EVALUATION PROGRAM
for

SECONDARY SPACECRAFT CELLS

ACCEPTANCE TESTS
OF
EAGLE—-PICHER 20.0 AMPERE—-HOUR
~ NICKEL—-CADMIUM CELLS
WITH AUXILIARY ELECTRODES

prepared for
GODDARD SPACE FLIGHT CENTER
CONTRACT S—-23404—G -

- QUALITY EVALUATION AND ENGINEERING LABORATORY
NAD CRANE, INDIANA




NAVAL AMMUNITION DEPOT
QUALIFY EVALUATION AND ENGINEERING LABORATORY DEPARTMENT

CRANE

INDIANA 47522

EVALUATION PROGRAM

' SECONDARY SPACECRAFT CELLS =

ACCEPTANCE TESTS

EAGLE-PICHER

20.0 AMPERE-HOUR = -
NICKEL-CADMIUM CELLS '
NITH AUXILIARY ELECTRODES

QEEL/C 72- 127

PREPARED BY..

9'5..%“5
D. E. CHRISTY
PREPARED UNDER THE DIRECTION OF

r

D. E. MAINS
Manager, Space Satellite
Cell Programs Branch

21 MARCH 1972

APPROVED BY

//??/

MILEY
By d1rect1on

Enclosure (1)



QEEL/C 72-127.

- REPORT BRIEF
EAGLE-PICHER COMPANY
20.0 AMPERE-HOUR NICKEL-CADMIUM SPACECRAFT CELLS
WITH AUXILIARY ELECTRODES

Ref: (a) NASA P. 0. S-23404-G
g (b) Acceptance Test Procedure for Nickel-Cadmium Cells:
NAD 3052-TP304 Rev A, 14 May 1970 :

I, TEST ASSIGNMENT BRIEF

- A. The purpose of this acceptarce test program is to irsure that
all cells put into the life cycle program are of high quality by the
removal of cells found to have electrolyte leakage, irternal shorts,
Tow capacity, or irability of any cell to recover its open circuit
voltage above 1.150 volts on the cell short test.

B. The 29 cells were purchased by ilational Aerorautics and Space
Admiristration, Goddard Space Flight Center, from Eagle-Picher Conpar/,
Joplin, Missouri. These cells are rated at 20.0 ampere-hours and
they corsisted of three groups: (1) 11 cells had the fuel cell
auxiliary electrode (Aux E) (2) 9 cells contaired the teflon rolled
captured platinum auxiliary electrode and (3) 9 cells cortaired the
teflonated sintered nickel plaque auxiliary electrode. All the cells
contained double ceramic seals. The testing was furnded in accordarice
‘with reference (a). .

IT. SUMMARY OF RESULTS

A. The capacity of the 29 cells ranged from 21.7 to 28.3 ampere-
hours. A1l cells exceeded the rated capacity on all three capacity
checks. ' N '

B. Five cells failed to recover to 1.150 volts: serial nurber 13
of the teflon rolled, captured platirum group and serial numbers 7, 8,
9 and 10 of the teflorated, sintered nickel plaque group.

C. During the overcharge tests, 15 of the 29 cells had to be
removed from charge before completion of the respective tests due to
high pressure.

TYPE OF AUXILIARY ELECTRODE SERIAL NUMBERS OF CELLS REMOVED
Fuel Cell 5, 11, 12, 15, 21, 22
Teflon Rolled, Captured Platinum 6, 7, 8, 10, 16, 17, 18, 13, 20

Teflonated, Sintered Nickel Plaque none
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D. Auxiliary electrode characterization tests were conducted to
determine the maximum signal power across the electrodes. The auxiliary
electrode resistance correspondinrg to maximum signal power for the -
respective auxiliary electrode. types-is tabulated as follows:

TYPE OF AUXILIARY ELECTRODE - * AVERAGE RESISTAWCE VALUE
Fuel Cell - 1.0 ohm |
Teflon Rolled, Captured Platinum ‘ 0.5 ohm
Teflonated, Sintered Nickel Plaque 2.0 ohms

E. Eleven of the 29 cells gave indication of leakage during one
of the three leak tests. Most of the indications were arournd the '
fi1ll tube and negative terminals following the second and third
leak tests.

I11. - RECOMMENDATIONS

A. It is recommended that these Eagle-Picher cells undergo']ife
cycling test to gain more knowledge of their performance or 1ife testirg.
This recommendation takes into account the difficulties with over-
charge.

ii
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RESULTS OF ACCEPTANCE TEST
OF -
20.0 AMPERE-HOUR NICKEL-CADMIUM SPACECRAFT CELLS
WITH AUXILIARY ELECTRODES
MANUFACTURED BY
EAGLE-PICHER COMPANY

I. TEST CONDITIONS AND PROCEDURE
A. A1l acceptance tests were performed at ar ambient temperature
between 23° C and 27° C at existing relative humidity and atmospheric

pressure, in accordance with reference (b) and consisted of the
following:

1. Phenolphthalein Leak Test.

Three Capacity Checks.

