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ABSTRACT In light of the constant need for more energy, modern society is characterized by constant
technical development, especially in the field of electricity. Due to the limitations of the voltage at which
it may be given, it has a finite value. Energy providers and consumers are both subject to consumption
restrictions. Multiphase systems are a viable option for dealing with this issue. Multiphase systems are
currently being used to tackle the issue, and progress in this area of study is swift. The importance of
multiphase supply cannot be overstated in the realm of drives and other necessities. The Five Phase Induction
Motor (FPIM) construction and performance analysis are discussed in this study. MATLAB/SIMULINK is
used to evaluate FPIM’s performance. The experimental findings of the developed FPIM are presented in
this work.

INDEX TERMS Five phase induction motor, modelling, construction, operation, revolving flux, torque
developed, phase loss.

I. INTRODUCTION
Numerous peer-reviewed papers have made the following
observations in three to five phase converter transformers
fed FPIM operation. For transforming three phases of supply
into one phase of supply, phase balancers are classified as
standstill and revolving balancers [1]. The 2-ph 5-wire system
essential needs of service continuity, safety, security, normal
voltages, flexibility, and decreased cost, among others, are
primarily contrasted with the 3-8, 4-wire star system [2]. For
various systems, electrical properties are analyzed using 600

reactance and corona initiation voltage [3]. Because the poles
coincide due to the even number of phases, phases with odd
numbers are preferable [4]. Existing single-phase loads are
replaced with three phase loads [5].
In 1991, E. H. Badawy et al. presented a novel approach

for 6-8 power transmission [6]. The high order tech-
nique is used to calculate careful and reasonable faults
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extremely effectively. A new topology for better torque non
sine 5-us machine due to th rotor structure of synchronous
reluctance machine was proposed for a specific machine.
The suggested 5-8 synchronous machine has a much higher
torque density than the 3-8 synchronous machine due to the
interaction of magnetic field and armature current and the
efficient usage of triplen harmonics [7], [8]. Power electronic
converters power multiphase machines with more than three
phases [9].
In 1974, a customized transformer has been designed [10]

with different cores. The reactance of the transformer
under load is investigated by adjusting the delay angle of
the converter [11]. For the five limb step up 3-8 trans-
former, a new electromagnetic transient analysis technique
was used. Current and fluxes are analyzed in the tran-
sient mode using the electromagnetic transient programme
(EMTP) [12], [13]. One of the transient analyses is the mid
frequency model of an improved transformer for transient
analysis. The transformer core is saturated due to geometrical
induced currents and ferromagnetic resonance conditions,

VOLUME 11, 2023

 2023 The Authors. This work is licensed under a Creative Commons Attribution 4.0 License.

For more information, see https://creativecommons.org/licenses/by/4.0/ 112515

https://orcid.org/0000-0001-9734-0201
https://orcid.org/0000-0003-1060-0803
https://orcid.org/0000-0002-4630-4072
https://orcid.org/0000-0002-5798-398X
https://orcid.org/0000-0002-7194-3159


P. Srinivasa Varma et al.: Development and Performance Analysis of FPIM

and high frequency components appear in the voltage-current
waveforms [14], [15].

When the FPIM with controlling mechanism is proposed,
the speed must be managed in a variety of methods. Dynamic
system performance was improved and it was appropriately
employed for medium and low switching frequency applica-
tions using the conventional method: direct torque control of
a 3-level 5-ph inverter [16], a 5-IM drive operating at low
speed with an LC filter to evaluate harmonics and analyze
total harmonic distortion [17], [18], and the vector control
method. A 5-IM drive with DTC is utilized in artificial
approaches. The elimination of harmonics and the optimal
switching sequence resulted in efficient sinusoidal distributed
windings of the proposed drive [19], [20], and the starting
currents are time-varying utilizing fuzzy rules. The voltage
drop of the switching device and the speed of the motor were
used to examine a full voltage technique of the proposed
drive [21]. Examples of inverter-based solutions include a
4-level IM drive with open ending for SVPWM method-
ology and Direct Torque Control (DTC) as an alternative
to standard techniques of regulating via Pulse Width Mod-
ulation (PWM), FOC, and DTC methodologies [22], [23].
The SVPWM system with Sampled Average Zero Sequence
Elimination (SAZE) is well-known for suppressing the
zero-sequence voltage on average during each sample time
period [24].
According to the review of studies cited above, multiphase

machine drives saw very little attention from researchers until
far into the 20th century. Using a multiphase transformer and
power converters, this study created a multiphase machine
drive to enhance reliability, efficiency, and reduce torque
ripples caused by the problem of dynamic voltage sharing that
arises when conventional machines are connected in shunt or
series for high power applications.

