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REPORT BRIEF
INITIAL EVALUATION TESTS

OF
20.0 AMPERE-HOUR SEALED NICK'.-CADMIUM CELLS

MANUFACTURED rOR
NASA'S STANDARD CELL PROGRAM

Ref: (a) NASA Goddard Space Flight Center Purchase Order 5-57075AG
(b) GSFC Test Procedure for Qualification Testing of the Standard

20 ah Nickel-Cadmium Cell, TP 711.2-77-03.
(c) Initial Evaluation Test Procedure for Nickel-Cadmium Sealed

Space Cells: NAD 3053-TP324, 10 Apr 1973

I. TEST ASSIGNMENT BRIEF

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

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

C. Test limits specify those values at which a cell is to be termi-
nated from a particular charge or discharge. Requirements are referenced
to as normally expected values based on past performance of aerospace
nickel-cadmium cells with demonstrated life characteristics. A require-
ment does not constitute a limit for discontinuance from test.

II. SU141IARY OF RESULTS

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

B. No limits or requirements were exceeded by any of the cells
manufactured by GE.
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C. Limits/requirements exceeded during the charge portion of the

testing are as follows:

Number of Cells

Test	 Limits Exceeded	 EP	 SAFT	 YD

Charge, c/10 for 24 hrs @ ?.0° C 1.480 volts	 3
65 psia	 2	 2	 1

100 psia	 1

Charge c/10 for 24 hrs @ 20° C	 1.480 volts	 2
(Second charge at this	 65 psia	 2	 7

temperature)	 100 psia	 3

Charge, c/10 for 60 hrs 0 0° C 	 1.520 volts	 22	 4	 27
1.560 volts for	 3
2 hours
65 psia	 2	 5

Charge, c/10 for 24 hrs @ 35° C 65 psia 	 5	 5
100 psia	 3

D. One Yardney cell delivered less (41X) than the requirement of
55% of the input capacity during the 20° C charge efficiency test.

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

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

G. During the pressure versus capacity tests, only the Eagle-Picher
cells reached the 1.55 cut-off voltage before reaching the 20 psia cut-
off pressure.

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

III. RECOMMENDATIONS

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

B. It was recommended that these cells be placed on life test under
specified orbit regimes simulating specific spacecraft load requirements.

ii
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C. The last group of cells began life tests, as specified in
reference (b), in November 1978.

iii
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DEPARTMENT OF THE NAVY
NAVAL WEAPONS SUPPORT CENTER

GRAM, INDIANA 410211	 1N 1![ra. ftraN ♦O,

3053-JDH:mdw
8900 - WPE

9 MAY 1979

From: Commandin Officer. Naval Weapons Support Center, Crane IN 47522
To:	 National Aeronautics and Space Administration, Goddard Space

Flight Center (711) Greenbelt 1.10 20771

Subj: Report WQEC/C 79-144 Initial Evaluation Tests of 20.0 Ampere-Hour
Sealed Nickel-Cadmium Celts Manufactured for NASA'S Standard
Cell Program

Ref: (a) NASA Purchase Order S-57075M

Encl: (1) Report WQECIC 79-144

1. In compliance with reference (a). enclosure (1) is forwarded for
information and retention,

. G. MILEY
By direction

Copy to:
Distribution List



I^EC/C 79-144

RESULTS OF
INITIAL EVALUATION TESTS

OF
20.0 AMPERE-H^lR SEALED NICKEL-CADMIUM CELLSp	

MANUFACTURED FOR
NASA'S STANDARD CELL PROGRAM

I. TEST CONDITIONS AND PROCEDURE

+. All evaluation tests were performed at room ambient (RA) pressure
and temperature (250 + 2° C), with discharges at the 2-hour rate, in
accordance with reference (c), unless otherwise specified, and consisted
of the following:

1. Phenolphthalein leak tests (2).

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

3. Auxiliary electrode characterization test.

4. Charge retention test, 20° C.

5. Internal short test.

b. Charge efficiency test, 20° C.

7. Overcharge tests, 0° and 35° C.

8. Pressure versus capacity test.

9. Phenolphthalein leak test.

(See Appendix II for summary of test procedure.)

II. CELL IDENTIFICATION

A. The cells were identified by each manufacturer as follows:
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The cells were placed in temporary pack configurations for initial testing

in which each cell was individually restrained. The pack numbers were
526X to 528X(GE), 535X to 53/X(SAFT), 539X to 541X(EP) and 544X to 546X(YD).

