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Abstract— This paper investigates the impact of inductance
and rotor position on the performance of a 4-phase, 8/6 Switched
Reluctance Motor (SRM) in electric drive systems. The study
employs a geometry-based analytical model using Ansys-
Maxwell software to investigate the inductance profile, which
aids in identifying key torque regions, ensuring sound design
and control optimisation. To study the performance
characteristics of a switched reluctance motor, the relationship
between inductance and rotor position is vital, as it directly
influences torque generation, efficiency, and dynamic response.
The model provides a computationally efficient foundation for
performance assessment and future enhancements using
numerical methods. The results obtained show that while the
inductance variation relative to rotor position drives torque
production, saturation at high currents limits motor
performance, therefore, the phase current need to be properly
managed to ensure optimal performance.
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I. INTRODUCTION

Modern electric drive applications are increasingly adopting
switched reluctance motors (SRMs) due to their cost-
effectiveness, robustness, and simple construction [1]. A
switched reluctance motor (SRM) is characterised by its
doubly salient design, featuring no rotor windings and tightly
arranged excitation windings on the stators [2][3]. The
system operates on the principle of variable reluctance,
generated by the sequential excitation of the stator phases
through an electronic controller [4][5]. The torque produced
is significantly influenced by the rotor position and stator
current, due to the non-linear and highly saturated magnetic
characteristics of the switched reluctance motor during rotor
transitions [6][7].

This paper explores the significance of phase inductance
variation with rotor position, analysing its effect on motor
performance. An analytical assessment based on geometry
using Ansys-Maxwell software is conducted to investigate
the influence of inductance and rotor position on an 8/6
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switched reluctance motor. Although the analytical method
provides a quick estimate of motor inductance, it is limited
by the simplicity of the magnetic circuit and the requirement
for accurate geometry and material data, which can be
challenging to obtain. The inductance profile and rotor
position of a switched reluctance motor are essential
characteristics that influence the motor's overall performance
[5]. This profile is established by analysing the relationship
between inductance and rotor position at three points: the
aligned, unaligned, and intermediate positions [8].

Various methods for determining the inductance profile of the
switched reluctance motor (SRM) have been explored;
however, these techniques require  complicated
computational processes, relying on data from finite element
analysis (FEA) models or experimental setups [9]. Current
analytical models frequently overlook the nonlinear
characteristics of magnetic materials, especially the impact of
saturation at elevated currents, which can substantially
influence inductance and torque production [2][10].

This paper investigates the effect of inductance and rotor
position on the performance of an 8/6 switched reluctance
motor employing the geometry-based analytical model using
the Ansys-Maxwell software

II. METHODOLOGY

Analytical models greatly assist in machine analysis and are
very useful during the initial design stage, as they are
computationally efficient. These methods leverage the
geometric parameters to predict and optimise the motor's
performance. This paper investigates the effect of inductance
and rotor position on the performance of a switched
reluctance motor using the Geometry-Based Analytical
Method (GBAM).

According to [9], a geometry-based analytical method,
GBAM, is developed as follows:

Calculation of aligned inductance:

The inductance of a magnetic circuit is expressed as:
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L=" (1)

Where N is the number of turns per pole and R, is the sum of
the reluctance around the magnetic circuit.
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Where [, u and A, are the length of the magnetic path, the
permeability of the material and the cross-sectional area of
the flux path, respectively.

=L
=

W= Uolr (3)

But the permeability of the magnetic material is not constant
but depends on the B-H curve; therefore, the reluctance
expressed in terms of the flux density and magnetic field
intensity is:
Hl
=2 4)
Where H and B, are the magnetic field intensity and flux
density respectively.

From Ampere’s law, the magnetomotive force (MMF is
calculated as:

F=NI=YHI (5)

The phase windings, however, consist of two coils placed on
diametrically opposite poles; thus, the total MMF is:

F = 2NI (6)

Since the flux lines in a circuit complete their path through
the yokes and poles of the stator and rotor, and the air gap,
the total MMF is expressed as:

2NI = 2(Hyylsy + Hoplsp + Hyly + Hyylyy + Hyoplyy)

0
Where Hg,y, Hgp, Hy, Hyy, Hyp, , are the magnetic field
intensities of the stator yoke, stator pole, air gap, rotor yoke
and rotor pole, respectively, and Iy, lsp, lg, L, Ly, are the
lengths of the stator yoke, stator pole, airgap, rotor yoke and

rotor pole, respectively.

