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Abstract- Due to the dominating and potential benefits of higher-order of phases, we here show that there is a
variety of advantages of multiphase machines over conventional 3-phase machines. Such various types of
losses(copper loss) can be attenuated by as much as 8.5%. Efficiency is also higher, power handling capacity is
increased, harmonic distortion is less, speed variation is less, and settling time is less. In Multiphase machines,
we can also reduce per phase current without increasing the per phase voltage. We are targeting a compact size
motor which is more reliable and can provide high power. So basically, here we show the mathematical
calculations, compact design and analysis of multiphase machines which can satisfy the demand in high power
applications and prove to be a good dominating alternative to conventional 3-phase induction machines.
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. INTRODUCTION

A three-phase induction motor is an electrochemical energy converter that converts three-phase
electrical power into mechanical power [1]. And, as we all know, 3-phase induction machines are used in
practically every industry. This is due to the fact that the 3-phase induction machine is simple to use and
construct. However, the difficulty comes when the efficiency of conventional 3-phase induction devices is
harmed due to fixed losses, lower power factor, and variable losses. However, simulations in software such as
MATLAB and MOTORSOLVE reveal that multiphase machines have significant advantages over three-phase
machines. The following is a description of the software:

MATLAB is a programming language that combines a desktop environmentfor iterative analysis and
design processes with a programming language that can directly express matrix and array mathematics. It comes
with Live Editor, which allows you to write script that integrate code, output, and formatted text into an
executable notebook.

Professionally built, extensively tested, and fully documented MATLAB toolboxes. You may use
MATLAB programmes to see how different algorithms interact with your data. MATLAB is a multi-paradigm
programming language and numeric computing environment created by MathWorks.Matrix manipulations,
functions and data visualisation, algorithm implementation, user interfaces building, and connecting with
programs written in other languages are all possible with MATLAB.

MotorSolve is software for designing and analysing induction machines, synchronous machines,
electronically commutated machines, and brush-commutated machines. MotorSolve uses equivalent circuit
calculations to replicate the machine's performance.

The software uses finite element analysis and a user-friendly interface to produce accurate simulations
of electric equipment.

The template-based interface is simple to use and adoptable enough to handle virtually any motor
topology, with the unique rotors and stators available. Common FEA technique such as mesh and solver
refining, winding layout, and post-processing are all automated by this tool. You can retrieve performance
parameters, waveforms, and field plots with a single mouse click.

Now we know, Multiphase machines are basically induction motors in which there are more than three
phases in the stator. These machines are attracted towards recent automation as they can also operate in phase
open fault, higher torque density and power applications such as ship propulsion, electric cars, aircraft, hybrid
vehicles, rockets etc. it is also used in improving the reliability of harmonic reduction magnetic flux [8]. It can
provide high power capability by dividing power into multiphase which in turn reduces the torque pulses.

Multiphase machines can have 5,6,9, or more phases, so let’s look at an example of a (SPIM)
symmetrical six-phase induction machine, in which the six-phase windings are symmetrically displaced at an
angle of 60 degrees around the stator circumference. This symmetrical SPIM can be used in various types such
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as six-phase induction motor, and six-phase self-excited generator. It can also be used as a group of two three-
phase sets of windings and due to this, we can extend a variety of applications.

. PHASE INDUCTION MACHINE
A. INTRODUCTION:-

The circuit of the 3-phase induction machine is operated in a similar fashion just like the transformer.
As in a transformer, AC voltage is applied on the primary side which generates AC flux on the core. After that
the generated flux will be linked to the secondary side which induces the voltage of the same frequency in turn,
but with a voltage that depends on the turns ratio of the transformer.

In the case of a three-phase induction motor, on the other hand, the voltage is supplied to the stator,
which produces a revoling flux wave. Voltages are generated as the wave sweeps entirely around completely the
rotor bars. The motor slip, on the other hand, will influence the frequency of the provided voltage.

