
 

Power Transistor Fault Diagnosis in SRM Drives 
Based on Indexes of Symmetry 

 

Tito G. Amaral  
Department of Electrical Engineering  

ESTSetúbal, Instituto Politécnico Setúbal 
Setúbal, Portugal 

tito.amaral@estsetubal.ips.pt 

J. F. Martins 
Department of Electrical Engineering  

FCT/UNL 
CTS/UNINOVA 

Caparica, Portugal 
jf.martins@fct.unl.pt  

V. Fernão Pires 
Department of Electrical Engineering  

ESTSetúbal, Instituto Politécnico Setúbal 
INESC-ID Lisboa 
Setúbal, Portugal 

vitor.pires@estsetubal.ips.pt 

   
   
  
     
  
   
   

 

A. J. Pires 
Department of Electrical Engineering  

ESTSetúbal, Instituto Politécnico Setúbal 
CTS/UNINOVA 
Setúbal, Portugal 

armando.pires@estsetubal.ips.pt 

Hao Chen 
School of Information and Electrical 

Engineering 
China University of Mining and 

Technology 
Xuzhou, China 

chenhaocumt@tom.com 

Abstract—To reduce the negative impacts of power converters 
on a machine such as switched reluctance motor (SRM) a fast 
and accurate fault detection method is required. Among the 
several faults that could occur in a SRM drive, open switch is 
amongst the most important ones. Thus, this paper presents a 
new fault detection method for the detection of an open switch. 
The method is based on symmetry indexes that are created from 
the analysis of the currents’ patterns. The proposed approach 
results in a fast and robust method, presenting immunity to 
different motor loads. The characteristics of the proposed method 
will be verified through several simulation tests.      

Keywords— switched reluctance motor (SRM), fault detection, 
open switch, symmetry indexes 

I. INTRODUCTION 
Switched reluctance motors (SRMs) have become a 

machine with very interesting characteristics, such as earth-free 
and high efficiency, for several kinds of applications [1]. In 
fact, these motors are now an interesting alternative for 
applications such as electric vehicles, electric aircraft and wind 
generators [2-4]. Another important feature associated to these 
machines is their robustness and fault tolerant capability. This 
feature is very important for many applications, by which many 
studies associated to this have been made. 

Several types of faults can appear in the SRM especially 
due to thermal stress and insulation degradation. However, the 
SRM is associated to a power electronic converter, and a fault 
in this system could also compromise its correct operation. In 
the power converter one typical fault is the open switch. Thus, 
in order to ensure fault tolerance in this system, a fast and 
reliable fault diagnosis is required. Extensively studies and tests 
have been made addressing open switch faults in electronic 
power converters. As a result, many methods have been 
proposed for the several power converter topologies [5-8]. 
These studies have been extended to the SRM drive. In fact, in 
[9] it was used an approach that uses an extra DC link current 
sensor. A simpler method, but requireing more sensors, was 

proposed in [10]. Besides that, it is needed detection circuits 
placed at different positions of the converter. A method that 
requires fewer sensors was proposed in [11]. Another approach, 
that also requires a reduced number of sensors, was proposed in 
[12]. In fact, it only uses an extra dc-link current sensor. 
However, compared with other drives, there is a lack of 
effective fault diagnosis methods for the SRM drives. 

As referred, taking into consideration the importance of the 
fault diagnosis for the improvement of the reliability of the 
SRM, the study of new reliable methods are essential. Thus, 
this work, it will be proposed a new method for the detection 
and diagnosis of a transistor fault in SRM drives. It is based on 
the currents patterns and the definition of symmetry indexes. 
To motor normally requires a current controller for their 
windings. The sensors used for that controller can also be used 
in this method in order to avoid extra sensors. Results from 
numerical tests show the effectiveness of the proposed 
approach. 

II. SRM DRIVE WITH POWER TRANSISTOR FAULT 
There are several power converter topologies for the SRM 

drive. However, the most widely used is the asymmetric bridge 
power converter. This drive consists in a bridge for each 
machine winding, in which each leg consists on a diode and 
controllable power semiconductor as can be seen by the scheme 
presented in Fig. 1 for the 6/4 SRM. A controller associated to 
a position sensor and current sensors located in each of the 
phase windings are also required. 

