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QEL/C 71-436

REPORT BRIEF
ASTROPOWER 40.0 AMPEE-HOUR SEALED SILVER-ZINC

SECONDARY SPACECRAFT CELLS 4

Ref: (a) NASA, Purchase Grder WJ2-39T
(b) NASA, ltr B/VBE/pad of 25 Sep 1961 w/BUWEPS first and

FQ-l:WSK of 2 Oct 1961 to CO NAD Crane

I. TEST ASSIGNMENT BRIEF

A. Silver-zinc, 40 ampere-hour, Astropower cells, with an
inorg-nic separator ateial, ware constructcd for -?ASA, .Les
Research Center, under Contract NAS 3-10928. HAD Crane received
64 of these cells for evaluation on the synchronous and Planetary
Earth life-cycling orbits and on a wet-stand test. Prior to the
placement of the cells on these programs, all the cells except one,
serial number 29, which was dissected, analyzed and photographed
so that it may'be used as a base reference; were subjected to
acceptance tests in which each cell was tested for seal quality,
physical defects, and ampere-hour capacity as outlined in the
acceptance test procedure furnished by NASA Goddard Space Flight
Center (Appendix I). This report covers the acceptance test plan
of the evaluation program in compliance with references (a) and (b).

II. RESULTS

A. Leakage was detected in five cells £rior to the capacity
tests and in 19 cells after the capacity tests.

B. There was only one cell which failed to deliver a capacity
of 40.0 ampere-hours (cell serial number107--39.45 ampere hours).
The average ampere-hours out on the first and second charge/discharge
cycle were 42.41 and 42.18.

III. COMMEN

A. NASA Goddard and NASA Lewis were informed that 30 percent
of the cells were detected as leakers. They then decided that the
top portion of the cells be re-potted at NAD Crane to correct this
problem prior to the placement of the cells on the various test
programs.
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QEEL/C 71-436

RESULTS OF ACCEPTANCE TESTS
OF

40.0 AMPERE-HOUR SEALED SILVER-ZINC
SECONDARY SPACECRAFT CELLS

MANUFAM-1URED BY
THE ASTROPOWER DIVISION OF MCDONNEL DOtKIAS

\ I. INTRODUCTION

A. -'The Astropower Division of McDonnell-Douglas developed
an inorganic separator material which they incorporated into the
construction of 40.0 ampere-hour silver-zinc cells;(one cell is
shown in Photograph I). HAD Crane received 64, Es-,0-7 Series M

type cells, fully formed as reported in the NASA.tchnical report
DAC-60989-F of November 1970 prepared by Astro-ower Laboratory,
Mconell Douglas Astronautics Company f6r evaluation on the

synchronous and.l.lanetaryEZrth life-cycling orbits and on a wet
stand-ttti. Prior to the placement of the cells on these programs,
allthe cells, except one; serial number 29, which was dissected,
anal ddhotographs so that it may be used as a base reference;

-were subjected to acceptance tests in which each cell was tested for
real quality, physical defects and ampere-hour capacity.Tak outlined
in the acceptance test procedure furnished by NASA, Goddard-Sace
Flight Center (Appendix I),

II. TEST CONDITIONS

A. All acceptance tests were performed at an ambient temperature
between 230 C and 27* C at existing relative humidity and atmospheric
pressure.

III. CAPACITY TESTS

A. The average ampere-hours input/output on the first charge/
discharge cycle were 42.63 and 42.41, and on the second charge/
discharge cycle they were 42.11 and 42.18. Only one cell (serial
number 107) failed to deliver 40.0 ampere-hours during acceptance
testing and that was during the second cycle when it delivered

39.45 ampere-hours. These results are listed in Table I.

IV. CASE INSPECTION AND LEAK TESTS

A. Visual inspection of the molded plastic case sho'.ed no
defects before or after capacity tests. Prior to testing, visual
inspection showed that five cells had leakage around their terminals
and after the capacity tests 19 cells had leaks as detected by
phenolphthalein solution. The results of these tests are listed
in Table II in which only those cells that leaked are listed.
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B. NASA Goddard and NASA Lewis were informed that 30 percent
of the cells were detected as leakers. They then decided that the
top portion of the cells were to be re-potted at NAD Crane prior
to their placement on the various test programs (Photograph No. 2).
By re-potting .the cells, extension terminals were necessary and
the addition of the extension terminals and potting compound
increased the height of the cells approximately . 500 inch and the
weight approximately 58 grams.

V. PHYSICAL AND WEIGHT MEASURES

A. Each cell was weighed before and after the capacity tests
prior to re-potting. The cell dimensions, initial weight, and
final weight are recorded in Table III.
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QEL/C 71-436

77(

Showln here is a new 40 ampere-hour, silver-zinc cell (manufactured by
Astropower of McDonnell Douglas) as received, prior to testing at NAD Crane.

PHOTOGRAPH 1
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7ri s is-', a i.; amrpere-hour.,, silver-zinc cell "manufactured by
Astropower of, McDonnell Douglas),,afteir e-pottinig upon

"completion of -Acceptance 'testing.

