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The switched reluctance motor (SRM) is one of the common industrial applications where
many fields of different models are used, but they differ in performance, thus the selection
of the appropriate prototype must be determined according to the application's
requirements. In this study, a comparative analysis was conducted between 12/8 and 10/8
switched reluctance motors (SRMs) using ANSYS Maxwell where the same dimensions,
parameters, and operating conditions were adopted in the designs and only the number of
stator poles were changed to evaluate the magnetic, mechanical, and electrical
characteristics. Then we study their effect on the SRMs performance focusing on several
aspects of torque, speed, various losses, electromagnetic analysis of intensity, and
magnetic flux density. Electrical losses were reviewed, and the study revealed significant
differences between the SRMs' electromagnetic performance, highlighting the importance
of the SRM design to reduce losses and improve efficiency. The results show that the
importance of choosing between the two SRMs depends on the application requirements,
whether it requires high speed and efficiency or high torque. This study provides a
comprehensive insight into the SRM designs deep analysis, supporting the drive for more
efficient and sustainable technology in optimizing the electric motors' overall performance.

Copyright ©2025 by authors and Galileo Institute of Technology and Education of the Amazon (ITEGAM). This work is licensed
under the Creative Commons Attribution International License (CC BY 4.0).

I. INTRODUCTION

During recent years, researchers have focused on
enhancing and improving various electric motor prototype models
and control techniques [1-3], such as Switched Reluctance Motors
(SRMs). SRMs have emerged as a suitable choice for industrial
power applications in electric transportation and renewable
energy due to their simple structure [4],[5], low cost because of
the absence of permanent magnets, high reliability, ability to
operate in extreme conditions, and durability. The SRMs function
on the principle of magnetic pole excitation, which produces
varying torque, which makes the focus on the geometry and the
pole design of the rotor and stator crucial in establishing the
characteristics and performance of this type of motor.

Despite the features of the SRMs, they have drawbacks
that affect their behavior in operation, such as the cogging torque
and ripples [6],[7]. The difficulty in controlling speed and torque
accurately [8-10]. High noise and vibration due to direct magnetic
force variations during operation [11],[12]. Complexity in the
design of magnetic coils [13]. Power loss due to eddy currents
and thermal losses [14]. Performance fluctuates with variations in
speed and sensitivity to changes in load and voltage [15]. Several
researchers have been developing prototypes of SRMs for various
application requirements of solar water pumping systems
[16],[17], electric vehicle EV [18-20], elevator applications [21],
and cooling fan applications [22]. Recent research has focused on
optimizing the SRMs through Artificial Intelligence and machine
learning [23-25]. The selection of the material applied to the
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stator and rotor in the SRMs contributes to minimizing losses and
significantly increasing efficiency [26].

The direct torque control (DTC) method for the 5-phase
10/8 SRMs was introduced, focusing on achieving rapid response
torque and precise stator flux control [27], while the same method
was proposed based on the Fuzzy method to reduce torque ripples
[28]. Multilevel inverters have been investigated by using space
vector modulation (SVM) in controlling SRM applications with a
focus on 10/8, 8/6 and 6/4 geometric types [29]. A validated
analytical model for 10/8 and 8/6 SRM was presented. To prove
the accuracy, the results were compared with experimental
measurements [30]. A novel SRM that has a permanent magnet
between the pole tips of the stator is proposed to enhance
efficiency and improve torque compared to traditional SRMs
[31].

Various control strategies of the 12/8 switched reluctance
motor were compared [32]. A design of 12/8 SRM with a
segmental rotor type is proposed for cooling fan applications. The
structure rotor consists of a series of discrete segments, and the
stator consists of two types of poles: auxiliary and exciting poles
[33]. A comparative analysis of winding arrangement types for a
12/8 SRM is presented, focusing on the reduction of flux reversal
and analysis of torque performance [34].

The analysis and optimization of a 12/8 SRM using the
Grey Wolf Optimization (GWO) algorithm for electric vehicle
applications is proposed with a focus on enhancing the torque
density through geometric optimizations [35]. The torque
performance of 12/8 SRM is enhanced by checking the embrace
of rotor poles and focusing on the rotor and stator pole arc to
obtain minimum ripple torque and maximum average torque [36].
A study of the magnetic characteristics of three-phase 12/8 SRM
is presented to improve the starting torque by focusing on the
effect of important geometric parameters on enhancing efficiency
and torque [37].

