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Abstract : In winter, the range of electric vehicles significantly decreases due to cabin heating and poor battery performance
in low temperatures. As the battery temperature drops, the internal resistance of the battery rises, increasing energy loss. This
study developed an electric vehicle simulation model using MATLAB/Simulink, which was used to analyze energy loss
caused by battery internal resistance. The MCT mode, commonly employed for the electric vehicle energy efficiency test,
was utilized for the drive mode, and various road gradients were applied to investigate the battery characteristics over a
broader range of power. The simulation results demonstrated that, at a 0 % road gradient, the energy losses at low
temperatures(0 °C) were approximately 4.54 times higher than those at high temperatures(30 °C). Similarly, for 3% and 6 %
road gradients, the energy losses were about 7.62 and 7.79 times higher at 0 °C than at 30 °C, respectively.

Key words : Electric vehicle simulation(7 7] %} A] & ©] A1), Battery internal resistance( W] E]2] U]4-%]3}), Energy loss

EaP S|

GlSE

Z
i
lO -
b rir
X o
N
»

} date

ﬂ}ﬁd
: o
o

Om‘hl‘u

=
~

o,
ol
rl

)
)
Wi
2
>,
o)
1o

RN
N

g

o

= O

N

o2

Y

L)

2
N o K
o ox

ol

rlr

of

ko

o,

(o off

rg o
30 19 -

5

o rlr o

3ate] 7=
H HA 7=

= )
o N
&

=
=

‘
-

o o Wy N2 o (% [o ol ofn

ot
N
B

iy

tlo
ol
ol

FAA = AL Al H9 G

=g K

N
Wi
of
2

3]

*Corresponding author, E-mail: sjg@knu.ac.kr

<=21), Battery temperature( Bl E]1 2] <=1=), CC-CV charge(7d A5, A F4)
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Fig. 3 CC-CV charging curve of the lithium-ion battery

Table 1 Specifications of the test vehicle

[A] @8e3yj0n

Vehicle specifications
ETW class 2041.2 kg
Gear ratio 10.65
Gear efficiency 97 %
Wheel 235/55R19
Road load
FO 134.478
F1 0.59398
F2 0.039086
Motor specifications
Maximum motor power 160 kW
Maximum motor torque 350 Nm
Maximum motor speed 15000 rpm
Battery specifications
Cell 180 serial connections
Maximum voltage 800 V
Capacity 112.3 Ah
Energy 72.6 kWh
750
700
650
>
8 600
550
500
0 20 40 60 80 100

SOC [%]

Fig. 4 OCV-SOC Curve of the battery used for this study
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Fig. 5 Battery internal resistance depending on battery
temperature
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Table 2 Simulation conditions

Road gradient ~ Driving mode  Battery temperature

Case 1 0% MCT 0°C, 10 °C,
Case 2 UDDS, HWFET 20°C,30°C
Case 3 304 MCT 0°C, 10 °C,
Case 4 UDDS, HFWET 20°C,30°C
Case 5 6% MCT 0°C, 10 °C,
Case 6 UDDS, HWFET 20°C,30°C
Case 7 Charging
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