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Abstract – Modular double-stator switched reluctance
motors offer the advantages of high torque density,
low mutual coupling, and high reliability, making them
promising candidates for electrified transportation appli-
cations. The dual-winding configuration enables both
the inner and outer stator poles to be equipped with exci-
tation windings. Variations in the excitation direction of
these windings lead to distinct winding polarity distribu-
tions, thereby resulting in different magnetic flux paths
and electromagnetic characteristics. This paper presents
two typical polarity distributions for modular double-
stator switched reluctance motors, namely NSNS and
NSSN. Motor models are established in the finite ele-
ment software Altair Flux to analyze the flux path,
flux density, and static electromagnetic torque under
both winding polarities. In addition, dynamic perfor-
mance metrics including torque ripple, core loss, copper
loss, and efficiency are evaluated under various rotor
geometries and operating speeds. The influence of key
rotor geometric parameters on the torque and efficiency
characteristics of the two polarity configurations is also
investigated.

Index Terms – Electromagnetic performance, finite
element analysis, flux path, switched reluctance motor,
winding polarity.

I. INTRODUCTION
Owing to the absence of permanent magnet and

windings on the rotor, the switched reluctance motor
(SRM) boasts advantages such as simple and robust
construction, low manufacturing cost, and strong fault
tolerance [1, 2]. Consequently, it has found applications
in various fields including electric vehicles, electric
aircraft, and wind power generation [3, 4]. However, due
to its inherent reluctance torque nature, the torque and
power performance of SRMs still lag behind those of
permanent magnet motors and require improvement.

To enhance SRMs’ performance, several novel
motor structures, including double-stator SRM [5], seg-
mentedrotor SRM [6], axial-flux SRM [7], and hybrid
excitation SRM [8] configurations have been pro-
posed. Among these, the double-stator SRM (DSSRM)
improves the utilization of electromagnetic space and
is characterized by high torque density. Nevertheless,
the design process of its structural parameters often
involves large phase inductance values or a high ratio
of maximum to minimum inductance. The traditional
SRM features a fixed magnetic circuit and a single oper-
ational mode. This often results in a limited constant-
power speed range and a restricted operational region for
DSSRMs, even when they possess high torque density
characteristics. It is challenging to achieve both high

Submitted On: February 11, 2026
Accepted On: July 30, 2026 1054-4887 © ACES

https://doi.org/10.13052/2026.ACES.J.410608



YU, CHEN, YAN, WANG, BAO: PERFORMANCE COMPARISON ANALYSIS OF MODULAR DOUBLE-STATOR SRM 578

torque density and a wide speed range simultaneously,
which limits their application in scenarios demanding
non-rare-earth motor systems that combine these two
features.

In other types of motors, variable-flux motor struc-
tures have become a current research hotspot. Variable-
flux motors enhance field-weakening capability, broaden
the constant-power range, and enable wide-speed oper-
ation by introducing an additional controllable mag-
netic flux regulation variable to alter the main air-gap
flux. Depending on the method of air-gap flux regula-
tion, adjustable-flux motors include hybrid excitation,
mechanical flux adjustment, variable stator winding con-
figuration, and variable flux memory motors [9–12].
For SRMs, some scholars have achieved flux regulation
by employing two separate sets of windings simultane-
ously. This approach aims to extend the motor’s speed
range while maintaining torque output capability at low
speeds [13–16]. However, this scheme faces shortcom-
ings such as a high slot fill factor, severe electromagnetic
coupling, and complex decoupling control, which hinder
the widespread adoption of this motor type.

Indeed, varying the energizing direction of the
winding coils leads to distinct winding polarity distri-
butions, which in turn affect motor performance. This
paper investigates the influence of the winding coil
energizing direction on the performance of modular
DSSRMs. First, the motor structure is described and the
feasible polarity configurations are identified. Second,
a two-dimensional finite element model of the motor
is developed in finite element software, and the flux
paths, flux density, torque, flux linkage, and inductance
characteristics under the two different winding polarities
are analyzed using the finite element analysis method.
Finally, the effect of rotor pole arc angle on the torque
characteristics of the motors with the two polarity distri-
butions is examined.

