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Abstract

Switched Reluctance Motor (SRM) is used in most of Electric vehicles and wind energy system. But it has some disadvantages are high
torque ripple because of its power supply mode and multiphase communication. In this paper Model Predictive Torque Control (MPTC)
with Sailfish Optimization (SFO) is reduce the torque ripple of SRM using Torque Sharing Function (TSF). First, based on flux-linkage
characteristic curves acquired from the locked rotor test, an accurate SRM model is created, it predict future operation of SRM drive
system. Second, the SFO algorithm is used to optimize TSF parameters for minimize the torque value of SRM. Also developed TSF
based MPTC method, which avoids the problem of frequency conversion caused by torque controller. Then Atom Search Optimization
(ASO) is used to optimize the position sensor for correct rotor position of the SRM. To verify the MPTC-SFO method is compared
with Direct Instantaneous Torque Control (DITC). Both simulation on a four phase 8/6 pole SRM for reduce the torque ripple and select
the rotor position. The proposed MPTC-SFO method is higher efficiency than DITC. The obtain result is achieved 19.5 % of torque
ripple for the proposed method.
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1. Introduction
The Switched Reluctance Motor (SRM) is an electric motor that runs by reluctance torque, and it is a good conventional
drives in some specific application [1]. It is used in Electric vehicles and Wind energy system because of its simple and
uneven construction, insensitivity to high temperature, fault tolerance, and high speed operation ability [2, 3]. The main
drawback of this motor is large torque ripple because of its multiphase communication and power supply mode, which
regulates its application [4]. Nowadays many researches have proposed so many techniques to decrease torque ripple.
These techniques can be divided into two set of control, namely Indirect Torque Control (ITC), and Direct Torque Control
(DTC) [5, 6]. In ITC, they distributes total torque to each phase through the Torque Sharing Function (TSF), and DTC is
reduce the inherent output torque in the SRM [7].
TSF is an efficient torque ripple minimization is used to drives in medium and low speed ranges for SRM. TSFs are
optimized and evaluated to the primary objective of low torque ripple, based on four common functions namely cubic,
linear, exponential and sinusoidal [8, 9]. Direct Instantaneous Torque Control (DITC) is a developed method to solve the
torque ripple problems and it provides fast response to the torque changes [10]. Direct Torque and Flux Control (DTFC)
used to control the torque and flux of the SRM. The rotor is the movable part of the SRM, and the rotor position is another
main problem in the motor [11, 12]. The position sensor is used to locate the rotor position in SRM, and it generates the
computation information for the power converter [13]. The rotor position sensor is used to measure the angular position
of the rotor shaft in synchronous electric motors [14].
Model predictive control (MPC), a revolutionary nonlinear system control strategy that uses a predict model to determine
the value of the motor's subsequent sampling time, has recently gained popularity [15, 16]. The capability of phase current
tracking is improved by a model predictive current control [17]. In summary, the MPC has a set control frequency in
addition to avoiding complicated commutation rules [18]. The benefit of the MPC is that it is a multivariable controller
that simultaneously controls the outputs while accounting for all of the interactions between the systems variables [19,
20]. In this paper we proposed Model predictive Torque control (MPTC) based Sailfish Optimization (SFO) using TSF
strategy has been developed, it is used to derivate the value of next sampling time of the motor. It has fast torque response
and also it is more apt for applications of high torque response performance. The ASO algorithm is used to optimize the
rotor position of the SRM.

The major objectives of this paper is as follows,
«»  Model an optimization based MPTC controller for controlling the torque in the SRM motor.

7

«  The ASO algorithm for optimize the rotor position of the SRM.

7

+ Reduce the Torque ripple and select the rotor position of the SRM achieving proper result.

