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Abstract

An open-end winding induction motor drive system fed by two boost inverters with fault-tolerant capability is presented to
improve the reliability and safety of the drive system. The boost inverters consist of an impedance-source network and a two-
level inverter. It can realize the boost/buck function. An analysis of its fault-tolerance is presented in detail. Short circuits and
open circuits are commonly considered as the two main types of faults. Therefore, the fault types of the dual boost inverters
are analyzed and diagnosed. Then, two different fault-tolerant schemes are presented. The presented fault-tolerant inverters are
restructured through the power switch itself. In addition, different SVPWM methods are addressed. A simulation model and
an experimental platform are constructed. Simulation and experimental results verify the fault tolerance of the drive system.

Keywords Dual-boost inverters - Fault tolerance - Impedance-source network - Open-end winding induction motor

1 Introduction

With the rapid development of power electronics, PWM
inverter-fed induction motor drives have been widely
accepted in industrial applications, such as aircraft power
systems and electric vehicle (EV) drive systems [1]. After
the failure of a motor drive system, the motor runs asym-
metrically, and the output torque pulsates, resulting in large
mechanical noise. This can result in system performance
decline or even system failure. Therefore, fault-tolerant
control capability has become a very prominent problem
for drive systems with high reliability. The voltage-source
inverter is taken as an important component for drive sys-
tems, where the failure probability directly affects the opera-
tion of the motor drive system. The most important faults for
voltage-fed inverters are either main-side diode or transistor
converter faults [2]. References [3, 4] analyze the fault per-
centages of the components in converters. However, relative
results show that power switches and electrolytic capaci-
tors are usually regarded as fragile and easy to break down
due to short-circuit faults. Meanwhile, the stator windings
in motor drive systems are also considered easy to produce
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open circuits. Both types of faults mentioned above lead to
a shutting down of the whole drive system. The importance
of the reliability of a drive system cannot be ignored.

In recent years, novel multilevel inverter topologies have
appeared and been applied in open-winding motor drive sys-
tems [5—15]. These open-winding motors are typical induc-
tion motors with a modification to provide six terminals of
the three stator windings. In other words, the internal neutral
point connection is removed. For these kinds of the motor
drives, several multilevel inverter topologies have been pro-
posed and investigated. One of the most important topolo-
gies is the dual-inverter configuration. The dual-inverter
configuration was first presented in 1993 [16]. However,
deep research has only started recently because of many
advantages, such as higher AC voltage levels, reduced har-
monic distortion, lower electromagnetic interference, and
especially strong fault-tolerant capability [5]. Depending
on whether the power supply is shared or not, dual invert-
ers can be categorized into two types, single power sup-
ply [9, 10] and double separate power supplies [13—15].
When compared with single power supply drive systems,
dual-inverter drive systems have one more power supply.
Although its cost is higher, and both the power density and
power utilization are lower [9], there is no zero sequence
current and inverters can obtain an output of more levels.
Many studies have addressed the topologies and the modu-
lation methods of traditional dual-inverters for open-end
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winding induction motors (IM) [5, 9-20]. In addition, fault-
tolerant control has been analyzed in [5, 8, 21]. Reference
[5] achieves fault-tolerance through three traditional three-
phase inverters, which are buck converters and cannot allow
a shoot-through state. All of the topologies mentioned suffer
from problems. Table 1 presents a comparison of the above
converter topologies for open-end winding induction motor
drives. From Table 1, it can be seen that traditional voltage-
source inverter-fed drive system has buck functionality and
low reliability.

For EVs powered by batteries, a large current discharge
can cause a terminal voltage drop of the battery pack. This
leads to a mechanical power reduction, which affects the
dynamic performance of the EVs. In addition, when an EV
runs at high speeds, the limited stator voltage output by a
traditional inverter cannot satisfy it. However, impedance-
source inverters [22] can resolve these problems, which
can keep the DC bus voltage constant because of its boost
capability [23]. Due to the insertion of an impedance-source
network, the AC output voltage of the impedance-source
inverter is not affected by terminal voltage drops of the
battery. Instead, it is determined by the boost coefficient B
of the impedance-source network and the PWM modula-
tion ratio M of the inverter. The output DC bus voltage of
the impedance-source network is only related to the input
voltage and the boost coefficient. However, it can be seen
from Table 1, that when compared with the traditional boost
inverter in [10], it has higher boost capability and allows for
the shoot-through state as well as single-stage conversion
[24].

