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The Effect of State of Charge On
Flammability

e Groups of rechargeable lithium-ion 18650
cells were tested In two modes.

- Heated using an external alcohol flame
» 7 cells wired together

- Cone calorimeter

« 5 separate tests with 1 cell at each charge, 20%, 30%,
50%, 70%, 100%

- heat flux of 50 kw/m?2
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The Effect of State of Charge On
Flammability

 Results: Heated Using External Flame

— 100% Charge: produced flammable electrolyte, large
pressure pulse, strong torching fire, sparks, vent
4:00 minutes, ignition of electrolyte 4:28

— 50% Charge: produced flammable electrolyte, large
pressure pulse, vent 3:46 minutes, ignition of
electrolyte 4:56 minutes

— 30% Charged: produced flammable electrolyte,
small pressure pulse, vent 3:39 minutes, ignition of
electrolyte 5:07 minutes
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Peak Heat Release Rates For
Different Charges
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Cone-Calorimeter 100% charged
Test
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Cone-Calorimeter 30% Charged
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Effect of State of Charge On
Flammability — 100%
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The Effect of State of Charge On
The Propagation of Thermal
Runaway

 Tests were designed to measure the effect
of state of charge on the propagation of
thermal runaway

- 4 cells were wired together in line

- A 100 Watt Cartridge Heater was secured to the first
battery as the heat source
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The Effect of State of Charge On
The Propagation of Thermal
Runaway

A series of 5 tests were conducted:;: 100%,
50%, 40%, 30%, 20% charge

« 5thermocouples (one for the heater and
one for each corresponding battery)
recorded the temperatures
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Propagation Test Configuration
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Propagation Test Data

1850 Prop at 100%: ¥19202 2:37:15 AM 18650 Prop at 100%: 3302012 9:06:35 AM
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Propagation Test Data

Fropagafiva of 580 Culls oL 5% Clawpe: Propagation of 18230 Calls at 40% Chargs

T W
. (" N / | e
al LI T P LA
. P . ‘ MY
i . W“\”\;\F\ . SR
- e ,::;1__::‘?"
20 \e
mi y A D __
e - = - ==
:m [ o] ane -] = [
. 00 goriz d2¢ 0210 [ e iz R
Tima (HH:AMM 58}
TTeiTTer  TeAoTRRmTTRR — T — I CE—— I — s — LB
Propogation Teet:L.G 19658 Calle @ 30% Charge Charga
i 0
w
“w
£
1l [\
E L T v ¥ %
oy 3
™ |‘f t \'Mf\r\ i
\ ' I
" ‘| a
"w /-/ \‘:‘\“‘ww\
0 Mﬁ—hﬂv e
/ // T _’T'_:;ﬂ,

s ——————

pm [ tid (737 [~ 60 [T

|—|:\—|\,; 5] |~:—|;a‘

<Presentation Title — Change on Master Slide> Federal Aviation

Administration

<Date of Presentation — Change on Master Slide>




14

4
—
O _
S c
=
g2
| - <5
O i+
(d)]
e
o
©
e £2
(-

10N O

-
@,
&
>
©
L
O
(-
o
&
4
[
V)
(W -
o

Propagat

The Effect
The

A A
IO
T O
0n N
 —-—
5 &
9 @
S
MM
c 5
© o
(O e
o C
c @
< <
< O
O
| =
o O
=5
Tn
s 2
= 0
T a
—
@ o
0 o
T
o N
V Vv




<Presentation Title — Change on Master Slide>
<Date of Presentation — Change on Master Slide>

"t

»
(< =\ Federal Aviation
\ =) Administration

™ i
\:::LL__.;\F

15

15



The Effect of State of Charge On

The Propagation of Thermal
Runaway
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The Effect of State of Charge On
The Propagation of Thermal

Runaway

e Results

— 100% Battery exploded in both tests, rapid cooling was
observed. Peak temperature: 1030°F

— 50% test consumed all cells. Peak temperature: 1044°F

— 40% 2 cells were consumed, peak temperature 760°F
decreased after thermal runaway in cell 2.

— 30% venting occurred in battery 1 with no thermal runaway.
Peak temperature: 560°F

— 20% venting occurred with a peak temperature 502°F
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The Propagation of Thermal

Runaway
e Conclusions

— 50% charge produces the greatest possibility of
thermal runaway propagation

— 30% or less charge halts the propagation of thermal
runaway

— Heat release values decrease with reduced states of
charge

— Shipping cells at less than 50% state of charge may
reduce the severity of a fire event
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Contact Information

*Harry Webster
*609-485-4183
*Harry.Webster@faa.gov

www.fire.tc.faa.gov
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