B. The standard type 20.0 ampere-hour cell is rectangular with an

average weight and physical dimensions as follows:

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

Manufacturer Weight Height	 (in.) Minimum	 Maximum	 Maximum Width	 in.

EP 836.6 6.934 .891 .890	 .894 2.998

GE 897.4 6.879 .894 .896	 .901 3.095

SAFT 804.4 6.641 .877 .876	 .884 2.971

YD 804.2 7.074 .905 .905	 .907 3.000

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

C. The cell containers and covers are made of 304L stainless steel.

The positive and negative terminals are insulated from the cell cover

by ceramic seals and protrude through the cover as solder-type terminals.

D. The manufacture of these cells was to conform to the specifications

as outlined in the GSFC Report 74-1500, Specification for the Manufacturing

of Aero-Space Nickel-Cadmium Storage Cells.

III. RESULTS - The following was condensed from Tables I through VIII.

A. Each manufacturer's group of cells, on the average, indicated

an increase in plate stack thickness following test.

B. No limits or requirements were exceeded by any of the cells

manufactured by GE.

C. Limits/requirements exceeded during the charge portion of the
testing are as follows:

3



WQEC/C 79-144

Exceeded	 Number of Cells

Test	 Limits/Requirements	 EP	 SAFT	 YD

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

65 psia	 2	 2	 1

100 psia	 1

Charge, c/10 for 24 hrs @ 20° C	 1.480 volts	 2
	

s

(Second charge at this temperature)	 65 psia	 2	 7

100 psia	 3

Charge, c/20 for 60 hrs @ 0° C	 1.520 volts	 22	 4	 27

1.560 volts for	 3

2 hours

65 psia	 2	 5

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

100 psia	 3

D. One Yardney cell delivered less (48%) than the requirement of

55% of the input capacity during the 20° C charge efficiency test.

E. Two Yardney cells did not deliver the required capacity following

the 1 week stand period during the charge retention test, and three cells
did not meet the open circuit voltage requirement.

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

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

off pressure.

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

IV. QUALIFICATION TESTS

A. In November 1978, the last group of cells were placed on life
tests as specified in reference (b). A total of 20 test packs have been

placed on test in which each manufacturer's cells are being evaluated at
the following test parameters:

4
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Depth
Orbit of Temp
Period Discharge J7)_

90 min 40 10
91 min 25 20
90 min 40 20
90 min. 40 30
Sync 60 20
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SML
-	 MUM RESISTAI 	 IM) INTERNAL SHORT TEST

-t
ONE MW AM
STJ T=	 -DlS0LVK

TA MURSAM
STAW-941SCRAIME

HR
AFT	 16

 SWAT
A	 ER"24 HOUR

ACV STAND

CELL CELL PRESS

. 02 1 /.z47 It
a'7 - 2. 3 2. 2.44 .O 4 1.2 1 0

? 2. 2.3f 2, .ot I.Zw8 0

07 Z. 6- ?•	 _ _ 2.S" oz 1,?-q?

Z.S z.3 2,3 otca 1.211
091 1	 2.3 2.q 2.,( .ot9 r,2s-o

08 2. ^{ 2, r 2.3 .c2tz 1.214'

83 217- 2,3 2.1f a2^( t. 2ilb

4 2.2 2.1 2»L .ail l.a5i
85 20 z,L 2. 5 .oi'{ I. ay7

o $ ?.(, ,02.. 1.7-147
0$8 2.^ ^,t ^.` .031 r.^so

08 2.(s oT? r.zy5

Ole 2.1 2. 5, j, 02G 1, 2 44 L-

0 1911 7.q 2.4 2.14 .vzy I.zVb

091- 7,-t 2,K 2. S• .0w l.zvy

09)3 2,2- 7-.t 13 .027 t,z1a

054 Z.q Z. .0-V 1, lq(=

9S 2, 7- 2.4 2, 3 .010 1.243

0% 2.0 2.0 2,z .07o f, 2-q,4

07 2-L 2,0 2,1 .oz 1.298	 1 /9

09 2,0 2.1 2.1 . ozy bty7 0

0-92 7.1 2.2. 2,2 ,oi 1.2146 ^1

00 2.1 Z,Z 7-,3 ,UZ2 1. 2yb t

to/ 2 .1 2.1 s, 1 .022. /,zv6 S
!d2 2.0 2.0 2,1 o10 0.10 0
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w

k

INTMA! ABISTANCE	 LUGHM)

ONE MM AAFTIER	 7W WJRS AMR►r
START-W-MCW E STMt-OF-DISC ARGE

INTERNAL SHORT TEST	 j
AFTER 

15

NR SHORT `1

AFTER 24 muou

OCV S 

CELL CELL PRESS

J.XY7
2. (a 1. 2. /a2 1, z^11

DOR	 2. 2.N 2.2 .1t3 11zc(S

10	 3. S a.1 '2.3 . a97

Q1^ 2.16 3. 2.i/ .11 l 1, v41

0 9	 2

.

