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 Abstract : This project presents the need of Speed Control in Induction Motors. Out of the various methods of 

controlling Induction motors, FOC has proven to be the most versatile. One of the basic requirements of this 

scheme is the VSI Inverter. A MATLAB simulation along with real time implementation has developed. This 

project presents closed loop indirect field-oriented control (Vector control) of 3-phase Induction Motor. Based 

on the popular constant volts per hertz principle, two improvement techniques are presented: keeping maximum 

torque constant or keeping magnetic flux constant. A squirrel-cage induction motor drive system that provides 

constant maximum torque is simulated and tested. 
Keywords - Induction motor drive,simulation of Indirect Field oriented control,imopleentation of Indirect field 

oriented control 

 

I. Introduction 
The number of industry applications in which induction motors are fed by static frequency inverters is 

growing fast and, although much has already been done within this field, there is still a lot to be studied or 
understood regarding such applications. The advance of variable speed drives systems engineering increasingly 
leads to the need of specific technical guidance provision by electrical machines and drives manufacturers, so 
that such applications can be suitably designed in order to present actual advantages in terms of both energy 
efficiency and costs 

  Over the years induction motor (IM) has been utilized in the industry due to its easy construction and 

generally satisfactory efficiency. A.C. machines are preferred over D.C. machines due to their simple and most 

robust construction without any mechanical commutators. Induction motors are the most widely used motors for 

appliances like industrial control, and automation; hence, they are often called the workhorse of the motion 

industry [1]. However many applications need variable speed operation. The scalar V/f method is able to 

provide speed variation but does not handle transient condition control and is valid only during a steady state. 

The most efficient scheme of vector control: is the Indirect Field Oriented Control (IFOC), which is preferred in 

this work. Induction machine, with a speed/position sensor coupled to the shaft, acquires every advantage of a 

D.C. machine control structure, by achieving a very accurate steady state and transient control, but with higher 

dynamic performance. The well-developed vector control theory provides independent control between torque 

and flux where torque is controlled by the q-axis component of current if the flux is constant and oriented along 

the d-axis of the referred synchronous frame. The referred synchronous frame can be rotor flux, stator flux, or 

air-gap flux frame [2]. 
It is proved that rotor flux lies on d –axis when synchronous reference frame has been chosen. Compared to 

the D.C. motor, dynamic equations of the induction motor have been simplified. In a squirrel cage induction 
motor the stator phase current is a vector sum of the flux and torque producing current components. So, in order 
to achieve a dynamic performance similar to D.C. drive, a decoupling of the stator phase current into direct axis 
component (flux producing component) and quadrature axis component(torque producing component) is 
necessary.  

II. Theory of Vector Control 
FOC involves controlling the components of the motor stator currents, represented by a vector, in a 

rotating reference frame (with a d-q coordinate system). In a special reference frame, the expression for the 

electromagnetic torque of the smooth-air-gap machine is similar to the expression for the torque of the 

separately excited DC machine. In the case of induction machines, the control is normally performed in a 

reference frame aligned to the rotor flux space vector. To perform the alignment on a reference frame revolving 

with the rotor flux requires information on the modulus and the space angle (position) of the rotor flux space 

vector. In order to estimate the rotor flux vector is possible to use two different strategies. 
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 DFOC (Direct Field Oriented Control): rotor flux vector is either measured by means of a flux sensor 

mounted in the air-gap or measured using the voltage equations starting from the electrical machine 

parameters.  

 IFOC (Indirect Field Oriented Control): rotor flux vector is estimated using the field oriented control 

equations (current model) requiring a rotor speed measurement.  
The usual terminology “Sensor less” specifies that no position/speed feedback devices are used with 
these algorithms, the stator currents of the induction machine are separated into flux and torque producing 
components by utilizing transformation to the d-q coordinate system. On this reference frame the torque 
component is on the q axis and the flux component is on the d axis. The vector control system requires the 
dynamic model equations of the induction motor and returns to the instantaneous currents and voltages in 
order to calculate and control the variables. 

