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Abstract— In today’s electrical scenario due to ever
increasing demand of more power it is necessary to supply it at
a certain voltage level economically, which restricts it to a
certain value. Moreover there are other limitations on
utilization side as well. The solution for this is use of
multiphase systems. Nowadays multiphase systems are being
thought of as a solution for the problem and research in this
field is picking up pace. There is a need to obtain multiphase
supply from the available three phase supply due to its
inherent advantages. PWM Technique is most suitable for
employing two-drive systems with variable frequency which is
more complicated. Hence Special Transformer Connection
method is used in applications requiring fixed voltage and
fixed frequency supply. This model can be simulated by using
‘SIMPOWERSYSTEMS’ block sets of MATLAB/SIMULINK
software.

Index Terms— Five-phase, Multi-winding Transformer,
Special Transformer connection, turns ratio, Five phase
Induction Motor model.

|. INTRODUCTION

The applicability of multiphase systems is explored in
electric power generation, transmission, and utilization. The
research on six-phase transmission system was initiated due
to the rising cost of right of way for transmission corridors,
environmental issues, and various stringent licensing laws.
Six phase transmission lines can provide the same power
capacity with a lower phase-to-phase voltage and smaller,
more compact towers compared to a standard double-circuit
three-phase line. The geometry of the six-phase compact
towers may also aid in the reduction of magnetic fields as
well. The research on multiphase generators has started
recently and only a few references are available.

Multiphase especially a 6-phase and 12-phase system is
found to produce less ripple with a higher frequency of

ripple in an ac—dc rectifier system. Thus, 6- and 12-phase
transformers are designed to feed a multiples rectifier
system and the technology has matured. Recently, a 24-
phase and 36-phase transformer system has been proposed
for supplying a multi pulse rectifier system. The reason of
choice for a 6-, 12-, or 24-phase system is that these
numbers are multiples of three and designing this type of
system is simple and straightforward. However, increasing
the number of phases certainly enhances the complexity of
the system. Up to now the even number of phases are
available but there is no odd number of phases like 5, 7, 11
etc so we a contribution to do these odd number of phases.

Il. WHY MULTIPHASE?

The applicability of multiphase systems is explored in
electric power generation, transmission and utilization.
The research on six-phase transmission system was initiated
due to the rising cost of transmission corridors,
environmental issues, and various stringent licensing laws.
Five-phase transmission lines can provide the same power
capacity with a lower phase-to-phase voltage and smaller,
more compact towers compared to a standard double-circuit
three-phase line.
It is expected that the proposed connection scheme can be
used in drives applications and may also be further explored
to be utilized in multiphase power transmission system.
Major advantages of using a multi-phase machine instead of
a three-phase machine are higher torque density, greater
efficiency, reduced torque pulsations, greater fault
tolerance, and reduction.
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Fig. Phasor diagram of input & output waveform

I1l. METHODOLOGY

The input and output supply for the proposed
transformation can be arranged in the following manner:
1) Input star, output star;
2) Input star, output polygon;
3) Input delta, output star;
4) Input delta, output polygon
5)Input delta, output delta

Three separate cores are designed with each carrying one
primary and three secondary coils, except in one core where
only two secondary coils are used.

Six terminals of primaries are connected in star and the
16 terminals of secondaries are connected in a different
fashion resulting in star or polygon output.

The construction of output phases with requisite phase
angles of 72 between each phase is obtained using
appropriate turn ratios are illustrated in table below. The
turn ratios are different in each phase. The choice of turn
ratio is the key in creating the requisite phase displacement
in the output phases.

The input phases are designated with letters “X”, “Y”, and
Z” and the output are designated with letters “A”, “B”, “C”,
“D”, and “E”. As illustrated in Fig. a

The output phase “A” is along the input phase “X. the
output phase “B” results from the phasor sum of winding
voltage “c6¢5 ” and “blb2”, the output phase “C” is
obtained by the phasor sum of winding voltages “a4a3 ” and
“b3b4 . The output phase “D” is obtained by the phasor
addition of winding voltages “a4a3 ” and “clc2 ” and
similarly output phase “E” results from the phasor sum of
the winding voltages “c3c4 ™ and “b6b5 . In this way, five
phases are obtained.
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Fig. Input & output connection scheme of proposed system
Fig (a) and (b).

The construction of output phases with requisite phase
angles of 72 between each phase is obtained using
appropriate turn ratios are illustrated in table below. The
turn ratios are different in each phase. The choice of turn
ratio is the key in creating the requisite phase displacement
in the output phases.

