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WQEC/C 75-165
RE?0RT BRIEF

INITIAL EVALUATION TESTS
OF
GULTON INDUSTRIES, INC.
9.0 AMPERE-HOUR NICKEL-CADMIUM SPACECRAFT CELLS
WITH AUXILIARY ELECTRODES
FOR THE
SMALL ASTRONOMY SATELLITE (SAS-C)

Ref: (a) NASA Purchase Order S5-53742AG
(b) Initial Evaluation Test Procedure for Nickel-Cadmium
Sealed Space Cells: NAD 3053-TP324, 10 April 1973

I. TEST ASSIGNMENT BRIEF

A. The purpose of this evaluation test program is to insure
that all cells put into Lhe 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 voitage above 1.150 volts during the internal short test.

B. The 12 cells were proviced by the National Aeronautics and
Space Administration, Goddard Space Fiight Center, to NAD Crane for
evaluation on life test. The cells were procured by the Applied
Physics Laboratory (APL), to APL Specification 7217-9014-A for the
Small Astronomy Satellite (SAS-C), from Gulton Industries, Inc.,
Metuchen, New Jersey. These cells are from the same lot of cells
that are being flown in the satellite which was launched in May 1975,
Ten cells had no auxiliary electrode and were idecntified by the
manufacturer's model number VO9HS and part number B805051. The
remaining two, with auxiliary electrodes, had model number VO9HSAD and
part number 805052. The auxiliary electrode cells and two cf the other
cells have pressure gauges. These cells are rated at 9.0 ampere-hours
and contain double ceramic seals. The auxiliary electrode is Gulton's
standard adhydrode (U-fold). The auxiliary resistor used throughout
the test was 47 ohms. 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 or discharge. Reyuirements 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 a limit for discontinuance from test.
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1I. SUMMARY OF RESULTS

A. The cells exceeded the maximum voltage requirement of 1.480 volts
during their charges at 20°C.

B. One cell exceeded the test 1imit of 1.560 volts for a continuous
time period of 2 hours during the 0°C overcharge test. The other cells
exceeded 1.560 volts during charge; hut did not exceed the time period.

C. Average end-of-charge voltages and capacity output in ampere-
hours (ah) were as follows:

Charge Volts  ah Out
c/20 for 48 hours at 25°C 1.4¢5 12.3
c/10 for 24 hours at 25°C 1.443 12.3
c/10 for 24 hours at 20°C 1.469 12.0
¢/10 for 24 hours at 20°C* 1.471 10.8
c/40 for 20 hours at 20°C 1.373 3.0
c/20 for 60 hours at 0°C 1.553 13.0
c/10 for 24 hours at 35°C 1.403 10.1

*Charge retention test.
**This value represents 66.7 percent of the input capacity (charge
efficiency test)

D. The average cell voltage at the end of one week open-circuit,
during the charge retention test, was 1.305 volts.

E. The 24-hour average cell voltage, following a 16-hour short
period, wes i.221 volts.

F. One of the auxiliary electrode cells reached its pressure limit
of 20 psia with 12.8 ampere-hours input, and a voltage of 1.541 volts,
during the pressure versus capacity test. The other three cells reached
their voltage 1imit of 1.550 volts with an average input of 13.5 ampere-
hours. Three cells exhibited pressure decay of 1 psia during the last
30 minutes of the 1-hour open-circuit stand. Average capacity out was
11.4 ampere-hours.

IIT. RECOMMENDATIONS

A. It was rec. nended that these cells be placed on life test simulating
that which the spacecraft will require of the flight batteries.

ii
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B. On 4 April 1975, one 10-cell pack (Pack 18G) began life test

on a 1.48-hours orbit (1.00-hour charge) with a voltage limit control
(1.447 v/C) at 20°C and a depth of discharge of 25 percent.

iii



WQEC/C 75-165
RESULTS OF
INITIAL EVALUATION TESTS
OF
GULTON INDUSTRIES, INC.
9.0 AMPERE-HOUR NICKEL-ADMIUM SPACECRAFT CELLS
WITH AUXILIARY ELECTRODES
FOR THE
SMALL ASTRONOMY SATELLITE (SAS-C)
[. TEST CONDITIONS AND PROCEDURE

A. A1l evaluation tests were performed at room ambient (RA)
pressure and temperature (25° + 2°C), with discharges at the 2-hour
rate, and in accordance with reference (b), unless otherwise specified,
and consisted of the following:

1. Phenolphthalein leak tests (2).

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

3. Auxiliary electrode characterization test.
4, Charge retention test, 20°C.
5. Internal short test.
6. Charge efficiency test, 20°C.
7. Overcharge tests, 0° and 35°C.
8. Pressure versus capacity test.
9. Phenolphthalein leak test.
(See Appendix I for summary of test procedure.)