In this paper, a new driving topology configuration is pre-
sented and addressed for introducing an impedance-source
network to a dual-inverter-fed drive system, which can
improve the reliability and achieve boost/buck function and
fault-tolerance simultaneously. In addition, an analysis of
its fault tolerance is fully discussed and addressed. SVPWM
methods for the different fault-tolerant inverter structures are
also presented. A simulation model and an experiment plat-
form are constructed. Simulation and experimental results
verify the fault-tolerance of the drive system.

2 Two boost inverters for open-end winding
induction motor drives

2.1 Topology analysis

The topology is shown in Fig. 1, which is composed of two
power supplies, two three-phase impedance-source invert-
ers (boost inverters), and an open-end winding induction
motor (IM). There exists a shoot-through state because of the
impedance-source network, which is different from three-
phase traditional inverters. The principle and the working
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states of the impedance-source inverter can be found in
[22-25]. Thus, they are not addressed in detail in this paper.

2.2 Quantitative analysis

The open-winding induction motor drive system in this
paper adopts two separate power supplies. Suppose that the
induction motor winding and a boost inverter are regarded as
anode in Fig. 1. Then, according to Kirchhoff’s current law,
the sum of the currents flowing into the node is zero. In other
words, the current of the other three-phase boost inverter is
ip +ig +ic=0. Therefore, there is no zero sequence voltage
or current in the open-winding motor system powered by
two boost power supplies.

In Fig. 1, the load phase—voltage can be obtained as
follows:

Upiaz = Upi0 = Upnoor + Upoy
Ugigz = Ugio = Uppo + Uy - (D
Ucico = Ucio = Uwaor + Upoy

The induction motor winding and boost inverter 1 are
regarded as a node. Then, from Kirchhoff’s current law,
the three-phase stator currents for boost inverter 2 can be
derived as:

Three-phase stator voltage equation is as follows:

Uniaz = Rip + pyy
Ugip = Rig + pygp 3)
Ucico = Ric + pyc

where y, , g, W denote the magnetic flux of the stator; and
R describes the internal resistance of the stator.
The magnetic flux equation is presented as:

W = Liy — Mgig — Mgic — M cos 0i, + M cos (0 + 120°)i
+ M cos (6 — 120°)i,

wg = Lyig — M iy — Mic — Mg, cos 0i, + Mg cos (6 + 120°)i,
+ M cos (6 — 120°)i,

e = Lyic — My — Mig — Mg, cos 0i, + M cos (6 + 120°)i,

) + M cos (6 —120°)i,

v, = L,i, — Mi, — M,i, — M. cos 0i, + M cos (0 + 120°)i. °

+ M cos (6 — 120°)i,

wy, = L iy — M,i, — M,i, — M cos Oig + M cos (0 + 120°)i,
+ M cos (6 — 120°)i

v, = L. i, — M,i, — M iy, — M. cos Oic + M cos (6 + 120°)ig
+ M cos (6 —120%)i,

“
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Fig. 1 Two boost inverters for an open-end winding induction motor
drive

where vy, y;, y,. denote the magnetic flux of the rotor; L
indicates the self-inductance of the stator; L, is the self-
inductance of the rotor; M, and M, represent the mutual
inductance of the stator and rotor; and M. denotes the
mutual inductance between the stator and the rotor.

From (2-4), the voltage equation can be derived as follows:

Upiaz + Ugipzr + Ugicr = 0. 5)

From (1) and (5), the common mode voltage Uq can be
obtained as:

Uoo' = (Uaio + Ugio + Ucio = Unaor = Upzor = Ucaor) /3-
(6)
From (6), it can be found that there is a common mode volt-
age of an open-winding induction motor fed by double-boost
inverters. The existence of this common mode voltage can
bring a lot of adverse effects on the operation of an induction
motor [6], such as zero sequence current (common mode cur-
rents) that greatly reduces the current quality, shaft current that
can make the motor bearings burn, and motor vibration. There-
fore, the common mode voltage should be suppressed [20].

2.3 SVPWM method

A space voltage vector diagram of double-boost inverters with
the same DC-voltage value is shown in Fig. 2, which consists
of the switching states for the two three-phase boost inverters.
Through an analysis of all the space voltage vectors in Fig. 2,
it can be seen that the space voltage vectors of the regular
hexagon HILNQS do not generate common mode voltage [20,
26]. Thus, a reasonable selection of the space voltage vectors
can eliminate common mode voltage.