The typical current waveforms through the SRM windings 
can be seen in Fig. 2 a). As can be verified, the current in each 
of the windings is pratically identical to the other ones. 
However, in the situation of an open switch fault this condition 
will be changed. An example of this fault can be seen in Fig. 2 
b), where an open switch fault in transistor T1 is considered. As 
can be verified, the current in the winding associated to the 
bridge of the affect fault is practically zero since it is not 
possible to apply the DC source voltage. Different current 
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patterns will also appear under a short-circuit fault. In Fig. 2 c) 
is presented the winding currents when is considered a short-
circuit in the transistor S1. In this case, the current in the 
winding associated to the faulty transistor will increase 
reaching very high values for some periods of time.   

 

Fig. 1. Asymmetric bridge power converter for the 6/4 SRM. 

 
a) in normal condition 

 
b) with an open switch fault in transistor S1 

 
b) with an open switch fault in transistor S1 

Fig. 2. SRM phase currents waveforms. 

The affected phase is directly related with the faulty 
transistor. Thus, the identification of the switch in fault 
condition is fundamental. On the other hand, the amplitude of 

the currents can also affect the identification of this fault type. 
However, the analysis of the phase currents patterns can be 
used to avoid the several problems in the detection of a 
transistor fault. Thus, a fault diagnosis method based on this 
type of concept is presented in the next section.  

III. FAULT DETECTION APPROACH 
Associated to a fault tolerant scheme should also be 

considered a fault diagnosis method. Thus, it is proposed a fast 
a reliable method for the detection of a switch fault. The 
proposed fault diagnosis method is based on the definition of 
indexes related with the pattern of the winding currents. In 
accordance with this, it will be defined indexes that is 
associated with the symmetry/asymmetry of the current 
patterns (IS – symmetry index). To compute this index the 
average values of each and all currents will be considered. 
These values will be calculated through the use of N samples 
taken over one cycle. In according with this, the indexes of 
average value (IAV) are calculated by the following equations 
(where j = A,B,C): 

 

 
(1) 

 

 
(2) 

 

Through the use of equations (1) and (2) is possible to 
obtain the symmetry/asymmetry index (IS). However, three IS 
will be defined in order to associate the current patterns with 
power semiconductors associated to each of the motor 
windings. For the machine under study (6/4) will be considered 
three SI (A, B, C). Tacking all these considerations, the three IS 
indexes are defined in accordance with:  

 

 (3) 

 

The identification of the switch under fault is made from 
the different values that SI will take. So, if there is a symmetry 
in the currents patterns, then the three indexes will zero. If there 
is an asymmetry due to a short or open switch fault, then the 
indexes will be no longer zero. So, for an open switch fault, the 
index associated to the switch under fault will change from 
zero to one. The other indexes will also change, but for a 
negative value of 0,5. In the case of a short circuit fault, the 
index associated to the switch under fault will change from 
zero to a negative value smaller than -1. The other two indexes 
will change from zero to a positive value higher than 0,5 but 
lower than 1. The discrimination of the short-circuit fault 
between the upper or lower switch will be made through the 
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use of a current sensor that will measure the difference between 
the upper and lower freewheeling bus current (Im) [11]. Thus, a 
new index associated to this current (IIm) will be defined as: 

 

 
(4) 

 
The previous index will give different values for the short 

condition of upper or lower switch. Thus, for an upper switch 
short circuit fault this index will give a positive value, being 
negative in the case of a lower switch short circuit fault. Taking 
into consideration the defined indexes, is possible to establish a 
decision table where the different fault conditions are 
characterized. In table I, it is presented the characteristics 
related with the several conditions associated to the switches of 
phase A.

    
 

TABLE I.  FAULT DIAGNOSE INDEXES ASSOCIATED TO THE SEVERAL 
CONDITIONS OF SWITCHES OF PHASE A 

Switch conditions     

Healthy 0 0 0 - 

Open fault 1 -0,5 -0,5 - 

Upper switch 
short circuit 

smaller 
than -1 

higher 
than 0,5 

higher 
than 0,5 

pos. 

Lower switch 
short circuit 

smaller 
than -1 

higher 
than 0,5 

higher 
than 0,5 

neg. 

 

It should be noted that the indexes would be obtained by a 
sliding window. The logic conditions to define the several fault 
types can be implemented through the definition of threshold 
values. 

