
c..)
I

+ +,,,,_

;e;

©

Z
0

CY

1_93-20505

0
" s,--d
,4,-,a

0

©

1992 NASA Aerospace Battery Workshop -319- Nickel-Cadnzium Technologies Session

:" .... ___,'.r, NOT FILMiiDPRF.CEDI_ P,x._ "+' "°_"



<

Z

i i i T'M a i
I

1992 NASA Aerospace Battery Workshop -320- Nickel-Cadmium Technologies Session



1992 NASA Aerospace Battery Workshop -321- Nickel-Cadmium Technologies Session



_o

{.t5

_d
L)

<
U

L)

<< N

1992 NASA Aerospace Battery Workshop -322- Nickel-Cadmium Technolo_es Session



_' fl]

!

m

Z

F.

0

Z
0

, Z

r..Ib

rS" - " _,

<

X

, <

u Z

1992 NASA Aerospace Battery Workshop -323- Nickel-Cadmium Technologies Session



r_

!

z
r13

¢q

z [.

e¢_ ¢q

1992 NASA Aerospace Battery Workshop -324- Nickel-Cadmium Technologies Session



V
0
L
T
S

TRENDPLOT

Pack: 0342H Manf: HUGHES 42.0 AH
Orbit: LEO Tamp (C): 20 ODD(%]: 40.0

Olscharge(AmplHrs): 30.0/0.56 Charge(AmpIHrs): 21.011.12

TEST DATA AS OF JUNE 30, 1992

Plo= apes #I -- keys:
Left-aide:

o-- High CetI
o-- AvePage
x-- Low Ce_l

Plot ares #2 -- keys:
Left-side:

OFF
Plot ares #3 -- keys:
Left-slde:

o-- High Ceil
o-- Average
x-- Low Celt

Alght;-slde:
OFF

Right-side:
v-- PERCENT

Right-side:
OFF

1.43

1.41

1.39

1.37

1.17

1.13

1.09

1.05

10 10 10 10 10
I I J I I

Cells Cycling

10 10 10 10 10 10 10 10
-± l I 1 I I ' l

V V _

V V V V ? V V V V ? ItV
Y

V V Y V v y y V _r
y V V

V Y _ V Y V V V Y Y _
y Y

O O° O 0 ° O ° 0 00 Do 00

XOOo X O0

XX 0 X O00

X X x O xxoO O

X X O0 XX

0 X
X X 0

X

X X

X X

00 °

0 0
0

X X

X

'o ' ' ' ' ' ' ' '9 210 450 0 890 8 0
150 270 390 510 630 750

Cycle Numbers

I. CYCLE f310, INCREASED FROM VT 5 (1,414 V/C) TO VT 5.5 (1.424 V/C).

2. CYCLE #GBO, INCREASED FROM VT 5.5 (1.424 V/C] TO VT 6 (1.434 V/C).
3. CYCLE f722, DUE TO SOFTWARE PROBLEM, THE LAST STEP OF CHARGE WAS ONLY

TO 1.424 V/C.
4. CYCLE fBTO, EQUIPMENT MALFUNCTION CAUSED PACK TO BE DISCHARGED FOR 1.5

HOURS. THE PACK WAS DISCONTINUED DUE TO SWELLING OF CELLS.

I0
J.__

i

870

_,07
105

103

I01

1992 NASA Aerospace Battery Workshop -325- Nickel-Cadmium Technologies Session



00

>

D,

D,

., =

1992 NASA Aerospace Batter), Workshop -326- Nickel-Cadmium Technologies Session



TRENOPLOT

Pack: 6351A Manf" HUGHES 50.0 AH

Orbit: LEO Temp (C): 20 DOO(Ob): 40.0

Olscharge(Amp/Hrs]: 36.010.56 Charge(Amp/Hrs]: 25.0/1.12

TEST DATA AS OF JUNE 30, 1992

Plot area #1 -- keys:
Left-side:

o-- High Cell
o-- Average
x-- Low Cell

Plot;area f2 -- keys:
Left-side:

OFF
Pto_ ares #3 -- keys:
Lef;-slde:

o-- High Ceil
o-- Average
x-- Low Cell

Right-side:
OFF

Rlgh;-slde:
v-- PERCENT RES:-

Right-side:
OFF

Cells Cycling

5 5 5 5 5 5 5 5 5 5
I I I I I I I I I I

1.45

1.43

1.41

1.39

1.19

1.17

1.15

1.13

O00OO0000000OO000000oO0000000o
OOo OOoooOOOoOOOO_oo°___×xx_xxxxx x_ × x x xx _

XXX

V V
V

V y Y V V
V

V V V ? V
V

VVVV_ ? Y V
y V V V VV

X X X
@ 0000

0 O 00 O 0 O 0000 00000
OOOOOoxo O 000

XXXXxx X x 0 0

X Xx xX x DO

X x
X X

' ' 14 5 ' 2o'85 ' 25'85
565 1165 1765 2365

Cycle Numbers

I. CYCLE #18, DECREASED FROM VT 7 (1,454 V/C] TO VT 6.5 {1.444 V/C] DUE
TO HIGH PERCENT RECHARGE.

!

2965

110

108

106

104
R
E
C
H
G
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TRENDPLOT

Pack: 6352A Manf: HUGHES 50.0 AH

Orbit: LEO Temp (C): 5.0 ODD(%): 25.0

DIscharge(Amp/Hrs): 25.010.50 Charge(AmplHrs): 25.011.10

TEST DATA AS OF JUNE 30, 1992

Plot area #I -- keys:
Left-side:

[]-- High Cell
o-- Average
x-- Low Cell

Plot area #2 -- keys:
Left-side:

OFF
Plot area #3 -- keys:
Left-side:

[]-- High Cell
o-- Average
x-- Low Cell

1,48

1.46

5 5 5
I I I

[] O
[] O 0

0 0 0 0 0

X X X X X

Cells Cycling

5
I

[] (]

[] D [] [] II [] 0
0 0 0

0 X X 0 0 0 0 0 X

X X X X X X

5 5 5
I I I

0

5 °°

1.44 k"

1.42

1.22

1.20

1.1B

1.16

V
V

V V

V V V V V
V V V V

V
V V

V 'V V V

I I I I 6 I295 B95 14 5
595 1195 1795

Cycle Numbers

I. CYCLE #47, LOWERED FROM VT 7 (1.4BB V/C) TO VT 6.5 (1.478 V/C) DUE TO
HIGH PERCENT RECHARGE.

2. CYCLE #529, LOWERED FROM VT B.5 (1.47B V/C) TO VT B (1.46B VlC) DUE TO
HIGH PERCENT RECHARGE.

3. CYCLE # 569, LOWERED FROM VT 6 (1.468 V/C] TO VT 5.5(1.458 VIC) OUE TO
HIGH PERCENT RECHARGE (111010).

20'95

Rlght;-slde:
OFF

Right-side."
v-- PERCENT RE_-

Right-side"
OFF

r

E

I 117 RC
E

-] 113 N

T
109

R
v 105 E

C
H
G
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TRENDPLOT

Pack: 8340S Man#: SAFT 40.0 AH AIR FORCE

Orblt: LEO Temp (C): 20 OOD(Ob): 40.0

D1scharge(Amp/Hrs): 26.61 ,56 Charge[Amp/Hrs): 20.0/1.12

TEST DATA AS OF JUNE 30,1992

Plot apes #I -- keys:
Left-slde:

o-- High Cell
o-- Average
x-- Low Cell

Plot area #2 -- keys:
Left-side:

OFF
Plot area #3 -- keys:
Left-side:

o-- Htgh Cell
o-- Average
x-- Low Cell

Right -side:
v-- EOC TEMP

Right-side:
v-- _ RECHG

Flight-side:
OFF

I
1.52 !

1.50

F,
1.46

1.46

1.17

1.13

1.09

1.05

4 4 4 4 4 4
I ] I I ] I

Cells Cycling

4 4
I t

v
V

V V V V
V V

V
V

V

y V Do_O

txxxx
.......

