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Torque Ripple Reduction of the Position Sensor-less Switched
Reluctance Motors Applied in the Electrical Vehicles
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Abstract— The Switched Reluctance Motors (SRMs) not only are low cost for industry applications, but also they could work in various
conditions with high reliability and efficiency. However, usage of these motors in high speeds applications under discrete mode causes
decreasing the efficiency. In this paper, a new optimized control method based on the various Torque Sharing Functions (TSFs) and
optimization algorithms is proposed for Minimum Torque Ripple Point Tracking (MTRPT) of a 4-phase SRM with 6/8 poles. In this method,
turn-on and commutation angles are controlled based on the lookup table. The proposed method could adjust the rapid variations of the
current in the starting mode of SRM. To show the robustness of the proposed approach, a real case study is considered, the control method
is applied in an Electric Vehicle (EV) mechanism, and its performance is assessed in various motion states such as acceleration, breakage,
and steady-state. Also, the position sensor for the studied EV is neglected, which could reduce the extra costs. There are two various
scenarios considered for solving the problem. First, the turn-off and turn-on angles are controlled, and the commutation angle is fixed.
The results show the robustness of the proposed method with about 90 % diminishing the torque ripple, compared to when all mentioned
angles are fixed. In the second step, based on a lookup table, instead of using complex analytical methods, the turn-on angle is controlled.
Therefore, a variable turn-on angle proportional to the applied speed is applied to the commutation control system of SRM. Besides, a
lookup table is created to restrain the reduction of the turn-off angle. The simulation results are compared to other previous methods, and
the worth of the proposed method is shown.
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1. INTRODUCTION

1.1. Motivation
The usage of Electrical Vehicles (EVs) has various benefits,

which finally, efficiently decrease the emissions of greenhouse
gases. Therefore, interest in various traction systems is enhanced
for EVs and Hybrid EVs (HEVs). In recent years, several electrical
motors have been introduced, such as induction motors, brushless
DC motors, and Switched Reluctance Motors (SRMs) [1, 2]. The
SRMs, due to their simpler structures, lower cost, and higher
resilience under various conditions, are primarily used in EVs [3].
An SRM includes poles for rotor and stator, separately. Also, SRMs
have no Permanent Magnet (PM), and windings are employed in
the stator. This causes motor works with high speeds as well as
high-temperature conditions. The variations of reluctance help to
produce torque in SRMs. Owing to salient poles on both sides of
the motor, the electrified winding attracts the nearest rotor pole
and the phase inductance variates. It should be noted that the
rotational motion of SRM is enabled due to a control drive of its
phase by a power converter.
However, the special structure of SRM, i.e. doubly salient, and its
excitation produced by a single source, lead to non-linear output
characteristics. Therefore, due to this drawback, the ripple of torque
and acoustic noise are obtained with high values. Braking and
accelerating in cars is a continuous mechanical movement. When
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a car is accelerating and needs extra power, it needs continuous
torque without fluctuating. Also, when an obstacle is reached,
the force should be reduced. So, a quick reaction is necessary
to reduce the torque. In the cases of conventional controllers, the
fluctuations of the accelerator and brake pedals have caused user
dissatisfaction. Therefore, it needs an optimal control to mitigate
the mentioned fluctuations.

