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Influence of Core Saturation on the Electromagnetic Coupling

Characteristics of Orthogonal Winding Planar Induction Motors
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Abstract: In response to the electromagnetic coupling effects, such as the decrease in electromagnetic
force in two dimensions and intensified fluctuations, caused by primary core saturation in orthogonal
winding planar induction motors, this research initially compares the magnitude and distribution
patterns of primary core magnetic flux density when two sets of windings are separately and
simultaneously energized through a three-dimensional electromagnetic field simulation model.
Subsequently, a semi-analytical method and an analytical method for calculating the saturation
effect correction coefficient are obtained by combining Ampere’s law with numerical electromagnetic field
calculations and iterative calculations of permeability. These methods are then used to assess the
impact of energizing currents and slip frequencies of the two winding sets on the electromagnetic
coupling effects in the motor. Finally, a locked rotor test is conducted on a prototype to validate the

proposed methods. The research findings indicate that as the winding currents increase and the slip
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frequency decreases in both dimensions, the saturation effect correction coefficient diminishes, leading to

a stronger electromagnetic coupling effect. In one dimension, electromagnetic force decreases with the

increase in energizing current of the winding in the other dimension, while the fluctuation of

electromagnetic force increases correspondingly. Compared to experimental data, the maximum errors in

electromagnetic torque calculated using the semi-analytical and analytical methods are 4. 78% and

8.56%, respectively, validating the accuracy of the proposed calculation methods. This research

provides theoretical guidance for the initial design of orthogonal winding planar induction motors.

Keywords: orthogonal winding planar induction motor; electromagnetic coupling; core saturation
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only x motion direction winding energized
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