A symmetric or asymmetric 3-phase induction machine is available. Asymmetric three-phase system
contains three conductors that carry the same frequency alternating current and voltage intensity relative to a
common reference, but with a 120-degrees phase variation between them. The voltage on any conductor reaches
its peak one-third of a cycle after one of the conductors and one-third of a cycle before the other conductor due
to the phase difference. The computed amplitude of the voltage differences between two phases is 1.732 times
the amplitude of the voltage between the individual phases. The 3-phase systems are also known as 3-phase
symmetric systems.The reason for this is that, while asymmetric three-phase power systems can be built and
operated, they lacked in the benefits and applications that are essential for feasibility.

In 3 phase induction machine, loss in the stator phase cannotbe prevented.

Rotor

Fig. Three phase induction motor

MULTIPHASE INDUCTION MACHINE

A. INTRODUCTION:-

A Multiphase Induction machine has more benefits than a standard 3 phase induction machine. It has higher
reliability, high power handling capacity and can reduce torque.

An application where multiphase induction machines are used in ship propulsion, traction in electric vehicles,
and aircraft. The six-phase motor has more advantages over other types of multiphase machines.

UNDERSTANDING OF “3 & 6 PHASE” INDUCTION MACHINE
“3 & 6 PHASE” CONCEPT

In a symmetrical six-phase induction machine, the six-phase windings interest the stator at a 60-degree
angle.This unique construction can be used with three-phase or six-phase electronics. It can be powered by a
six-phase induction motor and fed by a sinusoidal six-phase voltage source. In the event of inverter feeding, the
machine is fed with six single-phase inverters to boost reliability.
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I

Fig. Winding of Symmétrical six phase induction machine

Because the angle of winding between each second winding is 120 degrees, the actual six-phase structure can be
divided into two three-phase winding sets, boostingits work function.

1) Prototype
We can remove the three-phase stator winding of a regular 3-phase machine and replace it with a new design of

six-phase winding to design a prototype of a “3 & 6 phase” induction machine.
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Fig. Winding distribution and termination

“3 & 6 PHASE” AS THREE PHASE MOTOR

The angle created by the six-phase machine’s second winding will be 120 degrees. This means that the
symmetrical six-phase machine’s stator winding can be separated into two three-phase windings at a 60-degree
angle between them.

The machine operates as 3 phase induction motor, by connecting two winding in series or parallel.

A) (B

Fig. Connection in three phase motor
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A. Mathematical Model

[2], [3] provide documentation for this model. This model’s reference frame was altered to omega,which is
equivalent to thedesired reference frame’s rotational speed.

2) Voltage Equations

vg =175 +wla PG M
vy =171 — Wk +pAg (2)
vy =715 +pig (3)
Vg =T1"ig+ (0 — w )y + ply (4)
vg=T1"iz — (0 — w )k +plg (5)
vy =711 + php (6)
3) Flux Linkage Equations

23 =5(L; +Lp) +Lnig (7)
Ag = G(L + L) + Ly (8)
g =&l ©)
Aq = (L] +Lm) +Lnig (10)
Az =G(L] +Lp) + LT (11)
Ag = bl (12)
4) Torque Equation

3 p *T 5 ST
T, = EELm(ldlq—Ldlq) (13)
Where,d = d-axis
g = g-axis

r = rotor parameters
S = stator parameters

B. EQUIVALENT CIRCUIT
In this case, the three-phase motor will be designed through this mathematical model.

WWW.ijres.org 57 | Page



Design and Analysis of Multiphase Machine for EV

o Whs L L, (W N g .

.ql

fs w’RQS LE L . {w'wf]'lll
+

Fig. Equivalent circuit of a three-phase "3 & 6 phase" induction motor

C. SIMULATION RESULT IN MATLAB
In MATLAB, a mathematical model was constructed, and Simulink was used to create results.

A parameter of 1.5kW will be used during the simulation of a three-phase induction motor to generate the
results.

Voltage Source

Omega

Referance Frame
Selector

To Workspace3

3 Phase Induction Machine Gotod

Fig. Simulink model of “3 & 6 phase” induction machine as three phase motor
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Fig.(d) Line Current vs Time
The graphs of free acceleration characteristics are created.