Organization Remainder of this paper is organized as follows, in section 2 the researches for minimizing the torque ripple
in the SRM is discussed. In section 3 the proposed method is explained in detail figures. In section 4 discuss the obtained
results and section 5 concluded the paper.
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2. Related works
Ren et al. [21] developed a Model Predictive Control (MPC) based Torque Sharing Function (TSF) was used to reduce
the torque ripple in SRM. They established flux linkage characteristics curves from the locked rotor test and predict the
future operation state of the SRM system. To reduce the torque ripple in commutation region by using TSF and the TSF
is optimized by the Genetic Algorithm (GA). A sector division scheme was developed for to decrease the voltage states
of the controller. Then the developed method was reduce the torque and stator copper losses and more efficiency to
compare with DITC.
Kimpara et al. [22] have developed Field Reconstruction Method (FRM) based on Non Derivative Optimization (NDO)
for mitigate the torque ripple. It leads to higher radial vibration and it was mitigated by adaptive hysteresis band controller.
The system simulation and system modelling was initially presented the theoretical basis for this method. They used 8/6
SRM for experimentation, and it was reduce the torque pulsation and aural noise in SRM and prevalent use of SRM in a
large range of application.
Al-Amyal et al. [23] have introduced Ant Colony Optimization (ACO) was used to, improving the motor efficiency,
reduce the torque ripple in the SRM. The multi objective function was created for maximize the torque quality of the
machines. The improved Direct Instantaneous Torque Control (DITC) drive is implemented using the best results from
this optimization challenge. An effective hysteresis torque controller is also implemented using a novel switching
technique. An asymmetric half bridge converters switching mode selection is purely based on the SRM inductance profile.
Chenchireddy et al. [24] have developed Artificial Neural Network (ANN) based to reduce the torque ripple in the SRM.
The motor needs a power electronic converter for regulating stator poles. Performance of SRM in comparison to ANN
and Hysteresis Current Controller (HCC). The optimum performance for motor starting and running conditions is achieved
by ANN based SRM. Reducing starting torque, minimising torque ripple, and lowering starting current and running current
are the key outcomes of this research.
Jing et al. [25] developed a Fuzzy Indirect Instant Torque Control (IITC) for reduce the torque ripple in the SRM. First,
In order to generate a compensation current in accordance with the torque error, a fuzzy controller is first invented. The
input factor merge with artificial experience and additionally, taking into account the connection between electromagnetic
torque and current, the output factor is suitably created using the linearized inductance derivative. They used 12/8 three
phase SRM for provide the result of torque ripple suppression.
Chen et al. [26] examined based on Torque Sharing Function (TSF) two control methods for torque ripple mitigation in
SRM. First control was converts compensation torque into the compensation current through from current look up to
reduce current ripple. The alternative is the direct instantaneous torque control technique which substitutes a torque loop
for the current loop to more accurately follow the reference torque and lesson torque ripple. The multiple parameters of
the identified SRM model obstruct the promotion and application of this developed method control strategy, this could be
resolved in the future by decreasing the Fourier functions order and combining it with some changes to the control
algorithms for the speed and torque loops.

3. Proposed Methodology

The proposed method is used to reduce the torque and also enhance the system efficiency in the Switched Reluctance
Motor (SRM). The main problem of SRM is large torque ripple and rotor position because of its multiphase
communication, power supply mode. For reduce the torque ripple, the Model Predictive Torque Control (MPTC) along
with Sail Fish Optimization (SFO) is used in the proposed model. The SFO is a population based metaheuristic algorithm.
In this algorithm, it is assumed that the sailfish are candidate solutions and the problem's variables are the position of
sailfish in the search space. Accordingly, the population over the solution space is randomly generated. The Atom Search
Optimization (ASO) is used for selecting the optimal rotor position. This optimization will enhance an efficiency in the
SRM. In ASO the position of each atom within the search space represents a solution measured by its mass, with a better
solution indicating a heavier mass and vice versa. The proposed MPTC method effectively reduces the torque ripple,
improves the torque—ampere ratio and system efficiency, and improves dynamic response. The speed, torque position of
the rotor, voltage and current across the stator is analyzed in the four phase 8/6 SRM. The block diagram of proposed
method is shown in figure 1.
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Figure 1: Block Diagram of Proposed SFO-MPTC based SRM

The total value of torque  T,"is get from PI controller, the value of individual phase torque T; ( p= 1,2,3) is evaluated
by TSF to track current value ip(k +1) and reference toque value Tp (k + 1) are predicted in the predictive model. Power
converter has 4 voltage states in each phase of the SRM, there are Sp(l,O,—l) and Jp corresponding to 3 voltage states

are calculated for each phase winding. Jp(min) denotes value of minimum predictive, it will select as the optimal voltage
state for the next sampling period.

3.1 Torque Sharing Function (TSF)
In communication region, the linear TSF will decrease the torque ripple, and it is consists two stages with Hon + O.56’0V

as the midpoint. They defined as,
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Where, 6, is turn on angle, &, is turn off angle, @, is overlap angle, T, reference torque value. 6, = 2 Nr Is

electrical angle period, NI is number of rotor poles, m, n are nonlinear TSF curves.

