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1. Burgess-Borden Separator Test:

a. Burgess-Borden, 10 ampere-hour, silver-zinc cells are being tested
‘to evaluate the performance of various separator materials. The perfor-
‘mance of cells with the various types of senarator material is cormared
to that of control cells with PUDO type separator material. The alpha-
numergg syrbols designating the various types of separator material are
as follows:

(1) ¢-3, B-3, 9107-4, 9107- 5 9107-3, 3107-12, 9107-13, 9107-14,
9017-15 and 5-9107-23. .

b. Preparation:

(1) Vacuum fi1l the cells with 30 or 40 percent KOH, as specified,
and place on stand for 72 hours before testing.

(2) Adjust th2 electrolyte in all cells to the tops of the plates
at the end of the charge cycle.

(3) Conduct all tests at 25° C (room terperature).
c. Test Procedure:

(1) Subject the cells to a series of three preconditioning cycles
as follows:

(a) Cycles 1 and 2: Charge at the c/20 rate (500 mi1liarmeres)
until cells receive 120 percent of rated capacity (24 hours); then follow-
ing a 16-hour stand, discharge the cells individually at the c/5 rate
(2 amperes) to an end voltage of }.30 volts. Allow cells to stand in a
discharged condition from 1 to 5 hours before recharging.

(b) Cycle 3: charge at the ¢/20 rate (500 milliamperes) until
cells receive 120 percent of rated capacity (24 hours); then following a
16-hour stand, discharge the cells individually at the c¢/1 rate (10 arperes)
to an end voltage of 1.30 volts.

(2) Following the preconditioning cycles, test the cells under one
of.the following procedures:

(a) Constant-Potential Cycling Test (99 Cells; 12 Packs):
1. Charge at the ¢/20 rate (500 milliamperes) until the
cells receive the specified 120 percent of the preceding discharge.

as follows:
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2. Subject the cells to continuous discharge-charge cycling



a. Individually discharge the cells at the ¢/5 rate
(2 amperes) to a terminal voltage of 1.30 volts; at which tine remove the
cell from the circuit and record the discharge tin.e.

- b. Allow the cells to stand in the discharged condi-
tion from 1 to 5 hours.

€. Charge the cells for 30 hours at the c/20 rate
(500 millianperes) to a voltage limit of 1.97 volts per cell, average.

d. Allow the cells to stand in a charged state for
2 hours before recycling.

(b) Constant Current Test (45 Cells; 5 Packs):

1. Charge the cells at the ¢/20 rate (500 milliamperes)
to the specified 105 or 120 percent of the preced1 ng discharge.

2. Subject the cells to continuous discharge-charge
cycling as follows: :

a. Individually discharge the cells at the c/5 rate
(2 amperes) to a terminal voltaga of 1.30 volts; at which time rerove the
cell from the circuit and record the discharge tme

b. "Allow the cells to stand in the discharged siate

from 1 to 5 hours. ,

¢. Charge the cells at the ¢/20 rate (500 milliamperes)
to the specified 105 or 120 percent of the preceding discharge.

d. Allow thegcells to stand in the charged state for
2 hours before recycling.

(c) Charged Stand Test (59 Cells; 10 Packs):

1. Charge the cells at the c/2) rate (500 mi 111amperes)
to the specified 120 percent of the preceding discharge.

2. Allow the cells to stand in the charged condition for
2 hours.

3. Subject the cells to continuous discharge-charge cycling
as follows: .

a. Individually discharge the cells at the c/5 rate
(2 amperes) to a terminal voltage of 1.30 volts; at which t‘ine remove the
cell from the circuit and record the discharge tine.

: b. Allow the ce'ns to stand in the discharged state
from 1 to 5 hours.



c. Charge the cells at the c/20 rate (500 milliamperes)
to the specified 120 percent of the preceding discharge.

d. Allow the cells to stand in the charged condition
“for 30 days (open circuit) before recycling.

d. Recording of Test Results:

(1) Discharges: Folloving open circuit cell voltage readings,
record the ce'l voltages and current at 1 minute, 15 minutes, 30 minutes,
and every 30 minutes thereafter to the specified cutoff voltage.

(2) Recharges: Following open circuit cell voltage readings,
record the cell voitages 1 minute after start of charge and hourly there-
after to completion of charge.

(3) Charged Stand Test: Following recharge, open circuit cell
voltages were recorded daily.



+ 2. Open Circuit and Overcharge Tests:

a. The purpose of this test is to gather as nucn information as
possible on the storage of charged cells on open circuit or continuous
-~charge conditions. Since it is not a failure type test, no cells will
be considered as failed unless for some internal shorting problem. Ten
Sonotone, 3.5 ampere-hour, nickel-cadmium cells were subjected to the
open circuit test, and 10 to the overcharge test. These cells were sub-
jected to the series of acceptance tests upon their receipt ard *slloving
1 year of their respective open circuit or overcharge tests. They will
be subjected to the series of acceptance tests following each successive .
year of their respective tests. After the first and succeeding annual
series of acceptance tests; analyze the cell from each group which
shows the greatest loss of capacity.

b. Acceptance Test Procedure:

(1) Capacity Test: Subject the cells to a series of three
capacity checks as follows:

(a) Charge the cells in series for 16 hours at the ¢/10 rate
(350 milliamperes).

(b) Allow cells to stand for 1 hour before discharging.

(c) Dlscharge the cells individually at the c/2 rate (1.75
amperes) to cutoff of 1.00 vo]t per cell,

(d) Record cell voltages every hour on charge, and every 10
minutes on discharge.

(2) Cell Short Test: Fo]iowing conpletion of the third capacity
check discharge:

(a) Load each cell with a resistor of a value giving a c/1
to ¢/5 (3.5 amperes to 700 milliamperes) discharge rate.

{b) Allow the cells to stand-for 16 hours with the resistor
acting as a shorting device,

(c) Remove resistors and allow cells to stand on open circuit
for 24 hours .

« (d) Record cell voltages hourly.
(3) Irmersion Seal Test:
(a) Place the cells under water in a b&il jar.

(b) Reduce the pressure i n the bell far to 10 inches of mercury
and hold for 3 minutes.
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‘ (c) *During this 3-mf nute period'sérutinize the cells for a
steady_stream of bubbles, thereby indicating a leak around a seal or weld.

(4) Overcharge Test:

(a) Chafge the cells in series at eacﬁ of three rates for 48
hours as follows:

1. ¢/20 (175 mill{iamperes).
2. ¢/10 (350 milliamperes).
3. ¢/5 (700 miiliamperes).
(b) Record the cell voltages hourly. ,
(c) Discontinue charging of any cell that exceeds 1.50 volts.
(5) Internal Resistance Test:

(a) At the completion of the overdiarge test return the cells
to the ¢/20 (175 milliamperes) cnarging rate, Ic/20

(b) While charging at this rate, pulse the charging current at
the ¢ rate (3.5 amperes), I, for 5 to 10 seconds.

(c) Record the cell voltage, V,, immediately piior to the pulse,
and the cell voltage, V2, 5 milliseconds a*ter initiation of the pulse.

(d) Calculate the internal resistances of tne cells according

to: o
8

Re2 N .

T - T ,,

(6) Repeat the immersion seal test.
¢. Open Circuit Stand and Overcharge Test Procedurégz
.« (1) Open Circuit Stand:

(a) Charge the cells in series at the ¢/10 rate (350 mi1l{-
amperes) for 16 hours.

(b) Place cells in individual holders, on a shelf for 1 year.
(c) Record the cell voltages weekly.



(2) Overcharge Test:

(a) Charce the cells in series at the c/10 rate (350 milli-
amperes) for 16 hours.

(b) Charge the cells in series at the ¢/100 rate (35 milliamperes)
for 1 year.

(c) Record the cell voitages weekly.

(3) Following completion of each year of the open circuit stand test
or the overcharge test:

(a) Discharge the cells individually to the specified cutoff
of 1.00 voli for capacity measurement.

(b) Again subject the cells to the series of acceptance tests.



3. IWPE, #10:

a. One 13-cell, Yardney, 10 ampere-hour, silver-cadmium battery is
being tested under environmental conditions sinulating those encountered
-by the EXPLORER XXXV'space vehicle. The 13 cells are connected in series
and encased in a metal container with epoxy resin.

b. Initial Charge:

.(1) Upon receipt of this battery the cells were discharged to zero
volts throusn 1-ohm resistors placed across the voltage monitoring leads of
the indivi.lual cells. The battery was then charged at 600 milliameres
until the voltage of any one cell reached 1.55 volts.

c. Cycling Procedure:

(1) Cycling under sirulated conditions was accorplished by placing
g:e battery in a vacuum charber which in turn was placed in a terperature
arber,

(a) The pressure inside the vacuum chanber was maintained at
approximately 20 microns of mercury.

(b) The temperature chamber was maintained at 25° C for the
first 7 days of cycling, after which the temperature was reduced at a
rate of 5° C per hour to 5° C and maintained at that terperature.

: (2) The discharge-charge cycling consists of half hour discharges
followed by 11-hour charges. The battery is required to deliver constant
power during which the discharge current ranges from approximately 2.5
amperes at the beginning to approxirately 2.8 arperes near the end of
discharge, ¢

(3) Part of the current from the power supply, used to charge the
battery, is required by the electronic instrumentation sirulating the
EXPLORER XXXV spacecraft. The maximum curvent available from this power
supply is 3 amperes. The balance of the current drawn from the power
supply 1s used to charge the battery. Charging of the battery is controlled
by a two-step regulator, with the infitial charging current approximately
600 nflliamperes. When the battery voltage reaches 19.6 volts (1.51 volts
per cell) the charging current starts to decrease, and when it decreases (s -
100 milliamperes, the two-step regulator s automatically reset to hold the
battery voltage at 18.3 volts (1.41 volts per cell).

{4) The battery voltage, cell voltages, battery current, battery
terperature, and anmbient pressure are recorded at the beginning and end
of discharges and charges. Every 20 cycles these parameters are recorded
every 10 minutes on discharge and hourly on charoe. Specific voltages in
the electronic instrumentation simulating the spacecraft are measured and
recorded via the battery evaluation panel at least once every 24 hours.