IT1. CELL IDENTIFICATION AND DESCRIPTION

A. Ten of the twelve cells were manufactured without auxiliary

electrodes. The cells were identified by the Applied Physics Laboratory
part numbers 7217-9040A and also by the manufacturer as follows:

Model Part Number Serial Number
VO9HS 805051 2049-2082 (not inclusive)
VO9HSAD* 805052 109, 112

*Cells with auxiliary electrodes and pressure gauges. Two cells
without auxiliary electrodes also had pressure gauges. The cells were
placed in a temporary pack configuration for initial testing.

PRRCFNING PAGE BLANK NOT FILMED
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B. The 9.0 ampere-hour cell is rectangular with average weight
and physical dimensions as follows:

Overall
Weight (g)* Height (in Length (in) Width (in)
404.5 3.696 2.967 .877

* Does not include those cells with pressure gauges.

C. The cell containers and covers are made of 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 auxiliary electrode in Gulton's standard adhydrode (U-fold).
ITT. RESULTS--The following was condensed from tables I through VII.

A. The cells exceeded the maximum voltage requirement of 1,480
voltages during their charges at 20°C.

B. OCne cell, S/N 2069, exceeded the test limit of 1.560 volts
for a continuous time period of Z hours during the 0°C overcharge test.
The other cells exceeded 1.560 volts durino charge; but did not exceed
the time period.

C. Average end-of-charge (EOC) volta,es and capacity output in
ampere-hours (ah) were as follows:

Charge Volts ah Out
c/20 for 48 hours at 25°C 1.429 12.3
c¢/10 for 24 hours at 25°C 1.443 12.3
c¢/10 for 24 hours at 20°C 1.469 12.0
c/10 for 24 hours at 20°C* 1.471 10.8
c/40 for 20 hours at 20°C 1.373 3:0me
c/20 for 60 hours at 0°C 1.553 13.0
c/10 for 24 hours at 35°C 1.403 10.1

* Charge retention test.
** This value represents 66.7 percent of the input capacity (charge
efficiency test).
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D. Average Interne] Resistance Measurements (milliohms):

Measurement !aken Resistance
30 min before and-of-charge (Cycle 1) 4.4
1 Hr after start-of-discharge (Cycle 2) 4,25
2 Hr after start-of-discharge (Cycle 2) 4.42

E. Maximum power was obtained with a 50-ohm resistance; but a
47-ohm resistance was used throughout the tests as instructed by the
Goddard Space Flight Centers' Technical Officer.

F. The average cell voltage at the end of one week open-circuit
during the charge retention test, was 1.305 volts.

G. The 24-hour average cell voltage, following a 16-hour short
period, was 1.221 volts.

H. One of the auxiliary electrode cells reached its pressure limit
of 20 psia with 12.8 ampere-hours input, with a voltage of 1.541 voits,
during the pressure ve:sus capacity test. The other three cells reached
their voltage limit of 1.550 volts with an average input of 3.5 ampere-
hours. Three cells exhibited pressure decay of 1 psia during the last
30 minutes of the 1-hour open-circuit stand. Average capacity out
was 11.4 ampere-hours.
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APPENDIX 1
1. 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 percent phenolphthalein solution applied with & cotton swabk 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 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 volts or pressure of 100 psia.

b. C/'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 ((5 psia).

c. C/10, ¢4 hours, 20°C, Cycle 2, with the same limits
and requirements as the charge of Cycle 1.

C. Special Resistance Characterization Tests for Auxiliary
Electrode Cells:

1. The purpose ot this test is to determine the resistance to
be placed across the cell's auxiliary electrode and negative terminal
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, tc 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 0.1 ohm are then placed between the auxiliary
electrode and the neg.tive terminal. The cells are allowed a minimum
of 5 minutes, at each resistance value, to obtain an equilibrium
voltage across this resistance. This veltage value is then recorded
and by calculation using 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
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 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 +5 millivolts of the
average cell voltage. 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 impertections 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 (0OCV) 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.