Although previous research has provided many 12/8 and
10/8 SRM designs for electric vehicles and various industrial
applications, and while they differ in the number of stator poles
only, they are significantly different in behavior in many aspects,
therefore it is critical to select the SRM accurately according to
the application requirements.

This paper aims to conduct an analytical study to compare
the behavior of two SRMs with similar parameters, dimensions
and operating conditions, focusing on changing only the number
of stator poles to investigate their effect on the SRM's
performance in terms of efficiency, losses and electromagnetic
behavior. This comparison is based on data from detailed
simulation results using ANSYS Maxwell that includes
electromagnetic analysis of the magnetic field. As well as analysis

of performance curves for efficiency, torque, speed, stranded
losses, current, voltage, and flux linkages.

Finally, this research contributes to the field of SRM
design optimization by focusing on factors that affect the
performance such as pole and core design, magnetic flux
distribution, coil resistance improvement, and loss reduction,
thereby enhancing the sustainability, operational flexibility, and
the performance efficiency of the SRMs in various industrial
applications. The results of this detailed analysis provide practical
data and indicators to enable the selection of the most suitable
12/8 and 10/8 SRMs based on specific operating conditions. This
contributes to the improvement of these motors and their ability to
be adapted to different application requirements. The finite
element method offers many advantages in simplifying complex
geometry models in a fast time, making it a common choice in
many fields of electrical engineering.

This paper is structured as follows: in section 2, the
proposed designs with their basic dimensions of the 12/8 and 10/8
SRMs. Section 3 presents the finite element method in electrical
machines. Section 4 incorporates mathematical modeling of the
basic equations for the SRMs. In Section 5, the simulation results
and comparison of the SRMs are discussed. Finally, section 6
provides a conclusion and summary of this work.

Il. APPROACHED DESIGN OF THE SWITCHED
RELUCTANCE MOTORS

This paper provides modeling and designing of 12/8 and
10/8 (Figure 1) switched reluctance motors based on similar
proportions and parameters in both motors, as illustrated in Table
1. The stator poles were changed only to examine the effect of
increasing stator poles on the performance of the machines. Steel
1008 was applied in addition to copper in the stator and rotor
parts because the selected materials contribute to reducing total
losses and increasing efficiency [26]. The motors were designed
under a voltage of 220 V, speed of 3000 RPM, and power of 5000
W. At first, the basic dimensions and appropriate operating
conditions were specified according to various mathematical
equations and basic computations. The prototype was created and
tested using the ANSYS RMxprt tool to evaluate the essential
parameters and verify the initial designs. The efficiency of the
obtained machines is estimated to be more than 95 %. After that,
two-dimensional models were established using the Maxwell2D
tool to compare the performance of the SRMs in terms of
efficiency, torque, speed, total losses and various other machine
data and performance curves. The ANSYS Maxwell approach is
adopted by the finite element method, which is accurate and fast
in simplifying complex models.

Figure 1: 3D models of the 12/8 and 10/8 SRMs.
Source: Authors, (2025).
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Table 1: Parameters of the presented 12/8 and 10/8 SRMs. Table 2 indicates the copper and steel material

Parameters 12/8 SRM | 10/8 SRM consumption in the switched reluctance motors for the rotor and
Outer Diameter of Stator (mm): 150 150 stator parts. The material consumption is similar for both
Inner Diameter of Stator (mm): 95 95 machines in the rotor part, with a slight difference in the weight
Number of Stator Poles: 12 10 of copper and steel in the stator core.
Pole Embrace: 0.6 0.6 Table 2: Materials consumption in the SRMs.
Outer D_|ameter of Rotor (mm): 94 94 MATERIALS 12/8 SRM | 10/8 SRM
Inner Diameter of Rotor (mm): 50 50 Stator Copper Density (kg/m"3): 8900 8900
Length of Stator Core (mm): 70 70 Stator Core Steel Density (kg/m”3): 7872 7872
Type of Steel: steel_1008 | steel 1008 Rotor Core Steel Density (kg/m”3): 7872 7872
Number of Rotor Poles: 8 8 Stator Copper Weight (kg): 1.25071 1.36846
Pole Embrace: 0.5 0.5 Stator Core Steel Weight (kg): 430679 | 4.30611
Yoke Thickness (mm): 12 12 Rotor Core Steel Weight (kg): 2.06099 2.06099
Rated Output Power (KW): 5 > Total Net Weight (kg): 7.61849 | 7.73556
Rated Voltage (V): 220 220 Stator Core Steel Consumption (kg): | 842751 | 8.42751
Given Rated Speed (rpm): : 3000 3000 Rotor Core Steel Consumption (kg): | 3.77157 3.77157
Operating Temperature (C): 5 5 Source: Authors, (2025).