4. It’P F’ #4:

a. One 13-cell Yardney, 3.0 ampere-hour, silver-cadmium battery is
being tested under temperature and load conditions sirulating those
encountered by one of the EXPLORER series space vehicles. The 13 cells
are connected in series and encased in a metal container with epoxy resin,

b. Initial Charge:

1) The cells were initially discharged for 16 hours through 1-ochm
rasistors placed across the voltage monftoring leads of the {ndividual .
cells. The battery was then charged at 300 millfampores until the voltage
of any cell reached 1.55 volts. Following this the cells were discharged
at 2.5 amperes until the average cell voltage was 0.9 volt. The cells
then received another charge at 300 milliamperes until the voltage of
any cell reached 1.55 volts.

¢. Cycling Procedure:

(1) Prior to undergoing repetitive discharge-charge cycling, this
battery was placed in a temperature controlled charber which was held at
25° C. The cells were then discharged at 2.5 arperes for 20 minutes, after
which they were chargad at 2.5 amperes until the battery voltage reached
19.6 volts (1.51 volts per cell). (Charging of the battery is controlled
by a two-step regulator.) !hen the battery voltage reached 19.6 volts
(1.51 volts per cell) the charging current decreased. When the current
decreased to 50 milliamperes the two-step requlator automatically reset
to hold the battery voltage at 18.3 volts (1.41 volts per cell). For the
following 14 days the cells received charging current necessary to maintein
the battery voltage at 18.3 volts (1.41 volts per cell). On the 15th day
the ambient terperature of the cells was reduced from 25° C to 8° C at the
rate of 4° C per hour. Charging vias continued at a rate that maintained
the on-charge voltage at 18.3 volts until the 20th day.

(2) On the 20th day with the ambient temperature of the cells
still at 8° C, the first discharga-charge cycle was started. It had a
duration of 20 days, beginning with a discharge period of 2 minutes followed
by charging for the balance of the 20-day. period. After the 40th day, the
discharge-charge cycle perfods were 4 days. The duration of the discharge
periods increased from 5 minutes at the first 4-day cycle to 23 minutes at
the 13th through the 16th 4-day cycle and decreased to 8 minutes at the
23rd 4-day period. The discharge current was 2.5 amperes.

(3) Since the discharge-charge cycle period after the 40th day
was always 4 days, and the duration of the discharge perfod varied, the
duration of the charge period varied accord{ ngl{. Charging was at 2.5
amperes until the battery reached a voltage of 19.6 (1.51 volts per cell).
When the battery voltage reached 19.6 volts (1.51 volts per cell) the
charging current decreased. Uhen the current decreased to 50 mill{ res,
the two-step regulator was automatically reset to 18.3 volts (1.4] volts per
cell) and maintained at that value for the balance of the charge perfod.

< MR
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5. .Synchronous Orbit 10HR16(S)-1 #4:

a. Ten Yardney, 16 ampere-hour, sealed, silver-zinc cells were tested

*+~. under conditions sirfilar to those aboard a synchronous orbit satellite.

b. Initial Cycle:

(1) Initially the cells were discharged individually, through 1-ohm
resisiors, t0 0.6 volt per cell. They were then charged in serfes at 700
mi11iamperes to an average voltage of 1.98 volts per cell (19.8 total
volts). Charging was to be teminated prior to reaching 19.8 volts if the
voltage of any one cell exceeded 2.0 volts. The cells were then discharged
at 5.0 amperes for 1 hour followed by a chargé for 23 hours at 500 milli-
amperes until the voltage reached 19.8 volts. (Charging of the battery is
controlled by a two-step regulator.) When the battery voltage reached
19.8 volts (1.98 volts per cell) the charging current decreased. When the
current decreased to 100 milliamperes the two-step regulator automatically
reset to hold the hattery voltage at 18.6€ volts (1.86 volts per cell) for
the balance of the ciarge period. The battery was left on continuous float
at 1.86 volts per cell for an additional 59 days.

¢. Cycling Procedure:

(1) During the perfods from the 61st throush the 100th day and from
the 241st through the £30th day of orbiting, these cells were subjected to
24 hour discharge-charge cycling to sirulate the so called 40-day shadow
periods experienced by the ba!ttery aboard a synchronous orbit satellite.

(2) The duration of the discharge of the first day of each 40-day
shadov period was 0.2 hour. The discharge time for the succeeding days
up through the 16th day was increased by uniform increments to 1.2 hours
and held at 1.2 hours for each of the succeeding 8 days. Then during the
last 16 days of each :0-day shadow period, the daily discharges were decreased
by uniform increments to 0.2 hour. The discharges were at 5.0 amperes.

_ (3) Charging was at 800 millfamperes unti! the total voltage reached
19.8 volts at which time charging was automatically crossed over Lo constant
potentfai, When the charge current decreased to 100 milliamperes, the

constant potentfal charge was automatically reset to 18.6 volts (1.86

volts per cell) and maintained at that value for the balance of each

charge period.

(4) while cycling during the shadow perfods, the total cell voltage
and currgnt were rerorded on strip chart recorders. In addition, the
{ndividual cell voltages, the total voltage and the current were neasured
with a digital voltmeter and recorded. These readings were taken three to
seven times during discharges, and hourly during the charge perfods.

(5) Between the shados periods, the cells were on continuous
charge for 140 Zays and recefved sufficient current from the two-step



requlator to maintain the total cell voltage at 18.6 volts. During this
time, the individual cell voltages, the total voltace and the current
were measured with a digital voltreter daily and recorded.

.
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6. - Yardney Sepérator and Plate Test:
a. The purpose of this test was to obtain data on 30 Yardney, 12

‘ampere-hour, specially ccnstructed silver-zinc cells for Hational
“Aeronautics and Space Administration, Goddard Space Flignt Center.

b. These cells are assembled into six 5-cell packs, three of which
consist of sealed cells with pressure gages, and the remaining three packs
consist o unsealed cells. One pack of each group contained RAI 2.2XH
series 2 separators; another pack of each group had Teflon in the negatives
with Emulphogene in the electrolyte as an additive; and the third pack in.
each group had negative plates with extended edges. These cell construc-
tions are listed below:

SEALED CELLS WITH PRESSURE GAGES

Series Pack No. Cells Number

K369 ] 68, 70 through 73 (with RAI 2.2XH series 2 separators)
K969 2 55 througn 59 (with Teflon negatives and Emulphogane)
K1120 3 49 through 53 (with negative edges extended)

; UKSEALED CELLS
Series Pack Ho. Cells Hunper

K969 4 74 through 78 (with RAI 2.2XH series 2 separators)
K969 5 60, 61, 62, 64 & 65 (with Teflon necatives and Emulphogene)
K1100 6 54 through 58 (with negative eges ektended)

c. Each of the cells was initially discharged throughwa 1-ohm resistor

- to 1.0 volt. Then the cells received two consecutive charge-discharge

cycles, each consisting of an 800 milliampere constant current charge
followed by a constant current discharge at 3.0 amperes. Cells were removed
individually from the charge circuit as each reached 2.0 volts, and were
likewise removed from the discharge circuit as each reached 1.30 volts.

d. The cells recefved continuous charge-discharge cycling at room
temperature. Charging of the 15 (3 packs) sealed cells with pressure
gages was at 800 milliamperes until the first cell in each pack reached
1.97 volts, at which time the current was reduced to 100 milliarperes and
maintained at that level for the balance of the 30-hour charge period. The
15 (3 packs) unsealed cells were charged at 800 milliamoeres until 120
percent of the previous discharge capacity was returned to each cell.
The cells were allowed to stand on open cirvcuit for a minirum of 2 hours
between end of charging and beginning of discharge. Both groups of cells

-
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(sealed and unsealed) were then discharged at 3.0 amperes, and each cell
in turn, when its voltage decreased to 1.30 volts was removed from the
circuit. At the end of each discharge, the cells were placed on open
circuit for 1 to 5 hours before being placed on the charge portion of the

7 next cycle. Individual cells were removed from test upon delivering less

than 4.0 ampere-hours on the discharge portion of tie cycle.

e. Pack voltages, cell voltages and current were measured and recorded
every 15 minntes during discharge and every hour during charga. Pressure
was recorded hourly.
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7. Polymerized ileoprene Seal Overcharge Te§t:
a. Five Gulton, 3.5 ampere-hour, nickel-cadrmium cells were tested to
. evaluate the perforngnce of their polyierized neoprane seals. Prior to
+being put on overcharce these cells receivad the standard accepiance tests.

b. Acceptance Test Procedure:

(1) Capacity Test: Subject the cells to a series of three capacity
- checks as follous:

(a) Charce the cells for 16 hours at the ¢/10 rate (350 milli-
anperes) . : . | ' ,

(b) Allow cells to stand for 1 hour before discharging.

(c) Discharge the cells individually at the c/2 rate (1.75
arperes) to cutoff of 1.00 volt per cell.

(d) Record ca211 voltages every hour cn charge, and every 10
minutes on discharca.

(2) Cell Short Test: Followine completion of the taird camacity
check discharge:

(a) Load each cell with a resistor of a value givinc a ¢/1 to
¢/5 (3.5 amperes to 700 milliamneres) discharce rate.
4

(b) Allow the cells to stand for 16 hours with the resistor
acting as a shorting device.

. (c) Remove resistors %nd allow cells to stana on open circuit
for 24 hours. :

(d) Record cell voltages hourly. :
(3) Irmersion Seal Test: '
(a) Place the cells under water in a bell jar.

(b) Reduce the pressure in the bel] Jar to 10 1ncnes of mercury
and nold for 3 minutes.

(c) During this 3-minute period scrutinize the cells for a
steady stream of bubbles, thereby indicating a leak around a seal or weld.

(4) Overcharge Test:

{a) Charge the cells at each of three rates for 48 hours as
- follows: , :

B




1. ¢/20 (175 m{11iamperes).'i
2. ¢/10 (350 milliamperes).
IET 3. - &/5 (700 milliamperes).
(b) Record the cell voltages nourly,
(c) Discontinue charging of any cell that exceeds 1.57 volts.
'(5) Internal Resistance Test:

(a) At the completion of the overcharge test return the cells
to the c/20 (175 millianperes) charging rate, Ic/2g,

(b) Yhile charging at this rate, pulse the charging current at
the ¢ rate (3.5 armeres), I¢, for 5§ to 10 seconds .

(c) Record the cell voltage, Vi, irmediately prior to the
pulse, and the cell voltage, V2, 5 milliseconds after iritiation of the
oulse.

