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Abstract : In electric vehicles, voltage imbalance occurs little by little due to temperature deviation and aging between
battery cells. Therefore, battery cell balancing is recognized as an important factor in prolonging the life of the electric
vehicle. In this study, cell voltage deviations of commercial electric vehicles were analyzed according to the driving modes
used by the chassis dynamometer. The three driving modes were ASM2525, UDDS, and US06 with 0 % and 5 % slope, and
with a battery SOC range of 80 % to 20 %. As a result, the cell voltage deviation increases as the slope increases. Among the
driving modes, the largest cell voltage deviation was observed in the US06 mode, which comprises of the highest
acceleration, speed, and load. Furthermore, at an SOC less than 20 % for the US06, cell voltage deviation was observed as the
most significant. This means that BMS should control cell balancing with more caution at high-speed driving and high-load
driving regions where the SOC is quite low.
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Table 1 Specifications of the test vehicle

Permanent magnet
Motor type
Synchronous motor
Motor max torque/power 395 Nm/150 kW
TOtZ'il gear’ratlo 7081
(reduction ratio*FGR)
Tire 215/55/R17
Bt Lithium ion, 3P98S Cells,
attel
i 180 Ah or 64 kWh
Fuel economy 5.6 km/ kWh
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Fig. 1 Equipments setting and data acquisition
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Table 2 Electric vehicle fuel economy table(km/kWh)

Slope gradient 0% 5% 10%
ASM2525 8.12 245 1.42
UDDS 6.30 231 -
USo06 4.32 1.98 -
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Table 3 Voltage deviation according to slope in ASM2525

mode
Voltage deviation (V) | Slope 0% | Slope 5% | Slope 10 %
0 95.68 64.93 63.80
0.02 4.31 35.06 31.19
0.04 0 0 0
0.06 0 0 0
0.08 0 0 0
0.1 0 0 0
Standard deviation 0.0041 0.0096 0.0093

Table 4 Voltage deviation according to slope in UDDS mode

Voltage deviation (V) Slope 0 % Slope 5 %

0 60.90 69.81

0.02 39.07 30.11

0.04 0.01 0.06

0.06 0 0

0.08 0 0

0.1 0 0

Standard deviation 0.0098 0.0092

Table 5 Voltage deviation according to slope in US06 mode

Voltage deviation (V) Slope 0 % Slope 5 %
0 64.79 55.98
0.02 34.50 42.27
0.04 0.62 1.68
0.06 0.06 0.04
0.08 0 0
0.1 0 0
Standard deviation 0.0099 0.0107
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Table 6 Voltage deviation according to slope in ASM2525

mode
Voltage deviation (V) | SOC80% | SOC60% | SOC 20 %

0 95.68 90.44 74.03

0.02 431 9.55 25

0.04 0 0 0

0.06 0 0 0

0.08 0 0 0

0.1 0 0 0
Standard deviation 0.0041 0.0059 0.0088

Table 7 Voltage deviation according to slope in UDDS mode

Voltage deviation (V) | SOC 80 % | SOC 60 % | SOC 20 %

0 60.90 73.02 75.75
0.02 39.07 26.89 24.14

0.04 0.01 0.08 0.1

0.06 0 0 0

0.08 0 0 0

0.1 0 0 0
Standard deviation 0.0098 0.0089 0.0086

Table 8 Voltage deviation according to slope in US06 mode

Voltage deviation (V) | SOC 80 % | SOC 60 % | SOC 20 %
0 65.04 64.79 19.98
0.02 34.34 34.50 57.60
0.04 0.52 0.6 21.35
0.06 0.09 0.06 0.83
0.08 0 0 0.16
0.1 0 0 0.06
Standard deviation 0.0099 0.0099 0.0137

SOC7} vi§- wh-e o3¢l 20 %ol 3le] F-7tol|l A Mgt
Hae] 7)o WARIETL F2 offi= A U A e
HzpS7kE e, A 227 A 45 S0C7 S
PGl = A WFAe] F43] Frtshes slo=
def A Ark? degh net 2Eo) wiE] 2]
o7 A 9o w L& Wiyt WAt =
= EAd w2 /i Ao Aol 9]6

2 Aol 2 W AYe}aL, A

E

r{o

[oi3
=
=7

o

Wlﬂ NIV Hi

Atz 271 5w

T8 BE SOC 20 %]l A &

N w7t 2718 Ao doE
T3 9 Ax=

a

48 =3 eE =23 A31A AE, 2023

¥

3)

2)

3)

4

5)

