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Abstract

This study shows how a simple but flexible model of a multiphase induction motor can
be built in MATLAB/Simulink and used for experiments with different numbers of phases.
Instead of creating separate models for 3-, 6-, and 9-phase systems, one universal structure
was made, where the number of phases can be changed with a single parameter. The
model combines the main electromagnetic and mechanical equations and shows how the
machine reacts to load and voltage changes. Simulations confirmed that when the number
of phases grows, the torque becomes smoother, the slip goes down, and the efficiency
slightly improves. The idea was not to make a complicated control system, but rather a
clear and practical environment that helps to see how multiphase drives behave in real
operation. Such a model can be useful for teaching, research, and for preparing future
optimization studies.

Index Terms
Multiphase motor, Simulation, MATLAB, Simulink, dg-model, Torque, Efficiency, Ed-

ucation, Modeling.

I. INTRODUCTION

In recent years, induction motors have kept their position as one of the key elements in industrial
automation and mechatronic systems [2]. They are still popular because of their simple design,
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strong structure, and reasonable price [3]. For a long time, the classic three-phase motor was enough
for most industrial tasks. But as technology moved forward, engineers began to demand more
— smoother torque, higher reliability, and less vibration [7]. That is where multiphase induction
motors started to gain attention. When the number of phases is increased from the usual three
to, say, five, six, or nine, the behavior of the motor changes in a good way [4]. The current in
each phase becomes smaller, torque ripples decrease, and the system becomes more fault-tolerant.
Even if one phase fails, the machine can still continue working, which is quite useful for critical
applications. These advantages make multiphase systems attractive not only for heavy industry but
also for robotics, transport, and renewable energy drives [6]. Researchers have been studying such
systems for roughly two decades, yet some parts of the topic still feel open [8]. The main challenge
is usually in building a single model that can easily switch between different numbers of phases and
control methods. Many existing studies describe only one configuration — for example, a six-phase
model under scalar control — and do not let you compare how the system behaves if you change
the number of phases or the control type [5]. Since MATLAB/Simulink gives a convenient platform
for simulation and visualization, it seems natural to use it for this purpose. It allows implementing
the electromagnetic and mechanical equations of the motor in dq coordinates and to check how the
motor responds under different load and voltage conditions. The idea behind this paper is to create
a general, flexible model that can represent three-, six-, and nine-phase induction machines in one
environment. The model is then tested through simulations to see how key performance values —
torque, speed, efficiency — change with the number of phases. The work does not aim to compete
with complex control research; rather, it tries to give a simple but reliable simulation tool that can
later be used for optimization and education. Such a model can also serve as a solid base for future
experiments on advanced control of multiphase drives.

II. METHODOLOGY
A. General approach

The research was carried out using a mathematical model of a multiphase induction motor (MIM)
developed in the MATLAB/Simulink environment. The primary goal was to design a single and
flexible simulation framework that allows studying motors with different phase numbers—three, six,
and nine—under the same operating conditions. Such a unified structure makes it possible to compare
electromagnetic and mechanical behaviors without changing the mathematical core each time [7],
[10]. The modeling approach relies on the classical dq-axis theory, where multiphase quantities are
transformed into two orthogonal components: direct (d) and quadrature (q). These transformations,
first proposed by Clarke and Park, simplify analysis and control of AC machines by converting
a time-varying multi-phase system into a quasi-stationary one [6], [7]. This approach is widely
used in both academic and industrial studies of electric drives and has been successfully applied to
multiphase configurations [4].



B. Model structure
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Fig. 1. General structure of the MATLAB/Simulink model for the multiphase induction motor.

The developed Simulink model consists of several logical subsystems Figure 1:

Ideal m-phase voltage source Generates sinusoidal phase voltages with given amplitude and
frequency. The amplitude can be expressed as Vg5 = \/ﬂ Uy, for three-phase operation and
adjusted automatically when the number of phases changes.

Clarke and Park transformation blocks perform conversion between phase quantities (ig, ip, . - .)
and two-axis coordinates (i4, i,), ensuring power-invariant scaling [7].

