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The study presented in this paper consists in the modeling and optimization of the
performance of the control of an induction motor (IM) by the application of the sensorless
field oriented control (SFOC), using the strategy of the discontinuous pulse width
modulation (DPWM) to switch the transistors which form the three-phase voltage source
inverter (3Ph_VSI). The latter gives a reduction in the number and the switching losses
compared to the space vector modulation (SVPWM). This leads to improve the
performance of the IM. The proposed system has many advantages; provides for the
decrease in noise, presents an increase in reliability and makes the material less expensive.

The study of this control is done in order to show the efficiency and robustness of the
method during variations in speed and torgue.

1. INTRODUCTION

Electrical energy has long been used to produce mechanical
energy through reversible electromechanical converters,
which are electrical machines. Over time, this trend is
accentuated in the industrial, tertiary and domestic sectors.
Currently, it constitutes the majority 95% of the energy
consumed in industry to provide motive power. Modern drive
system technology increasingly demands precise and
continuous control of speed, torque and position, while
ensuring the highest possible stability, speed and efficiency [1,
2]. The direct current motor has satisfied some of these
requirements but it is provided with brushes rubbing on the
reed collector, which limits the power and the maximum speed
and presents maintenance difficulties and operational
interruptions [3, 4]. While electrical machinery prices have
remained relatively stable, electronic and microcomputer
component prices have fallen steadily, reducing the drive's
share of the cost of variable speed drives.

For all these reasons, the orientation towards research
leading to better exploitations of a robust actuator, is very
justified, namely, the asynchronous cage motor and the
synchronous motor [5, 6], which are robust and have a simple
construction which limits the cost and increases the power to
mass ratio. This is why AC machines are increasingly
replacing DC motors in many areas, including servo motors.

With the progress of power electronics, linked to the
appearance of fast switching components, as well as the
development of control techniques [7, 8], wired or
programmed, it is now possible to choose a much more
advanced control structure. The FOC of asynchronous and
synchronous machines can now highlight control principles
making it possible to achieve performance equivalent to that
of the DC machine [2].

This paper describes a study of the sensorless field oriented
control SFOC applied to the three phase induction motor IM,
using the strategy of the discontinuous pulse width modulation
DPWM to switch the transistors which form the three-phase
voltage source inverter 3Ph_VSI. This control technique has
undergone significant development in recent years,
particularly with the evolution of the integration of PWM
modulation techniques such as inverter control strategies. The
validity and results are verified by Simulink/ MATLAB
simulation.

2. SYSTEM DESCRIPTION

The circuit consist two parts, the first contains the power
part, represented by: a three-phase diode rectifier, LC filter, a
three-phase inverter and the induction motor. While the second
contains the control part, represented by the SFOC control and
the DPWM strategy. The system description as shown in
Figure 1.
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Figure 1. System description
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2.1 Modeling of three-phase diode rectifier

A rectifier, also called AC/DC converter or GRAETZ
bridge, is a converter intended to supply a load which needs to
be supplied by a voltage and a current that are both as
continuous as possible, from an AC voltage source. The power
supply is, most of the time [7-9], a voltage generator. The
average voltage across the load is given by the following
equations:
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(1)

with, Urwms, s: is the RMS voltage of the AC source.
2.2 Stabilization LC filter

To correct the DC voltage source, a capacitor C is inserted
at the output of the rectifier, this absorbs the difference
between the different currents, and suppresses the sudden
variations of the switching voltage, on the other hand, to
reduce the ripple of the current and protect the inverter against
the critical speed of current growth, a smoothing inductance L
of internal resistance R is placed in series [10].

The transfer function of the LC filter is represented by the
following equation:

1
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L: is the inductance in series with the rectifier.
C: is the capacitor in parallel with the rectifier.
R: is an internal resistance.

2.3 Modeling of VSI
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Figure 2. Three-phase VSI

The VSI shown in Figure 2, delivers two levels of voltages
or depending on the connection function Sx1 as shown in the
Eqg. (3) [11-13]:

V‘3'7°sisXl =1 andS,, =0
Vyo = 3)
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where, vy, is the phase-to-neutral voltage between phase x and
midpoint o.
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The three phase-midpoint voltages Vao, Voo and ve, are
expressed by:

Vao Vae 25, —1
Vpo| = > 285, —1 “4)
VUeo 25,4, —1

And the three phase-to-neutral voltages va, Vo and v are
expressed by the following equation [14]:

Vv, 2 -1 -1|S,
Vo [=ZVee |1 2 1Sy, Q)
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For the generation of logic signals, there are several control
techniques such as the PWM strategy.

2.3.1 Discontinuous PWM strategy
The three-phase VSI is a converter with eight switches
which requires a good PWM control strategy [15, 16]. In this
work, we have chosen the DPWM strategy which offers the
possibility of reducing the number of switching in the inverter.
The basic principle of this technique is to inject the zero
voltage sequence (ZVS) to the sinusoidal reference waves,
with the aim of blocking each phase for 60 degrees in two
times compared to the modulation period which is 360 degrees
[17], to generate a balanced three-phase system. Figure 3
shows the principle of this strategy.
The DPWM strategy uses the obtained modulators from the
sinusoidal references by adding the ZVS equal to [18]:
ZVS = sign(V,) * E/2 =V, (6)
where Vn, is the voltage resulting from the maximum
amplitude test (absolute maximum of the three reference
voltages between Varet, Vorer and Verer).
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Figure 3. Principle of the DPWM strategy
2.4 Sensorless field oriented control SFOC

