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Abstract—The good knowledge and information about the 
fault mode behavior of the PWM voltage source inverter is 
important to improve system design, protection and fault 
tolerant control. This paper develops a real-time condition-
monitoring algorithm for 3-phase pulse width modulation 
(PWM) inverter. It is designed to detect and identify the 
transistor open-circuit fault and simultaneous two transistors 
open-circuit fault, which commonly occurs in the inverter 
drive system. The condition monitoring mechanism is based 
on phases currents mean, maximum and minimum values as 
fault indicators. The developed system has been rigorously 
assessed theoretically and it has been shown that the system is 
robust and reliable. Simulation results are presented. 
 

Index Terms—Alternative current, Boolean value, fault 
diagnosis, IGBT, logic functions, min and max value, two level 
three phase voltage inverter, zero harmonic component. 

I. INTRODUCTION 
ITH the development of power electronics, 
microprocessor and digital signal processor (DSP), 

AC loads, especially induction motors, are predominantly 
fed from pulse width modulation (PWM) inverters for 
variable-speed operation. PWM inverter fed motors are 
usually more reliable than those supplied directly on-line. 
For example, the problem of broken rotor bars, mainly due 
to excessive starting torque, is practically avoided by 
technique of soft starting with an inverter [1]. 

However, a previous study of three-phase voltage fed 
inverter demonstrated that they can also develop various 
faults which is preventing their wide spread application [2], 
[3]. These faults can lead to motor failure if left undetected. 
As we all aware, motor problems can cause crises that are 
expensive and quite annoying, in particular, if the problem 
could be prevented [4]. 

To solve this problem, the condition monitoring and 
fault detection of voltage source inverter (VSI) is 
necessary. Condition monitoring, fault detection and 
diagnosis system allow preventive and condition-based 
maintenance to be arranged for the system during 
scheduled downtime. This will prevent an extended period 
of downtime caused by extensive machine failures, which 
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will improves the overall availability and performance, 
while reducing maintenance costs [5]. 

Condition monitoring means the continuous assessment 
of the performance and health of the system throughout its 
useful operating life. Diagnosis, though, is a special case of 
the more general problem of condition data interpretation, 
as it sets out to determine the source of any abnormality in 
the data, based on a given set of possible cause and effect 
symptoms. The aim of diagnosis is: based on a minimum 
amount of input data, using the minimum and simplest 
analysis, to determine and isolate as fast as possible, the 
cause of any inadequate performance or any actual 
equipment failure. 

Various techniques for open-switch fault detection in 
voltage source inverter (VSI)-fed pulse width-modulation 
(PWM) asynchronous motor drives were presented in [6]. 
Monitoring voltages at key points of the system, and 
comparing them to respective references could successfully 
diagnose the fault. Temporary remedial actions under 
similar faults on permanent-magnet (PM) synchronous 
motor drives were prescribed for fault-tolerant operation 
[7]. A converter topology with eight switches helped the 
machine produce more torque under fault than the classical 
six-switch configuration. 

Expert systems, artificial neural networks (ANNs), fuzzy 
and adaptive-fuzzy systems, and genetic algorithms (GAs) 
represent the modern AI tools, which have been used in the 
area [8], [9]. Adaptive neuro-fuzzy inference systems 
(ANFIS) are composed of fuzzy inference systems 
implemented in the framework of adaptive networks [10]. 
Pattern classification through learning, nonlinear mapping, 
and utilization of human expertise are examples of the 
powerful features of ANFIS. New and promising research 
horizons in the area of motor fault detection could be 
explored using fuzzy inference systems implemented on 
neural architectures [11]. 

Bahi, et al. [12], Fuchs [13] used a localization domain 
illustrated by seven patterns built with the stator Concordia 
mean current vector. One pattern corresponds to the 
healthy domain and the remaining six patterns are linked to 
the state of each inverter switch. 

All works mentioned previously considered the case of 
one open-switch fault condition. Case of simultaneous two 
open-switches fault is not widely studied. 
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Fig. 1.  Schematic diagram of the drive system (A PWM voltage-fed 
inverter of inductive load). 
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Fig. 2.  Equivalent circuit of inverter after the fault occurrence (transistor 
TR1 open-circuit fault). 
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Fig. 3.  Equivalent circuit of inverter after the fault occurrence (transistors 

5TR  and 6TR  simultaneous open-circuit fault). 
 