The input phases are designated with letters “X”, “Y”,
and Z” and the output are designated with letters “A”, “B”,
“C”, “D”, and “E”. As illustrated in Fig. a
The output phase “A” is along the input phase “X. the
output phase “B” results from the phasor sum of winding
voltage “c6¢5 7 and “b1b2”, the output phase “C” is
obtained by the phasor sum of winding voltages “a4a3 ” and
“b3b4 7. The output phase “D” is obtained by the phasor
addition of winding voltages “a4a3 ” and “clc2 ” and
similarly output phase “E” results from the phasor sum of
the winding voltages “c3c4 ” and “b6b5 ™. In this way, five
phases are obtained.
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Fig. Phasor Diagram of the Proposed Transformer
Connection (Star-Star)

Table. 1 Turns ratio of the proposwd transformer scheme

Turns
Primary Secondary Rario
e
Phaze-x alal 1
aFad 047
blb2 024
Phase-y b3bd 063
b3b& 0.858
clel 068
Phase-z 34 04
ceb 0.B58
A. Equations
Vi = Vinax sinfet)
2r
Vi = Vo sinfwt + 5
r r H ‘Lﬂr
V., = Ve sinfwt + ?]
. dr
Vi = Vppy sin | wt —?]
2T

¥, = Vo sinfwt — ?j

Ve = Ve sin{wt)
Wy = Vogy sinfwt 4 2273)

¥V = Vpp sin(wt —2m/3)

Units Input and output waveforms

Input three-phase currents
ey vy vy vy~ s 2 }
4 | | — Phase-A
~— Phase-B | |
{—— PhaseC |

N

Phase currents (Amp)
S o
T

[EPESIPEDES SN S —-— - B

-4 A | DU DU PN BT e
0 0.005 001 0015 0.02 0025 003 0.035 0.04

Time (sec)

Phase currents (Amp)
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Use either SI or CGS as primary units. (SI units are

encouraged.) English units may be used as secondary

units (in parentheses). An exception would be the use of

English units as identifiers in trade, such as “3.5-inch

disk drive”.

[1] Avoid combining SI and CGS units, such as current
in amperes and magnetic field in oersteds. This often
leads to confusion because equations do not balance
dimensionally. If you must use mixed units, clearly
state the units for each quantity that you use in an
equation.

Do not mix complete spellings and abbreviations of units:
“Wb/m?” or “webers per square meter”, not “webers/m?”.
Spell out units when they appear in text: “. . . a few
henries”, not . . . a few H”.

Use a zero before decimal points: “0.25”, not “.25”. Use
“cm®”, not “cc”. (bullet list)

A. Equations

The equations are an exception to the prescribed
specifications of this template. You will need to determine
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IV. MATLAB/SIMULINK MODEL OF THREE TO FIVE PHASE
TRANSFORMATION

The designed transformer is at first simulated by using
“simpower system” block sets of matlab software. The
simulation model is depicted in fig. and resulting input
&output waveforms are illustrated in Fig. given below:

V. SIMULINK MODEL DESIGNED ON MATLAB

It is balanced three-phase input. Individual output
phases are, also, shown along with their respective input
voltages. The phase Va is not shown because Va= Vx (i.e.,
the input and the output phases are the same).

There was no earth current flowing when both sides neutrals
were earthed.

From the input & output waveforms shown below its
clearly seen that the output is a balanced five-phase supply
for a the overall transformer set is slightly lower than the
conventional three-phase transformer.

.
-

Fig.xvi Three-phase Input voltage waveforms (star-star)
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OUTPUT WAVEFORMS

Fig.xviii Five-phase output voltage waveforms (star-star)
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Fig.xix Five-phase output current waveforms (star-star)

VI. APPLICATION OF MULTIPHASE SYSTEM FOR DC DRIVES

A Multiphase system proves to be advantageous if used
for driving DC drives.Ripple content in the DC output of a
multiphase system is less as compared to DC supply

obtained from a three phase or a single phase supply.
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DC output of FIG2  Circuit will contain less ripples as
compared to FIG]1 circuits outpuot.

VII. FUTURE SCOPE

It is expected that the proposed connection scheme
can be used in drives applications and may also be further
explored to be utilized in multiphase power transmission
systems.

This transformation is applicable reliably in Multiphase
power transmission system, bulk power transfer and in
Five-phase permanent magnet generator systems for wind
turbine applications.

The research on multiphase generators has started
recently and only a few references are available. The
present work on multiphase generation has investigated
asymmetrical six-phase (two sets of stator windings with
300 phase displacement) induction  generator
configuration as the solution for use in renewable energy
generation.

It is employed in Ship propulsion traction for both
hybrid, electric hybrid vehicles and Electric aircraft.

VIIl. CONCLUSION

This paper proposes a new transformer connection scheme
to transform the three-phase grid power to a five-phase output
supply.

The input and outputs are arranged in different fashion in
order to obtain five phase balanced output.

The connection scheme and the phasor diagram along with
the turn ratios are illustrated.

Five phase balanced output has been illustrated using matlab
simulations.

The successful implementation of the proposed connection
scheme is elaborated by using simulation and experimentation
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