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Abstract : Recently, research and development have been actively conducted in order to increase the mileage of electric
vehicles(EVs). The performance change of lithium-ion battery, the main power source of EV, is related to battery life. This is
directly related to EV mileage. One of the factors affecting the change in battery performance is temperature, and to
effectively manage the battery temperature, it is necessary to be able to estimate the temperature. A heating factor is needed
to estimate the battery temperature. Since the heating factor extracted through the electrical characteristic experiment that has
been studied so far does not reflect the electrochemical change inside the battery, it is impossible to estimate the temperature
with high accuracy. Therefore, in this paper, for high-accuracy temperature estimation, we extracted the heating factor
reflecting the internal frequency response characteristic of the battery, and used it to derive the heat generation rate in the
electrical-thermal analysis.

Key words : Electric vehicle(% 7] 252}, Heating factor(' & 912}, Temperature(<>=), Frequency response characteristic
(5395 829 5A)), Heat generation rate(F & &)

Nomenclature Subscripts

NMC : nickel manganese cobalt oxide cond :conductivity
NCA :nickel cobalt aluminum oxide s, e, ct, d : series, electrolyte, charge transfer, diffusion

Q : heat generation rate, W/m’ Im : imaginary
OCV  :over circuit voltage, V' Re : real
SOC  :state of charge j X0} : positive, negative
SEI : solid electrolyte interphase th : thermal

R : resistance, {2

zZ : impedance, (2
C-rate : current rate, C LAE
ETN  : electrochemical thermodynamics measurement AA s} AmARG o= Qg A7 stz Qls) Al
c : capacitance, F' AN oAl ek glFol wiEe7F FERkaL 9)
p : battery density, kg/m’ o} glEol = 2 oy A el £98 54
k : thermal conductivity, W/mK o= 3 7he- 5d0] lo] ofu] Aol A ARgE] AL
C : thermal capacity, J/kgK Atk Tk g7 ol 2} glFol miH P E B
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Fig. 1 Variation of voltage according to the current waveform
applied to the battery
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Fig. 2 Battery response characteristics according to frequency
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Q,., :reversible heat generation rate (W/m®)
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Table 1 INR 21700 50E specification

Item Value Unit

Nominal discharge capacity 4,900 mAh
Nominal voltage 3.60 V
Charge cut-off voltage 420x0.05 4
Standard charge current 2,450 mA
Max discharge current 9,800/ 14,700 mA
Discharge cut-off voltage 2.5 |4

Charge: 0 to 45

°C
Discharge: -20 to 60

Operating temperature

4

]

]

1

1

1

1

1

E Proflle

1

: -

E Data Charge &

i < H
| - Discharge

l g

\~ ’

___________________________________________________

Fig. 3 Process of a) OCV b) Frequency response characteristics
of battery experiment
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Fig. 4 Heating factor extraction through OCV experiment
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P
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20)  (10)

: diffusion coefficient related function

[ :variation in electrode voltage concentration
Dy, - diffusion coefficient

n  :number of reaction electrons

F :faraday constant
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Table 2 Boundary condition of Battery thermal analysis

Description CASELl | CASE2 | CASE3 Unit
Battery density 2615.7 | 2560 | 2055.2 | p(kg/m?)
Thermal capacity 1605 | 1000 | 1399.1 | G, (J/K)
Thermal conductivity 29.557 E(W/mK)

0 Slmulatlon result accordlng to thermal propertles

—Temp -Sim (CASE1)
— Temp-Sim (CASE2)
Temp-Sim (CASE3)

— Temp-Exp
£350
g
5
I
[
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230"
25 ‘ ‘ - - - : ‘
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Time (100ms) x10*

Fig. 5 Simulation result according to thermal property

information

Fig. 6 Area setting for forced convection condition
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h=Nu+ k/Dp, 12)
Nu= Cp, Re'Pr"® (13)

: nusselt number

k  :air thermal conductivity (W/mK)

where Nu

: diameter of battery (m)

Ch., : correlation variables for Re calculation
Re :reynolds number

r  :correlation variables for Re calculation

Pr :prandtl number
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Table 3 Thermal properties of air for thermal analysis

Parameter Value Unit
Kinematic viscosity, v 19.3979E-06 /s
Thermal diffusivity, a 24.165E-06

Velocity, U, 2 m/s

Table 4 Correlation between the Reynolds number and the
correlation variables C and r

Re ORey r
0.4~4 0.989 0.330
4~40 0.911 0.385
40 ~ 4,000 0.683 0.466
4,000 ~ 40,000 0.193 0.618
40,000 ~ 400,000 0.0266 0.805
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where v :kinematic viscosity (m%/s)
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U, :velocity(strong wind) (m/s)
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Measu rement temperature of 21700 50E battery
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Fig. 7 Result of battery temperature measurement at 1C
100Heating factor comparison according to load method
r -@-IR-Frequency response characteristics
-@-IR-OCV experiment
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Fig. 8 Comparison of heating factor by SOC according to
current load method (Red: Internal resistance
according to SOC derived through OCV experiment,
Blue: Internal resistance according to SOC derived
through frequency response characteristics)
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Fig. 9 3D simulation results for each C-rate according to the
heating factor extraction method (a~c: OCV experiment,
d~f: Frequency response characteristics)

5 Comparison of simulation and measurement results

——0.5C Sim-Temp (Electric)
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Fig. 10 Comparison graph of temperature measured value
and estimated value for each C-rate according to the
method of extracting the heating factor
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