In this section, the importance of five phase system
and comprehensive literature survey on phase system are
presented. The constructional features of FPIM are dis-
cussed in Section II. Section III presents the basic operating
principle of FPIM. The modeling of PFIM is explicated
in Section IV. The fabrication of proposed FPIM is presented
in Section V. The simulation and experimental results are
analyzed in Section VI and VII. Finally, the conclusions of
the work are presented in Section VIII.

II. CONSTRUCTION OF FIVE PHASE INDUCTION MOTOR
The montage of the stator and rotor of an induction motor has
been accomplished. In comparison to the conventional motor,
the motor under consideration exhibits slight differences in
both production and functionality. The stator of the motor
under consideration has been energized with an alternating
current, resulting in the production of a rotating magnetic
field by the rotor. The aforementioned two pieces comprise
internal components such as winding slots, core winding,
centrifugal switch, end ring, and bearing. Similar to con-
ventional motors, the rotor bars of the proposed motor were
angled slightly to ensure optimal performance.

An induction motor has stator windings that have been
installed in their proper stator slots. The induction motor
winding is insulated to reduce core loss and boost efficiency.
The Five Phase Induction Motor (FPIM) that has been pro-
posed has twenty slots and two poles. In contrast, a standard
induction motor has 24 slots and 4 poles. As a result, the
cost of copper material for winding is reduced. Finally, FPIM
features low core loss, great efficiency, and high reliability.

In a motor, an air gap flux existed between the stator and
rotor. Once the stator winding has been energized by the
alternating current source, rotating flux will be generated and
circulated in the air gap. Regardless of the quantity of poles or
the frequency of the supply, it remains constant. Essentially,
this flux is revolving around the rotor’s stationary conductors.
The EMF will then be generated in the conductors of the
stationary rotor.

Based on rotor construction, there are two types of IM:
squirrel cage rotors and slip rings or phase wound rotors.
End rings have short-circuited the rotor bars in the Squirrel
Cage Rotor. The rotor bars are likewise slightly inclined. As a
result, it is possible to reduce magnetic noise and overcome
rotor magnetic locking. Adding external resistance to boost
beginning torque is not possible due to short circuited rotor
bars, however it is possible in Slip Ring (or) phase Wound
Rotor. As a result, limiting beginning currents improves
torque, and these types of rotors are occasionally utilised
in industry. Except for the configuration of the poles, the
proposed FPIM structure is the same as conventional IM.
The number of poles in suggested FPIM is multiples of five,
whereas in traditional it is three.

III. BASIC OPERATING PRINCIPLE OF PROPOSED FPIM
When the stator is driven by a 5-volt supply, a fixed mag-
nitude revolving magnetic field is generated and the stator
rotates at synchronous speed. The magnetic field above cuts
the rotor conductor, causing emf to be induced and mas-
sive circulating currents to flow through the external low
resistance rotor. At startup, the induced current frequency
equals the supply frequency. Lenz’s law states that induced
current always moves in the opposite direction of that of its
origin. As a result, the rotor starts to circle in the direction of
the rotating field while attempting to retain the same speed
in order to reduce the relative speed. It always spins more
slowly than the rotating magnetic field, though. The standard
3-phase operational-principle is analogous to this operation.