3 Analysis of fault-tolerant schemes
To solve the short circuits of power switches, and the open

circuits of power switches and motor windings, it is neces-
sary to reconstruct the topology. The control method changes
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Fig.2 Space voltage vector diagram of two three-phase boost invert-
ers

as the topology changes. Therefore, the space voltage vectors
of the post-fault topology are analyzed.

3.1 Fault analysis

The open-winding induction motor is driven by a power
electronic converter. When compared with the motor struc-
ture itself, the power electronic converter is more prone to
failure. There are two main kinds of power switch faults. The
first type is the short-circuit fault, which is caused by the
reverse breakdown of switches or the destruction of the insu-
lation layer. The second type is the open-circuit fault, which
is caused by the drive circuit of the power switch itself.

Since the probability of more than two power switches or
windings failing at the same time is very small, only a single
switch fault is considered in this paper.

3.2 Short-circuit fault diagnosis of power switches

To determine which switch is short, the switch voltage drop
should be detected. If the average voltage is zero within a
switching period, there is a short-circuit fault. Then, the
switch whose voltage drop is zero is short.

Suppose that a short-circuit fault of the switch S, occurs
as shown in Fig. 3. The node A1 and the positive electrode
of the DC bus voltage are isoelectric points, and the voltage
drop of the switch S, is zero. The phase-A winding cannot
be driven. The motor drive system cannot work normally.

According to a comparison of IGBT short-circuit fault
diagnostic methods in [27], the average current Park’s vector
approach is selected since it has high reliability and is easy
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Fig.3 Topology with a short-circuit fault of the power switch S,
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Fig.4 Open-circuit fault of the power switch S,

to combine with motor drive control systems. The occur-
rence of short-circuit faults of controlled power switches
is characterized by the average motor supply current Park’s
vectors modulus, different from zero and greater than the
ones corresponding to the open-circuit faults of controlled
power switches. Then, the modulus and the threshold value
are used to make a comparison to identify an open fault or
a short-circuit fault. Then, the fault location is determined
by combining the phase angle. Detailed implementation on
this procedure can be found in [28].

3.3 Open-circuit fault diagnosis of power switches

To diagnose an open-circuit fault, the winding current
and the switch voltage drop need to be tested. If the aver-
age value of the winding current is zero in half of a power
cycle, the circuit loop is broken. If one switch voltage drop
is high level, and not zero in a switching period, the switch
is broken.

Suppose that an open-circuit fault of the switch S,
appears as shown in Fig. 4. The winding current of phase-
A is negative semi-sine in a line period. The drive system
cannot work normally. Next, a method to diagnose a fault
is presented.

In addition to the above average current Park’s vector
approach based on current fault diagnostics, there are many

detection methods based on voltage fault diagnostics [27].
Among them, the lower switch voltage-sensing method with
a shorter diagnostic time and a simpler algorithm can diag-
nose open faults of power switches [4]. However, in the two
three-phase inverters, more voltage sensors are used. Thus,
the average current Park’s vector approach is adopted in the
drive system.

3.4 Fault-tolerant reconstruction

When a power switch produces fault, the other relative
switches are controlled to make the fault bridge arm inop-
erative, and the other bridge arms drive the motor. Taking
the fault of the switch S, as an example, the fault-tolerant
reconstruction is expounded. There are two fault-tolerant
schemes.

The first fault-tolerant scheme is described as follows.
When an open-circuit fault of the switch §,; is detected,
the drive signal of the switch S, is blocked, and the drive
signals of the switches S,4, S,; and S,, are also blocked.
Then, the phase-A winding does not participate in the drive
system. The drive system can work through the remaining
two-phase boost inverter.

After detecting a short-circuit fault of the switch §}, the
drive signals of the switches S,,, S,; and §,, are blocked.
Then, the phase-A winding becomes inoperable. The drive
system can work through the remaining two-phase inverter.
However, the fault-tolerant topology can be improved.

To ensure symmetry of the two-phase inverters, it is nec-
essary to cut off the drive signals of the four switches in the
fault phase, and the fault-phase winding does not participate
in the drive system. The induction motor is in the remain-
ing two-phase running state. The remaining two-phase post-
fault currents are equal in magnitude, with a phase difference
of 180°. In addition, this structure cannot make the motor
produce a circular rotating magnetic field. To realize fault-
tolerant control, the points N and N’ are connected and the
points P and P’ are connected. Therefore, the fault-tolerant
circuit structure shares the same DC power supply [26].