Cell Short Test.

Phenolphthalein Leak Test. _
0verchdrge Tests, ¢/20 and c/10 Rates.

csm-hwm

Special Resistance Test of Auxiliary electrodes
(between c/20 and ¢/10 overcharge rates).

7. Internal Resistance.
8. Pheno1phtha1ein Leak Test.
See Appendix I for detailed test procedure.
I1. CELL IDENTIFICATION AND DESCRIPTION
A. The cells were identified by the manufacturer's serial rumbers

and by group according to the type auxiliary electrode they cortaired.
This latter information was supplied by Goddard Space Flight Certer.

TYPE OF AUXILIARY ELECTRODE MANUFACTURER'S SERIAL HUMBER

Fuel Cell 2, 3,4,5, 11,12, 13, 14, 15,
21, 22

Teflon Rolled, Captured Platinum 6,7, 8, 10, 16, 17, 18, 19, 20

Teflonated, Sintered Nickel Plaque 1,2, 4,5,6, 7, 8, 9, 10
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B. The 20.0 ampere-hour is rectangu]ar'with the average physical
weights and dimensions tabulated below.

TYPE OF AUXILIARY ELECTRODE -~ WEIGHT HEIGHT LENGTH  WIDTH
o | (9) (in)  (in)  (ir)
Fuel Cell ~ . 918.6  6.245 . 1.100  3.223

Teflon Rolled, Captured Platirum 923.9  6.232 1.221  3.219
Teflonated, Sintered Nickel Plaque 899.1 7.133 0.907 3.006
C. The cell containers and the c ell covers are made of stainless
steel. The positive and negative termirals are insulated from the .
cell covers by ceramic seals and protrude through the cover as
solder type terminals. The auxiliary electrode termiral consists of
a stainless steel tab welded to the cell cover.
III. RESULTS--The following data was condensed from Tables II through IV.
A. Average Capacity (ampere-hours) |

‘CAPACITY CAPACITY CAPACITY

TYPE OF AUXILIARY ELECTRODE CHECK 1 CHECK 2  CHECK 3
Fuel Cell 25.5 26 .6 24.1
Teflon Rolled, Captured'P1atinum 24.1 27.7 25.3

Teflonated, Sintered Nickel Plaque 24.6 26.9 25.4
B. Average Recovery Voltage ' '

TYPE OF AUXILIARY ELECTRODE 24-HOUR RECOVERY FROIM DEAD SHORT

Fuel Cell 1.177 volts
Teflor Rolled, Captured Platinum 1.176
Teflonated, Sintered Nickel Plaque 0.662
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" C. Average End-of—Overcharge:letage:

TYPE OF ,
AUXTLIARY ELECTRODE c/10 c/20 c/10

Cell  Aux. E. Cell Aux. E.. Cell Aux. E.
Fuel Cell 1.438 1.043  1.399 1.006  1.416 -0.894

.Teflon Rolled, . ' : _
Captured Platinum 1.431 1.0%9 1.420 1.063 - 1.437 1.967

Teflonated, Sintered : .
Nickel Plaque 1.424 0.731 1.438 0.731 1.456 0.685

1. A1l cells of the teflon rolled, captured platinum group
and six of the fuel cell type auxiliary electrode were removed early
from overcharge due to high pressure.

D. Special Test for Determining the Resistance Giving Maximum
Signal Power From the Auxiliary Electrode.

1. This test was conducted following the c/20 overcharge and -
prior to the ¢/10 overcharge on 15 of the 29 cells. The 15 cells were
all equipped with gauges. The ¢/20 rate had to be reduced stepwise
(halving each time) to ¢/80 to keep the pressures from risirg or all
cells except the group having the teflornated, sirtered nickel plaque.

TYPE OF AUXILIARY ELECTRODE RESISTANCE FOR MAXIMUM POWER
Fuel Cell 1.9 ohm

Teflor Rolled, Captured Platirum 0.5 ohm
Tef]onated, Sintered Nickel Plaque 2.0 onms

E. Average Internal Resistance:
TYPE OF AUXILIARY ELECTRODE CELL AUXILIARY ELECTRGDE
Fuel Cell 2.2 milliohms  56.9 milliohms
Teflon Rolled, Captured Platinum 2.7 milliohms 32.8 milliochms

Teflonated, Sintered Nickel Plaque 1.6 millichms 12.7 milliohrs
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F. Each cell was subjected to three leak tests. On these tests,
11 cells gave indication of leakage. Most leaks were visible around
the fill tube and negative terminal following the second ard thivrd
- leak tests. : ' _
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APPENDIX 1
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I.. TEST PROCEDURE
~A. Phenolphthalein Test:

_ 1. The phenolphthalein leak test is a determiratior of the
condition of the welds and ceramic seals on receipt of the cells.
This. test was performed prior to any other tests, with a phenolphtha-
lein spray indicator solution of one-half of one percent concentration.