“3 & 6 PHASE” AS SIX PHASE MOTOR

This six-phase motor has the same diagram as a six-phase induction machine. The rotor model chosen will have
a direct impact on all of the machine’s mathematical models since the flux linkage equations will be different,
resulting in the torque produced by the machine being different.

A. MATHEMATICAL MODEL

[4], [5] describe this model. A symmetrical six-phase induction machine has a mathematical model that has
already been documented. Because we’re working with a six-phase this time, Park’s transform should produce
two sets of dqg axes in the arbitrary reference frame.

As a result, it is mathematically shown that these two axes are perpendicular to each other, implying that torque
cannot be produced.

Equations (24) & (25) show that no coupling will be there between stator and rotor and then no torque is
produced in these subspaces.
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1) Voltage Equations

vi =7 1+ wly ((;t Ay (14)
vy = 1 — wd + (‘;t %, (15)
vy =15, + %A;Z (16)
vy, =1 i, + ; A (17)
U = %Agl (13)
Vi =7 g+ Eagz (19)
vi=0=7r"ij+ (w—w)ly+ %Az (20)
vg=0=7r"i} — (w—w)lg+ %/1” (21)
2) Flux Linkage Equations
Aor =5 (LT + Lin) + Lyyiy (22)
Ao = G0 (L + L) + Ly (23)
Ay =2 L) (24)
a2 = L (25)
A5y = 6L (26)
2 = 6L 27
Ay =15(L] + L) + L5y (28)
=L(L] + L) + L ol (29)
3) Torque Equation
Tem =3 (tdt —igig (30)

B. SIMULATION RESULTS IN MATLAB

In MATLAB, a mathematical model was constructed, and Simulink was used to create results.

To get the results, a 1.5kW parameter will be employed during the simulation of a three-phase induction motor.
The graphs of free acceleration characteristics are created.
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Fig.(d) LineCurrentvs Time

If a load is attached, the machine will produce torque, as shown in Figure (a). The stability of the machine is
depicted in Fig. (b). The machineinFigure (c) is unloaded and running at synchronous speed for a four-pole
motor. Because the induction motor has a strong inrush current, it possesses the characteristics shown in Fig.

(d).
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“3 & 6 PHASE” AS THREE PHASE MOTOR WITH REACTIVE POWER INJECTION

It consist of two three-phase windings displaced at a 60-degree angle. The primary winding is coupled to a
three-phase supply, while the auxiliary winding is connected to a series of static capacitors [6] [7].

To increase the motor’s power factor, reactive power will be supplied. The angle formed by the main and
auxiliary winds is O degrees [6] [7].

Vv,

MAIN

AUXILARY

A. Equivalent Circuits

Fig. Equivalent circuits of 3 phase machine with reactive power injection

B. Simulation Results

A mathematical model was built in MATLAB, and Simulink was utilised to generate the findings. Results will
be achieved in both the steady-state and dynamic modes.

1) Steady-state Results
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Fig (b)
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Figures (a) and (b) show power and current as a function of capacitor size. Figure (c) depicts power factor vs
capacitance as capacitance size increases. Figure (d) shows that as reactive power rises, the motor's efficiency

rises as well.
2) Dynamic Results
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The power factor in the injected machine will improve, as shown in Fig (a). Figure (b) shows that efficiency will
improve. The main winding in Fig. (c) has a significant inrush current. Auxiliary winding current is depicted in
Figure (d).

o 02 o4 08

IIl.  CONCLUSION

We may predict from data that a multiphase induction machine is superior than a three-phase induction
machine by understanding the "3 & 9 phase" induction machine, which is used in both three and six-phase
induction motors.

A six-phase induction machine is superior to other multiphase induction machines in terms of
performance. Compared to other multiphase machines, the six-phase motor offers additional benefits.

The reliability of the harmonic reduction magnetic flux will be improved, and torque pulses will be
reduced, with a six-phase induction machine. It's capable of producing a lot of power.
Electric and hybrid electric vehicles, rockets, and aeroplanes, among other things, use six-phase induction
machines.
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