The technique described in this project is IFOC. Indirect vector control of the rotor currents can be 
implemented using the following data: 

 Instantaneous stator phase currents, ia, ib, and ic  

 Rotor mechanical position  

 Rotor electrical time constant.  
             The motor must be equipped with sensors to monitor the three-phase stator currents and a rotor 
position feedback device. An encoder is normally mounted on the shaft rotor for this purpose but in order to 
have a cheaper solution is possible to use a speed feedback device such as a tachometer. 
  The key for understanding how vector control works is to explain the coordinate reference 
transformation process. From the perspective of the stator, a sinusoidal input current is forced to the stator. This 
time variant signal causes the generation of a rotating magnetic flux. The speed of the rotor is a function of the 
rotating flux vector. From a stationary perspective, the stator currents and motor and the rotating flux vector 
look like AC quantities. Keep in mind that the rotor flux speed is not equal to the revolving magnetic field, 
produced by the stator phase windings, during the transient conditions. Looking at the motor from this 
perspective during steady state conditions, the stator currents become constant 
 

III. Simulation Model Of Ifoc 
Modeling of 3-phase induction motor drive  

          The dynamic model of the induction motor is derived by using a two phase motor in direct and 
quadrature axes as shown in Fig.3.1. This approach is desirable because of conceptual simplicity obtained with 
two sets of windings one on the stator and other on the rotor. The equivalence between the three phase and two 
phase models is derived from simple observation, and this approach is suitable for extending it to model an n – 
phase machine means of two phase machine. The concept of power invariance is introduced: the power must be 
equal in the three phase machine and its equivalent two phase model.  

 
 

Fig-3.1 Two Phase Model of 3 Phase Induction Motor 
 

The following assumptions are made to derive the dynamic model: 
1. Uniform air gap 
2. Balanced stator and rotor windings, with sinusoidally distributed mmf 
3. Inductance versus rotor position is sinusoidal 
4. Saturation and parameter changes are neglected. 
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A two phase induction machine with stator and rotor windings is as shown in the figure, the winding are 
displaced in space by 90 electrical degrees, and the rotor winding, α, is at an angle from the stator d axis 
winding. The number of turns per phase in the stator and rotor respectively are 

The terminal voltages of the stator and the rotor windings can be expressed as the sum of voltage drops in 
resistances and rate of change flux linkages which are the products of the currents and the inductances, given by 
equations (1) to (4). 

 
Stator Equations  

Vsa = Rs isa + Ls
disa

dt
+ Lm

dira

dt
    ........(1)              

Vsb = Rs isb + Ls
disb

dt
+ Lm

dirb

dt
   ........(2) 

 Rotor Equations 

0 = Rr ira + Lr
dira

dt
+ ωLr irb + Lm

disa

dt
+ ωLm isa .... (3) 

0 = Rr irb + Lr
dirb

dt
− ωLrira + Lm

disb

dt
− ωLm isa .... (4) 

          The dynamic model for the three phase induction machine can be derived from the two phase machine 
if the equivalence between three and two phases is established. The equivalence is based on the equality of the 
mmf produced in the two –phase windings and equal current magnitudes. Assuming that each of the three phase 
windings has T1 turns per phase and equal current magnitudes, the two phase windings will have (3/2)*T1 turns 
per phase for mmf equality. The d and q axes mmfs are formed by resolving the mmfs of the three phases along 
the d and q axes. It may be seen that the synchronous reference frames transform the sinusoidal inputs into dc 
signals. This model is useful where the variables in steady state need to be dc quantities, as in the development 
of small – signal equations. Some high – performance control schemes use this model to estimate the control 
input; this led to a major breakthrough in induction – motor control by decoupling the torque and flux channels 
for control in a manner similar to that for separately excited dc motor drives.  
 

The State Space model of 3 phase squirrel cage induction motor with stator and rotor current components as 
state variables are given by the equations (5) to (8). Equations (5) to (10) are used for the modelling of the 3 
phase squirrel cage induction motor. 
disa

dt
=

1

σLs
 Vsa − Rs isa +

Lm Rr ira

Lr
+ ωLm irb +

ωLm
2 isb

Lr
     .............................(5) 

disb

dt
=

1

σLs
 Vsb − Rs isb +

Lm Rr irb

Lr
− ωLm ira −

ωLm
2 isa

Lr
     .............................(6) 

dira

dt
=

1

σLr
 −Rr ira −

Lm Vsa

Ls
− ωLm isb − ωLr irb +

Lm Rs isa

Ls
     ......................(7) 

dirb

dt
=

1

σLr
 −Rr irb −

Lm Vsb

Ls
+ ωLm isa + ωLr ira +

Lm Rs isb

Ls
     ......................(8) 