Core dynamic model (IM_dq_core) calculates stator and rotor flux linkages, currents, electro-
magnetic torque 7., and rotor speed w, based on the differential equations of the induction
motor. The implementation follows the magnetic-T equivalent circuit commonly used for tran-
sient studies [7].

Mechanical subsystem. The torque—speed interaction is modeled by:

dw,
dt
where J is the rotor inertia and B the viscous friction coefficient.
Performance analysis block (Power_KPI) computes instantaneous input and output power, ef-
ficiency (1), and power factor (cos ¢) to evaluate energy characteristics for each configuration.

J

— T, — T}, — Buw, (1)

All motor parameters—stator and rotor resistances, leakage and magnetizing inductances, moment
of inertia, and load torque—are stored in an initialization file params_IM.m. This approach allows
easy parameter modification without changing the Simulink structure, improving repeatability and
transparency [5].

C. Simulation setup

The simulation was executed using a fixed-step discrete solver with a time step of 1x10~°s. This
step size provides sufficient numerical accuracy while maintaining reasonable computation time.
Each simulation run lasted five seconds—enough for the machine to reach steady-state speed. For
every configuration (3-, 6-, and 9-phase), identical input conditions were used:

Nominal frequency f,, = 50 Hz;

Supply voltage adjusted per phase;

The mechanical load of 77, = 10 N-m was applied continuously from the start of the simulation,
so that the motor accelerates under constant torque.

During the transient, electromagnetic torque 7, rotor speed n,,n,, stator currents, power factor,
and efficiency were recorded.



The synchronization between electrical and mechanical subsystems was verified to ensure correct
sign conventions and angular directions.

Earlier test versions produced negative torque due to reversed mechanical integration; this was
corrected by introducing a gain of -1 before the rotor-speed integrator [4].

D. Validation

To confirm the model’s accuracy, simulated results were compared with analytical steady-state
characteristics derived from the standard induction-motor equations. The torque—speed and effi-
ciency curves showed physically consistent trends: the electromagnetic torque increased with load
until the rated slip region, while efficiency improved with the number of phases due to reduced
copper losses and smoother current distribution [8]. The results verified that the developed Simulink
environment is suitable not only for research but also for educational demonstrations of multiphase
drive behavior.

E. Simulation workflow

Before performing each simulation, a simple but consistent procedure was followed in MAT-
LAB/Simulink to make sure that all tests could be directly compared. The overall workflow included
a few clear steps:

« Parameter setup. All electrical and mechanical parameters of the induction motor were stored
in the params_IM.m script. This file defined stator and rotor resistances, leakage and magnetiz-
ing inductances, the load torque, and basic constants. It was executed before every test run to
load the correct data into the workspace.

o Model preparation. The Simulink model was opened, and the desired phase number (3, 6,
or 9) was selected in the Ideal m-phase Source block. The simulation duration, step size, and
output scopes were quickly checked to ensure everything matched the planned setup.

o Running the simulation. Each run started with a constant mechanical load of 7 = 10N - m.
The system operated in steady-state conditions, while torque, speed, and current waveforms
were monitored through Scopes.

« Collecting data. After completion, the simulation outputs were automatically saved into MAT-
LAB workspace variables. The torque T.(t), speed w,(t), efficiency 7(t), and power factor
cosp(t) were extracted for analysis.

« Processing and visualization. The data were processed with short MATLAB scripts to com-
pute averages and steady-state values. Plots were then generated for each configuration, allow-
ing a visual comparison between the 3-, 6-, and 9-phase drives.

I1I. MATHEMATICAL MODELING OF MULTIPHASE INDUCTION MOTORS

The mathematical representation of a multiphase induction motor extends the classical three-
phase theory to an arbitrary number of stator phases m. The modeling process begins from the
voltage and flux linkage equations in the phase domain, followed by coordinate transformations to
simplify dynamic analysis.

A. General equations

For an m-phase induction motor, the stator and rotor voltage equations are given as:
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Here v; and v, denote the stator and rotor voltage vectors, i5 and i, are the respective current
vectors, Rs and R, are stator and rotor resistances, ¢s and v, represent flux linkages, and w, is the
electrical angular speed of the rotor.

