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Abstract: The optimization of energy management strategy of Hybrid Electric Vehicle (HEV) can
directly affect the economy of HEV and improve the market competitiveness of HEV. This paper took a
hybrid HEV as the research object, and established a joint simulation model of hybrid HEV during work-
ing conditions based on AVL-Curise and MATLAB software. In this paper, the dynamics of the hybrid
HEV vehicle model was verified by dynamics simulation; a rule-based energy management strategy was
designed based on MATLAB, in which series mode, parallel mode, energy recovery mode and speed
regulation mode were constructed as the operating modes of the vehicle. Mode switching rules were
designed based on the vehicle speed, battery charge (State of Charge, SOC), the signal of the former

vehicle operation mode, and the difference between the clutch input and output torque, and the torque out-
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puts of the engine, generator and drive motor were adjusted according to the demand conditions of the

hybrid HEV. The comparative simulation experiments with the single-mode fuzzy rule-based energy man-

agement strategy by loading the vehicle data into the simulation system verified the effectiveness of the

rule-based energy management strategy. Finally, the rule-based energy management strategy was simu-
lated and verified under world light vehicle test cycle(WLTC) conditions. The results show that the HEV

based on the rule-based energy management strategy can effectively reduce fuel consumption by 10% than

the traditional fuel vehicle.

Key words: hybrid electric vehicle; rule-based energy management strategy; co-simulation; equivalent

fuel consumption; fuzzy control
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Fig. 2 Acceleration characteristics of HEV vehicle model
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Tab.2 Rule-based energy management strategies for hybrid HEV vehicles
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-2
1 000

4 4 it

AR SO T — b L R0 11 B A PR
FARFSE T R HEV 78 WLTC T4 T i RE
WA, #5874 RHEV A7 44 B R 5L T8
W) e A L R AL, B T YT AN R 1)
B35 A [R] T80T HEV A9 AT BlebR 25 i 45 1 3
W, S FEASORY 42 o 28 X £ AR S E AT o, 42
T HEV BRI 5 PE . AR SORIEA R B 1738
SR X 12 4 A ) HR AR R D RS =X R T
Wit AT 404k, A & Sh ML 1778 i 8CR X ], AT
P TR TN B RE AT BRSNS, PR SR T
RO RO () 8 £ 45 B R W EA T XS b, BRE T A
Bt G5 REW, AL SR %, T R4 B
Femg ) HEV BIZ5G FEIM I BEAIR T 10%0, JeZenl 1E
FET RO ) Rl A RO W Y LA 1, A AT 4
1) 8 Sk 45 1 e sh ML T AR A5, DA ik — 25 s /D
HEV BZ5 G R MTHFE

S Xk :

(1858, PRk, B . B TR b e 5 b
A T )RR ) B X SR AT [T ], IR 8, 2023
(9): 62-65.

YUAN Siyuan, CHEN Linshan, HE Zhengguo.

Analysis on the influence and countermeasures of

China’ s oil import under the background of Russia-
Ukraine conflict[J]. China Journal of Commerce, 2023
(9): 62-65. (in Chinese)
[ 2 [, Xl . st R SR R 24 1 F 3l 42 B K e
LT 7= T SRR, 2022(2) : 15-18.
[ 3 ]5kEa4T, ¥R, £ . IRE 3R E R A
WEIE IR 5 R @3 (1], Mok BLdk 5 A T4,
2022, 50(10): 50-55.
ZHANG Ruixuan, HUANG Chen, WANG Meng-
meng. Research status and development trend of
energy management strategies for hybrid electric
vehicles [J].
Equipment, 2022, 50(10): 50-55. (in Chinese)
ZefhE . RG S R R BRI AT S R [T ]
SR, 2023, 48(24): 178-182.

LUAN Yixuan. Research progress of energy manage-

Forestry Machinery &. Woodworking

—
B~
[

ment strategies for hybrid electric vehicles [J]. Auto-
mobile Applied Technology, 2023, 48 (24) . 178-
182. (in Chinese)

[ 5]CHEN J S. Energy efficiency comparison between
hydraulic hybrid and hybrid electric vehicles[J]. Ener-
gies, 2015, 8(6): 4697-4723.

[ 6 1040, 13k, AMSC. FETHN ARG 3 1 B sk

FraEil s et sE (7], i TR, 2023,

21(3): 227-230.

YANG Nianjiong, RAN Da, SHI Shengwen.

Research on optimization of control strategy for hybrid

electric vehicles based on rule[J]. Chinese Journal of

Construction Machinery, 2023, 21(3): 227-230. (n

Chinese)

B/NE, A, RIKES, 55 BORHHL B A 52 G

RER A BRI [T ). AR 2R CT2RRD L 2022, 52

(9): 2077-2084.

