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Fi& AR7171 9] A Aol Aol whelA Lithium Ion Battery(LIB) 2] 4=8 =3k 7138} 1 It} LIBE tHE 2
2} AR o H]F)| =2 TEA S Koo)X T D E(Thermal runaway) 2 <13 Z sk A) o] 9@ Aol Stk &34 Ul &
¥ LIB cell-S ©A 8 Electric Vehicle(EV)2] 7% A 2 WA= th 3] A4 712 213k 9 d A w3k A3}
mebA AL 95 & H A8el7] A FEV A = A ske 54 7ho] 913 B4 o] D astth o] AT A= EV
° ﬂxﬂi WAskE HA4 7129 758 2 AH-A < 8H(Computational Fluid Dynamic; CFD)< ©]-8-3}¢] 3] 43}
O £ 2L oo F) BV ARE 700 2 ALke] 0.8 A5l ALke] S S Aol T 54 7h2me]
abg 7] 3148k Y@ gl diste] B4 STk o] A= EV A 2 QI 54 7k A& B8k A
I g of] of gk W, A Ak Rl & & A3kt 9o & 71Xt

Abstract - As the market for portable electronic devices expands, the demand for Lithium Ion
Battery (LIB) is also increasing. LIB has higher efficiency than other secondary batteries, but there is
a risk of explosion / fire due to thermal runaway reaction. Especially, Electric Vehicles (EV) equip-
ped with a large capacity LIB cell also has a danger due to a large amount of toxic gas generated by
a fire. Therefore, it is necessary to analyze the risk of toxic gas generated by EV fire to minimize acci-
dent damage. In this study, the flow of toxic gas generated by EV fire was numerically analyzed us-
ing Computational Fluid Dynamic. Scenarios were established based on literature data and EV data
to confirm the effect distance according to time and exposure standard. The purpose of this study is
to analyze the risk of toxic gas caused by EV fire and to help minimize the loss of life and property
caused by accidents.
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0]+= Drone°|1} Electric Vehicle(EV), Hybrid Elec-
tric VehicleHEV)#} -2 LIBE AME3l= AlEEY
o] 2A 7]o18FAEH1-3].

LIB:= th2 22} Ao wlajA] ofuf#] "i=et 7]
o] =1 F - o] 412 Axlo] IAR, &
z &Aolu) e AL 3)ehz Zddtow o EZE
(Thermal runaway)2 1gt &1t/ 379 A=
WA sl itk Table 12 LIB StAAIL 2 B &
AR71719] AbaL Ab] o] €]ofl k= 3F7], HEV, EV
ARIL AR Ther HaiE Al QlTH4, 5]

LIB2 WAgh Abmi oubzoz LIB s/
o] HFEo] 9lal LIB A= WA == 54 7F
2of tisfiA] 2A AFEL YA Ak LIB A=
WL AL oF 200]E 0] B4 JfAS kBl
T glolA ol Qg B35 Ale] SlgAe] EAT
cHe-8]. LIB 841 15k 54 7ho) 9lg4e] 2
A FEAA e ot Muske Hxbr|7lo] A
g5 LIBO| §3k& wmd cgom AAd ¢
S wae] 54 FhA7h wAsE 49t 587
wolch. SHAIT LIBS] 7|4 udo] W]
Sh o8 LIBE AMgehs Alel7h S7beka o

Table 1. LIB fire and explosion accident[5]

th. EVe} HEV= o]2|dt tf8F LIBE ARt
of o]},

Z 2 A83} 5= EVY LIB 832 7|uto 2 A
Argh A3t 1 kg ~ 40 kgl Esipart wyEs
g 4= ek ®=3 EVY HEVE 7k~ A%

