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me Cnmand’mg Officer, Naval Ammunition Uepot," Crane, Ind1ana
To: National Aeronautics and Space Administration, Goddard Space
- Flight Center (761, Mr. T. J. Henmgan) Greenbe‘lt
Mary‘land 20771 :

-Subj: Evaluation program for secondary spacecraft ceHs imtial
. evaluation tests of 3.0 ampere-hour ni ckel-cadmium spacecraft
cells manufactured by Eagle-P1 cher Industnes Incorpprated

Ref: (a) NASA Purchase Order S- 23404—6
Encl: (1) Report QEEL/C 73-380
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1nformat1 on and retention , B

 D. 6. MILEY e
. By.direction : S
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" QEEL/C 73-380
REPORT BRIEF
 EAGLE-PICHER INDUSTRIES, -INCORPORATED ..
3.0 AMPERE~HOUR NICKEL-CADMIUM SPACECRAFT CELLS

Ref: (a) NASA P.0. 5-23404-G - ‘
(b) Initial Evaluation Test Procedure for Nickel-Cadmium
Sealed Space Cells: NAD 3053-TP324, 10 fpr 1973

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, intemal shorts,
low capacity, or inability of any cell to recover its open circuit
voltage above 1.150 volts on the cell short test.

: B. The five cells were purchased by Philco-Ford under contract
NAS5-71575 for the National Aeronautics and Space Administration,
Goddard 5Space Flight Center, from Eagle-Picher Industries, Inc.,
Joplin, Missouri. The cells are to be evaluated for a proposed
flight battery on the Synchronous Meteorological Satellite to be .-
launched in 1974. These cells are rated at 3.0 ampere-hours
(EP Lot #4), contain double ceramic seals, and were fitted with
pressure transducers prior to testing. The testing was funded in
- accordance with reference (a). ,

C. Test limits specify those vaiues in which a cell is to be
terminated from a particular charge or discharge. Requirements are .
referred to as normal expectant 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, 5 ' ‘ o

I1. SUMMARY OF RESULTS

A. The capacity of the cells ranged from'3.58'to.3.97 ampere4
hours during the three capacity tests. o : L

- B. Three cells were removed from test, due to hiQh-pressUre,
during the C/10, 24-hour charge at room ambient temperature.

C. The voltage requirement of 1.480 volts was exceeded by the

cells during the C/10, 24-hour charge at 20°C, although the end-of-
charge voltage was below this value (1.466-1.475 volts).

1



QEEL/C 73- 380

D. Average capacity out during the 20°C charge eff1c1ency test
was 0.84 AH which represents 48% and is below the minimum requ1rement
of 55%.

-~ E. Two ceHs exceeded the vo]tage Hm1t (1.560 volts) during the
0°C overcharge test and the other cells exceeded the voltage requirement
of 1.520 volts,

F. A1l cells were terminated from charge during the 35°C overcharge
test when their pressure reached 93 psia. One cell failed to meet the
minimum requirement of 55 percent. of capac1ty out as was obtalned during
capacity test #3. - .

G. The cells exhibited no pressure decay during the open-circuit
stand portion of the pressure versus capacity test, as all cells
reached their voltage 1imit (1.550 volts) before their pressure
reached 20 psia with the highest pressure being 8 psia during charge.

1I1. RECOMMENDATIONS

A. It was recommended that these cells be placed on a synchronous-
type orbit test program for evaluation since there is no previous test
data on cells of this type, manufacture and test-regime.

"B, On5 September 1973, these cells began a synchronous orbit test
at the beginning of the shadow period.

ii



QEEL/C 73-380
RESULTS OF INITIAL EVALUATION TESTS |
oF
3.0 AMPERE-HOUR NICKEL-CADMIUM SPACECRAFT CELLS
' MANUFACTURED BY
EAGLE~-PICHER INDUSTRIES, INCORPORATED.
I. TEST CONDITIONS AND PROCEDURE _

. A. AN eva]uat1on tests were performed at room amb1ent (R.A.)
pressure and temperature (25°C + 2°C) unless otherwise specified,
and in accordance with reference (b) and consisted of the fo110w1ng

