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Abstract: Controllers are designed to enhance speed performance as well as lowering the torque ripple of switched reluctance motors.
Development of controllers in this paper involves the use of fuzzy sets for various membership functions, the Pl and PID controllers in
MATLAB SIMULInk environment. Here, SRM speed and torque regulated over a large bandwidth using Fuzzy, PI, and PID controllers.
Furthermore, the simulated speed is measured and matched with the reference speed; speed errors are processed by the controller.
Finally, simulation results are obtained for speed, and torque for PI, PID, and Fuzzy Logic controllers, and comparison is performed
with respect to speed response and torque ripple. The results obtained using the Matlab platform may help further the analysis and
improvement of controller design for switched reluctance motors.
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1. Introduction

In recent years, SRM (Switched Reluctance Motors)
motors have become increasingly popular due to their
features such as simplicity of design, lower cost, robust
construction, and lower power density. The SRM
characteristics are non-linear because the inductance
depends on both rotor position and current. SRM stator
windings have twisted field windings like a DC motor and
no windings or magnets on the rotor. The machine is
doubly sailent because the stator and rotor poles are
prominent poles. As per pole concern number of poles in
stator will be either 6 or 8.position sensor is mounted on
the shaft of the machine. It helps to determine the position
of the rotor with the help of control circuit. Control circuit
collect the information and provides input the converter
circuit for proper excitation of motor. Controller also
monitors motor current which in turn protects motor from
any faults. One phase of the winding is formed by
connecting the diametrically opposing windings of the
stator in series. Because of its efficiency and durability in a
variety of applications, including conventional industrial
uses, aircraft, multi-purpose machines, compressors, fans,
pumps, electric vehicle centrifuges, and vacuum cleaners,
the successful development of this machine will
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revolutionise washing machines and private laundries will
operate without interruption 24/7. When both commutating
phases are in their excitation period, the self-adaptive
phase torque obeys a linear distribution law. A novel
control technique can smooth out the torque ripple caused
by the SRM nonlinearity and the torque generation features
of the phase community [20-22].

Torque strategy was experimentally implemented in the
Basic Drive System (BDS). The torque ripple reduction
control is affected by the on/off switch and current profile.

Normal DC acoustic noise levels are controlled by a
hysteresis control strategy and a control technique for
reducing torque ripple. Torque-free operating at low,
middle, and maximum speeds is possible by combining
rotation angle, turn off angle, and phase torque distribution
coefficient k. Both the stator and rotor are made from a
single stack of laminations. In the simplest configuration,
opposing poles of the stator bearing windings are
connected in series to form a diametrically opposite pattern
of bipolar field.

The machine's phase numbers is determined by the number
of stator poles. Each phase is energized by a controlled
switch supplied by DC power. The rotor can be driven in
both directions by changing the phases of the stator. Each
phase is switched on and off at least every 45°; this is
known as fundamental switching frequency of SR motor.
During each switching period, phases which are connected
in series are energized simultaneously.

Torque ripple is due to the sequential switching of each
phase of the stator winding. There are two ways in which
torque ripple can be minimized one by a magnetic design

International Journal of Intelligent Systems and Applications in Engineering

IJISAE, 2023, 11(4), 132140 | 132


http://www.orcid.org/0000-0002-6424-9556

approach and another by an electronic control approach.
Under the machine design approach, the structure of stators
and rotor poles can be modified to reduce torque ripple, but
only at the expense of specific motor output. The
electronic approach involves amending the controlling
parameters such as supply voltage, turn off, and turn on
angles, and different levels of current. This approach may
result in less torque but needs to design different
controller.

The most popularly used SRM configurations are 6:4 and
8:6, with other possible configurations being 6:8, 10:4, and
12:8. Low power density problems can be solved by using
solutions such as permanent magnets or specialized rotor
designs, but these solutions are costly and complicate the
manufacturing process. Due to the advancement of
microelectronics and power electronics, as well as the
development of control algorithms and embedded systems,
SRM is now recognized as an emerging and potential
technology in a broad array of applications.