Source: Authors, (2025).
k) < < 2
i 1 1
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Figure 2: Drive circuit of the 12/8 and 10/8 switched reluctance motors.
Source: Authors, (2025).

I1l. FINITE ELEMENT METHOD

The finite element method (FEM) is a numerical technique
based on dividing a complex geometric field into many small
elements to simplify and facilitate its mathematical handling. It is
used in solving partial differential equations relating to various
physical systems approximately within each element separately
after the solutions for all elements are combined to obtain a
comprehensive overview of the system's performance. The
electromagnetic field distribution of the flux, the wvectorial
distribution of magnetic flux, and the magnetic intensity in a
switched reluctance motor can be solved using the FEM. The
electromagnetic analysis of the interaction between the stator and
rotor is crucial to ensuring optimal functioning. Both SRMs were
designed with the same dimensions and conditions applied except
for the number of stator poles changed, as shown in Figure 1 and
Table 1.

The Finite Element Method (FEM) is a powerful, accurate
and speedy design tool used to enhance many industrial
applications designs such as electrical machines and transformers,
which contributes to increasing efficiency and reliability,
improving overall system performance, and reducing magnetic
losses. Electromagnetic analysis based on the ANSYS and FEM
allows to specify the parts that are exposed to the magnetic
saturation that must be focused on to reduce electrical losses. It
permits the evaluation of the interactions between electric
currents and magnetic fields in complex components and systems,
focusing on the non-linear properties of magnetic materials, the

effects of eddy currents and magnetic flux distribution on the
performance.

IV. MATHEMATICAL MODELING OF THE SWITCHED
RELUCTANCE MOTOR

For a thorough comprehension of the dynamic behavior
and determination of the main impacts on a switched reluctance
motor's performance, mathematical equations are considered that
contribute to illustrating the interrelation between various
components such as torque, power, and efficiency. These
equations reflect the theoretical underpinnings of electromagnetic
analysis and the analysis of experimental data. These later are
crucial to explain the transformation of energy, the effect of
external load on the motor, and the interactions between magnetic
fields and mechanical motion, which contribute to a detailed
examination of the complex behavior of the machines under
various operating conditions.

From the equivalent circuit given in Figure 3, the phase
voltage equation of the SRMs is given in Equation 1:

@

Where i is the phase current, Rs the phase resistance, 6 the
rotor position, and A the flux linkage for each phase that is
expressed by:

. di ., .
V =iRs +E(9’ i)

A=1L(8,0)i (2
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Where L is the dynamical winding inductance that depends
on the rotor position and the current per phase excitation, the
equation of voltage for a phase can be defined as:

. L(@i)di | .dL ., .
V=iRs+——+1i—(6,0) 3)
_ 4y aeadl g
V =iRs+ L(6,iQ) il e 6,1 (@)

The derivative of the rotor's angular position 9 relative to
the time is the angular speed of the machine wm, then:

V = iRs + L(8,0) 5 + it 52 (6,) ()

Where on is the angular speed.