6)

o - pom

N
= @

2

S
o
KT

Aol A At H IS v wahd 3714 5
USO06FE.Eof| 4] # 9t x}2] 37_7]9} EIRE]]
F 7Hd ZA Ueb oW ASM2525 5 =0 A= A
) AetAz7} 71 oA A Q) B8 ol

BE AAR 2 A= ASM2525E_E°1] AXT
110 %] 1] 7} 713 WAl WEA W USO6 R T H]
Agrate] 27]9h ARl A7) Gepg ol
USO6E. =7} ASM2525 .= 1T} e sl o ] 2k
7R F7HE 9 aLd S o) o 2 shakETh
SOCT7F ¥ A F A= SOC 20 % ©]8}e] F3kell A
e RE FYREoA A 7k AgHate] 79w
7} 27 F7F8IATE 12 22 SOC 20 % o] 8ol A
31 3 9 AANE Zbe)| W2 31 35 Salo) A=

A) vl

R} g4l Al iz ]S $3EBMS Al|o]71 2 a3t

7é
=
K3

I-rl
N

References

P. Weicker, Handbook of A Systems Approach to
Lithium-Ion Battery Management, Artech House,
Boston, 2014.

G. L. Plett, Handbook of Battery Modeling, Artech
House, Boston, 2015.

G. L. Plett, Handbook of Equivalent-Circuit Methods,
Artech House, Boston, 2016.

F. Feng, X. Hu, L. Hu, F. Hu, Y. Li and L. Zhang,
“Propagation Mechanisms and Diagnosis of
Parameter Inconsistency Within Li-lon Battery
Packs,” Journal of Renewable and Sustainable
Energy Reviews, Vol.112, pp.102-113, 2019.

M. A. Xavier, A. K. De Souza, K. Karami and G. L.
Plett, “A Computational Framework for Lithium
Ton Cell-Level Model Predictive Control Using a
Physics-Based Reduced-Order Model,” Journal of
American Automatic Control Council, Vol.5, No.4,
pp.1387-1392, 2002.

A. K. De Souza, S. M. Trimboli and G. L. Plett,
“Lithium-Ion Battery Charging Control Using a
Coupled Electro-Thermal Model and Model



7)

8)

9)

2Y NS FYSHO| T HlE2 A 2 HeE 24

Predictive Control,” Journal of American Automatic
Control Council, Vol.5, No.4, pp.1387-1392, 2020.
D. J. Park, S. Y. Choi, Y. W. Kim and R. Y. Kim, “A
Novel Cell Balancing Circuit for Fast Charge
Equalizatio,” Journal of The Transactions of the
Korean Institute of Power Electronic, Vol.20, No.2,
pp-160-166, 2015.

J. H. Park, J. W. Kim, J. H. Kim and R. Y. Kim, “A
Study on the Battery Voltage Prediction Model by
Analyzing Fault Factor Characteristics Based on the
SOC Deviation Estimation Algorithm for Prognosis
of  Over-discharge,” KSAE Fall
Proceedings, p.1248, 2020.

H. W. Song, N. G. Lim, H. H. Jeong, J. S. Go and S.
J. Lee, “A Study on the Simulation of Passive Cell
Balancing Algorithm Applying Variable Voltage
Deviation According to Long-Term Battery
Charging/Discharging,” Journal of The Transactions
of the Korean Institute of Power Electronic, Vol.20,

Conference

10)

11)

12)

No.2, pp.567-568, 2021.

H. W. Song, N. G. Lim, H. H. Jeong, J. S. Go, J. E.
Kim and S. J. Lee, “A Study on the Passive Cell
Balancing Algorithm Applying Variable Voltage
Deviation for Electric Vehicle Battery,” KSAE
Spring Conference Proceedings, pp.765-766, 2021.
H. J. Lee, J. H. Park, J. H. Kim, P. Y. Lee, S. J. Lee,
H. C. Song and M. R. Ha, “Current Derating in Low
SOC Range to Reduce Cell Voltage Deviation of
Large Capacity Li-ion Battery Pack,” Journal of
The Transactions of the Korean Institute of Power
Electronic, pp.153-155, 2018.

T. W. Kang, J. H. Kim, P. Y. Lee, M. L. Ha, H. C.
Song and J. H. Kim, “Analysis of Electrical
Characteristics of 24S1p Battery Considering
Journal of The
Transactions of the Korean Institute of Power
Electronic, pp.474-475, 2018.

Temperature and C-rates,”

Transactions of the Korean Society of Automotive Engineers, Vol. 31, No. 1, 2023 49



	운행 전기자동차의 주행특성에 따른 배터리 셀 간 전압편차 분석
	Abstract
	1. 서론
	2. 실험장치 구성 및 방법
	3. 실차 운전 시 배터리 셀 간 전압편차 분석
	4. 결론
	References


