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Abstract— The industrial applications consists of a power
electronic converter, and a digital controller for
implementing the control algorithms, motor and a feedback
sensors,. Several faults can affect on the motor drive and
also it affects the whole system and some critical
applications such as power plants, railway locomotives,
aerospace, automobiles, etc., here main important thing to
avoid fault tolerance. In this project work, redundant
technique used in VSI topology fed AC motor simulation
models is discussed and simulation models are developed
using MATLAB Simulink tool box. The performance
studies are used to simulated models and to obtain the
results in the form of asynchronous motor. An analysis of
the performance of these drives under various faulty
conditions has been presented. The investigation of
redundant control techniques for AC motor drives is
arousing lively interest, since it can extend their use to
applications where high reliability is a key feature, such as
automotive auxiliaries and aircraft.

Key words: The fault tolerance of adjustable speed drives is
the area of great interest for modern drive solutions. So far,
redundant or conservative design has been used in every
application, where the continuity of operation is a key
feature

I. INTRODUCTION

The modern industrial consists of power electronic
converter, and a digital controller for implementing the
control algorithms, and feedback sensors, and a motor. The
Several faults can affect the motor drive and a fault in any of
aforementioned will stop the drive or at least it affects the
drive performance and the whole system will get
disturbance. These are some critical applications are power
plants, aerospace, railway locomotives, automobiles,
chemical plants, oil industries, military applications,
petrochemical industry, etc., where the redundant technique
is very important. For the interlinked production process, as
in modern industrial processing plants, a fault in a single
phase can result in more damages of materials and
machines. So costs due to faults with drives in modern
production plants can amount to huge sums. the fault
tolerance of adjustable speed device is the area of great
interest for modern drive solutions. So redundant and
conservative designed has been used in every application,
where the continuity of operation is a key feature. Where
there some applications accept short-torque transients and
even permanently reduced drive performance after the fault,
the under condition that drive continues to run.

More failures in electrical motor and many
different types of techniques have been proposed in
literature survey. So far, redundant and conservative design
used in all applications where continuity of operations is a
key-feature. Some applications accept short torque transients
and even permanently reduced drive performance after fault,

on condition that the drive still goes on running. The home
and civil appliances as for example air conditioning heat
pumps, engine cooling fans, electric vehicles, but also some
industry loads as pumping plants and winder/unwinder .

Due to the best dynamics and high torque to current
ratio, AC motor (asynchronous machines) drives are more
and more employed are in many fields. And an analysis of
the performance of drives under various faulty conditions
has been presented. The investigation of fault-tolerant
control techniques for AC motor drives are lively interest,
since and the extend applications where high reliability is a
key feature, such as automotive auxiliaries and aircraft.

To introduce such strategies in motor drive systems
as practical entities, hardware and software must perform
the follow tasks:

1) Fault identification;
2) Remedial actions;
3) Fault detection.

A basic requirement to all redundant technique
development is a comprehensive understanding the regular
system operation so its behavior can be compared to that
one of the onset faults. Several surveys it can publish by
proposing strategies to and detect faults in motor drive
systems. In this case, the fault diagnosis is obtained from
the comparison between the measured and predicted
currents for faulty conditions.

Il. PROPOSED METHODOLOGY

Fig. 1: Proposed Redundant Technique of VVSI Topology

A. AC Motor:

The Electric machines it can generally provide energy
transformation. Although machines using electrostatic
forces can be built, the magnetic field is the medium of
energy densities 104 times that of the electrostatic field is
possible. The Multiphase induction machines, especially
those with squirrel cage rotors, are the simplest and least
expensive electrical machines devised. Their development
based on of alternating current systems, which in turn had to
wait on the development of the transformer. With alternating
current systems available, serious work began on motors
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designed to take advantage of the characteristics of such
systems.

The magnetic field on the rotor is either generated
by current delivered through slip rings or by a permanent
magnet. Other types of motors include eddy current motors,
and also AC/DC mechanically commutated machines in
which speed is dependent on winding and voltage
connection.

Three phase induction motors are the most
frequently encountered in industry. The speed is frequently
dependent and consequently, these motors are not easily
adapted to speed control. They run at essentially constant
speed from zero to full load. However, variable frequency
electronic drives are being used more and more to control
the speed of commercial induction motors.

B. Voltage Source Inverter:

The word ‘inverter’ is the conversion (or power
conditioning) circuits that operates from a dc voltage source
or a dc current source and converts it into ac voltage or
current. The ‘inverter’ does reverse of what ac-to-dc
‘converter’ does (refer to ac to dc converters). Even though
input to an inverter circuit is a dc source, it is not uncommon
to have this dc derived from an ac source such as utility ac
supply. Thus, for example, the primary source of input
power may be utility ac voltage supply that is ‘converted’ to
dc by an ac to dc converter and then ‘inverted’ back to ac
using an inverter. Here, the final ac output may be of a
different frequency and magnitude than the input ac of the
utility supply.

