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Abstract : This study proposes a multiphysics-based thermal model to accurately predict the thermal behavior of lithium-ion
batteries. To account for the anisotropic thermal conductivity of battery cells, an internal structural analysis was conducted
via X-ray CT, and thermal properties, such as specific heat and thermal conductivity, were measured by using a custom-built
heat flow system. The heat generation model is based on the Electrical Equivalent Circuit Model(EECM), with model
parameters derived from Electrochemical Impedance Spectroscopy(EIS) tests. Heat generation analyses were performed
under various C-rate discharge conditions, and accuracy was improved through validation by using Isothermal Battery
Calorimetry(IBC). Furthermore, the model incorporates the residual heat generation that was observed after load cut-off, thus
enhancing agreement with experimental results. The proposed approach enables more precise thermal predictions, and
supports the development of improved safety and thermal management strategies that can be applied in high-powered
lithium-ion battery systems.

Key words : Lithium-ion battery(2]5-°]-2 HE]2]), Thermal modeling(¥ X&), Multiphysics analysis(CFEE2] 3f14),
Electrical equivalent circuit model(A7]4 57132 &4, Electrochemical impedance spectroscopy(X7|sFst o dA B
331H), Isothermal battery calorimetry(5-2 HiE]2] G%FA))

Nomenclature Subscripts
mey  : battery mass LIB  :Lithium-Ion Battery
Teo : chamber temperature EECM : Electrical Equivalent Circuit Model
Q~ueater - heat input IBC :Isothermal Battery Calorimetry
Cpeell  : heat capacity ECM : Equivalent Circuit Model
Ra : thermal resistance TEC : Thermoelectric Cooler
Acn : heat transfer area
L : heat transfer length LANE
Mi : Warburg impedance el S e e Qe S )
Z(f)  :amathematical model of the Warburg impedance A7) W) 5o, HiE g o] &% Ex =2 J531A o=
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Table 1 Thermal properties of battery materials®
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Table 2 Specification of pouch cell

Article Division Measure Value
Charge/
Discharge Actual Ah 57.6
capacity
Energy Actual Wh 210
capacity
Voltage Average discharge v 165
(actual)
Size The outermost part mm 9.5 x 354 x 101
(TXWXL) Front mm | 9.5x321.5x97
Weight kg 0.748
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Fig. 1 Hlustration of X-ray computed tomography test on a
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Fig. 3 Conceptual illustration of experimental set-up to
measure thermal properties of pouch type LIB
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Taping Arrangement Position as in Test Attachment Attachment

5 cells sta(kﬁd and fixed
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Configuration

Fig. 4 Configuration of battery stack for measuring thermal
properties of pouch type LIB
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heating/cooling
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Table 3 Thermal properties of pouch type LIB

Division Result value

Thermal capacity 1125 + 80 J/kg-K
Thermal Plane direction 18.06 W/m-K
conductivity Thickness direction 0.54 W/m-K
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Doyle-Fuller-Newman Model

Experimental Equipment

Multi-channel High-current Module
EIS Measurement System ED-BIP42 Charge/Discharge Charge/Discharge | Charge/Discharge
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Example of Battery Bus Bar Joint
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Fig. 6 Electrochemical-based model and electrical equivalent
circuit model for LIB

3.1 2}§0l=2HlEg| tfE522| 2

A71eke 7Nk 2de &3] Dolye-Fuller-Newman
Modelo] 2}31% Y- 2=d) wjele] ol A7]5ksbe
&l 71x28ke] Albe o]t} o] el nijE 2o
Al dojuh= A7) 8kekA wkg- gl A w9 2kAls] A
8 7hs stk o] o), mEl Ao S T
I AAsloF & 2 H7]sistd slebng7E a4

3] the] Ry mE A A Aol daste] =

|0 &3} = 8hA 0 2 B st AY S| e
7F EA TR Tl o] Atk o] wiiEell o8- ilH
g ®E/9 o] d7E Ao A&l A sk X
sltl. o] H|ste] EECM(Electrical Equivalent Circuit
Model) 7]9ke] thae] e wjEe]e] H714 7&
& 7192 A4S Aste] BASHE WA e 2
oS SAo] vy Beesta way By A
A o] ez o] glek

tg=] i e Rl X/ FA/ /e Tk 22 7
AA 2 H- a]le] A=, dafjdo] mA= 9
shx o & F2443}31 Model parameterS 2+&E3)o %7{%
31 AT dszidel el s
&

{0

fo rlo # 2
ﬁ _l[m

H

3.2 olset QuiEA 28 EIAE

Fig. 7914 X.i= nle} 30| EIS(Electrochemical Impedance
Spectroscopy) testE 7|HFO 2 gk 2%/SOCHH T A&
=7 9 ECM parameter %< 913} EIS ¥4 713
3131t} 94 Irreversible heat I2R Model 2] Rk S 4= 9
3k Equivalent circuit modelS A3} c) tfe 57/
7 SOC X EIS test Al & &F Th3- EIS test=H-E] A
o]zl DataE Nyquist plot ‘2] Z-fits &3] DC-IRS] R
& a9,

Bus Bar Bus Bar
Shape and Dimensi Fastening Type

Simple Bolted Joint|  Bus Bar Joint

Fig. 7 Equipment used in EIS test

T2 4 vheh 4 BCM o] EAfEH 1 AT
A= 2 ~ 37449 ECM RE S FEste, ddAE S
VR A sl Beld, 4214, S0 ma
sk

WElR)E 2714 2xEe) 49l EoMe.E e
3 ~HEFH o 2 Hoj3] Raw dataE Z-Afitting S 5-3)
of BOMS] 243k SJ5313 olela: Aele] S Fis
anlysis2h 4] 4L W-o] WES-S mefael ST A7
szo Agstolol @k E@ wEeA v A2
ECM 0] E4f3, 2 2ol A= 2 ~ 3744¢] M
TE S NAsle] M AES 1A & Al 2 gl

2], 71714, 84 222 Figs. 831 92 A5tk

=

Model 1: [L1 + R1 + C2/R2 + C3/(R3 + Mg4)]

| |
1r 1r
/’W‘—D—ﬂ 2z H c3 }—/
u R1 - - My

R2 R3 Mgd

Fig. 8 Electrical equivalent circuit model for pouch type
LIB using Mg Warburg impedance
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Fig. 9 Electrochemical reaction of the cell represented by
each element of ECM
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Fig. 10 Mathematical model of Mg4 impedance and
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Fig. 11 Electrical equivalent circuit model for pouch type
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responses of the value varying engaged frequency
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Fig. 13 Results of Z-fitting based on Model-1
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Fig. 14 Results of Z-fitting based on Model-2
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Table 4 Additional temperature rise after load cut-off at
center position of the pouch cell

Central temperature delay increase
Corate Start SOC (55 Ah standard)

100 % 80 % 60 % 40 %
1C 0.206 0.206 0.102 0.308
2C 0.411 0.411 0.307 0.513
3C 1.951 1.746 1.436 1.335
4C 4.421 2.775 1.542 1.337
5C 5.242 2.877 1.747 1.337
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