3.1.1 Parameter Optimization based on SFO
SFO algorithm is take to obtain optimal aoff J Qon M, N 14 optimize segmented TSF, taking torque ripple coefficient

(Tripple )- The function of optimization as,
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Where T . —are maximum toque value, T ; are minimum torque value, T, are average value, and

Ta—ref, Tb —ref,Tc —ref are three phase reference torque, these are distributed by traditional linear strategy of

TSF, Ta, Th, Tc, are three phase actual torque and Te is total torque.

3.2 Model of Switched Reluctance Motor (SRM)

The SRM is an electric machine that converts from mechanical power to reluctance torque, and it has 8 rotor and 12 stator
poles. Four coils wound on opposite poles and connected in parallel or series consisting number of electrically separated
phases or circuits [27]. The torque is generated by the rotor to align with the stator poles, when the current is passed

through the one of the stator winding. The bridge converter contains two diodes and two power switches per phase. This
converter can support to control of each phase and handle phase overlap. Equivalent circuit for SRM drive is shown in
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Figure 2: Equivalent Circuit of SRM drive

VDC

3.2.1 Torque Equation
The instantaneous voltage across the terminals of one single phase winding for SRM.

_'_a'//('_p'@) di, +a‘//(|p’9) ((jjf(P :1’213) (3)
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Where U oilp WP,0 are corresponding to the terminals voltage, phase current, winding flux linkage and rotor position.
Phase torque equation for SRM
i 4
_ oy, 0.0,) W, @
PP 56 ot

where W, denotes field energy. The influence of the 8Wf /8(9p is very small and can be neglected, due to saturation
of the SRM. The instantaneous torque in SRM is
. owl\b,i
T =i —W( p)

p p 89 (5)
3.2.2. Voltage Equation
According to the basic law of the circuit the voltage equation of the motor for phase j under static stationary reference

frame is,

dy.

— i 1(i=

Uj _Rj i+ m (J _1,2,3) (6)

Where, U j denotes winding voltage, y; denotes winding resistance, ij denotes winding stator current, Rj denotes

winding flux linkage for phase j

To increase the rate of energy conversion, the SRM always operate in the saturation state, resulting in highly nonlinear
electromagnetic properties. Therefore, developing a precise nonlinear model of the SRM is a crucial requirement for high
performance torque control. There are various ways to create the nonlinear model of SRM, including analytical techniques,
neural network techniques and look up table and interpolation techniques.
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3.2.3 Establishment of Flux linkage and Torque model
In order to gather reliable flux-linkage data of SRM, the locked rotor test is utilised in this research. The test prototype's

rated power is 2.2 kW, and its rated torque is 14 N.m. The flux linkage (l//) and Torque (T) as expressed following
equations,

Lqi|f 0
) df
B dt

v =Lgi+|Ly i+ All-e®)-
€

- [< Lo’ AL
2

A:!//m - Ldsat Im
B= (Ld - Ldsat /l//m - Ldsat Im) (8)
£(0)=(2N?/7*)0° —(3N2/x2)p? +1

Where, L, is saturation inductance, i is flux linkage maximum value, Imis current corresponding to theyy

Lq , L, denotes the motor inductance of centre line of stator and rotor are completely unaligned and aligned respectively.

The flux linkage and torque are functions of rotor position and phase current. Therefore, SRM has torque characteristics
and highly nonlinear flux, it makes it’s more complicated to control. The flux linkage position and torque position with
respect to current is shown in figure 10. Since the SRM's phases are electrically isolated from one another, torque ripple
occurs in the commutation regions when the conducting phase is shut off and the ensuing phase is in charge of applying
the shaft's reference torque.

3.3. Model Predictive Control (MPC)

MPC has been successfully applied in the process industry and industrial power electronics system. By reduce an objective
function at each time step across a finite horizon while being constrained by the models equations, the control action is
obtained [29]. The straightforward design is main advantages of MPC, and one just needs to set up an objective function
that takes the control objectives into account if they are included in the system model, which should also include
restrictions.

