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Optimization of Rotor Pole Shape for Bearingless Switched Reluctance
Motor with Wide Rotor

ZHOU Yunhong, LI Hanjie*, MENG Sijie, LIU Chenyu, TAN Zhengyi
(School of Electric Power Engineering, Nanjing Institute of Technology, Nangjing 211167, China)

Abstract: In order to solve the problem of wide rotor
bearingless switched reluctance motors are prone to large
torque ripple during operation due to the switching power
supply method and double salient iron core structure, the
rotor structure of a bearingless switched reluctance motor with
wide rotor is improved by slotting on both sides of the rotor.
By increasing the air gap magnetic resistance near the slots,
the tangential air gap magnetic density used to generate torque
can be increased, so that the torque ripple can be reduced.
After the slots are parameterized, the control variates method
is used to analyze the impact of slotting parameters on torque
performance, and the slotting parameters are finally
determined with the goal of optimizing performance
indicators. By using the method of field circuit coupling, the
finite element analysis model of the motor and the direct
instantaneous torque control circuit model are combined to
achieve the dynamic operation of the motor system. The
simulation results show that slotting on the rotor can
effectively reduce the torque ripple of the bearingless switched
reluctance motor with wide rotor, and improve the average
torque, while has little impact on radial suspension force.
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magnetic density before and after rotor pole slotting
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A bearingless switched reluctance motor with
wide rotor (BSRMWR) is studied in this paper. The

motor structure is shown in Fig.1.
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Fig.1 Topology structure diagram of BSRMWR

Fig.2 shows the distribution curve of three phase
self-inductances of BSRMWR. Due to the presence
of wide rotor, the inductance curve of each phase not
only has a rising zone and a dropping zone, but also

When the

windings of one phase work in the rising zone,

has a flat zone with maximum value.

positive torque will be provided to drive the rotor to
rotate. When the windings of one phase work in the
flat zone, suspension force will be provided to ensure
the stable suspension of rotor. BSRMWR can achieve
the decoupling of torque and suspension force with
low control difficulty.

Similar to the switched reluctance motor
(SRM ), there exists severe torque ripple during
winding commutation process. As shown in Fig.3, a
finite element model of BSRMWR is established with
Ansoft/Maxwell 2D. Note that there are circular slots
on both sides of rotor poles. After the slots are
parameterized , the parameterized scanning method is
used to optimize the radius r and arc top height [ of
with the

the circular slot goal of optimizing
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Fig.2 Distribution curve of three phase self-inductances

performance indicators.

Stator

Rotor

Fig.3 Finite element model of BSRMWR with circular
slots on rotor poles

By using the method of field circuit coupling,
the finite element analysis model of the motor and the
direct instantaneous torque control circuit model are
combined to achieve the dynamic operation of the
motor system. Fig.4 shows the comparison diagram of
the output torque before and after the rotor poles are
slotted. The simulation results show that slotting on
the rotor can effectively reduce the torque ripple and

improve the average torque.
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Fig.4 Torque ripple comparison diagram
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