R,

L.(0,i)

—p
II;“

e(0,1)

Figure 3: The SRM per phase equivalent circuit.
Soucer: [38].

e =—dop(i,0)/dt (6)

Where ¢(i, 6) is the flux linkage that represents a function
of the current and the angle of the rotor. Then:

dp(i6) _ Ldi
dt  dt

idl d@ Ldi . dl
—— 4w, — 7
do dt dt m"de )

The switched reluctance motor's amount of power P
developed is expressed by Equation 8:
_ Lidi .o dl

P=—+w,i‘—
dt m"oat

(®)

The SRM energy stored in the magnetic field W, can be
obtained as:

We = §Li2 9)

The power generated by the change in the magnetic field
is expressed by Equations 10 and 11:

dwe 1i%dL

1 Ldi
?—ELZLZ'F 2 (10)
. 1.2
awe _ ,.di  3i7dL
" —let+ - @m (11)

Where P, is the difference between the received power
from the supply and the power due to the magnetic field variation
and is expressed in Equation 12:

Pp = wn Ty (12)

(13)

The switched reluctance motor air gap power Pag is given
as follows in Equations 14 and 15:

_1.5dL00) _ 1.,dL(8,)de

Fog = 2V Tar 2 Tae a (14)
1., dL(6,i)

Py =512 ——=wp (15)

The main contribution to the developing mechanical power
in the rotor is the contribution from the air gap power. The
equation for the developed mechanical power of the rotor is
provided in Equation 12.

The SRM electromagnetic torque for phases can be
calculated by summing the torque of the phases Tpn:

T _ 1.,dL(i6)
ph T a6 (16)
T, = Zm Tph
The average torque T., equation is given as follow:
1,7
Towg = ;fo T (t)dt
. 60 (7
with, 7 =

nNy

Where n is the speed in the rotor (rpm), N is the number
of poles in the rotor.

The torque ripple of the switched reluctance motor is
expressed in Equation 18.

_ Tmax ~Tmin — AT

Tripplc -

(18)

Tavg Tavg

Where Tmax is the maximum torque in the SRM; Tnin is the
minimum torque in the SRM.

The motion equation of the machine can be described by
the Equation 19:
T,—T, = Bw+j (19)
Where T, is the load torque, B is the friction coefficient,
and j is the inertia moment.

The Equation of the SRM efficiency is given as:

_Po _Pin_Pcu_Pcore
n= - == (20)
in in

Where P, is the output power, Pi, is the input power, Py is
the copper 10ss Pcore is the core loss.

V. RESULTS AND DISCUSSIONS

To evaluate the provided 12/8 and 10/8 SRMs and
compare their performance, as showen in the first section include
Tables 3 and 4 to compare the basic parameters and comparing
the various losses through the bar charts illustrated in Figure 4.
The results of the second section highlights a comparison of the
electromagnetic analysis of the magnetic flux density, the
vectorial distribution of magnetic flux density, and the magnetic
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intensity in Figures 5, 6 and 7, which contributes to a more
precise analysis of the mechanical performance and an
understanding of the electromagnetic behavior between the stator
and rotor. The results in the last section present the various
performance curves for both SRMs that include efficiency curves,
torque, speed, Stranded losses, currents, voltages, and flux

linkages.

Table 3: Evaluation of the 12/8 and 10/8 SRMs performance.

This means that the 10/8 SRM has significantly higher frictional
and windage loss, which reduces its dynamic efficiency. The 12/8
SRM significantly reduces iron core loss by about 80% to
estimated 0.0414556 W, while in the 10/8 SRM it reaches
0.207566 W, which improves the behavior in magnetic
conditions. The 12/8 SRM exhibits more winding copper loss of
187.693 W compared to the 10/8 SRM's 81.8344 W due to the
increased number of stator poles, which may lead to overheating.
The data illustrates that the 10/8 SRM has higher diode and
transistor losses compared to the 12/8 SRM. This analysis shows
that the 12/8 SRM is more efficient in terms of electronic
components with a 32.5% improvement in diode loss compared to
the 10/8 SRM. The 10/8 SRM has a total loss of 204.509 W,
20.9% less than the 12/8 SRM with 258.635 W, indicating a more
power efficient functioning due to the consistency in the
distribution of the number of poles.

Table 4: Estimation of the stator and rotor poles flux density and
the winding of the 12/8 and 10/8 SRMs.

Parameters 12/8 SRM | 10/8 SRM
Input DC Current (A): 23.7302 23.5383
Phase RMS Current (A): 36.7278 29.2256
Phase Current Density (A/mm”2): 11.095 7.00377
Iron-Core Loss (W): 0.0414556 | 0.207566
Output Power (W): 4962 4973.91
Input Power (W): 5220.63 5178.42
Efficiency (%): 95.0459 96.0508
Rated Speed (rpm): 9361.01 20904.7
Rated Torque (N.m): 5.0618 2.27209
Flux Linkage (Wb): 0.0559623 | 0.0255368
Maximum Output Power (W): 19203.7 22969.8

Source: Authors, (2025).