A. ROTATING FILED PRODUCTION FOR THE
PROJECTED FPIM
As previously indicated, the revolving field evolved as a result
of current generation in the stator after being fed by the 5-8
supply. Total flux can be calculated using the maximum flux
instants indicated below:

φa = φm sin(ωt) (1)

φb = φm sin
(
ωt +

2π
5

)
(2)
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φc = φm sin
(
ωt +

4π
5

)
(3)

φd = φm sin
(
ωt +

6π
5

)
(4)

φe = φm sin
(
ωt +

8π
5

)
(5)

As can be seen from Eqns. (1) through (5), the FPIM fluxes
have a 72◦-phase shift, and this shift is also reflected in the
stator currents that are created. The greatest flux that can be
produced by a three-phase supply in a three-phase induction
motor is 1.5 times the total flux that can be produced. It is
different in the FPIM that has been proposed. Fig. 1 presents
the results of certain in-depth analyses together with some
instants. It is varied in the proposed FPIM. Detailed analyses
with some instants are shown in Fig. 1.

FIGURE 1. Flux generated by FPIM in five phases.

FIGURE 2. Analysis of resultant flux in mode-1.

The resultant flux, 8R obtained in Fig. 2 is revolving with
fixed speed in the air gap of planned FPIM. This 8R is in
terms of 8m has analyzed in this mode-1 from above phasor
diagram.

At ωt = 0◦,

8a = 0

8b = 0.958m

8c = 0.598m

8d = 0.598m

8e = 0.958m (6)

In next position of 8R is in terms of 8m has analyzed in this
mode-2 from above phasor diagram and it is shown in Fig. 3.

At ωt = 720,

8a = 0.958m

8b = 0

8c = 0.958m

8d = 0.598m

8e = 0.598m (7)

FIGURE 3. Analysis of resultant flux in mode-2.

In next position of 8R is in terms of 8m has analyzed in
this mode-3 from above phasor diagram and it is shown
in Fig. 4.

At ωt = 144◦,

8a = 0.598m

8b = 0.958m

8c = 0

8d = 0.958m

8e = 0.598m (8)

FIGURE 4. Analysis of resultant flux in mode-3.
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In next position of 8R is in terms of 8m has analyzed in this
mode-4 from above phasor diagram and it is shown in Fig. 5.

At ωt = 216◦,

8a = 0.598m

8b = 0.598m

8c = 0.958m

8d = 0

8e = 0.958m (9)

FIGURE 5. Analysis of resultant flux in mode-4.

In next position of 8R is in terms of 8m has analyzed in this
mode-5 from above phasor diagram and it is shown in Fig. 6.

At ωt = 288◦,

8a = 0.958m

8b = 0.598m

8c = 0.598m

8d = 0.958m

8e = 0 (10)

B. PRODUCTION OF TORQUE FOR THE PROPOSED FPIM
Consider conductor A in the rotor, which is positioned
beneath the stator’s North Pole. The field flux is developed
and revolving in a clockwise direction, as shown in Fig. 7(a).
When compared to the stator, the rotor moves relative to it

anticlockwise, as indicated by the dotted arrow in Fig. 7(b).
It is possible to predict that the induced current will flow out-
ward by utilising Fleming’s right-hand rule. Because it will
create an anticlockwise magnetic field around the conductor,
the cork screw rule can be used to determine whether current
is permitted to flow completely through a conductor. The two
fields mentioned above are in the same area of the FPIM, and
are shown in the Fig. 7(b), the two conductors combine to
form the total field. The rotor is torqued clockwise, forcing
it to revolve in the direction of the revolving magnetic field
in Fig. 7(c), where the left side field is weaker.

IV. MODELING OF FPIM
A. LINEAR TRANSFORMATION IN ELECTRICAL MACHINE
To translate the numbers for a continuous equation with-
out affecting the coefficients, a number of transformation
techniques have been utilized in series. Usually used in ac
machine analysis, the conversion turns a 3-8 into a 2-8 with
zero sequence system.
The rotation-independent fixed coefficients are obtained

using a different transformation technique. With this method,
there is no similar motion between the stator and rotor coils,
and the inductance becomes independent of rotation. Only the
constant coefficients are present in the resulting matrix. The
reference frame has fixed to stator in proposed FPIM due to
uniform air gap and also fixed to rotating magnetic field.

