Modeling and Simulation 515K, 2023, 12(4), 3943-3958 Hans X
Published Online July 2023 in Hans. https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mo0s.2023.124360

ETDCTHHIECREIREDNNRGEZSHIRWK
1R

FTR, #e%, REF, KL
T RO A G S TR, VT VP

ks HBH: 20234F6 A1H; FHHEM: 20234F7H17H; KA HM: 20234F7H24H

H E

FWRABRSHIINEN N RASH L SARKROE W ER S IS LT, 2300 —KBRNE S B30
ZER I BRAARB S IREHAT TSR, #2 TEEEA, N BENSIERST T
TRAE. $PARESINREARNRAGSHEN ETHEMABIERIR N, B NE S B 3R RS R
AR S, BN ALAR, RABEEEESIsight. CruisefIMatlab= BRS04, BE
R T HMFEANH, H K, SEERRBETRML, BB FEREK6.54%, MUBRAE.
XKiEid

FWRABRSIHNRE, XEGERES, AaHEmit, £ EFLT

Research on Multi-Parameter Optimization
of Parallel Hybrid Electric Vehicle Power
System Based on DCT

Zichen Li", Jinfa Xie*, Shangju Zhang, Pengchao Zhu

College of Vehicle and Traffic Engineering, Henan University of Science and Technology, Luoyang Henan

Received: Jun. 1%, 2023; accepted: Jul. 17", 2023; published: Jul. 24™, 2023

Abstract

The power system parameter matching of plug-in hybrid electric vehicle will greatly affect the ve-
hicle dynamics and economy. In this paper, the parameters matching of a parallel plug-in hybrid
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electric vehicle equipped with dual-clutch automatic transmission was carried out, the whole ve-
hicle model was built, and the vehicle dynamics and economy were verified. Aiming at the influ-
ence of transmission system parameters of hybrid electric vehicles on economy and emissions,
firstly, DCT transmission ratio is taken as the optimization object, and corresponding dynamic
constraints are set. The genetic algorithm is used to jointly optimize Isight, Cruise and Matlab to
reduce fuel consumption and emissions. Furthermore, the shifting rule is also optimized. Finally,
fuel consumption is reduced by 6.54%, and the optimization effect is obvious.
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EBAY IR A B 7374 B R BB A R Az il SR w3k 47 1Ak 1R R AT, 4E BA A
HE AR R RO ) S S8, AR AR R HE R B e/ o S5 RR A, BA AL RTTEATI44
TEAPERE RIS UL R BRI . BEAh, BA BEEE A R ISIGE B 1 4 SR R 3]

JA = 5 DX E G AR R R S5, #A L2 HARAEERY, AR 2] Pareto AR
fREE, FEREW, LG H A BIMAFERE 25.3%, CO 5 HC HEM BB 35.5%, 13.7% [4]. M Fa%
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BTSN BA 5 GA SREMAEINK. FIRBE 19555 HIE, K Sis 05 SR 1 18 4% B ARSDUR K
HEM S AR B 1 KRGS HO AT A, A ENE 16.6%, HRBIHL AR RUE 2 A e =X [ 7].
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Figure 1. Power system structure of the vehicle
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Table 1. Vehicle dynamic performance index