(d) Calculate the internal resistances of the cells according
to:
Y-y
Ry —1
2 c c/20

(6) Repeat the irmersion seal test.

c. Folloving the acceptance fests the cells shall be put on continucus
charge at the c¢/10 rate (350 milliamperes) to test the ab111t/ of polymerized
neoprene seals to withstand continuous overcharging. The cell voltaces, pack
voltage and current are reasured and recorded at d~hour 1ntervals The cells
are visua]lj checked for leaks three tines a day.




8. S cubed; 6902-6YS3T3, Batteries 1, 2 and 3:

a. Each Yardney, 3.0 arpere-hour, silver-cadmium battery, containing
five cells in series, is encased in a metal container filled with epoxy
:resin. The batterie$ are being tested under the folleowing procedures.

b. Batteries Ho. 1 (0° C) and No. 3 (25° C) shall operate uncer an
8-hour cycle consisting of a two level voltage charge for 7 hours and 20
minutes, and a discharce for 40 minutes. Charging shall be at &7 e until
the nigh level voltage limit of 3.0 volts is reachad--at which time the
charge current decreases to maintain 9.0 volts. Unen the charge current
reacnes 40 ra the voltage limit is reduced to 8.4 volis. When the lou
level voltage limit is reached before the end of the charying period, the
charge current shall be reducad to zero.

c. Battery No. 2 (0° C) shall be tested in the following manner. It
shall operate undar an S-hour cycle consisting of a two level voltage charge
for 7 hours and a discharge for 1 hour. Charging shall be at 200 ma until
the hign level voltage lirit of 9.13 volts is reached--at whica tire the
charge current uecreases to maintain 3.13 volts. lihen the charre current
reaches 4) ma the voltace limit is reduced to S.4 volis. \hen the low
level voltace limit is raacihed before the end of tae charging period, the
charge current shall be reduced to zero.

d. The batteries shall be operated for 200 continuous cycles of
discharge and charge or to the cutoff of 5.4 volts, whichever comes first.

e, Battery voltage, cell voltages, current and temperéture are recoraad
on a strip chart recorder every third cycle.

f. The lowv level voltage has been increased from 8.40 volts tc £.53

volts for hattery nusber 1 at 0°C; 8.50 volts for battery nunber 2 at
0° C; and 8.55 volts for battery number 3 at 25° C.
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9. S cubed; 5XYS5(S) C-34, Batteries 1 and'2 from Group 8)-1:

a. Etach Yardney, 3.0 amere-hour, silv.r-cadmiun battery contains
- five cells connected in series and is encased in a metal container filled
‘with epoxy resin. The batteries were tested under the followine procedures.

b. One battery of five cells was cycled (chareed and discharged
repetitively) at -10° C and the other battery was cycled at 25° C. The
tota’ cycle pericd was 7.5 hours, consistiic of a charece for 6 hours and
46 minutes at 200 milliarperes to a voltage linit, followed by a discharge
of 44 minutes. The on-charge voltace limit for the battery cycling at
-10° C was 7.75 (1.55 volts per cell); and for the battery charging at
25° Cwas 7.50 (1.59 volts per cell). During the discharee periods, the
discharge rate for the first 34 minutes was 1.0 ampere; and during the
last 10 minutas was 2.5 ammeres.

c. battery voltages, cell voltages and currents were reasured and
recorded at the beginning and end of each charge and discharge of each
cycle; and on each 15th cycle, these parareters were also recordec at the
10, 29, 33 and 35 minute points during discharge anc hourly during charce.

16



10. ESB-Borden Separator Evaluation Test:

a. Sixty ESB-Borden, 10 anpere-hour, silver-zinc cells are being tested
to evaluate the performance characteristics of varicus ser.rator materials
-developed by the Borden Chemical Coupany., The plates of each group of 15

cells are insulated with one of the following tynas of separator iaterials
“or corbination thereof and are designated as types 9167-27; 9107-29;
9107-27/23; and 9137-C3.

b. .Preparation:

(1) The cells were vacuum filled with 40 percent KOH which was
supplied by ESE, and then placed on stand for 72 hours before testing.

(2) 211 tests were conducted at 25° C (room temperaturs).
c. Initial Conditioning Cycle Procedure:
(1) The first and second cycles consisted of:

(a) Charges at the ¢/20 rate (500 rmilliamperes) for 24 hours
to give an input of 120 percent of the wanufacturer's rated capacity. At
the end of 2ach charge, the electrclyte level was adjusted to tie top of
the plates using 40 percent KOH electrolyte supnlied by E33.

(b) Then follosing a 15-hour stand, the cells were indivicually
dischargad at the ¢/5 rate (2.0 amperes) to an end voltage of 1.3 volts.
The cells were allowed to stand 1 to 5 hours bYefore recharging.

(2) The third cycle consisted of:

. (a) A charge at the €720 rate (500 milliamperes) for 24 hours
to give an input of 120 percent of the manufacturer's rated capacity. At
the end of charge, the electrolyte level was adjusted to tie tops of the
plates using 49 percent KOH electrolyte supplied by ESB.

(b) Then follawing a 16-hour stand, the cells were individually
discharged at the c/1 rate (10.0 amperes) to an end voltage of 1.3 volts.

(3) The fourth charge was at the c/20 rate (500 millianperes) for
24 hours to give an input of 120 percent of the manufacturer's rated
capacity. At the end of charge, the electrolyte level was adjusted to
the top of the plates using 40 percent KOH electrolyte supplied by ESB.

d. Tonstant Potential Charge Test (5 cells of each separator type
or corbination used):

(1) The cells were allowed to stand on open circuit for 16 hours
following the recharge in paragranh 10.c.(3).
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(2) They were then discharged individually at the ¢/5 rate (2.0
anperes) to a terminal voltage of 1.3 volts and, then allowed to stand on
open circuit from 1 to 5 hours before recharging.

- (3) These cells were then charged at a consiant potential of 2.0
volts per cell average for 30 hours with a maxinum current of 500 milli-
ameres. Following the charge, the cells were alloved to stand for 2 hours

during which time electrolyte f40 percent KOH) was added as necessary to

maintain the electrolyte level at the top of the plates.

(4) These cells were cycled continuously as outlined in paragraphs
10.d.(2) and 10.d.(3) until each cell failed to deliver a minfrum of 4.0
anpere-hours.

e. Constant Current Charge Test (5 cells of each separator type or
combination used):

(1) The cells were allowed to stand on op2n circuit for 16 nours
following the recharce in paracrapa 10.c.(3).

(2) They were then discharged individually at the 2/5 rate (2.0
anperes) to a terminal voltace of 1.3 voits, and then allowad to stand on
open circuit from 1, to 5 hours before recharging.

(3) The cells wera then charged at : constant current rate of ¢/20
(500 milliamperes) until 120 percent o the canacity each cell deliverad
on the previous discharge was returned. Followinc corpletion of caarge of
the last cell, the cells were allowed to stand in the charged condition
for 2 hours, during which time electrolyte (40 percent KOH§ was added as
necessary to maintain the level at the %op of the plates.

(4) These cells were cyciéd continuously as outlined in paragrapns
10.e.(2) and 10.e.(3) until each cell fafled to deliver a minirum of 4.0
ampere-hours.

d;. Charged Stand Test (5 cells of each separator type or corbination
" used):

(1) The cells were allowed to sténd on open circuit for 16 hours
following the recharge in naragraph 10.c.(3).

(2) These cells were then discharged individually at the c/5 rate
(2.0 ameres) to a terminal voltage of 1.3 volts, and then allowed to
stand on open circuit from 1 to 5 hours before recharging.

(3) The cells were then charged at a constant currant rate of c¢/20
(500 milliamperes) until 120 percent of the capacity each cell delivered
on the previous discharge was returned. Near the end of charge, electro-
lyte (40 percent KOH) was added as necessary to mafntain the level at
the top of the plates. The cells were alloved to stand in the charged
condition for 30 days. .
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(4) These. cells were cycled continuous]y as outlined in paragrapiis
10.f. (2) and 10.f.(3) until each cell failed to deliver a minfnum of 4.0
anpere-hours.

g. Recording of Test Results:

(1) Discharges: Following the open circuit cell voltace readings,
the cell voltages and current were recoru.d at 1 minute, 15 rinutes, 30
rminuies, and avery 30 mirutes thereafter to the specified cutoff of 1.3
volts per cell.

(2) Recharges: Following the open circuit cell voltace readings,
the cell voltages were recordad 1 minute after start of charging and hourly
thereafter to completion of charge.

(3) 30-Day Stand: Following the recharge, the open circuit ¢ell
voltages were recorded daily.

h. The first cell in each 5-cell test aroun to fail was sent to:

ES3, Inc., Carl F. Horberg Research Laboratory (!'r. Jack Kelly),
Yardley, Pennsy]vania 19067.
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1. ESB Separafor Test:

a. ESB, 10 arpere-hour, sflver-zinc cells are being tested to evaluate
the performance characteristics of various separator materials. The plates

o -of each group of 15 cells are fnsulated with one of the following tynes of

separator naterial, or combination thercof, and are desigaated as follows:

SK3211-1 Control group with 193 Pudo separator material
SKG11-2 . RAI Permion 1770C separator naterial
SK9211-3 RAI Permion 2230 separator niaterial

SK9211-4 RAI Permion 2231 separator material
S$K3211-5 RAI Permion 2231 separator material

SK9211-6 193 Pudo separator material

SK9211-7 RAI Permion 2291 separator material

SK9211-8 RAI Permion 2291 separator material

SK3211-9 RAI Permion 2291 and RAI Perwion 116 seperator material

$K9211-10 RAI Permicen 2291 and RAI Permion 2230 separator material
$K9211-1 RAI Permion 2291 separator material.

b. Preparation:

(1) The cells wera vacuum filled with 40 percent KCii which was
supplied by ESB, and then placed oh stand for 72 nours bafore testing.

(2) A1l tests were conducted at 25° C (room temncrature).
¢. Initial Conditioning lecle Procedure:
(1) The first and second cycles consisted of:

{(a) Charges at tie ¢/20 rate (300 nilliamperes) for 24 hours
to give an input of 120 percent of the manufacturer's rated canacity. At
the end of each charge, the electrolyle level was adjusted to tne top of
the plates using 20 percent KO electrolyte supplied by ESC.

(b) Then following a 16-hour stand, the cells were 1ndividually
' discharged at the c/5 rate (2.0 amperes) to an end voltace of 1.3 volts.
The cells were allowed to stand 1 to 5 hours before recharging.

(2) The third cycle consisted of:

~ (a) A charge at the ¢/20 rate (500 wi11{amperas) for 24 hours
to give an input of 120 ?eroent of the manufacturar's rated capacity. At
the end pf charge, the electrolyte level was adjusted to the tops of tie
plates using 20 percent XOH electrolyte supplied by ES3.