B. AXIS TRANSFORMATION
Park’s Transformation technique is used for axis transforma-
tion, and it has done to convert five-ph voltages in two-ph
voltages to reduce the complexity of the analysis. Stationary
five voltage axes are renewed into two phases as shown
in Fig.8, these voltages are represented with the following
equation (11), as shown at the bottom of the next page.
FPIM stator voltage equations under balanced condition

are as follows:

Va = Vm sin (ωt) (12)

Vb = Vm sin
(
ωt +

2π
5

)
(13)

Vc = Vm sin
(
ωt +

4π
5

)
(14)

Vd = Vm sin
(
ωt +

6π
5

)
(15)

Ve = Vm sin
(
ωt +

8π
5

)
(16)

FPIM transformed voltage equations with respect to stator
side have mentioned below equation (17):

Vds = Rsids +
dψds
dt

− ωaψqs

Vqs = Rsiqs +
dψqs
dt

− ωaψds

Vxs = Rsixs +
dψxs
dt

Vys = Rsiys +
dψys
dt

V0s = Rsi0s +
dψ0s

dt
(17)

Similarly, rotor side transformed voltage and flux linkage
equations are obtained. Transformed current equations on
stator and rotor side of FPIM have mentioned below:

ids =
ψds [Llr + Lm] − Lmψdr
[LlsLlr + LlsLm + LlrLm]

iqs =
ψqs [Llr + Lm] − Lmψqr
[LlsLlr + LlsLm + LlrLm]
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FIGURE 6. Analysis of resultant flux in mode-5.

FIGURE 7. Torque production in FPIM.

idr =
ψdr [Llr + Lm] − Lmψds
[LlsLlr + LlsLm + LlrLm]

iqr =
ψqr [Llr + Lm] − Lmψqs
[LlsLlr + LlsLm + LlrLm]

[Vaxis] = [T ]
[
Vphase

]
(18)

Equation (18) shows the axis currents and flux linkages
relationship at the stator side. The transformed currents and
transformed flux linkages relationship have shown in below
equation (19). ⌊

ψphase
⌋

= [M ] |
⌊
iphase

⌋
(19)

FIGURE 8. Modeling of FPIM −5-8 to 2-8 conversion.

[
T−1

]
[ψaxis] = [M ] |

[
T−1

]
[iaxis] (20)

[ψaxis] =

[
TMT−1

]
[iaxis] (21)

[ψaxis] = [L] [iaxis] (22)

[L] =

[
TMT−1

]
(23)

Consequently, the following is the generalised torque
equation stated in terms of the d-q axis variables.

Te =

(
5
2

) (
P
2

) (
Lm

Lm + Llr

) (
iqsψdr − idsψqr

)
(24)

The electromechanical torque produced with angular speed
as given below in terms of moment of inertia (J), coefficient
of dashpot (B), number of poles (P) and Load torque.

Te =

(
2
P

) (
J
dω
dt

+ Bωr

)
+ TL (25)

Te = PLm
⌊
iqsidr − idsiqr

⌋
(26)

ωr =

∫
P
2J
(Te − TL) dt (27)

Additional components x-y has used in proposed motor
along with basic equations in rotor. These components have


Vq
Vd
Vx
Vy
V0

 =

√
2
5



Cos θ Cos
(
θ +

8π
5

)
Cos

(
θ +

6π
5

)
Cos

(
θ +

4π
5

)
Cos

(
θ +

2π
5

)
Sin θ Sin

(
θ +

8π
5

)
Sin

(
θ +

6π
5

)
Sin

(
θ +

4π
5

)
Sin

(
θ +

2π
5

)
Cos θ Cos

(
θ +

4π
5

)
Cos

(
θ +

8π
5

)
Cos

(
θ +

2π
5

)
Cos

(
θ +

6π
5

)
Sin θ Sin

(
θ +

4π
5

)
Sin

(
θ +

8π
5

)
Sin

(
θ +

2π
5

)
Sin

(
θ +

8π
5

)
1

√
2

1
√
2

1
√
2

1
√
2

1
√
2




Va
Vb
Vc
Vd
Vc

 (11)
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completely decoupled from direct and quadrature axis com-
ponents and vice-versa. These components have absent in
rotor windings and zero sequence component also have delib-
erately absent by the short circuit of the rotor bars.

V. FABRICATION OF FPIM
Conventional 3-8 squirrel cage motor has considered making
the proposed FPIM. Considered 3-8 motor has 24-slots,
4-poles stator and it is multiples of three as shown in Fig. 9.
Proposed FPIM stator has required 20-solts, 2-poles and mul-
tiples of five. Remaining four slots (i.e., 1, 7, 13 and 19 slots)
have left with no winding.