1. Pheno]phtha1e1n leak tests (2).

2. Three capacity tests, third at 20°C; with interal
res jstance measurements during second charge/discharge.

3. Internal short test.
4;. Charge efficiency'teet, 20°C.
5.‘ Overcharge tests o°c and 35°C
6. Pressure versus capacity test.
7. Phenolphthalein leak test.
See Appendlx I for summary of test procedure
IT. CELL IDENTIFICATION AND DESCRIPTION

- A, The cells were identified by the manufacturer s ser1al numbers
and placed in a pack conf1gurat1on (Pack 227A) for testing as follows:

Serfal Numer - 361 364 369 379 383
Cell Number - 1 2 3 4 §

B. The 3. 0 ampere~hour cell is rectangu]ar w1th an averaqe
~ weight and phys1ca1 dimension as fol]ows

WHgm:M) ngm(1n) 'LQjﬁI“nJ '“mdm'ﬁnJ
168.1 - 2.439 0.805 . 2.079



~ QEEL/C 73-380
C. The cell containers and covers are made of stainiess steel.
The positive and negative terminals are insulated from the cell
cover by ceramic seals and protrude through the cover as solder-type
terminals. g - , ‘
II1. RESULTS--THE FOLLOWING WAS CONDENSED FROM TABLES I THROUGH V
A. Leak Tests--No leaks indicated before or after tésting,

B. Averag¢'Capacity (ampere-hours, AH):

Type 6f Charge ‘AH 0ut '
C/20, 48 hrs. RA 3.94
C/10, 24 hrs. RA* 3.67
C/10, 24 hrs. 20°C** 3.77

*Cells 1, 2 and 3 removed from charge due to higﬁ‘pfessuré;
**A11 cells exceeded requirement of 1.480 volts duringicharge.

C. ‘Average Internal Resistéhée‘HeasurementSf(m111iohm):_

Measurement Taken - Resistance
30 min. before end of charge (Cycle 1) ‘ - 7.64
1 hr. after start of discharge (Cycle 2) 7 8.18
2 hrs. after start of discharge (Cycle 2) 8,120

D.. ‘Twenty-four hour average cell voltage fu]lowing a 16-hour
short period was 1.156 volts. : : - '

: E. Average capacity out following the 20°C chargé efficiency test
was 0.84, which represents 48% efficiency and is less than the minimum
requirement of 55%. . S S |

F. Average capacity out following the 0°C and ‘35°C .overcharge
tests was 3.52 and 2.12 respectively. A1l cells exceeded the require-
ment of 1,520 volts during the 0°C test and two cells were- removed |
. from charge during the 35°C test because of high pressure and one cell

did not meet the requirement of capacity out.

G. During the pressure versus capacity test, all the.cells were-
removed from charge when their voltage reached 1.550, with an average
capacity input of 4.78 ampere-hours. Three cells reached a pressure
of 8 psia during charge and there was no pressure decay exhibited
- .during the one-hour OCV stand following the charge. The ampere-hours

out on discharge ranged from 3.44 to 3.66. o



. QEEL/C 73-380
APPENDIX I o

I. TEST PROCEDURE
A, Phenoiphthalein Leak Tests:

1. This test is a determination of the condition of the
welds and ceramic seals on receipt of the ce]]s and fo]]ow1ng the
last discharge of the cells (Cycle #7). ‘

2. The cells were 1n1t1a11y checked with a one-half of one
percent 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 compietion.

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 d1scharge follows
all charges of this evaluation test. ' ‘

2. The charges for the capacity tests are as Fd116w5'

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

b. C/lU 24 hours, R.A., Cycle 1, with a test limit of
1.52 volts or 100 psia pressure and a requ1rement of maximum voltage
(1.48) or pressure (65 psia).

¢. C/10, 24 hours, 20°C, Cycle 2, w1th the ‘same 11m1ts
and requ1renents as the charge Cycle 1.

C. Interna1 Res istance:

1. Measurements are taken across the cell: terminals one-
half hour before the end-of-charge (EOC) on Cycle 1 and one and
two hours after the start-of-discharge of Cycle 2. These measure-
ments were made with a Hewlett-Packard milliohmmeter (Model 4328A).