This paper present detail results on condition monitoring 
of open-loop pulse width modulation (PWM) voltage 
source inverter (VSI) feeding inductive load, as shown in 
Fig. 1. A combination of phases currents mean values and 
their maximum and minimum values are based in 
conception of identification algorithm. This former is 
proposed to detect and identify the transistor open-circuit 
fault and simultaneous two transistors open-circuit fault. 
These typical true faults can lead to catastrophic 
breakdown of the load if left undetected. Continuous 
monitoring for such condition is absolutely important since 
these types of faults wouldn’t trigger the circuit  
protection device. 

Implementation of the proposed method should be 
straight forward on a processor loaded with three  
currents sensors. 

II. PRESENTATION OF TWO LEVEL THREE PHASE VOLTAGE 
SOURCE INVERTER 

The VSI-fed three phase balanced resistive-inductive 
load considered in this work is presented in (Fig. 1.). The 
system consists of the following components. 

1. DC supply of 550 V voltage; 
2. IGBT-based three-phase inverter bridge controlled in 

PWM strategy with modulation index ( 0 1m< < ) of 
0.85, carrier frequency of 1080 Hz and sinusoidal 
fundamental frequency of 50 Hz; 

3. Three current sensors; 
4. Three-phase balanced resistive-inductive load  

( 5R =  Ohm, 0.005L =  H). 
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Fig. 4.  Phases currents waveforms in safe and open switch fault condition 
with their mean values and their minimum values (IGBT1 safe and open 
switch fault condition and simultaneous IGBT5, IGBT6 safe and open 
switches fault condition). 
 

III. FAULT IDENTIFICATION 
To operate power transistors such as MOSFET or IGBT, 

an appropriate gate voltage must be applied in order to 
drive transistors into the saturation mode for low on-state 
voltage. Malfunctioning of the transistor or of its gate drive 
circuit can lead to the transistor base drive open-circuit 
fault. 

Since the transistor 1TR  has now an open-circuit fault, 
the phase A of the three phase load is connected to the 
positive dc rail through the diode 1D , as presented in  

Fig. 2. When transistor 4TR  is conducting (switch on), 
the phase voltage ( AV ) will be clamped to the negative rail, 
current 1Si  will negatively increase. When 4TR  stops 
conducting (switch off), current 1Si  will flow throughout 
diode 1D . Thus, the phase voltage ( AV ) will be clamped to 
the positive rail. Current 1Si  will decrease but it will never 
be positive ( 1 0Si ≤  A) as shown in Fig. 4. When current 
phase A ( 1Si ) is nil, ( AV ) will have the same voltage of 
load artificial neuter ( N ). 

When transistors 5TR  and 6TR  have a simultaneous 
open-circuit fault as presented in Fig. 3, there will be no 
paths for negative currents ( 2Si  and 3Si ). When transistor 

2TR  is conducting (switch on), the phase voltage ( BV ) 
will be clamped to the positive rail, current 2Si  will 
positively increase. When 2TR  stops conducting (switch 
off), current 2Si  will flow throughout diode 5D . Thus, the 
phase voltage ( BV ) will be clamped to the negative rail. 
Current 2Si  will decrease but it will never be negative 
( 2 0Si ≥ ) as shown in Fig. 4. When current phase B ( 2Si ) is 
nil, ( BV ) will have the same voltage of load artificial 
neuter (N). 

The faults, in which transistors 1TR  and simultaneous 
and TR6 open-circuit fault respectively, are introduced and 
phases currents are 5TR  examined as a function of 
failure mode. 
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Fig. 5.  Phases currents waveforms in safe and open switch fault 
condition with their mean values and their minimum values (IGBT4 safe 
and open switch fault condition and simultaneous IGBT2, IGBT3 safe 
and open switches fault condition). 

Fig. 6.  Flowchart of fault detection process. 
 

TABLE I 
PHASES CURRENTS MEAN VALUES AND THEIR MAX, MIN VALUES POLARITIES CORRESPONDING TO FAULTY OPEN CIRCUIT IGBT 

 

Faulty Device 1 2 3,  ,  S S Si i i  
zero harmonic component polarity 

1 2 3,  ,  S S Si i i  
 Min Values polarity 

1 2 3,  ,  S S Si i i  
 Max Values polarity 

 Phase1 Phase2 Phase3 Phase1 Phase2 Phase3 Phase1 Phase2 Phase3 
IGBT1 negative positive positive negative negative negative nil positive positive 
IGBT2 positive negative positive negative negative negative positive nil positive 
IGBT3 positive positive negative negative negative negative positive positive nil 
IGBT4 positive negative negative nil negative negative positive positive positive 
IGBT5 negative positive negative negative nil negative positive positive positive 
IGBT6 negative negative positive negative negative nil positive positive positive 