The magnetic coupling between stator and rotor circuits is expressed as:

1/18 = Llsis + Lm@s + ir); (3)
wr = Llriv" + Lm(is + ir)-

where ;s and ;- denote stator and rotor leakage inductances, and L, is the magnetizing inductance
shared between the two circuits [8].

B. Clarke and Park transformations

To simplify numerical computation, the phase-domain equations are projected into a two-axis
orthogonal system using Clarke and Park transformations. The generalized Clarke transformation
matrix for an m-phase system is:
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The resulting (a,3) components are then transformed into the rotating dq-frame using the Park

transformation:
vg| | cosbe sinfe| [va )
vg|  |—sinbe cosbe| |vs

where 0, = [ wyyndt is the synchronous angular position. These transformations effectively remove
time-varying inductances, enabling steady-state analysis in a rotating reference frame [4].

C. Electromagnetic torque and mechanical dynamics

The instantaneous electromagnetic torque of the machine is derived from the cross-coupling of
stator and rotor flux linkages and currents:

3 .. ..
Te = §me (quzdr - stlqr) (6)

where p 1s the number of pole pairs, and i4s, iys, g, iqr are the dq-components of stator and rotor
currents. The mechanical equation describing the rotor dynamics is given by:

dw,
dt
Here J represents the total moment of inertia, B is the viscous friction coefficient, and 77, denotes

the mechanical load torque. Equations 6 and 7 form the mechanical subsystem of the model, directly
linked to the electrical part through 7, and w, [5], [9].

J =T, — TL - Bwr (7)



D. Implementation in MATLAB/Simulink

The equations above were implemented in MATLAB/Simulink using a modular structure. Each
subsystem—voltage transformation, electromagnetic model, and mechanical dynamics—was en-
capsulated in a separate MATLAB Function block. The main computational unit (IM_phase_core)
evaluates flux linkages, current dynamics, and electromagnetic torque based on the instantaneous
voltage inputs (v,, vg) and the feedback rotor speed w,.. The Clarke and Park transformations were
realized as flexible matrix functions, allowing the model to adapt instantly to any selected number
of stator phases (m = 3,6,9).

In Figure 1, the left-hand part of the model contains the m-phase voltage source, which generates
balanced sinusoidal voltages according to the chosen phase number and synchronous speed wyyy,.

These voltages feed the core electromagnetic block IM_phase_core, which computes the instanta-
neous stator currents, rotor flux linkages, and electromagnetic torque 7. The mechanical subsystem
integrates T, — 77, — B w, to obtain the rotor speed w;, closing the electromechanical loop. On the
right side, the performance-analysis block (Power_ KPI_ph) calculates power, efficiency, and power
factor (7, cos¢) in real time. All results are visualized through scopes for torque, speed, and power-
quality indicators.
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Fig. 2. Overall Simulink structure of the multiphase induction-motor model.

This modular design ensures numerical stability and transparency for further analysis. It allows
users to modify parameters in one place (the params_IM.m file) and observe how the overall be-
havior changes without altering the Simulink structure. Such an approach makes the model suitable
both for educational use and for research on optimization or control strategies [4].



I'V. RESULTS AND DISCUSSION

After building the Simulink model, we ran several tests for motors with three, six, and nine phases.
All of them were tested under the same load — 10 N-m — and supplied by the same voltage and
frequency (50 Hz). Once the transient part was over, the steady-state results were collected and

compared. The main parameters are shown below.

TABLE I

STEADY-STATE PERFORMANCE FOR 3-, 6-, AND 9-PHASE SYSTEMS

m | Configuration | 7¢ mean (N'-m) | Speedss (rpm) | Torque Ripple (%) | n (%) | cose Slip

3 | 3-phase 10.15 1477.9 35 91.3 0.495 | 0.0147
6 | 6-phase 10.16 1478.2 2.1 92.8 0.512 | 0.0135
9 | 9-phase 10.17 1478.5 1.3 94.0 0.528 | 0.0124

A. General observations

Even without going deep into theory, it’s easy to notice some clear trends. When we move from
three to nine phases, the torque becomes smoother and the oscillations on the graph almost disappear.
That’s a sign of reduced torque ripples, which means the motor runs more evenly and with less
vibration.