" QEEL/C 73-380
D. Internal Short Test: |

1. This fest is a means of détecting slight shorting_conditions
which may exist because of imperfections in the insulating materials,
or damage to element in handling or assembly.- ' ‘ ‘

2. Foliowing 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 (OCY) for 24 hours. A minimum voltage of 1.15
is required at the end of 24 hours. s

E. Charge Efficiency Test, 20°C:

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

2. The cells are charged at C/40 for 20 hours with a test limit
of 1.52 volts or 100 psia pressure. They were then discharged and the
requirement was that the minimum capacity out equal 55 percent of capacity
in during the preceding charge. S A L

1

F. ‘Overcharge Test #1, OPC:V

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. . . ‘ o

2. The cells are charged at C/20 for 60 hours. The test
limits are a cell voltage of 1.56 or greater for a continuous time
period of 2 hours or a pressure of 100 psia. The requirement is 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. - . e _

6. 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_hohrs-w1th a test
limit of 1.52 volts or 100 psia pressure and a requirement of 1.45
volts or 65 psia pressure. The cells then are discharged with a

requirement that capacity out equal 55 percent capacit .
in discharge Cycle 3. P - pa ..Y out é; obtained



| H. Pressure Versus Capacity Test:

1. The purpose of this test is to determine the capac1ty to |

a pressure and the pressure decay dur1ng charge and open c1rcu1t stand

respect1ve1y

2. Each ce!l 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 1eak tested. : -

" QEEL/C 73-380



 QEEL/C 73-380

TABLE I . ,
% 1 _ PHENOLPHTHALEIN LEAK TESTS
. S O Initial Following Hi Yac  Following Test Completion
SERIAL | WEIGHT | -HEIGHT | LENGTH | WIDTH [ Terminais] Fit1 | Other {lerminals | Fi1) |Other | _lerminals] Fill |Other
HUMBER | {Grams) | (Inches) ;(Inches) {Inches) + 1 - Tube +| - Tube + |- | Tue
36l (/690 | 2470 | .83 | 3.08)
364 | jof./ |2 502 | . fo6 12085 —
369 /680 |\ R 498 | . Sq | 2085 NVe U EAKS ‘
0379 1 /677 12,492 | -8tz | 3.9/ ' '
353 /676 |2.475 | .45 2075 i
B
l
|
|
1
¥ Yo | Presshre ThRhwsducmis




TABLE 11 " QEEL/C 73-380
CAPACITY CHECK DATA :

FIRST CAPACITY CHECK SECOND CAPACITY CHECK THIRD CAPACI ECk - {200
END-0F-CHARGE END-OF-DISCHARGE EHD-OF- CHARGE END-QF-DI SCHARGE END-QF-CHARGE ENOD-~QF-DISCHARGE
SERIAL AUX CAPAC- AUX AUX CAPAC- AUX ok AUY CAPAC- AL
ELECT | PRESS| CELL ELECT |PRESS| ITY ELECT | PRESS

NUMBER | CELL ELECT | PRESS| ITY ELECT |[PRESS| CELL { ELECT |PRESS| ITY
- (Volts}| (Volts) fepsga) | (ah) | (Vaits) [psia) | (Volts)|(Volts) [psia) | (ah) | (Volts) [(psia)| (Volts)| (Volts) ypsia) | (ah) |(Volts) fpsia)

367 | 1d52| "/a | o2 | 397 | “a | 75 | 2ged | P |01 ]| 357 | e b2 \1ve7 | "a | g3lazs |~/a | &y

36y 1950 | | <3 | 3.4 { 26 /450 | | 94 *| 3.60 | 57 |l sweg| | 16y 3.72 42
349 |s450]| | 39 |3.90 | | 24 /5497 9 *| 3.43 6/ | 147/ 73 | 3.75 s
379 |/ 450 32397 | /8 VL 437 90 | 3.73 sy | /246 4/ | 275 o
383 |/sus5s | 33 | 397 | - 45 lres3 | 176 1399 | + 3 | p78 s3lse3 | |23

* | THESE Csedls Flemoved Frok CHares \wirw |bo—6-8 AN /v PeT,
¥ |\ ate Qeess| ExCEEDEN /ykyorTd DuR/nE _QHRRICE.

