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Abstract:

Three phase induction motor  are one of the widely 
used motors in the world .The interest accorded by 
research on the improvement of the quality and per-
formance  of these motors the availability of low cost 
static converter make possible the economic use of 
energy and improvement of the quality of electromag-
netic torque. Nowadays Indirect Rotor Field Oriented 
control (IRFOC) technique on renaissance in modern 
high performance control of PWM Inverter fed three 
phase induction motor.

This paper presents a methodology for computational 
modeling of the Indirect Rotor Field Oriented Control 
(IRFOC) induction motor drive system. The numeri-
cal model of the squirrel-cage, three-phase induction 
motor is represented as a system of differential equa-
tions. In order to study the performance of the system 
a simulation program was implemented using Matlab. 
Implement the hardware set up for Indirect Rotor Field 
Oriented control (IRFOC) for three phase induction 
motor using MOSFET.
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I Introduction:

In this paper Indirect Rotor Field Oriented Control 
(IRFOC) for three phase induction motor Pulse Width 
Modulation techniques are used.Using PWM tech-
niques generating six pulse width modulation output 
.The frequency of PWM output can be varied from 
10Hz to 100Hz.and 120 Degree and 180 Degree mode 
Due to the variable frequency control the speed of mo-
tor three phase induction motor system.
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Indirect Rotor Field Oriented Control (IRFOC) tech-
nique for three phase induction motor system is ex-
perimentally implemented using MOSFET. Different 
static converter topologies to supply the three phase 
induction motor have been used. These papers also 
consider the six MOSFET proposed. There is no need 
to separate three phase supply. In field orientation, 
the motor input currents are adjusted to set a specific 
angle between fluxes produced in the rotor and stator 
windings in a manner that follows from the operation 
of a dc machine. 

When the dynamic equations for an induction motor is 
transformed by means of well known rotating transfor-
mation methods into a reference frame that concedes 
with rotor flux, the results become similar to the dy-
namic behavior of a dc machine. This allows the ac mo-
tor stator current to be separated into a flux-producing 
component and an orthogonal torque-producing com-
ponent, analogous to a dc machine field current and 
armature current [1]. 

The key to field-oriented control is knowledge of the 
rotor flux position angle with respect to the stator. 
Whatever the field-orientation approach, once the flux 
angle is known, an algorithm performs the transforma-
tion from three-phase stator currents into the orthogo-
nal torque and flux producing components. Control is 
then performed in these components, and an inverse 
transformation is used to determine the necessary 
three-phase currents or voltages [3].

II-Mathematical Description of Three-Phase 
Induction Motor :
The space vector forms of the voltage equation give 
the induction motor model. The system model defined 
in the stationary α, β-coordinate system attached to 
the stator is expressed by the following equations [4]. 

Indirect Rotor Field Oriented Control (IRFOC) for Three 
Phase Induction Motor Drive Using MOSFET
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The motor model is supposed to be ideally symmetrical 
with a linear magnetic circuit characteristic.
a-The stator voltage differential equations:

Besides the stationary reference frame attached to the 
stator, motor model voltage space vector equations 
can be formulated in a general reference frame, which 
rotates at a general speed (wa). If a general reference 
frame, with direct and quadrature axes x,y rotating at 
a general instantaneous speed wa=dθa/dt is used, as 
shown in Fig.(1), where θa is the angle between the 
direct axis of the stationary reference frame (α) at-
tached to the stator and the real axis (x) of the general 
reference frame, then the following equation defines 
the stator current space vector in general reference 
frame[5].

Fig.1 The general reference frame and the x, y axes ro-
tating at general speed

The stator voltage and flux-linkage space vector can be 
similarbtained in the general reference frame. Similar 
considerations hold for the space vectors of the ro-
tor voltages, currents and flux linkages. The real axis 
(rα) of the reference frame attached to the rotor is 
displaced from the direct axis of the stator reference 
frame by the rotor angle θr. It can be seen that the an-
gle between the real axis (x) of the general reference 
frame and the real axis of the reference frame rotating 
with the rotor (rα) is (θa-θr). In the general reference 
frame, the space vector of the rotor currents can be 
expressed as:

Where ir is the space vector of the rotor current in the 
rotor reference frame. Similarly the space vectors of 
the rotor voltages and rotor flux linkages in the gen-
eral reference frame can be expressed. The reference 
frames may be aligned with the stator flux-linkage 
space vector, the rotor flux-linkage space vector or the 
magnetizing space vector. The most popular reference 
frame is the reference frame attached to the rotor flux 
linkage space vector with direct axis (d) and quadra-
ture axis (q). After transformation into d-q coordinates 
the motor model is the following [6]:
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III-Field-Oriented Control of Three Phase In-
duction Motor:

This control is usually performed in the reference frame 
(d-q) attached to the rotor flux space vector. That’s 
why the implementation of vector control requires in-
formation on the modulus and the space angle (posi-
tion) of the rotor flux space vector. 

The stator currents of the induction machine are sepa-
rated into flux-and torque producing components by 
utilizing transformation to the d-q coordinate system, 
whose direct axis (d) is aligned with the rotor flux 
space vector. It means that the q-axis component of 
the rotor flux space vector is always zero.

Fig. (2) Shows the basic structure of the indirect field-
oriented control of the three-phase induction motor.