3.3.1 Model Predictive Torque Control (MPTC)

MPTC is becoming a powerful control method for SRM drives that require excellent performance control. By directly
combined the system model with the finite switching states, MPTC is more efficient and accurate in voltage vector
selection as compared to direct torque control [28]. The basic diagram of MPTC is shown in figure 3.
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Figure 3: MPTC Basic Diagram

3.3.2 Estimation of stator and rotor flux vectors
In MPTC, itis first necessary to determine the stator flux i ; and the rotor flux v/, at the current sample time. The stator

flux 1/}S (K) could be calculated using the Euler formula from the stator voltage in a stationary reference frame as

7, (K) =y, (k=2 TV, (k)-R T, (k) ©
The rotor flux 7, (K )is then estimated in terms of 17/, (k) as

. L .oy L L,
0= L, w

m Lm
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3.3.3 Prediction of Control variables
In MPTC, the stator flux vectors and the electromagnetic torque Tem are predicted for the following sampling instantK +1

. The stator flux vector y” (k + 1) is predicted using (11) and the Euler formula.

p _ _ : (11)
Vs (k + 1) =Ys (K )+TSVS (k) R, Tl (k) The stator voltage vector is expressed as stator flux (9) and
rotor current 2 into (10) as,
. Lm*)d. Lmd
V, =R +| L, - — Il +—— (12) The
Lr )dt Lr dt
rotor flow vector can be calculated from the rotor voltage equation in a stationary reference frame as follows:
d Lm. v, . (13)
- Y :_Is -——+ Jwrl//r
dt T, ]

Using the Euler formula and the substitution from (9) into (5) the stator current vector prediction is isp (k +1)can be
written as

(k)= vs(k)+[1_T_Sis(k)+TLsi(i_ ja)rjy?r(k)J »

el 1o} O\ T,
L L2 L2
Where, T = Ir:{U ,o=1-—"R_=R_+k’Randk; =L—’;the electromagnetic torque T ”(k +1) could
expressed as,
p 3P| (70 iP
TP (k +1)=§E|m(yxs (k +2)i (k +1)) (15)

Where i/ is complex conjugate value of the stator flux vector i

3.3.4 Control Problem

The SRM machines primary goal in control is normally to regulate and maintain its torque close proximity to a reference
value, which is typically set by an outer control loop. It include the reducing of the currents and the operation within the
rated values, for example, constant phase current below the specified maximum. It is obvious that a motor operated by
discrete voltages arbitrarily close to the reference value cannot have its torque regulated at a finite switching frequency.
A loss of heat cause by switch transition in the converter, the design of controller is the minimization of the average
switching frequency. The control engineer can adjust multiple tuning knobs to balance torque ripple, winding current, and
switching frequency by applying varying weights to the control objectives.

The TSF in SRM will be optimized by Sailfish Optimization (SFO) algorithm. SFO simulates the elite population strategy
and the alternate sailfish attack on the sardines based on the hunting behaviour of biological groups. Sailfish have greater
energy to catch prey early in the hunt, and sardines are also less worn out and damaged. Sardines may so maintain a high
rate of escape and have remarkable manipulative skills. Therefore, SFO optimize TSF effectively and identify the torque
from particular phase in the TSF with greater energy.

3.4 Sail Fish Optimization (SFO)

Various algorithms and numerous applications could not solve all the optimization problems. The SFO algorithm is
metaheuristic algorithm and reduce the method of the group of hunting sailfish. This algorithm makes the assumption that
the sailfish are potential solutions and that the variables in the issue are the sailfish's positions in the search space. As a
result, the population in the solution space is produced at random [30]. The population of SFO algorithm cover two types,
one is the population of sailfish for intensification of the search space, and another one is the population of sardines for
diversification of the search space. To derive the algorithm, it is presume that the position of sailfish are the variables of

all solutions while the ith member at the Kth search agent as a current position SFLk in a d dimensional search space.

The sailfish fitness and sardines computed and the sailfish position will updated at each iteration during the optimization

as follows,
i i
X i XeIiteSF + Xinjured_s

new_SF :X;Iite_SF —A; x rand(O,l)x - xci)IdSF (16)

Where, Xeilite_SF is sailfish best position and Xinjured_s is best position of sardines and Xé,dSF is sailfish current

position, rand(O,l) is random number between 0, 1, A, as follows,
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Ji =24rand(0,1)xPD—-PD (17)

The PDis a significant parameter for updating the sailfish position around prey school due to the number of prey is
decreasing during the group hunting and the number of prey at each iteration as follows

PD 1| N __ (18)
NSF + Ns

Where N and Ny are number of sardines and sailfish at each iteration respectively. For imitating to update the sardines

position at the 1th iteration as follows,
X, =rx (X e||ite_5F — Xois + AP) (19)

new_s
Where r denotes random number between 0,1 X, is sardines current position Xe'me_SF is sailfish best position and

the total amount of sailfish power will saved in AP parameter, and it is generated as follows,
AP =Ax(1-(2x Itrx&)) (20)

Where Aand ¢ are the value of power attack will be decreasing linearly from Ato 0. In last the position of sailfish
substitute for increase the hunting chance to new prey with the latest position of hunted sardines. They expressed as,

X = X1iff (si)< f(SFi) (21)

Where, X ; and X;F shows sardines and sailfish current position at ith iteration respectively.