4 4 4 4 4 4
l I I l I I

V V

V
y V v O

V V 0
ODO_

QOD

v Vooo ° 90o _8o
BOX Xxv x_XXx_

VV vv VVV
V

V v VV
V

vVvVVVvvvV

V v vvV VV
VvvVVyV v

D
[]

xO_o O

oo oo
X 0 O XOD 0 o ODD

X O OO0 _ O

Oo X OoQ XO
Xo 0 O X 0 O

XX 0 xXO OBOQ XO OOx x

O0 XOOoOOO
X O X

XXXXXx X XX
X

X

1 I I I I 1 I
523 16_]7 34'80 46'95 5B'08 79'35

1100 2377 4138 5245 6291 8897

Cycle Numbers

I. Cycle # 467, lowered VT to 7.5 (1.454 V/C) due to slight temperature
rise of 1 degree C.

2. CycLe f 2060, Poised VT to 8.0 (1.464 V/C).
3. Cycles # 2793 thru 3200, Special Testing performed.
4. Cycle # 5752, raised VT to 9.0 (1.484 V/C) due to low EOD's.
5. Cycle # 8091, Poised VT Co 9.5 [1.494 V/C).
6. Cycle #7257, Volt, age clamp changed r,o temperature controlled

voltage llmlt.
7. Cycle #12416, pack discontinued per Aerospace Instructions.

VVV?V v

4
I

q
-_ 22.8

oo i
° 1

] 21.6

o o o-]_

20.6

v I 19.6

117

113

O

OOnO 0
O 0 Xo

_ o
0

0 0
0 g

0

X

X X XX

99'63 ' 12 o6
11124

T
E
M
P

qb

1992 NASA Aerospace Battery Workshop -333- Nickel-Cadmium Technologies Session



tt_

¢q ¢q

1992 NASA Aerospace Battery Workshop -334- Nickel-Cadmium Technologies Session



TRENDPLOT

Pack: 8324S Manf: SAFT 24.0 AH AIR FORCE

Orbit: LEO Temp [C]: 20 000(%): 40.0
Dlscharge(Amp/Hrs): 17.2/ .56 Charge(AmpfHrs): 19.2/1.12

TEST DATA AS OF JUNE 30, 1992

Plot area #1 -- keys:
Left-sl0e: Right-slde:

o-- High Cell OFF
o-- Average
x-- Low Cell

Plot area #2 -- keys:
Left-side: Rlght-slde:

DFF v-- % RECHG
Plot area #3 -- keys:
Left -side: Right -side:

[]-- High Ceil OFF
o-- Average
x-- Low Cell

_

1.50 F

1,48

1.4B

1.44

1.15

1.11

1.07

1.03

Cells Cycling

5 3 3 3 3 3 3 3 3 3
l.- ! I I I J I _ t J

3 3 3 3 3 3 3
J L_ ! _ J ._L___

O 0 oOOOOOoOQOOoOOO0

0 OOOOoooOO000 O0 O0 O

XODOODoDOXXxx

000000oO xXXXXXxxxxx XX

xxXXXXxx

OOOooOO[]DoDOOD D[]oOo[]_DoOo

OOOOOo000000000000000000O

XXXXXxxxXxxXxXxxxx

XXXXXxx

Vv v

v VVVVv?yV v V

¥ VVvv

VV_vvVV VVv VVV_VV VVVVV

5½8

XO O []

xO O O O o

O 0 O O _ OOOoo°o°°X 0 O [] OO•[]•OOO

OOo0000 O0 O00 O•
O [] oO 0[]0

X O 0 0 xX X 0 OO O
Xx

XXx xXx X XX x X@ 0D•OOOo xX 0
O 0 0 0 0 XxO o

X X O0 O0 0 0 X
X

gO0000 X
X X X X

XxX X
Xx XxXxXX X

- | !

o 33'85 467 ' 56 7 95'6o17"2 ' ' ''"7615
1114 2384 3945 5048 8206 8872 10814

Cycle Numbers

I. Cycle # 481, lowered VT to 7.5 [1.454 VlC) due Co slight temperature
rise.

2. Cycle _ 740, ceils | 4 £= 5 were removed for vibration cycle.
3. Cycle # 2100, VT raised to 8.0 (1.464 V/C].
4. Cycles # 2803 thru 3215, Special Testing performed.
5. Cycle # 5784, VT raised to 9.0 [1.484 V/C] due to low EOD's.
6. Cycle | 14,821, pack was discontinued.