1.2. Literature Review
The Torque Sharing Function (TSF) for current profiling is

the most common method among the Minimum Torque Ripple
Point Tracking (MTRPT) techniques [4–6]. The TSF also includes
various types as linear, cubic, exponential, and so on, which are
studied in plenty of papers. In [7], a novel nonlinear type of TSF
is proposed to increase the efficiency and obtain MTRPT. The
authors of [4] proposed both online and offline TSF that work
with a variation of operation point and flux linkage, respectively.
In the same way as [4], a novel offline TSF is applied to SRM
that could be controlled by the profile of flux linkage [8]. A new
TSF for SRM in [9] is proposed to reach a forecastable control. A
novel forecastable multi-objective optimization model is proposed
in [10] that encourages the TSF control.
The mentioned studies don’t consider the turn-off/on angles in their
proposed methods. The control of SRMs, due to their nonlinear
features, is a challenge. To cope with this problem, the model of
SRMs is often linearized, and the controller is designed. In [11],
the Dahlin controller family is proposed for adaptive control in
SRM. A comprehensive comparison of various linearized models
is carried out in [12]. Besides, the authors proposed a new fixed PI
controller that is based on SRM parameters. The authors of [13]
presented a new small-signal model of optimal control of speed
and current in SRM drive. In [14], the PI controller is composed
of TSF that could control the hysteresis current.
The analytic modeling is one of the main challenges to reaching
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a robust control system of SRMs. In order to cope with this
issue, this paper presents a novel method that could consider the
TSF at the same time that the SRM controller is designed, and
it minimizes the back-EMF effects. In the next step, a robust,
fast, and low-cost controller is needed for SRM control. In [15],
a predictive current controller is proposed for the coupled SRM
based on the net flux method. The results of [15] show the
enhancement of the torque regulation. An analysis of dynamic
current control methods for SRM drives is done in [16]. In this
study, the authors concluded that the PI controllers have better
results than others due to lower sensitivity to the errors of models.
A current deadbeat controller with active thermal management is
used in [17] for optimal MTRPT of SRM. However, the applied
method couldn’t be a worthwhile technique for Direct Torque
Control (DTC) in SRMs due to obtaining the reference value
in a single cycle causes the high effort of the control process.
A fact in [18] is validated by experimental results that various
methods could be effective in some cases and act weakly in
others. In this recent study, the authors presented the performance
and sensitivity of discrete-time PI controller, deadbeat control,
and Dahlin controller in both dynamic and steady-state mode
for PM–Synchronous Motor (PMSM). In [19], a novel design of
SRM is proposed with the aim of MTRPT. Also, the optimization
results are evaluated with experimental outputs of a prototype of
the proposed structure. The application of SRM in EV is studied
in [20], and a new control strategy is proposed to minimize the
torque ripple based on TSFs. A new TSF is presented in [21] for
torque ripple reduction of SRMs, which could establish the new
current reference generation strategy. The propulsion applications
with SRMs are the issue of [22] that effort to reduce their torque
ripple and acoustic noise in EVs and electric bikes. In a recent
work [23], the authors tried to propose an indirect torque control
strategy for SRMs by introducing a novel TSF.
In [24], a novel control based on field-oriented control without
sensor is proposed to detect the current fault of an induction motor.
Moreovere, authors of [25] used the presented method in [24], and
combined it with Direct Torque Control (DTC) to control a three
phase induction motor. In [26], a vector control method is applied
on the three phase induction motor under faults conditions. In
[27], the Direct Instantaneous Torque Control (DITC) is poroposed
for generating/braking mode of SRM. The results show the higher
efficiency and lower torque ripple in comparison with DTC. In
[28], a sliding mode DITC cruise control is applied in the SRM
drive with aim of MTRPT and speed tracking. In [29], a novel
hybrid control method based on Model Predictive Control (MPC)
and TSF has been presrnted to decrease the torque ripple of SRM.
The Maximum Torque per Ampere (MTPA) control strategy as a
novel method is studied in [30] and applied on a three phase SRM
to decrease the torque ripple.

1.3. Paper Contributions
In this paper, the authors proposed the following contributions:
• Preparing a novel control strategy of SRM based on TSFs to

reduce the torque ripple.
• The turn-on angle and commutation angle are controlled

based on the lookup table.
• The control method is applied in an EV mechanism, and its

performance is studied.
• Also, the proposed method could adjust the rapid variations

of the current in the starting mode of SRM.

1.4. Paper Organization
The paper organization is as follows. In Section 2, the dynamic

model of SRM is studied. In Section 3, the proposed method is
presented. Section 4 presents the results of the simulation, and
a discussion of the results is debated. Finally, the conclusion is
presented in Section 5.

