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Abstract: In order to improve the overall performance of front- and rear-independent-drive electric vehicles,
a coordinated control strategy (CCS) is proposed to integrate the control actions of front-rear torque
distribution controller and acceleration slip regulation controller. Firstly, an economy-oriented torque
distribution controller and an acceleration slip regulation controller based on sliding mode control theory are

designed. Then, a coordinated control strategy integrating the effects of the two controllers is proposed.
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Different from the existing integrated control strategies, instead of a simple combination of front-rear
torque distribution and acceleration slip regulation control, the proposed strategy is a reasonable and
effective integration which takes into consideration of vehicle safety, economy and dynamic performance.
Under normal driving conditions, the vehicle operates in an economic mode by default, and the proposed
CCS monitors the slip ratio of each wheel in real time. When the road condition deteriorates and economic
driving cannot be sustained, appropriate torque compensation is applied without jeopardizing vehicle safety.
By this means, road adhesion is made full use of and vehicle dynamic performance is optimized. Finally, the
proposed CCS is verified through simulation studies in the MATILAB/CarSim environment. The simulation
results show that when the opening of the accelerator pedal is 10%, 30% and 50%, the proposed CCS
improves the vehicle dynamic performance by 15.3%, 35.6% and 4.5%, respectively, compared to
traditional integrated control strategy (TICS).

Keywords: front- and rear-independent-drive; four-wheel-drive electric vehicle; torque distribution;

acceleration slip regulation; sliding mode control; coordinated control
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Fig. 1 Drive system structure of a front- and rear-independent-drive electric vehicle
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Fig. 2 Dynamic model of single wheel

1.2 BREER

SR JH 4> PID $2 1] 45 e A2 0025 Bt 573508 4 90 By fin ool o 458 A0 10 2 PTD 2 ) 45 140 i A s 1 24 T D 5 o 22

AR 25 PTD 45 i 45 B 1 D00 2 3 ) 82 L 1D

y=K,e, —F(K;—O—Kaweom)J e, dr + Ky
0

1,

de,
dr

v

H

€Y

5
(6)

(D

KK, MO RBG K 9B BB K 0 R 8G K U A R BG 0.0 8 HAR A8 km/hy y KR B
BT BE OO o TE s o 970 o L BEAROT BEAEL — 1,1 FE RN AEAL IR 5IA PR v AF Ry BBR I 5 .

F T A0 e SR A R B AR JEE ARG IE AR G i SO HROT 5 B R SR B R SE R AN

Trcq :miax(nm> :yl:Tmaximf(nm) + Tmaxﬁmr(nm):lo
T o Gan) AHEHE 7, AT ALBLT RE PR AL A e R AR 2R N s T s ) AR TE 6] T FL AL T E
K BRI N T e () I EE T, F IS RUBLAT A 4 HH B9 B R FE R Nom,

1.3 EHEE

(€D

H1 T F LR A P B AT A A B0 R A M) P e Bl 5 A 8 238 BRLAS O 7 R T S 36 1 R B v
PLACR K . A SO R AR R LS RO AR 1 HACR R WA 3 Fi

®1 BIREISH

Table 1 Specifications of front and rear motors
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Fig. 4 Torque distribution ratio under full working conditions
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Fig. 5 Coordinated control strategy for front motor
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Fig. 7 Simulated Soc under two types of drive cycles
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Table 2 Simulated energy consumption under two types of drive cycles

TN HLRERE
EHRTH  4H R km i 945 KE Soc/% BN °F £ L 917
/(kW-+h-(100 km) ')
A R G
H T2 {/u P I A 1 5% 66.56 18.73
WLTC-3X5 116.35 43 e 5w 7.82

-1 43 Tl R v 64.58 20.32
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Fig. 8 Slip ratios and motor torques under acceleration simulation
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Table 3 Road condition

B /m 0~10 10~50 50~80 80~End

S 4 0.8 0.1 0.2 0.9
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Table 4 Optimal slip ratios for different road surfaces

1% 1 B R AL 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

AEW R 0.029 0.048 0.070 0.960 0.110 0.135 0.150 0.170 0.190
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Fig. 9 Simulation results with 10% accelerator pedal opening
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Fig. 10 Simulation results with 30% accelerator pedal opening
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Fig. 11 Simulation results with 50% accelerator pedal opening
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