FIGURE 9. Components of conventional machine (3-8).

FPIM have deficiency of four slots the machine had run
smoothly. Fig. 10 shows the FPIM stator winding arrange-
ment and terminals are represented as a, b, c, d, and e
respectively. Phase-a phase terminal is in 2nd slot and it is
connected to 14th slot neutral terminal and 3rd slot winding
connected to 15th slot winding then it is energized by the
source. In the same way the phase-b, c, d, and e phase
terminals and neutral terminals have connected accordingly.

FIGURE 10. Winding slots of FPIM.

Winding connection diagram is shown in Fig. 11. This
connection diagram clearly visualizes the slots connected for
each other to achieve the required 5-8 supply.

FIGURE 11. Winding diagram of FPIM.

After re-designed the 3-8IM into FPIM is shown
in Fig. 12. The copper winding has rearranged and placed
in respective slots with the help of winding diagram
shown in Fig. 11.

FIGURE 12. Slots with copper windings of FPIM.

FIGURE 13. Proposed transformer in Wye-Wye topology fed FPIM.

Proposed FPIM experimental setup has shown in Fig. 13.
This experimental setup has 3-8 to 5-8 transformer, FPIM,
watt meters, volt meters and ammeters etc. Fig. 14 has the
instrument and it is used to measure the power factor, Torque
and speed of FPIM in experimental setup.
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FIGURE 14. Measurement of power factor, torque and speed of the FPIM.

Proposed FPIM given best performance even one of the
phases has failed and it is verified by the experimental setup.
Fig. 15 depicts various phase loss scenarios under various
conditions.
Case-1: Four phases like a, b, c & d are healthy and phase-e

has phase loss, it has produced the pulsated torque nearly
13.8 N-m. It is shown in Fig. 15(i).
Case-2: Two adjcent phases like phase d & e have the

phase loss, pulsated torque is nearly 13 N-m. It is shown
in Fig. 15(ii).
Case-3: Three adjcent phases like c, d & e have phase loss,

pulsated torque is nearly 12.8 N-m. It is shown in Fig. 15(iii).
Above mentioned phase loss conditions can explaine with

respect to its steady state and transient response. From the
observations the speed of the motor is almost constant.
To operate for above rated speed based on field weaken-
ing condition and it has apllied to the proposed FPIM to
observe the performance. The main observation is, once cur-
rent has reduced to weakening the flux and speed of the
motor increased above it’s rated speed. So, the proposed
FPIM is preferred for high speed applications. Same setup
has observed in MATLAB-Simulink.

VI. RESULTS AND DISCUSSIONS
Proposed FPIM working/performance has analyzed with
MATLAB-Simulink and with experimental setup. The
obtained results are discussed and compared in this section.
The block diagram of the proposed system is shown
in Fig. 16.

A. SIMULATION RESULTS
Proposed FPIM fed by a Transformer Topology.

From the observation of MATLAB-Simulink results pro-
duced in Fig. 17 & 18, speed of the proposed FPIM is
2985 rpm and torque is 32 N-m. At 0.6 sec the torque has
settled with value of 13.8 N-m. The same have obtained over
experimental setup and tabulated in Table-2.

From Fig. 19, it is observed that 5-8 starting currents
are 8A (peak to peak) in all the phases for the 3 to 5-8
transformer fed FPIM. The waveforms for three cycles are
shown in Fig. 20.

FIGURE 15. FPIMD experimental setup under (i) One phase loss (ii) Two
phase loss (iii) Three phase loss.

FIGURE 16. Block diagram of the proposed system.

FIGURE 17. Speed of Transformer fed FPIMD under balanced condition.

From the Fig. 20, it is observed that input and output
currents are 8 A and 4.2 A (peak to peak) of transformer in
proposed system for three cycles respectively.
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FIGURE 18. Torque of WYE-WYE Transformer FPIMD under balanced
condition.

FIGURE 19. Starting currents of transformer fed FPIM in a balanced
condition.