Fig. 1. The structure of the studied 4-phase SRM with 8 stator poles and 6
rotor poles

Phase A Phase B Phase C Phase D

 

Fig. 2. The structure of 4-phase asymmetric bridges–power converter used
in SRM drive

2. MODELING OF SRM DRIVE

noindent With neglecting the hysteresis effects and eddy
currents, the relation of voltage per phase could be considered as
follow:

VS = Rsis +
dλs (φs, is)

dt
(1)

where, VS is supplied voltage, Rs is the resistance of s-th phase,
is indicates phase current of s-th phase, t is time, and λs shows
the phase flux linkage of s-th phase that is a function of position
(φs) and current, and could be expressed as follows:
λs (φs, is) = Ls (φs, is) is
where, Ls is the phase inductance of s-th phase. By replacing

(2) in (1), the new equation of voltage could be as (2), which
includes three terms of dropped voltage by resistance, dropped
voltage by inductance, and back Electro–Magnetic Force (EMF).

VS =Rsis +
d

dt
{Ls (φs, is) is} = Rsis + Ls (φs, is)

dis
dt

+ ωis
d

dφ
{Ls (φs, is)}

(2)

The electromagnetic torque, Te, could be calculated as follows:

Te(φs, is) = TL + J
dω

dt
+Bω (3)
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 Fig. 3. The inductance of 4/8 poles, four phases SRM
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Fig. 4. The inductance of 4/8 poles, four phases SRM
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Fig. 5. The curve of TSFs, (a) LTSF, (b) STSF, (c) ETSF, (d) CTSF

where, TL is load, inertia moment is introduced by J, ω is
rotational speed, and B indicates the friction coefficient. Besides,
the electromagnetic torque could be calculated as follows:

Te(φs, is) =
i2s
2

d

dφs
{Ls (φs, is)} (4)

Finally, the description of the relation between the electro–magnetic
and the mechanical domains of the SRM could be as follows:

i2s
2

d

dφs
{Ls (φs, is)} − TL = J

dω

dt
+Bω (5)

The behavior of an SRM could be described by (2) and (5).
In these equations, ω and is are the state variables, and their
multiplication shows the nonlinear behavior of SRM. Therefore, a
development controller should linearize this behavior. The structure
of the studied SRM is shown in Fig. 1.

Fig. 2 shows the structure of the used power converter as a
supply source of the SRM. As seen in this structure, per phase

per pole, there are two switches. When phase A should be turned
on, the gate command is given to the switches T1 and T2, and
the supply voltage is placed on both ends of the stator phase
windings (Vph = Vdc). Therefore, the current starts to increase,
which is a function of stator windings inductance and the voltage
of the power source. In this case, there will be a little power loss.
When phase A has to be turned off, the switches T1 and T2 will
be turned off (Vph = –Vdc). However, due to the inductor current
cannot being cut off suddenly, a huge voltage is generated at both
ends that tend to maintain the current. To solve this problem, two
diodes are installed in the circuit to remove the energy stored in
the phase without damaging the switches. When the switches are
turned off, these diodes form a path for the inductor current, which
flows from negative to positive poles. In this way, the supply
voltage is placed inversely on both ends of the considered phase
and the power supply is charged. Obviously, if the supply voltage
is higher, the both of increasing and decreasing rates will also be
faster. The current equation could be formed as follows:

dis
dt

=
1

Ls(φs, is)

(
VS −Rsis − isω

dLs(φs, is)

dφ

)
(6)

According to Fig. 2, the power converters used in this paper are
asymmetric bridges with two switches and two diodes in each
phase. The main advantage of this converter is its control flexibility,
which allows each phase to be controlled separately, especially
in high-speed applications (like EVs) when commutation occurs
between the adjacent phases. Besides, the main disadvantage may
be the need for high-power components, which increases the cost
and size.