II. MOTOR STRUCTURE AND WINDING
POLARITY DISTRIBUTION

Figure 1 illustrates the structural schematic of the
modular double-stator switched reluctance motor. As
can be observed, the inner stator, rotor, and outer stator
are concentrically arranged from the innermost to the
outermost layers. Both the inner and outer stators adopt
the U-shaped modular structure, positioned on either
side of the segmented rotor, which itself features a
sector-shaped modular configuration. A total of eight
U-shaped outer stator modules, eight U-shaped inner
stator modules, and 14 sector-shaped rotor segments are
uniformly distributed along the circumferential direc-
tion. The tooth poles of both the inner and outer
U-shaped stators face the rotor. The pole numbers of the

inner stator, rotor, and outer stator are 16, 14, and 16,
respectively.

In addition, each tooth pole of both the outer and
inner stators is equipped with excitation windings. It is
worth noting that by varying the energizing directions
of the excitation windings on the inner and outer sta-
tors, different polarity distribution characteristics can be
achieved in the modular double-stator switched reluc-
tance motor. In this paper, a single stator unit is formed
by combining one U-shaped outer stator, the correspond-
ing U-shaped inner stator positioned opposite to it, and
the surrounding segmented rotor. When the excitation
windings on the inner and outer stators are energized in
the same direction, the polarity distribution of a single
stator unit is NSNS.

Fig. 1. Diagram of the modular double-stator switched
reluctance motor structure.

Figure 2 presents a schematic diagram of the wind-
ing energizing directions for both the entire motor cross-
section and a single stator unit under the NSNS polarity
distribution. It can be observed that the tooth polarities
of the outer U-shaped stator from left to right are N and
S, while those of the inner U-shaped stator from left to
right are also N and S. This indicates that the energizing
direction of the excitation windings on the inner stator is
identical to that on the outer stator.

Fig. 2. Diagram of winding coil connection under NSNS
polarity distribution: (a) cross-sectional view of the
whole motor and (b) single inner/outer stator unit.



579 ACES JOURNAL, Vol. 41, No. 6, June 2026

As can be seen, when the excitation windings on
the inner and outer stators are energized in the same
direction, corresponding to the NSNS polarity distribu-
tion, the magnetic flux forms a closed loop along the
adjacent segmented inner stator teeth, segmented rotor,
and segmented outer stator teeth, resulting in a relatively
long flux path. Figures 3 (a) and (b) depict the flux paths
at the rotor fully aligned and fully unaligned positions,
respectively, under this polarity, with arrows indicating
the direction of magnetic flux.

As shown in Fig. 3 (a), when the motor is at the
rotor unaligned position under the NSNS polarity, the
magnetic flux circulates through the segmented inner
stator teeth, the air gap between two adjacent segmented
rotor segments, and the segmented outer stator teeth,
forming a closed annular loop. At this position, the
motor exhibits the minimum inductance under this polar-
ity. In contrast, Fig. 3 (b) illustrates that when the motor
is at the rotor aligned position under the NSNS polarity,
the magnetic flux flows through the segmented inner
stator teeth, two adjacent segmented rotor segments,
and the segmented outer stator teeth, again forming a
closed annular loop. This corresponds to the position of
maximum inductance under this polarity.

Fig. 3. Diagram of the flux path under NSNS polarity
distribution: (a) rotor electromagnetic unalignment posi-
tion and (b) rotor electromagnetic alignment position.

When the excitation windings on the inner and outer
stators are energized in opposite directions, the polar-
ity distribution of a single stator unit becomes NSSN.
A schematic representation of the winding energizing
directions for both the full motor cross-section and a
representative stator unit under the NSSN configuration
is provided in Fig. 4.

As evident, the outer U-shaped stator teeth exhibit
N and S polarities from left to right, while the inner
U-shaped stator teeth display S and N polarities in
the same orientation. This indicates that the excitation
windings on the inner and outer stators are energized in
opposite directions. By reversing the current direction
in the inner stator windings, the proposed variable-flux-
path double-stator switched reluctance motor can realize
distinct magnetic flux path configurations. Under the

Fig. 4. Diagram of winding coil connection under NSSN
polarity distribution: (a) cross-sectional view of the
whole motor and (b) single inner/outer stator unit.