FIGURE 20. Currents of transformer fed FPIM under balanced condition
(i) Input current of transformer (ii) Output current of transformer.

For the three cases of operation of proposed FPIM, it is
observed that no changes at input and output voltages of
transformer. There is slight change in speed and torque of
the FPIM. The results have validated and tabulated which are
through MATLAB-Simulink in Fig. 21 and through experi-
mental setup in Table-2. In all above three cases, Torque has
almost constant for the proposed FPIM.

It can be shown in Fig. 22 that under any phase loss
circumstance, the stator currents have altered without the
voltage changing. If there is only one phase of loss, or if
the stator current Ie = 0, then the current is 2.6A. The stator
currents Ie = Id = 0, or the two phase loss condition, results
in an output current of 2.6A. The magnitude of the output
current is 4.1A under the three-phase loss condition, where
the stator current Ie = Id = Ic = 0.
The proposed FPIM has the better reliability and enhance

all three phase loss conditions. However, several findings

FIGURE 21. Speed and torque of transformer FPIM under one phase loss
(ii) Two phase loss (iii) Three phase loss.

have been made, including that there hasn’t been a change
in voltages, the FPIM’s performance hasn’t really suffered,
and stator currents have been adjusted appropriately.
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FIGURE 22. Stator Currents of Transformer FPIM under (i) one phase loss
(ii) two phase loss (iii) three phase loss.

Similar type of analysis has done in different combinations
like: Proposed Induction Motor Fed by a WYE-POLYGON
Topology, Proposed Induction Motor Fed by a DELT - WYE
Topology, Proposed Induction Motor Fed by a DELTA -
POLYGON Topology and corresponding values have tabu-
lated in Table 1.

TABLE 1. Starting and steady state torque of 3-8 to 5-8 transformer
fed FPIM.

From Table 1, starting and steady torques have been
observed for all topologies of 3-8 to 5-8 transformer fed
FPIM. Due to low peak overshoot ofWYE-POLYGON trans-
former fed FPIM it gives the better performance at transient
and steady state periods compared to other topologies.

B. EXPERIMENTAL RESULTS
Starting and steady state torque values are presented
in Table 1. Input power (Pin) in watts, output power (Pout) in
watts, speed in rpm, and torque in N-m values have obtained
from experimental setup of FPIM are produced in Table 2.

TABLE 2. Input & output power, speed and torque of FPIMD.

From Table 2, the speed and torque of the proposed FPIM
experimental setup values are almost equal to MATLAB-
Simulink setup values (from Fig. 15 & 16).

TABLE 3. Speed and torque under phase loss condition of FPIM.

Experimental values and Simulation values of input and
output current under phase loss condition of FPIM have
tabulated in Table 4.

TABLE 4. Input and output currents of FPIMD under phase loss condition.

From Table 4, it can be shown that when phase loss occurs
in the FPIM and both setup values are roughly identical, the
stator currents increase.

TABLE 5. Comparison of the no load power factor and drive efficiency
of 3-8 and 5-8 phase induction machines.
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Table 5 displays the performance and no-load power factor
of the 3-8 and 5-8 IM.

The suggested drive works even when one, two and three
phases fail, so that the motor’s performance is unaffected.

VII. CONCLUSION
The proposed FPIM has been found to be superior to 3-8 IM.
The basic functioning principle and torque production of
FPIM are discussed. The dynamic performance of FPIM has
been investigated using Park’s transformation. The fabrica-
tion of 2 poles, 20 slot FPIM is combined with standard
3-8 IM, 4 pole, 24 slot fabrication. All topologies of three
to five phase transformers were tested using simulation using
MATLAB/SIMULINK fed FPIM, and the results of 3 8
to 5 8 transformer fed FPIM were validated with proto-
types for various phase loss circumstances. Constant torque is
obtained in all topologies fed by FPIM, even with phase loss
situations, such as 96% with one phase loss, 94% with two
phase loss, and 90%with three phase loss. The efficiency and
p.f achieved by FPIM is 1.92 times that of 3-8 IM under one
phase loss. The primary advantage of FPIM versus 3-8 IM
is that system performance remains unchanged even with a
phase loss of two or three. Motor efficiency was observed to
be 81% and 78% in both circumstances.
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