3. CONTROL METHOD BASED ON TSF
The output torque in the SRMs is obtained from the sum of

the output torques in each phase, and each phase can produce
the desired torque in a certain range. So, to distribute the torque
generation task between all phases, it is necessary to identify the
positions of each phase that can produce the highest torque at
these positions. For example, consider a 4/6 poles, three phases
SRM. In this SRM, the rotor pole-pitch is π/2. Therefore, each
stator pole produces clockwise torque in half of the period (π/4)
and counterclockwise torque in the other half. On the other hand,
because the motor is three-phase, each phase must produce torque
at π/6 in the same direction as the principal component, for
completion π/2. Now, assuming a 4/8 poles, four phases SRM,
the rotation period of the rotor is equal to π/3, and each pole in
each period can produce π/6 of torque in the same direction as the
principal component. Due to the number of phases being 4, each
phase should produce the desired torque at π/12. Fig. 3 shows
the inductance curves and areas for generating clockwise and
counterclockwise torques for the last mentioned SRM [31]. In this
figure, let’s consider the π/6 region that could generate torque. In
this region, an π/12 sub-region should be selected, which includes
the best performance in producing torque. If the selected region is
closed to the non-aligned position, due to the low value of dL/dφ,
at the beginning of each phase excitation, a large current needs to
be injected to produce torque. Therefore, a high value of power in
the commutation region will be lost. Also, if this region is closed
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Fig. 6. The proposed control method for SRM: a) block diagram, b) flowchart

Table 1. The characteristic of the studied SRM

Parameter Value Parameter Value

Number of phases (m) 3 Inertia (J) 0.05
Number of stator poles (Ns) 8 Maximum current 450
Number of rotor poles (Nr) 6 Maximum flux 0.486
Stator resistance per phase (Rs) 0.2 Source Voltage (VS ) 300
Non–aligned inductance 0.0067 Friction coefficient (B) 0.02
Saturated aligned inductance 0.0015 Aligned inductance 0.0236
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Fig. 7. The magnetic characteristic of the studied SRM

 

Fig. 8. The relations between torque–position–current of the studied SRM

 

 

(a)
 

 

(b)

Fig. 9. The speeds and torque obtained in case 1, (a) The reference,
obtained and error speeds, (b) The obtained torque

 

Fig. 10. The rotor position variations in case 1

 

Fig. 11. The applied pulses to switches of phase A

Table 2. The summarized results for case 1

TSF type Tav
(N.m)

Tmax
(N.m)

Tmin
(N.m)

Torque Ripple (%)

LTSF 17.53 19.28 15.87 19.42
STST 17.53 19.77 15.58 23.89
ETSF 17.53 20.77 15.51 30.06
CTSF 17.53 19.61 15.58 22.96

to the aligned position, the value of dL/dφ is low again. However,
due to a large amount of inductance near the aligned position and
the lack of rapid current discharge, it causes a delay in current
reduction at commutation and produces negative torque. For this
purpose, by omitting the saturation effect, the value dL/d
φ can be calculated between the aligned and non–aligned positions.
Then, the π/12 sub-region with the highest dL/dφ will be selected
as the desired area. In the case of considering the saturation effect,
since the inductance is a function of both rotor position and current,
proportional currents should be proposed for different torques.
Then, the areas of π/12 with the highest level will be selected.
Due to the applied current to one phase cannot be changed with a
high slope, it is not possible that the produced torque to be zero by
one phase at a special moment and bring the output torque of the
other phase to the desired value in a short moment. Therefore, for
the moments of commutation, the amount of torque produced by
each phase as well as its changing process should be determined.
Therefore, the TSF has been introduced that the output torque
of each phase changes based on specific mathematical functions.
This method is a control process to produce a continuous uniform
torque to reduce the torque ripple. Also, it uses some special
sharing functions for generating the reference torques.
Fig. 4 illustrates a block diagram of the TSF control method for
SRM with four phases. This method includes some main steps.
First, a reference speed (ωr) is determined and compared with the
motor speed. Second, the resulting error is given to a PI control
block to produce the reference signal of the torque. Third, this
signal is decomposed into TSFs proportional to each of the phases,
while the sum of the reference torques of all phases at any given
moment is equal to the total reference torque. Fourth, the reference
output torque is compared with the actual torque signals of each

 

Fig. 12. The current variation of the DC source
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(a)

 

(b)

Fig. 13. The flux and current variation of all phases, (a) Flux, (b) Current

phase, and their errors are applied to the torque hysteresis control
block. Fifth, the hysteresis block applies switching pulses to the
electronic power converter for starting the motor [32]. Note that
to generate the reference torques of each phase, the rotor position
signal is also necessary, which is obtained from the position sensor
data or estimating methods. In this paper, the second method is
used.

