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MONTHLY FROGRESS REPORT THROUGH 31 JULY 1566
LIFE CYCLE TESTS
‘ TOTAL NUMBER OF PACKS IN PROGRAM: 172
| SECTION I

1. Status of original Cycling Program:

The cycling program has included

General Electric Company (G.E.),

ST\ L

cells from the following manufacturers;
Gould-National Batteries, Inc. {(Gould), Sonotone Corporatiicn (Sonotone),
and Gulton Industries, Inc. (Gulton).
TOTAL NUMBER OF PACKS IN CRIGINAL PROGRAM: 84
Total Number of Packs Cells Failed*
Cycled Since Last Total
To Date Cycling TFailed Report Tc Date
NICKEL-CAD M (10-cell packs)
G.E. =.0 a.h. 12 5 7 - S
Gould 2.5 a.h. 12 3 e o o2
Sonctone 5.0 a.h 12 5 7 o L8
Gulton 6.0 a.h 12 2 10 \ 69
TOTAL 48 15 33 i 2Rh
NICKEL-CADMIUM {S5-cell packs)
G.E. 12 a.h. 12 6 & g 18
Gulton 20 az.h. 12 2 iC > 35
Gould 2C a.h. 12 3 g 9 27
TOTAL 36 11 25 o 20
*¥A11 failur . are cumuiative. Total ps fai ures are
shown on p partial pack fai.uri: on pages <2 through LT
z Test Parameters:
a General Cyciing Program:
(1) Ambient Temperature:
() O° ¢
(b) 257 ¢
(:\ “:\O I
(&) Voitare Limit. per pack on chargs:
(a) 1.25 ¢ 5.2% wvolts per =i a4t O O
(v) 1.43 - 23 wvolts per cell ozt
/31
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(2) 90-minute and 2-hour orbits:

1. 15 percent and 25 percent at 0° C.
2. 25 percent and 40 percent at 25° C.
2. 15 percent and 25 percent at 40° C.

(4) Orbit Time:

P
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(47}

s--30-minute discharge and 60-minute charge.

(v) 2 hours--30-minute discharge and 150-minute charge.

a. Beiore cycling, cach pack was given a capacity test at its respec-
tive cyecling temperature. This check consisted on a ¢/10 charge for 16
S o/2 discharge to 1.0 volt per cell average. After
each 88 days ¢f cycling, each pack was discharged immediately after the
end of the regular zycle charge period, at the ¢/2 rate to 1.0 volt per
cell average. The pack was then recharged at the c/10 rate for 16 hours
and discharged at the c/7 rate tc 1.0 volt per cell average. The pack was

P LR re 1+

tren recharged at *ths =10 rate for 48 hours, voltage limited to the cycle
limits. Tata of capacity +tests is tabulated on pages €1 through £5.

a. Under +o5 ke recorded

o

. The attachel lutn :sheet i d of discharge ana ono o7 charge
- )




SECTION II

1. Status cf additions tc Cycling Program: The cycling program has included
cells from the folliow.ng manufacturers; General Electric Company (G.E.),
Sonctone Corporation (2o tone), Yardney Electric Corporation (Yardney),
Guiton Industries, Irc. (Gulton) and Delco-Remy (Delco).

TOTAL NUMBER OF PACKS ADDED TO THE PROGRAM: 89

Total Number of Packs Cells Failed*
Cycled Since last Total
To Date Cycling PFailed Report To Date

{(10-cell packs)
h. SHERFEY
ton 2.0 a.h. COULOMETER

N b b
N b
oo
O W
-

(W}

NICKFEL-CADMIUM {‘-2211 packs)
G.E. 5.0 a.n. NIMBRUS 6 5 1 2 3
G.E. 12 a.h. 1 0 1 0 5
G.E. 12 a.h. 23rc Electrcde L 2 2 0 2
G.E. & Gulton 6.7 =.h. COUL 1 1 0 0 L
Sonotcne 3.0 a.h. 6 5 i 3 6
Sonotine 5.0 =2.h. COULOMETER 1 1 0 0 0
Sonotcne 5.0 a.h. STARTSTCOR 8 2 6 3 gt
Gulton 1.25 a.h. b i 0 0 0
Gulton 4.0 a.rn. AL 6 L 2 0 7
Gulton 5.C a.h. NIMBUS o 6 0 ) 2
Gulton 5.6 =.h. FOLDED 3EAL b L D 1
Gulton ©.% a.h. NONFOLDED SEAL 4 2 1 8] L4
Gulten A.0 =a.h. N 0 1 8 3
Gulten 6.0 a.k. H31 3 2 i 5
Gulton 6.7 &.h. 3rd Tlectrode S 3 2 5 i1
Gultor 17 =.h. b L : o 3
Gulton 50 =z.h. 2 0 % o 6