NSSN polarity distribution, where the inner and outer
stator excitations are opposing, the magnetic flux com-
pletes a closed loop via the adjacent segmented inner
stator tooth, the segmented rotor, and the segmented
outer stator tooth, forming a relatively short flux path.
The flux path distributions at the fully aligned and fully
unaligned rotor positions for this polarity are presented
in Figs. 5 (a) and (b), respectively.

Figure 5 (a) reveals that at the unaligned posi-
tion under NSSN polarity, the magnetic flux emanates
separately from the segmented inner and outer stator
teeth and cancels within the segmented rotor, thereby
establishing a closed circuit. This rotor position yields
the minimum inductance for this polarity. In contrast,
Fig. 5 (b) shows that at the aligned position under
NSSN polarity, the flux flows from the segmented inner
stator tooth, through the segmented rotor, and into the
segmented outer stator tooth, subsequently canceling
within the rotor to close the loop. This electromagnetic
alignment position corresponds to the maximum induc-
tance condition under the NSSN polarity.

Fig. 5. Diagram of the flux path under NSSN polarity
distribution: (a) rotor electromagnetic unalignment posi-
tion and (b) rotor electromagnetic alignment position.

A comparative look at Figs. 3 and 5 reveals that,
without any modification to the stator or rotor structure,
simply altering the excitation direction of the inner
stator windings enables two distinct magnetic flux paths.
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This difference in flux routing gives rise to varying
electromagnetic characteristics, which will be examined
in detail via finite element analysis in the following
section. It is worth noting that SNSN and SNNS repre-
sent additional feasible winding polarity configurations.
However, since SNSN produces magnetic circuit behav-
ior equivalent to that of NSNS, and SNNS mirrors the
effect of NSSN, these two distributions are not addressed
in the present study.

III. FINITE ELEMENT MODELLING AND
STATIC ELECTROMAGNETIC

PERFORMANCE ANALYSIS
To evaluate the performance of the modular double-

stator switched reluctance motor under different winding
polarity distributions, a two-dimensional finite element
model was developed using the commercial simulation
software Altair Flux 2020. The established finite ele-
ment model and its corresponding meshing results are
depicted in Fig. 6. Furthermore, the stator and rotor
cores are fabricated from 50DW470 silicon steel sheets.
The key structural parameters of the motor prototype are
summarized in Table 1.

Fig. 6. Comparison of non-eccentric and static eccentric
structures.

The static magnetic flux line and flux density behav-
iors are examined first. With the excitation magneto-
motive force set to 900 ampere-turns and the excitation
direction of the inner and outer stator windings set to be
identical, the flux line distributions at the rotor unaligned

and aligned positions under the NSNS polarity are
reported in Fig. 7. Figure 8 offers the corresponding flux
density contour maps for these two rotor positions.

As can be seen from Fig. 7, when the motor operates
under the NSNS polarity configuration, a closed long
flux loop is formed along the inner U-shaped segmented
stator, two adjacent segmented rotor blocks, and the
outer U-shaped segmented stator at the rotor aligned
position, i.e., the maximum inductance position. A simi-
lar closed long loop is likewise observed at the minimum
inductance position. The flux density contours presented
in Fig. 8 are consistent with the flux line distributions,
further confirming this behavior. These findings demon-
strate that when the inner and outer stator windings are
energized in the same direction, the magnetic flux path
within each stator unit assumes a closed annular shape.

Table 1: Parameters of the modular double-stator
switched reluctance motor

Motor Parameter Unit Value
Outer stator poles number / 16
Inner stator poles number / 16
Rotor poles number / 14
Outer stator outer diameter mm 200
Rotor outer diameter mm 151
Inner stator outer diameter mm 126
Outer stator yoke thickness mm 9
Inner stator yoke thickness mm 7
Outer stator pole arc angle ◦ 7
Inner stator pole arc angle ◦ 7
Rotor pole arc angle ◦ 14
Air-gap length mm 0.5
Stacking length mm 100

Additionally, by reversing the excitation directions
of the inner and outer stator windings while maintaining
the same magnetomotive force of 900 AT, the motor
operates under the NSSN polarity distribution. Figure 10
exhibits the corresponding flux density contour maps at
these two specific rotor positions.