{b) Then following a 16-hour stand, the cells were indfvidually
discharged at the c/1 rate (10.0 amperes) to an end voltaga of 1.3 volts.
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(3) The fourth charge was at the ¢/2) rate (500 milliamperes) for
24 hours to give an input of 120 percent of the manufacturer's ratad
capacity. At the end of charge, the electrolyte level was adjusted to

™ the top of the plates using 20 parcent KOH electrolyte supplied by ESB.

d. Constant Potential Charge Test (5 cells of each separator type
or corbination used):

(1) Tae cells vere alloved to stand on open circuit for 16 hours
following the recharge in paragraph 11.c.(3).

(2) They were then discharged individually at the ¢/5 rate (2.0
ameres) to a terminal voltage of 1.3 volts and, than allowed to stand on
open circuit from 1 to 5 hours before recharging.

(3) These cells were then charged at a constant potential of 1.39 +
0.01 volts per cell avarage for 24 hours with a maxinum current of 500 milVi-
amperes. Following the charge, the cells were allowed to stand for 2 hours
during which tine electrolyte (20 porczat KGi) was added as nacassary to
maintain the electrolyte level at the top of the plates.

(4) These cells were cycled continuously as outlinad in paracraphns
11.d.(2) and 11.d.(3) until each cell failed to celiver a winirum of 3.0
arpere-hours.

e. Constant Current Charge Test (5 cells of each separator typz or
coribination used): B .

(1) The cells were allowed to stand on open circuit for 15 hours
follouing the recharge in paragraph 11.c.(3).
g

(2) They were then discharced individually at the ¢/5 rate (2.0
ameres) to a terminal voltage of 1.3 volts, and thcn allowed to stand on
open circuit from.1 to 5 hours before recharging. ’

: (3) The cells were then charged at a constant current rate of c/20
(500 milliarperes) until 120 vercent of tae capacity each cell delivered
on tihe previous discharge was returned. Following corpletion of charge of
the last cell, the cells wers allowed to stand in the chargad condition
for 2 hours, during vhich time electrolyte (2 percent KOH? was added as

necéssary to maintain the level at the top of the plates.

(4) These cells were cycled continuously as outlined in paragraphs
11.e.(2) and 11.e.(3) until each cell failed to de.iver a mnimun of 4.0
arpere-hours. .




;‘. Charged Stand Test (5 cells of each separator type or corbination
used): ' A

(1) The cells were allavad to stand on onen circuit for 16 hours
. .followirg the recharge in paragrapa 11.:.(3).

(2) These cells were then dischargad individually at the ¢/5 rate
(2.0 amperes) to a terminal voltage of 1.3 volts, and then allowed to
stan? on open circuit from 1 to 5 hours before recharging.

(3) Tae cells were then charged at a constant current rate of ¢/20
(500 milliarperes) until 120 percent of the capacity each cell deliverad
on the previous discharge was returned. Hear-the end of charge, elactro-
lyte (20 percent KOH) was added as necessary to maintain tae level at
the top of the plates. The cells were alloved to stand in the charged
condition for 30 days.

(4) These cells were cycled continuously as outlined in paracraphs
11.£.(2) and 11.£.(3) until each cell failed to deliver a miniium of 4.9
ampere-hours.

g. Recording of Test Results:

(1) Discharges: Following the open circuit cell voltage readings,
the cell voliages anc current were recordad at 1 winute, 15 minutes, 3D
minutes, and every 37 minutes thereafter to the specified cutoff of 1.3
volts per cell.

P4 .
(2) Recharges: Following the open circuit cell voltace readings,
the cell voltages were recorded 1 minute after start of charginc and hourly
thereafter to completion of charge.
-3

(3) 30-Day Stand: Folloaﬁng the recharge, the open cirvcuit cell
voltages were recorded daily. L

h. The first cell in each 5-cell test group to fai]"-wa's sent to:
ESB, Inc., Carl F. iHorberg Research Laboratory (iir. Jack Kelly),
Yardley, Pennsylvania 12067, A
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12, 5xES5100 (Eellows and Auxiliary Electrode):

a. Five experimental 100 aipere-hour, silver-cadmium cells were

RS ;asselzb]ed by ES5, Inc.

b. The cell cases were made of polystrene, each fitted with a pressure
gage and prassure venting valve. In the bottom of each cell was a bellows
asserbly to reculate the electrolyte level. In physical contact with the
belloss asserbly was a pressure activated switch which opens when the
internal pressure exceeds 15 psig and terminates charging. Each cell is
eqmppeu with an auxiliary electrode for tihe recoubination of oxvcen during
charging. The separator materials are of a design to periit rapid drainage
of the negative p] ates during charge. The bellows and special separator
material WOY‘k togather to maximize oxygen recorbination oy tie auxiliary
electrode during charge.

c. These cells were submitted for test and evaluation of the bellows
system to control the electrolyte leval; the pressure switch in the vellous
to cutoff charece whan the internal pressure exceeds 15 psig: and the
recorvination ciaaracteristics of the auxilicry electroge in these c2lls.

d. Test Procacure;

(1) Preparation and Canacity Tests: Each c211 was restrained by
two 1/4-inch aluninum plates that were n]ac;o against the sides with the
greatest area. A 2. 2-cun resistor was connacted bebween the auxiliary
electroce and the negative terminal of each c211. The prassura sensitive
switches in the cells were cannected in series and attached to tie alarm
system. The cells were discharced individually through 1-ohn resistors
until the voliawe dropped below 0.5 volt. The c2lls then receivad two
capacity discharge cycles, zacn ¢pnsisiing of a crarge at 5.0 an peras
followed by a discharge at 10 amperes for the fTirst cancht/ check anc at
15 amperes for the second \apac1§/ test. Durinc charge.at 5.0 amperes,
each cell was removed from the charge circuit when its on-charge veltage
reached 1.55. The iadividual cell and auxiliary electrode voltages were
monitored during these charging periods. Tne cells were discharcad indi-
vidually to 0.8 volu for both discharge rates. Prior to cycling, the cells
were racharged at 5.0 anperes, renoving each cell from the charolng circuit
vien its on~charre voltage reached 1.55.

" (2) Cycling:

(a) Tne discharge-charge ¢ycling consists of 2-hour discharges
at 15.0 armeres followed by 22-hour charge periods at 3.0 amperes. The
discharge voltage limit is 0.8 volt per cell; and the on-charge voltage
limit is 1.51 volts per cell average, or 7.55 volts for the 5-cell pack.

(b) The cell paraneters recorded during cycling are the pack
voltage, current, cell voltages, auxiliary electrode voltages and internal
cell pressures. These pararcters are recorded at the beginning and end of
discharge. During every seventh ¢ycle, these parameters are also recorded
every 15 minutes during discharge and every hour during ¢harge. :
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13. Douglas Separaior lest, 4xDA5-1 Astropoiser Cells:

a.” Four 5.0 ampere-hour, silver-zinc cells were assarbled with Douglas
inorganic separators. Each cell was equipped with a pressure relief valve.

b. Tnhe purpose of this test is {o evaluate the performance of the
Douglas inorqanic separator material in silver-zinc c2lls.

c. Test Procedure:

.(1) The cells were individually discharged tavough a 1-cir resistor
to 1.0 volt.

(2) They were charged at 350 milliarperes, and each reroved
from the charging circuit when its on-charge voltace reacied 2.05 volts.
Then the cells were discharged at 2.5 amperes to 1.0 vclt.

(3) Two cells were chargad at 353 milliarperes to an on-cCiarge
voltage of 2.95 volts each: and then discharced at 2.5 amperss o0 1.0
volt while being vibrated to the 0AD specification.

(4) Followine the vibratien test, all four cells were given two
cycles of charge and dischiarce as stated in paragrapi 13.¢.(2). During
the first cycle one of the cells that had been vibrated shavec a drastic
loss of canacity. This cell was returned to Goddard Spac2 Fligit Canter
for analysis. The analysis shosed that all but tvo wires (one nositive
and one necative) connecting the plates to tae terminals had brokan.

V4

(5) The three remaining c2lls were then charged at 359 williamperes
to 2.05 volts each, and placed in a temperature chamber at 0° C for 24
nours prior to the following sequence.

(a) The cells were discharged at 2.5 ameres to 1.9 velt.
Next, they were recnarged at 350 milliarperes to 2.05 volts each, and
again dischargad at 2.5 amperes to 1.0 volt each.

(b) The termerature was then raised to 25° C and the discharge
resumed at 2.5 amperes to 1.0 volt each to remove the resicual capacity.

(6) Cycling: The cells are nos being cycled to failure by:
(a) Charge at 350 milliarperes to 2.05 volts.
. (b) Allow cells to stand on 30-cay open cfrcuit stand.
| (c) Discharge at 2.5 ampares to 1.0 volt each.
(7) Monitoring: The current and cell voltages are being recorded

‘avery 30 minutes during charge, and every 19 minutes during discharge. The
cell voltages during the 30-day open circuit stand are being recordad daily.
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14. Yarcney Plate and Senarator Testi:

a. Twelve 12 ampere-hour, silver-zinc calls were asserbled by Yardney
Electric Corporation, with two different necative plate raterials, and two
-different separator materials. Each cell was equipped with a pressure gage.
Testing was halted temporarily when pressuves excaeded the raxinun specified
lirit of 10 psig durinc charce to confer with Goddard Space Flicit Center
for test niodifications. The two types of cells are as follows:

.(1) Type 2: HNine cells K963, serial numbers 138 through 26. Tae
negative plates contained 3.0 percent teflon. The separator consisied of
five layers of C-19.

(2) Type 3: Three cells K969, serial numbers 30, 37 and 38. The
negative plates containad 3.5 percent CMC. The saparator consisted of
five layers of RAI 2.2XH.

b. These two cell types werc submitted for test and evaluation of ine
negative plates with their respective additives, 2ach tyna with a 5-legyer
wrap of divferent separator naterial. Cells of only o of the Tour
proposad types hava been sutnitted to date.

c. Initial Tesis:

(1) The cells wera charced in series at 1.0 arnere, and gaci
removad from the charging circuit when it rzachecd an on-charge veoltage
of 2.00 wolts, , :

(2) Follasing an open circuit stand of 1 aour after charga of the
last cell was corpleted, the cells were dischargad at 3.0 anperes. Each
cell was removad from the discharge circuit when its voltage raacaed 1.30.