PHOTOGRAPH 2



QEEL/C 71-436

TABLE I

CAPACITY TESTS

FIRST CYCLE SECOND CYCLE

SERIAL
NUMBER Al-AR o  AHf

24 42.70 43.00 42.00 41.45

25 42.38 42.70 43.48 42.85

26 42.00 42.45 43.45 42.80

27 42.00 42.50 42.75 42.05

28 42.12 42.50 42.90 42.15

29 dissected

32 42.65 42.85 43.40 42.70

33 42.00 42.50 42.98 42.25

34 42.00 42.50 42.75 42.00

36 42.00 42.45 42.75 41.90

37 42.00 42-35 42.75 41.90

38 42.00 42.15 42.00 42.38

39 42.00 42.40 42.00 42.30

40 43.20 43.40 42.65 43.35

41 44.03 44.15 43.30 44.!0

42 43.45 43.60 42.75 43.55

46 42.40 42.55 42.18 42.90

149 43.40 43.60 42.95 43.60

51 42.63 42.85 42.03 43.05

NOTE: Cycles 1 & 2= 9A to 1.OV + 3A to 1.OV
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QEEL/C 71-436

TABLE I (Con-t)

FIRST CYCLE SECOND CYCLE

SERIAL
NUMBER AIin AQo  AHin AHo

52 42.25 42.35 42.00 42.95

53 42.83 42.90 42.35 43.05

54 44.38 42.65 42.20 42.70

55 44.38 42.75 42.00 42.75

56 43.15 41.45 42.oo 42.70

57 43.20. 41.60 42.00 42.45

58 44.38 42.85 42.00 42.65

59 45.00 43.30 42.30 42.70

60 44.38 42.65 42.30 42.70

61 45.38 43.70 42.0 42.65

62 44.38 42.85 42.00 42.55

63 44.38 42.90 42.00 42.65

64 44.38 44.85 43.13 43.15

65 44.38 44.95 43.23 43.25

.66 43.08 42.65 42.53 42.6o

67 43.85 41.90 42.00 42.10

68 42.90 42.55 42.40 42.50

69 44.38 44.90 43.40 43.60

70 43.08 42.65 42.43 42.40

71 44.38 44.15 43.10 43.05
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c r/C T7.-436

TABLE I (Cont)

FIRST CYCLE SECOND CYCLE

SERIAL
NUMBER AHin AHo  AHin AH°

72 43.13 43.50 42.00 42.20

73 42.90 41.85 42.00 42.15

74 42.05 42.15 42.38 41.80

75 40.75 40.65 41.25 4c.65

76 40.75 40.70 41.10 40.75

77 41.70 41.00 42.20 41.90

78 42.35 42.25 42.65 4!.50

79 42.35 42.30 42.75 42.65

102 42.05 41.85 41.40 41.15

103 40.75 40.80 41.13 40.55

104 40.75 4o.8o 40.75 40.25

105 40.75 40.85 41.08 40.45

lo6 41.io 40.90 40.35 40.60

107 40.75 40.95 39.00 39.45

108 41.63 41.60 40.38 40.85

109 42.33 42.25 41.28 41.75

110 42.33 42.35 41.13 41.40

ill 42.68 42.50 41.o0 41.75

112 41.60 41.65 40.75 41.05
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QEEL/C T1-436

TABLE I (Cont)

FI. 1ST CYCLE SECOND CYCLE

SERIAL
NUMBER AHin AHl AEi Alo

113 42.33 42.30 40.80 41.15

114 42.75 42.75 41.38 41.70

115 41.1o 41.05 40.38 40.75

116 40.12 40.45 42.23 41.90

117 41.75 41.65 43.50 43.05

118 41.75 41.70 43.50 42.73

Average of
63 cells. 42.63 42.41 42.11 42.18
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QE8L/C 71-4i36

TABLE nI

LEAKAGE TESTS*

-IINITIAL FINAL

ISERIALIEA EMNL

(NUNMBR PO05E POS, IEG

25

. 26 V V P, P1

I *IV

32 */pf

38 f P

39 -v

4 o P

141 if
46 p I

4- :p

53 
P

55 V 'P

.75 p

761 . '

*107 V p

108 P 4

110 p

113

*only those cells which leaked are listed.
P- -Phenolphthale'in
V--Visual

9



I :OqmIc 71-436

TAMLE III

PHYSICAL AND WEIGHT MEASURES
WEIGHI3 WEIGHT

SERIAL HEIGHT T R, WIDTH INITIAL FINAL

-E (INCHES) (INaHE) (INCHEs) (Gppkm) (IM

24 5.930 1.350 3.600 875.3 875.3

: 25 5.946 1.355 3.6oo 886.5 886.8

26 ' 5.925:. 1.356 3.6o1 886.1 886.2

27 5-925 1.349 3.603 890.0 890.1

28 5.928 1.352 3.604 893.5 893.6

'29 5.915 1.356 3.607 890.5

32 5.941 1.355 3.61o 890.3 89o.4

33 : 5.938 1.346 3.607 889.8 890.0

34 5.924 1.347 3.600 889.2 889.2

36 5.933 1.348 3.610 888.9 889.0

37 5.932 1.361 3.600 888.2 888.0

38 5.952 1.36o 3.600 891.3 891.0

39 5.93 1.356 3.600 892.4 892.2

4o 5.935 1.345 3.600 886.9 886.9

41, 5.928 1.350 3.6oo 889.5 889.5 ,

42 5.960 1.352 3.596 891.2 891.0

4 6 5.932 1.357 3.600 890.2 890.0

49 5.936 1.356 3.6oo 888.8 886.6

51 5.950 1.355 3.592 891.2 890.9

52 5.925 1.356 3.595 896.0 896.0

53 5.939 1.359 3.594 890.7 890.5
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QEE/C 71-436