B. Capacity Tests:

1. The capacity test is a determinatior of the cell capacity
at the c/2 discharge rate, where c is the manufacturer's rated capacity
to a cutoff voltage of 1.00 volt per cell. The discharce was made
after a 1-hour open circuit period following the 16-hour charge at the
c/10 rate. A total of three capacity checks was made at this activity.
The cells were discharged individually, but were recharged in series.

C. Cell Short Test

1. The cell short test is a means of detecting slight shorting
condi tions which may exist because of imperfectiors ir the irsulating
materials, or damage to element in handling or assembly.

2. Followirg completion of the third capacity discharge test,
each cell was loaded with a 0.5 ohm, 3 watt resistor for 16 hours.
At the end of 16 hours, the shorting resistors were removed and the
cells were placed on open circuit stand for 24 hours. Any cell whose
voltage did not recover to 1.150 volts or higher was corsidered as
failing this portion of the acceptance test.

D. Leak Test

_ 1. The leak test is a means of detecting leakage of a seal
or weld. The test was performed before and after the overcharge
test sequence to determine the presence of leaks.

2. The cells were placed in a vacuum chanber and exposed to
a vacuum of 40 microns of mercury or less for 24 hours. The cells
were ther removed from the vacuum chanber and sprayed with phenol-
phthalein. Pink or redish discolorations would indicate leakage.
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E. Overcharge Test ’ _
1. The purpose of this test is basically threefold}

a. To determine the degree to which a pack of cells
- maintain a balanced voltage.

b. To determine the cells cépab111ty of reaching a
- point of chemical equilibrium--oxygen reconbination with the nega-
tive (cadmium) plate.

c. To test the integrity of the seals as the pressure
increases. '

2. The overcharge tests were performed to determine the
steady state voltage at specified rates. The test specified a series
of constant-current charges at ¢/10, ¢/20 and ¢/10 for a minimum of
16 hours at each charge rate. The first c¢/10 rate serves to estab-
1ish a condition of overcharge.

3. The cells were monitored hourly throughout the test.
Charging was to be discontinued on cells which exceeded 1.500 volts or
100 psig.

4., The special resistance characterization tests for the
auxiliary electrodes were conducted following the c¢/20 overcharge
and prior to the ¢/10 overcharge. The cells were maintained or charge
at ¢/20 provided the voltage and pressure limits were not exceeded.
Goddard Space Flight Center specified that the pressure be mainrtaired
as near 0 psig as possible and still charge the cells.

a. A decade resistance box was hooked across the auxiliary
electrode of each cell (auxiliary electrode termipral to negative ter-
minal) such that the resistance could be conveniently and prec1591/
varied.

b. The sequence of resistance changes (ohms) were: 10,000,
5000, 2000;1000, 500, 2003100, 50, 20;10, 5, 2;1, 0.5, 0.23and O.1.
A period of approximately 5 minutes was allowed for the equilibrium
of the auxiliary electrode voltage to re-establish itself after each
resistance change. This equilibrium was verified by observatior of
a strip1?hart recorder mon1tor1ng the auxiliary electrode voltage of
each ce
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c. Data thus obtained was converted to power urits ir
mi1liwatts as illustrated at the foot of Table IV. The resistance
value giving the maximum power of the auxiliary electrode sigral is
thus chosen for the auxiliary electrode resistance.

F. Internal Resistance:

1. Immediately following the overcharge test, the irterral
resistance was measured across the cell termirals and across the
auxiliary electrodes (from auxiliary electrode terminal to negative
term1na1{ These measurements were made with a Hewlett-Packard
mi1liochmmeter (Model 4328A).

G. Léak Test:

1. Following the internal resistance measurements, the cells
were still in a charged state. The cells were discharged at c/2 to
0.00 volt and shorted prior to the final leak test. The shorted cells
were then placed in a vacuum chamber and the procedure described in
paragraph 1.D.2. was repeated. :




TABLE 1
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LEAK TESTS

Initial

After Capacity Tests

After Overcharge Test

, (Phenol Spray) (Hi vac & Phenol Spray) | (Hi Vac & Phenol Spray)
SERIAL | WEIGHT HEIGHT LENGTH WIOTH Terminals| Fill | Other nals | Fill | Other nals| Fi1l }Other
NUMBER | (Grams) | (Inches) [ (Inches) | (Inches) +{ - Tube +] - Tube + | - Tube
A 9/8.8 6.24¢ .O070 3.215 L |ok | ok o.kx. |ok | ok | ok ok. | or | akr.| ok o.k.
3 9/7 8 6.22] [.268 3.1%7 O.k. -
y 9/6.4 | b6.244 | 1069 3.215
S 1 9202 | 6212 1162 3.200
4 932.4 6.245 l.06S - 3.229 -
i2 934.4 6.255 1.08% 3.235
/3 935.3 6.246 .06/ /3.243
14 934.2 6.249 1.076 3.245
/5 231.6 é.24¢6 1075 3.236
2l g94.0 6.253 1.094 3.220 v
A2 £79.3 6.272 1.0%0 . 3.124 > V.S.
Averaq 918.6 b.2YS 1.100 3223
L = Leakel
V.5. = vevly slight leak
These cells contained the Fu bl cell typle auliary elecdrode .
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LEAK TESTS