Both of the SRMs have roughly similar input DC current
indicating comparable current consumption. The phase RMS
current of the 12/8 SRM reaches 36.7278 versus 29.2256 A in the
10/8 SRM. The phase current density of the 12/8 SRM reaches
11.095 A/mm2, while the 10/8 SRM reaches 7.00377 A/mmz2. This
difference indicates that the 12/8 SRM consumes more power
compared to the 10/8 SRM, which may affect the overall losses
and increase the thermal and magnetic stress in the coils while
contributing to significantly increasing the output torque.

The output power in the 12/8 SRM has 4962 W versus
4973.91 W in the 10/8 SRM. The input power in 12/8 SRM is
5220.63 W, and in 10/8 SRM is 5178.42 W. This data shows that
10/8 SRM has higher output power with lower input power and
excels in producing the maximum power, which increases its
efficiency as the 12/8 SRM efficiency reaches 95.0459%, while
the 10/8 SRM efficiency reaches 96.0508%. The flux linkage data
reveals that the 12/8 SRM has a higher flux of 0.0559623 Wh
while the 10/8 SRM has 0.0255368 Wh.

Parameters 12/8 SRM | 10/8 SRM
Stator-Pole Flux Density (Tesla): 1.37232 1.04559
Stator-Yoke Flux Density (Tesla): 0.849767 0.775533
Rotor-Pole Flux Density (Tesla): 1.11211 1.01496
Rotor-Yoke Flux Density (Tesla): 0.2756 0.251524
Winding Resistance in Phase (ohm): | 0.0463808 | 0.0191619
Winding Resistance at 20C (ohm): 0.038152 | 0.0157622
Winding Leakage Inductance (mH): | 0.0275105 | 0.00980801

ESRM 12/8 ®SRM 10/8

300

250

200

Loss (W)
=
@
<)

100 —
50 -

o B = =

Frictionaland  Winding Diodeloss  Transistor
WindagelLoss CopperLoss Loss

Total Loss

Type of Loss

Figure 4: Comparison of losses in the 12/8 and 10/8 SRMs.
Source: Authors, (2025).

The frictional and windage loss in the 12/8 SRM is
31.2034 W, which is 55.2% less than the 10/8 SRM's 69.6824 W.

Source: Authors, (2025).

The flux density in the stator poles of the 12/8 SRM motor
has 1.37232 Tesla, while in the 10/8 SRM it has 1.04559 Tesla.
This difference shows that the 12/8 SRM achieves 31.1% higher
magnetic density, which enhances its ability to generate greater
torque and more efficient operation but also increases the
possibility of magnetic saturation at high loads. As for the stator
yoke flux density, it is 0.849767 Tesla in the 12/8 SRM compared
to about 0.775533 Tesla in the 10/8 SRM. This difference
indicates that the 12/8 SRM exhibits 9.5% higher density, which
enhances the efficiency of magnetic usage and reduces magnetic
losses.

For the rotor pole flux density, the 12/8 SRM has a
1.11211 Tesla, while the 10/8 SRM has a 1.01496 Tesla. This
disparity reflects the preference of the 12/8 SRM, which enhances
the motor's ability to produce torque and response to loads. the
rotor yoke flux density reaches 0.2756 Tesla in the 12/8 SRM
versus 0.251524 Tesla in the 10/8 SRM. This indicates that the
12/8 SRM has 9.6% greater density, which enhances behavior
stabilization under various loads.

The winding resistance in phase of the 12/8 SRM has
0.0463808 ohms, while the 10/8 SRM has a lower resistance of
0.0191619 ohms. This indicates that the 12/8 SRM exhibits
higher resistance in the windings leading to higher losses due to
overheating. The 12/8 SRM exhibits higher resistance even when
measuring the windings' resistance at 20°C. This difference
reflects the 10/8 SRM's ability to reduce heating losses
significantly, indicating its higher operational efficiency.

the 12/8 SRM has a higher winding leakage inductance
value of 0.0275105 mH, which leads to power loss and response
delay, while the 10/8 SRM shows a lower inductance of
0.00980801 mH.  This enhances the motor response and
minimizes losses due to the winding leakage inductance.
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Figure 6: The SRMs vectorial distribution of magnetic flux density.
Source: Authors, (2025).