TA3LE III (Cont)

WEIGHP WEIGHE

SERIAL EIGE! DEPTH WIDTH IN FINAL
NUMBER (INCHES) (INCHES) (INCMS) (GRAM) (GRAMS)

54 5.930 1.355 3.592 886.9 886.6

55 5.931 1.355 3.592 887.0 886.8

56 5.925 1.355 3.6oo 887.9 887.6

57 5.956 1.356 3.594 886.9 886.7

58 5.950 1.356 3.595 891.6 89.2

59 5.961 1.355 3.598 888.0 887.7

60 5.945 1.351 3.598 887.8 887.5

61 5.946 1.356 3.592 884.o 883.9

62 5.954 1.355 3.6oo 885.0 884.9

63 5.920 1.355 3.598 885.9 885.7

64 5.946 1.353 3.597 882.3 882.0

65 5.935 1.351 3.593 879.9 879.6

66 5.947 1.348 3.600 882.5 882.2

67 5.965 1.359 3.594 883.3 882.8

68 5.942 1.354 3.590 883.3 883.1

69 5.960 1.360 3.592 887.3 887.0

70 5.922 1.357 3.593 885.5 885.2

71 5.936 1.356 3.590 885.1 884.8

72 5.931 1.354 3.592 887.2 887.0

73 5.954 1.362 3.596 887.6 887.5

74 5.924 1.352 3.593 886.5 886.5
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QEL/C 72-1436

TAML MI (Cont)

W~EIGHT WEIGT
SERIAL H91GHP 1F~?pm iWI1Y. IN r-IAL FINALNME(CHE) (CHE) (ICHES) (CRAM) CcA)

75 5.936 1.352 3.598 890.4 890.3

76 5.950 1.361 3-597 892. 891.8

77 5.930 1.356 3.593 885.3 885.3

78 5.919 1.355 3.592 884.5 884.3

79 5.933 1.352 3.596 883.2 883.2

102 5.909 1.364 3.590 894.4 894.7

103 5.917 1.354 3.591 891.6 891.6

104 5.894 1.355 3.591 892.3 892.3

105 5.905 1.351 3.593 890.0 890.0

106 5.91-1 1.359 3.592 890.0 889.7

107 5.914 1.357 3.591 884.5 884.8

108 5.910 1.354 3.592 893.4 893.4

109 5.922 1.357 3.593 880.0 880.1

110 5.905 1.350 3.589 886.4 886.3

ill 5.906 1.356 3.595 886.0 886.0

112 5.918 1.356 3.594 878.7 878.8

113 5.911 1.352 3.592 886.o 886.1

114 5.908 1.352 3.589 876.5 876.7

115 5.905 1.352 3.594 891.4 891.3

116 5.909 1.352 3.592 883.4 883.2

117 5.925 1.358 3.590 88o.o 88o.o

118 5.928 1.354 3.590 892.6 892.6
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QYML/C 71-436

AS M0FPOR HS 40-7 Ag Zn CELlS

ACCM.MIICE UESTS ON ALT CELLS:

1. Inspect cell terminals for corrosion or leaks.

2. Inspect cases for cracks or defects.

3. Weigh all cells within 5 grams.

D4. Discharge all cells with 0.5 ohms to 1.0 volts.

5. Assemble cells in 10 cell groups with end plates and connecting
rods.

6. Charge at-1.5 amperes to 2.00 volts, each cell. Record cell
voltages on first minute of charge and every half hour thereafter.
Record Ah in.

7. Discharge at 9.0 amperes constant current to 1.0 volts. Record
cell voltages during first minute of discharge and 10-minute inter-
vals thereafter. Record Ah out. After 9.0 ampere discharge continue
discharge at 3.0 amperes to 1.0 volts. Record total Ah out for the
9.0 and 3.0 ampere discharges.

8. Repeat steps 6 and 7 once.

9. Ampere-hours out at end of second discharge to be greater than

38.0 Ah. If not, cells should not be used for Sync. Orbit or P.E.
Orbiter battery tests.

10. Inspect cell terminals for corrosion and leaks.

11. Weigh all cells to within 5 grams.

12. Assemble cells in 10 cell groups with end plates and connecting
rods. The 10 cells for each group shall have similar Ah inputs.

13. Repeat step 6 prior to initiating Synchronous Orbit and P.E.
Orbiter Battery tests.
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