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Design Concept of Vernier Motor Based on High Power Factor

REN Yongkang, GU Aiyu” , LE Min
(School of Automation, Guangdong University of Technology, Guangzhou 510006, China)

Abstract ; In order to solve the problem of low power factor of
vernier motor, a motor design optimization concept to improve
the power factor is proposed. Firstly, the winding function
approach is used to calculate the inductance of fractional slot
centralized double-layer windings, to derive the expression for
the power factor of the vernier motor, and to analyze the main
design parameters affecting the power factor. Secondly,
combined with the finite element method to study the change
rule of motor performance when each design parameter is
changed, and then summarize the design concept. Then, a
cleft tooth vernier motor is taken as the benchmark prototype,
a motor with high power factor is redesigned according to the
proposed concept, and a genetic algorithm is used for multi-
objective optimization of the main design parameters of the
motor.  Finally, the performance comparison with the
benchmark prototype motor shows that the power factor of the
designed motor is higher, which verifies the validity of the
theoretical analysis and the proposed design concept.
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Vernier motors in magnetic field modulated
permanent magnet motors are well-regarded for their
simple  structure and excellent performance.
However, the power factor of vernier motors is
generally low, limiting its application in industry.
This is mainly due to the increase in the number of
rotor magnet poles, intensification of magnetic
leakage, and low air-gap magnetic density. To
improve power factor, it is recommended to reduce
the number of rotor magnet poles and increase air-
gap magnetic density.

To address this

domestically and

issue, researchers both

internationally have explored
various methods and developed advanced structures.
While some progress has been made, these solutions
often increase the complexity of the motor and are not
conducive to efficient manufacturing. Other studies
from new theoretical

have analyzed the issue

perspectives and improved the original motor
structure, but with limited success.

In order to improve the power factor of the
three-phase vernier motor, an optimization scheme
from the design perspective is proposed in this
paper. The expression reflecting the relationship
between motor structure and power factor is derived
according to relevant theories, and the influence of
main structural parameters on power factor is deeply
analyzed by using finite element method. Based on
this, a design concept for high power factor is

proposed, to provide guidance for the improvement

process of the motor. The design and optimization

process is shown as Fig.1.

Fig.1 The design and optimization process

Firstly, the main structural parameters of the
motor are preliminarily designed according to the
theoretical ~ analysis  results and  performance
requirements. Then, the degree of influence of each
structural parameter on the power factor is
determined through sensitivity analysis, parameters
with lower sensitivity are eliminated, and a genetic
algorithm is wused to perform multi-objective
optimization of the remaining parameters. Finally,
the optimal result is selected from the 3D Pareto front
to complete the design process of the motor. The
main design parameters and performance comparison
of the motor before and after optimization is shown as
Tabl.1. As can be seen from Tab.1, the power factor
of the optimized motor is significantly improved,
which verifies the practicality of the design idea and

optimization scheme.

Tab.1 Comparison of the motors before and after optimization

Slot-pole Number of Air-gap Magnet Average torque/
Motor Power factor
combination turns per coil length/mm volume/mm- (N+m)
Benchmark prototype motor 12/38 40 0.6 91 600 83 0.71
Optimized motor 18/22 27 0.5 87 120 75 0.87
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