3.1. The Linear TSF
The Linear TSF (LTSF) indicates that the torque produced by

each phase in the commutation interval could be determined as a

linear function based on the rotor position. The equations of LTSF
are as follows:

T ∗
ph =


Tref

φ−φon
φov

φon ≤ φ < φon + φov
Tref φon + φov ≤ φ < φoff − φov
Tref

φoff−φ
φov

φoff − φov ≤ φ < φoff

(7)

where, φon, φoff , and φov are the turn-on, turn-off, and
overlapping angles, respectively. Besides, Tref is the total desired
torque. The mentioned parameters are determined in the LTFS
curve for four phases in Fig. 5(a).

3.2. The Sinusoidal TSF
In the Sinusoidal TSF (STSF), the output torque of each phase

in the commutation interval is a sine function according to the
position of the rotor, which is defined as with (8). Also, the curve
of STSF for four phases is plotted in Fig. 5(b).

T ∗
ph =


Tref sin2

(
π
2
φ−φon
φov

)
φon ≤ φ < φon + φov

Tref φon + φov ≤ φ < φoff − φov
Tref sin2

(
π
2

φoff−φ
φov

)
φoff − φov ≤ φ < φoff

(8)
3.3. The Exponential TSF
The defined function of the Exponential TSF (ETSF) is as

follows:

T ∗
ph =


Tref

[
1− exp

(
− (φ−φon)2

φov

)]
φon ≤ φ < φon + φov

Tref φon + φov ≤ φ < φoff − φov
Tref exp

(
− (φoff−φov−φ)2

φov

)
φoff − φov ≤ φ < φoff

(9)

The curve of ETSF for four phases is shown in Fig. 5(c).

3.4. The Cubic TSF
The Cubic TSF (CTSF) is defined base on a cubic algebraic

function. As seen in (10), the desired function is non-linear. The
curve of CTSF for four phases is shown in Fig. 5(d).

T ∗
ph =


Tref

[
3
(
φ−φon
φov

)2
− 2

(
φ−φon
φov

)3]
φon ≤ φ < φon + φov

Tref φon + φov ≤ φ < φoff − φov
Tref

[
1− 3

(
φ−φoff+φov

φov

)2
+ 2

(
φ−φoff+φov

φov

)3]
φoff − φov ≤ φ < φoff

(10)

Table 3. The summarized results for case 2

TSF
type

Tav
(N.m)

Tmax
(N.m)

Tmin
(N.m)

Torque Ripple
(%)

LTSF 17.52 18.93 16.08 16.22
STST 17.52 19.52 15.94 20.42
ETSF 17.52 20.16 15.11 28.94
CTSF 17.52 19.46 16.07 19.31

3.5. The Optimization Criteria of TSFs

Although the TSF could reduce the torque ripple of SRM, the
copper losses are dependent on the TSF type and its parameters.
Therefore, selecting a robust TSF is essential. The selected TSF
type also affects the speed range with acceptable torque ripple as
well as the phase current peak. Because the values of φon, φoff ,

and φov are interdependent, the number of TSF parameters can
be reduced to only two parameters. The relationship between TSF
parameters is as follows:

φoff = φon + φov + ∆φ (11)

where, ∆φ is the stroke angle that is the displacement angle
between consecutive phases, and is defined as follows:

∆φ =
2π

mNr
(12)

where, m is the number of phases, and Nr is the number of rotor
poles. Besides, a new parameter as the central angle is defined
that two consecutive phases have the same torque (equal to half of
T ∗
ph) at this point. This angle, based on Fig. 4, could be defined

as follow:

φC = φon + φov/2 = φoff −∆φ− φov/2 (13)
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Fig. 14. The results of torque for phase A in case 1, (a) LTSF, (b) STSF, (c) ETSF, (d) CTSF

 

Fig. 15. The variation of angles in case 2

In the cases of minimum turn-on angle and maximum turn-off
angle, the maximum overlapping angle could be obtained as
φMAX
ov = τ/4, which τ is the pole pitch.