= 1. BEIHMEEER

4 FR I H 24 XA
BB TRE 1310 kg
B RN 1620 kg
HBE &% Cp 0.3
B R HARA 2.15 m?
Bz 0.308 m
RN ) 25 0.02
BN RGAH 0.9
e e A (2 HL BT 120 km/h
IR R ﬁzﬁx(éﬁiiﬂm) 150 km/h
E GRS IS 180 km/h
0~100 km/hiJDJEHﬂLllﬂ(/mﬁEEiJJ) <13 s
Jnig &g 77 0~100 km/hJi3s B [ (44 2 2l A1) <15 s
0~50 kn/h I JH i) ] (46 B 3)) <5 s
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Table 2. Dynamic system parameter
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TR S HfE
RENHIZEE H AU
RENHLHER(L) 1.8
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A7 H B35 A A 30
HL B AT IE R (C) 25
Table 3. Gear ratio
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Figure 2. Vehicle model
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Figure 3. WLTC speed following curve
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Figure 4. Engine operating point distribution
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Figure 5. SOC curve of battery under WLTC condition
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Figure 6. Motor operating curve under WLTC condition
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Figure 7. Vehicle acceleration curve
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Figure 8. Vehicle gradient curve
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Figure 9. Isight Cruise co-simulation model
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Figure 10. Genetic algorithm flow chart
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Figure 11. Fuel consumption optimization process of NSGA-II
11. NSGA-II #hihiBFES i 12

Z B LSRR 12 Fras. M 400 RIERFIE UK S EHTE 4.21 L/100 km £4, 1E
939 VKIEAR JE 13 BRI T FESIME . PR RLVE A S AR HE R AME 5 e FE i MBI ATE — AL,
{HAH IS, HEBER R,  SOd 2 BRI T FE 5N N AR B LU R AR G A2 3 L o

PRI VEFE L/100km

500
AR

Figure 12. Fuel consumption optimization process of MIGA

& 12. MIGA #AmiEES M

TE WLTC G334 Lt PSS B an ¢ 4.9 5 Fiow o« AR 3 B R vT s 78 CRAIE 25080 PR AT H2 T » NSGA-IT
BRI E A B AR A AR AL Z BT PR T 4.98%, CO. NO,. HC HEB 3 HIFEIE T 5.05%, 3.92%,
5.41%; % B BRI G 19 E A Bl FEAR LE LA AT B 1 5.18%, CONO, HC HERL 43 7 FEAK T 5.09%

3.58%, 5.41%.

XL T IR RE AL S R AT R0, PIARILAL AL LA 85 R B, R T IRAL A T SE bk . 8t
R TR, AT, A0E DM RMIACERAT A AL, KA 51 — ol 5k
R #B L5 NSGA-IT 524 & A B, 1A 0 B 13 B

DOI: 10.12677/mos.2023.124360

3954

RS


https://doi.org/10.12677/mos.2023.124360

Table 4. Transmission ratio optimization results

4. ARt ER

i i i3 iy is is
AL 4.126 2.489 1.646 1.250 0.942 0.721
NSGA-II itk 3.972 2324 1.547 1.192 0.948 0.788
% B JA 3.813 2.383 1.582 1.221 0.964 0.791
Table 5. Fuel consumption and emission optimization results
5. PRRASFEFIHEME RS R
Fuel (1/100 km) CO (g) NO, (g) HC (g)
DAL 4.418 79.02 35.45 11.28
NSGA-II flitk 4.198 75.03 34.06 10.67
EARBUL RPN LS 4.189 75.00 34.18 10.67

= >o
= >

Optimization-1

Simcode Simcode

Figure 13. Model of combinatorial algorithm optimization
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Pteai Rinz 6. % 7 . hEFRH, AEIAEIERHLE NSGA-IU A% EaF MILACR, MLt

NSGA-II Hyk, AJ LAt — 35 o 50k 28 5 v S HECH:

Table 6. Transmission ratio optimization results

6. EELLMULER

il iz i3 i4 15 lg
NSGA-II 4k, 3.972 2.324 1.547 1.192 0.948 0.788
HEFIFAA 3.813 2.356 1.583 1.257 0.972 0.799
Table 7. Fuel consumption and emission optimization results
7. BURASFEFAHIR ML ER
Fuel (1/100km) CO(g) NOy (g) HC (g)
NSGA-II 4k, 4.198 75.03 34.06 10.67
HEFIFA 4.176 74.92 34.08 10.59
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Figure 14. Comparison of SOC curves of battery before and after

optimization
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