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Design for EPS Motor to Improve Mechanical Response
Sung-Hyeok Wi * Jun-Yeol Ryu - Jung-Pyo Hong’

Department of Automotive Engineering, Hanyang University, 222, Wangsimni-ro, Seongdong-gu, Seoul 133-791, Korea

Abstract : Since the motor for EPS(Electric Power Steering) is an automobile part involved in wheel operation, it is
necessary to consider the mechanical response as well as the electrical performance in design stage. Electrical and
mechanical performance can be estimated by using both analytical method and finite element method. However, finite
element method has the disadvantage such as hard preprocessing and long analysis time. Therefore, in this paper, it is
aimed to estimate the electromechanical parameters through mathematical modeling and to improve the mechanical
response efficiently by using the voltage equation and the motion equation with the simulink block model. In addition,
the speed controller is designed to improve mechanical response. Finally, the mechanical response results of the base
model and the improved model are compared through finite element method.
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Nomenclature

B : magnetic flux density, T

D : diameter, m

[ :length, m

H : magetic field strength, A/m

I : current ,A

J : moment of inertia, kg . m’

k., : winding factor

K. : back electro-motive force constant, Vs/rad
K; : torque constant, Nm/A

Kp, K; : P-gain, I-gain

L : inductance, H

M : mass, kg

N : number of series turns, per phase
A : area, m’

T: torque, Nm
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), Electric power steering
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2l 2 B 2 ZFX]), Equation of motion
A

A: flux linkage, Wb

R, : resistance, S

R, : reluctance, A/Wb

V: voltage, V

Lec : Tecoil permeability

@ : angular velocity, rad/s

t,, : thickness of permanent magnet, m

p : pole pair
Subscripts

g, rem, m, a : airgap, remanent, magnet, armature
r, sh, mag, core, slot : rotor, shaft, magnet, core, slot
stk, e, ¢ : stack, electrical, coil

d, q : d-axis, g-axis
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PI Speed Controller Motor System(Electrical + Mechanical System)
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Fig. 1 Block diagram of base model
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Fig. 2 Configuration of the target motor for EPS
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Fig. 3 Mechanical response according to rotor diameter

Table 2 Mechanical response according to rotor diameter

Rotor Moment of Rising
diameter(mm) | inertia(kg - m?) |time(msec.) Overshoot(%)
30 21.39 0.084 7.44
32 27.71 0.162 0
34 35.44 0.204 0
36 44.44 0.300 0
38 55.19 0.370 0
40 67.77 0.464 0
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Fig. 4 Mechanical response according to coil turns

Table 3 Mechanical response according to coil turns

Number of series Rising Overshoot | Efficiency
turns per phase time(msec.) (%) (%)
9 0.440 0 82.89
18 0.168 0 82.92
27 0.084 7.44 30.63
36 0.082 15.498 75.12
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Table 4 Result of designed motor

Base Improved Improved model
model model with PI controller
Dr=40mm Dr=30mm Dr=30mm
N=27 N=36 N=36
Rising time(msec) |0.464 0.082 0.058
Overshoot(%) 0 15.50% under 1%
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