3.6. The Controlling of Angles
In some works, the turn-on angle is pulled back until the

torque error reaches the desired value. The aim of this paper is
based on the reduction of turn-on angle and combination with the
commutation angle control method in order to reduce the torque
ripple at high speeds. The variations of turn-on angle and speed
are stored in a lookup table. Then, the turn-on angle, in proportion
to the speed, tends to the aligned angle. In this method, the values
of turn-on angle are optimized by optimization algorithms.

If speed increases, the turn-on and turn-off angles decrease,
which leads to an increment of the current peak at the beginning
of the phase conduction. So, to prevent a large increase in current
and prevent torque drop, the commutation range will be raised by
increasing the commutation angle. Therefore, the optimal values
of the commutation angle are always within the expected range
and are increased in proportion to the increment of speed that is
stored in a lookup table. The final sketch of the proposed method
for controlling the SRM used in EVs is shown in Fig. 6.

4. THE SIMULATION RESULTS
The characteristic of the studied SRM is tabulated in Table 1.
Also, the magnetic characteristic of this SRM is shown in Fig. 7,
in which some parameters like aligned, non-aligned, and saturated
aligned inductances, as well as the maximum allowable motor
current, could be extracted. The torque–position–current curve is
another important feature of each SRM, which is shown in Fig. 8.
As seen in this figure, in φ = 0, the stator and rotor poles are
in the aligned position, and in φ = π/6 are in the non-aligned
position. The flux of each phase could be calculated as follow:

λs =

∫
[VS −RsIs] dt (14)

The torque ripple could be calculated as follow:

Tripple(%) =
Tmax − Tmin

Tavg
× 100 (15)

The proposed control method based on TSF is evaluated in two
different modes: 1) the introduced TSFs in the previous section
are used without controlling turn-on, turn-off, and commutation
angles; 2) the same TSFs are employed and turn-on and
commutation angles are controlled. The results of two cases are
compared at high speeds.

4.1. The Results of Case 1
In this case, based on Fig. 4, the torque is determined from the

feedback of the PI controller. Also, the load toque is 15 N.m. The
curve of reference and obtain speeds, and the error between these
speeds are shown in Fig. 13(a). Moreover, the obtained torque
from this error is presented in Fig. 13(b).
The variation of the rotor position is shown in Fig. 10. As seen
in this figure, the period of rotor position reduces with increasing
the rotor speed and is fixed in steady-state. The applied pulses
to switches of phase A are based on Fig. 11. Also, the current
variations of the DC source are presented in Fig. 12. The results
of voltages and currents of all phases are shown in Fig. 13.
During the simulation, to limit the peak current in the phase
turned-on moment, the turn-on angle for phase A is adjusted to
5.37◦ according to the positive and negative torque generation
intervals. Also, the optimal turned-off angle is slightly less than
the phase-aligned angle (59◦) to prevent the production of negative
torque, which leads to a high torque ripple. The commutation
angle of all phases is also set at a constant value of 5.6◦. In this
case, all three angles, i.e. turn-on, turn-off, and commutation, have
a constant value for each phase at different speeds. The reference
and actual torques for phase A with various TSFs are shown in
Fig. 14. The summarized results from these figures are listed in
Table 2. According to Table 2, it can be seen that the torque
ripple, in this case, is slightly higher. Therefore, using this idea
that by increasing the speed, bringing the turn-on angle closer
to the non-aligned angle, and combining it with increasing the
commutation angle, in the next step, the torque ripple could be
improved.