(5) Following a 2-hour open circuit stand, the charge and discharge
of paragraphs 14.c.(1) and 14.¢.(2) were repecated.

d. Cycling Test:

(1) The cells were chargad in series at 1.0 ampere to a voltage
limit of 1.97 volts per cell for 30 hours. The voltage of any one cell
was not to exceed 1.97 volts nor the pressure to exceed 10 psi. Following
comletion of charge, the ce'ls were allowec¢ to stand open circuit for 2
hours before being discharged.

{2) The cells wera discharged individually at 3.0 arperes to 1.30
volts. Following completion of discharga, the cells were allowed to stand
open circuit for 1 to 5 hours before being placed on chargs.

(3) At the beginning of cycling, all 12 cells were connected in

series. The voltage limit could not be conirolled on each cell by this
means, lihen any cell would reach the 1.97 voltage 1imit, the voltage
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limit of the paer supply was manually reset to raintain the voltace at
1.97 volts. This resulted in a voltage decrease in the cells with lower
voltage and a pressure increase in the cells with hicher voltace.

/(4) The cells were then divided into two groups of six cells; each
with a’powser supply. The situation described abova was still observad and
the cells required constant monitoring.

e. Changss in the test procecuve:

(1) To keep the cells from damaging therselves, the testi procedure
was altered as follous:

(a) The cells were charged at 1 arpere until the first cell
reached 1.97 volts, then the charging current was recduced to 100 milli-
amperes.
f. Honitoring:

(1) The cell voltaces were recordad hourly on charge and every 15
minutes on discharge. :
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15. General Performance Tests:

a. The purpose of this program is to gatnef specific inforuation
concerning sealea mcke'l cadriiun cells designed for use in spacpcraft.

b. Envi ronmenta'l Cnaracteristics:

(1) Each cell not equipped with a pressure gage shall receive the
following environrental tests:

(a) Randorm Vibration: The cells shall be vibrated for 8
minutes in each of the three axes at the frequencies and levels shown
belou.

Longi tudinal Axis Lateral fxes

Frequency Level Frequency Levael
15 - 70 0.030¢%/cps 15 -7 0.030¢%/cps
70 - 400 0.0225¢%/cos 70 - 150 0.9225¢%/cps
400 - €0 0.045g%/cps 150 - 2000 0.030¢%/cps

800 - 2000  0.0300%/cps

(b) Sinusoidal Vibraticn: The cells shall be subjected to
sinusoidal vibration at a sweep rate of one octave per minute with two
exposures per each axis at the frequencies and levels shosn belou.

Frequency éeve]
" 5-8cps 0.5" D.A.
9 - 14 cps Linear decrease to 0.2" D.A.
15 - 54 cps 0.2" D.A.
55 - 2000 'cps 30 g's

(c) Shock: The cells shall be subjected to two half-sine
wave shock pulses of 30 + 10 percent amplitude in each of the three
mutually perpendicular axes.

L

(1) The time duration of the two pulses shall be 6 and 12
mi 11iseconds + 10 percent.



(d) Acceleration: The cells shall be subjected to acceleration
at. the g level and tire for each axis specified below.

g Leyel Axis Duration
1.3 X 4.5 Hinutes/Axis
2.3 +Y, -Y 4.5 Ninutes/Axis
. 2.3 +Z, -1 4.5 Hinutes/Axis
3.0 -X 4.5 Hinutes/Axis

(2) During each phase of the random vibration, shock and acceler-
ation tests, the cells shall be discharged at the ¢/2 rate. During 2ach
phase of the sinusoidal vibration test, the cells sihall be discharged at
the ¢/5 rate because of greater lenath of tire required for the tests.

(3) Prior to each test, the cells shall be recharced at the ¢/10
rate for 16 hcurs.,

c. Charce and Discharge Voltaca Characterisiics (A11 Cells):
(1) At various charg: rates:

(a) Uhile at room temperature, each cell shall be discharged
to 0.0 volt at the ¢/2 ratz and shorted out for a parioc of 37 to 50
ninutes. The cells sna]l then be rﬂchcrgpd at the c¢/10 rate for 15 hours.
After a 15-minute onen circuit stand, each c211 shall be given a canacity
discharge at the ¢/2 rate to 0.0 volt and then shorted out for a period
of 30 to 60 minutes. :

(b) A thermocouple shall be attached to the side of each of the
five cells. The cells shall then be placeo in a tenperature charber and '
allowed to stabilize at -20° C.

(c) The cells shall then be recharged at the ¢/49 rate (no voltage
limit) to 100 percent of the manufacturer's rated capacity.

(d) After a 15-minute stand, each cell shall be discharged at the :
c/2 rate to 0.0 volt and shorted out for a period of 30 to 60 minutes.

(e) Paragraphs 15.c.{1)(c) and 15.c.(1)(d) shall be repeated
for c/20 ¢/10, ¢/5, ¢/2, ¢/1 and 2¢c charga rates.

() upon conpletion of above sequence with the sevan charge
rates, the tests of paragraphs 15.c. (1)(c) 15.¢.(1)(d) and 15.c.(1)(2)
shall be repeated at 9° C, 20° C and 40° C.

(g) On cells having auxiliary electrodes, the auxilary
electrode voltage sh2ll be monitored across 47 ohrs durﬁng both charge
and discharge poriions of the test. . .
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(h) The results shall he shoin grann1ca11/ with cell charge
and discharge voltaces versus charge and discinarge ampere~nours.

(1) At room temperaturs, the cells shall then be recaarged at

““the ¢/17 rate for 15 hours. After a 15-rinute stand, each cell shall be

given a capacity discharge at the ¢/2 rate to 0.0 volts and snorted out
for a period of 30 to 60 minutes.

(2) At-various Discharge Rates:
(a) The cells shall then be allowed to stabilize at -20° C.

(b) Using the charge rate from pa'racranh 13.¢c.(1) (e} above
that resulted in the maxirum ampere-hour efficiency, the cells snall be
recharged (no voltage limit) to 100 percent of the manufacturer's rated
capacity.

(c) After a 15-rinute stanc, each cell shall be dischargad at
the ¢/40 rate to 9.0 volt and shorted for a pariod of 33 to 00 minutes.

(d) Paragraphs 15.c.(2){(b) and 15.c.{2)(c) shall be repeated
for ¢/20, /19, ¢/5, ¢/2, ¢/1 and 2¢c discharge rates.

(e) Upon completion of the above sequence with the seven
discharge rates, the tests shall be repeated at 0° C, 20° C and 42° C.

(f) On cells having auxiliary electrodes, the auxiliary
electrode voltage shall be monitored across 47 ohrs during both charge
and discharge portions of the test.

(g) The results shall/be shown graphically wi th cell discnarge
voltages versus discharge ampera-hours.

d. Overcharge Characteristics (A1l Cells):

4

(1) At the completion of the charge and discharge voltage character-

{istics sequence, the discharged cells shall be allowed to stabilize at

roori terperature. The cells shall then be rechargad at the ¢/10 rate for
16 hours. After a 15-minute stand, each cell shall be given a capacity
discharge at the ¢/2 rate to 0.0 volt and shorted out for 30 to 50 minutes.

(2) One cell shall then be placed and allowed to stabilize in an
ambient of each of the four test temperatures: «20° C, 0° C, 20° C and :
40° C. Jhe fifth cell shall be kept as a spare in the event of catastrophic
failure of any of the test cells.

(3) The four cells at their respective terperatures sha‘ﬂ then be
subjected to the overcharge sequence listed below: N

() tharge 2t ¢/10 for 16 hours ; wait 1 hour.




(b) Charge at c/40 until the call voltage stabilizes.
(c) Charge at ¢/20 until the cell vd]tage stabilizes.
(d) Charge at ¢/10 until the cell voltage stabilizes.
(e) Charge at c¢/5 until the cell voltage stabilizes.
(f) Charge at c/2 untii tiie c211 voltage stabilizes.
(g) Charge at c/1 until the cell voltage stabilizes.
~(h) Charge at 2c until the cell voltage stabilizes.
(4) ANl charging is at constant current with no voltage limit.
(5) A drop i voltage of 0.05 volt or more from the higiest value
observad, or temperatures above 77° C shall terminate the tests at tnat
anbient temperature. '
(6) On cells having auxiliary electrodes, tie auxﬂ‘ia[ry
electrode voltage shall be ronitored across 47 onrs during botn the

charge and discharge portions of the test.

(7) Tne results shall be shown graphically as a plot of tie cell
voltage versus the log of the charging current. ‘

e. Changes in Test Procature:

(1) Due to severe cassing when charging the cells at the high rates
at -20° C, NASA requested that the test temperature sequence of paragrapis
15.¢.{(1) and 15.c.?2) he chanced to start with 40° C and then be lowerad
to 20° C, and 0° C and ~20° C.




16. Operation of Silver-Cadmium Batteries in Parailel:

" The purpose of this test is to obtain information on the character
istics of silver-cadmium batteries opcrating in parallel. Ten Yar‘uney
12.0 ampere-hour cells, with oxygen fuel cell type auxiliary electrode
material used for gas recombination, were subjected to the fo'lloui ne tests:

b. Initial Conditioning:
.(1) Each cell was discharged through a 1-chm resistor for 16 hours.

{2) A 1-ohm resistor was connected betveen the auxiliary electrode
and¢ the negative terminal throughout all testing.

(3) The cells were chargad at 900 milliarperes until each reached
a terniinal voltage of 1.55.

: (4) The cells were then dischargad individually at 4.0 arrperas to
0.8 volt.

(5) Repeat the cnarge discharge cycle of paragraphs 16.b.(3) and
16.b. (4) for a total of threc cycles.

c. Cycling Procedure:

(1) The 19 cells were assenbied into two 5-cell packs. Each
pack consists of cells more nearly matched in ampere-hour capacity.

(2) The packs were charged individually at the c/10 rate (1.2
amperes) for 24 hours. ’

(3) The packs were then cénnected in parallel and cycled as
follous:

(a) Discharge: The discharge rate for the tvo packs in
~parallel was 6.0 amperes for 1 aour.

(b) Charge: The maximum charge rate for the two packs in
arallel was 2.4 am?eres for 9 hours with a voltaga linit of 7.50 volts
1.50 volts per cell, average).