The fault-tolerant topology is presented in Fig. 5. Fig-
ure 5a presents the two-phase fault-tolerant topology when
there is a short-circuit fault of the switch S;;. The body-
diode in the switch §,, turns on when withstanding forward
voltage. At this moment, the phase-A winding is at the free-
wheeling state through the switch S}, and the body-diode in
the switch S,,. Figure 5b shows the two-phase fault-tolerant
topology when there is an open-circuit fault of the power
switch §;,. This fault-tolerant structure is also suitable for
an open fault of the one-phase motor winding. From Fig. 5,
it can be seen that the two fault-tolerant topologies share a
DC power supply.

For the second fault-tolerant scheme, the drive system
is in three-phase operation. Taking a fault of the switch S,
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Fig.5 Two-phase fault-tolerant topology: a fault-tolerant topology of
a short-circuit fault; b fault-tolerant topology of an open-circuit fault

as an example, the fault-tolerant topology structure can be
described as follows.

When there is an open-circuit fault of the upper switch
S|, the upper switches S}, and S5 in the faulty inverter keep
turning off, while the lower switches S, S;5 and S, keep
turning on. The fault-tolerant topology is presented in Fig. 6.
From Fig. 6, it can be found that the open-winding induction
motor becomes a star-connected general-motor.

When there is a short-circuit fault of the switch S, in
boost inverter 1, the switches S5 and S,4 keep turning on.
Then, the end of three-phase winding connecting to boost
inverter 1 can be connected to a node through the switches
814> 515 and S}4. In other words, the winding is connected in
a star configuration. Then, the motor operates symmetrically
in three phases using one three-phase boost inverter. From
the above analysis, it can be found that when an open-circuit
fault or a short-circuit fault of the power switch occurs, the

Boost Inverter 2

Boost Inverter 1

Fig.6 Three-phase fault-tolerant topology
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topology can be reconstituted as a three-phase fault-tolerant
structure.

The second fault-tolerant scheme is also suitable for faults
of multiple upper switches or lower switches in one three-
phase inverter. The topology structure becomes simple and
reduces the switching losses. In addition, DC-link of the two
inverters cannot be connected together.

3.5 SVPWM for the fault-tolerant topology

When a switch S}, fault appears, removing the turn-on states
of the switch S, the diagram of the remaining space voltage
vectors is presented in Fig. 7. From Fig. 7, it can be seen that
there are 13 remaining non-zero voltage vectors and 1 zero
voltage vector. The remaining active voltage vectors cor-
responding to the switch states are still redundant. If all of
the remaining voltage vectors are used for modulation, the
switching times and the switching times of the two inverters
are different due to the different voltage vectors. Therefore,
the two inverters run asymmetrically. This is unfavorable in
terms of controlling the motor. Choosing appropriate volt-
age vectors is needed. The space voltage vector diagram for
the two-phase fault-tolerant topology (the first fault-toler-
ant scheme) shown in Fig. 5 and the second fault-tolerant
scheme shown in Fig. 6 can be presented in Fig. 8.

It can be seen from Fig. 8§ that the regular hexagon ABC-
DEF, which is composed of selected space voltage vectors,
can be used to realize the fault-tolerance algorithm and gen-
erate a circular rotating magnetic field. The switching states
in each of the sectors of the above two fault-tolerant control
schemes are shown in Table 2. These values correspond to
Figs. 7 and 8.

through
vectors

Fig. 7 Post-fault space voltage vector diagram
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through
vectors

Fig.8 Space voltage vector diagram for the second fault-tolerant
topology

3.6 Drive signal implementation

Figure 9 shows the drive signals of the power switches for
the fault-tolerant topology. Figure 9a presents the drive
signals for the two-phase fault-tolerant topology. Inserting
the shoot-through vectors cannot affect the active vectors.
Figure 9b gives the drive signals for the three-phase fault-
tolerant topology.

4 Simulation

MATLAB Simulink simulation software is adopted in this
paper. A simulation model of an open-end winding induction
motor drive system is built and the simulation parameters
are presented in Table 3.

From Fig. 5, it can be derived that both the reconstruction
topology for a short-circuit fault and the fault-tolerant topol-
ogy for an open-circuit fault can be regarded as two-phase
H-bridge fault-tolerant inverters. Taking an open-circuit
fault as an example, the related simulation results are given.

