistance
(

30 M1n before end of charge (Cycle 1) 2.53
i . . " ' - • ' • ' . ' • '

1 Hr after start of discharge (Cycle 2) . .2.49

2 Mrs after start of discharge (Cycle 2) 2.47
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E. The cells which have their auxiliary electrodes enclosed
1n non-woven nylon exhibited lower average end-of-charge electrode :
voltages than the other type cells, except during the charge
efficiency test and the overcharge test at 35° 0, In which the
averages were the same.

F. The auxiliary electrode characteristic test was performed on two
cells (type AB21-G3) with the non-woven nylon and the nylon mesh electrode
covering. Maximum signal power was obtained with a 500-ohm resis-
tance; but a 300!-ohm resistance was used throughout the tests as ..
Instructed by the Goddard Space Flight Center's Technical Officer.

G. The average cell voltage at the end of one week open-circuit,
during the charge retention test, was 1.315 volts.

H. The 24-hour average cell voltage following a 16-hour short
period, for the cells without auxiliary electrodes and those with,
auxiliary electrodes was 1.220 and 1.215 volts respectively.

I. All the cells reached a pressure'.of 20 psia before reaching
the voltage limit of 1.550 volts during the pressure versus capacity ::
test. The average ampere-hours in and voltages, at this pressure
were.18.5 and 1;.490 volts respectively. A few cells, of each type,
exhibited pressure decay in the range of 1 to 5 psi a during the }V
last 30 minutes of the 1-hour open-circult stand. Average capacity
out:was 14;6 ampere-hours....,:-' . . : " ' ' ' ' ' ' ! : . ' ' " ' " " ' • . ' • . . • ' ' ' • ' • • " ' • ' ' V';^' '- ;-v. ::: :, 'X'-,'
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- . ' • • ' . ' . APPENDIX I . ' ; ' - ' - . - . ' : •'...

I. TEST PROCEDURE - ;

; A. Phenolphthaiein Leak Tests:

1. This test 1s a determination of the condition of the ;
welds and ceramic seals on receipt of the cells and following the
last discharge of the cells (Cycle #8).

2. The cells were initially checked with a one-half of ,
one percent phenblph thai ein solution applied with a cotton swab and
then placed in a vacuum chanter 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 completlon.v
The requirement 1s no red or pink discoloration which indicates a
leak.. ;• . " ' -; " ; / • ' • " ' . :- - .- . ,-:. •./ ;. - v''.V>;'"

B. Capacltyf Tests: ^

' . • ' . . , - . - . , 1. The capacity test is a determination of the cells' r
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 V.52 volts or pressure of 100 psia.

b ; C / 1 0 , 24 hours,.RA, Cycle 1, with a test limit of
1.52 volts or 100 psia pressure and a requirement of maximum voltage
(1.48) or pressure (j65 psia)., ; ^ "

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

C. Special Resistance Characterization Tests for Auxiliary
Electrode Cells: ,.

- ' ' ' ' - - • • i . . ' ' ' • . • • ' • . '•' '. •:'•'• • - . ' . ' ' . . ' • ' • • ' • - . . ' .
1. The purp.bse of this test 1s to determine .the resistance to

be placed across the cell's auxiliary electrode and negative terminals
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
ambient temperature following their Initial charge/discharge cycle.
Following this the cells are continued on charge with the current
reduced, if necessary, to maintain the cell's voltage below 1.520
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volts and to stabilize the pressure between 10-20 psla. Resistance
values, between 10,000 ohms and 0.1 ohm are then placed between the
auxiliary electrode and the negative terminal. The cells-are allowed
a minimum of 5 minutes, at each resistance value, to obtain an equilib-
rium voltage across this resistance. This voltage value is then recorded
and by calculation using the equation P * E2/R the resistance that
produces maximum power is determined.

D. Internal Resistance:. ,

.1. Measurements are taken across the cell terminals 1/2 hour
before the end-of-charge (EOC) on Cycle 1 and 1 and 2 hours after the
start-pf-dls charge of Cycle 2. These measurements were made with a
Hewlett-Packard milllohmmeter (Model 4328A).

E. Special Charge Retention Test, 20°C:
- - ' ) ' - , " " " •

1. This test is to establish the capacity retention of each
cell following a 7-day open-circult-starid In a charge:-mode.