(4) Recording of Test Results:

(a) For Each Cycle: The total voltage, curruat,’ 1ndi vidual
cell voltages, and the auxilfary electrode voltages were recorced at the
beginning and the end of the discharge and the charge p‘riods

{(b) Once each week the total voltage, current, ¥ndividual
een voltages, and the auxilfary electrode voltages were recorded every :
" - 10 winutes duﬁng discémrge and every 30 minutes during dm'ge SRS




(c) Charging Efficiency: The armere-hours delivered and the
ampere-hours accepted on the succeeding recharge by each pack were recorded
for each cycle for determination of charging efficiency.




" 17. Synchronous" Orbit (Gereral i-:lectric 12.0 Aah):

a.” Thirty General Electric, 12.0 ampere-hour (17 with auxiliary elec-
trodes) sealed, nickel-cadriuri cells are being tested under conditions
~simulating those ebodrd a synchronous orbit satellite. The purpose of the
test 1:’{)’ $va1uation of auxiliary electrode for charce control in synchronous
type orbit,

d b. The pressure gages of six cells were replaced by pressure trans-
ucers. . ‘

, c. The 30 cells are assembled fnto six 5-cell packs; each containing
a cell with a pressure transducer inserted in the pressure gage fitting;
and cells with and without auxiliary electrodes.

d. Test parareters:

(1) Packs 7 and 8 are cycling at 0° C ambient, at 60 and 3 percent
depth of discharge respectively.

{2) Packs 9 and 10 are cycling at 20° C anbient, at 80 and 8 percent
deptir of discharge respectively.

(3) Pack 11 s cycling at 40° C arbient, at €0 percent depth of
discharga. \

(4) Pack 12 is cycling at -20° C ambient, at 8) percent depth of
discharge. / .

‘ cke. A thermocouple s located on the face of the center c2ll of each
pa L] ;

f. Initfal Cycle:

(1) Each pack was charged at the ¢/10 rate (1.2 anperes) for 16
hours, followed by a discharge at the ¢/2 rate (5.0 arperes) to 0.5 volt
for any individual cell. The packs were then recharged at the c/4 rate
(3.0 erperes) to the auxiliary electrode trip veltace (390 mw), followed
by a discharge at the ¢/2 rate to 0.5 voit for any call. The third cycle
consisted of a charge at the ¢/4 rate (3.0 arperes) to the auxiliary elec-
trode trip vo1tager?goo w), followed by a discharge at a rate determined
by the maxirum depth of discharge on the longest shadow period (72
minutes) to 0.5 volt for any cell. The pack was then charged at the c/4
rate (3.0 arperes) to the auxiliary electrode trip voltage (300 tv)
followed by the cycling regine. ,

(2) Tae duration of the discharge of the first day of each 42-day
shadow period was 0.2 hour. The discharge time for the succeeding days
through the 17th day was increased by uniform increments to 1.2 hours and
held at 1.2 hours for each of the succeeding 3 days. On the 21st day,




the nacks were discharced at the ¢ycle rate te 0.5 volt for any cell. The
dlscnarge tine for the four succeeding dajs throunh tae 25th day was 1.2
hours. Then during the last 17 days of each 42-day shadoy period, the
daily discharges were decreased by uniform increrents to 9. 2 hour. Tae
:current for the various daily discharca periods for cach pack throunhout
the 42-day shadow period was a constant current valuz as follows:

{a) 6 ameres for racks cycling at 60 percent depth of
discharge.

(b) 8 amperes for packs cycling at 8) percent depth of
discharge.

(3) Charging for all packs was by constant current at 3.0 arperes
to the auxiliary electrode irip voltage of 330 mv at which time the charging
rate was reduced to 230 ma.

g. Adjustments During Cycling:

(1) turing the 12th cycla, pack 7 at 0° C and 59 percent dentn of
discharge, tne charg2 rate was reduced from 3.7 to 1.5 amperes uhereas
that for pack 3 at 9° C and 30 percent denth of discharce was left at 3.9
arperes. The auxiliary electrode trin voitage of both packs was rzduced
from 390 mv to 1590 mw.

(2) buring the 17t cycle, pack 11 at 40° C and 69 percent depth |
of discharge, the auxiliary electroda trip veltage was incressed from 300
to 500 mv and the trickle chdrge rate was increased frowm 200 to 503 ma.

(3) During the 4th cycle recharge, pack 12 at -20° C was allowed
to continue trickle charge at 2 ga for a total of 43.€ nours to lower the
intérnal pressure by recorbinatidn of the gases. Inis was followed by an
open circuit period of 75 hours. The roduction in inter al pressun. as
evidenced by a drop from 203 to 200 aw is insignificant {320 rv = 100 psig).
Following the discharge on the 3th day (5th cycle) the charge current was
reduced from 3.0 amperes to 400 ma, the auxiliary electrode trip veltage
~ from 300 to 150 nv, and the trickle charge current from 200 ma to 40 m.
On the 10th day tiie charge voltage control of the pack was changed from
cells 4 and 5 to cells 3 and 5.

{4) On the 16th day, the auxiliary electrode of pack 12 at -20° C
did not rise to the 150 sv *rip voltage thus allowing the charge to
continue at 400 ma for the balance of the charging period for each of the
cycles through cycle 22. On discharge the cell voltages were down to 0.5
volt. On the 23rd day the charging current was increased from 490 ma to
600 ma and the trickle charge current was increased from 40 ma to 120 ma.
'{!g auxiliary electrode tﬁpped at 159 v allowing charge to trickle at

m.




(5) From the 27th to 42nd day the charge current for pack 12 at
-20° C remained at 600 ma. The trickle cnarge current we +educed to
40 ma. The trickle current remained at 40 ma. ‘lhen the cz1l voltages or
pack voltage were too high the trickle current was reduced manually.

h. After shaddw period; the packs are on cha?ge at tricéle rate for

140 days prior to next shados period. The trickle charge rate was 200 ma
for packs 7, 8, 9 and 13; 690 ma for pack 11 and 0 ma for pack 12.




18. Syncihrcnous Orbit (General Electric 6.0 an):

a.” Thirty G.E., 6.0 arpere-hour, sealed, nickel-cadniun cells are .
being tested under conditions similar to those aboard a synchircnous orbit
-satellite. The purpose of the test is to establish the life.capadilities
of nickel-cadmium space cells for conmunications satellites and sinilar
uissions in synchronous orbits.

b. Acceptance Test:

(1) Canacity Test: Subject the calls to a series of three capacity
checks as follows: )

(a) Charge the cells for 15 hours at the ¢/10 rate (500 willi-
anperes). '

(b) Aot cells io stand for 1 nour before discharging.

(c) Discharce the cells individually at the ¢/2 rate (3.2)
anperes) to a cutoff of 1.00 volt per cell.

(d) Record cell voltages every 19 minutes on discharge and
every iour on ciharqge.

(2} Cell Shert Test: Following coiletion of the third capacity
check discharge:

(a) Load each cell with a resistor of a value giving a ¢/1 to
c/5 (6.0 arperes to 1.2 arperes) discharge rate.

(b) Allow the cells tg stand for 15 hours with the résistors

actng as a shorting device. g

(c) Remove resistors and allow cells to stand on open circuit .
for 24 hours.

(d) Record cell voltages acurly.
(3) Irmersion Seal Test: .
(a) Place the cells undervwater in a bell jar.

(b) Reduce the pressura in the bell jar to 10 inches of mercury
and hold for 3 minutes.

(c) Durin? this 3-minute period scrutinize the cells for a
stﬁgdy stream of bubble
we -

s, thereby indicating a leak around a seal or




(4) Overcharge Test:

(a) Charge the cells at each of three rates for 48 hours as
“ = follous: .

1. ¢/20 (300 williamperes).
2. ¢/10 (600 williamperas).
3. /5 (1.2 amperes).
(b) Record the cell voltages hourly.
(c) Discontinue charging of ény cell that exceeds 1.5 volts.
(5) Internal Resistance Test:

(a) At the completion of the overcharge test return the cells
to the ¢/20 (300 milliamperes) charging rate, Ic/ZO

(b) thile charcing at this rate, pulse the charging currant
at the ¢ rate (6.0 anmeresf, Ic’ foer 5 to 19 seconds.

(c) Record the cell voltage, Vi, irmediately pricr to tie
pulse, and the cell voltage, V2, 5 milliseconds after initiation of tae
pulse.

(d) Calcuiate the internal resistances of the cells according

. R =
Ic - Ic/20

(6) Repeat the irmersion seal test. :‘ff

¢. Test Parameters:

(1) The cells were grouped into six 5-cell packs, two of which -
were equipped with a couloreter for charge control.

(2) The packs are being tested under the conditianS')isted below:

L3




Pack  Test Depth of Recharge Trickle
Humber Temperature Discharge Current (amps)  Current (arps)

Sync 4 -2°C 40 0.200 0.200
e 3 0°C  40% 0.200  0.200
Sync 5 0° C 60% 0.300 0.200*
Sync 6 - 0°C 807 0.400 0.200%
Sync 2 25° ¢ 403  0.200 0.200
Sync 1 40° C 40%- 0.200 0.200

* Coulometer Controlled.
d. Initial Cycle:

(1) Each ¢ pack was ciarged at the /12 rat e {839 wmilliarazres) for
15 nours, folicored by a discharce for 1 hour at une resnactive cycle rate
(2.0, 3.0 or 4.0 apere s) as noted in paragrapii 18.e.(2). Tae packs were
thien returacd to coptinuous charge for 60 days at the respective rate
noted in paracraph 13.c.(2). ‘

3
e. Cycling Procedure:

(1) During the periocdd from the 61st through the 100th day and
from the 241st through the 280th day of orbiting, these packs were
subjected to 24-hour di schargu-c‘xarga cycling to sivulate the so called
40-day shadct periods oxnemencecc by the battery ahoard a synchronous
orbit satellite.

(2) Tie duration of the discharge of the first day of each 40-day

shadow period was 3.2 hour. The dischargs tira for the succeeding days

up tarough the 16th day. was increased by “uni forr increrents to 1. 2 hours
~and held at 1.2 hours for each of the succeeding & days. Then during the

last 16 days of each 40-day shadow period, the dally discharges were
decreased by uniform increrents to 0.2 hour. The current for tne various -
daily discharge periods, for each pack taroughocut the 40-day shadow .
period was of a uniforn value as follows:

(a) 2.0 anperes for packs Sync 1 through 4.
(b) 3.0 amperes for pack Sync 5.
(c) 4.0 amperes for pack Sync 6.
(3) Charging was by constant current at the specified rate, with

the proper trickle rate on packs Sync 5 and Sync 6, uhich ape equipged
with Guiton 6.0 ah coulometers. : -



. (8 whiTe cycling during the shadow periods, the individual cell
voltages, and the total voltage and current were neasurad with a digital
voltreter anc recordad. Readings were recorded five tires during discharge;
1 minute after start and 1 rinute before the end of dischargs wita taree

-readings in betveen at equally spaced time intervals. Maen the tire

interval betueen the intermadiary readings reached 19 minutes, additional
readings were taken as necessary tc prevent the equally spaced readings
from exceeding 10 rinutes. During charge periods, the readings were
taken hourly.

