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Abstract— The three phase induction motor has been the motor of choice in industrial settings for
about the past half century because power electronics can be used to control its output behavior. In
past years, the dc motor was widely used because of its easy speed and torque controllability. The
two main reasons are its ruggedness and low cost. The induction motor is a rugged machine because
it is brushless and has fewer internal parts that need maintenance or replacement. In this paper a new
performances is presented of the three phase induction motor which is fed from a rectifier inverter
system. Here rotor voltage is rectified, converted in to ac using inverter system and then Step up by
step up Transformer. The simulation is carried out with three phase induction machine. In this
method not only the starting of machine is simple but this scheme also provides flexibility in speed
control and calculates the performance parameters
The performance analysis and MATLAB simulation of inverter-fed slip-power recovery drive is
presented. This drive is different than other slip-power recovery drives in the sense that the slippower from rotor terminals is recovered to the dc-link of feeding inverter to the motor while in other
schemes slip-power is recovered to the ac source. Recovery of slip-power from rotor terminals to ac
supply is blocked by diode bridge rectifier, which is used to feed the motor inverter.
Keywords— Matlab simulation, Three phase induction machine, IGBT Inverter.
I.
INTRODUCTION
One of the most common electrical machines used in most applications which is known as induction
motor. This motor is also called as asynchronous machines because it runs at a speed less than
synchronous speed. We define what synchronous speed is. Synchronous speed is the speed of
rotation of the magnetic field in a rotary machine and it is depends upon the frequency and number
poles of the machine. An induction machine always runs at a speed less than synchronous speed
because the rotating magnetic field which is produced in the stator will generate flux in the rotor
which will make the rotor to rotate, but due to the lagging of flux current in the rotor with flux
current in the stator, the rotor will never reach to its rotating magnetic field speed i.e. the
synchronous speed. Induction machine we given only one supply, so it is really interesting to know
that how it works. When we are giving the supply to the stator winding, flux will generate in the coil
due to flow of current in the coil. Now the rotor winding is arranged in such a way that it becomes
short circuited in the rotor itself. The flux from the stator will cut the coil in the rotor and rotor coils
are short circuited, according to Faraday's law of electromagnetic induction, current will start
flowing in the coil of the rotor. When the current will flow, another flux will get generated in the
rotor. One is stator flux and another is rotor flux and the rotor flux will be lagging to the stator flux.
Due to this, the rotor will feel a torque which will make the rotor to rotate in the direction of rotating
magnetic flux. So the speed of the rotor will be depending upon the ac supply and the speed can be
controlled by varying the input supply.
As we all know the input to the three phase induction motor is three phase supply. So, the three
phase supply is given to the stator of three phase induction motor.
Let, Pin = electrical power supplied to the stator of three phase induction motor,
VL = line voltage supplied to the stator of three phase induction motor,
IL = line current,
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Cosφ = power factor of the three phase induction motor.
Electrical power input to the stator, Pin = √3VLILcosφ
A part of this power input is used to supply stator losses which are stator iron loss and stator
copper loss. The remaining power i.e (input electrical power – stator losses) is supplied to rotor as
rotor input.
So, rotor input P2 = Pin – stator losses (stator copper loss and stator iron loss).
Now, the rotor has to convert this rotor input into mechanical energy but this complete input cannot
be converted into mechanical output as it has to supply rotor losses. Since the iron loss depends upon
the rotor frequency, which is very small when the rotor rotates, so it is usually neglected. So, the
rotor has only rotor copper loss. Therefore the rotor input has to supply these rotor copper losses.
After supplying the rotor copper losses, the remaining part of Rotor input, P2 is converted into
mechanical power, Pm.
Let Pc= rotor copper loss,
I2 = rotor current under running condition,
R2= rotor resistance,
Pm is the gross mechanical power developed.
Pc = 3I22R2
Pm = P2 – Pc
Now this mechanical power developed is given to the load by the shaft but there occur some
mechanical losses like friction and windage losses. So, the gross mechanical power developed has to
supply these losses. Therefore the net output power developed at the shaft, which is finally given to
the load, is Pout.
Pout = Pm – Mechanical losses (friction and windage losses).
II.

Efficiency of Three Phase Induction Motor

Efficiency is defined as the ratio of the output to that of input,

Rotor efficiency of the three phase induction motor ,

= gross mechanical power developed / rotor input

Three phase induction motor efficiency,

Three phase induction motor efficiency

III.