2. The cells are charged at C/10 for 24 hours with attest
limit of 1;52 volts or .100 psla pressure. They then stand on opeh-
clrcuit for 7 days, with the requirement that the open-ci rcul t voltage
of each cell, following this period, 1s within t5 millivolts .of the-."'"/'-'
average cell voltage. The cells are then discharged and 80 percent,
capacity but of that obtained In Cycle 3 is required.

F. 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.

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 (OC;V)-for-24- hours,'.LA Mnlmum yol tage of. T.T5_1s^
required at the end of 24 hours.

' : . ' i . • • ' • . . - . • - . • . . • t . . - . . : '

G. 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 pressure. They are then discharged
and the requirement is that the minimum capacity out equals 55 percent
of capacity in during the preceding charge.
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H. Overcharge Test #1, 0°C:
'.• • ' . &

1. The purpose of this test 1s 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 cell's are charged at C/20 for 60 hours'. The test
limits are 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 65 psia. The cells are then dis-
charged and 85 percent capacity out. of that obtained 1n Cycle 3 is
required;'- ' ' " • " ; " ' • • ' - ; , - • ' • . , - : ' . . ' : - ' • ' . ' ' • ' • ' • . ' • ; • ; . . -

I. 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* generated at the positive plate.

2. The cells are charged at C/10 for 24 hours with a test;
limit of 1.52 vol ts or 100 psi a pressure, and' a requi rement 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 - :
obtained in Cycle 31 ' " ' ' • ' , •;

. :CJ. 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. Eachf cell is 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 psi a pressure. ; The eel Is; then stand OCV
for 1 hour with 30-rminute recordings and then are discharged, shorted
out and leak .tested. ; , ^

8
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TABLE III:
INTERNAL RESISTANCE AND SHORT TEST DATA

WQE.C/C-74-511-

JWD-MADC (SP 11/73)

1

00

V0
\

.N

1

" ! :

- 1
Ml

. I

?3

SERIAL
NUMBER

00 i

001.

003

004- :

oof
00 fc

007
oo9

00<f

OiO

012.
Oil-

013

014-

015"

bic,
017

013

'-. otf '.-
021

•' ;

INTERNAL RESISTANCE (MILLIOHMS) "

END-OF-CHARGE

&''*'. 2 ;^r -":'
•'••'?2.#' - :. '.'.:
'.';'' ;;-2;£; •_"-- .•
'-••2-..*r . -

• • • ;"2.if- • ' • '

' ' 2.^ .' ' •'
7 ̂ J~

' i * £'

• 2.t •' .-' "'

",..='"2;ii '

':••••••&.&:'"•'.' -
:,/'2'.. '̂ • •

Y:';zjJ:-' . '•
''•'-••**> :'".

..": -"-2.$ • • -:

'•2.fc?.

2.7

2.8

2.4

2.S-
- - ; • ...

• ' • • - . ' - ; • " • . • -.-.

~" ~';T:-~

. * . •

•

.̂ '

ONE HOUR AFTER
START-OF-DISCHARGE

',- : '-2.5T-
' • ' • ' 2.5". - . • • ' •

-.'' ':' •' 2.? .':. '; '

.:• 2.? '

' : • , 2.r- . '• .
ZM

' •••: ' Z.3 '•' • . '

z.<4
• • • • ' • 2.4 - •'.

2.4

: • ' • 2.4 :•--.: :•':

r: - -z-.r '
2.*/

' . ' - - ' 2.5- •

-:; 2.S • . '

2.7
:.-..;. 2.<{ '- ' '

''-'.': . 2.S-' ' .

• ,-.-,' -2.S-- '

' 2.8 .

•••--•' •-' - — • --

TWO HOURS AFTER
START-OF-DISCHARGE

2.7
. ' ' • • ' 2 < 4 '

2.7

. • ',2;f-. • ' '.- •

z.*(
2M •

; ' - : - V Z t f . - : . • '

2.V

2.5"

2.V

' - - - " "

• ' - ' • -.^.V • '

: . -2.S- '.- . :• .

• 2.f ' ' " " - '
2.S-

2.^

'•' 2.S" •• •" '

' • '".-.-2.$: ' -
2.5- '• -. ;.;

2.3

2.r

1 '- — - . — - — — -

'

11

INTERNAL SHORT TEST
A^TER 16
HR SHORT

CELL

.ooV
.bofe

;ooS" .

-ooS-

.005"

-.005-

:oo-?
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