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Improvement of the Yaw Motion for Electric Vehicle Using
Independent Front Wheel Steering and Four Wheel Driving

M dEFEE Y,

o

Z+ O

—

M HH M =
S, 1

b

| o4 A & ALK
od = 4d 9 5 e E

(Jae-Ho Jang', Chang-Jun Kim?, Sang-Ho Kim?, Min-Sung Kang? Sung-Hoon Back?, Young-Soo Kim? and Chang-Soo Han?)

'Korea Institute of Industrial Technology

*Hanyang University

Abstract: With the recent advancement of control method and battery technology, the electric vehicle have been researched to
replace the conventional vehicle with electric vehicle with the view point of the environmental concerns and energy conservation. An
electric vehicle which is equipped with the independent front steering system and in-wheel motors has advantage in terms of control.
For example, the different torque which generated by left and right wheels directly can make yaw moment and the independent
steering using outer wheel control is able to reduce the sideslip angle. Using of independent steering and driving system, the 4 wheel
electric vehicle can improve a performance better than conventional vehicle. In this paper, we consider the method for improving the
cornering performance of independent front steering system and in-wheel motor used electric vehicle with the compensated outer
wheel angle and direct yaw moment control. Simulation results show that the method can improve the cornering performance of 4
wheel electric vehicle. We also apply the steering motor failure to steer the vehicle turned by the torque difference without steering.
This paper describes an independent front steering and driving, consist of three parts; Vehicle Model, Control Algorithm for
independent steering and driving and simulation. First, vehicle model is application of TruckSim software for independent front
steering and 4 wheel driving. Second, control algorithm describes the reduced sideslip and direct yaw moment method in view of

cornering performance. Last is simulation and verification.

Keywords: 4X4 Vehicle, independent steering, independent driving, TruckSim, virtual steering angle, optimum tire force distribution
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Fig. 1. Desired vehicle model.
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Table 1. Consist of full-vehicle model.

Parameter or Selection
Weight 747 kg,
Sprung Mass wheelbase 2347mm
tread 1416mm
Suspension Independent type
Steering No Steering
Tire 185/65 R14 in CarSim
Brake Mechanical Brake
Shape A-Class, Hatchback in CarSim
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Fig. 3. Relationship of input and output of TruckSim Model.
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Table 2. Input and output of TruckSim Vehicle Model.

49 9]
T 59 TEEA (=1-4) Nm
3 79 #¢ e (=1-2) Degree
P, EERE MPa
Vi THE AFEE Kph
B Azt Degree
v F degree/sec
o V72 &5 (i=1-4) RPM
F, ZHaoll I7bE = FAY (=14) N
o] gate] S AAlstar Kol wkgE = Qlrh
% 33 ¥ 2% TruckSim XFREe] & AAE
O [e]

z
Aol TG &%, AP vy 74, of, 489

=
22 @ 4 ol Aol Atk Woh Fad AR AFLE
s olee FsAe Avm ke RozA olelw
e FElok Bk oleldt wE TF A goiro]
AFEAeLe] PP 1Y 4% 2 BES] S4o) Y%

(1) 7h3rsrol vilg- w251 Ageet EaE Ay

ol AL A7 Akl w3l 7P ZEAR] Ao R F
o] W7 Apge] winje] w27 E Zh=t)h kA o)E
HABHA o] g8 4= dh ABS (Antilock Brake System) 2
TCS (Traction Control System)2] E3d5S HFHo2 gy

A7 % e,



48 TS BEE S ESE

Enhance Active Safety

Motor Torque | Exact Torque | Independent
Generation Value Wheel Control
- Fast and accurate - Estimate driving/braking - Install in each rear and
- Motor’s torque Response force in real time front tire
Time shorter than ICV - Know the condition of the - Control the traction and
(10~100 times) road surface braking forces independently
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Fig. 4. Characteristic of motor driven vehicle.
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Sideslip Angle Comparison
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Inner Wheel Angle Comparison

W

Inner Wheel Angle[degree]

0.5
—with Independent Steering
0 -=-w/o Independent Steering
0 5 10 15 20
Time[sec]
(@) Inner wheel angle.
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Comparison of Front Left Torque
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Comparison of Rear Left Torque
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Fig. 14. Driving torque of each wheel.
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Fig. 17. Driving torque of each wheel.
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