EQUIVALENT CIRCUIT OF AN INDUCTION MACHINE

Considering the equivalent circuit, if the injected voltage is increased, the rotor current will
be reduced, resulting in a reduction in the available torque generated by the motor. If there is a load
applied to the motor, the rotor will slow down, resulting in an increase in slip. As slip increases, the
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effective voltage seen by the stator will be reduced (the actual voltage physically induced in the
rotor, due to the stator, will increase). As a result, rotor current will increase. This process allows the
machine to find a new steady state where the induced rotor current produces enough torque to equal
the load torque.
3.1 Analysis of operation

Equivalent circuit diagram of a three phase induction machine

WE know the gross Mechanical power is given by
Pm=PG-3l’22R’2
……………… …..(1)
=3l’22R’2(1/s-1) = (1-s)PG
........ …………….(2)
This means that the gross mechanical power output is three times (three-phase) the
Electrical power absorbed in resistance R’2(1/s-1). Figure can therefore be drawn as in
Figure where R’2/s is represented as.
R’2/2=R’2+R’2(1/s-1)………………………..(3)
It is notice from Eq. 1that the mechanical power output is a fraction (1-s) of the
Total power delivered to the rotor. While a fraction s of it is dissipated as the rotor
Copper-loss. It is then evident that high-slip operation of the induction motor would be highly
Inefficient. Induction motor are therefore, designed to operate at low slip (2-8%) at full-load.
Rotor speed is
w= (1-s)ws , rad(mech.)/s……………….(4)
The electromagnetic torque developed is then given by
(1-s)wsT=Pm=(1-s)PG
or
T=PG/ws=3l’22(R’2/2)/ws Nm. …….. (5)

IV.

SIMULATION & RESULTS

The simulation results of open-loop ac drive system, classical optimal control system and matlab
simulation based optimal control system are presented. All these results are supported by figures that
compare the three above-mentioned systems. The performance of poly phase induction motor is
checked first without any controller and then with the help of IGBT inverter Control controller. The
simulink model is developed with the help of Matlab Simulation .The simulation is carried out for
3HP, 460 V squirrel cage induction motor drive using six step gate turn over thyrstier is shown in
figure. In this work simulink model of induction machine drives has been implemented. Unlike most
other induction machine model implements, with this model the user has access to all the internal
variables for getting an insight into the machine operation.
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Figure. Matlab simulation of three phase induction machine
1200
1000

Phase A

Phase B

Phase C

Three Phase Supply Voltage

800
600
400
200
0
-200
-400
-600
-800

0

50

100

150
Time (Sec)

200

250

300

Figure Waveform of supply voltage
120
100

Phase A

Phase B

Phase C

Three Phase Rotar Current

80
60
40
20
0
-20
-40
-60
-80
-100

0

50

100

150
Time (Sec)

200

250

300

Figure Waveform of supply current

@IJMTER-2015, All rights Reserved

313

International Journal of Modern Trends in Engineering and Research (IJMTER)
Volume 02, Issue 06, [June – 2015]

ISSN (Online):2349–9745 ; ISSN (Print):2393-8161

200

150

Speed

100

50

0

-50

0

50

100

150
Time (Sec)

200

250

300

250

300

Figure Waveform of Speed
160
140
120
100

Torque

80
60
40
20
0
-20
-40

0

50

100

150
Time (Sec)

200

Figure Waveform of Torque
20
15

Output Voltage Across Rotar

Phase A

Phase B

Phase C

10
5
0
-5
-10
-15
-20

0

50

100

150
Time (Sec)

200

250

300

Figure Waveform of rotor output

@IJMTER-2015, All rights Reserved

314

International Journal of Modern Trends in Engineering and Research (IJMTER)
Volume 02, Issue 06, [June – 2015]