In Figures 5 and 6, the comparative analysis of the
magnetic flux density at the same 43.5 degrees position indicates
that the 12/8 SRM significantly outperforms the 10/8 SRM in
terms of magnetic flux density and distribution, showing that the
12/8 SRM can generate a more powerful magnetic flux of 2. 6797
T by about 35% comparing to the 10/8 SRM's 1.4875 T. This

indicates a higher performance in applications that require
effective power conversion, efficient magnetization, and high
torque, particularly at high loads. In contrast, the 10/8 SRM
exhibits a lower performance due to the variability and
irregularity of the flux distribution and its relatively low values.
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Figure 7: Variation of the SRMs Magnetic Intensity.

Source: Authors, (2025).

Figure 7 indicates the magnetic intensity distribution,
showing that the 12/8 SRM is more balanced and uniform than
the 10/8 SRM, with similar effective regions of maximum
magnetic intensity. This reflects the stability of behavior and
more efficient conversion of magnetic energy into mechanical

energy. In contrast, the 10/8 SRM exhibits unbalanced and non-
uniform magnetic intensity distribution, which can lead to
reduced electromagnetic conversion efficiency and fluctuations in
output torque.
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Figure 8: Variation of the SRMs Efficiency.
Source: Authors, (2025).

Figure 8 shows the variations in efficiency curves versus
the speed for the 10/8 SRM shown in blue and the 12/8 SRM
shown in red. The results indicate that the 12/8 SRM quickly
reaches higher efficiency values initially at speeds below 12000
rpm compared to the 10/8 SRM. At speeds above 20000 rpm, the
efficiency curve of the 12/8 SRM decreases gradually compared
to the 10/8 SRM.

This decrease is due to the increasing dynamic losses and
the losses due to eddy currents and electromagnetic interference
which are affected by the design and number of stator poles while
the 10/8 SRM retains its efficiency even as the speed increases
making it more suitable for applications that require stable
behavior at high rotational speeds.
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Figure 9: Variation of the SRMs Moving Torque.
Source: Authors, (2025).

The torque curves for both machines are shown in Figure
9. After increasing the number of stator poles of the SRMs, there
is a 55.1% increase in average torque from 2.27 Nm to 5.06 Nm,
indicating that the 12/8 SRM has improved dynamic behavior,
increased power, and enhanced response to heavier loads, making
it suitable for applications that require high torque and greater
thrust.

However, the 12/8 SRM torque curve illustrated in blue
exhibits a higher torque fluctuation compared to the 10/8 SRM,
which is a result of increasing the number of stator poles, which
leads to more complicated magnetic interactions and affects the
performance stability. Note that in this case, the increase in stator
poles was considered only without adjusting the other factors, but
the fluctuation and ripple in torque of the 12/8 SRM can be
reduced by improving the different aspects.

Figure 10: Variation of the SRMs Speed.
Source: Authors, (2025).

Based on the analysis of the speed curves as shown in
Figure 10, the 10/8 SRM is more suitable for applications
requiring high speeds and lower torque, with an estimated speed
of 20904 rpm, which is 55.2% greater than the 12/8 SRM, which
is suitable for applications requiring lower speeds and higher
torque while maintaining control and stability, with an estimated
speed of 9361 rpm. Although the 12/8 SRM provides higher
torque, the emphasis on speed is a critical factor in many
applications.
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Figure 11: Variation of the SRMs Stranded Losses.
Source: Authors, (2025).

