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Abstract−Multiphase variable speed drives are becoming strong contenders for various applications. Industries have accepted the multilevel 

voltage source inverters (VSIs) and converters technologies in three-phase systems. Now a days attempts are being made for integrating 

multilevel VSIs and converters with the multiphase drive technology. Our paper provides a comparison between three phase and five phase 

induction motor by using converters. A general configuration of converter is considered and the differences with regard to the control of standard 

three-phase to three-phase converters are underlined. Our paper presents comparison between current, voltage and fault occurring in three phase 

and five phase induction motor. Our paper give parameters of five phase induction motor. ON the basis of fault occurring in three phase and five 

phase induction motor we had examine the working condition of the induction motor in three and five phase. 
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I. INTRODUCTION 

The use of power electronic converters has enabled the 

Number of phases to be considered as an additional Design 

parameter. Multiphase (more than three phases) Machines 

have some advantages over three-phase ones: Improved 

fault tolerance, reduced torque pulsations, lower per phase 

power handling requirements, enhanced modularity and 

improved noise characteristics. In spite their notable 

advantages, wide availability of three-phase machines 

restricts the application of multiphase ones to specialized 

applications, for which three-phase drives are either not 

readily available or do not satisfy the specification. The 

induction machine is used in wide variety of applications as 

a means of converting electric power to mechanical power. 

Pump steel mill, hoist drives, household applications are few 

applications of induction machines. Induction motors are 

most commonly used as they offer better performance than 

other ac motors. In this chapter, the development of the 

model of a three-phase induction motor is examined starting 

with how the induction motor operates. The derivation of 

the dynamic equations, describing the motor is explained. 

The transformation theory, which simplifies the analysis of 

the induction motor, is discussed. The steady state equations 

for the induction motor are obtained. The basic principles of 

the operation of a three phase inverter are explained, 

following which the operation of a three phase inverter 

feeding a induction machine is explained with some 

simulation results.  

 The voltage and torque equations that describe the 

dynamic behavior of an induction motor are time-varying. It 

is successfully used to solve such differential equations and 

it may involve some complexity. A change of variables can 

be used to reduce the complexity of these equations by 

eliminating all time-varying inductances, due to electric 

circuits in relative motion, from the voltage equations of the 

machine. By this approach, a poly phase winding can be 

reduced to a set of two phase windings (q-d) with their 

magnetic axes formed in quadrature. In other words, the 

stator and rotor variables (voltages, currents and flux 

linkages) of an induction machine are transferred to a 

reference frame, which may rotate at any angular velocity or 

remain stationary. Such a frame of reference is commonly 

known in the generalized machines analysis as arbitrary 

reference frame. 

II. BASIC PRINCIPLE OF OPERATION OF 

THREE-PHASE INDUCTION MOTOR 

 

The operating principle of the induction motor can 

be briefly explained as, when balanced three phase voltages 

displaced in time from each other by angular intervals of 

120is applied to a stator having three phase windings 

displaced in space by 120electrical, a rotating magnetic field 

is produced. This rotating magnetic is 45 has a uniform 

strength and rotates at the supply frequency, the rotor that 

was assumed to be standstill until then, has electromagnetic 

forces induced in it. As the rotor windings are short 

circuited, currents start circulating in them, producing a 

reaction. As known from Lenz‟s law, the reaction is to 

counter the source of the rotor currents. These currents 

would become zero when the rotor starts rotating in the 

same direction as that of the rotating magnetic field, and 

with the same strength. Thus the rotor starts rotating trying 

to catch up with the rotating magnetic field. When the 

differential speed between these two become zero then the 

rotor currents will be zero, there will be no emf resulting in 

zero torque production. Depending on the shaft load the 

rotor will always settle at a speed rω, which is less than the 

supply frequency eω. This differential speed is called the 

slip speed soω. The relation between, ωe andωso is given as: 

 
If mω is the mechanical rotor speed then , 

 

http://www.ijritcc.org/
mailto:shraddha19july1990@gmail.com


International Journal on Recent and Innovation Trends in Computing and Communication                                       ISSN: 2321-8169 
Volume: 3 Issue: 7                                                                                                                                                                         5007 - 5013 

____________________________________________________________________________________________ 

5008 
IJRITCC | July 2015, Available @ http://www.ijritcc.org                                                                 

_______________________________________________________________________________________ 

III. THREE-PHASE INDUCTION MACHINE 

EQUATIONS 

 