TOTAL 69 4é o3 : e

STIVAR-CADMIUM (10-2211 packs)

Yardney 1o a.bh. 2 O 2 . b
TOTAL 2 8 2 3 i
SILVER-CADMIUM (S-cel. puacks)

Yardney 5.0 a.h. & e i = e

Yardney 1=z a.h. 2 B L =
TOTAL 9 3 Z 1

¥A1D faijure znsivais results are cunulative.  Pacx Il oures are noWn Ln

o

pages 48




Tetal Rumber of Packs
Cycled
To Date Cycling Failed
SILVER-ZINC (1C-cell packs)
Yardney 12 a.h.
Delcc 25 a.h. 1
TOTAL 2

et
e oNe
N

SILVER-~ZINC (5-cell packs)
Delco 25 a.h. 4
Delco 40 a.h.

TOTAL 5

—
O OO

N
1
5

*A1]1 falilure analysis results are cumulative.
pages 48 through ©0. .

ium Cycling Program:

(1) Ambient Tempecrature:

(a) 0° C.

—_
m
N

per pack on charge:

+

(a) 1.5% + 2.03% volts per cell st O° C.
(,r LY Tl ovolts per cell gt 2E° 0
& EN 7 S VAL el B B .
', - e 2
(o) 2.45 + .07 volts per cell at LO° C.

~~~
)
~—

Pepth o1 ieschurge:

AY ” . - .
(2) 20-minute and 3-hour orbits:

. . .. o
. L» percent and 2% pervoent ab 07 (
- - o 3 s » =°
2 27 opercent and 40 percent at 250 .
3.0 1% ent oat LD° O

Pack failures

Cells Failed*

Since Last
Report

1
-0
1

Total
To Date

- O

11
2

13

are shown on
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(4) Orbit Times:
(a) 90 minutes--30-minute discharge and 60-minute charge.
(v) = rours--30-minute discharge and 150-minute charge.
(¢) 24 hours--l-hour discharge and 23-hour charge.
L. Nambus Patks:

(1) Ambient Temperature:

(2) Voltsge 1imit per pack on charge: 1.49 + 0.0% volts per cell
at each temperature.

(3) Depth o7 T

charge:
(a) 15 percent and 25 percent at 0° C.
(b) 25 percent and 4O percent at 25° C.

- (o]
5 per-=nt and 25 percent at L40° C.

¢c. Third Electreie Packs (Gulton):
(1) Amtient Temperstures:

pack on ~harge: None. ot 1s controlled

(a) 150 nillivolts at 07 Q.
(v) 00 mii: s at 28° 7
{e) =00 mitlivolns at bo® o
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(2) 25 percent and 40 percent at 0° C.
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percent and 40 percent at 25° (.
(c) 15 percent and 25 percent at 4O° C.
(h) Orbi+t Time: 90 minutes--30-minute discharge and 60-minute charge.

-

d. Third Electrode Packs (General Electric):

{ :

controlled

k on charge: None. Limit ig
temperatures.

00 millivolts at all

(a) 25 percent and 4O percent at 0° C.
N ~ . 3

(b) 25 pereent and 40 percent at 25° C.

{2) 1% percent and 25 percent at LO° (.

(L) 2ridit Time: 2 minutes--30-minute discharge and f0-minute charge.

IS SAVE

(?) Voliage 1inml°z per pack on charge: HNone., ravizsor crnvros
ce.l voltage.
( <) Depth i [SRES I

L




percent and 40 percent at 25° C.
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percent and 25 percent at 40°

() Orbit Time: 90 minutes--30-minute discharge and 60-minute charge.

f. Coulometer Packs:

Lo %

-
. ; O
1) Ambient Temperature: 25" ¢

(2) Voltage limit per pack on charge: None. Coulometer controls
cell voltage. :

(2) 30 percent for 5 cells (Sonotonme 5 a.h.)--Cculometer built
by Goddard Spsace Flight Center.

(b) 43 percent--coulometer built by G.E.

1. 10 cells (Gulton 3.6 a.h.)
2. 11 cells (€ Gulton 6.0 a.h. and 5 3.E. 6.0 a.h.)
( ) Orbit Time: 20 minutes--30-minute discharge and 60-minute charge.

g. Sherfey Cycling Packs:

per pack on charge: None. Pack cycled in the

(4) orvit Time: 927 minutes--30-mirute discharge and A0-mirute charg

(6) This ty
charged condition.
cell's rated capacit;
rated capacity. Upon
charged through 2
completely disc

cyeles. iIn this