Initial

After Capacity Tests

After Overcharge Test

: ' Phenol Spray) (Hi_Vac & Phenol Spray) | (Hi Vac & Phenol Spray)
SERIAL | WEIGHT HEIGHT LENGTH WIDTH Terminals | Fill | Other { Terminals | Fill | Other Terminals{ Fill |Other
NUMBER | (Grams) | (Inches) {Inches) | {Inches) + | - Tube + | - Tube + ] - Tube
6 9i3.7 6,210 [.080 3,211 O0.K.| o-k.| o.k. | 0.k. | 0.k.| 0.k.| Ok. | o.K. ok. | 0.k.| ok.| ok,
7 915.¢% 6,232 1./5% 3,191
g 9/5,.7 b. 241 {. 153 3.200 -
[0 913. 4 6.230 [ 176 3.194
{é 930.7 b 24/ 1.08S 3.247
17 930.8 6£.23Y9 1,064 3.247
/g 929.6 6,227 l./23 3.242
Vb 933.4 6.235 [.033 3.230 V.S,
20 932.0 ¢.237 | 1.080 3.227 “ v.s. | ok.
Avérac:e 923.9 €.232 .22/ v 3..219
/ £99.0 1.140 0.298 3.009 | ok.| ok} ok. | ok. | ok.| O.k.| 0.k, | 0.k. | 0.k, |0.k.| V5. | ok.
2 200.0 7.(30 0.9/0 3,00} . ' v.s.
Y §95.3 1. 125 0.905 3.010 o.K.
s 895.9. | 2,141 0.915 2.99% V.S.
[ 00,2 yNIR 0.914 2.917 N L
7 | 0.5 1.1%0 | 0.909 3.023 ok,
g q00.Y 1,138 0.907 3.008 L
9 901 .¢ 1. (3% 0. 92 3008 ok.| L
10 999.6 7./33 0. %296 3.00¢
Average 999./ 7./33 0,901 3,006
The fiest laroup of cils (6-20) [contained the tefion ro/lea;capﬁured plibinunn fy'pe of auxjlrary dlectlrode.
The second chro@ of kefls (i=10) contained the ltefiohated,|sintered m':utei Jf‘c:a’e é7nf of aun‘j.:ry eldetrade,
!

10




TABLE 1T .
CAPACITY CHECK DATA

QEEL/C 72-127

FIRST CAPA

* leqative values are interpreted as ipches of mercury vacuum, while positive values are psiq.

CITY CHECK SECOHD CAPACITY CHECK THIRD CAPACITY CHECK
END-OF-CHARGE END-OF-DISCHARGE END- OF- CHARGE END- OF- DISCHARGE END-OF-CHARGE END-OF-DISCHARGE

SERTAL AUX : CAPAC- AUX i AUX CAPAC- AUX AUX . CAPAC- AUX . .
NUMBER| CELL ELECT | PRESS| ITY ELECT " | PRESS | CELL ELECT | PRESS| ITY ELECT | PRESS| CELL ELECT |PRESS | ITY ELECT | PRESS

{ (volts )| (Volts) * (ah) | (Vvolts) * (Volts)| (Volts) * (ah) | (Volts) * (Volts)| (volts) | * (ah) | (volts) | =
A LH19 | 0.984 25.2 | 0146 L4942 | 1045 2271 | 0.115 1,426 | 1053 23.7 0,845
3 423 | 0.992 24.7 | 0.7'A 1440 | 003 2.8 | 0219 £:425 | J.o01s 23.0 0.752
4 L420 | 0.995 25.2 | 0.7%4 Ly4e | 1080 225 | 0.183 1.431 | 1,066 238 0.875
5 1419 | 0.9%9 . 25.2 | 0-745 1ys7 | 1041 277 | o.130 1444 | 1.05Y 250 | o.M
/ [ Y17 | o | -25 | 247 | 0782 | -26 | 1438 | 1.0OF | +23 | 122 0.697 | +15 | 1494 | ).p32 | +75 | 258 o0.743 | +43
12 1.4/8 024 | =9 23.3 0.761 -9 | 1444 1.043 | +31 | 279 0.750 | +17 | L4417 | 106k +éb 87 0.7177_| +4
/3 .4)8 1.030 —20 | ay4.® 03723 -2 [.942 Lo47 | +3% 248 0.¥02 | +28 | 4430 Lo5é +3% 3.8 o.845 | +81
4 LYi® | Loys | +{ 25.0 0.15% =25 | py4y | )027 | +29 22.1 0. 741 +22 | L.Y426 ! J04 +71 24.0 0.913 | +70
s 1906 | 4026 | <18 | 2¢0 | o076 | =20 | 143y | 1030 | 429 | 2¢3 | 0758 | +22 | 1445 | .08l |+j00 | 257 | 0,735 | +56
2 L426 | 0999 229 | o.q4s 1448 | 0971 240 | 013y 1429 | o997 222 | 0.713
22 1.429 0.990 2.9 o142 LYY7 0984 232 0.136 LY427 {.002 2.7 Q.732

