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Experimental and Theoretical Analysis of

Horizontal Order Vibration Characteristics of
Electric Wheel Under Torque Ripple

MAO Yu, ZUO Shuguang, LIN Fu, FENG Zhaoyany
(Clean Energy Automotive Engineering Center, Tongji University,
Shanghai 201804, China)

Abstract: In order to study the new electric wheel vibration
problems caused by torque ripple, the electric wheel
vibrations under working conditions were measured in bench
experiment, and order features and high-frequency
characteristics of tire horizontal vibration were revealed.
Based on analytical model of electromagnetic torque, and
considering non-sinusoidal magnetic field distribution and
current harmonics, torque ripple features were analyzed from
the point of view of magnetic field interaction. Then, the
order features of tire vibration were explained by source
analysis of torque ripple. The 6th order vibration arises from
non-sinusoidal magnetic field distribution while the first order
vibration arises from current harmonics, and the 5.0th, 5. 5th

and 6. 5th order vibrations arise from the interaction of non-
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sinusoidal magnetic field distribution and current harmonics.
Based on the rigid ring tire assumption, the dynamics model
of electric wheel system was established and modal analysis
was conducted.

Key words: electric wheel; torque ripple; horizontal high-

frequency vibration; order feature
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Fig.1 Bench test arrangement of electric wheel
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Fig.3 Time-frequency map of phase current

1.00¢

I /(57

S/ (r» min™h)

0 50 100 150 200 250 300
ﬁ%/ﬂz

a Hhim]

— — () 1

5/ (r - min™h)
I /(m - s

0

Ay

el
<
=

0 100 200 300
BREE/Hz

b ()
4 B RAniE L B E

Fig.4 Time-frequency map of tire acceleration
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Tab.3 Main parameters of electric wheel
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Tab.4 Modal parameters of electric wheel
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