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 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
lTimits are cell voltages of 1 56 or greater for a continuous time
period of ? hours or pressures of 100 psia. T'e 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 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
al~-» determines the cells' capability of reaching a point of pressure

2% ibrium; oxygen recombination at the negative plate at the same
.ate it is being generated at the positive plate.

2. The cells are charged C/10 for 24 hours with a test
lTimit 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. Pr-essure 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. Iarh 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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TABLE 111
INTERNAL RESISTANCE AND SHORT TEST DATA

NADC (8P 11/73)
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END-OF -CHARGE| START-OF-DISCHARGE | START-OF-DISCHARGE
CELL CELL PRESS

/09 4.8 v O ) ¥ 2 028 |/1223 | 1 |
/2 4.y Y. 2 i 5 027 112/8 b_j
2047 | 42 7.2 7.2 Lo/2 | 12/9
| 2052 Y & Sy A 2 Ol 1222 - 1
(2057 o 3 < 3 &, 3 L0lY |1 223
206/ ¥ 3 Y, / Y o 0/5 11223
L2063 5.0 43 .4 .0/3 2y
2067 | 3 4.6 Yé /2 11220
2072 ) .2 ¥/ ¢ 0i2 122/
2073 4.4 ir 2 i d Lol | 1.22/
2¢ 78 ¥3 4 3 Y & o9 | 1222
2082 | %/ %2 4, of cot2 |y 222 ¥

10




TABLE

Iv

CHARGE RETENTION TEST DATA

WQEC/C

75=-165

END- OF - CHARGE 24 HR. OCV 1 WEEK OCV END-OF - D1 SCHARGE
SERIAL :
AUX . AUX. , CAPAC-| ALY,
NUMBER | CELL | gLECT. PRESS{ CELL ELECT. PRESS .| CELL QE:CT PRESS.] 11v ELECT JPRESS .
(VOLTS J(voLTs |(PSTA) [(VOLTS) (voL TS (PSTA)VOLTSY voisef (psta)| (aH) fvoLTS)(PS1e,
/09 1lyz4l-662] 65 |/39e]| .063] 5 |/3°71.013] 3 lso6 |-cré9| 3 |
112 1975 .¢ee| 7/ l139gl 060l & /307|008 % /07 ).rys| & |
PZ&‘/? 75 /348 /. 305 11.0 |
2052|197 3¢ /397 S5 11307 S 1o 5
(2057 /472 /. 349 /306 10.7
(206l /92 & i /3¢ i
2063 /69 /39 /305 /0.7
2067 |/ 477 1 399 /3058 0.9
2072 14¢9 /397 / 303 0.7
2,73 |/76é /| 349 /306 /0.8 4
Zo7F |/¥68 ) 3¢ /! 3o0¢ /0.8 B
2082197/ 33 |,397 S |/ 303 S 8 S
jl B
1 |
y
|
1
|
|
|
1
|
n
|




75-16%

WQEC/C

12

&)
<)
BT U, NNV NN SNUY. NSRS N S &S
ﬁl. T E— " |
N - — o
[ B S
£S saki| 7z/| zz sss/| A sz 4 FLEV| TEOZ
4L€7 T/ LS55/ iz FLET| BoT
£k 1 27/ oss/ 62 ZLS5 /| §4°97
H6E 4 | 2Z/ P F o 4 SCET| ZLoT
com / | SE/ z257 LT st el LeoZ
$o4 1 A Z/ /€51 67 FLE £207
1 LbE 7 BN £E/) | 255 / 67 sLE 1992
T T eee /| 1 4 zs/ £S5/ S € FZE 7| 6592
77| as 1 7RT 4 ||+|mlwﬁ /€ £55/| A I s257| 2502
- m.&..h 1 xlmf 557 g7 AZS 7| 6AOC
Z5 859 1 80k /] AZ | A/ wtﬂﬂ?. ~ 83| 9o | /35/| s | 729 | se| A |se72'|/Ls/ T/
FEREREZI N TR o8| 4 gwl8ss7| £ | 970 | 6z| € [27207 [ocs /| 69/
(viSd) (S3IOA) iis3iee ti ::m& .,.3 .,_ (w) :.:n,.; tsagon) [isaton) | (y1sd)l (s31oa) | (W) |(visd)} (S310A) (s3l0n}
fesmg: o= | RN '3 | mod 'ssmd| 10313 | ALD [SSTd| 10313 T |udawk
Yh 1 HN 1 : Dov Neovagn | i | xw [-wan | 1w B SEEE
S Famoo o ¥ s 7307 3 CHA0-40-03___ | H#¥OSI-30-0N3 E ST TR millD
.‘&lﬂ: rsaL sbaeang | T (q0) asaL damaRI| oY w3135 v |