. f

o

Z. ^ 2 . S , !o i /, zqq

^1) 24 1207

X2'2.	 2.3 2 • 2. 3 . /O A 2^(o

0 24	 2.3 2.t" 2.3 . o /.241

037_	 213	 _ 2.4 2.2- .0W /,2.4,0(
033	 2.4 74 2,q{ .oil /0%45'

038	 2,q 2,q' 2.4 /0 O 1.147

-031 	 z. 4 2.4 43 , oe? 7 /. iqqf

040	 2,2. 2,'{ 2,3 .01 F i12-g6

041 2.4 2.3 01 1.2(41

043	 2•+f 2. 2.f .0cI l,t^F3

a14g	 2.y z.3 Z.3 .OS 0.14

8 S19	 t.: Z. -A.- t, 3 .099 1. 1+4 3

vol	 z.(e 1.3 z.'^ .010 I.zyl p

Do8	 2.6 2.4 2.#{ .11 3 11 V47- p

026	 2.(4 Z's, a.,4 .010 /1Lq/ O

035	 1.6 2.'f T.S .099' 1,241- o

037	 2, 4 Z. q 2.S '017 1, lg3 0
aN1 	 1	 7,7 2, , // ,i 1,2114 p

05'3	 2.44 2.&J Z.t 0,?q l.zvz o
o S^/	 2 .8 2, 2. ^{ /, z q z o

oS.t	 Z.(o 2,S Z,2- o Z /. f. To

057	 2.`3 2,(o 2. ./o 1, zq,( o
0b0	 24 2,S t.,4 , 01/ h2.41
o(0 1 	 2.9 2.(. Z.14 O9(a 1,2 t/5/ o
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TABLE IV 
INTE NIR. DISTANCE AND : 1 TEST DATA	

hQEClC 79-144

INTUMAL. RESISTAM MLLID	 ) INTERNAL SNORT TEST
ONE 

WA AM
START	 -DI

TO AM AFTER
START-I#-01.4	 LARNE

AFTER 16
NR SHORT

AMR 14
OCV STAND

CELL CELL PRESS

3-1 3.2 3• z •o746 .2.f 8

2"q 3.1 3.1 3.1 .0(03 ^. z t9

3.4 3.4 3.5' .685 1.22.*

I&S- 3.5* 3. q 3,3 . 0 o l.2ZCp

2458 3.6 3.6 3. `/ .072. i.t23

24(oz 3.7- 3. Z 3. Z , 071 /, L2

2(0&3 3.2 3.3 3.3 .0-7q 1,273
74 3. 2 3. 2 2.9 09 1.2 2- 8

44 3.3 3.3 3. y .07 /.i2 6
2448 3 . 3 3,3 .0b 1.'X7- 7-
2470 3. q 3. y 3.3 , 07 t, t 2.7

2 W 3.,1 313 3-fe .071 /•=xs`

2473 3,57 313 a .07 /,2z9

2474 3.5* 3.3 3.2 .07 1, 27- 7
247b 3.V 3.4 3.2 .077 1,2216

2477 3•b 3.q 3.1 073
208o 14 3.2 312 . O?S t,zzs
24J? 1 3.2 312 3.2 1 083 /.27--7

24SS 3.4 3.2 3.3 o 8 q /"429 0
2440 3.1 3.1 3,3 . 112. /"L -2  9 0
z4of 3.2 3.3 3.1 .08 /,72.8 0
2675 -3.(. 3.'q 3.3 .0-71 1, 2zS o

24?S 3.6 3.S 3.H .o$ /1229 e

z700 3.4 3.3 3.3 .083 ! 27- D
719 3.7- 3,2 3,lq 3

727. 3.3 3.2 3.1 , o s i Z is

725 3.4 3.q 3.'{ ,O(aS 1.Z1 y 0

724 3. y 3,3 3.2 .073 /.219 0
72-8 3.3 3. 11 3. Z .0(01 /. -z'X.a 0
7t9 3,S 315 3.Y . 042 /12-13 0
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INTINA MISTAKE	 LLI	 )