| hwrage| 24.5 266 24,1
These ! celkeonfained auxil ary electrode,
n




TABLE I1
CAPACITY CHECK DATA

QEEL/C 72-127

FIRST CAPACITY CHECK SECOND CAPACITY CHECK THIRD CAPACITY CHECK
END-OF-CHARGE END-OF -DISCHARGE END-OF-CHARGE END-OF-DISCHARGE END-OF-CHARGE END- OF-DISCHARGE
SERIAL | AUX CAPAC-] AUX AUX CAPAC-T AUX AUX CAPAC- T AUX
NUMBER| CELL | ELECT |PRESS| ITY ELECT {PRESS| CELL | ELECT |PRESS| ITY ELECT |PRESS| CELL | ELECT |PRESS| ITY ELECT | PRESS
{volts)| (Volts) * {ah) | (volts) * (Volts)| (Vvolts) * {ah) 1 (volts) * (volts)t (Volts) * | (ah) | (Volts) *
£ LY18 | 0.986 25.2 | o.995 1.487 | /. 087 250 | 0.0l 1.435 | 1. 06%8 25.¢ | 0.797
7 1420 | LOIY 25.7 | 0.185 1454 1 1.089 22.2 | 0.§22 1LU28 | -1, 048 25.0 | 0.946
g )-423 | 1.009 22.2 | 07154 1462 | 1 037 25.5 | 0.800 1.456 | /.09 23.8 | o. 521
10 L9220 | 1,008 23.2 | 0.759 /. 4541 /.0%0 270 | 0.7193 1. 4se | 1. 1oo 25.0 | o. %20
6 | 1918 | 1030 | ~206 | as5 | o720 | <27 | £ w64 | 1075 | ruz | 27.9 | 0992 | +30 | s wwo | t.oer | t47 | as-g | o.70 | +42
7 1420 | Lo22 | —-26 | 243 | 0766 | 27 | 1. 445 | L0é63 | 422 | 268 | 0T8O | #/6 | 458§ (.09 | +95 | 25.0 | 0. %10 | &9
/8 1414 | £oo2 | -29 | 23.0 | o7¥0 | =30 | [ 444 | Loss | +17 | 288 | 0.7%0 | +I10 | 1 4% | [.0717 | +é6 | 26-0 | 0.90Y | +47
9 w1y | fool | <25 | 233 | 0776 | -26 | . 439 | LosS | tal 28.2 | 0.78% | #13 | [ 944 | (.09] | t77 | 253 | 0.9(b | -HO
20 L2 | 0999 | =25 | 233 | 0777 | -26 | 1. 434 | Lo¥7 | #212 298 | 0.7717 | #5 | L. 434 | 1067 | +78 | 25.8 | 0.907.] +43
Avemge 24/ 227 25.3
! LY1S | 0.793 | =13 247 | 0440 | =l6 | 1426 | 0.573 | +i5 | 2727 | 0.388 | t2 | 1. 412 | 0,731 | +t4Y | 25.7 1 0.519 | +i3
2 | 415 | 0777 24.5 | 0.0i8 | 1427 | 0.585 223 | 0.349 L4210 | 0.742 25.7 | 0.526
Y L Y417 | 0750 | =27 248 | 053 =29 | 1432 | 0.516 | +6 27.8 0.377 | =6 | 1. 422 | 0.67%Y | +25 | 24.2 | o.4?5 | ¢3
s L 415 | 0.937 24.8 | 0863 1423 | 0.5%96 27.2 0.394 L9171 0,791 24.3 | o.5¢2
b 1496 | 0905 | =27 | 244 | o.sys | -29 | 1428 | 0.558 | #2 | 215 | 0.35¢ | -l | t.42/ | 0.695 [ +35 | 25.5 | o0.495 | +9
7 lo9d {0795 | =29 | 24§ [ 050 | -29 | 1428 | 0.993 0 272 0.434 O | r4a4 ] 0.781 | +40 | 26.7 { o.557 1 +i
2 |srws | oy 243 | 0.49¢ 1L.y3n | 0.54Y 25.¢ 0.283 1. 421 | 0.6%6 5.3 | o.4/0
9 | ryiv | 0697 242 | 0.4% 1432 | o.9%¢ 25.8 | o.484 1,428 | 0.925 25.2 | 0.542
10 LY13 | of1y | -20 240 | 0.8534 | =% | 1424 | 0.906 | +18 | 247 0.550 } #2] | 1.42] | 0.944 | +86 | 24.0 | 0,587 | +46
[Average 24.6 2.9 5.4
The first grodp of dells (6120) contained the teflon rol ed, cdpturediplatinuyn type of’auxiliar\/ electlrode.
The scand group of cells 1-10) contained the teflonats d; sintered Rickel plague ﬁ){lnp of auxilia\-\/ eLeg}(:roJe.

