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Optimization of PHEV energy management strategy

considering battery life and energy consumption economy

QIN Datong, ZHANG Xiaoxing, YAO Mingyao
(State Key Laboratory of Mechanical Transmissions , Chongqing University, Chongqing 400044, P. R. China)

Abstract: In this paper, a vehicle dynamics model and a battery life attenuation model were established for
a hybrid dual-motor plug-in hybrid vehicle. At the same time, to reflect the influence of battery
temperature on battery life, a battery temperature model was also established. Considering the impact of
energy management control on energy economy and battery life decay, a energy management strategy of
multi-mode logic rules was developed, and the impact of different control parameters on energy economy
and battery life was analyzed. A multi-objective optimization model with equivalent fuel consumption and
battery life attenuation was established to optimize the energy management strategy control parameters
based on multi-objective improved genetic algorithm. The results show that the Pareto optimal solutions
based on the design and optimization method of PHEV (plug-in hybrid electric vehicle) energy management
strategy in this article are feasible in terms of both energy consumption economy and battery life of plug-in
hybrid vehicles. With many different optimal solutions of control parameters, it provides a variety of

alternative schemes for the design and application of PHEV energy management strategy.
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Table 1 Main vehicle parameters of PHEV
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Table 2 Power system parameters of PHEV
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Table 3 Relationship of pre-exponential factor and the Cy,.
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Fig. 2 Engine-generater efficiency MAP and best power curve
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Table 4 Value ranges of optimal variables

BEHIZH Pu/kW V/(km+h ') Po/kW V./(km+*h ') P/ kW  Pu./kW F., Flow S S oo
WA 45 110 15 60 10 55 0.8 0.5 0.35 0.45
T RRAH 27 66 9 36 6 33 0.7 0.4 0.25 0.40
LA 63 154 21 84 20 60 0.9 0.6 0.35 0.50

A3 4 R AR T S B0 U S N A KB R A R S BOR A L 4 S WLTP 1
PR T B0 R XA [ Y 4 ) 2 RO 047 05 B 35 A0 45 0 2 5005 R T 3 8 LA I riL St 75 iy 8 U =2 TA] A A O R 8
ks i,
£5 BEHSHMSERORBESF

Table 5 Sensitivity analysis of control parameters to results

ﬁfﬁﬂ%ﬁ Pcd/kw Vcd/<km «h! ) ch/kW Vcs/<km «h! ) Plow/kw ngh/kw Fup Fl()w Socl S()ch
. —7.50X
PRIMTEAE  —0.847 —0.668 —0.836 —0.078 0 0.995  —0.807 0.663  0.992 o
0
—7.95X% —7.50X
5y —0.660 0.960 0.970 0.490 —0.990 —0.490 0.290 —0.990

10 17 10 16
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Table 6 Optimization variable

AR Py/kW V,/(kme+h') P /kW V. /(km*h ') Pyu/kW F., Fiow Soal

wIH 45 110 15 60 55 0.8 0.5 0.35
TRRE 27 66 9 36 33 0.7 0.4 0.25
T RRAE 63 154 21 84 60 0.9 0.6 0.35
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Fig. 4 Pareto optimal solution for multi-objective optimization
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Table 7 Some representative pareto optimal solutions and performance indicators

P/ P./ Va/ Ve/ P/
He S ) F., Foo  f1/L f2/%
kW kW (km+h™) (km+h™") kW
Ak R 45.00 15.00 110.00 60.00 0.35 55.00 0.80 0.50 3.03  0.016
1 54.07 15.19 106.20 46.34 0.27 46.59 0.81 0.54 2.36  0.018

2 47.57 14.61 97.51 59.36 0.29 50.08 0.84 0.41 2.42 0.168
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3 48.75 14.70 97.35 55.84 0.29 49.67 0.85 0.42 2.46  0.017
4 49.35 14.20 92.48 54.72 0.30 48.16 0.81 0.42 272 0.015
5 50.58 13.33 78.56 51.80 0.30 49.21 0.82 0.42 3.17  0.013
6 51.05 15.10 66.55 50.45 0.30 47.23 0.85 0.42 3.71  0.011
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Table 8 The comparison of simulative optimal solutions
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