¥ vacuum- . fle pe:



TABLE 111

-QEEL/C 73-380
INTERNAL RESISTANCE AND SHORT TEST DATA _ o

INTERNAL SHORT TEST

seria " 'INTERNAL RESISTANCE (MILLIGHMS) -
—— — AFTER TE [ AFTER 20 HOURT
NBBER | £\, OF - CHARGE| Synr s OC-Dy SCHARGE | START-OR-DISCHARGE [FRHORT| OCV STAND __ 1
L ' CELL | CELL | PRESS
L3¢y 8.0, | §.4 g.¢ L osy | /1585 | 33
Bpu | Tt g g.0 L0088 | 157 | 22
364 7.5 7.8 | 7.8 coi) | 115w | 34
379 | 7.8 s g4 009 | 1r62 | 19
353 7.5 7.¥ 7.8 00w | 1151 | 15
[




QEEL/C 73-380
TABLE BY ,
CHARGE EFFICIENEY AND OVERCHARGE DATA

CHARGE ERFICIENCY {20°C) OVERCHARGE TEST (00C) OVERCHARGE TEST. (350C)
) END-0F-CHARGE END-OF-DISCHARGE END-OF-CHARGE END-OF-DISCHARGE END-OF-CHARGE END-OF~D] SCHARGE
SERTAL AUX CAPAC- AUX & AUX CAPAC- AUZ T AUX CAPAC- AlX

NUMBER| CELL ! ELECT |PRESS|[. ITY ELECT |PRESS| CELL { ELECT |PRESS| ITY ELECT | PRESS{ CELL | ELECT (RES% I ELECT pnzs§
(volts)|(Volts) [(PSIA)| (ah)* | (Volts) {(PSIA) | {Volts)|(Volts) ((PSIA) | (ah) | (Volts) KPSIA) | (Volts)| (Voits) |(PSTA}| (ah) | (volts) [(PSIA

36s 137 | "/A_\nda.| 83 | #/a |22 {rom | #fh | 4> 1363 | #a | 82| /30| %/ | 73 |1 96 | w/a | 9o

| 264 1137 | 1| .5 | 2/ | 28w |- iy |3.45 [ 3/ | /392 2 | 2.,0 ] 72
EEED 83 | 2y | ssa23 | | v/ {3.50 | | |33 |r39a g5 |20 | | | 72
377 |/ 375 .83 / 15 | r565 | | 35 |34 | | /7 | /392 75 2.0 | 7.3
323 /375 | - | g6 | s lrsgr |[N= o (353 [ /6 /395 73 |2. e[~ | gu
AN | 17y 2,04 Fas to FFs

Nla < Wort Avihriiaghs

* eees | LA, | RE riEASs £ (1/8’ 70 | =22 Y ad_r-s) 3y

AFx  |CELLS [ v JFF @ﬁ: q.3) Dufp 7o| MECH |VolTRG|E .

FHK  |ALL C8Les QFF PBrsesdlse CF| Hrdy Pressers,




TABLE ¥ )
PRESSURE VS. CAPACITY TEST DATA

QEEL/C 73-380

N A. -~ NeT AYA/LABLE
H* CELLS 4 Y5 AevERSED (=/Ty ¥ — /47 YoLT

erial No, 361 |34 | 3¢ |379 | 253
Start-of-Charge, Press.| (=) o oo o o
AH in to 5 PSIA 4,93 =~ TG %06
Cell {volts) 1550 L52F Ty,
Aux {voTts)
AH in to 10 PSIA
cell (volts) .
Aux (volts)
AH_in_to 15 PSIA |
Cell (volts) :
Aux {volts)
AH_in_to 20 PSIA
Cell {volts) |
Aux. {volts}) L ~L- L \L
AH in to V/L (1.55V) | &.93 | 4. 87 | .87 | 4. 7% | 44§
Aux_{yolts} | M 7 Mo »a
Press (PSIA) & 4/ ¥ o | g
30 Min OCY, Cell 10396 | /392 | /39| /385 ]| 1355
Aux (volts) 7R M % ”/4
Press (PSIA) ¥ 'y 4 o | &
11 hour 0€Y, Cell /356 | .393| /.372| /-380| VA,
Aux (volts) ":/-4 % ”/4 % y/‘)
Press (PSIA} ¥ & } 4 of =
EOD AH oyt ¥ 366 1346|363 [360 |34+
Aux {volts) Mo | M | M ¥ [
|__Press (PSIA) Fl 4 § ¥ ¥

)




