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Abstract A dual stator winding squirretage induction motor (DSWIM) is a brushless siffgggne induction motot
that contains a stator with two isolated thspbase windings wound with dissimilar numbers of poleshEsator
winding is fed by an independent thyglease inverter. The appropriate efficiency of this motor is obtained whe
ratio of two frequencies feeding the machine is equal to the ratio of the number of poles. In the vector control n
low speeds, flux is difficult to estimate because the voltage drop on the stator resistance is comparable with -
stator voltage, disturbing the performance of the motor drive. To solve the abovementioned problem, researci
benefited from the freeapacity of the two windings of the stator. This makes the motor deviate from its st:
operating mode at low speeds. The main purpose of this paper is reducing the power losses of the inverter
DSWIM drive at low speedsa the proposed cordl method and a fixeg inverter. This paper deals with two topic
1. Using the idea of rotor flux compensation at low speeds, the motor works in its standard operating mode. T
the power losses of the utilized power electronic converters ageratiuced to a considerable extent; and 2. Reduc
in capital cost can be achieved by utilizing a figg power electronic converter. The proposed methods are simu
in MATLAB/Simulink software, and the results of simulation confirm the assumptions.
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1. INTRODUCTION
Induction machines have a wide range of application in
industry, for example, in pumps, fans, compressors,
roller mills for cement, mining eleors, and motive
force of ships and vehicles [1]. AC induction motors,
and especially the squirrehge types, are the most
common machines used in AC drive systems with

with two separate symmetric thrpbase windings
wound with dgsimilar numbers of poles. The doubly

fed induction machine can be classified into brushed
and brushless categories. The brushed machine has a
wound rotor, and the ends of windings are connected to
slip rings which are mounted on the shaft such that these
ends can be accessed through the brushes. Brushless

adjustable speeds. Nowadays, more than 70 % of motors doubly-fed induction motors usually have two types of

used in industries are induatio motors [2]. By
optimizing their utilization, a considerable percentage of
electrical energy consumed by them can be saved.

With regard to the interesting performance of the
induction motor and its wide usage, in recent years,
researchers have improvelet characteristics of this
motor by adding another balanced thptmse winding
on its stator. In fact, the doubfgd (excited) induction
motor is a brushless induction motor that has a stator
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rotors, i.e. squirretage and nested loop rotors. These
rotors have a higher durability compared to the wound
rotor models.For the case of a squitreage rotor, the
motor is commonly fed by two thrgehase inverters,
each of which is connected separately to the grid. The
drive of these kinds of machines can control them in a
wide range of operating speeds. As a result, defdaly
machines can be caferized based on the type of stator
winding and rotor used, as shown in Fig. 1.

A doubly-fed induction motor with a nested loop
rotor is known as a brushless doubdg machine.
These machines are also consisted of two separate stator
windings, one of wigh is directly connected to the grid
and is called the power winding, and the other one is
connected to the grid via a thrphase inverter and is
called the control winding. This machine works at low
speeds and is suitable for drives with a narrow speed
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range. Furthermore, this kind of machine is more
prevalent as a generator [3,4].

The dual stator winding induction motor (DSWIM)
studied in this paper consists of a stator with two
separate symmetric thrgghase windings with
dissimilar numbers of poles amadstandard squirrelage
rotor. This motor was presented by Lipo et al. [5] and
has a high degree of reliability. In normal situations, the
two threephase windings of the stator of this motor are
connected to the grid via two thrpbase inverters.
Thereis no internal electrical connection between the
two windings of the stator. In this motor, circulating
harmonic currents are eliminated by using different
numbers of poles in stator windings. A DSWIM acts like
two independent threghase induction macheés which
share a common shatft [5].

Generally, the poles of the stator are chosen in the
ratio of 1 to 3 (e.g. 2:6 or 4:12). However, any
combination of different pole numbers can be selected.
Additionally, these ratios are recommended for the
better use ofnagnetic material, avoiding saturation, and
reducing stator losses [5].

The standard operating mode of a DSWIM is
obtained when the ratio of two frequencies feeding the
machine is equal to the ratio of the number of poles. The
two resulting rotating field rotate synchronously.
Consequently, this operating mode leads to the proper
performance of the motor. The required condition for
the motor to have the maximum value of torque per
ampere ratio /) is working in its standard operating
mode [6].

Each steor winding is fed by an independent inverter
through a common D®us. Fig. 2(a) shows a simple
schematic diagram of a DSWIM drive.

Adjusting the speed of the induction motor is one of
the most important needs of industries and automation
of factories. Tl speed control of doublged induction
motors is complicated because of their mudtriable
and nonlinear structure. By developing and improving
power electronic devices, the implementation of
advanced control methods has become possible.

A DSWIM is simiar to two independent thrgghase
induction motors that are mechanically coupled.
Therefore, speed control methods used for tpleese
induction motors are also applicable to the DSWIM
[5,6]. All known control techniques utilized in induction
motors conist of scalar control methods [5,7], the direct
torque control (DTC) [8L0] and the vector control [11
18].
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Fig. 1. Classification of doublfed induction machines according to
the arrangement of stator winding and rotor type.
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The most common method of speed control in
induction motors is vector control [14,15]. The vector
control method is one of the most powerful controlling
techniques for induction motor drives which, compared
to scalar methods, has a high accuracy and less
dependency on motor parameters [17]. This control
method depends on flux estimation [16]. Here, unlike
the scalar control method, flux and torque can be
controlled distinctly. Moreover, amplitude and phase are
controlled simultaneously. The torque and flux the
air-gap are functions of voltage and frequency. This
dependence is the main reason for the slow response of
induction motors. Using the vector control method can
improve the slowless of response. In this method, at low
speeds, the estimation of fliras noticeable sensitivity
and error because the voltage drop on the stator
resistance is comparable to the input stator voltage, thus
disturbing the performance of the motordrive.
Therefore, at low speeds, an appropriate level of rotor
flux is very impotant.

Based on conventional control methods, the DSWIM
drive in its standard operating mode cannot properly
trace low speeds. One of the features of DSWIM is that
it has two separate stator winding&intil now,
researchers have benefited from this harévaature of
DSWIM for solving the typical problem of speed
control at low speeds. In the method proposed in [5],
one of the windings is fed by an arbitrary constant