As revealed in Fig. 9, under the NSSN polarity
configuration, a closed short flux loop is formed at the
rotor aligned position, i.e., the maximum inductance
position, with magnetic flux traveling along the inner
U-shaped segmented stator, the segmented rotor, and
the outer U-shaped segmented stator, ultimately cancel-
ing within the segmented rotor. A similar closed short
loop, also characterized by flux cancellation within the
segmented rotor, is observed at the minimum induc-
tance position. The flux density contours in Fig. 10
further corroborate these findings. This confirms that
when the inner and outer stator windings are energized



581 ACES JOURNAL, Vol. 41, No. 6, June 2026

Fig. 7. Magnetic lines distribution at rotor special posi-
tions under NSNS polarity distribution: (a) rotor elec-
tromagnetic unalignment position and (b) rotor electro-
magnetic alignment position.

Fig. 8. Magnetic density maps at rotor special positions
under NSNS polarity distribution: (a) rotor electromag-
netic unalignment position and (b) rotor electromagnetic
alignment position.

Fig. 9. Magnetic lines distribution at rotor special posi-
tions under NSSN polarity distribution: (a) rotor elec-
tromagnetic unalignment position and (b) rotor electro-
magnetic alignment position.

Fig. 10. Magnetic density maps at rotor special positions
under NSSN polarity distribution: (a) rotor electromag-
netic unalignment position and (b) rotor electromagnetic
alignment position.
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in opposite directions, the magnetic flux paths cancel
each other within the intermediate segmented rotor of
each stator unit. Then, the static electromagnetic torque
characteristics of the motor are subsequently evaluated.
In the finite element simulation, a fixed current was
injected into phase A, with the excitation magnitude
progressively increased from 20 A to 100 A, while
the rotor position was swept from 0 to 180 electrical
degrees. The resulting static torque profiles under the
NSNS and NSSN polarity distributions are presented in
Fig. 11. It can be observed that electromagnetic torque
is generated under both winding polarity configurations;
however, the torque waveforms exhibit distinct shapes.

Fig. 11. Static torque waveforms of the motor in two
winding polarity arrangement: (a) NSNS and (b) NSSN.

Table 2: Average torque values of the motor in two
winding polarity arrangement

Winding Polarity NSNS NSSN
20 A 2.893 Nm 0.723 Nm
40 A 9.074 Nm 2.757 Nm
60 A 15.154 Nm 5.642 Nm
80 A 20.476 Nm 9.144 Nm

100 A 25.027 Nm 13.035 Nm

To quantitatively assess the static torque output, the
average torque values were computed and are summa-
rized in Table 2. The results indicate that, under the cur-
rent electromagnetic dimensions, the static electromag-
netic torque produced by the NSNS polarity consistently

exceeds that of the NSSN polarity, irrespective of the
applied excitation current level.

It should be noted that the consistently lower static
torque output of the NSSN configuration observed in
Fig. 11 and Table 2 is obtained under the baseline rotor
pole arc angle of 14◦. Under this geometry, the short
flux path characteristic of the NSSN arrangement forces
the magnetic flux to concentrate within a limited rotor
region at the electromagnetically aligned position, as
illustrated in Figs. 9 and 10. As the excitation cur-
rent increases, this localized flux concentration causes
the rotor segments to saturate more rapidly, thereby
restricting the inductance variation ratio and limiting
the torque-producing capability. In contrast, the NSNS
configuration establishes a longer flux path that dis-
tributes the magnetic field over a larger iron core vol-
ume, alleviating local saturation and sustaining higher
torque generation. This saturation mechanism explains
the distinct torque gap between the two configurations
at the baseline rotor geometry.