4.2. The Results of Case 2
The simulation method, in this case, is based on the block

diagram in Fig. 6 with the same reference speed and a load torque
of case 1. The turn-on angle variations, which are estimated at
different speeds using the lookup table, are shown in Fig. 15. As
seen in this figure, the turn-on angle tends to be the non-aligned
angle as the velocity increases to decrease the torque ripple at
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Fig. 16. TThe results of torque for phase A in case 2, (a) LTSF, (b) STSF, (c) ETSF, (d) CTSF

high speeds. Besides, the variations of the commutation angle are
shown in Fig. 1. It should be noted that in this case, the turn-off
angle is set to a constant value (44◦ for phase A). The turn-off
angle of the other phases is set with a favorable shift relative to
phase A. The results of phase A for various TSFs are plotted in
Fig. 16, and the summarized results obtained from Fig. 16 are
shown in Table 3.
Based on Table 3, it can result that the torque ripple has improved
compared to case 1, due to the favorable changes in turn-on and
commutation angles in proportion to the speed increase. It causes
avoiding two states: entering the current into the negative zone of
the torque and generating the peak current in the starting the phase
conduction.
As shown in Fig. 16, the input of the power converter is the
torque signals, to generate the requested voltage. Therefore, the
consumption power of the switches is related to the torque values.
Table 3 shows the torque ripples with various methods that indicate
the power loss of switches. So, by applying the proposed method,
the power loss will be reduced.

4.3. Applying the proposed method in a case study: electrical
vehicle
As mentioned before, an EV uses the negative and positive

torques, continuously. Therefore, in this section, these movements
are simulated and the proposed method is applied. The PI controller
has two main coefficients as Kp and Ki, which are optimized
using the Improved Prey Predator Optimization Algorithm (IPPOA)
[33] under each movement, which leads to better tracking of the
reference velocity curve. In this case, the variations of reference
and actual speeds are presented in Fig. 17(a), and the needed
torque is plotted in Fig. 17(b). The simulation results for turn-on
and commutation angles are shown in Fig. 18. The reference torque
waveform and the actual torque for phase A for various TSFs
are shown in Fig. 19. The obtained values for torque ripple show
that it is again improved compared to case 2, due to the optimal
selection of PI coefficients. This is the most common control of
an SRM based on TSFs with a speed controller that turn-on and
commutation angles are applied based on a lookup table. As the
turn-on angle reduces to the non-aligned angle, the copper losses
are also reduced more. Therefore, the drive efficiency will be
enhanced. In this paper, the turn–on angle is reduced to 36◦, while
in other methods it reached 33◦.

5. CONCLUSIONS

In this paper, a novel method is proposed and evaluated for the
aim of MTRPT of an SRM applied in EV, based on various TSFs.
The simulations are performed in various cases, and the results
show better performance of the controller:
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(b)

Fig. 17. The requested features of an SRM employed in EV, (a) speed, (b)
torque

 

Fig. 18. The variation of angles of an SRM employed in EV, (a) turn-on
angle, (b) commutation angleF
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Fig. 19. The results of torque for phase A of the SRM employed in EV,
(a) LTSF, (b) STSF, (c) ETSF, (d) CTSF

• In the first case, all angles are assumed as fixed, and the
average torque ripple is obtained at about 24%. In this case,
the LTSF was better than other TSFs.

• In the second case, the speed was higher than in case
1, and the angle database is considered with a lookup
table to decrease the computational volume. To avoid large
fluctuations in current, at the beginning and end of the
conduction range, the phase shift values are optimally
selected. In this case, the turn-on and commutation angles
are controlled and the mean value of the torque ripple was
about 20%, which is declined in comparison with case 1.

• Finally, the proposed control method is applied in an EV,
which needs to continuously brake and accelerate. First, it
accelerated, and then braked to assess the performance of the
method and its response speed. The results are acceptable
and the angles variated as fast as in case 2.

• The coefficients of the PID are optimized with IPPOA that
could response very faster than other methods.

It should be noted that if this control method is performed for
SRM with more poles, much less torque ripple will be obtained.
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