A normal approach to energise the SRM is done by using
asymmetric bridge converter. Here frequency of switching
is 10 times slower than the AC motors. The number phases
in converter corresponds to number phases of motor. When
both the switches on either side of converter is tuned on,
then the corresponding phase which is connected will be
activated. When the current in the converter rises beyond
the regulated value switch turns off. The energy which is
stored during excitation of winding makes the current to
maintain in the same direction which is called back EMF.
This Back EMF is supplied back via through diodes and
capacitor, which helps in improvising efficiency.

2. Literature Review

In [1], the authors describe the study of electric vehicle
wheel usage and the design of an SRM analysis. The
stator/rotor pole, current density, input current, and outer
diameter of the C-Core stator Double Rotor SRM, the C-
Core stator Flat-type Segmented Rotor SRM, and the
double-sided Segmented Internal Rotor SRM are
constructed and compared. The analysis considers the
important performance parameters of the electric motor In-
bike applications like torque per active mass, torque per
active volume, torque ripple. As a result of the axial
magnetic configuration's field distribution, the machine 3D
finite element analysis (FEA) is carried out using
Magnet7.5 software. The most suitable of the three
configurations is selected and the test results are displayed.
Today, SRM is replacing shunt motors and BLDC motors
due to higher speed and better efficiency. SRM is modeled
in Matlab Simulink environment. Speed control with PID
controllers is presented in the Simulink environment [2].

Due to increasing demand in EV applications, Switched
Reluctance is used [3, 19] because of its robust structure,

reliable structure, non-saliency, and good torque-to-inertia
ratio. The controlling techniques are also studied and
categorised. The torque ripple minimization and the speed
of switching reluctance's motors with the help of fuzzy
logic control and DTC are focussed on [4]. To improve the
performance, switching must be done at exact angles. To
get those exact angles, fuzzy logic along with the DTC
method is used in [5]. A new methodology in the direction
of the design and development of mathematical models
using the LabVIEW environment is carried out with
different controllers. To reduce the torque ripple, a
controller is designed in the LAB View platform using
proportional and integral controllers. Proportional and
integral controller VI subsystems are developed using the
control system tool-box. The gains of the PI controller are
selected with different combinations of Kp and Ki values,
to minimize the torque ripple and settling time. Waveforms
for speed, torque, voltage, and current are plotted for 800
rom and, load torque of 0.6N-m. In [6], SRM drive
systems with fuzzy speed controllers and PID current
controllers are developed using Matlab Simulink for a
variety of speeds. To confirm the accuracy of the
simulation data, experimental data was generated for these
speeds with the controller included in the DS1103 Ace Kkit.
It has been proven that fuzzy logic speed controllers are
efficient and not affected by any changes in parameters or
disturbance. In [7], a research procedure was developed to
regulate the Switched Reluctance Generator voltage using
the fuzzy logic control algorithm. A control strategy is
developed to control the upstream switches of the
converter. Results are tabulated for both open loops and
closed loops with variable speed and load. Auto-tuning Pl
controller is executed using a PLC in [8]. The PI controller
gains are obtained through Fuzzy, which is implemented in
Matlab, and the exchange of data between a MATLAB (or
Simulink) and Programmable Logic Controller is done
through objects that link process embedding’s/components.
Switched reluctance motors provide an alternative with
increased demand in conventional industrial drives [9]. To
meet the increase in demand, a broad analysis of different
control strategies for reducing torque ripple and improving
the speed performance is needed. An analysis based on
control strategies is done to review the best controller for
improving performance of a switched reluctance motor.
Among various techniques, fuzzy logic techniques are
preferred as they have a significant impact on reducing
torque fluctuations in switched reluctance motors.

Different SRM control modes are: Current control,
Speed control, Torque control and information regarding
types of converters gives an idea for selecting the best
controller, and converter which aids in increasing the speed
performance of SRM [10]. SRM can be used in place of
permanent magnet synchronous motors as they are elegant
and hard to work in harsh environments. The study is done
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on the design of 20 KW 4 phase SRM considering
different SRM parameters like slot filling factor (SFF),
winding excitation (LIVE) voltage, switching pattern
(SWP), and simulation results provide good results on
overall performance and harmonics of SRM that can be
optimal for electric vehicles (EVs) [11].  Different
techniques are used to reduce current and torque ripple;
one such technique is MPC. Here MPC is compared with
traditional control algorithms, which give better outcomes
in terms of accuracy, response, and stability. The proposed
controller in [12] was tested with different loading
conditions and proved that MPC is better than the current
hysteresis controller. The converter is designed using the C
programming language. To achieve a speed greater than
the rated speed while maintaining the power constant,
different controllers, such as fuzzy and PI, are considered.
Here, the position of the rotor and ref current are
considered inputs, which in turn produce compensating
current as outputs with a seven-membership-fuzzy logic
controller. Fuzzy logic controllers give better performance
compared to Pl, as justified by simulation results in [13].

