
Abstract— Based on two-dimensional (2-D) trigonometry, a 
new numerical method is presented to describe nonlinear 
magnetic and electromagnetic torque characteristics in switched 
reluctance motors (SRMs). The computed and experimental 
results demonstrate that the proposed numerical method can be 
used to precisely compute nonlinear magnetic and torque 
characteristics in SRMs. 

I. INTRODUCTION 

An SRM usually runs in the region of magnetic saturation 
such that a large ratio of torque to mass is obtained. Thus, 
magnetic saturation is very important to the high-performance 
operation of SRMs. On the other hand, magnetic saturation 
results in that magnetic and torque characteristics in SRMs are 
highly nonlinear. Consequently, analysis and control of SRMs 
become complicated. Thus, accurately describing nonlinear 
magnetic characteristics is crucial for performance prediction, 
performance optimization, sensorless and torque controls of 
SRM drives. 

II. PROPOSED NUMERICAL METHOD 

The flux linkage ψ is the nonlinear function of the rotor 
position θ and current i in SRMs, which is defined as [1] 
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where Mθ and Mi are two specified truncation levels, j is the 
imaginary unity, cpθ,pi are complex Fourier coefficients, kθ and 
ki are constants, min

ˆ θθθ −= , and min
ˆ iii −= . 

Based on the orthogonal properties of the trigonometric 
functions and the trapezoidal integration rule, the real and 
imaginary parts of 

ippc ,θ
 can be computed from, respectively, 
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III. COMPUTATION AND EXPERIMENT 

 

The proposed numerical method is used to compute 
nonlinear magnetic characteristics of a four-phase SRM. Fig. 
1 illustrates the computed and experimental results of the flux 
linkage versus the current at a set of the rotor positions. It can 
be observed that the computed results are well consistent with 
the experimental data. 

Fig. 1. Computed and experimental flux linkage characteristics 

IV. CONCLUSION 

Based on 2-D trigonometry, this paper has presented a new 
numerical method to compute nonlinear magnetic 
characteristics in SRMs. The complex Fourier coefficients can 
be computed from the proposed expressions. The presented 
numerical method only depends on a limited number of given 
magnetic data acquired by experiment or FE analysis. The 
computed results and the experimental data have validated 
that the proposed numerical method can be used to precisely 
compute nonlinear magnetic characteristics. The salient 
advantage of the proposed method is the excellent accuracy. 
Therefore, this paper provides an effective and accurate 
numerical method for performance prediction, performance 
optimization, sensorless control, and torque control of SRM 
drives. 
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