Because the path of the air gap is complex and thus
determining its length is difficult, the MMF due to the air gap
is represented as:

Hyl, = @R, ®)
Where @, is the flux through the air gap.

Figure 2 shows the magnetic equivalent circuit at the aligned
position.

Heyley

Figure 2: Magnetic equivalent circuit at the aligned position.
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From equation (4), the reluctance of the yokes of the stator
and rotor are calculated, and substituting equation (8) into (4),
that of the air gap is calculated.

The inductance in the aligned position as a function of phase

current is thus expressed as:

, 4NN

La() = 2Rsp+2Rg+2Ryp+Ryy+R
spF2RgH2Rrp+Rry+Rsy

€

Calculation of Inductance at unaligned position.
Figure 3 shows the magnetic equivalent circuit at the
unaligned position.
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Figure 3: Magnetic equivalent circuit at the unaligned
position

The MMF round the equivalent circuit is computed as:

2NI = 2Hgylg, + @y Ry + 2Hyylyy + Hey Loy, + 2Hy el +
Hgylg, (10)

Where Hyp¢, Lpe, are the magnetic field intensity at the rotor
pole tip and the length of the rotor pole tip, respectively.

In the unaligned position, the reluctance of the air gap is
considered in sections, with the total air gap reluctance
represented as:
1
R, =0
g 1. 1 1
Gz )

(11

The calculation of the air gap takes into account the geometric
dimensions of the various sections.

The inductance at the unaligned position is thus calculated as:
(12)

4NN

L, =
Y 2Ry +2Rg+2Rrp+ Ry +2Rrpt+Rsy

Using the equations above and the motor parameters, the
motor's performance is simulated and evaluated with Ansys-
Maxwell software.

III. RESULTS

TABLE I: Specifications of 8/6 switched reluctance motor for
investigating the effect of inductance and rotor position on
motor performance.

S/No | Parameter Value Unit

1 Power output 15 (20) Kw (Hp)
2 Peak current 32.61 A

3 Laminations Steel 1010

4 Configuration 8/6

5 Outer core diameter 310 Mm

6 Air gap length 0.5 Mm

7 Stack length 320 Mm

8 Shaft diameter 42 Mm
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9 Rotor pole arc 24 Degrees
10 Stator pole arc 22 Degrees
11 Number of stator poles | 8
12 Number of rotor poles | 6

Figure 4 shows the inductance profile versus rotor position.
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Figure 4: Inductance profile Vs rotor positions

Figure 4 represents the inductance profile for one phase over
0° to 60°. It shows maxima at aligned positions (0°, 60°) and
minima at unaligned positions (30°). The steep slope of the
inductance curve indicates high torque capability, as torque
is proportional to the rate of change of inductance with

.. dL
respect to rotor position e

Figure 5 shows the flux linkage distribution.
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Figure 5: Flux linkage distribution

Figure 5 shows a 3D surface plot of (0, 1), which is the flux
linkage function of rotor position and current. This
demonstrates non-linear behaviour caused by saturation at
high currents, making it very important for control design and
energy efficiency analysis.

Figure 6 shows the electromagnetic torque versus rotor
position.
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Figure 6: Electromagnetic Torque Vs rotor position at

different currents

Figure 6 shows the torque at a selected current, reaching its
. dL . . -

maximum where é is greatest. This plot indicates the torque

generation ability, which is a key parameter for motor

optimisation studies.

Figure 7 shows the flux linkage versus stator current.
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Figure 7: Flux linkage Vs current

Figure 7 depict the plot of flux linkage and the current.
According to the Linear model the inductance is the
sinusoidal function of rotor position, it has its maximum at 0°
and 60° (aligned) and the minimum at 30° (unaligned). The
saturated model is at a current of 10 A, the inductance is
reduced in the neighborhood of aligned positions (0° and 60°)
because of the magnetic saturation. The unaligned positions
(30°) are not influenced by the effect.

Figure 8 shows the inductance versus rotor position.