However, as revealed by the preceding flux path
analysis, the magnetic fluxes generated by both the
inner and outer stators pass through the inner segmented
rotor. It is therefore necessary to investigate the influ-
ence of rotor dimensions on the static electromagnetic
torque characteristics. It should be noted that rotor
geometric parameters exert a significant influence on
the electromagnetic performance of switched reluctance
motors [17–20]. For the sector-shaped rotor employed
in this modular double-stator configuration, both the
rotor pole arc angle and the rotor radial thickness col-
lectively determine the overall rotor dimensions and
magnetic characteristics. To evaluate the sensitivity of
motor performance to these key rotor geometric param-
eters, this section investigates the influence of the rotor
pole arc angle and the rotor radial thickness on the
static torque characteristics under both winding polarity
configurations.

Firstly, parametric studies were conducted in the
finite element software by varying the rotor pole arc
angle from 10◦ to 20◦, to observe the corresponding
static torque behavior under the two winding polarity
distributions. The resulting torque profiles are presented
in Fig. 12. It is evident that the rotor pole arc angle exerts
a substantial influence on the electromagnetic torque
output. To further quantify the performance differences,
Table 3 provides a comparative summary of the average
static torque values under the two polarity configura-
tions. Notably, as the rotor pole arc angle increases,
the static electromagnetic torque under NSNS polarity
exhibits a decreasing trend, whereas that under NSSN
polarity increases progressively. When the rotor pole
arc angle βr is less than 19◦, the torque produced by
NSNS exceeds that of NSSN. However, once βr reaches
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20◦, the NSSN configuration yields higher torque than
NSNS.

The results in Figs. 12–13 and Table 3 further
reveal that the rotor pole arc angle exerts a pronounced
and opposite influence on the static torque of the two
winding configurations. As the rotor pole arc angle βr
increases, the NSNS configuration experiences a pro-
gressive decrease in static torque, whereas the NSSN
configuration exhibits a substantial torque increase. This
behavior can be understood through the saturation mech-
anism discussed above. A larger rotor pole arc angle
widens the rotor segment, which effectively reduces the
magnetic flux density within the short flux path region
of the NSSN configuration. The resulting alleviation of
local saturation enhances the inductance variation ratio
and boosts the torque-producing capability. Conversely,
for the NSNS configuration, an excessively large rotor
pole arc angle increases the overlap between adjacent
rotor segments and the stator poles in the long flux
path, which reduces the rate of change of inductance
and diminishes the torque output. This explains why the
torque ranking between the two configurations reverses
when the rotor pole arc angle exceeds a certain thresh-
old, underscoring the critical role of rotor geometry
in determining the performance characteristics of the
motor under each winding polarity configuration.

Fig. 12. Static torque waveforms variation with rotor
pole arc angle in the two winding polarity arrangement:
(a) NSNS and (b) NSSN.

Table 3: Average torque values variation with rotor pole
arc angle in two winding polarity arrangement

Winding Polarity NSNS NSSN
βr = 15◦ 25.751 Nm 7.053 Nm
βr = 16◦ 22.396 Nm 8.733 Nm
βr = 17◦ 19.531 Nm 10.326 Nm
βr = 18◦ 16.307 Nm 11.885 Nm
βr = 19◦ 13.416 Nm 13.296 Nm
βr = 20◦ 10.424 Nm 14.504 Nm

Fig. 13. Static torque waveforms variation with rotor
pole arc in two working modes of the motor.

Fig. 14. Static torque waveforms variation with rotor
thickness in the two winding polarity arrangement: (a)
NSNS and (b) NSSN.