3. Proposed Methodology

A switched reluctance motor is a single-excitation, double
sailent machine that generates electromagnetic torque
using the variable reluctance principle. The stator and rotor
both have prominent poles, but only the stator has
windings. SRMs, like DC motors, use field coils to wound
the stator windings. The rotor, on the other hand, is free of
any coils or magnets. Salient pole rotors' projecting
magnetic poles are made of soft magnetic material. The
rotor reluctance provides a force that matches the rotor
poles with the stator poles when stator windings are
energized. To sustain continuous rotation, the windings of
the stator poles are successively switched using an
electronic control system to direct and attract the magnetic
fields of the rotor poles, as shown in Figure 1. If two
neighbouring stator poles are equidistant from a rotor pole,
the rotor pole is said to be “completely misaligned" and it
is referred to as the rotor pole's maximum magnetic
reluctance. In the aligned position, the rotor poles are
precisely aligned with the stator poles which are also
known as minimal reluctance of the rotor pole.

Fig. 1. Shows a 6:4 SRM drive with 6 stator poles and 4
rotor poles.

The voltage equation (1) - (5) of SRM is given by,

V=ri+d¥ /dt (1)
y=Li=Ng @)
Forr = 0,

V = L(di/dt) +i (dL /d6) (d6/dt) (3)

V = L(di/dt) +i e (dL/do) 4

T

1 i2 (dL/d6) 5)

As a result of this equation, the developed torque is only
affected by the magnitude of current and direction
(DL/DO), but it is not affected by the direction of current.

3.1. SRM Drive System

Figure 2 depicts the block diagram of the SRM [24] drive
system. SRM control system main modules include the
speed regulator, rotor position block, and current regulator.
A speed regulator regulates the speed by comparing the
motor’s actual speed to a speed reference. The speed
increases to the reference value by increasing the reference
current (Iref) if motor speed is below the reference speed.
On the other side, speed can be decreased by reducing the
reference current (lref). The Rotor position blocks
produces switching signals for the converter circuit based
on the rotor’s position and turn on and turn off signals. The
current regulator compares the stator current and reference
current in each phase. If the error crosses the positive
hysteresis band value, a signal is sent to the converter for
applying positive voltage on the stator winding to generate
positive current on the winding.

------

Fig. 2. Block diagram for SRM drive System
4. Results and Discussions

SRM has a robust application for variable-speed drive
operation. The drive's performance is improved by
monitoring the speed using different controllers to
moderate speed ripple, which in turn leads to a reduction in
torque ripple. Conventional Pl and PID controllers [23] are
the speed controllers employed here as well as Fuzzy logic
controllers. The position sensor detects the rotor's position
and sends the output to error detector. The comparison of
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the actual speed and the reference speed is made by error
detector and sends an error message to controller block.
The controller can be a type of fuzzy logic or a PI that
sends signals to the converter to control motor speed by
appropriate excitation of the corresponding phase winding.

4.1. SRM Speed Control using Proportional Integral
Controller

A "PI controller” is an integral plus proportional controller.
A PI controller reduces steady-state error while increasing
response time and overall system stability. It does not
reduce the rise time, but it does eliminate the oscillations.
In this case the reference speed is compared to the actual
speed and the speed error difference is passed to the PI
controller to generate a reference current which is
compared to the actual current. The error current will be
given as input to the hysteresis current controller which
will produce a gate signal for the controller. Figures 3-5
illustrate the Simulink model for a Pl controller equipped
with  SRM and the resulting output waveform. The
simulation is performed at a set speed of 1000 rpm. The
actual motor operates at 960 RPM with a settling time of
around 0.3 s. From simulation results, it is clear that the
proportional integral controller improves accuracy with

respect to steady state error and stability of disturbance
signal rejection.