A e 3 e g T R A AollA
ARazb S 927t Qlek o]E gt BV o] &
A 914 gRo] EV bR WAsts B4 7hA
o fgoll digh #AHA sfalo] Hasiek 4]
HA At = A kAo Hiet ArE
A s Haslek=t AHE 7HssieHIL

wheka] o] =f2 EV AR wAshs 54 7}
29 G AgE &Rlstr] {8 LIB @4 cellof
i =4 AES & Ay A7 AaeE FuolA
FujEal gl EVE LIB A5 og 3 A 54
7k Ay *quia AHgs }Oﬂl:} 0|2 7|Hlo g
/\]—’L‘ HE]—}%J A] 0 A°H7]' :iE /\Oi O:I]}]'QL
=4 A FollA EV A= QT 547k gk
AARGA 93t (Computational Fluid Dynamic)2
ol g3lo] X|EH o] ste] EV A= 13t B4 7t
29 1ol sl &8tz gtk

No. Date Accident replay

Fire causes

1 18 July, 2011

EV bus catch fire, Shanghai, China

Caused by overheated LiFePO4 batteries

2 | 11 April, 2011

EV taxi catch fire, Hangzhou, China

Caused by 16 Ah LiFePO4 battery

3 3 september, 2010 Dubai

A Boeing B747-400F cargo plane catch fire,

Caused by overheated lithium batteries

4 26 April, 2011

Acer recalled 2700 laptop batteries, as Dell,
Apple, Toshiba, Lenovo and Sony done in 2006

Potential overheating and fire hazards

5 March, 2010 catching fire, Japan

Two iPod Nano music player overheating and

Caused by overheated lithium batteries

6 January, 2010

Two EV buses catch fire, Urumqi, China

Caused by overheated LiFePO4 batteries

7 July, 2009 Shenzhen, China

Cargo plane catch fire before fly to USA,

Caused by spontaneous combustion of lithium
ion batteries

8 21 June, 2008 i
Smin, Japan

Laptop catch fire in a conference, fire burning

Caused by overheated battery

9 June, 2008 Honda HEV catch fire, Japan

Caused by overheated LiFePO4 batteries

10 | 2006-now .
explosions

Tens of thousands of mobile phone fires or

Caused by short-circuit, overheating, etc.
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LIBof| ARg-H = a2 nl¢=EAA ] e
(Non-aqueous electrolyte) = ethylene carbonate,
diethyl carbonate®} #2 7] eHAFE 3}t Lithium
phosphorus fluoride(LiPFe) 2} 72 E] Edog
Aol Slek LB 32 AslE aipa| o
Mo EEe LiPRolA wad.
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7%2] LIB cello] gt st = S == %ﬁ}—?ﬁ\—a
S35ttt o] AtollA= EVollA WA st= &
o] det 71EgE dolur] s £39
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Table 2. Mass of HF generated from EV
Company K S G
Model R S I E T S S A\
Capacity (kWh) 16.0 30.5 28 256 6.1 26.6 21.4 60
Mass of HF (kg) 2.67 5.09 4.68 42.75 1.02 4.44 3.57 10.02
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Table 3. Health Effects and Explanations of AEGL Levels in the US EPA

Threshold levels

Effect

Death Increasing likelihood of death

-Impairment of ability to escape

AEGL -3 Disabling -Increasing severity of irreversible or other serious long-lasting effects
-Increase in notable discomfort
AEGL -2 Discomfort -Increasing severity of reversible
effects(with or without signs/symptoms)
AEGL -1 Detectability Increasing complaints of objectionable odor, taste, sensory irritation or other mild,

non-sensory or asymptomatic effects

23. =4 7|1&

AEdoldoM e =sfead 54 9T
7|52 AEGL(Acute Exposure Guideline Level)
10& 7] IDLH(Immediately Dangerous Life
or Health value)& A1¥13}itt. AEGLLS EPA(En-
vironmental Protection Agency)ollA] A3t 3}st&=
A FEolu Aoz QIgh Ak AJRI9] o] High
7ho]=ghelo|t}. Table 3= AEGLO| =Fof wZ
AA e v A= FF=oltt. IDLHE w|= NIOSH
(National Institute for Occupational Safety and
Health)7} A|¢tslE= B ZH0 2 308 ojyjo] 1%
97 oron AZAENE B5T 4 gl A4 A