Furthermore, the rotor radial thickness lr was varied
from 10 mm to 15 mm. Figure 14 presents the static
torque waveforms for both NSNS and NSSN winding
polarity configurations as a function of rotor radial
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thickness. It can be observed that for both configura-
tions, variations in rotor radial thickness produce only
minor changes in the static torque waveforms. This
behavior differs notably from the pronounced influence
of the rotor pole arc angle previously discussed. The
limited sensitivity to rotor radial thickness can be under-
stood from the saturation perspective established above:
the radial thickness primarily affects the rotor yoke
cross-sectional area along the radial direction, which is
not the dominant constraint on the main flux path in
either configuration. In the NSSN configuration, satura-
tion is predominantly governed by the circumferential
flux concentration within the rotor teeth region, while in
the NSNS configuration, the longer flux path inherently
distributes the magnetic field over a sufficient core
volume. Therefore, increasing the rotor radial thickness
within the investigated range contributes little to reliev-
ing the flux bottlenecks that limit torque production.
These results indicate that while rotor geometry does
affect the static performance of the motor, the rotor pole
arc angle exerts a considerably stronger influence than
the rotor radial thickness. To further evaluate the prac-
tical performance differences between the two winding
configurations, the dynamic electromagnetic character-
istics are investigated in the following section.

IV. DYNAMIC ELECTROMAGNETIC
PERFORMANCE ANALYSIS

While the static torque analysis in the previous
section reveals the inherent torque capability of the
two winding polarity configurations, a dynamic per-
formance assessment is essential for practical motor
evaluation. Accordingly, this section investigates the
dynamic torque response, torque ripple, and efficiency
characteristics under both NSNS and NSSN polarity
configurations across a range of operating speeds and
load torques.

As a representative operating point, the dynamic
torque behavior is first evaluated at a constant speed
of 600 r/min with a DC bus voltage of 48 V. The
drive was operated under single-pulse control (SPC)
mode, with a conduction angle ranging from 0◦ to 6.43◦.
The rotor pole arc coefficient βr was varied from 15◦

to 20◦. Figure 15 presents the dynamic electromag-
netic torque waveforms under both winding configu-
rations as a function of the rotor pole arc coefficient
for this operating condition. It can be observed from
Fig. 15 that as the rotor pole arc angle βr increases,
the dynamic torque waveform under the NSNS polarity
configuration exhibits a decreasing trend. In contrast,
the dynamic torque under the NSSN polarity configu-
ration is negatively correlated with the value of βr. To
provide a clearer qualitative and quantitative evaluation
of the dynamic performance of the motor under the

two winding configurations, the calculated results of
average torque, torque ripple, core loss, copper loss, and
efficiency are summarized in Table 4.

Fig. 15. Transient electromagnetic torque waveforms
variation with rotor thickness in the two winding polarity
arrangement: (a) NSNS and (b) NSSN.

Table 4: Results of the dynamic performance of the
motor at 600 r/min under two different winding polar-
ities
Winding Polarity NSNS NSSN
Rotor pole arc βr = 15◦ βr = 18◦ βr = 15◦ βr = 18◦

Average torque
(Nm)

9.19 7.23 4.45 5.12

Torque ripple (%) 119.8 117.2 114.0 136.3
Electromagnetic
power (W)

577.1 454.4 279.3 325.5

Power density
(W/kg)

70.38 55.41 34.06 39.70

Copper loss (W) 150.8 129.5 77.6 72.3
Iron loss (W) 55.0 47.2 28.3 26.4
Efficiency (%) 73.7 72.0 72.5 76.5

As indicated in Table 4, at a speed of 600 r/min, the
average torque values of the NSNS configuration at rotor
pole arc angles of 15◦ and 18◦ are 9.19 Nm and 7.23 Nm,
respectively. Under the same rotor pole arc angles, the
NSSN configuration yields average torque values of
4.45 Nm and 5.12 Nm, respectively. Consequently, the
NSNS configuration delivers higher average torque and
electromagnetic power than the NSSN configuration.
Nevertheless, the NSSN configuration exhibits relatively
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Fig. 16. Transient electromagnetic torque waveforms
variation with rotor thickness in the two winding polarity
arrangement: (a) NSNS and (b) NSSN.