233 abaeyodang pue A3uaidiyy3 baey)
A 3evl




-16%

7
/

WOEC/C

(EL/TT d8) OavN-aNb
12
3
< o'} e TdS Y LN -
T z S/ L/ A TVIS4) %34 |
s v | "/ ££0 | §90- (S3[0A) Wy |
AN | 57 e A7 30 Hy 009 |
1T I Z7 T 0z Y (visd) ssedq
mOnlm. i | e 95/ | 221" (STIORT My
T9E /| 28E Y LAt /| L I35 K30 Jmoy |
. L/ zZ 1Z | 22 (v1sd) ssadd
M ¥/n Y/n AT A (s310a) xny
1 10k 1| 9ok 7 ZoA 7| 92k 1192 A0 Uik 0F
s/ | & 8/ (¥154) s5944
L7 o Js7 " T (STIOAT WMy |
g &/ | LE/ “/m | g A (ASS°L) /A 93 ub HY
LU (s3108) xny
/AS Y (sitoa] 11®
A7 VISd 02 &3 U} WY
i Aho- | LG (s3(0a) xny
255/ /ESY Zbhy| SIS (s3ton, (1@
8 €/ | EE/ gz/| S &g/ VISd S1 03 U} Hy
¥y L (s3loA) xny I
LIST|/TAAY [3310A) 113
/€l XA o oA VISd Ol o3 U} Hy
(s310a) xny
(s3toa) ([
iy #f "/ ¥y VISd § 03 UL HY
2 4 [ /1 [558dg "abuey)-j0-34e35
Zz8ozZ| zsozZ ZIir | &97 TN IYTIe% |

VivQ 1S3L ALIDVAYD “SA J¥NSSIUd

11 378vL

13



d

HA 9yl

SIIeML| [ W w.u.mmmﬂm g0l Saen m|>. = ¥3M04 VIS4 uL saunssaud [|y 330N
osZ: So72° | g/ [ S0 2, (900 ] F.oi .y
S$AZ ° Loo- 8/ [Loo-| 2/ 300 -,
55° S/0° g7 s10° 1 91 [970°| oo
Y E b2o0- g7 | 879 | s |1g0° ,
S5/ £SO’ g/ 050~ YARVATE »
/1497 977 gr | oo | LI€EE/T]
Léos 27" H g/ 52" | g/ (gs/*| o
ZLd € F A & | bl |09z | 97 |8sz° 02
72/ A AS A b1 |sEh | 81 |SLh’ 0S
4L4LEE €55 | 4/ |2Ls°| 4 |s6ST| o
SOof 7 L7 b1 | SLI ) 41 587" 0c2
26,77/ s08° __ 6/ | L08°| oz | 428" 005
Tk Ik | 27 | £E9° | oz |04 | coott
ASE" ZhB° h 07 |LAg'| 07 | L£8" 0C0'2
€A/ 248’ 0Z |5s8°| 07 |L€g°| oo
|  TLo- LA~8" 97 | 079" | 07 |s€8° 000* 01
SLIYMITIIN SLI0A SS3Wd | SLT0A | SSId | SL0A| SSWd | SLI0A | SSIdd | SLI0A | SSTd | SLI0A S
39V INY >l L0/ "Or TI43S
$300813313 AYVITIXNY 3HL NO YiVQ ~ [1SI¥ILOVIYHO 3INVISISIY TYII3dS



	GeneralDisclaimer.pdf
	0003A01.pdf
	0003A02.pdf
	0003A03.pdf
	0003A04.pdf
	0003A05.pdf
	0003A06.pdf
	0003A07.pdf
	0003A08.pdf
	0003A09.pdf
	0003A10.pdf
	0003A11.pdf
	0003A12.pdf
	0003A13.pdf
	0003B01.pdf
	0003B02.pdf
	0003B03.pdf
	0003B04.pdf
	0003B05.pdf
	0003B06.pdf
	0003B07.pdf