Figure 11 represents stranded loss curves where the 12/8
SRM shown in red exhibits a significantly higher stranded loss,
up to 87.5 watts at extreme values. This indicates that more power
is consumed to obtain a higher torque, which affects the overall
efficiency. The stranded losses in the 10/8 SRM are noticeably
lower with extreme values ranging around 37.5 watts. This
illustrates the efficiency of the machine in terms of minimizing
losses. This makes it a more suitable choice in applications that
require low power consumption due to the consistency in the
distribution of the poles as the stator poles are proportional to the
rotor.
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Figure 12: Variation of 12/8 the SRM Currents.
Source: Authors, (2025).
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Figure 13: Variation of the 10/8 SRM Currents.
Source: Authors, (2025).
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From Figures 12 and 13, the maximum current values in
the 12/8 SRM reach about 75 A. While in the 10/8 SRM it
reaches about 60 A. The maximum current in the 12/8 SRM
appears to be about 25% more compared to the 10/8 SRM,
reflecting the ability to produce greater torque and higher
electrical power capacity in the phases. This means that the 12/8
SRM functions at lower speeds but provides a more steady
current with distinct peaks and little overlap with other phases,
indicating improved current distribution. Reducing the number of
poles in the 10/8 SRM leads to interference between phases,
which decreases the efficiency of the electromagnetic conversion
and makes controlling the currents and power distribution
between phases difficult and more complicated.
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Figure 14: Variation of the 12/8 SRM Induced Voltages.
Source: Authors, (2025).
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Figure 15: Variation of the10/8 SRM Induced Voltages.
Source: Authors, (2025).

Figures 14 and 15, represent the variation of the induced
voltage vs the time. Both of the SRMs show an identical range of
induced voltage values between 220V. Although the maximum
values of the induced voltage are similar in both machines, the
method of voltage generation and usage are significantly different
between the two SRMs. The results show that the 12/8 SRM

provides an easier and more stabilized control system due to the
longer periods between voltage variations and the synchronization
between the phases thus it is more appropriate in applications that
require accuracy and stability in torque. On the other side, the
10/8 SRM requires advanced and complicated control techniques
to handle the frequent interference and rapid variations in the
induced voltage between the phases. Increasing the number of
poles in the 12/8 SRM improves the synchronization and
stabilization of the induced voltage across the phases, which
facilitates torque control and aids in maintaining consistent
dynamic behavior.
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Figure 16: Variation of the 12/8 SRM Flux Linkages.
Source: Authors, (2025).
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Figure 17: Variation of the 10/8 SRM Flux Linkages.
Source: Authors, (2025).

In Figures 16 and 17, it is shown that the flux linkage
curves for both SRMs have a regular and repetitive form, reaching
specific peaks of 0.057Wh at the 12/8 SRM and 0.026Whb at the
10/8 SRM and decreasing rapidly when the phase current is
eliminated. It is clear from these results that the distribution of
flux linkages is highly dependent on the number of poles and their
design. In the 10/8 SRM, the peaks of the flux linkages are lower
compared to the 12/8 SRM, with a greater overlap between the
peaks. The response time is faster, indicating that the 12/8 SRM
provides a more stabilized distribution of flux linkages with
higher peaks and less overlap between the phases.

VI. CONCLUSIONS

This paper presents a comparative study of the designs of
12/8 and 10/8 SRMs featuring an effective design based on
similar dimensions and operating conditions. Only the stator poles
were changed to study its impact on efficiency, performance, and
losses. The results show that increasing the number of poles in the
stator varies the behavior of the current and its distribution
between the phases and allows an increase in the maximum

Page 193



ITEGAM-JETIA, Manaus, v.11 n.52, p. 186-195, March./April., 2025.

current values, leading to improved dynamic performance and
torque stabilization. Reducing the number of poles in the 10/8
SRM leads to interference between phases, which leads to
difficulty in maintaining torque stability and reduces the
efficiency of the electromagnetic conversion. The 12/8 SRM has
higher total losses, especially in copper losses, while the 10/8
SRM has higher of frictional and windage losses.

Electromagnetic analysis data shows that the 12/8 SRM
has higher magnetic flux density and magnetic field strength,
which enhances its ability to generate high torque, while the 10/8
SRM has higher efficiency in magnetic resistance and magnetic
leakage, which makes it an appropriate choice in applications
where high power efficiency is required. Both SRMs have distinct
characteristics that make them suitable for different applications.

The choice between them depends on the specific
application requirements in terms of speed, torque, efficiency,
noise, and vibration. The 12/8 SRM can be used in applications
that require high torque at low speeds and the 10/8 SRM in
applications that require high speeds and low losses.
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