I I ,L I F

11993 14448
13172

-_ 118

114

110

V v - 106
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1,41

*HGEO+HAIR FORCE
TREND OF MID SHADOW

Pack: 6240S Msnf: SAFT 40,0 AH
Orbit: GED Temp (C): 20 ODD(%): 80.0

DISCHARGE {26.7 AMPS]

CHARGE (4.0 AMPS)

SHADOWS I THRU 19

Plot ares fl -- keys:
Left-slde:

o-- Hlgh Cell
o-- Average
x-- Low Cell

Plot area f2 -- keys:
Left-slde:

OFF
Plot ares #3 -- keys:
Left-side:

o-- High Cell
o-- Average
x-- Low Cell

Cells Cycling

4 4 4
I 1 I

4 4 4
I I 1

V

I m m J

Right-side:
v-- EOC TEMP

Right-side:
v-- qb RECHG

Right-slde:
OFF

1.39

1.37

1,35

1.13

1.07

1,01

.95

1
L

L
V V V

V

V

R

V

V V

t _ t t t

V

V

T

V

V

V

Z -

n O

Oo o

X
n X

V

V

V 'V V

'V V V

o o B o
O 0

0 X O
O OX

X X

X n

I J l3
8 12

Shadow Numbers

1, Shadow # 1, VT 5 (1,414 V/C).
2. Shadow f 4, ODD changed from 66 to B0 per cent recharge.
3. Shadow # 6, VT 4.5 (1,404 V/C) due to cells warming during charge,
4. During Shadow # 9, the pack was using a 2 step V/T. The first

ten days and the last nine days of the shadow period were st
VT 4.0 (1.394 V/C]. During days 11 thru 33 (mid-shadow) the pack ran
st VT 4.5 [1,404 WC).

5. Shadow # 10, voltage clamp changed to voltage/temperature controlled
voltage limit st VT 5 (1.414 V/C).

I

18

"I 22.6

21.8

I

21.0

20.2

195

179

163

147

T
E
M
P
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1.41

1.39

1.37

1.35

1.14

1.12

1.10

1.08

*+*GEO*** AIR FORCE
TREND OF MID SHADOW

Pack: 6224S Manf: SAFT 24.0 AH
Orbit: GEO Temp (C): 20 O00(%): 80.0

DISCHARGE (16,0 AMPS).
CHARGE (2.4 AMPS) WITH 1.414 V/C

SHADOWS 1 THRU 19

Cells Cycling

5 5 5
I I I

R m l i _ m m

Plot area #I -- keys:
Left-aide:

o-- High Cell
o-- Average
x-- Low Cell

Plot; area f2 -- keys:
Left-side:

OFF
Plot area t13 -- keys:
Left-aide:

o-- Hrgh Cell
o-- Average
x-- Low Cell

5 5

w w W _ _ _ W

v

V

V

V
V

V V V V ? v
V

V v
Y

O O

U O O U

0 O 0 0 0 0 00 Oo o B °
X X X X 0 0

0 X X X X 0
X

X
X

X

n O

0 0

X
X

O
0

0
0

X X

9
I

15

I,

6 12

ShadowNumbers

Shadow f 4, OOD changed from 86 to 80 per cent recharge,

18

Right-side:
OFF

Right -side:
v-- % FIECHG.

Right -side:
OFF

qb
187

R
169 E

C
151 H

6
133
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TRENDPLOT

Pack: 6335A Manf: GPS 35.0 AH
Orbi=:LEO Temp (C):20 ODD(Oh):40.0

DIscharge(AmplHrs):25.0/0.56 Charge(AmplHrs):17.511.12

TEST DATA AS OF JUNE 30, 1992

9 9 9
I I I

Cells Cycling

9
[

1.47

1.45

W
1.43 ,

g

1.41 I

W

Plot area #I -- keys:
Left-side:

n-- High Cell

o-- Average
x-- Low Cell

Plot apes #2 -- keys:
Left-side:

OFF
Plot area f3 -- keys:
Left-alOe:

o-- High Cell
o-- Average
x-- Low Cell

9 9 9
1 ! I

1.17

1.11

1.05 r

.99 I

V

V V It V V

V

V V V

V
V V V y Y V

V

0 0

x o B
X O X X

O O
0 O O 0

0 O O 0 X

X O X 0 0 O 0

xo x
X X X X

I l [1s' o 281o' 4 1o
1010 2210 3410

Cycle Numbers

1. CYCLE #B, VT INCREASED TO VT5 (1.414 V/C) DUE TO LOW EOD.
2. CYCLE f223, VT INCREASEDTO VT6 (1.434 V/C) DUE TO LOW • RECHG.
3. CYCLE f807, VT INCREASED TO VTB.5 (1.444 V/C).
4. CYCLE #1424, VT INCREASED TO VT7 (1.454 V/C) PER AEROSPACE INSTRUCTIONS
5. CYCLE #2235, VT INCREASED TO VT7.5 {1.484 V/C) PER AEROSPACE INSTRUCT-

IONS.
8. CYCLE f2627, VT INCREASED TO VT8 (1.474 V/C) DUE TO LOW EOD.
7. A PERCENT OF RECHARGEINCREASE WAS NOTICED AFTER EXTENDED OPEN CIRCUIT

TIMES DURING CHAMBER PROBLEMS.
FI. CYCLE f3840, PACK HALTED BECAUSE ALL CELL CASES FOUND SWOLLEN DUE TO

HIGH PERCENT OF RECHARGE(117Olo).
9. ON JUNE 30, 1992, PACK RETURNED TO AUTOMATIC CYCLING PER AEROSPACE

INSTRUCTIONS.

Right-aide:
OFF

Right-side,
v-- PERCENT REC-

Rlgh=-slde:
OFF

P
E
R

122 C
E

v 118 N
T

110
R

104 E
C
H
G
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0
X
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TRENDPLOT

Peck: 83358 Manf: GPS 35.0 AH
Orbit: LEO Temp {C): 20 ODD{%): 41.4

Dlscharge(Amp/Hrs): 15.8/0.92 Charge(Amp/Hrs]: 03.5/9.50

TEST DATA AS OF JUNE 30,1992

Plot ares #1 -- keys:
Left-side:

o-- High Cell
o-- Average
x-- Low Cell

Plot area #2 -- keys:
Left-side:

OFF
Plot area #3 -- keys:
Left-side:

n-- High Cell
o-- Average
x-- Low Cell

Right-side:
OFF

Flight;-side:
v-- PERCENT REF_-

Rlgh_;-slde:
OFF

Cells Cycling

10 10 10 10 10 10 10
l l l I I I t

I i
!.41 ,'-

1.39

1.37

1.35

1.19

1.13

1.07 _-

1.01 _-

t

10 10 10 10
I I t

Dill

10
I

gllg

V V V V

V

I _ _V... _.

V V V V V V V V V V

V V V
V V V

V
V V

V

V V V V
V V Y V V

F

i n _g J_g|e

X 0
X O _13

0 n

o o
X

5o ' ' ' ' ' ' ' 'I 0 410 530 850
110 230 350 470 590

Cycle Numbers

1. CYCLE #52, INCREASED TO V/T 4.5(1.390 V/C) DUE TO LOW EOO VOLTS.
2. CYCLE #137, INCREASED TO V/T 5[1.414 V/C) DUE TO LOW EOO VOLTS.
3. CYCLE #180, DECREASED TO V/T 4.5(1.404 V/C) DUE TO HIGH ma RECHARGE.
4. CYCLE #487, INCREASED TO V/T 5.0(1.414 V/C) DUE TO LOW EOD.
5. CYCLE #528, PACK WAS RECONDITIONED WITH A/HO 20.12.
6, CYCLE #894, DECREASED TO V/T 4.5(1.404 V/C) DUE TO HIGH EOC TEMP.

O
O

X

13

O

x_
X

1

710

P
E

157 R

C
E

141 N
T

125
R
E

-_ 109 C

G
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TRENDPLOT

Pack: 0350G Manf: GATES 50.0 AH
Drbl_:LED TemD (C):20 DOD[qb):40.0

Dlscharge(Am_IHrs]:35.7110.56 Charge(Amp/Hrs):25.011.12

TEST DATA AS OF JUNE 30, 1992

Plot area fl -- keys:
Left-slde:

o-- High Cell

o-- Average
x-- Low Cell

Plot area #2 -- keys:
Left-slde:

OFF

Plot area #3 -- keys:
Left-side:

o-- High Cell
o-- Average
x-- Low Ceil

Rlghl;-slde:
OFF

Pllgh_.- side:
v-- PERCENT REC,-

Right-side:
OFF

1.43

1.41

1.39

1.37

1.20

i.14

1.0B

1.02

Cells Cycling

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

i 1 t __1 I ! | ,,,1 t J t l__ I _ f

VVVVVVV_VV _VVv
V VV VvV V V V vV

V V Vvv VVV V V v V
V V v V V V

-i

107

105

vVVv v !03

101

o
x

o
B

o o

Xo Q

°

x X

I l I I I

210 810 1410
510 1110

I I | I' 2 10 27 0' ' 3 i0 &a
1710 2310 3010 3610 4410 5210

Cycle Numbers

P
E
R
C
E
N
T
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TRENDPLOT

Pack: 0351G Manf: GATES 50.0 AH
Orbit: LEO Temp (C): 20 DOD(%): 40.0

Dlscharge(Amp/Hrs]: 35.7110.56 Chsrge(AmplHrs): 25.011.12

PELLON 2538 SEPARATOR

TEST DATA AS OF JUNE 30, 1992

Plot area fl -- keys:
Left-side:

o-- High Cell
o-- Aver'ege
x-- Low Cell

Plot ares #2 -- keys:
Left-side:

OFF
Plot area f3 -- keys:
Left-slde:
o-- High Cell
o-- Average
x-- Low Cell

Right-side:
OFF

Right-side:
v-- PERCENT RESt-,

Right-side:
OFF

Ceils Cycling

7 7 7 7 7 7 7 7
I I I I I I ' I

7 7 7 7 _ 7
I I l I _ ! -

1.44

1,42

1.40

1.38

1.17

1,11

1.05

.99

oo _t ___x oooooo
Xx

X x

XXXXXx

V V V V V V V V V VV V V V v
VV yV

V
V

nnnmmmnnnHtlo D

0 0
XO

Xo 0
D

xO

_V
Y

V V _ V V V V • V V V V V v V V V y

0

X X X X
X X

z_o ' _0 ' 15'10' 2;I0 ' 2_10 ' 3_10 ' 3_10
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Cycle Numbers

1. CYCLE f4424, DUE TO EQUIPMENT MALFUNCTION, PACK WAS DISCHARGED FOR 2.0
HOURS, CAUSING SWELLING OF CELLS. PACK WAS DISCONTINUED.
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TRENOPLOT

Pack: 0352G Menf: GATES 50.0 AH
Orbit: LEO Temp (C): 20 DOO(_): 40.0

Dlscharge(Amp/Hrs): 35.71/0.58 Charge[Amp/Hrs): 25.0/1.12

TEST DATA AS OF JUNE 30, 1992

Plot area #I -- keys:
Left-side:

o-- High Cell
o-- Average
x-- Low Cell

Plot area #2 -- keys:
Left-side:

OFF
Plot area #3 -- keys:
Left-side:

o-- High Ceil
o-- Average
x-- Low Ceil

Right-side:
OFF

Right-side:
v-- PERCENT REC _-

Right-side:
OFF
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CycleNumbers

INCREASED VT 8.0 (1.434 V/C) TO VT 8.5 (1.444 V/C) DUE TO

REMOVED CELL f2 DUE TO LOW END OF CHARGE AND END OF DIS-
CHARGE. LOWERED VT 6.5 (1,444 V/C) TO VT 6.0 (1,434 V/C).
CYCLE #3190, INCREASED VT 6.0 (1,434 V/C) TO VT 6.5 (1,444 V/C) DUE TO
LOW END OF DISCHARGE.
CYCLE #3389 INCREASED VT 6.5 (1,444 V/C) TO T 7 (1,454 V/C) DUE TO
LOW END OF DISCHARGE VOLTAGES.
CYCLE #3701 INCREASED VT 7 (1,454 V/C) TO VT 7.5(1.464 V/C) PER
AEROSPACE INSTRUCTIONS.
CYCLE #3838, EQUIPMENT MALFUNCTION CAUSED PACK TO BE DISCHARGE FOR 2.0
HOURS. THE PACK WAS DISCONTINUED DUE TO SWELLING OF CELLS,
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