lower copper loss and core loss. At a rotor pole arc
angle of 18◦, its operating efficiency reaches 76.5%,
which is superior to the 72.0% efficiency of the NSNS
configuration. It is also evident that the rotor pole arc
angle exerts a pronounced influence on the performance
of both winding configurations. When the rotor pole
arc angle is 15◦, the power density of the NSNS con-
figuration exceeds that of the NSSN configuration by
106.6%; when the rotor pole arc angle increases to 18◦,
the advantage of the NSNS configuration reduces to
only 39.6%. Subsequently, the speed was increased to
1500 r/min while maintaining the same applied voltage,
control mode, and phase conduction width. Figure 16
presents the dynamic torque waveforms for the two
winding configurations as a function of the rotor pole
arc angle βr. Similar to the trend observed in Fig. 15, the
dynamic torque waveform of the NSNS configuration
is positively correlated with the rotor pole arc angle
βr, whereas that of the NSSN configuration exhibits a
negative correlation with βr. The corresponding calcu-
lated results of average torque, torque ripple, losses, and
efficiency at 1500 r/min are listed in Table 5.

As shown in Table 5, at a speed of 1500 r/min and a
rotor pole arc angle of 15◦, the average torque values
of the NSNS and NSSN configurations are 2.24 Nm
and 1.65 Nm, respectively, indicating a higher torque
output for the NSNS configuration. However, at a rotor
pole arc angle of 18◦, the average torque of the NSNS

configuration is 1.48 Nm, which falls below the 1.72 Nm
produced by the NSSN configuration. This further con-
firms the significant influence of the rotor pole arc angle
on motor performance. Additionally, the NSSN configu-
ration exhibits relatively lower copper loss and core loss.
At a rotor pole arc angle of 18◦, its operating efficiency
reaches 84.1%, exceeding the 80.8% efficiency of the
NSNS configuration.

Table 5: Results of the dynamic performance of the
motor at 1500 r/min under two different winding
polarities
Winding Polarity NSNS NSSN
Rotor pole arc βr = 15◦ βr = 18◦ βr = 15◦ βr = 18◦

Average torque
(Nm)

2.24 1.48 1.65 1.72

Torque ripple (%) 108.6 116.4 152.1 174.9
Electromagnetic
power (W)

351.61 231.89 259.13 270.86

Power density
(W/kg)

42.88 28.28 31.60 33.03

Copper loss (W) 36.9 28.7 31.6 26.8
Iron loss (W) 33.6 26.2 28.8 24.4
Efficiency (%) 83.3 80.8 81.1 84.1

In summary, based on the comparison of dynamic
performance under different operating conditions, it
can be concluded that the two winding configurations
each possess distinct advantages. Generally, the NSNS
configuration can produce higher torque output, while
the NSSN configuration offers lower losses and higher
efficiency. Therefore, the appropriate winding configu-
ration should be selected according to the specific appli-
cation requirements. The NSNS configuration is better
suited for low-speed high-torque scenarios, whereas the
NSSN configuration demonstrates superior efficiency
under high-speed operating conditions. It should also be
emphasized that the rotor pole arc angle exerts a sub-
stantial influence on motor performance. To maximize
the potential of each configuration, a relatively small
rotor pole arc coefficient is recommended for the NSNS
configuration, while a larger rotor pole arc coefficient is
preferable for the NSSN configuration.

V. CONCLUSION
This paper investigated the influence of winding

polarity distribution on modular double-stator switched
reluctance motor performance. Two polarity configu-
rations, NSNS and NSSN, were realized by varying
the excitation direction of the inner and outer stator
windings. Finite element analysis was employed to
compare flux paths, static torque, and dynamic perfor-
mance including losses and efficiency. Results show that
the NSNS configuration yields higher torque output,
exceeding the NSSN configuration by 106.6% at 600
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r/min with 15◦ rotor pole arc angle. Conversely, the
NSSN configuration exhibits lower losses and achieves
an efficiency of 84.1% at 1500 r/min with 18◦ rotor pole
arc angle, outperforming the NSNS configuration by 3.3
percentage points. The rotor pole arc angle exerts oppo-
site influences on torque for the two configurations, with
NSNS torque decreasing and NSSN torque increasing
as the pole arc angle grows. These findings indicate that
the NSNS configuration is better suited for low-speed
high-torque applications, while the NSSN configuration
offers advantages in high-speed high-efficiency scenar-
ios. The appropriate winding configuration and rotor
pole arc angle should therefore be selected according to
specific application requirements.
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