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Torque Ripple Analysisand Reduction Design of Surface-mounted
Permanent Magnet Synchronous Motor for EPS

Jae-Hyun Kim" - Doo-Young Kim - Kwon-Il Park - Myung-Hwan Yoon - Jung-Pyo Hong

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

Abstract : Recently, hybrid vehicles and electric vehicles are attracting attention as eco-friendly vehicles, and many devices of
automobiles are being replaced by electronic control devices. Hydraulic power steering(HPS) has been mainly used as a
steering device for automobiles until now, but recently electric power steering(EPS) has been spreading. Since the vibration of
the steering device is transmitted directly to the driver, the vibration problem must be carefully considered in the motor design
for EPS. Therefore, torque ripple in the EPS should be reduced to improve the vibration characteristics. In this paper, in order
to reduce the torque ripple of surface mounted permanent magnet synchronous motor(SPMSM) for EPS, the harmonic
component of induced voltage is analyzed. To reduce the harmonic component of induced voltage, eccentric rotor shape is
applied. Space harmonic analysis is used to determine eccentric length, and torque ripple is reduced from 8.6% to 4.2%.

Key words : Electric Power Steering(H52] &% %3743]), Induced Voltage(-7171$}), Space Harmonic Analysis(3-%F
223} 3l14]), Surface-mounted Permanent Magnet Synchronous Motor(GERH-2H8 A4 57175 71), Torque
Ripple(EZL &)

Nomenclature w : angular frequency, rad/s
u : permeability, H/m

e : induced voltage, V @ : magnetic scalar potential, A
i:current, A
L : inductance, H Subscripts
M : magnetization, A/m
t:time, s avg : average
T : torque, Nm m : permanent magnet
f : phase difference, rad 1 : airgap region
A : linkage flux, Wb II : permanent magnet region

6 : mechanical angle, rad

* 71 A1 &, E-mail:zerg1258@hanyang.ac kr
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Fig. 1 Initial model shape for EPS
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Fig. 2 Torque of initial model
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Fig. 3 Harmonic analysis of torque
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Fig. 5 Harmonic analysis of induced Voltage
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Fig. 4 Induced voltage of initial model

Eccentricity[mm]

Fig. 6 Result of space harmonic analysis
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Fig. 7 Harmonic analysis of induced voltage
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