3.4.1 Flowchart for SFO

The SFO and Gini index are select the optimum TSF parameters for each phase. This algorithm is tested using three torque
signals and the appropriate mode select lowest phase value of the torque signal is automatically extract based on Gini
index values. The result is indicate minimum value of torque ripple to compare with other two phase torque value.
Therefore the SFO algorithm is tuned TSF parameters and permit minimum torque value for the SRM. Flowchart of SFO

is given in figure 4.
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Figure 4: SFO Basic Flowchart
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The Atom search Optimization (ASO) is used to optimize the position sensor in the proposed method. Each atom's position
in the search space in ASO represents a solution that is based on its mass, with a better solution corresponding to a heavier
mass and vice versa. Therefore, ASO optimize position sensor for control the rotor position of the SRM.

3.5 Atom Search Optimization (ASO)

Atom Search Optimization (ASQ), an optimization approach motivated by molecular dynamics, and each atom's position
in the search space symbolises a solution in the ASO method, where a better solution corresponds to a heavier mass and
vice versa. According to their distance from one another, all of the atoms in the population will either attract or repel one
another, which will cause the lighter atoms to gravitate towards the heavier ones [31]. When heavier atoms accelerate
more slowly, they search more actively in local spaces for better solutions. Lighter atoms move more quickly, which
forces them to scour the entire search space for new promising places.

The general optimization problems can be defined as

Minimize f(x), x = (xl,....xD) 22)
For
Lb < X <Ub, Lb =|Ib*,...1b° | Ub =[ub?,....ub" | (23)
Where, X° (d = l,....D) is denoted dth component of search space, Ib® is lower limit, and ub® is upper limit for

dth component. D denotes search space dimension.

Consider an atom population that has N atoms in order to solve this unconstrained optimization. The position of the ith
atom is expressed by

X =[xt.x°| i=1....N (24)

Where, x! (d =1,....D) denotes position

component of the ith atom in a D-dimension.

Each atom dependent on others by the attraction among them, in the iteration of ASO. The repulsion can avoid the over
concentration of atoms and the convergence of the algorithm, therefore increasing the exploration ability in the entire
search space. The repulsion is gently weakens and the attraction gently strengthens, which signifies that the exploitation
increases and exploration decreases. Each atom interacts with others by the attraction which ensures that the algorithm
has a good exploitation capability.

3.5.1 Flowchart for ASO

In this proposed method ASO algorithm is used to select the correct rotor position for the SRM. The ASO is tune a position
sensor in the motor. Basically ASO is select the better solution for the given parameters, therefore evaluate the each
position, and sensing the correct position of the SRM. Flowchart for ASO is given in figure 5.
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Figure 5: Basic Flowchart for ASO
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4. Result and Discussion
The obtained result from the proposed, minimize the torque ripple and control the rotor position on Switched reluctance
Motor (SRM) using predictive controllers is discussed here. The combined SFO-MPTC based TSF control strategies are
reduce the torque ripple and using Atom Search Optimization (ASO) optimized rotor position in the proposed model.

Table 2: Specification of SRM

Stator Rotor Poles 8/6

Rated Power (kW) 15

Speed range (r/min) 100-1500
Stator Resistance () 1.7

Rated Torque ( N.m ) 95.5
Rated Current (A) 31

The proposed methodology of reduce the torque ripple and control the rotor position for SRM based on MPTC controller
using SFO algorithm shows more effective result in analysed by utilizing the parameters. The proposed study is performed
using Simulink and we used 15 kW SRM and 8/6 stator poles motor. The machine ratings are given in table 2. The
Simulink model for the proposed MPTC based SRM with the SFO optimization algorithm is shown in figure 6. The speed,
flux, current and torque are reveals from the proposed methodology.
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Figure 6: Simulink model diagram of MPTC based SRM system

The sample of reference torque waveforms for linear TSF of three phase SRM for T, =95.5 N.m are shown in figure 7

(a). The corresponding reference current waveforms calculated using inverse i(T,H) LUT are depicted in Figure (b).
The current controller is then provided these current waveforms so it can track them.
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Figure 7: Reference phase torques and phase currents of the three-phase SRM using linear torque sharing
function (TSF) (a) phase torques, and (b) phase currents.

