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Summary of Commercial Ni-MH Cell Abuse Test Results

Introduction
The purpose of this test was to determine the abuse tolerance characteristics of various
commerci_ly available nickel-metal hydride (Ni-MH) cells. Cells from Furukawa, Gold
Peak, Gates, Harding, Maxell. Ovonic, Sanyo, Toshiba, and Yuasa were tested. The tests
were conducted as sub portion of test number 2P807 at B352 of the Thermochemical Test
Area a.nO included overcharge, overdischarge, short circuit, and heat-to-vent cell tests. The
tests were started on 4/14/94 and finished on 8/26/94. Table I describes the type of cells
evaluated and which tests each type was submitted to.

Table 1
.Manu factu _ Capacity, Overcharge Reversal Short Heat-to-
re._£r Ah Circuit Vent
Furukawa prismatic 0.55 x x x x
Furukawa AA 1. l x
Gold Peak 7/5A 2.5 x x
Gates 4/5A 1.5 x

Harding AA 1.1 x x x x
Harding A 1.8 x x x x
Harding C 3.25 x x x x
Nlaxell 413A 2.3 x
Ovortic C 3.25 x x x x

Sanyo 4/3A 2.3 x x x x
Toshiba 4/5A 1.5 x x x x
Yuasa 4/3A 2.3 x

Yuasa prismatic 3.0 x

Overcharge Test
A total of four overcharge tests were performed covering two rates, C/3 and 2C, and two

temperatures, room and 0 °C. Each test lasted until a 200% charge input into each cell was
achieved. At the C/3 rate, only the low temperature run caused the Toshiba 4/5 A and

Harding C cells to lose weight indicating a small venting of electrolyte. At the higher 2C
rate only the C cells leaked at both temperature. During the high rate, room temperature
test, the Sanyo 4/3A and Ovonic C reached temperatures over 88 °C all others were lower.
None of the cells leaked profusely or ruptured.

Reversal Test
A total of four cell reversal test were performed covering two rates, C/3 and 2C, and two

temperatures, room and 0 °C. Each test lasted until a >100% reverse charge was drawn
from the cell from the point of voltage reversal. Nearly all the cells lost a bit of weight
during the tests indicating a venting of some electrolyte. During the high rate, room
temperature tests the Sanyo 4!3A reached 95 ° C. However, none of the cells ruptured.

Short Circuit Test
A total of four cell short circuit test were performed covering two loads, 0.12f2 and
>0.05_, and two temperatures, room and 0 °C. None of the ceils leaked or ruptured during
any of the short circuit tests. At the high rate and room temperature, the Harding A cell
reached the highest temperature of the all the cells, 91 °C, and its peak current was 12.4 A.
Under the same conditions, the Sanyo 4/3A cell had a peak current of 28.4 A while

attaining "19 °C.
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Heat-to-Vent Test

All the ceils listed in Table 1 were char_ed at C/2 rate for 2 hr and 10 min. and then
submitted to this test within 48 hours. "l_his test was performed by placing the cell in a
pressurized vessel equipped with feed-throughs for cell voltage and temperature
measurements. A roughing pump was used to pull a light vacuum on the cell so as best

detect changes in pressure from a transducer connected to the vessel. The vessel was placed
in an automated thermal chamber. This massive vessel took about 4-5 hours to heat to 177

°C (350 °F) from room temperature. It was maintained there for an hour before letting the
vessel ffaturally cool off. Prior to openin_ the vessel, it was purged with nitrogen for over
5 rain. -

All the cells vented, presumably hydrogen, and varying amounts of electrolyte. These vents
were sometimes very gradual over the entire heating process, while some cells vented in

very discreet events easily associated with a particular temperature. Table 2 lists the weight
loss incurred during the test and anv discreet vent temperatures for all the cells tested.
Exempting the Ovonic C-cell whicla is an obsolete cell design, the prismatic cells lost the
most weight percent during the ventings. Outer insulation of all the cells was burnt and
cracked, but none of the cells ruptured. The Sanyo and Toshiba ceils showed evidence of

forceful vents. The Sanyo cell's terminal insulator cap on its positive was separated from
the lid of the case during the vent. The Toshiba cell's vent products left white deposits
covering the positive end of the cell. Including these last two cells, the venting were very
benign and uneventful.

Table 2

Cell Siz._.._e Weight, g Weight loss Vent
temperatures, °F

Furukawa prismatic 17.4 4.0 % 340

Furukawa AA 27.5 0.7% 304, gradual
Gold Peak 7/5A 47.5 I. 1% gradual vent
Gates 4/5A 33.4 0.6% 300

Harding AA 23.9 0.4% gradual vent
Harding A 34.8 0.6% gradual vent
Harding C 83.0 0.1% gradual vent
Maxell 4/3A 49.3 1.2% 269, 272, 281,

328, 330, 331,
332, 334, 336,
and 340

Ovonic C 82.7 4.0% 270 and 285
Sanyo 4/3A 52.9 2.5% 272 and 350
Toshiba 4/5A 32.5 3.1% 293, 301, 311
Yuasa 4/3A 49.9 1.8% 266, 276, 284
Yuasa prismatic 75.8 3.8 % gradual vent

Conclusions

The commercial Ni-MH cells tested behave very benignly when abused electrically and
thermally. Their main hazards are the vent of a small amount of hydrogen (>0. lg for the
largest cell which is equivalent to 2.5 liters at ambient pressure and temperature) and the
leakage of KOH electrolyte. These hazards were not present during the short circuit tests.
Overall, these cells are very safe to use in well ventilated applications.