 
Electromagnetic Torque developed by the motor is given by: 

Te =
2

3

P

2
Lm  isb ira − irb isa      ................(9) 

 
Load Dynamics is given by: 

Te = J
dωm

dt
+ Bωm + Tl   ................(10) 

  Torque control can be achieved by controlling its armature current. Since the torque results from the 
interaction of two perpendicular magnetic fields, which are the stator field generated by the PM excitation and 
armature field, created by the armature current. Once the flux level of stator field is kept constant, the torque can 
be controlled by armature current. To apply this two-axis theory for dc motor control to induction motor control, 
it is required to transform the alternating current quantities to dc components, which can be achieved using a 
synchronous frame as the reference frame. The synchronous frame, which rotates with synchronous speed, can 
be fixed to the axis of rotor flux, stator flux, or air gap. In this project synchronous frame is fixed to the axis of 
rotor flux. 
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 3 Phase to 2 Phase Transformation. 
          Let iSA ,  iSB , and iSC  are 3 Phase currents and isa , isb  are 2 Phase currents in stationary(stator) reference 

frame. Voltage transformations are same as that of current. The transformation is given by equations (11) and 
(12).  

isa =
3

2
iSA                 .........................................................(11) 

isb =
 3

2
 iSB − iSC    .........................................................(12) 

 2 Phase to 3 Phase Transformation 

iSA =
2

3
 isa   ...............................(13) 

iSB = −
1

3
isa +

1

 3
isb ..................(14) 

iSC = −
1

3
isa −

1

 3
isb  ..................(15) 

 
For an isolated neutral Balanced System, 
iSA + iSB + iSC = 0  ...................(16) 

                                   b-axis 

stator current vector 

 

 

 

 

 

 

 

Fig-3.2   Orientation of reference frame 

Stationary 2 Phase a-b (Stator Frame) to Rotating 2 Phase d-q (rotor Flux frame) 
isd = isa cos ρ + isb sin ρ ….........................................(17) 
isq = isb cos ρ − isa sin ρ  

In Matrix form ab-dq and dq-ab Transformations are given by: 

 
isd

isq
 =  

cos ρ sin ρ

−sin ρ cos ρ
 ∗  

isa

isb
      ................................(18) 

 
isa

isb
 =  

cos ρ −sin ρ

sin ρ cos ρ
 ∗  

isd

isq
      .................................(19) 

 
IV. Modelling Of Indirect Vector Controller 

 

     

Fig-4.1 block diagram of indirect field oriented control 
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          The decoupled stator voltage equations in rotor flux reference frame are given by equations (20)       
and(21) 

Vsd = Rs isd + σLs
disd

dt
− ωmr isq σLs + (1 − σ)Ls

dimr

dt
 ................(20) 

Vsq = Rs isq + σLs
disq

dt
+ ωmr isd σLs +  1 − σ Ls imr ωmr  ...........(21) 

          The decoupled Flux channel and Torque channel equations are given by equations (22) and (23) 
respectively. 

Tr
dimr

dt
+ imr = isd     .................................................(22) 

Te =
2

3

P

2

Lm

1+σr
imr isq     .................................................(23) 

The instantaneous angular speed of rotor flux is given by 

ωmr (t) =
isq

imr Tr
+ ωe =

dρ

dt
    ......................................(24) 

Where slip speed is given by 

ωsl =
isq

imr Tr
   ...............................................................(25) 

On integrating equation (24) Field angle (position)  ρ and thereby unit vector signals  cos ρ       
and sin ρ can be estimated. 
The eqn. (22) of flux channel includes only flux component of stator current. So rotor flux can be controlled 

by varying isd  without affecting isq . The variation in isd  cause variation in imr  and there by flux Ψr . 𝑖𝑠𝑑  is 

analogous to field current in a DC motor. Torque channel equation (23) shows that torque can be controlled by 
varying both isq  and imr  . Since the time constant associated with flux channel Tr  is large, torque is controlled by 

varying isq  by keeping imr  constant at its rated value in order to obtain fast dynamic response. isq  is analogous 

to armature current in a DC motor. 
 