(5) Between tiie shadow periods, the individual cell voltages
total voltage and current were reasured with a dioital voltmeter at 0400
1000 and 1830 hours daily and recorded.




19. Three 5.0 Anpere-tour, Zinc-Oxygen Cells, manufactured by Unicn Carbide:
a.. Purpose:

: (1) The pur‘p;se of this test is to ascertain the applicadility of
the zinc-oxygen cells to the space program and to determine:

(a) Their capability of delivering reliable power over an
appreciable span of tire.

(b) What can be done to "squeeze" nore life out of the cells. .
(c) Whether a continuous flow of oxygan to the cell when
under load is necessary, or whether the flow could be “d2ad-ended" to
ninimize the consumption of oxygen.

(d) The type of "plumbing" necessary.

(e) The nurber of watt-hours per pound that way be expected
under various rethods of calculation.

(f) Any additional infermation as revaaled by the cata.
b. Cell Descrintion:

3
(1) The cells are encased in transparent plastic, and have three
electrodes: a carbon catalyzed, oxygen fuel cell electrode; a nickel
charging electrode; and a zinc electrode which serves as a cormon negative
during both the charge and discharge modes of operation. The nickel
charging electrode is used to avoid oxidation and consequent decracation
of the oxygen electroda. g :

(2) The 5.0 ampere-hour cells are rectancular in shape and are
supported on a plexiglass pedestal.

. (3) The present type of cells are equipped with miniature three-

way stopcocks for venting and adjustrment of electrolyte levels. Thus far
this has proved to be superior to the self-sealing plugs through which
syringes were inserted for electrolyte injection or withdrasal.

“*¢. Test Conditions:

- (1) The cells are received in a dry condition. Thus to precon- -
dition the cells, add electrolyte and allov to stand 48 hours to insure
conplete wetting before start of cycling. The anolyte consists of 41
E&{rcent KOH plus 7 percent Zn0, and the catholyte consists of 41 percent

(2) Tesﬁng shall be performed at existing relative humfdity,
atmospheric pressure and room terperature. The tests consist of:




(a) Cycling on a 2-hour charge, 2-hour discharge regime.

‘ (b) Gas samnling at the end of charge and end of discharge
T by means of a gas chromatograph

(3) A1l charging and discharging shall be done at constant current

(0.700 ampere dischargz and 0.721 ampere charge). Tae paser supply shall
be prograried to daliver a 103 percent recharge.

O

o




20i One hundred, 12 amnere-hour, Silver-Cadriur Cells, manufacturad by
Guiton;

a. Purpose: .
(1) Evaluation of cells by acceptance tests prior to life cycling.
b. Acceptance tests shall be performed at room temperature (22°.to 23° C).
¢. <Lell Preparation:
(1) Record weights and neasﬁfements of all cells.
(2) Place cells in groups of 10 by ascending order of serial nurbers.’
(3) visually insnect cells and note any defects.
d. Mechanical Leakage Test:

(1) Thoroughly wash all c211s with distilled water until nc evidence
of discoloration of pini 1itrus paner (to blue) by the wesh water.

(2) Test areas of closure by both of the following metnods:

(a) Wipe closure areas with wet pink litmus paper and note
discoloration (to blue).

(b) Het closure areas with phenolphthalein solution (colorless)
and note coloration {f any (to shades of pink S.

1. Exercise care in the use of 1itous paper or the pn°noi-
phthalein solution so that the tefmi.als are not shorted.

(3) Vvisually inspect cells for evidence of cracks or blisters and
note observations.

e. Capacity Dischafge Test:

(1) Charge the cells at the ¢/15 rate (750 millianperes) to 1.60
volts per cell average. Record the total tire on charga.

(2) Place the cells on open circuit stand for 24 hours.
{3) Discharge the cells at the c/4 rate (3 arperes).
(a) Remove each c211, in turn, from the discharge when it
'{eschegtthe cutoff of 1.0 volt. Record discharge time of each cell to
.0 volt.

' {4; Repeat the charge-discharge cycle, paragraphs 2D.e (1) thrangh
20.e.(3)(a) for a total of three cycles.




1. The cells are expected to deliver a minfiun of 12.0
ampere-hours on the third discharge even though they may do so on the first
and/or second discharges.

f. Cell Short Test:

(1) Following the third discharge of roi-agraph 20.e. to 1.0 volt
cutoff for the individual cells: .

(a) Place a 0.2 ohm resistor across each ¢ell for 16 hours.

: ) (b) Remmove resistors and place c211s on open circuit stand for
week., , '

(c) Record individual cell voltages at the end of each 24-hour
period.

1. At the enc of 1 week of open circuit stand, the individ-
ual cell voltages must be greater than 1.10 volts.

g. lechanical Leakage Test:
(1) Repeat steps in paragrapnh 20.d.
h. Overcharge Test:

(1) Charge the cells at the c/16 rate (750 millianperes) to 1.55
volts per cell, average. Record the time on charge.

(2) Lower the on-charge voltage to 1.51 volts per cell, average.

(3) Continue charging at %.51 volts per cell, average, for 1 week.
Record hourly the current and the cell voltagss.

(4) During the last 10 minutes of the 1-week charga, reasure and
~record the cell length (for use in determining expansion of the cell).

1. It is expacted that the expansion of the individual cell
will be less than that caused by a pressure of 30 pounds per square inch
abso‘lute (30 psia). A table will be supplied.

- {5) Following measurement of {ndividual cell lengtns:

. (a) Discharge the cells at the c/4 rate (3 0 amperes) to 1.0
volt per cell, average.

(b) Record current and individual cell voltages every 15 minutes.

(6) During the c/4 discharge of paragraph 20.h.(5) anp!y 60-mi Iﬁsecaid
pulse discharg&s of 15.0 mefas at the fonowing tims'




(a) One iinute after the start of the c¢/4 discharge and hourly
theregfter. Record pulse voltages of the individual cells on a high speed
f‘ecor ero .

- The voltage of each cell rust rerain greater thian 0.9
volt duri ng the fa .0 ampere pulses as recorded on a hign speed recorder.

i. Mechanical Leakage Test:

(1) Repeat steps in paragraph 20.d.




*

TEST RESULTS AS OF 31 OCTOBER 1969 '
1. Burgess-Borden Separator Test (Paragraph 'I.A: Enclosure (1)):
a. Charged Stand Test:

(1) Pack 16 (5 cells with C-3 separators and 5 with 9107/12
separators): '

(a) Date Started: 17 February 1966
(b) Inftial Number of Cells: 10
(c) Cells Remaining on Test: 0

(d) Cycles to Failure: 27

(e) Removed from Test: 11 July 1968

(2; Pack 17 (5 cells with C-3 separators and § with 9107/12
separators):

(a) Date Started: 17 February 1966
(b) Initial tumber of Cells: 10

(c) Cells Remaining on Test: 0

(d) Cycles to Failure: 39

(e) Removed from Test: 20 July 1969

2. Open Circuit and Overcharge Test; Sonotone 3.5 Ampere-Hour Nickel- .
Cadmium Cells (Paragraph 2, Enclosure (1)): '

a. Open Circuit Stand Test:

(1) Date Started: 14 March 1966

(2) Initial Humber of Cells: 10

(3) Cells Rematning on Test: 7

(4) Cells are un fourth open circuit stand test.
b. Overcharge Test: |

(1) Date Started: 14 Harch 1966

(2) Inftial Number of Cells: 10




(3) Cells Remaining on Test: 7

(4) Cells are on fourth overcharge test.
. ¢. The acceptance test following a 1-year stand was conducted during
April 1967. The acceptance test following the second year stand was
conducted during June 1968. The acceptance test following the third year
stand was conducted during July 1969.

3. IWP_E #10; Yardney, 10 Ampere-Hour, Silver-Cadmium Battery (Paragraph
3, Enclosure (1)):

a. Date Started: 29 July 1966
b, Initial Number of Cells: 13
c. Cells Remaining on Test: 13
d. Cycles to Date: 1648

4. INP F, #4; Yardney, 3.0 Ampere-lour, Silver-Cadmium Battery (Paragraph
4, Enclostre (1)):

a. Date Started: 24 August 1367 |

b. Initial Huwber of Cells: 13

c. Cells Remaining on Test: 0

d. Cycles to Failure: 24 and 603 days of Float Charge
-e. Removed from Test: 1 October 1969

5. Synchronous Orﬁit T0HR16(S)-1 #4; Yardney, 16 Ampere-Hour, Silver-Zinc
Cells (Paragraph 5, Enclosure (1)): ‘ .

a. Date Star.c!. 6 Decerber 1966
b. Initial tumber of Cells: 10
.€. Cells Remaining on Test: 0
d. Cycles to Removal: 585 days to 31 May 1969
e. Pack removed from test and forwarded to Goddard Space Flight Center.




\\
6. Yarc\ihey Separator and Plate Test (Paragraph_ 6, Enclosure (1)):
a. Pack 1 (5 K969 cells with RAI 2.2)H, se;'ies 2, separators):
(1) Date Started: 14 Septesber 1967
(2) Initial iumber of Cells: §5
;(3) Cells Remaining on Test: 0
(4) Cycles to Failure: 153 |
(5) Reizoved from Test: 18 July 1963
b. Pack 2 (5 K969 cells with teflon negatives and emulphogene):
(1) Date Started: 30 Augusti 1967
(2) Initial Humber of Cells: 5
(3) Cells Remaining on Test: O
(4) Cycles ‘to Failure: 318
(5) Removed from Test: 18 June 1369
c. Pack 3 (5 Ki100 cells with negative edges extended):
(1) Date Started: 30 August 1967
(2) Initial Number of Cells: 5
(3) Cells Remaining on Test: 1
(4) Cycles to Date: 387

7. Polymerized Heoprene Seal Overcharge Test, Gulton, 3.5 Amcere-tour,
Nickel-Cadmium Cells (Paragraph 7, Enclosure f])):

._8. Date Started: 5 Decesber 1966
b. Inftial Number of Cells: 5§
c. Cells Remainino on Test: 4
d. Days of Continuous Overcharge: 1001

e. Cell No. 1--3.47 volts put on open circuit 31 August 1969.