Simulation waveforms are presented in Fig. 10 when the
motor speed is 80 rad/s, the load torque is 10 Nm, and the
input voltage is 250 V. Before 3 s, the asynchronous motor is
under normal operation. Figure 10a shows a waveform of the
DC-link bus voltage, which is composed of high-frequency
rectangular wave with a constant amplitude that is higher
than the input voltage. The amplitude of the three-phase sta-
tor winding currents is equal, and the current waveforms
are sinusoidal, as shown in Fig. 10b. A speed waveform and
a torque waveform are shown in Fig. 10c, d, respectively.
From Fig. 10c, it can be seen that the real speed can still
track the reference speed well after fault tolerance. In addi-
tion, both of the speed ripples are very small. From Fig. 10d,
it can be found that the torque ripple coefficient is about 5%
under the normal condition. Under the fault-tolerant condi-
tion, the two-phase restructured topology drives a two-phase
motor. The relative torque ripple is about 10-15%, which is
slightly larger than that under normal conditions. Through
the above analysis, it may be accepted in the traffic industry
since it does not require a precise and accurate torque. This
scheme is especially suitable for open circuit of one-phase
motor winding.

Simulation waveforms of the three-phase fault-toler-
ant topology are shown in Fig. 11 when the motor speed
is 80 rad/s, and the load torque is 5 Nm, when only one
three-phase two-level boost inverter works, and the open-
end winding motor becomes a common motor with a wye
connection. Figure 11a presents three-phase stator winding
currents. The phase difference of the three-phase current
is still 120°. The output speed and the torque are basically
unchanged, as shown in Fig. 11b, c. It can be seen that the
torque ripple is about 5% under the fault-tolerant condition.
In addition, the real speed can track the reference speed well.
Figure 11d shows the total harmonic distortion (THD) of the
one-phase stator winding current. The THD value is about
3.07%. From Fig. 11, it can be found that the second fault-
tolerant scheme is verified.

The stator winding currents and the total harmonic
distortion (THD) under the faulty condition and under
the fault-tolerant condition are presented in Fig. 12. Fig-
ure 12a shows the stator winding currents under the two
cases of the open-fault mode and the fault-tolerant opera-
tion mode. Figure 12b, c presents the THD of the stator
winding current, respectively. From Fig. 12b, c, it can be

Table 2 Switching states of

Fault-tolerant Sectors
each sector for two fault-tolerant schemes
schemes 1 II 11 v A% VI
1 74' 45’ 47 47 54! 54'
75' 75' 45’ 57 57 74’
2 74’ 76’ 76’ 72’ 72 74’
75' 75' 71 71 73’ 73’
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1 Table 3 IM simulation parameters
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Fig.9 Drive signals of the power switches for two fault-tolerant
topologies: a drive signals for the two-phase topology; b drive signals
for the three-phase topology

seen that the THD value can be significantly reduced after
fault tolerance, which verifies the feasibility of the two-
phase fault-tolerant control.
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t/s

(d)

Fig. 10 Simulation waveforms of a two-phase fault-tolerant drive sys-
tem: a DC-link bus voltage; b three-phase stator winding current; ¢
speed waveform; d torque waveform

Through the above analysis, it can be found that both
schemes can realize fault-tolerant operation. The two-phase
fault-tolerant control (the first fault-tolerant scheme) is very
suitable for open-circuit faults of motor windings. The three-
phase fault-tolerant control system is suitable for faults of
the power switches, where the torque pulsation and the speed
pulsation are smaller than those in the two-phase fault-tol-
erant control.

5 Experimental results

To further verify the performance of the two fault-tolerant
schemes, an experimental platform is built, as shown in
Fig. 13. It mainly consists of a control board, a sampling
regulation circuit and protection circuit board, impedance-
source networks, a power board and an induction motor load.
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Fig. 11 Simulation waveforms of a three-phase fault-tolerant drive
system: a three-phase stator winding currents; b speed waveform; ¢
torque waveform; d total harmonic distortion of the one-phase stator
winding current

In experiments of the drive system, a 1.1 kW traditional
asynchronous motor is reconstructed into an open-end wind-
ing induction motor. The parameters of the traditional induc-
tion motor are shown in Table 4. A photoelectric encoder is
adopted to detect the speed. The load is a magnetic powder
brake. The DC-link bus voltage of the two inverters is 320 V.
The speed of the asynchronous motor is set at 250 rpm. The
inductance in the impedance-source network is 1 mH, and
the capacitance is 300 pF. In addition, the corresponding
experimental results are as follows.

Experimental waveforms of two-phase fault-tolerant con-
trol system are shown in Fig. 14. Figure 14a, b shows wave-
forms of the DC-link bus voltage, one-phase winding voltage
and stator winding currents. The amplitude of the two-phase
stator winding currents is about 2.1 A, and the current wave-
forms are sinusoidal. Figure 14c describes the torque. The
output speed is 250 rpm, as shown in Fig. 14d. The output
speed can still track the given value. From Fig. 14c, d, it
can be found that the output torque pulsation and the speed
pulsation are large. However, it can continue to work.