*Negative values are interpreted as inches of mercury vacuum, whi

le positive values are psig.
12
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TABLE 111
END OF CHARGE VOLTAGE AY: INTERNAL RESISTANCE
SERIAL CELL SHORT TEST c/10 CONDITIONING RATE | ¢/20 CONDITIONING RATE | ¢/10 CONDITIONING RATE MEASUREMENT
NUMBER Recovery Voltage -~ AUX AUX AUX (Milliohms)
after 24 Hours CELL ELECT |PRESS CELL ELECT |PRESS CELL ELECT |PRESS CELL  [AUX ELECT
(Volts) (Volts) {{volts}l * - | (Wolts) | (Yolts)| * (Volts) 1(Volts)y =
2 1.117 (Y40 | 105 1.371 | 0.984 LYy 1,949 1.3
3 1.156 L5239 ] 0994 312 | 0.917 [. 411 0.312 L3
Yy 1.169 L5453 1.047 1,374 | 0.943 LA 407 JRELD) {3
59 I. 185 LYa2Y | 1024 425 | 1.026 . 456 0%y .4 1.2
T 1117 1L 428 Looy | Y | 1430 | 0.9 +12 L3936 | 0.910| +§5 1.2 6.0
2" l.200 438 | r047 ) +30 | Lw4r | 1.634] +M .55 | |, 540 ¢57 4.9 2.0
/3 173 I YY3 (113 | +58 | 1.36¥ ].064| + & I.345 | 0,425 +ib i3
1y i, 168 L4490 1.]07 | +50 {.36% 1.068 | ¢4 L5225 | 9.2:¢] +eS i3
150 1,199 1420 | 1400 | +5Y | g 4i7 {105 | 38 457 | [, 9%e]| #i99 (4 454
EThd A [.45S | 0.9%¢ L4995 | 0.945 (422 | 9.959 i1 95,9
Y S /.1%0 1,455 1 0,948 1490 | O 442 .49 | 2. 75 is® 6.2
Average {.027 1. 438 1.04; /s 397 1.006 w16 | 0214 2.2 Se.
x| The lagd ovscenarde rate (3o wwad vist ¢ m'.-.ie:'.ed us &3 di.n gesheare ofr arter “nyan. dad 45 pninate.,
O The firs® tem dvetinarie vtates (s wmd Yuds WErR SEemiliate 3 e;rl> ceither or thtn, Jag|ts nign pressure.
Th2s2 Asiis rans by Inz Tas, 2mh Npe laniiany f2esrdae,

* llegative values are interpreted as inches of mercury vac]u;m, while positive values are psig.




TABLE 111 QEEL/C 72-127
END OF CHARGE VOLTAGE AT: : _INTERNAL RESISTANCE
SERIAL| CELL SHORT TEST | c/10 CONDITIONING RATE | ¢/20 CONDITIONING RATE | c/10 CONDITIONING RATE _ MEASUREMENT
NUMBER| Recovery Voltage AUX | AUX AUX {(M1111 ohms)
after 24 Hours CELL ELECT |PRESS | CELL ELECT |PRESS | CELL ELECT.|PRESS | CELL JAUX ELECT
" {Volts) (Volts) | (Volts)| * (volts) | (Volts)| =* (volts) {(Volts)]  * :
6 ° /197, 1424 | 1074 1426 | 11076 /456 | 1042 /.4 25.7
719 (191 1423 | /.06l 1426 | 1.068 1456 | 1.0gY s 9.4
g 1178 1433 | 1067 1426 | 4050 1.395 | [.043 2.4 5.0
10** [174 1434 | |.068 1M27 | f.e56 | 1396 | .09y 3.0 ¢3.0
e ® L 204 Ly2s | pyi2 | sy | 0437 | g6 | +79 | 1460 | oge | t8Y | 4y 192
17 ** 1199 1430 | /051 | +43 | /432 | Lo4e | + 9y 1413 | L0S? | +[00 5.4 £2.0.
9 ** 1131 & 1425 | to13 |+ 8 | L4l | 1050 | -y5 | 453 | 1060 | + 78 1Y Ny
9 ** L 169 (430 | 4057 | +3g | 405 | 7050 | -3 1453 | 1.075 | +86 LY 1S.0
20 ** [:6b rys2 | 4036 | 36 | 1399 | 052 | -4 | 4eg | [0s] | +88 | 1§ 148
' (176 /931 | 1059 LY20 | /063 3 1437 | 1067 L7 32.8
‘ Cells with serial pumbers ¢ to 20 contained|the teflan rolled, chptured plabinum ausiliary| electrade.
/ (170 L426 | 0985 [ +13 | 1437 | 0876 | +14 LY44 | 0636 | +19 A 29
L2 L18¢ 1427 | 0,628 1435 | 0619 | 1439 | 0.669 [.6 11.0
y 1187 [r43] 0915 | +2 1452 0.%8¢% | + & [476 | G642 | 4145 | 1.7 is
5 117Y% [.4930 0,611 1,436 0.630 | 4439 | 0.698 1.1 137
’_g [ 166 1L,429 | 0,995 | +6 L4442 | og82 | + ¢ (L4sY | 0626 | +12 17 12,5
7 0.010 & L.Y18 .47 | + ¢ 1440 0672 | +19 L47¢ | 0733 | +30 7 .5
g 0.043 & 1,419 0,608 ‘ 1436 | 0589 L6l | 0638 Lo NS
1 9 0.012 - L4419 | o.66l 1437 | 0.659 1458 | 0710 bl 13.8
.0 _0.036 ¢ srs Loqi | eis | 1428 | azer [e2v | suse | awo | v b 7.9
Average|  ©.662 1429 | 0731 1438 | 0131 [.45¢ | 0.695 b 27
7 _ tells with derial nuvhbers Jjto 10 contdined the|teflonated, sinteted nickd! plague |type auxilipry electrede.
¢ Rgmnl_xgb&gu t 1150 volts. :
| ¥ The last overcharge rate /o) was not m"pletec/ dug__tg__b_ujﬁ_frg sure : offl after :
' Q The first two overchame ¢ d inated (of due to hi

