568 B 1M B o X @ K F F R Vol. 56 No. 1
20224F 1 A JOURNAL OF XI” AN JIAOTONG UNIVERSITY Jan. 2022

ETHRIEMNEGHNREERMBEEN
EQMHERER/NREH R
BRI TR W

QLVLHRZFRE TR IR, 212013, YLIRGEIL; 2. B TR AIRET T fl s AR E W E A
SEERE . 400054, HPK 3. VLR BT RE RV 4 RS R S RE R LARDE R o0, 212013, TLAREHTLD

FE. At A THREEREFHR T 60 F 2% m K £ R Kk (ECMS) T ol £ 69 4, 42 3
—Fr A T E e AiE R ECMS(PR-AECMS), A £ 5 AX RSN AF S . 2L RAE
AT IR E(SOOEE ECMS 2 B F# 27 A& 8 RMAEA, 4500k F SOC B A5 E 5 3
B a9 K2 SINAARRT T3 458 ECMS & B T o 4rAF £ 5,83 AF L A4R it 5 3
o F BT — R AW AT A AR R Bl ik SOC 5 B 18 A A % 54 B & 34 5 20 B F 14 E L4
BRI AT S MR B ko) ECMS £ R F gi& 5 L7 ik, 448 8 2 SOC Fo 37 — B
BREMPHH RN T EEMERN BB ETE AL EE T — B3k s — i Ed
#SOC ENEFAEBEMERN BN A THREBRRIAG & HRAER A T MR A4, AT
FEAREER T oL AR A MR T R F i Eey AECMS, K L3 49 PR-AECMS 4
HEEEXEER LT EA EARAGF IR ZEFEA b A 300 - FHF M, A& T ECMS &
vR g T oLiE o,

K@ REDNAE R TFEI % FAR BB R DL AL T r O
RESES. U463.2 XHEktRERDG: A -
DOI. 10.7652/xjtuxb202201002 3XETHES. 0253-987X(2022)01-0012-10

Fuzzy Adaptive Equivalent Consumption Minimization Strategy for
Hybrid Electric Vehicle Based on Power Ratio

SHI Dehua'?, RONG Xiangwei', WANG Shaohua'*, CHEN Long'
(1. Automotive Engineering Research Institute, Jiangsu University, Zhenjiang, Jiangsu 212013, China; 2. Ministry of
Education Key Laboratory of Advanced Manufacture Technology for Automobile Parts, Chongqing University of
Technology, Chongging 400054, China; 3. Jiangsu Province Engineering Research Center of Electric Drive

System and Intelligent Control for Alternative Vehicles, Zhenjiang, Jiangsu 212013, China)

Abstract: Aiming at the poor cycle adaptability of the equivalent consumption minimization
strategy (ECMS) with calibrated constant equivalence factor, this paper proposes a power ratio
based adaptive ECMS (PR-AECMS) for hybrid electric vehicles (HEV). For the power split
HEVs, an explicit adaptive model that corrects the equivalence factor of the ECMS with the
battery state of charge (SOC) is established. Aiming at the deficiency of the adaptive method in
correcting the equivalent factor only based on the feed-back SOC, the average power of the

adjacent time periods is introduced as the feed-forward correction variable of the equivalent
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factor. The impacts of different factors, such as the average power of the adjacent time periods,
the battery charging and discharging behavior in the previous period, and different real-time and
reference values of battery SOC, on the correction mechanism of the equivalence factor are
studied. Then, the adaptive solving method of the equivalence factor based on multi-fuzzy
controller switching is proposed. The switching logic of different fuzzy controllers is determined
according to the previous average power and the current battery SOC. The SOC variation value of
the previous time period and the ratio of current average power to previous one are set as the
inputs of the different fuzzy controllers. Based on the global optimization results under standard
cycles, the fuzzy control parameters are designed. Simulation results under different standard test
cycles demonstrates that, compared with the AECMS without power ratio correction, the
proposed PR-AECMS possesses better equivalent fuel economy and battery charging balance in a
wide range of driving cycles. The cycle adaptability of the ECMS is effectively improved.

Keywords: hybrid electric vehicle; energy management strategy; equivalent consumption minimi-

zation strategy; fuzzy adaptive control; average power
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Fig. 1 Configuration of the powertrain
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Fig. 2 Adaptive principle of the equivalence factor
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NS NS NM ZE NS
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PB PB PS NB NB
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Table 3 Fuzzy rule (fuzzy controller B)
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ZE ZE ZE NM NS NS ZE PS
PS ZE NS NB NM NS NS NS
PB  NM NS NB NB NM NM NS
A5 BEMMI R CBHIEH B D)
Table 5 Fuzzy rule (fuzzy controller D)
K,
Mwe p= p= p= p= p= p= p=
NB NS PS PMS PM PMB PB
NB PS PS PM PM PB PB PB
NS ZE PS PS PS PM PM PB
ZE ZE ZE NS ZE ZE PS PM
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PB  NM NS NB NB NM NM NS
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Fig. 9 Simulation results comparison under UNIFO1 condition
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Fig. 10 Simulation results of different strategies in different cycles

6 AR IATEHRGBSFERERE
Table 6 Improvement of EFE in different cycles
T4 B/ %
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