The winding arrangement of a two-pole, three-phase wye-

connected induction machine is shown in Figure 3.1. The 

stator windings of which are identical, sinusoidally 

distributed in space with a phase displacement of 120, with 

equivalent turns and resistance. Two-pole three-phase 

symmetrical induction machine. The rotor is assumed to 

symmetrical with three phase windings displaced in space 

by an angle of 120, with effective turns and a resistance of 

The voltage equations for the stator and the rotor are as 

given in Equations: 

 

Fig.1. Three phase Induction Machine 

IV. VOLTAGE EQUATION OF INDUCTION 

MOTOR  

 

 

Where V
as

, V
bs 

, and V
cs 

are the three phase balanced 

voltages which rotate at the supply frequency. For the rotor 

the flux linkages rotate at the speed of the rotor, which is rω: 

In the above two equations „s‟ subscript denoted 

variables and parameters associated with the stator circuits 

and the subscript „r‟ denotes variables and parameters 

associated with the rotor circuits. Both and are diagonal 

matrices each with equal nonzero elements. For a 

magnetically linear system, the flux linkages may be 

expressed as: 

V. WINDING INDUCTANCES 

 

 

 

In the above inductance equations, and are the leakage and 

magnetizing inductances of the stator windings; and are for 

the rotor windings. The inductance is the amplitude of the 

mutual inductances between stator and rotor windings.  

 

Fig.2. Matlab model of 3 phase induction motor  

 

Fig.3. Control Circuit of 3 phase induction motor 
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Results: Three phase induction motor 

VI. MULTIPHASE 

Multiphase induction motor (more than three 

phases) drives possess several advantages over conventional 

three-phase drives, such as lower torque pulsation, higher 

torque density, fault tolerance, stability, high efficiency and 

lower current ripple. To increase the motor‟s power per 

phase and to decrease its weight a multi-phase motors was 

used. Probably the first application of a multi-phase motor 

dates back to 1969 , a five-phase motor, followed by a nine-

phase motor (triple star), that was practically a cascade 

connection of some three-phase motors.  The advantages of 

the multi-phase motor over the correspondent three-phase 

one, much improved in reliability, and reduction of the 

power per inverter leg.   

Other advantages of the multi-phase motors are: the 

improvement of the noise , a possibility of reduction in the 

copper stator loss leading to an improvement in the 

efficiency  and, also, the improvement of the torque-speed 

characteristics by increasing the low speed torque more than 

5 times than the three-phase induction motors. Multiphase 

motors have various advantages such as lower torque 

pulsation, reduced current per phase without increasing the 

voltage per phase, reduction in harmonic current, greater 

reliability, fault tolerance and minimal de-rating at 

occurrence of fault. Five-phase is the smallest phase number 

of multiphase motor which is commonly used. A five-phase 

machine can continue to operate if one or even two phases 

of the supply are lost. Various advantages of multiphase 

drives over conventional three phase drives, such as increase 

in frequency of pulsating torque, reduced torque pulsations. 

Reduction in harmonic currents, increase in current per 

phase without the need to increase the phase voltage, 

increase in torque/ampere relation for the same volume of 

the machine. 

VII. MATHEMATICAL MODELING OF 

MULTIPHASE INDUCTION MOTOR 

 

 

Transformation Equation  

Transformation of the rotor variables is performed using the 

same transformation expression, 

Except that θs is replaced with β, where β = θ   s−θ .  

Here θs is the instantaneous angular 

Position of the d-axis of the common reference frame with 

respect to the phase „a‟ magnetic axis of the stator, while β 

is the instantaneous angular position of the d-axis of the 

common reference frame with respect to the phase „a‟ 

magnetic axis of the rotor.  
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Stator Side Voltage, 

 

Rotar Side Voltage, 

 

Electromagnetic Torque  

 

  Rotar Speed  

 

 

 

Fig. 4. Matlab Model of Five phase Induction Motor 

Result: Five phase Supply Voltage 

 

Result: Five phase induction motor 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
-100

0

100

C
u
r
r
e
n
t

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
-50

0

50

100

T
o
r
q
u
e

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
-1000

0

1000

2000

Time

s
p
e
e
d

http://www.ijritcc.org/


International Journal on Recent and Innovation Trends in Computing and Communication                                       ISSN: 2321-8169 
Volume: 3 Issue: 7                                                                                                                                                                         5007 - 5013 

____________________________________________________________________________________________ 

5011 
IJRITCC | July 2015, Available @ http://www.ijritcc.org                                                                 

_______________________________________________________________________________________ 

VIII. 10 -STEP OPERATION OF A FIVE-PHASE 

VOLTAGE SOURCE INVERTER  

Power circuit topology of a five-phase VSI which 

was used probably for the first time by Ward and Härer 

(1969). Each switch in the circuit consists of two power 

semiconductor devices, connected in anti-parallel. One of 

these is a fully controllable semiconductor, such as a bipolar 

transistor or IGBT, while the second one is a diode.  

