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DESIGN OF HIGH EFFICIENCY AND LOW TORQUE
RIPPLE PERMANENT MAGNET SYNCHRONOUS MOTOR
FOR ELECTRIC VEHICLES

ABSTRACT

In the context of the rapid development of electric vehicle (EV)
technology, vehicle range capability and driving smoothness have become
key focuses for both consumers and manufacturers. As the core
component of EVs, the drive motor's efficiency and torque ripple directly
impact the vehicle's range and driving comfort. Therefore, enhancing the
efficiency of EV drive motors and mitigating their torque ripple are
crucial for extending driving range and optimizing the driving experience.
Addressing this need, this paper delves into the study and research of
high-efficiency and low-torque-ripple permanent magnet synchronous
motor (PMSM) design.

The paper's work is primarily concentrated on the following aspects:

1. Based on the specific parameters of the entire vehicle and its
power performance requirements, the primary performance indicators of
the drive motor are determined. Under the guidance of these indicators,
dimensional data required for the PMSM is calculated, and the influence
of electromagnetic load design values in the motor design process on
motor efficiency, along with the calculation model of electromagnetic
loads, are analyzed.

2. To boost the motor's maximum efficiency and suppress torque
ripple, the impacts of silicon steel material, air-gap length, stator slot
shape, stator slot skew ratio, and other factors on motor efficiency are
analyzed. Regarding torque ripple, its causes are analyzed, and the effects
of rotor skewed pole segmentation, skewing arrangement, stator slot
width, V-angle of permanent magnets, depth and number of auxiliary
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rotor slots on torque ripple are elucidated. To validate the discussed
optimization methods, finite element simulation software is employed to
construct a PMSM model. Model performances under different design
schemes are compared, thereby optimizing the motor's output efficiency
and torque ripple.

3. The stator winding is optimized to expand the motor's efficient
operating region and minimize torque ripple. This involves establishing a
mathematical model for the rotating magnetic field of the stator winding,
discussing the impacts of distributed short-pitch windings on back EMF
waveform, harmonic content, and motor torque ripple. An optimization
model for flat wire conductor parameters is analyzed, examining the
effect of the distance between flat wire conductors and slot openings on
motor efficiency. Finally, the proposed stator winding optimization design
and the flat wire conductor parameter optimization model are verified
through finite element simulations.

Results indicate that employing high-performance silicon steel
materials in the motor reduces iron losses effectively, thereby enhancing
motor efficiency. Considering manufacturing costs, a design using high-
performance silicon steel for the stator and lower-cost silicon steel for the
rotor is found to be more advantageous. Furthermore, judicious design of
parameters such as air-gap length, stator slot shape, stator slot skew ratio,
rotor skewed pole segmentation and arrangement, slot width, permanent
magnet angle, and rotor auxiliary slots can improve motor efficiency and
mitigate torque ripple. Flat wire windings can increase the motor's high-
efficiency operation range but may reduce efficiency at high speeds.
Careful design of flat wire conductor dimensions, layering, and
positioning effectively addresses the issue of reduced efficiency in flat
wire motors at high speeds.

Fang Hao Hong (Control Science and Engineering)
Supervised by Professor Chen Qi Gong
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B IXPIRA D HACN 2 (4-35), 15:
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RFEH) BRI T REORST 1. ProRAFM TR E EZEN:

) )
Vo2 o, . \Wav2) .-, (4-41)
_ 72 plk

2_ ' _ '
b|Shka|2((2p 2p + 1) chkashk'a — 2p (p — 1) shk'a)

X A, 8 a, FIEEREG ko8 k FSEIEEEG | A RE T RIRARUE; SR
RN p RSP L RE R BN
I (4-41) 7 SSEEAN BN B 7y, 15

w2 pl( sh2aa+sin2aa B ( shaa — sinaa >
ReS=1 b <a ch2aa —cos2aa p(p—1)|2a chaa + cosaa
la ( sh2aa — sin2 haa + si (4-42)
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