SEM

I	 OF	
HW AFTER	 TO NUS AFTER

STANT-OF-DIStSNWE START-W-DlscN	 €

INTERNAL SNORT TES
STAFTER 15

NR SHORT	 OCV STAND

CELL CELL PRESS

D UJF3
03 2, ). ) 72 1

at 2, 2i 2•/ d

_i .^• 1	 g

306 0 201 a12 92 O

a$	 7,2 2. / 2i / •ot`S 7

2=3 213 2.2 't /
344, 212 2, 6 2

3

S	 2.2 2•^

as	 2i2 Z.2 .

z,1 2. 2, a

q3	 2,0 ,t'v 8 t 1,Zo
zoQ

^#?	 . 2 . ^ 6 , X83

S3	 Z, Z 1. 2dO

51	 1	 2.3 7
^ 49 D

b iz, D
7U	 ,

.1 1	 ?

1	 2, Z, 7. 033
az Z

52 1 j 1b/91

zl	 2. ^.1 s ^^

r Tri"T'ftl 7 t,"la	 rs a?;do a •	 At	 / (p AEwt 0.,l,oa .
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OUME RETENTION TEST DATA	
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soak

ENO-OF-CHARGE 24 NR. OCV I WEEK OCV END-OF-DISCHARGE

CELL
VOLTS

LECT
VMTuS

PRESS

PSIA)

DELI
(VOLTS

ELECT. PRESS.
(PSIA)

CELL
VOLTS

fix '

VOLTS

PRESS.

( PSIA)

CAPAC

(AN)

AUX.

VOLTS PSIA)
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Ô O
4n

p O
eV	 ^

N O O n

of

O
^

N N
I I

s

4
sr

•o

T

Ph
O

S

A

M

a
W

a

Q
rrN
a

cr
N

4n
N

r
CL

Q

Z'iL



Mlytl./l. /V-144

1 ^ ^

I
I

_I

N

WNy^
C

Y I

N

d

N
H

N

a

N

J

^+ ^l Q v V ^ 0 ^1 ^^ ^ ^ ^^ ^ V `1

UQ

• 1  1+? ^'^ N 4 O•

rj O O 0 Ici Q 0 0 C L o^ c,^N n, r• N N ,^ •^^ ^ ^
'(

n
^ U1 N .^

^^ QoA

f'1

QQ /1̂1 P^ n U n An cm .- n .1 ,'^
O

Vn cl .-

^- - - - - ---.--

I

a
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APPENDIX II

I. TEST PROCEDURE

A. Phenolphthalein Leak Tests:

1. This test is 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 per-

cent 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 leaks and then
received a final check following test completion. The requirement is no
red or pink discoloration which indicates a leak.

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 manufac-

{	 turer'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 volts or pressure of 100 psia;

b. c/10, 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 (65 psia);

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

C. Special Resistance Characterization Tests for Auxiliary Electrode
Cells:

1. The purpose of this test is 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 volts and to stabilize the

pressure between 10-20 psia. Resistance values, between 10,000 ohms and

i

11
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0.1 nhm are then placed between the auxiliary electrode and the negative

rlteiiinal. The cells are allowed a minimum of 5 minutes, dt each resis-
tance value, to obtain an equilibrium 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 0.5 hour
before the end-of-charge (EOC) on cycle 1; and 1 and 2 hours after the

start-of-discharge of cycle 2. These measurements were made with a
Hewlett-Packard milliohmmeter (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-circuit stand in a charge mode.

2. The cells are charged at c/10 for 24 hours with the same limits

and requirements as the charge of cycle 1. 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 + 5 millivolts of the average cell volt-
age. The cells are then discharged and 80 percent capacity out 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 charge retention test 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 24 hours.

G. Charge Efficiency Test, 20° C:

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

i

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
t	 in during the preceding charge.
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H. 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

are cell voltages of 1.56 or greater for a continuous time period of
2 hours or pressures of 100 psis. The requirement if a voltage of 1.520
or a pressure of 65 psia. The cells are then discharged and 85 percent
capacity out of that obtained in 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 deter-
mines the cells' capability of reaching a point of pressure equilibrium;

oxygen recombination at the negative p';te 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 volts or 100 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 obtained in cycle 3.

J. Pressure Versus Capacity Test:

1. The purpose of this test is to determine the capacity to a
pressure and the pressure dacay 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 1.550. Recordings 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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