4.2. SRM Speed Control using Proportional Integral
Derivative Controller

Superior control dynamics are provided by the PID
controller, such as zero steady-state error, quick response
(short rising time), zero oscillations, and improved
stability. The presence of derivative controller along with
Pl controller is used to prevent overshoot and oscillations
in the system's output response, mathematically, a PID
controller is represented by the symbol Eq. (6).

Y(t) = Kye(t) + K; [ e(t) + Kgae (D) /dt  (6)

The Simulink Model of a PID controller with SRM and
their resultant output waveform are shown in figures 6-8.
The simulation is set to run at a speed of 1000rpm.

The actual motor has a maximum speed of 980rpm with a
settling time of around 0.2s. From simulation results, it is
clear that a PID controller improves steady state error as
compared to a Pl controller.

) 3
]
i
Fig. 3. Simulink model of SRM with Pl Controller
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4.3.SRM Speed Control
CONTROLLER

using Fuzzy LOGIC

The fuzzy controller's distinguishing feature is that it does
not require any mathematical model of the structure. Fuzzy
logic is analogous to the human emotional and reasoning
processes; unlike the traditional control approach of point-
to-point control, fuzzy logic control is sub-point or sub-
area control. The fuzzy controller's output is formed from
the fuzzy results of both the inputs and the outputs utilising
their related membership functions. Based on this value,
the sharp input is transformed to various members of the
related member functions. A fuzzy logic controller's output
is determined by its memberships, which can be thought of
as input regions. A membership function is a curve that
describes how each point in the input space represents a
membership value (or degree of participation) from O to 1.

centroid method is used for defuzzification. The SRM
specifications utilised in the simulation are shown in Table
1. Figures 9-11 illustrate the Simulink model for SRM
with a fuzzy controller and the resulting output waveform.

Table 1. SRM Specifications

SI.LNO Parameter Rating
1. Type 8/6

2. Unaligned inductance 0.67mH
3. Aligned Flux 0.9wb
4. Max current 65A

Table 2. Simulation results for different controllers

The membership function is a graphical depiction of the Controller Rise Time | Settling | Speed
size of each input's contribution. The rules employ the (TR)insec | Time(TS) | (rpm)
input membership values as weighting factors to assess In sec
their effect on the end inference's fuzzy result set. After Pl 011 1 910
inferring, scaling, and combining the attributes, they are
decomposed into a distinct output that drives the system. PID 0.102 0.115 985
In fuzzy logic controller design, triangular membership Pl+Fuzzy 0.102 1 970
fgncti.or?s are used as they prgvide ad.vgntages sych as PID+Fuzzy 01 0.105 995
simplicity, speed, and computational efficiency, which are
good compared to other membership functions. Here, the
ANy
1 —
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Fig. 9. Simulink model of SRM with Fuzzy Controller
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Fig. 10. Variation of speed for Fuzzy Controller
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Variation of Torque
T

Times)

Fig. 11. Variation of torque Fuzzy Controller

5. Conclusions

The performance of switched reluctance motor is studied
under different controllers in order to analyse the variation
of torque and speed. When the motor is starting from idle,
the torque is very high and decreases as the speed
increases. The aspect of speed variation with respect to
torque is same for most of motors and same applies for
SRM. As a result of its simple form, it may replace
induction machines in any application that has the same
properties. In SRMs, torque is proportional to square of
current. As a result, this motor consumes less power than
comparable machines of the same capacity and size. In this
paper, MATLAB and SIMULINK are used to simulate the
speed control SRM.. An asymmetric bridge converter
powers the 4 rotor poles and 6 stator slots. So, the
construction is simple, and speed control is easy.
Furthermore, the Performance of the SRM has been
simulated with various controllers, including PI, PID, and
Fuzzy Logic Controllers. From the simulation data
obtained, it can be concluded that PID combined with
Fuzzy logical controllers can enhance SRM drive speed
response with a shorter settling time than other controller
types. Speed attainment to the reference value can be
obtained with the aid of combination of PID and Fuzzy
logic controller.
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