Solar photovoltaic cells can be another dc voltage
source. An ac voltage supply, after rectification into dc will
also qualify as a dc voltage source. If the input dc is a
voltage source, the inverter is called a voltage source
inverter (VSI). The VSI circuit has direct control over
‘output (ac) voltage’ whereas the CSI directly controls
‘output (ac) current’. Shape of voltage waveforms output by
an ideal VSI should be independent of load connected at the
output. The simplest dc voltage source for a VSI may be a
battery bank, which may consist of several cells in series-
parallel combination. Solar photovoltaic cells can be another
dc voltage source a voltage source is called stiff, if the
source voltage magnitude does not depend on load
connected to it. All voltage source inverters assume stiff
voltage supply at the input.

C. Various Faults in VSI fed AC Motor:

In these faults, only four faults are considered in this report
and made simulation on these faults, which are listed below:
1) Phase-leg open-circuit fault,
2) Single-IGBT open-circuit fault,
3) Phase-leg short-circuit fault,
4) Single-IGBT short-circuit fault.

The survey was done by Thorsen and Dalva on the
reliability of voltage source inverter (VSI) for industrial
drives. According to the results of their survey, 50% of all
failures are in the control circuits, 7.7% in the cooling fans,
and 37.9% are in the power circuits. Power switches pose
more failure rates than any other component in the inverter.
So faults in the power circuit share a large proportion of the
total converter set and large percentage of the inverter faults
are switch short-circuit faults.However, according to
Schwab et al. They evaluated the reliability of a permanent

magnet synchronous machine (PMSM) drive for automotive
applications. Their results show that the failures of the
power transistors represent approximately, 63% of the
electronic parts failures for a three-single-phase inverter
topology and 50% for a three-phase full-bridge topology.
For the failures in the field, this quotient becomes 56% and
40%, respectively. The difference in the results can be
attributed to application specific and insufficient field data
available from the customers.

D. Single-IGBT Open-Circuit Fault Mode:

An open-circuit fault in the IGBT may be due to the break
of bond wires in the IGBT. Fig. 2.7 shows the standard
three-phase two-level VSI with an open switch fault (Sap
open) controlling an ac machine. When one of the IGBT
does not turn ON, in the case of motor operation, current in
that phase is zero for a half-cycle, either positive or negative
half-cycle depending on whether it is upper IGBT or lower
IGBT. For example, in this case, IGBT Sap is having a
switch open fault. When the current is in the positive half-
cycle, the phase “a” current is always zero. As a
consequence of this, a dc current offset is caused in the
faulty phase and this offset is equally divided between the
healthy phases. Moreover, the current dc component
generates unequal current stress in the upper and lower
transistors in the inverter, which may cause thermal defects
in transistors.
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Fig. 2: Three-Phase Two-Level Inverter In The Case Of the
IGBT Sap Open Fault

Different methods for detecting the open-circuit
fault of the IGBT are available in the literature. Some
methods are based on the using voltage sensors [1] and
some are based on software techniques without using any
additional hardware. According to [1], the open-circuit fault
of the IGBT can be detected by inserting voltage sensors at
desired locations. Depending on the location of the voltage
sensor inserted, the fault detection techniques can be
classified as follows:

1) Machine phase voltage measurement,
2) Inverter pole voltage measurement,

3) Machine neutral voltage measurement,
4) System line voltage measurement.

Soon as the open-circuit fault in any IGBT is
detected, gate signal is to be corresponding leg and isolating
thyristors (1S,, 1Sy, or IS;) are blocked. If the signals of the
faulty leg are transferred to the redundant leg and its
corresponding thyristors (TH,, THy, or TH,) are turned ON,
refer Fig. 2.1. Corresponding to the Fig. 2.7, the result of
response uncompensated IGBT S, open fault shown in Fig.
2.8.
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Fig. 3: Current Response To An Uncompensated IGBT Sap
Open Fault

An open-circuit fault is created by turning one of
the IGBT gate signals permanently OFF. A worst case of
fault detecting time is assumed in order to verify the inverter
performance. As explained earlier no separate fault
detection method is used. Figs. 2.8 show the current
response of the asynchronous motor to an open-circuit fault
in the upper IGBT of phase leg “V, ”. A case of upper IGBT
open circuit fault in phase leg “V,” is shown in Fig. 2.7. In
the case of upper IGBT (S,,) open-circuit fault, the positive
half cycle of the phase current is zero. In the case of IGBT
open circuit fault, the machine continues to rotate with
oscillations as-a consequence of the -huge oscillations.