TEE u|RieH11].
ll. ==X|5HAd

o] AtollH= -83td Xdé}viﬂgi'@} Z2OH
21 ANSYS Fluent 18.0% 4% 3}j4of AF&3}%th
ANSYS Fluent= NaVler—Stokes HHAJ Al S 7]HEo
2 3= AuErg A4S 73k A A (Finite volume
method) & AF-&-8Fo] AAkgttt. 3l 4of 1,758,5657)
of ThA AAE AREah
FAf| ol ekA A Goldfish field test (1991)2
wolee rad] e fE4 HUS AT AR
ol A, FEYolA 300 mAZ A A& o]
A A= A giv] 52%, 1000 mojl 4] 59%, 3000
mojA 56%2] FE 2 field test =] 50 ~ 60% 2]
BE2 B5ear) SR AL Selatari)

3.1, XA

o] Ao A= Z5 2 (operating pressure) i}
22 UrE AA3= Incompressible-ideal-gas
WAe Apgstel Algdlol4 shalck 4Ala Al
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Z}(mesh) 2] A4 ANSYS Design modeler 18.0
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Rt 20145 20174 B FolH LEA
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712 i X9 1049 71F B 5 7
E2 HEE Hols 5 49 m/s9] F5EEo
71t = D& Al=do] 4 st3itt Fig. 2= A
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depth(D) x height(H) = 750 x 500 x 250 m
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Fig. 3. HF production rate by LIB.
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Fig. 4. Air flow vector of simulation zone.

olt}. (a) BA 71% AEGL19| 9abA = Fapi
&F 580 m7}A ﬂx}ﬂ"r ()= =4 7] AEGL-2
o] FEFAR F3PEF A 51 m7HA] Sk (o=
T4 7% AEGL-39] g8fA & 32 m7HA] 34k
i, (d)y= =4 71 IDLHY g&FA2 & 87 mo|th

Fig. 6= A2l AlEdo]Hdo] 125% o]5
2o}5a0] BH4EE 54 7|20 wheh Uehd 1
olt}. () E4 7% AEGL19] 9 2lw Za}
HHgE 650 m o]Ato] L, (b)= =4 7]% AEGL-29)
FEFAYR FHIT A 94 m7HA| FAHE (o)
= 54 7]% AEGL-39] 9&AE 79 m7tA &
A=, (d)= =4 7% IDLHO| J3AZ= 182
mo]th

Table 3= 54 7|3 A& eld HaA|ZH
e 54 ggAolth. B4 7120 e Fopy
F ) FFAZY Apol= AEGL-29] A9+ 1.8
v} AEGL-3-& 2.54j], IDLHQ] 7 $+= 2.28]9] Z}o]
E Helrh
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(a) HF dispersion from EV bus (AEGL-1) (a) HF dispersion from EV bus (AEGL-1)

(b) HF dispersion from EV bus (AEGL-2) (b) HF dispersion from EV bus (AEGL-2)

s

(c) HF dispersion from EV bus (AEGL-3) (c) HF dispersion from EV bus (AEGL-3)

s Y . | :
(d) HF dispersion from EV bus (IDLH) (d) HF dispersion from EV bus (IDLH)
Fig. 5. HF Dispersion before chemical reaction. Fig. 6. HF Dispersion after chemical reaction.

_59 - St7ksk s A A3 A1 20194 29



©.09 - MBA - BA 8 - JFE - FEa

Table 4. Toxic distance by fire of EV bus

Toxic level 125 s Downwind distance
AEGL-1 Before 580 m
(1 ppm) After 650 m <
AEGL.2 Before 51 m
(50 ppm) After 94 m
AEGL-3 Before 32 m
(70 ppm) After 79 m
IDLH Before 87 m
(30 ppm) After 182 m
o] AlEg o] A EV WA StAfjo] A A &3}
Ao digk /\lgﬂﬂ Miﬂfé d Z3 Yo &
54 9% A2l Helo] sielolgiek BVel el
o] Ht LIBE A7) W34 BAE W4 2307} o]
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SHA| T 4R F8S] W2 HA] god S
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5 2 9} wehd FE ARE WA SiaiA
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