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Characteristics of External Short-Circuit in Li-ion Battery
Considering Operation and Environment Factors
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Abstract In this paper, we utilize an accident simulation device to perform an external short-circuit test,
one of the typical safety tests of IEC62619 for NMC prismatic and pouch-type batteries, which are
widely used in battery cells of medium and large secondary batteries. The device consists of a
short-circuit resistance, measurement device section, control device section, etc., to analyze external
short-circuit characteristics according to various optional test conditions. Based on the output of the
proposed test device, this paper presents the characteristics of current and temperature according to the
short-circuit resistance and SOC by performing an external short-circuit test of a lithium-ion (Li-ion)
battery. In addition, as a result of performing an external short-circuit for each protection element in
the battery module and pre-processing temperature, the effectiveness of the characteristics of these

elements can be evaluated.
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Fig. 1. Configuration of test devices for external
short circuit
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Fig. 2. Preprocess of SOC setting for lithium ion
battery’s external short circuit test
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Table 1. External short resistances in standards
applied to ESS & EV

items standards short resistances
KBIA 10104-03 (30 £ 10)m@
Enerey KC 62619 (30 + 10)m0
Storage IEC 62619 (30 £ 10)m¢Q
System KS C IEC 62619 (30 + 10)m0
(Es9 IEC 63056 (30 + 10)m0
UL 1973 less than 20m @
IEC 62660-2 less than 5mQ@
Flectric KS C IEC 62660-2 less than 5m?0
Vehicle ISO 12405-2 (20 £ 10)m@
EV UL 2580 less than 20m@
UN ECE R 100 less than 5mQ
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Fig. 3. Fuse operation in module by external short
current
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Table 2. Temperature of charge preprocess in
standards applied to small and large

batteries
items standards high temp low temp
IEC 62133-2 45Tt 10T |
Small KC 62133 45Tt 10T |
JIS C 8714 45T 1 10T}
IEC 62619 30C 20T
Large o
(ESS) KC 62619 30C 20T
KBIA 10104-03 30T 20T
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S HiE 7} 30ImQls A&7t viE2]o] vlE w2 T
AR7FES AEEe 32& 22 & 5 Qi &, d
A 542 SOCo BARle] §2d% IS Holx

SOC7H sotlell wet 5imQ1e] 29 2 Hgko] 4
5ol AL Rolu, 30imQ1e] Aol AAko]
LolA: B Ueia glek

667

Current characteristic(Pouch 5mQ/30mQ)

Current[A]
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Time (s)

Fig. 4. Current characteristics of pouch cells during
external short test according to SOC and
short resistance
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Gurental Current characteristic(Prismatic 5mQ/30mQ)
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Fig. 5. Current characteristics of prismatic cells
during external short test according to SOC
and short resistance
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Table 3. Maximum currents during external short
circuit test for prismatic & pouch battery

cell
Max Current
@) SOC 70%|SOC 80%|SOC 90% (SOC 100%
o 5mQ 961.9 | 1111.2 | 1230.5 | 1492.1
" [ T30me | 347.9 | 3543 | 3565 | 3565
5mQ 1110.9 | 1133.2 | 1186.6 | 12207
Pouch
30mQ | 3223 | 332.0 | 344.6 | 3467
4.2.2 SOC % Hetkgtd 2 EY
A719] A8 2o wet oke-Xg HijEl o] disto,
SOC ¥ ot Aghd QRoEAY 2eEA4E vk
Fig. 62} 2t} Fig. 64 @, ®, ®, @= 77 5[mel9
qHATS 83 A dRgE 4o, B, ®, @,
30[mQR]9] HHATS H83t 49 R 54
S Yetd Aol 5[m0]Y dEAg-S 2835t viE
7} 30lmQ1S A-83 #ig o] Hlgf, &2 2k 34
3t A 718718 YEA o &, 5[mele] 2=AE

2 A8 49, 271 ARVt olo] Wt 4F o]
F7khe @Oz Bolth w9 A9 A9 E AR
o4 27 250] thstol 90[CIE YA GEAleE, ol A
A B4 GHEEIE G40 ]3] Y53 sof yre
B 247 olge HoF Zow Bl

=

Temperature[C] Temperature characteristic(Pouch 5mQ/30mQ)
100
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Fig. 7. Temperature status of prismatic cells during
external short test according to SOC and
short resistance
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Table 4. Maximum temperatures during ESC test for
large Prismatic & Pouch battery cell

Max(g’fmp' SOC 70%| SOC 80% | SOC 90% |SOC 100%

T T
0 500 1000 1500
Time (s)

. Temperature status of pouch cells during
external short test according to SOC and
short resistance

SHH, A4719] AlE 240 w2t 2+ wiE e tisted,
SOC ¥ o=t Aahd R d=ii g 2544 H|wshd
Fig. 73+ Zt} Fig. 79 @, @, ®, @& 27 5[m0]9]
GEAYS 483 AL gRE= B0, B, ®, @,
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5mQ 173 182.9 236.2 271.6
30mQ 38.0 43.5 45.5 45.4
5mQ 72.8 76.4 84.2 89.9
30mQ 53.7 53.9 53.3 53.0

Pris.