IGBT 5,6 negative positive positive negative nil nil nil positive positive 
IGBT 4,6 positive negative positive nil negative nil positive nil positive 
IGBT 4,5 positive positive negative nil nil negative positive positive nil 
IGBT 2,3 positive negative negative nil negative negative positive nil nil 
IGBT 1,3 negative positive negative negative nil negative nil positive nil 
IGBT 1,2 negative negative positive negative negative nil nil nil positive 

 
Fig. 4 shows the phases currents respectively with their 

mean and minimum vales. It should be noted that this fault 
introduced the dc offset to the phase currents, as can be 
clearly seen. A larger dc offset magnitude is detected in 
faulty phase, as compared to the other phases. Also, the 
polarity of dc offset in faulty phase is opposite with the 
other phases.  

It is also noted that the maximum value of phase A 
current ( 1Si ) is 0 A in both fault conditions. By the other 
hand, minimum values of phases B and C currents ( 2Si  and 

3Si ) are negative if transistor 1TR  is the open-circuit faulty 
device. Differently, minimum values of phases B and C 
currents ( 2Si  and 3Si ) are nil if transistors 5TR  and 6TR  is 
the open-circuit faulty devices. 

Fig. 5 shows the phases currents respectively with their 
mean and maximum values in transistors 4TR   
and simultaneous 2TR  and 3TR  open-circuit  
fault respectively. 

On detecting fault, the system will calculate the value  
of DC offset in the currents and their minimum and 
maximum values. 

The currents min/max and DC offset values are then fed 
to the diagnosis classifier to determine the faults. Diagnosis 
classification rules for this proposed VSI fault diagnosis 

algorithm are resumed in Table I. 
To identify the faults is not always straightforward case, 

particularly when in practice, the signal always containing 
noise and disturbance. For instance, a slight load unbalance 
during normal operation may introduce a low level DC 
offset on one of the phase currents. Measurement and 
sensor errors may also give misleading information. To 
exclude such cases from faulty operation category, more 
insight into the data is required, and to improve reliability 
of diagnosis algorithm a Hysteresis band was considered 
( ± 0.5  A). In this project, if the dc offset magnitude is less 
than 0.5  A, it will be considered as a healthy condition. 

For the measurement related to VSI condition, it is 
necessary to know if the VSI is in good condition, power 
device base open-circuit, or simultaneous two power 
devices base open-circuit fault. 

Currents DC offsets are calculated by using the discrete 
variable-frequency FFT calculation block in 
Simulink/Matlab with sample time of 0.0001 s where input 
signal (phase current) frequency is 50 Hz before and after 
open switch fault. 

Fig. 6 shows the flowchart of the fault detection scheme 
proposed.  
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Fig. 7.  Diagnostic system Boolean output signals in safe and open switch 
fault condition (IGBT1 safe and open switch fault condition and 
simultaneous IGBT5, IGBT6 safe and open switches fault condition). 
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Fig. 8.  Diagnostic system Boolean output signals in safe and open switch 
fault condition (IGBT4 safe and open switch fault condition and 
simultaneous IGBT2, IGBT3 safe and open switches fault condition). 
 

The identification algorithm of open-circuit transistor 
fault is based on classification rules of Table I. 

Diagnosis system Boolean outputs are presented in 
Fig. 7 and Fig. 8. As remarked, there is a delay time in fault 
detection. This delay is due to systematic delay introduced 
by the method based on rms (root mean square) and mean 
values of alternative signals. 

IV. CONCLUSION 
Safety, reliability, efficiency and performance are some 

of the major issues and concerns for the electrical drive 

system applications. With factors such as aging systems, 
high reliability demands and cost competitiveness, the 
issues of preventive and condition based maintenance, 
online-monitoring, system fault detection and diagnosis are 
of increasing importance. A new approach has been 
presented to detect the 3-phase VSI faults of open loop fed 
inductive load. 

The features are directly extracted from the phases 
currents. The simulation results clearly show that offers a 
reliable solution for monitoring and diagnosis of power 
electronic drives. Implementation of this technique requires 
only three currents sensors, signal acquisition system and 
calculation processor. 

The results are extremely important for the monitoring 
and fault detection of the inverter in drives system.  
The work can be extended to other converter 
configurations or drives. 
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