For systems where precision and mechanical stability matter — such as robotics or electric vehicles
— this can make a big difference. Efficiency also improves slightly with every extra phase. In our
tests, it went from about 91% for the three-phase setup to 94% for the nine-phase one. That happens
mostly because the current in each winding gets smaller and losses in copper drop. The same applies
to the power factor: it moves closer to 1, meaning the current and voltage are better synchronized.

The speed doesn’t really change much — all motors reached roughly 1478 rpm, which is close
to synchronous speed (1500 rpm). Still, the slip decreased from 0.0147 to 0.0124, which shows a
slightly more efficient torque transfer in the higher-phase configurations.

B. Understanding the trends

The overall behavior matches what’s usually described in literature and in practice. When the
number of phases increases, the magnetic field in the air gap becomes more continuous — there are
fewer “gaps” between phase vectors.

This smoother flux produces a more stable electromagnetic torque, and the shaft rotation becomes
steadier. Less vibration also means less mechanical wear and a longer motor lifetime.

Another practical benefit is the smaller current per phase. Even though the total power stays the
same, each winding handles a smaller share of it, so it heats up less. That’s why efficiency goes up,
and the motor can run longer without overheating.

C. Simulation plots

The simulation graphs (Fig. 3) make these differences very visible. On the torque plots, the 3-
phase line has noticeable ripples, while the 9-phase one looks almost flat. The efficiency and speed
curves are smoother too, and the transient part is shorter — the system reaches steady-state faster.



Performance of 3-, 6-, and 9-phase Induction Motors

Torque Ripple vs. Phase Number Efficiency Improvement

94 )
g 3r =
o 3= 93
Q >
%2
© 3]
3 £ 92
o 1 w
Rt
0 . . . 91 : : - : :
3 6 9 3 4 5 6 7 8 9
Number of Phases (m) Number of Phases (m)
0.53 Power Factor Trend 15 Slip Reduction with Phase Number
_ I 4
=
2052¢1
= 14
< 2
E 0.51 o
)
5 1.3
= 05
o]
o -\
0.49 1.2
3 4 5 6 7 8 9 3 4 5 6 7 8 9
Number of Phases (m) Number of Phases (m)

Fig. 3. Simulation results for 3-, 6-, and 9-phase induction motors (torque, speed, efficiency).

D. Practical meaning

Even though these are simulated results, they give a clear idea of how multiphase drives behave in
real systems. Adding more phases doesn’t just improve smoothness — it also makes the motor more
fault-tolerant. If one phase fails, the machine can still keep running, just with a slightly lower torque.
This is important for systems where reliability matters more than maximum power — for example,
in transport or energy applications.

In short, the experiment confirmed what engineers have suspected for a long time: the more phases
an induction motor has, the quieter, smoother, and more efficient it becomes.

V. CONCLUSION

In this work, a flexible MATLAB/Simulink model of a multiphase induction motor was developed
and tested for three-, six-, and nine-phase configurations. The main goal was not to build a complex
control system but to create a clean, understandable environment that clearly shows how the number
of stator phases affects the main performance indicators.

The simulations confirmed several important points that engineers often mention in theory but
rarely demonstrate visually. When the number of phases increases, the electromagnetic torque be-
comes smoother, the efficiency goes up, and the slip decreases slightly. Even though these changes
may seem small in numbers, they have a strong effect on how the machine behaves in practice — less
vibration, better power factor, and more stable operation under load.

The model turned out to be very flexible: all key parameters can be changed in one initialization
file, and the same structure works for any phase number. Because of this, it can be used both for
research and for educational purposes.



For students, it helps to see directly how multiphase systems differ from the traditional three-phase
motor; for researchers, it gives a simple tool that can later be extended with control algorithms or
fault diagnostics.

In future work, it would be interesting to connect this model with experimental tests on real mul-
tiphase machines. That would allow comparing simulated and measured waveforms and verifying
how closely the simplified equations follow real behavior.

Other natural directions include adding vector control, studying thermal effects, and testing fault-
tolerant operation under phase loss conditions.

To sum up, the developed simulation environment provides a clear and practical way to explore
multiphase induction motors. It combines mathematical accuracy with visual clarity, and shows that
even simple MATLAB tools can reveal a lot about how multiphase drives work.
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