Pouch

4.3 ESAKE QLR SX

.|

=1 o
DEFZS A F27t Hed B
SOC 30%2t 100%E A5t 9

A3}, Pig. 83 Zo] yehd 4= . o W, Fig. 89 ©
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Z710 Apdsh= 2 & 4 deH, SOC ¢ 1o & & Qlth
2717494<] zolet BARle] FUN BFIS HL A=
294 o 4.4 X2 2EY A RcrR S
441 Hx2| 2E MR EY
Current(A] Current characteristic(Module fuse/Cell fuse)
oone e 7+ e 2le] AA Y 2k nE AF 542 Fig.
awoo{ |° 9%} . of714, Fig. 99 O, @, ®, @ 22 AAe
4000 227} -10T, 5T, 25T, 45T <1 3¢9 3= AFEA
3000 | < HERH Zlolth. &, Fig. 99 OMl] 25T HA2 A=
e 2% BAE Azel B AR e 2]
AREAo] Ueht, U Azl 48 RS % 4 Atk
0 W, s A2olA AHeE Aze A9 2] AR
30 34 32 33 34 35 36 37 38 39 40 7]— /KC]—EH@__E 1;;—0]— LH_,_X{ cg—o] lr'i‘%’% ?__,l— .{'\_ %E}-

Time (s)

Fig. 8. Current status of battery module during
external short test according to protection
device

w5479k SOCO] TEt HiEle) mEe] olRered

E/42 Table. 52t Zo] Uehd &= Slcth. of7]A, #iE
Aof| QI7tE]= AISiE ERlsH ] Yol AFFHALE AHS:
o A SHA7 v ok, HelEH(Quantity of
electric charge)2 2 UeRH 2] (1)T} o] ZAMK]C
278 5 ol

A Q= fti(t)dt W
0

Table. 59 Zo], 27k 119 Hgof Histe]
dEraRo] osto] 1% oo Eeaxprt F2ksta], 9
BAA Y Fof #g(venting)S HIES SHY Zdd

Table 5. Characteristics of battery module’s external
short test according to protection device

and SOC
. initial voltage | cut-off time Quantity
items W) (ms) (C, Coulomb)
Cell };%s;;)(SOC 6100 888.63 2842.99
Cell Puse )(soc 66.30 491.98 1850.75
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Current characteristic(Prismatic -10°C/5°C/25°C/45C)

Current{A]
500

— Pramati 10— Pramate 5T
—— prmatic 25— Primat

400
300

@
200

100

04

-100

T T T T T T T T T T
100 200 300 400 500 600 700 800 900 1000 1100
Time (s)

0

Fig. 9. Current status of prismatic cell during
external short test according to preprocessing
temperature

E'XqEE

ot oeX|g wiElE|e] AAE 2x0) 0E AR
92 Fig. 107} 2t} 974, Fig. 109] @, @, @, @=
7 WA 2E7F -10C, 5T, 25T, 45T A9 &
g AFEARS Uepd Zoloh 7k s et vpriA]
=, Fig. 109] 9] 25T AA2 A7t b2 &= A
A Azl vl AEoR w2 27] AREACl U
B, YR Aol 71 ¥3S & 5= Qlrt. ¥, 123}
Aol A HA T AR A9 27] AF7L AHHoR
whol iAol £3& & 4 St

A=



AFSH71&85| =52 #2238 A8E, 2021

Current characteristic(Pouch -10°C/-5C/25C/45C)

400 H

300 H
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Fig. 10. Current characteristics of pouch cell during
external short test according to
preprocessing temperature
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Temperature characteristic(Prismatic -10°C/5C/25C/45C)
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Fig. 11. The temperature status of prismatic cell
during external short test according to
preprocessing temperature
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Fig. 12. The temperature status of prismatic cell
during external short test according to
preprocessing temperature
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Table 6. Characteristics of device under test during

external  short test according to
preprocessing temperature
preprocess initial ) ;
items temp. voltage max a;rren max(t(;mp ’
(©) (V)
-10 4.044 274.6 82.0
5 4.078 341.8 64.7
Pris.
25 4.084 356.5 45.4
45 4.082 313.7 80.3
-10 4.110 339.4 60.4
5 4.150 283.2 79.9
Pouch
25 4.170 346.7 53.0
45 4.176 297.3 83.6
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