Case 1: The simulated performance of the test SRM with linear TSF at 900 r/min under load torque of 95.5 N.m is
presented in Figure 8 (a), and (b) is rotor position waveform of the SRM. Note that the turn on angle (6on) and the

overlapping angle (6ov) are set to 40° and 15° mechanical, respectively. We achieved the 19.5 N.m value of torque ripple.
The response for the motor current, flux, and speed with respect to the time t=0.1 sec.
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Figure 8: Current, speed, flux and torque waveforms, (b) Position waveform of the test SRM at 900 r/min (Linear
TSF, T, =95.5N.m 6., =40°, 6, =15°)
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Case 2: The same simulation is repeated at a higher speed of 1100 r/min (Linear TSF,T . =95.5N.m

0,, =40°,0,, =15" The waveforms of current, flux, speed and torque are shown in Figure 9 (a), and (b) shows rotor
position waveform for the SRM.
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Figure 9: (a) Current, speed, flux, and torque waveforms (b) position waveform of the test SRM at 1100 r/min
(Linear TSF, T, =95.5N.m, 8, =40",6,, =15°)
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Case 3: The same simulation is repeated at a higher speed of 1200 r/min (Linear TSF, T, . =95.5N.m

0,, =40°,0,, =15" The waveforms of current, speed, flux and torque ripple are shown in Figure 10 (a), and (b) shows
the rotor position waveform of the SRM.
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Figure 10: (a) Current, speed, flux, and torque waveforms (b) position waveform of the test SRM at 1200 r/min
(Linear TSF, T, =95.5N.m,4,, =40° 6,, =157)

Figures 9 and 10 shows that after the phase is turned off, the reference current tracking becomes worse at higher speeds,
it results in the negative torque output and the current tail in the generating region and negative torque production. The
SRM capacity to produce torque is highly limited close to the unaligned position, hence having a smaller turn-on angle
results in a large reference current. As a result, employing the TSF to fire in advance is not possible. Therefore, at greater
rotational speeds, TSF control technique cannot compete with traditional control methods. The reference current profiles
are calculated offline in the current profiling procedure in order to meet the desired performance goals.

The SRM has torque characteristics and high nonlinear flux, so it makes more challenging to control compare with
conventional AC drives. The predictive torque control is examine an acceptable technique to control SRM drive.
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Figure 11: Comparison of torque ripple for SFO-MPTC and DITC

The dynamic characteristics of SFO-MPTC method, experiments are charge with the load torque vary from 95.5N.m with
respect to the 900r/min speed and the result of proposed SFO-MPTC torque value is lower than existing DITC method.
The result of torque ripple for proposed technique and DITC method are shown in figure 10. The torque ripple coefficient
(Tripple) OF proposed SFO-MPTC is maintained at limited value, at different speed. Figure 10 shows the performance of

SFO-MPTC and DITC at different speed with 95.5 N.m load torque. The peak value of torque (Tpeak) existing DITC is

2.57 N.m and value of torque ripple (T ) is 50.80%. In proposed SFO-MPTC, the peak value is 0.72 N.m , and the

torque ripple is 19.5%.

ripple

5. Conclusion
In this proposed method, developed a technique named as MPTC based SFO algorithm using TSF function for minimize
the torque ripple of SRM drive system. The theoretical analysis of the result will be following conclusion. The torque
ripple can reduced by using torque sharing function, and this function is optimizing by the SFO. TSF has three torque
valuesTa, Th, Tc, these values are evaluated in proposed MPTC method and select the minimum value of torque ripple
to the SRM System. The Atom Search Optimization (ASO) can be used to optimize the position sensor. The position
sensor is sensing correct rotor position of the SRM. And achieved the peak value of torque is 0.71 N.m, and the torque
ripple is 19.5%. As demonstrated by the simulation test the proposed MPTC-SFO with TSF control strategy performs well

to reduce the torque ripple and also control the rotor position more effectively to compare with the DITC method in SRM
driving system .
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