1994 NASA Aerospace Battery Workshop -413- Advanced Technologies SesMon





1994 NASA Aerospace Battery Workshop -415- Advanced Technologies Session



8

)

m

m

"1-

I
mm

Z

_, "d _ ,_

Ie _

1994 NASA Aerospace Battery Workshop -416- Advanced Technologies Session



1994 NASA Aerospace Battery Workshop -4 17- Advanced Technologies Session



<
LO
CO

a.

0 _
(D

iin]l o
leVI

0 _

o
0 oC_

15.

!-.

1994 NASA Aerospace Battery Workshop

>1

E_

b_

(E)zLUOlJ.fi_) aJnssaJd

L
.° ,

Z- ......
i a,_

:i

r,.. {D

'W'-

0 0 --J

"'i "'

r

----Z

Z-

/

/

/

L,O '_" _ _

(A) a6e_,lOA

b

1

i

o I o
o

o
J,r-

o oo
o

o
>,

i >, I:_
rJ I'i

io,-
o ¢_ I:_

Z

o
o

- o

0

=i >

_ 0

_zr

i

L

L

_L --
=i
_L

L

_L

l

_L

1"_ {D I.o

-418-

(9ztuo/_6_l) aanssa_d

>

0
1.1.1_

.J

i

(A) a6e].lOA

J

0. -:

0 Jo
ILl jo

J
I o
j >,

oI o .--.

_o t1"t

I

- Z

I 0
-- 0

"-- 0

Advanced Technologies Session



I

(A) a6el.lOA

1994 NASA Aerospace Battery Workshop -419- Advanced Technologies Session



.4-.a

>,

0
©
W
._2

"7-

I

Z
c-"
<
LO
CO

E

cO

,4-.a

0
C_
c3
C_

0
0

c-
O

r_
0

0

n
©

LO
Oq

o :._ o

I

I

L

o
o
o

OZ O _

<

a

t

I

m

p I

o t¢_ 0

0
o
o

'o

o
o o

o 0
p

0

I °
-_ -.,
oj z

0 -

h-"

o
o
o
o

0

t °
o

(qv) A_!oedeo

o u'_ o

A

o

0

o

z

o

0.

t °
o L_ 0

(qv) A_!oedeo

>,

"I_ o.

u_n"
°° °°

EE
I I
o .-_

1994 NASA Aerospace Battery Workshop -420- Advanced Technologies Session



1994 NASA Aerospace Battery Workshop -421- Advanced Technologies Session



1994 NASA Aerospace Battery Workshop -422- Advanced Technologies Session



1994 NASA Aerospace Battery Workshop -423- Advanced Technologies Session



m
i

,4.../

e-

\
\

u)

CO

(1)
"0

(I)

1994 NASA Aerospace Battery Workshop -424- Advanced Technologies Session



e..
cD

E
im

:3

¢U

_D
r"

o

im

t_

E
cD
¢-

mql_

co

!

J
m

A

,5

_.rr:.

"2

m

r-

a
v m

n

m u

v i

N

I

r.

1994 NASA Aerospace Battery Workshop -425- Advanced Technologies Session



¢..
_J

E
mm

ttJ

0

x._
(D

0

E

\

1994 NASA Aerospace Battery Workshop -426- Advanced Technologies Session



X
0
rn

E
0

0
n

0
e:

0

c-
O

e_

LIJ

E

E

A _

m_

_1_

'qb

C

0
u_

0 c-

-_. 0
< •

.__ E

Eo

>4
0
rn

c- _ ._

..C .C3
O0 "_ (D .-
E o_c
0 CO "-' 0

c- 03 ._

0 4.-,

ca _ _ .o_ o
O9 _ 0 t- C-

•-- "-_ t- "_ 0

0 0 c- t-
_c: 0"-" "_

°_

o

/=

0

,---4

0

0

\

I

z

o

\°
0

o
o

"o

0

o

o

o9

1994 NASA Aerospace Battery Workshop -427- Advanced Technologies Session



l-
m
m

C)
0

E
E

C_

o
m

t_

rr

=-_ JOSUaS ]eaH _o _nd_no•- _. /_,_ _

--_ _ - _ _ ....................

.'C
c>

1994 NASA Aerospace Battery Workshop -428- Advanced Technologies Session



m

113

"8

:I

rr"

o
E

"_lh. _'S"

,¢1111"_

03

f_

00_ CO I_ _ LO _" 0") C_l ",-- 0

(It) ._ei=-e'q.4.'ir,:t_r'O

o

1994 NASA Aerospace Battery Workshop -429- Advanced Technologies Session



¢D

e"
um
m

0
>,

0

c-
o

8

Z_
@

1994 NASA Aerospace Battery Workshop -430- Advanced Technologies Session



O

T I

1-
O

Im

"13
t-
O

O

(-
m

O
>,

O

O

i

e8

n-
@

m_
link-

L)I_
llfl

q_

-o -r

I I

Z z
I

I
I

I

(NO a$eJ_.eaH

I J J I _ I

1994 _V_ Aerospace Botter_ Wori_op -431- _ Ter_nolog_e_ Se_io.