E. GBT Short-Circuit Fault Mode Single-1:

The fault-tolerant drive, it is necessary to isolate the faulted
phase as fast as possible sand to activate the redundant leg
(refer Fig. 2.1) in order to the normal condition. A short-
circuit fault in the IGBT may be due to the malfunctioning
of the gate drive or permanent damage in the IGBT. Fig. 2.9
shows the standard VSI with an IGBT short-circuit fault (S,
shorted). A standard V., desaturation-based fault detection is
used for the IGBT short-circuit fault detection in
literature.As soon as the IGBT short-circuit fault is detected,
all the IGBTs are turned OFF by hardware protection. As
long as the machine is running, current flows through the
shorted IGBT and remaining freewheeling diodes of the
inverter.
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Fig. 4: Three-Phase Two-Level Inverter In The Case Of The
IGBT S, Short Fault

Now for the case of IGBT permanent damage,
corresponding phase is permanently connected to the dc link
positive bus or negative bus depending on upper IGBT or
lower IGBT is damaged Fig. 2.9 shows the standard VSI
after the upper IGBT (S,p) is short circuited and hardware
protection turns OFF all the other IGBTs. Depending on the
parameters of drive, load, and operating point, sometimes
this short-circuit current could be unidirectional. Depending
on the instance of fault in a current cycle, fault current in
that corresponding phase may take a lot of time to reach

zero crossing in order to isolate the faulted phase leg. But
for disturbance-free operation or for negligible disturbance
of drive operation, the isolation of the faulted phase should
be fast. In order to achieve the aforementioned requirement,
a turn-OFF command is also issued to all the isolating
thyristors (IS,, 1Sp, and 1S;), which facilitates in bringing the
short-circuit current to zero. With the short-circuit fault on
the IGBT S, phase “a” is permanently connected to dc link
positive bus. In what follows, the provided theoretical
analysis shows that by giving a turn-OFF signal to all the
isolating thyristors, current in the faulted phase reaches zero
crossing. If current is in the negative half-cycle when the
fault occurred, as the phase is permanently connected to the
positive dc bus after the fault, current tend to increase in the
positive direction with certainly having a zero crossing. In
this simulation manual switches or breakers are used to
initiates the faults and switching current sensor blocks are
used to detect the faults in short circuits. So it is enough to
consider only the positive half-cycle for the analysis.

F. Machine Currents under Normal Condition:

Fig. 2.11 shows the machine currents under a normal
condition. The positive half-cycle of phase current ia is a
divided in to normal phase, where the border of the sections
is defined by the zero crossing of machine’s phase current.
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Fig. 5: Machine Currents in the Normal Condition

They consider the section three (sec3) refer figure
2.11 it is based on the worst case. For the remaining two
sections, the same approach is valid. Fig. 2.12(a) shows the
simplified AC motor (asynchronous motor) and the current
paths of the inverter after IGBT S,, short-circuit fault and
turn OFF of all healthy IGBTs. The back EMFs of the
machine are €, e,, €. and the phase inductance of the motor
is L; the stator resistance is neglected in this analysis.
Therefore, the stator current is assumed to be in phase with
the back EMF when the fault occurs. For a asynchronous
motor, the d-axis current in the prefault state is controlled to
be zero and consequently all current is in the g-axis.

I11. EXPERIMENTAL RESULTS

In this present work, before we are deals with compensated
results of faults. To know about healthy conditions of VSI
fed asynchronous motor results like stator voltage
waveform, stator current waveform and speed. These
waveforms are listed further. The standard two-level voltage
source inverter (VSI) for asynchronous motor voltage
waveform (Va, Vb, Vc) are shown in Fig. 4.1.The stator
current of voltage source inverter for asynchronous motor
shown in Fig. 4.2. The rated speed of asynchronous motor is
shown in Fig. 4.3. These wave forms are in healthy
conditions only. The simulation of various faults like single-
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IGBT open-circuit fault, phase-leg open-circuit fault, single-
IGBT short-circuit fault, phase-leg short-circuit fault, are
performed without and with compensation The compensated
wave forms are shown further with their faulty conditions
like open circuit fault and short circuit fault. The fault
insertion is done through a manual switch or breakers. All
necessary variables are plotted using MATLAB.
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Fig. 6: A Standard Three Phase VSI fed Asynchronous
Motor Stator Voltage

Fig. 7: A Standard Three Phase VSI (V,,V,,V,).fed
Asynchronous Motor Stator Current (1,,1y,1¢).

Seordpm

Fig. 8: Healthy Speec-jw(‘).f Asynchronous Motor

IV. SOFTWARE TOOL USED

The objective of the present work is to perform the
simulation studies on the fault tolerant topology for VSI fed
Ac motor (both open fault and short fault) using MATLAB.
The simulation results in the form of

1) Single-IGBT open-circuit fault,

2) Phase-leg open-circuit fault,

3) Single-IGBT short-circuit fault,

4) Phase-leg short-circuit fault,

V. CONCLUSIONS

In this Chapter, details of a redundant technique VSI
topology are presented. The brief introductions of voltage
source inverter, and AC motor sinusoidal pulse width
modulation and Thyristors are presented. The machine
under normal condition is explained. The various faults in
VSI fed AC motor are listed. The fault modes like single-
IGBT open-circuit fault, phase-leg open-circuit fault, single-

IGBT short-circuit fault, phase-leg short-circuit fault are
discussed. The rotor speed of asynchronous motor is shown
in abnormal condition. The next Chapter presents the fault
tolerant topology for VSI fed AC motor (asynchronous
motor) simulation models developed using MATLAB
simulink.
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