ISSN (Online):2349–9745 ; ISSN (Print):2393-8161

16
14

Voltage across Rectifier

12
10
8
6
4
2
0
-2

0

0.01

0.02

0.03

0.04

0.05
Time (Sec)

0.06

0.07

0.08

0.09

0.1

0.07

0.08

0.09

0.1

Figure Waveform rectifier
20

Current across Inductor

15

10

5

0

-5

0

0.01

0.02

0.03

0.04

0.05
Time (Sec)

0.06

Figure Waveform of inductor

REFERENCES
[1]. Linders, J.R. “Effects of power supply variations on AC motor characteristics,” IEEE Trans: Ind. Applicant, vol. IA8, n0.4, ,JuVAug 1972, pp.383-400.
[2]. Kenting, W.H. and Phillips, W.H. “Phase 6ame analysis of the effects of voltage unbalance on induction machines,”
IEEE Trans. Ind. Applicant, vo133, v01.2, MariApr 1997, pp.415-420.
[3]. Wallace,A.K., Jouanne A. R. Von, Wiedenbrug, E. L, Andrews, P.S., Wohlgemuth, C.W., Douglass, J. And
Wainwright, G. “The measured effects of under-voltage, over-voltage and unbalanced voltage on the efficiency and
power factor of induction motors over wide ranges of load,” Intl. Conf. Electncal Machines and Drives, 1-3 Sept. 1997
,pp.258 - 262.
[4]. Lee, C.Y., Chin, B.W., Lee, W.J. and Hsu, Y.F. “Effects of various unbalanced voltages on the operation
performance of an induction motor under the same voltage unbalance factor condition,” IEEE Conf. Industrial and
Commercial Power Systems Technical Conference, 11-16May 1997,ppSI -59.
[5]. Lee, C.Y. “Effects of unbalanced voltage on the operation performance of a three-phase induction motor,” IEEE
Trans.Energy Conversion, vo1.14, v01.2, pp.202 - 208 , Jun.1999.
[6]. Wang, Y.J. “Analysis of effects of three-phase voltage unbalance on induction motors with emphasis on the angle of
the complex voltage unbalance factor,” IEEE Tram.Energy Conversion, vo1.16,no.3,pp.270-275, Sep2001.
[7]. Kersting, W.H. “Causes and effects of unbalanced voltages sewing an induction motor,” IEEE Transhd Applicant.,
vo1.37 , no.1, pp. 165- 170, Jan/Feb.2001.
[8]. British standard BS-4999 “General Requirements for Rotating Electrical Machines”.
[10]. Collard B., Machiels M., Driesen J., Belmans R., Vergels F., Honório L., Laurent M-H., Zeinhofer H., Evans MA.: Electric Technologies and their Energy Savings Potential. Union of the Electricity Industry - Eurelectric,
Brussels/Belgium, 2004.
[11]. De Keulenaer H., Belmans R., Blaustein E. et al.: Energy Efficient Motor Driven Systems. Can Save Europe 200
Billion kWh of Electricity Consumption and over 100 Million
Tonnes of Greenhouse Gas Emissions a Year. European Copper Institute, Brussels/Belgium, 2004.

@IJMTER-2015, All rights Reserved

315

International Journal of Modern Trends in Engineering and Research (IJMTER)
Volume 02, Issue 06, [June – 2015]

ISSN (Online):2349–9745 ; ISSN (Print):2393-8161

[12]. de Almeida A., Bertoldi P., Leonhard W.: Energy Efficiency Improvements in Electric Motors and Drives.
Springer-Verlag, Heidelberg/Germany, 1997.
[13]. Slaets B., Van Roy P., Belmans R.: Determining the Efficiency of Induction Machines, Converters and Softstarters.
Electromotion 7, no. 2, pp 73-80, 2000
[14]. Renier B., Hameyer K., Belmans R.: Comparison of Standards for Determining Efficiency of Three Phase Induction
Motors. IEEE Trans on Energy Conversion 14, no. 3, pp 512-517, 1999
[15]. Nürnberg W., Hanitsch R.: Die Prüfung elektrischer Maschinen. Springer-Verlag, Berlin/Germany, 1987.
[16]. IEEE Standard Test Procedure for Polyphase Induction Motors and Generators. IEEE Std 112-1996, IEEE Power
Engineering Society, New York, NY/USA, 1996.
[17]. Rotating Electrical Machines – Methods for Determining Losses and Efficiency ofRotating Electrical Machines
from Tests. IEC Std 60034-2:1972. CENELEC, Brussels/Belgium, 1972.
[18]. Pillay P., Hofmann P. et al.: Derating of Induction Motors Operating With a Combination of Unbalanced Voltages
and Over or Under voltages. IEEE Trans on Energy Conversion 17, no. 4, pp 485-491, 2002
[19]. Wang Y-J.: Analysis of Effects of Three- Phase Voltage Unbalance on Induction Motors with Emphasis on the
Angle of the Complex Voltage Unbalance Factor. IEEE Trans on Energy Conversion 16, no. 3, pp 270-275, 2001
[20]. Lee C-Y.: Effects of Unbalanced Voltage on the Operation of a Three-Phase Induction
Motor. IEEE Trans on Energy Conversion 14, no. 2, pp 202-208, 1999
[22]. Voltage Characteristics of Electricity Supplied by Public Distribution Systems. European Standard EN50160:1999.
CENELEC, Brussels/Belgium, 1999.
[23]. Rotating Electrical Machines – Effects of Unbalanced Voltages on the Performance of
Three-Phase Induction Motors. IEC Std 60034-26:2002. CENELEC, Brussels/Belgium, 2002.
[24] Aleck W. Leedy, “Simulink / MATLAB Dynamic Induction Motor Model for Use as A Teaching and Research
Tool” International Journal of Soft Computing and Engineering (IJSCE) ISSN: 2231-2307, Volume-3, Issue-4,
September, 2013.

@IJMTER-2015, All rights Reserved

316