* Wegative va\ue§ are interpreted as inches of mercury vacuum, while positive values are psig.
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SPECIAL RESISTANCE TEST DATA ON THE AUXILIARY ELECTRODES

TABLE IV

SERIAL WO. 1" 12 /3 'Y /5 AVERAGE
OHMS VOLTS | PRESS | VOLTS | PRESS VOLTS | PRESS |VOLTS | PRESS | VOLTS | PRESS VOLTS MILLIWATTS
10,000 ].053| +2 {.050! -1i l.064] +6 |.o68] +¢ l.o78} ta9 1.063 0.113
5,000 1.o470 +3 1.047} =j0 | 1.06l] *é6 1.obd| +8 J1.077] +29 1.059 0.224
2,000 1.025] +3 | 1.02G] -9 |1.044] +6 | i.09s| +g |1.059] +29 . 040 0.541
1,000 1.004} +3 tootyl =9 li.o2t] +é l.o24{ +9 1.040) £29 {.o2l l.0oY
500 lo.98/| +3 |i.033] -9 [1.002] 47 | 1003 43 |j.009] 429 | .00¢% 2.03
200 0.9391 +3 |0.939| -7 |0.971| +7 |[o.a70f ¥ 0982 .8 0.938 4.69
100 10.902| +3 |o.960] -6 [0.994]| +7 |04939]| 43 ]0.945] 42¢ 0.93¢ 8.30
50 0.965| +4 [0.941| -5 [0.94] +7 Jo.g00| +9 0.90/]| 30 0.904 6.3
20 lo0.796] +s |o0.904| -2 [0R6H| +1 |o.835| +9 [0.929| 430 0.84%6 35.9
10 0.7217) +6 0.9.63 -1 {o.gig| +7 Jo.769] +3 0,799 430 0.792 6l.2
5 1o0.¢04] +3 lo.799| +1 lo.751] +¢ |o.e20f +9 |o0.¢4i| +30 0.695 9.6
2 0. 413] +9 o,(os‘ t2 |0 .634 +b |0.5i19| 48 JOHHT| t30 0;52‘{ 137.0
V¥ o 274| ri0 o.aes] +2 |o.s3s| +3 lo.292] w0 [o.302] 435 0.379 143.0
0.5 |o.7¢5|+11 |o.oaw| +2 |o0.3/6] +] [o0.266] t5 [o.192] 29 0.233 10§.0
0.2 |5.003) +13 |o.107] 43 l0.i32| -2 |o./44] +3 |0.100]| 429 0.113 (3.§
0.1 o099 ki lo.0ey| +y4 lo.o2e| -6 |o.ove| +2 lo.0ew] a7 0.069 ¥6.2
I. Fuel Cell Type Auxiliary Elctrode — %I; vatte 103 Mmiaw:tts T Huatts

#.Resistance producing maximum
s-‘gnal power
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QEEL/C 72-127