. 8. S cubed, 6902-6YS3TB; Yardney, 3.0 Ampere- Hour, Silver-Cadm1um
Battering (Paraarqp 8, Enclosure (1)):

a. Date Started: 18 June 1969
b. Initial Numser of Cells: 15
c. Cells Remaining on Test: 15
d. .Cycles to Date:

(1) Pack No. 1: 335

(2) Pack No. 2: 386

(3) Pack No. 3: 399

9. S cubed, 5XYS5(S) C-34; Yardney, 3.0 Ampere-Hour, Silver-Cadmium
Batteries (Paraaraph 9, Enclos ure (1)):

a. Date Started: 3 October 1967
b. Initial Humber of Cells: 10

" c. Cells Remaining on Test: 0
d. Cycles to Reroval: 476

(1) Both batteries were put on continuous charge 3 March 1968.
Test discontinued.

10. ESB-Borden Separator Evaluation Test (Paragraph 10, Enclosure (1)):
a. Constant Potential Charge Test:
(1) Pack 1 (5 cells with 9107-27 and 5 with 9107-29 separators);
(a) Date Started: 9 October 1367
(b) Initial Number of Cells: 10
(c) Cells Remaining on Test: O
(d) Cycles to Failure: 106

(e) Removed from Tesf: 17 Hay 1968




(2) Pack 4 (5 cells with 9107-27/29 and 5 with 9107-C3 separators):
(a) Date Started: 24 October 1967 |
(b) Initial Number of Cells: 10
(c) Cells Remaining on Test: 0
(d) Cycles to Failure: 113

~ (e) Removed from Test: 16 June 1968

b. Constant Current Charge Test:

(1) Pack 2 (5 cells with 9107-27 and 5 with 9107-29 separators):
(a) Date Started: 9 October 1967
(b) Initial Number of Cells: 10
(c) Cells Remaining on Test: O
(d) Cycles to Failure: 318
(e) Removed from Test: 23 March 1369

(2) Pack 5 (5 cells with 9107-27/29 and 5 with 9107-C3 separators):
(a) Date Started: 2 Hoverber 1967
(b) Initial Nurber of,Cells: 10
(c) Cells Remaining on Test: 0
(d) Cycles to Failure: 230
(e) Removed from Test: 1 January 1969

¢. Charged Stand Test:

(1) Pack 3 (5 cells with 9107-27 and 5 with 9107-29 separators):
(a) Date Started: 18 October 1967
(b) Initial Humber of Cells: 10
(c) Cells Remaining on Test: 5

" {d) Cycles to Date: 24



(2) Pack 6 (5 cells with 9107-27/29 and 5 with 9107-C3 separators):
(a) Date Started: 24 October 1967
(b) Initial Number of Cells: 10 -
(c) Cells Remaining on Test: 4
(d) Cycles to Date: 22
N. ES3-Borden Separator Evaluation Test (Paragraph 11, Enclosure (1)):
a. 'Constant Potential Charge Test:
(1) Pack 8 (5 cells with SK9211-1 separators):
(a) Date Started: 20 May 1969
(b) Initial Humber of Cells: 5
(c) Cells Remaining on Test: 5
(d) Cycles to Date: 32
(2) Pack 12 (5 cells with SK9211-2 separators):
(a) Date Started:l 20 May 1369
(b) Initial Number of Cells: 5
(c) C211s Remaining on Test: 0
(d) Cycles to Faﬂuré: M
(e) Removed from Test: 29 October 1969 .
(3) Pack 9 (5 cells with SK9211-3 separators):
(a) Date Started: 30 May 1969
(b) Initial Number of Cells: §
(c) Cells Remaining on Test: O
(d) Cycles to Failuie: 79
(e) Removed from Test: 29 October 1969




-~ {(4) Pack .15 (5 cells with SK9211-1 éeparators):
(a) Date Started: 2 Septenber 1959“
(b) Initial Number of Cells: 5
(c) Cells Remaining on Test: 5
. {d) Cycles to Date: 36
b. Constant Current Charge Test:
(1) Pack 10 (5 cells with SK92ﬁ—1 separators):
(a) Date Started: 26 June 1969
(b) Initial Mumber of Cells: 5
(c) Cells Remaining on Test: 5
(d) Cyc.les to Date: 45
(2) Pack 11 (5 cells with SK9211-3 separators):
(a) Date Started: 26 June 1969
(b) Initial Number of Cells: 5
(c) Cells Remaining on Test: 4
(d) Cycles to Date: 56
(1:!) Pack 13 (5 cells with SK9211-2 separators):. B
(a) Date Started: 26 June 1969 C
(b) Initial Number of Cells: 5 h
(c) Cells Remaining on Test: 0
(d) Cycles to Failure: 50
{(e) Removed from Test: 28 October 1969
~ (4) Pack 16 (5 cells with SK9211-1 separators):
(a) Date Started: 2 Septerber 1969
(b) Initial Mumber of Cells: 5



(c)'Cells Remaining.on Test: 5
(d) Cycles to Date: 27
- .c. Charged Stand Test:
(1) Pack 7 (5 cells with SK9211-3 separators):
(a) Date Started: 20 May 1969
(b) Initial Number of Cells: 5
(c) Cells Remaining on Test: 5 °
(d) Cycles to Date: 5
(2) Pack 6 (5 cells with SK9211-1 and 5 with SK9211-2 separators):
(a) This pack of 10 cells was inadvertantly shorted externally
by the operator, resulting in noticeable damage to one of the 5-cell
groups. Although the cells of the remaining 5-cell group shoved no visual
damage, testing was discontinued on these 10 cells to prevent the use of
:g:i.which may make meaningless the evaluation of the separators of tnis
(3) Pack 14 (5 cells with SK9211-1 separators):
(a) Date Started: 2 September 1963
(b) Initial Humber of Cells: 5
(c) Cells Remaining 6% Test: 5 o
(d) Cycles to Date: 5 ' in' , '

12. S5xESB100; ESB 100 Ampere-Hour, $ilver-Cadmium Cells equipped with
Bellows and Auxiliary Electrode (Paragraph 12, Enclosure (1)):

a. Date Started: 31 March 1967
b. Initial Number of Cells: §

c. Cells Rewaining on Test: O

d.' Cycles to Failure: 840

e. Removed from Test: 22 July 1969




13..
13,

4.

15.

Douglas Inor anic Separator Test; 4XDA5- l Astropover Cells (Paragraph
Enclosure (l)? ¢

a. Date Started: 24 August 1967

'b. Initial Number of Cells: 4

¢. Cells Remaining on Test: 0

d. -Cycles.to Failureg 10 BOfday Stands

e. Removed from Test: 24 July 1968 _

Yardney Plate and Separator Test (Paragraph 14, Enclosure (1)):

a. Date Started: 7 December 1966

b. Initial Number of Cells: 12

¢. Cells Remaining on Test: 0

d. Cycles to Failure: 196

e. Removed from Test: 6 January 1368

General Performance Tests (Paragraph 15, Enclosure (1)):

a. Five Gulton, 20 ah, Auxiliary Electrode, Nicke]-Cadmium Cells:
(1) Date Started: 6 July 1967
(2) Test Completed: 6 Fegruary 1968

b. Five Gulton, 1.25 ah, Nickel-Cadmium Cells:
(1) Date Started: 14 April 1968 o
(2) Testing being held pending instructions from N&SA;‘Goddard.

¢. Five NIFE, 3.9 ah, Nickel-Cadmium Cells: |
(1) Date Started: 12 Septorber 1967
(2) Test Completed: 7 March 1968

d.- Five General Electric, 20 ah, Nickel-Cadmium Ce!is:"f
(1) Date Started: 22 January 1969 -
(2) Test Completed: 19 April 1969




e. Five Genral Electric, 6.0 ah, Nickel-Cadmium Cells:
(1) Date Started: 8 Novenber 1967

n (2) Test discontinued 15 Noverber 1967 following rupture of all
cells. ,

f. Five General Electric, 6.0 ah, Nickel-Cadmium Cells:
(1) Date Started: 29 November 1967
(2) Test Completed: 7 March 1968

16. Operation of Silver-Cadmium Batteries in Parallel (Paragraph 16,
Enclosure (1)):

a. Date Started: 5 May 1967
b. Initial Humber of Cells: 10

c. Cells Remainfng on Test: 0

d. Cycles to Failure: 1384

e. Rermoved from Test: 3 April 1969

-17.  Synchronous Orbit; G.E. .12 ah, Nickel-Cadmium Cells (Paragraph 17,
Enclosure (1)):

.a. Date Started: 23 March 1?69
b. Inftial Number of Cells: 30
c. Cells Remaining on Test: 30
d. Cycles to Date: 221

18. Synchronous Orbit; G.E. 6.0 ah, Nickel-Cadmium Cells (Paragraph 18,
Fnclosure (1)):

"a. Date Started: 19 July 1967
b. Inftial Number of Cells: 30
¢. Cells Remaining on Test: 25
d. Cycles to Date: 836

SA



e. Five additional cells added 2 August 1968
(1) Cells Remafning on Test: 5 '
(2) Cycles to Date: 456

19. 5.0 Anpere-Hour, Zinc-Oxyaen Cells, manufactured by Union Carbide
(Paragraph 19, Enclosure (1)):

a. _Date Started: 1 Noverber 1967

b. Inftial Number of Cells: 6

c. Cells Remaining on Test: O

d. Cycles to Conpletion:
(1) Serial number 791 completed test after 69 cycles.
(2) Serial nurber 792 corpleted test after 59 cycles.
(3) Serial number 794 completed test after 51 cycles on 7-19-63.
(4) Serial number 802 completed test after 97 cycles on 3-23-68.
(5) Serial number 803 corpleted test after 78 cycles on 8-8-68.
(6) Serial number 804 completed test after 50 cycles on 7-139-68.

20. 12 Ampere-Hour, Silver-Cadmium Cells, manufactured by Gulton
(Paragraph 20, Enclosure (1)) )

a. Date Started: 18 October 1968
b. Initial Number of Cells: 100 .
¢. Ten groups have comleted test:

(1) Testing on the last of 10 groups was conpleted 5 March 1969.

n
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