 The input of the inverter is a dc voltage, which is 

regarded further on as being constant. Each switch is 

assumed to conduct for 180°, leading to the operation in the 

ten-step mode.                                                                                                     

Phase delay between firing of two switches in any 

subsequent two phases is equal to 360°/5 = 72°.  

 Fig.5. five-phase voltage source inverter  

 

                           Matlab Model of Inverter  

 

 

 

      Results : Five phase inverter 

Power circuit topology of a five-phase VSI, which was used 

probably for the first time by Ward and Härer (1969), is 

shown in . Each switch in the circuit consists of two power 

semiconductor devices, connected in anti-parallel. One of 

these is a fully controllable semiconductor, such as a bipolar 

transistor or IGBT, while the second one is a diode. The 

input of the inverter is a dc voltage, which is regarded 

further on as being constant. The inverter outputs are 

denoted in  with lower case symbols (a,b,c,d,e), while the 

points of connection of the outputs to inverter legs have 

symbols in capital letters (A,B,C,D,E). The basic operating 

principles of the five-phase VSI are developed in what 

follows assuming the ideal commutation and zero forward 

voltage drop Each switch is assumed to conduct for 180°, 

leading to the operation in the ten-step mode. Phase delay 

between firing of two switches in any subsequent two 

phases is equal to 360°/5 = 72°. The driving control 

gate/base signals for the ten switches of the inverter in  are 

illustrated in. One complete cycle of operation of the 

inverter can be divided into ten distinct modes indicated in  

and summarized in . It follows from  and  that at any instant 

in time there are five switches that are „on‟ and five switches 

that are „off‟. In the ten-step mode of operation there are two 

conducting switches from the upper five and three from the 

lower five, or vice versa 
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Comparison Between Three Phase & Five phase     

Induction motor during fault 

 

IX. REFERENCES 

[1] W. Jin, Q. Ronghai, and Z. Libing, "Dual-rotor 

multiphase permanent magnet machine with harmonic 

injection to enhance torque density,"IEEE Trans. On 

Applied Superconductivity, vol. 22, no. 3, paper no. 

5202204, 2012. 

[2] A. S. Abdel-Khalik, M. I. Masoud, and B. W. Williams, 

"Improved flux pattern with third harmonic injection for 

multiphase induction machines,” IEEE Trans. on Power 

Electr., vol. 27, no. 3, pp. 1563-  1578, 2012. 

[3] S. Sadeghi, L. Guo, H. A. Toliyat, and L. Parsa, "Wide 

operational speed range of five-phase permanent magnet 

machines by using different stator  winding 

configurations," IEEE Trans. on Ind. Elec., vol.59, no. 6, 

pp. 2621-2631, 2012. 

[4] A. Tani, M. Mengoni, L. Zarri, G. Serra, and D. Casadei, 

"Control of multiphase induction motors with an odd 

number of phases under open circuit phase faults," IEEE 

Trans. on Power Electr., vol. 27, no.2, pp.565-577, 2012. 

[5] G. Grandi and J. Loncarski, "Analysis of dead-time 

effects in multiphase voltage source inverters," in Proc. 

IET Power Electronics, Machines and Drives PEMD, 

Bristol, UK, CD-ROM paper 0223, 2012. 

[6] M. Mengoni, S. C. Agarlita, L. Zarri, and D. Casadei, 

"On-line estimation of stator resistance and mutual 

inductance of multiphase induction machines," in Proc. 

Optimization of Electrical and Electronic Equipment 

OPTIM, Brasov, Romania, pp. 417-423, 2012. 

[7] M. Moghadasianx, F. Betin, A. Yazidi, G. A. Capolino, 

and R. Kianinezhad, "Position control of six-phase 

induction machine using fractional-order controller," in 

Proc. Int. Conf. on Electrical Machines ICEM, Marseille, 

France, pp. 1048-1054, 2012. 