SPECIAL RESISTANCE TEST Bf\?’kEOIIVvTHE AUXILIARY ELECTRODES
SERIAL NO. 16 /17 /9 /9 20 AVERAGE
OHMS VOLTS | PRESS | VOLTS | PRESS | VOLTS | PRESS |VOLTS | PRESS | VOLTS | PRESS VOLTS MILLIWATTS
10,000 1.,076) +4 | 1.06%| +b ).085| #13 |/ .095] +13 | 1.085] +i2 |.082 o111
5,000 1.079] +Y4 [.065] +6 1.0761 +l6 /.088| +16 | 1,080] +16 1.077 0.232
2,000 | ).058| +4 | r.099] +6 | 1.068| +15 | 1.001] w9 [1.072] +n 1. 066 0 568
1,000 1.043] +Yy /.03% +b -/,06/ +2 /.074] +21 1.069] +211 1,055 /.1]
500 1.025| +Y4 /.020] +6 |.1.050| +23 | 1 .064y| +23 | [.052] 24 I.042 1.17
200 0.97¢) +4% | 0.992{ +7 1,030 +25 | 1 .owdl +26 | L.03/| +26 ! .o«fi 5.19
100 o 974 +4 |0.9%69| +7 | r.000) 126 | .023] ta7 | 1.009| +27 0.997 q.94
S0 10.945) +s |o.942| *§ | 0.9%| +21 | 0.997| +28 | 0.992] 25 0.970 19.¢
20 0.900] 5 |0.,900] +9 |0.,939] +28 | 0.947] +19 |0.932] ¢30 0.924 42,7
10 0.2\ +S5 10.957| +yy [0.992] +28 | 0.897] +19 |0.90Z| +3 0.876 76-7
5 0.792| +6 |0.797| +/12 |0.892| +28 |o0.932| +13 |0.8i6| #3i 0.813 /32.0
2 |o.67%| +s |o.e9/| #3 |0.723| #27 |0.724] w5 |0.701] +30 0.70 2%.0
! O.5¥1| 43 0.56/‘ f0¢ 10,6060 +24 |0 .603] +2¢ {0.572) +2§ 0.577 332.0
0.5 0.366| 12 |0.906) +iv |0.449] s24 |0 .429] #3 |0.433] +2 0.4i7 34¢.0
0.2 Vo ss¢| +1 Jo.208] #3 |0.20/] +17 |0 .204] 120 |0.29%] +u2 0.204 20¢.0
0.1 too79| o0 (0,22 43 |o.099| iz | 0.103] t1y [0.130] +lb 0.107 (11%4.0
'lﬁﬁ'ﬁ'.‘ﬁ",”ej;f:f:ﬁ‘f Pltimern POMER = .Vf. Watts 103 m%l—“{%t—ti : Milliwatts
%. Resistance producing maximum R

signal power
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SPECIAL RESISTANCE TEST DATA ON THE AUXILIARY ELECTRODES

TABLE IV

SERIAL HO. [ Y 6 7 /0 AVERAGE
OHMS VOLTS | PRESS | VOLTS | PRESS | VOLTS | PRESS |VOLTS | PRESS | VOLTS | PRESS VOLTS MILLIWATTS
10,00 [o.g7| vy |o.9% +s lo.a76| +¢ |o.95¢| +3 [o0.8eq] #25 0. €19 0 .011
5,000 {0.957] + [0.965] +S |o.g631 +¢ 1o0.882] +9 |o.87:| +a8 0.968 0. 15|
2,000 O0.%05| +14 jo.g03] *+5 10.799 | *6 0.963] +9 0.%6S| 12y 0.827 0 . 342
1,000 O0.7400 +1y [0.733] +5 |o0.7a3 | +b 0 .921] tio 0.8%%43| ws 0.113 0 .549%8
500 0.66/1 +)4 [0.649] 5 1 0.639 | tb 0.742) +9 0.902| 425 0 .99 o.-91
200 0.5% w4 |o0.534|l +5 | o0.528 ] #b 0.614| +9 0.6%7| 425 0.5%( [ - 69
100 0.966| +14 |o.449] +5 |o.wsi| +6 o .5i¢| +9 lo.svi] 45 0 .453 2 .43
50 0.395| +i4 |0.368| +5 |0.3% | +6 0. 424 +1 0.497| #1§ g+ Y2 3.40
20 0.312] Y |o0.292] 5 |o0.2%7| t6 |o.325| +% |o.408] 115 0 +323 §.22
10 0.256 ty 10.224] +§ 10.230| +4 |0 .46 t5  |2.352] #LS 0 . 24é 1.0%
5 0.206] +14 |0.171| +4 [0.179]| +5 [0.2/0] +9 [0.302]| 4§ 0 214 916
2* lo.u3| +n3 0.109| +3 lo.ug | +s |0.c40| ¢3 |0.238| 125 o - 150 // .3
1 0.097{ +i2 |0.067| +3 |0.0%0| s |o.092] *5 lo.igel +2y 0 05" U -0
0.5 10,062| +ia |0.038| +3 |o.049]| t¥ |o0.00| +9 |o0./4/] +23 D+ 069 .52
0.2 1o0.032| +i2 |o.oig| 3 lo.02¢4| ty |0.026] ¢ |0.087] +20 p 037 6 .85
0.7 lo,0/8| +iz |o.010]| +3 lo.o3| ty |o.os| +7 lo.os¢} «19 p 023 $5.29
g ?‘?:f;dé etbeogg kel plogue POWER = .‘éf.watts 103 PIMEELS . i1 fwat s

¥. Resistance producing maximum
sigqnal power
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