2.4.1 Modeling of induction motor IM

IM depends on the rotational speed of the rotor. If the latter
is slightly greater than that of the magnetic field of the stator,
it then develops an electromagnetic force similar to that
obtained with a synchronous generator [19, 20]. On the other
hand, the machine does not generate its own excitation energy.
For that, it will be necessary to bring this energy either by a
battery of capacitors, or by a static converter control, which
will stabilize its output voltage and frequency through



capacitors connected across the stator. The model of induction
machine IM is composed of an electrical phase windings and
a rotor cage squirrel [21].
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The expression for the stator and rotor flux linkages:
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The electrical model is completed by this mechanical
equation [22]:

s[®)
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The electromagnetic torque expression as a function of
stator currents and rotor flux as follows:

L

Ly + L, (10)
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2.4.2 Modeling of sensorless field oriented control of IM

The main objective of the vector control induction motors
is, as in DC machines, to independently control the torque and
the flux. In this order we propose to study the SFOC of the IM
[2]. The control strategy used consists to maintain the quadrate
component of the flux null (pe=0) and the direct flux equals
to the reference (par= o) [3, 4]: @r* and the torque T"em as
well as

Par = ¢y
=0
qr
‘. (11)
dt (pr
Substituting (11) into (7) yields:
idr = O
0.9, (12)

with a);l = w; — a)s(a);lis the slip speed).

After calculation and rearrangement of the electromagnetic
torque and stator voltages equations, following expressions are
obtained [5].
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with:

ig-and iy are the rotor (d, q) axis current.
igsand iy are the stator (d, q) axis current.
¢,": the flux linkage.

L,: rotor inductance.

Ly: stator inductance.

Ly,: mulual inductance.

Substitution (13) into (12), obtain
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The final expression of the torque electromagnetic is

*
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with taking into the rotor field orientation, the stator
voltage Eq. (7) can be rewritten as [6]
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where, T, = —RT.
T

Consequently, the electrical and mechanical equations for
the system after these transformations in the space control may
be written as follows [5, 6]:
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Figure 4. Current control scheme



For perfect decoupling, stator current control loops (ids, igs)
are added and at their outputs the voltage (vas, Vgs) are obtained.
The block control diagram is shown in Figure 4 [23]. Dynamic
equation for the dc bus voltage, is derived as follows. Equating
currents at the dc bus voltage, following equation is obtained:

. d
Idc :Cdcanc (20)

The current control scheme is given in Figure 4. The
references j, and j_ are the outputs of the PI regulator [24].

e2))

3. SIMULATION RESULTS

The overall system to be studied consists of a IM connected
to a rectifier/inverter and controlled according to the control
strategy presented above. In what follows, two simulation tests
are performed to analyze the performance of the control: The
first test is dedicated to the control behavior at fixed speed
control followed by a load disturbance; the second is intended
for the study of the control with variable speed. Using
Matlab/Simulink, we verify the electrical, magnetic and
mechanical quantities of the induction machine. We used the
different parameters which are shown in the Table 1.

Table 1. Induction motor parameters [17]

MOTOR PARAMETERS Values
P 1.5 Kw
Vas 380 vV
frequency 50 Hz
In 36A
N 1400 rpm
Rs 4.85Q
Rr 3.085Q
Ls 0.274H
Lr 0.274H
M 0.258 H
f 0.00114Nm.rad1s?
j 0.031 Kg.m?
Tr 3N.m

3.1 Unloaded start followed by a load disturbance

To test the robustness of the regulation, we simulated
unloaded starting mode for a reference speed at (100 rad/s),
then the response to a load torque step (Tr=3N.m) applied at
time t=1s.The simulation results are represented as follows:
Figure 5 shows the stator current in the (d, q) axis. We see that
there is only one ripple in the current during the transient state,
representing the starting current.

Figure 6 shows the magnetic flux of the machine. We note
that the component of the flux on the quadratic axis is zero
during the simulation time, which represents a perfect
decoupling.

Figure 7 and 8 show the angular speed of rotation and the
electromagnetic torque of the machine respectively.
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These results show the decoupling between the
electromagnetic torque and the rotor flux expressed by the
response of the isd and isq components of the stator current.
During the load step, the torque perfectly follows the reference
with an influence on the speed which then reaches its reference
value (fast disturbance rejection).

3.2 Response to speed reversal
We simulated the system for a change in the speed setpoint

from +100 to -100 rad/s, from time t=0.7 s, and a second
inversion at a speed of +30 rad/s from time t=1.4 s.
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Figure 12. Electromagnetic torque and its reference of IM
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We notice in the Figures 5-12, the speed is obtained without
overshoot despite the dynamics of the flow. This shows that
the analytical approach proposed for the use of the
discontinuous PWM technique is quite rigorous. During start-
up, we also observe an overshoot of the torque due to the
initialization of the flux.

4. CONCLUSION

In this paper, the subject consists of improving the
performance of an induction motor based on sensorless field-
oriented control using the discontinuous PWM strategy. The
description of the latter is presented, adopting a mathematical
model that defines the different equations describing the
operation of the machine.

The simulation results ensure good dynamic control of the
electromagnetic torque and speed of IM with very small
changes around its reference value. And finally, we can say
that the discontinuous PWM strategy adapts well the vector
control of the alternative machines and gives many advantages
with less power losses and a great dynamic stability.
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