[8] H. S. Che, W. P. Hew, N. A. Rahim, E. Levi, M. Jones, 

and M. J. Duran, "A six-phase wind energy induction 

generator system with series- connected DC-inks," in 

Proc. IEEE Power Electronics for Distributed Generation 

Systems PEDG, Aalborg, Denmark, pp. 26-33, 2012. 

[9] F. Barrero, J. Prieto, E. Levi, R. Gregor, S. Toral, M. J. 

Duran, and M. Jones, "An enhanced predictive current 

control method for asymmetrical six-phase motor 

drives," IEEE Trans. on Ind. Elec., vol. 58, no. 8, pp. 

3242-3252, 2011. 

[10] A. Abdel-Khalik, M. Masoud, and B. W. Williams, 

"Eleven-phase induction machine: steady-state analysis 

and performance evaluation with harmonic injection," 

IET Electric Power Applications, vol. 4, no. 8, pp. 670-

685, 2010. 

[11] S. Liu and Y. Cheng, "Modeling of a twelve-phase 

synchronous machine using Matlab/SimPowerSystems," 

in Proc. Int. Conf. on Electronics,Communications and 

Control ICECC, Ningbo, China, pp 2131-2134, 2011. 

[12] L. de Lillo, L. Empringham, P. W. Wheeler, S. Khwan-

On, C. Gerada, M. N. Othman, and H. Xiaoyan, 

"Multiphase power converter drive for 

[13] fault-tolerant machine development in aerospace 

applications," IEEETrans. on Ind. Elec., vol. 57, no. 2, 

pp. 575-583, 2010. 

[14] J. Riveros, B. Bogado, J. Prieto, F. Barrero, S. Toral, and 

M. Jones, "Multiphase machines in propulsion drives of 

electric vehicles," in Proc. Power Electronics and Motion 

Control Conf. EPE-PEMC, Ohrid, Macedonia, pp. T5-

201-T5-206, 2010. 

[15]  M. Moghadasianx, F. Betin, A. Yazidi, G. A. Capolino, 

and R.Kianinezhad, "Position control of six-phase 

induction machine usingfractional-order controller," in 

Proc. Int. Conf. on Electrical MachinesICEM, Marseille, 

France, pp. 1048-1054, 2012. 

[16]  D. Novotony, and T.A. Lipo, Vector control and 

dynamics of ac drives,Clarendon Press, Oxford, UK, 

2000. 

http://www.ijritcc.org/


International Journal on Recent and Innovation Trends in Computing and Communication                                       ISSN: 2321-8169 
Volume: 3 Issue: 7                                                                                                                                                                         5007 - 5013 

____________________________________________________________________________________________ 

5013 
IJRITCC | July 2015, Available @ http://www.ijritcc.org                                                                 

_______________________________________________________________________________________ 

[17] Bimal K.Bose, Modern power electronics and ac drives, 

Prentice hall 2002.  

[18] T.M. Jahns, “Improved reliability in solid-state AC 

drives by means of multiple independent phase-drive 

units”, IEEE Transactions on Industry Applications,vol. 

IA-16, no. 3, may.-jun.1980, pp. 321-331. 

[19] S. Williamson and A.C. Smith, “Pulsating torque and 

losses in multiphase induction machines”, IEEE Trans. 

Ind. Appl. , vol. 39, no. 4, pp. 986-993, July/Aug. 2003. 

[20] M. A. Abbas, R. Christen, and T. M. Jahns, “Six-phase 

voltage source inverter driven induction motor,” IEEE 

Trans. Ind. Applicat., vol. IA-20,no. 5, pp. 1251–1259, 

Sept./Oct. 1984. 

[21] R. Lyra and T.A.Lipo, “Torque density improvement in a 

sixphase induction motor with third harmonic current 

injection”,IEEE Trans.Ind. Appl. Vol. 38, no. 5, pp. 

1351-1360, Sept./Oct. 2002. 

[22] “Power Electronics Converter Control for Multiphase 

Drive System ” in National Conference on Green power 

&Energy,NCGPAE-13 which organized by Electrical 

dept, GHRCE, Nagpur on 26-27 sep 2013 Prasanna A. 

Pothi, J. G. Chaudhari  

[23] “Power Electronics Converter Control for Multiphase 

Drive System ” published in International Journal 

Conference(IJEERT) in Apr 

2014.PrasannaA.Pothi,J.G.Chaudhari,Dr. S.B.Bodkhe. 

                                                                                                                                                                                                                                                                                                                                                        

http://www.ijritcc.org/