IV. NUMERICAL VERIFICATION 
The validation of the proposed fault detection approach for 

the open switch fault in a SRM drive was obtained through a 
close-loop system based on a 6/4 pole SRM machine built in 
Matlab/Simulink. Several different test types were performed, 
namely, normal operation (no fault condition), an open power 
switch fault and a power switch short-circuit fault.  

A test in which the SRM drive is working in normal 
conditions and changed to open switch fault was initially made. 
In this test, at t=3,6 s an open switch fault in transistor S1 was 
considered. This test was made for a reference speed of 600 
rpm. The windings currents’ waveforms are presented in Fig. 3. 
This result shows the expected, since after the fault the winding 
current of phase B becomes always zero. The time behavior of 
the diagnostic variables can also be seen in Fig. 3. From this 
figure is possible to confirm that before the fault all the 
variables are zero. However, after the fault the diagnostic 
variable ISA (associated to faulty transistor’s leg) changes to the 
final value of 1. The other diagnostic variables also present a 

change of -0,5 confirming the expected negative value with 
half of the amplitude of the other diagnostic variable. 

 

 
Fig. 3. Time behaviour of the SRM phase currents and diagnostic variables 
before and after an open switch fault in transistor S1 for a reference speed of 
600 rpm. 

A test in which the SRM drive is working in normal 
condition and changed to short circuit fault, for the same 
reference speed as the previous test, was also made. In this test, 
at t=3,6 s a short circuit fault in transistor S3 was considered. 
The waveforms of the windings’ currents are presented in Fig. 
4, as well the time behavior of the diagnostic variables and the 
index IIm. As expected the diagnostic variable ISB will change 
for a high negative value. The index IIm will also presents a 
change after the fault, from zero to the positive value of 0,86 
confirming that the switch under fault is the upper one.  

 

 
Fig. 4. Time behaviour of the SRM phase currents and diagnostic variables 
ISj a) and index IIm b) before and after a short-circuit fault in transistor S3 for a 
reference speed of 600 rpm. 

A similar test was made in the power converter, but in this 
case for the lower switch S6. In Fig. 5 the diagnostic variables 
ISj and the index IIm are presented. As expected the diagnostic 
variable ISj presents similar behavior as in the previous test. 
However, index IIm will now change from zero to negative 
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value of -0,86 confirming in this way that the fault is related 
with the lower switch.  

 
Fig. 5. Time behaviour of the diagnostic variables ISj a) and index IIm b) 
before and after a short-circuit fault in transistor S6 for a reference speed of 
600 rpm. 

The behavior of the proposed fault diagnosis method was 
also tested for a different mechanical operation condition. In 
this way, new tests for a reference speed of 1300 rpm were also 
performed. In Fig. 6 is the windings currents and the diagnostic 
variables for the SRM drive in normal and open switch fault 
(S1) are presented. The diagnostic variable ISA (associated to 
the leg of the faulty transistor) changes to the final value of 1 
after the fault (t=3,5 s), as it is presented in this figure. The 
other diagnostic variables also change but for a negative value 
of -0,5. These results show that the diagnostic variables present 
the same values for different mechanical operation condition 
showing in this way their immunity. 

 
Fig. 6. Time behaviour of the diagnostic variables before and after an open 
switch fault in transistor S1 for a reference speed of 1300 rpm. 

Tests were the SRM drive changes from normal condition 
to short circuit fault, for a reference speed of 1300 rpm, were 
performed. Fig. 7 present the diagnostic variables ISj. Through 
the comparison with the previous test (600 rpm) is possible to 
verify that the values remain the same, showing also for this 
fault type immunity to different mechanical conditions. 

 
Fig. 7. Time behaviour of the diagnostic variables ISj a) before and after a 
short-circuit fault in transistor S3 for a reference speed of 1300 rpm. 

V. CONCLUSIONS 
A new approach for the fault detection and identification of 

faulty power transistors in a power converter for SRM drive 
system is presented in this paper. The proposed approach is 
based on indexes developed from the analysis of SRM phase 
currents patterns. Those indexes are obtained from the patterns 
presented by the currents of the motor windings. The proposed 
methodology is fast, robust and independent of the different 
mechanical conditions. The different amplitudes of the currents 
do not affect the value of the indexes. Actually through the 
definition of a threshold value it is possible to discern between 
a normal and a fault condition. Several numerical tests were 
performed in order to verify the characteristics of the proposed 
approach. From these tests it was possible to confirm the 
theoretical considerations.  
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