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Abstract— Recently there has been many researches are in 

progress to convert three phase system to multiphase system. 

Phase conversion using special transformer connection has 

gained interest as it is very simple and easy to construct 

without need of PWM techniques. Various transformer 

connections has been proposed by the researchers in the past. 

This paper aims to compare the performance of various 

conversion techniques available. Transformer connection 

methods are modeled using MATLAB Simulink and the 

performance is compared with respect to the generation of 

harmonics in the output of multiphase system. 
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I. INTRODUCTION 

Multiphase (more than three phase) systems are the focus of 

research recently due to their inherent advantages compared 

to their three-phase counterparts. The applicability of 

multiphase systems is explored in electric power generation, 

transmission, and utilization. Since the three-phase supply is 

available from the grid, there is a need to develop a static 

phase transformation system to obtain a multiphase supply 

from the available three-phase supply. 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. 

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 straight forward. However, increasing 

the number of phases certainly enhances the complexity of 

the system. None of these designs are available for an odd 

number of phases, such as 5, 7, 11, etc. 

 
Fig. 1: Block diagram of phase conversion with load 

In this paper, three-phase to five-phase 

transformation is proposed. Carrier Based PWM technique 

and Special Transformer Connection technique are used to 

transform three phase supply to five phase supply. In PWM 

technique, the supply used for a multiphase motor drive could 

have more current ripple, there are control methods available 

to lower the current distortion even below 1%, based on 

application and requirement. The machine parameters 

obtained by using the pulse width-modulated (PWM) supply 

may not provide the precise true value. Thus, a pure 

sinusoidal supply sys-tem available from the utility grid is 

required to feed the motor. A special transformer connection 

scheme is used to obtain a balanced five-phase supply with 

the input as balanced three-phase. Major advantages of using 

a multi-phase machine instead of a three phase machine are 

higher torque density, greater efficiency; reduced torque 

pulsations and greater fault tolerance can be achieved. 

The block diagram of the proposed system is shown 

in Fig.1 The fixed voltage and fixed frequency available grid 

supply can be transformed to the fixed voltage and fixed 

frequency five-phase output supply. The output, however, 

may be made variable by inserting the autotransformer at the 

input side. 

II. TRANSFORMER WINDING ARRANGEMENT 

The input and output supply for the proposed transformation 

can be arranged in the following manner: 

 Input star, output star. 

 Input star, output polygon.  

 Input delta, output star. 

 Input delta, output polygon. 

Since input is a three-phase system, the windings are 

connected in a usual fashion. The output/secondary side 

connection is discussed in the following subsections. 

 
Fig. 2: Different winding arrangements on Secondary of 

transformer a) secondaryary winding star b) secondary 

winding Delta c) secondary winding polygon 

III. SIMULATION OF THREE PHASE TO FIVE PHASE 

Simulation of three phase to five phase system is performed 

using MATLAB. In each type of conversion techniques three 

multi-winding transformers are used. Three AC voltage 

sources of peak voltage 400V is given as input for each 

transformer. To measure the effectiveness of the phase 

conversion circuits RL load was connected to each of the five 

phases for the output side of the multi-winding transformer.  

Four types of simulation circuits are designed for 

Star-Star conversion, Delta-Star conversion, Star-polygon 

conversion and Delta-polygon conversion. In each of the 

circuit design, the phase difference for five phase output 

supply is obtained by varying the winding ratio of the 

transformers.   
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Primary Phase Secondary 
Turns ratio (Ns/Np) 

Star-Star Delta-Star Star-Polygon Delta-Polygon 

X 
a1a2 1 1 1 1 

a3a4 0.47 0.47 2.34 2.34 

Y 

b1b2 0.24 0.24 0.24 0.24 

b3b4 0.68 0.68 1.62 1.62 

b5b6 0.858 0.858 0.858 0.858 

Z 

c1c2 0.68 0.68 1.62 1.62 

c3c4 0.24 0.24 0.24 0.24 

c5c6 0.858 0.858 0.858 0.858 

Table 1: Turns ratio for all four connections

The following components are used for matlab 

Simulink of the phase conversion circuit. 

1) Input voltage sources. 

2) Multi-winding transformer for phase conversion. 

3) Voltage and current measurement blocks. 

4) RL series branch used as load. 

5) Scope for graphical view. 

The input voltage, input current, output voltage, 

output current for each of the five methods are displayed 

individually at the end of the graph of each methods. 

A. Simulation of Star-Star Connection 

 
Fig. 3: Simulink model of the three-phase to five-phase 

transformation for Star-Star connection 

 
Fig. 4: THD Analysis of Star-Star connection     

B. Simulation of delta-star connection 

 
Fig. 5: Simulink model of the three-phase to five-phase 

transformation for Delta-Star connection  

 
Fig. 6: THD Analysis of Delta -Star connection 

C. Simulation of Star-Polygon connection 

 
Fig. 7: Simulink model of the three-phase to five-phase 

transformation for Star-Polygon connection 
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Fig. 8: THD Analysis of Star- Polygon connection 

D. Simulation of delta-Polygon connection 

 
Fig. 9: Simulink model of the three-phase to five-phase 

transformation for Delta-Polygon connection 

 
Fig. 10: THD Analysis of Delta- Polygon connection 

 
Star-

Star 

Delta-

Star 

Star-

Polygon 

Delta-

Polygon 

THD 0.61% 3.76% 3.13% 3.71% 

Table 2: TDH comparison of different conversion system 

 
Fig. 11: THD comparison of five phase connections 

From the TDH analysis it was observed that the star-

star conversion of three phase to five phase system produced 

lesser harmonics than the other methods. Hence it is 

concluded that out of four methods discussed for the five 

phase conversion star-star conversion will be more effective 

with lesser harmonics. 

IV. CONCLUSION 

In this paper, simulation of three phase to five phase 

conversion was done using different transformer connection 

schemes. The input and outputs are arranged in four different 

fashions in order to obtain five-phase balanced output. The 

connection schemes and the phasor diagram along with the 

turn ratios are illustrated. An RL-load is used in the output 

side of five phase conversion to prove the viability of the 

transformation system for different connections. The output 

waveform produced in three phase to five phase conversion 

is analyzed for total harmonic distortion. It was found that the 

star-star conversion produced lesser harmonics in comparison 

with other conversion techniques. 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. It is 

employed in Ship propulsion traction for both hybrid, electric 

hybrid vehicles and Electric aircraft. 
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