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Abstract. Due to the separation of magnetic field, electrical isolation and thermal isolation, motor drives possess a high fault-tolerance charac-
teristic. In this paper, comparative study of mutual inductance between the proposed segmented rotor switched reluctance motor (SSRM) and 
the conventional switched reluctance motor (SRM) is carried out first, illustrating that the proposed SSRM has less mutual inductance between 
phases than the conventional SRM. In addition, if winding faults or power converter faults lead to phase failure, a comparative analysis on 
fault-tolerant performance under phase failure condition between the proposed SSRM and the conventional SRM is simulated in detail using 
the finite element method (FEM). Simulation results reveal that dynamic performance of the proposed SSRM, including output torque and 
phase current, is better than that of the conventional SRM. That is, the capacity of operating with the fault under phase failure condition in the 
proposed SSRM is superior to that in the conventional SRM.
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In order to highlight the advantages of the proposed SSRM, 
comparative analysis on dynamic performance between the pro-
posed SSRM and the conventional SRM by means of finite 
element method (FEM) is developed in throughout the paper. In 
the following, the concept and topology of the SSRM and SRM 
are briefly introduced in Section 2. Then in Section 3, mutual 
inductance between the proposed SSRM and the conventional 
SRM is evaluated based on FEM. Thereafter, comparative anal-
ysis on fault-tolerant performance under phase failure condi-
tion between the proposed SSRM and the conventional SRM 
is presented in detail in Section 4, followed by the conclusions 
in Section 5.

2.	 Concept and topology

The cross-sectional views of the proposed SSRM and the 
conventional SRM are shown in Fig. 1. In the four-phase 

1.	 Introduction

In recent years, demands of energy conservation and emission re-
duction have put pressure on automotive industry to develop hybrid 
electric vehicles [1–3]. The belt-driven starter/generator (BSG) is 
gaining more and more attention in hybrid vehicles in which high 
reliability must be ensured, because any kinds of faults would 
cause serious effects on continual operation [4–7]. Therefore, more 
attention focused on the demand for fault-tolerant motors.

Induction motor (IM) and permanent-magnet motor (PM) 
are the prime alternatives to the BSG. Unfortunately, acquiring 
high torque at low speed for IM is difficult; for PM, its high 
cost, due to the permanent magnet and demagnetization under 
high temperatures, has degraded its performance and limited 
its promotion [4, 5, 7–11]. Though new structures and new 
materials of PMs have improved their performance [12–15], 
nevertheless, the fault-tolerant performances of IM and PM are 
rarely reported and are less than satisfactory [16–18].

A conventional switched reluctance motor (SRM) is a dou-
bly-salient and single-excited motor where the windings are 
wound in stator poles and there are no windings or perma-
nents in the rotor. These structures lead to many distinguished 
merits, such as robustness, low cost, and wide applications in 
serious environment and high speeds [19]. Therefore, applying 
the SRM to the BSG can not only satisfy the requirements of 
fault tolerance but could also be an academic novelty. However, 
the fault-tolerant capability of the conventional SRM is limited, 
a novel segmented rotor SRM (SSRM) is proposed in this paper 
to improve the fault-tolerant performance in structure design 
instead of power converter or control.

Fig. 1. Cross-sectional views of the proposed 16/10 SSRM and the 
conventional 8/6 SRM: a) proposed 16/10 SSRM, b) conventional 
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