1994 NASA Aerospace Battery Workshop -432- Advanced Technologies Session



"c_ "I-

I I

Z Z
I
t

I

(M) e_eJ _eeH

LE_ _ Cr) ('_
I

C3
I

I

' ( A uJ ) Josuas ;eeq ;o ;nd;n 0

>-,1'

!

\

!
{
\

\

(A)

Ld

1994 NASA AeroJpoce Battery Workshop -433- Advanced Technologies Session



I

I

i._ i =5

xrn _ o_

_" _ o° _ _:

_ _ °_-E.°-_o

E >

" 0 Z

(/_) _ol_l _al-I

@

1994 NASA Aerospace Battery Workshop -434- Advanced Technologies Session



1994 NASA Aerospace Battery Workshop -435- Advanced Technologies Session



t-
O
m

m

Ii

0
¢0

0

rr
=_

E

I

-G Z

Z Z
I

I

(M) eJ,eJ ;eeH
c_ c_

CD LO CD

I ' , , I I

(A_ Josues;eeq;o;nd;no

" _ _ ' _ _ _ _ _ _ _ _ .... _ _ _ _ _ _ _ _
'''' 2

i
t"
I-

L

• r-

q3

L

c--

O-

:o-

II r

r'_ r

.2.J
-r-k

L i

r

I

c_

¢d

o
>

0

L_

\

x

1

I co
t-

co

\ o
r"

0
\

o

/

-

"4

H-

"!

4
.4
4

"?

_

4

1994 NASA Aerospace Battery Workshop -436- Advanced Technologies Session



tD

t_
¢-
0

In

0
t.D

CD

-- E
Q
o o

"E3 _

°_

z
c- 0

CL

.4--a

___ .U.

L_ m

v

E _
c--

03
03

03
0 (1)

E E
03

03
,_ 03

,03

03 (D
a___z

c" 03
°_

CD "C3
> C

c..)

0 I

c_ .._ c_
(D c- (I)

-T- c_ _-

1994 NASA Aerospace Battery Workshop -437- Advanced Technologies Session



'I--"

t-
O

im

4--I

"0
t-
O

0
v

t-
o
In

imam

"0

0
"0
r-

Q)

t-
O

L_

0

E

a

lmm_

Ul_

._0- _-

I I

ZZ
I
I

1

I

I

(HI L_3H ]q39

I ' I ! I I + i ', _, _,

(A w:; Josua S q.'_G H

f
I-

L
L

_J
I

z

:E
::I::
I

z

...l,,.,l...,l,''' I''''I''''I' '''l''''l''''l'' ''I''''I'' '

!

F J

I !

\\, 0

'qt t e _
%%%%

• o o

j

':I--"
-i

4--"

4
A--
,,.-.

!-
4

z
a!

t t

' ,u_l

0

O0

.... , .... I .... t .... t .... f .... t?,!, _;)

1994 NASA Aerospace Battery Workshop -438- Advanced Technologies Session



c-
O

im

0

V

_3

0

im

¢-
c_

c_
¢-

0

m z

o I
i

i

t-

E

#

/.

I
!
t

f
J

r-
i
I
I

c_

0
• >

<

,/
, #

,Y

!l
i'

t-

1

I

--'t-
_'m-
!

°_

z

!

, I

!:

, !

"I

0

4

.-I '-";,

i "I

':,
!:

=_
.4
=6

1994 NASA Aerospace Battery Workshop -439- Advanced Technologies Session



O

8
v

O

==

t-
O

CO

O

--O -z-

I I

ZZ
I
I

I

I

I

--7(_1 £V3H q,33

t t ', 1 _ _ ! 11 I It

(:AUJ) ;osus S _SH

u
|

o_

z

I

Z

J

0
>

ilii|llll|i t

F-"-

t-'-

(A) GEi_ _. L OA

1994 NASA Aerospace Battery Workshop -440- Advanced Technologies Session



!

0
em

0

t-

0
c

E

m

m

f_

--0 --L-
(__) -_

I !

ZZ
I

I

I

I

t

(A _ )

(£) kV3H
o
_ oo Lo _:

j [ ', ! : i I

 -Tx3

! J , ,

Josu_s q-_H

( A ) a 6_ _. [ o A

1994 NASA Aerospace Battery Workshop -441- Advanced Technologies Session



L-

¢..
0
(n

em

"0

tO
.._
0

00
:3
o

ml

(0
>

v

1994 NASA Aerospace Battery Workshop -442- Advanced Technologies Session



1994 NASA Aerospace Battery Workshop -443- Advanced Technologies Session



1994NASAAerospaceBatteryWorkshop -444- Advanced Technologies Session