4 by a dic

lon
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lecprene-Seal Packs: (F

Ambient Termperatures

Voltage limits per p
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olded and Nonfolded)

ack on charge:
s per cell at -20° C.

s per cell at  0° C.
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t 40° C.
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s per cell
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5 percent at all temperature.
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(3) 1.55 £ 0.03 volts per cell at 25° C

/ -

(v) Zh-hour crbits: 1.50 * 0.03 volts ver cell at 0° C.,
25° C.. and 40° C.

(3) Depth of Discharge:
. (a) 90-minute orbit: 25 percent at all temperatures.
(b) 24-hour orbit:

(1) 20 percent and 50 percent at 0° C.

(2) 20 percent at 25° C.

(3) 20 percent and 50 percent at LG° C.

(a} 90-minut:z--3D-minute discharge and 6C-minute charge.

(v) ¢

fs-hours--l-hour discharge and 23-hour charge.

T ¢ T NN [
1,97 * 0.03 vl

| JO
‘ at 25 C.
R e 4 Y oo
) LT T genarges
4 —
{m) Tenour ot L0 C.
£ - . . - G e a ~
LU, oem il U : - S percent 4l oo -
(L) Srbit Times:
! {(2) 3 nours--<l-minute discharge and 150 minute charge.
! () 24 hours--i-hour 3ischarge nnd 2i-hour charse.
| 2 . 5
k. Two Step Thurgo Roegfuiator:

(1) hmrient 7 oo

- .
(2) Volrame 105 per pack LA
v - . - . ~ o P - . -
(t} drrers Vo so Limit 1.9 ~ .0 itz Ter ool
- Sy oanna - T e ~ o N ~
(v) Low Currons Limit: LShoEmTo

[¢]
} Pl

9
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Depth of Discharge: 40 percent at 25° C.
4) Orvit Time: 2k-hour--l-hour discharge and 23-hour charge.
5} Cell Type: Delco-Remy 25 a.h.

(
(
(6) When silver-cadmium and silver-zinc cells are put on a long
charge pgrlod with cnly a voltage limit, the cells begin to unbalance when
the pack goes Into overcharge. A new method of charging cellis of these

types was developed at Goddard Space Flight Center. The cell pack is charged
until it reaches the pack upper voltage limit. At this time, the charge
current is reduced to maintain this voltage limit. When the charge current
decreases to 35C milliamperes, the on-charge voltage limit is then reduced

to the lower pack veltage limit which is equal to the open circuit voltage

of the cell pack. 1In this method, the pack receives no more charge until
there is a sufficiernt drop in the pack voltage to reset the pack voltage

limit tc the upper value. This method prevents the cells from becoming
unbalanced during long charge periods.

3. Capacity Tesis:
a. Befvre cycling, each pack was given a capacity test at its respec-
ive cycling temperature. This check consisted of a c/lO charge fer 16

hours followed by a o/2 discharge to 1.0 volt per cell average. After each
83 days of cycling, each pack was discharged immediately after the

end c¢f the regulsr cycle charge period, at the c/2 rate to 1.0 volt per
cell average. The pack was then recharged at the c/10 rate :cr 1 hours
and ﬁlsphargeu at the 2/> rate to 1.0 volt per cell average. The pack was
then recharged at the /10 rate for 48 hours, voltage limited to the cycle

limits. Data 0T capacity tests is tabulated on pages 65 through 71.

4 Data

a. Under normal cper t’on, complete data is scheduled tc be recorded
every & cycles on the 90-minute and 3-hour packs. On the 2h-hour packs,
complete data iz taken overy eight cyeles.

o
C
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