WU Xiaohua, YU Zhongwei, ZHU Zhangling, et al.

Fuzzy energy management strategy of fuel cell buses

—
-3
[a—

[J]. Journal of Jilin University (Engineering and Tech-
nology Edition) , 2022, 52 (9) : 2077-2084. (in
Chinese)

[ 8 IBRmFR, XIMEK . IRIRHEV BUSOH BE it P 5 s
EFELT]. JTPRHOR Ao, 2023, 34(1): 58-64.
CHEN Junlin, LIU Shengyong. Research on dual-
fuzzy energy management strategy of hybrid HEV [J].
Journal of Guangxi University of Science and Technol-
ogy, 2023, 34(1): 58-64. (in Chinese)

[9 1FIIEZ, 2250 . HEV BOWIGE & 4 PR DL AL BT 52
(], gl e s 5 449 TR , 2023, 61C10): 7-11.
TAO Zhengsan, 1.1 Zetao. Research on energy man-
agement strategy of HEV based on fuzzy control [J].



332 S| PN e

HCARBEA RO

2025 45 3 )

Agricultural Equipment &. Vehicle Engineering, 2023,
61(10): 7-11. (in Chinese)

[10] B & A, XAk . 6T CSSA L ARTRI T il A 4 21

RO LT]. TR R SRS, 2024, 35(4)
67-75.
LUO Huiyou, LIU Shengyong. Research on energy
management strategy based on CSSA optimization
fuzzy control[J]. Journal of Guangxi University of Sci-
ence and Technology, 2024, 35 (4) : 67-75. (in
Chinese)

[11]SCHULZE S, FEYERL G, PISCHINGER S.
Advanced ecms for hybrid electric heavy-duty trucks
with predictive battery discharge and adaptive operat-
ing strategy under real driving conditions [J]. Ener-
gies, 2023, 16(13): 5171.

[12]SHID, LIS, LIU K, et al. Adaptive energy manage-
ment strategy for plug-in hybrid electric vehicles based
on intelligent recognition of driving cycle [J]. Energy
Exploration &. Exploitation, 2023, 41(1): 246-272.

(13] XL, ZpERE, Bdphs. 5T U0 I A< B Rl il ) E-

REV fg & HRm e [T ], MRS, 2024(2)
60-67.
LIU Kai, LI Jichui, ZHANG Shutao. E-REV energy
management strategy basedon optimized power follow-
ing control[J]. Vehicle Engine, 2024(2): 60-67. (in
Chinese)

[14] GENG W, LOU D, WANG C, et al. A cascaded
energy management optimization method of multimode
power-split hybrid electric vehicles[J]. Energy, 2020,
199: 117224.

[15] WA . 2T Q-learning TR & 3h 7177 % e & PR IR %
[J]. VRIEHIAR, 2024(8): 24-27.

YOU Jie. Energy management strategy of hybrid elec-
tric vehicle based on Q-learning [J]. Auto Electric
Parts, 2024(8): 24-27. (in Chinese)

[16] TAO J, ZHANG R, QIAO Z, et al. Q-Learning-
based fuzzy energy management for fuel cell/superca-
pacitor HEV[J]. Transactions of the Institute of Mea-
surement and Control, 2022, 44(10): 1939-1949.

[17JWANG Y, WU Y, TANG Y, et al. Cooperative
energy management and eco-driving of plug-in hybrid
electric vehicle via multi-agent reinforcement learning
[J]. Applied Energy, 2023, 332: 120563.

(18] Z=ALok, HHIr. IRKIR G S TR 43 1 Rt

A o f ) SR AR A D7 i [T ). ML L, 2013
(5): 35-39.
LI Lifu, CAO Mingxuan. Energy control strategy
Instantaneous optimization methodof parallel-serial
hybrid electric vehicle [J]. Machinery &. Electronics,
2013(5): 35-39. (in Chinese)

[19]GUO L, LIU H, HAN L, et al. Predictive energy
management strategy of dual-mode hybrid electric
vehicles combining dynamic coordination control and
simultaneous power distribution [J]. Energy, 2023,
263: 125598.

[20] A, iR, BUEA . SPREOLT PHEV 25340

FEREAR M TS [T]. MU BEIT S5 3G , 2023(3)
120-124.
PENG Meichun, Ma Baotong, LIAO Qingrui. Study
of equivalent fuel consumption reduction strategy for
PHEV on real road driving conditions [J]. Machinery
Design &. Manufacture, 2023 (3) : 120-124. (in

Chinese)