Open fault Fault tolerance
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Fig. 12 Stator winding currents and total harmonic distortion (THD)
under faulty and fault-tolerant conditions: a stator winding currents; b
THD of one-phase stator winding current under one-phase open-fault
condition; ¢ THD of one-phase stator winding current under two-
phase fault-tolerant condition

DSP control board and !
sampllng control board | Power board and drive board
Impedance-
source
network

Induction motor

Fig. 13 Experimental prototype

Figure 15 shows experimental waveforms of the three-
phase fault-tolerant control system. Figure 15a shows the
DC-link bus voltage, winding voltages, and one-phase sta-
tor winding current. From Fig. 15b, it can be seen that the
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Table 4 Motor specifications

Parameters Values Parameters Values
Rated power 1.1 kW Connection way Wye
Rated voltage 380V Number of pole-pairs 2

Rated current 27A Rated speed 1400 r/min

: " 1(100ms/div)
Ch4: Phase-B stator current(5A/div)

Ch2: DC-link voltage(300V/div)
Ch1: Winding voltage(500V/div)

_ i (100ms/div)
Ch1,Ch2,Ch3: Three-phase winding currents (2A/div)
(b)

#(100ms/div)

T (C) T

300 f--

250

n(r/min)

200 bbb ]

#(100ms/div)

(d)

Fig. 14 Experimental waveforms of a two-phase fault-tolerant drive
system in the fault-tolerant mode: a DC-link bus voltage; b three-
phase stator winding currents; ¢ torque waveform; d speed waveform

@ Springer

three-phase stator winding currents are 120° different from
each other, and that the current waveforms are sinusoidal
with amplitudes of about 2.1 A. The torque waveform is
presented in Fig. 15¢c. From Figs. 14c and 15c, it can be
observed that the torque ripple under the three-phase fault-
tolerant operation is about 5%, and lower than that under
the two-phase fault-tolerant operation. Figure 15d presents
a speed waveform. From Fig. 15d, it can be found that the
speed can track the given value very well.

When compared with the two-phase fault-tolerant con-
trol system, the output torque pulsation and the speed

I(lOOms/dlv)

Ch1,Ch3:Winding voltage (500V/div)
Ch4: Winding current (5A/div)

Ch2: DC-bus voltage (500V/div)

(a)

X V‘f\{‘f
:'\ A
= “ f\!

‘,‘ ¥ \
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Fig. 15 Experimental waveforms of a three-phase fault-tolerant drive
system in the fault-tolerant mode: a DC-link bus voltage; b three-
phase stator winding currents; ¢ torque waveform; d speed waveform
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Ch1,Ch2,Ch3: Three-phase winding currents (2A/div)
(a)

W’ Sl

#(100ms/div)
(b)

#(100ms/div)
(c)

Fig. 16 Experimental waveforms under faulty conditions: a three-
phase stator winding current; b torque waveform; ¢ speed waveform

pulsation of three-phase fault-tolerant control system are
smaller, its output performance is better, and its imple-
mentation is simple. However, the two-phase fault-tolerant
drive system is only constructed when an open-circuit fault
of the motor winding occurs.

Under the open-winding faulty condition, experimental
results are presented in Fig. 16. From Fig. 16, it can be
seen that the one-phase winding current is zero, the torque
ripple is larger and about 40-50%, and the real speed rip-
ple is larger. Thus, the motor cannot work.

From Figs. 14, 15 and 16, it can be derived that, under
fault-tolerant condition, the speed ripple and the torque
ripple become smaller, and the drive system can still work
well. Therefore, fault-tolerant control of the presented
topology is feasible.

6 Conclusion

An open-winding induction motor drive system with
boost and fault tolerance is presented in this paper. It is
composed of two impedance networks and two traditional
three-phase inverters. The drive system is powered by two
separate DC supplies and has fault tolerance. A detailed
fault-tolerant analysis is addressed. Fault types are mainly
open-circuit faults and short-circuit faults. Two fault-
tolerant schemes are proposed for open-end winding IM
drive systems. In addition, SVPWM methods of the fault-
tolerant schemes are presented. Finally, simulation and
experimental results of the two fault-tolerant schemes are
shown and used to make a comparison. All the presented
results confirm that the drive system has fault tolerance
and that the fault-tolerant control methods are feasible.
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