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Abstract

Because of its high starting torque and improved performance in a variety of
operating situations, the switched reluctance machine (SRM) has emerged as a
potential challenger in the family of electrical machines. SRM has been a new addition
to the industrial market in recent years. Drawbacks of SRMs are the torque ripple and
acoustic noise. This research focuses on the minimization of torque ripples in a
Switched Reluctance Machine by optimal switching angle in a low inductance region
for a range of speed. For this, simulation is performed with the aim that SRM operation
in a low inductance region will take place with low torque ripples. The finding of this
research will help in better performance of the machine when operated at the desired
angle.

Keywords: Experimental Validation, Switched Reluctance Machine, Static
Torque, Torque Ripples.

I. Introduction

SRM (switched reluctance motor) is an electric motor that runs by the
reluctance torque. In that type of motor power can be supplied to windings within the
stator windings rather than the rotor, unlike ordinary brushed DC motors [I]. VRM is
another name for this motor (Variable Reluctance Motor). A switching inverter is used
to improve the performance of this motor. This motor has the same control
characteristics as dc motors that are electronically commutated. These motors are used
in applications where sizing and horsepower (hp) to weight ratios are important [I1].
The Switched Reluctance Motor (SRM) comprises field coils that are wound type as
are in a DC motor for the stator coil windings. Hence the rotor does not contain any
magnets or coils. The rotor is a silent pole type and has projected magnetic poles made
from laminated steel metal or we can say a type of soft magnetic material. The magnetic
reluctance of the rotor produced a force when the power is being applied to the stator
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winding which tries to line up the rotor pole with the stator coil pole which is very
closest to it. For the sake of to preserve the rotation an electronic control system
comprised of the switches is used on the successive stator winding and is used in an
arrangement such that the rotor pole will lead the stator magnetic field and use it to
pull it ahead. The primary attractive factor of SRM is that its structure is very easy.
The stator only consists of the winding and in some cases in required the permanent
magnets are also positioned on it but the rotor most effectively consists slack of
ferromagnetic material-based laminations. SRM possesses the simplest structure that
is the main important hallmark [111]. Take an iron piece to demonstrate the operating
principle of a switching reluctance motor. As the names suggest, a switching inverter
is essential for this type of switched reluctance motor. It is based on the concept of
variable reluctance that implies that the rotor will indeed try to associate itself along
the path with the least amount of reluctance. The rotor's minimal reluctance segment
tries to align itself with the magnetic field of the stator. As a result, the rotor develops
reluctance torque [IVV]. This work proposes an optimal switch on an angle that helps in
torque ripple reduction. A detailed literature review is listed in Table 1.

Table 1: Literature review
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I1. Simulation results

Simulations are carried out in MATLAB under the operating conditions given
in different cases separately.

« CASE1
OPERATING VALUES FOR DIFFERENT PARAMETERS

Machine Operating at Turn-on Angle = -37 deg
Machine Operating at Turn-off Angle = -7 deg
Winding of machine resistance =3.373 ohms
Number of phases of machine= 4

Supply voltage dc =100Volts

Number of switches = 8

Number of diodes =8

Speed=1311 rpm

Average Torque= 4.128
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Torque Ripple is given by the relation,

Tr = (Tmax-Tmin) / Tavg

1)
Fig.1 shows total torque and ripples are clearly visible. Fig.2 shows the instantaneous
torque of four phases of a 4-phase SRM.
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Figure 1. Total torque of a 4-phase machine
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Figure 2. Instantaneous torque of a 4-phases

Table 2 shows different speeds, different switch on and switch off angles, and
resultant torque ripples. Fig.3 is an ample view of Table 2.
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Table 2. Torque ripples under variable speed and different switch on and switch off
angles of SRM
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Figure 3. Torque ripple as a consequence of different switching angle

Table 3 is a representation of a comparison of obtained torque ripple at different speeds
and constant conduction angle of the SRM. Fig.4 is a graphical representation of Table 3.

Table 3 Comparison of obtained torque ripple at different speeds and constant
conduction angle of the SRM
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Figure 4. Torque ripple at different speeds and constant conduction angle of the SRM

I11. Conclusion

A unique and simple approach to torque ripple minimization is presented. It
has been observed that torque ripple is greatly reduced if SRM is switched on at a low
inductance region. It has also been concluded that for higher speed the fixed conduction
angle, the torque ripple is also increased. Therefore, a better choice of a switch on an
angle is important to take care of for low torque ripples.
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