Inductanee vs. Rotor Position

Inductance (mHy
-

—— Lincar (-1 A)
— -Saturated (=10 A)

o 10 20 30 40 50 60
Rotor Position (degrees)

Figure 8: Inductance Vs rotor position

Figure 8 shows the plot of inductance and rotor position.
When the position is aligned, the flux linkage increases
proportionally at low currents; however, it saturates at high
currents due to the core material's inability to support the
changes. At the unaligned position, the flux linkage remains
linear throughout the current because of the low magnetic
flux density (no saturation).
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Therefore, a high magnitude current in the aligned position
reduces inductance and causes nonlinear flux linkage, which
limits torque production due to the saturation effect. This
suggests that excessive current in the aligned position should
be avoided, leading to optimised torque and efficiency. The
unaligned position still does not experience saturation effects.

Switched reluctance output models

The stator-rotor model of 8/6 SRM is shown in Figure 9.
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Figure 9: Stator-rotor model of 8/6 SRM
Figure 10 shows the 8/6 SRM with stator windings

The mesh analysis of 8/6 SRM is shown in Figure 11.

Figure 10: 8/6 SRM with windings

Figure 11: Mesh analysis of 8/6 SRM

TABLE II: Key performance metrics influenced

inductance and rotor position

Performance Key Findings Implications

Metric

Inductance - Maximum at | The variation
aligned in inductance
positions  (0°, | drives torque
60°), reduced | production.
by saturation at | Saturation at
high  currents | high currents
(e.g., 10 A) | can limit
- Minimum at | performance,
unaligned necessitating
positions (30°), | careful control
no  saturation | strategies.
effects
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Electromagnetic | Maximum  at | Indicates the
Torque positions where | motor's torque
% is largest, | production
typically cap .ablhty’
critical for
between .
. design and
aligned and
. control
unaligned N
. optimization
positions . ..
in applications
like  electric
vehicles.
Efficiency Optimized by | Proper current
controlling management
current to avoid | is essential for
saturation  at | maintaining
aligned high
positions, efficiency,
minimising reducing
nonlinear flux | energy losses,
linkage and | and enhancing
limited torque | overall motor
production performance.

IV. DiscuUssIiON

The results provide a comprehensive analysis of the
electromagnetic properties of a motor, focusing on
inductance, flux linkage, and torque in relation to rotor
position and current.

Figure 4 presents the inductance profile across a rotor
position range of 0° to 60°, showing that inductance reaches
its maximum at aligned positions (0°, 60°) and decreases to a
minimum at unaligned positions (30°). The variation in
inductance is essential for torque production, as torque is

directly proportional to the rate of change of inductance Z—;.

A steeper inductance slope signifies an increased torque
capability, which 1is essential for optimising motor
performance.

Figures 5 and 7 examine the characteristics of flux linkage,
with Figure 5 showing a 3D surface plot of flux linkage (y)
in relation to rotor position (6) and current (i). This plot
indicates nonlinear behaviour attributed to magnetic
saturation at high currents. Figure 7 compares linear and
saturated models, indicating that in the linear model,
inductance exhibits a sinusoidal pattern with maxima at
aligned positions (0° and 60°) and a minimum at the
unaligned position (30°). At elevated currents (e.g., 10 A), the
saturated model demonstrates a decrease in inductance at
aligned positions as a result of magnetic saturation, whereas
unaligned positions show no significant change. The
saturation effect limits torque production.

Figures 6 and 8 illustrate the relationship between torque
and inductance as functions of rotor position and current.
Figure 6 shows that torque reaches its maximum at points

. ar . .
where the rate of change of inductance é is highest,

highlighting the significance of this parameter for motor
optimisation. Figure 8 illustrates the effect of saturation,
indicating that at aligned positions, flux linkage is directly
proportional to current at low levels, but exhibits nonlinearity
at high currents due to limitations of the core material. In
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contrast, unaligned positions exhibit linear flux linkage
across all currents as a result of low magnetic flux density.

V. CONCLUSION

The investigation into the motor's electromagnetic
characteristics provides essential insights into the
relationships among inductance, flux linkage, and torque in
relation to rotor position and current. The inductance profile
exhibits notable variation, reaching a maximum at aligned
stator positions and a minimum at unaligned positions, which
directly affects torque production via its rate of change. This
highlights the significance of accurate rotor position
estimation in optimising torque generation capacity. The flux
linkage analysis reveals the nonlinear effects of magnetic
saturation at elevated currents, especially in aligned
positions, resulting in reduced inductance and impeded
torque output. Conversely, unaligned positions exhibit linear
behaviour, remaining unaffected by saturation.

The capability for torque generation, optimised at the point
where the inductance slope is steepest, represents a critical
parameter in motor optimisation studies.These results have
significant implications for motor design and control
strategies.
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