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Radial Force Modeling of a Bearingless Switched Reluctance Motor with

Wide Rotors Considering Magnetic Saturation

ZHOU Yunhong, TAN Zhengyi* , WANG Dong, LI Hanjie
(School of Power Engineering, Nanjing Institute of Technology, Nanjing 211167, China)

Abstract: The existing mathematical models based on the
assumption of magnetic unsaturation for bearingless switched
reluctance motors have limitations, as they are only suitable
for non-magnetically saturated conditions. A comprehensive
radial force mathematical model is developed for a wide rotor
single-winding bearingless switched reluctance motor, taking
into account the effects of magnetic saturation. Firstly, based
on the finite element analysis of the motor’ s magnetic field,
the expression for the radial force in terms of the air gap
magnetic density is derived using the Maxwell stress method.
Next, the nonlinear magnetization characteristics of the iron
core material are fitted, and the air gap magnetic density,
accounting for the effects of magnetic saturation, is calculated
using the motor’ s equivalent magnetic circuit. Subsequently,
the radial force model of the motor is established. After
comparing and analyzing the influence of edge air gap
magnetic density and main air gap flux density on the radial
force, the developed radial force model is simplified to reduce
computational complexity. Finally, the model is validated
through finite element analysis. The results indicate that the
established radial mathematic model is applicable to the motor
under conditions of magnetic unsaturation, partial magnetic
saturation, and complete magnetic saturation.  The

development of a full-period radial force model considering

magnetic saturation provides a more accurate theoretical
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Fig.1 Basic structure diagram of BSRMWR
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Fig.2 Inductance curve schematic
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Fig.3 Equivalent magnetic circuit diagram for phase A
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magnetic saturation and finite element

calculation results
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Fig. 6 The fitting results of the magnetization curve

of the iron core material
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Fig. 10 Assumed air gap magnetic path in non-

completely overlap region
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Fig. 16 Comparison diagram of main air gap flux
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Fig. 19 Comparison diagram of the full cycle model of
radial force in the positive direction of the x-axis
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The schematic diagram of a single-winding
bearingless switched reluctance motor with wide rotors
(BSRMWR) is shown in Fig.1,in which only the A-
phase windings and currents are marked. Compared to
traditional switched reluctance motors, BSRMWR has
the

suspension force

advantage of decoupling radial force and

through  two-phase conduction,

therefore has received increasing attention.

Fig.1 Basic structure diagram of BSRMWR

A full-period radial force mathematical model for
BSRMWR that can take into account the influence of
magnetic saturation is studied in this paper. After
comparing the effects of the edge air gap flux density
and the main air gap flux density on the radial force,
the established radial force model is simplified so that
the computational complexity could be reduced.

Taking the three-dimensional finite element
calculation results as a reference, compared the
radial force model in reference [ 14 ], the radial
force model shown in equation (27), and the
simplified radial force model shown in equation

(28), as shown in Fig.2.

It can be seen that the established radial force
model is applicable to this motor under non magnetic
saturation, partial magnetic saturation, and complete

magnetic saturation conditions.

Fig.2 Comparison diagram of the full cycle model of

radial force in the positive direction of the x-axis
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