Fig.2Basic structure of the indirect field-oriented con-
trol of the three-phase induction motor

IV-Rotor Flux Model:

Knowledge of the rotor flux space vector magnitude 
and position is key information for the three phase in-
duction motor vector control. With the rotor magnetic 
flux space vector, the rotational coordinate system 
(d-q) can be established. There are several methods for 
obtaining the rotor magnetic flux space vector. 

The implemented flux model utilizes monitored rotor 
speed and stator voltages and currents. It is calculated 
in the stationary reference frame (α-β) attached to the 
stator. The rotor flux space vector is obtained by solv-
ing the following two differential equations, which are 
resolved into the α and β components [7]

V-Proposed Indirect Rotor Field Oriented Con-
trol Scheme.

Fig .(3) shows the implemented block diagram of an 
induction motor indirect field-oriented control, incor-
porating a decoupling circuit. The details of Fig.( 1) The 
starred variables represent the reference values of the 
variables, and are obtained under constant flux condi-
tion.

Fig. 3 Matlab /simulink model of the IRFOC of three 
phase induction motor.
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VI-Performance Test and Analytical Result :

To implement the hardware setup of IRFOC for three 
phase induction motor as shown in fig.4. The output 
of PWM pulses are used to trigger the power MOSFET 
switches. Figure 5 shows the square wave as a result 
of PWM.

Fig.5a 49.99 Hz  waveform

A Three phase induction machine whose parameters 
are listed below in Table A.1.

Table A.1.
Three phase induction machine parameters.

A static power electronics converter a diode rectifier 
and a three leg voltage source MOSFET inverter.

Fig.5b 29.99 Hz  waveform
Fig.4 Experimental setup of IRFOC for three phase in-

duction motor.

Fig.5a 49.99 Hz  waveform

Fig.5c.88.99 Hz waveform
Fig 5.Experimental w/f at various frequency
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Table A.2Practical result of at variable                            
voltage:

Fig.6.a.Waveforms Vr- Vy-              
Fig.6.Output waveform of PWM

Fig.5e 68.88 Hz  waveform
Table A.3.Practical result of  I.M. variable volt-

age and variable load.

Fig.6.b.Waveforms Vr- Vy-

Fig.7a.Stator Voltage.

Fig.7c.Stator Current.

Fig.7b. Electromagnetic torque.
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VII-CONCLUSIONS:

In this paper, implementation of simulink model for 
indirect field-oriented induction motor drive system 
has been introduced using Matlab/Simulink software 
unlike most other drive models implementations, with 
this model , the user has access to all the internal vari-
ables for getting an insight into the machine operation. 
The ease of implementing controls with this model is 
also demonstrated with several run results. 

The results show a good agreement to the theoretical 
background of the drive system. High dynamic per-
formance of PWM inverter fed Three Phase Induction 
Motor is achieved using method of Indirect Rotor Flux 
Oriented Control (IRFOC) method.

REFERENCES:

[1] Li Zhen and Longya Xu, “Fuzzy learning enhanced 
speed control of an indirectfield-oriented induction 
machine drive”. IEEE Trans. Control sys.and technol-
ogy, vol. 8 No.2 March 2000.

[2] J.F. Moynihan, P. Kettle and A.Murray. “ High per-
formance control ofAC servomotors using an integrat-
ed DSP” Intelligent motion. May 1998 proceedingsp.
(213-222).

[3] M. A. Ouhrouche, “Simulation of direct field-ori-
ented controller for an induction motor using MAT-
LAB/SIMULINK software Package” Proceeding of 
the IASTED International conference modelling and 
simulation (MS’2000), May 15-17,2000-Pittsburgh, 
Pennsylvania,USA.

[4] “Digital signal processing solution for AC induction 
motor Fig.7d.RotorSpeed Fig.7.SimulationResult ”Ap-
plication note BPRA043, Texas instruments, 1996.

[5] R.Beguenane and M. Ouhrouche. “MRAC-IFO In-
duction motor control with simultaneous velocity and 
rotor-inverse time constant estimation”. IASTED Inter-
national conference PES 2003.

[6] E. Delaleau, J.P.Louis and R. Ortega. “Modeling and 
control of induction motors”.Int. J. Appl. Math. Com-
puter. Sci. 2001, Vol.11,. 

[7] J. Jung and K.Nam. “A dynamic decoupling control 
scheme for high-speed operation of induction motors”. 
IEEE Transactions on industrial electronics, Vol. 46, No. 
1 February 1999. 

[8] M. A. Ouhrouche, “Simulation of direct field-ori-
ented controller for an induction motor using MAT-
LAB/SIMULINK software Package” Proceeding of 
the IASTED International conference modelling and 
simulation (MS’2000), May 15-17, 2000-Pittsburgh, 
Pennsylvania,USA.

[9] SG 3525A PWM IC datasheet, www.alldatasheet.
com. 

 [10] CD4081AND gate IC datasheet, www.alldatasheet.
com. 

[11] BC457 transistor, general semiconductor and 
LM78LXX regulator, national semiconductor, www.all-
datasheet.com.  

                                                                                                                         ISSN No: 2348-4845
International Journal & Magazine of Engineering, 

Technology, Management and Research
A  Peer Reviewed Open Access International Journal    

                  Volume No: 1(2014), Issue No: 12 (December)                                                                                            December 2014
                                                                                   www.ijmetmr.com                                                                                                                                                     Page 486

                                                                                                                         ISSN No: 2348-4845
International Journal & Magazine of Engineering, 

Technology, Management and Research
A  Peer Reviewed Open Access International Journal     