V. Simulation Results And Discussion 
From the fig.5.1, it can be seen that motor has a high starting current and after few seconds it attains normal 

full load current of 15.3 amperes. 
 
 
 
 

 
 
 
Fig-5.1Motor Line Current (Full Load Condition 15.3 Amp) 

 
Fig. 5.2 and Fig.5.3 showing the currents in rotor flux reference frame, i.e., in d-q reference frame. It 

can be seen that they appear as D.C. values in steady state so control variables are steady state D.C. values. 
 

 

 

             

   

 

 

 

Fig-5.2 Flux Component of Stator Current 
 
 

 

 

 
  
 
 
 
Fig-5.3 Torque Response of Drive at full load (32 N.m.) 
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Fig-5.4Speed Response of Drive at full load 

 (reference speed = 1440 r.p.m.) 
Fig.5.3 and Fig.5.4 showing the torque response and speed response of the drive at full load and reference 

speed of 1440 r.p.m. It can be seen that the motor attains the rated torque of 32 N.m. after the transient 
oscillations. Also the speed settles to the reference value of 1440 r.p.m. 

 

 

 

 

 
  
 
 
 
Fig-5.5Torque and Speed Response for a step change in Load Torque (5-25 Nm) at 2.5 sec 

Figure5.5 shows the torque and speed response of the drive for a step change in load torque of (5-25 
Nm) at 2.5 sec. with speed command remains unchanged. The main advantage of vector control is shown in this 
graph i.e. speed of the machine remains constant for change in load torque or any load disturbances. Also it can 

be seen that the dynamic torque response is very fast for the step change in load torque. 
 

 

 

 

 

 

 

Fig-5.6 Speed Response for a Speed Reversal  
(1400 to -1400 rpm) at 2.5 sec. 
Figure 5.6 shows the speed response of the drive for a speed reversal command of (1400 to -1400 rpm) at 2.5 

sec. it can be seen that response is very fast with a minimum lag determined by the inertia of the rotating system. 
 

VI. Hardware   Implementation 
The currents are tapped from the inverter output section fed to some transformation module (Clarke 

and Park). The outputs of the Clark block are indicated with iα and iβ. These two components of the stator 
current provide the input to the Park transformation that gives the current in the d,q rotating reference frame 
aligned with the rotor flux vector. The exact rotor flux angular position (θλr) is necessary to calculate the two 
components ids and iqs. The ids and iqs components are compared to the references idref (the flux reference) and 
iqref (the torque reference). The torque command iqref is the output of the speed regulator. The flux command idref 
indicates the right rotor flux command for every speed reference within the nominal value. The current outputs 
are converted into the corresponding voltages Vd and Vq. They are processed into the inverse Park 
transformation block. The outputs of this are Vα and Vβ, which are the components of the stator vector voltage 
in the α, β orthogonal reference frame and the given to the inverse Clark transformation block getting the 
vectors Va, Vb, Vc. These are used to generate the gate signals and fed to the H-bridge inverter. The inverter then 
drives the motor. 
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6.1 Implementation of IFOC 

 
 

Fig-6.1 circuit diagram of  IFOC 

 

It includes two AT89S8253 microcontrollers for the fast performance of IFOC operation. Firs 

microcontroller performs the Park and Clark transformations, whereas the second microcontroller do the inverse 

Clark and inverse Park transformations. Tapped currents Ia & Ib are given to the ADC through the MUX for 

getting the corresponding digital signals. Since microcontroller is a digital controller. The microcontroller1 

output will be Id & Iq will be then given as input to the second microcontroller, where it processed with digital 

signals corresponding to the speed. The speed signal getting by the use of a tachometer and associated circuitry. 

Up, down, stop and reverse witches are also operated with the same microcontroller. And an LCD is interfaced 

with it to display the operation at each time. The vector output of the second microcontroller is given as input to 

the gate generating microcontroller. This microcontroller will generate 6 pulses at a time for the inverter 

MOSFET gates. 

 

6.2  Inverter circuit 

 
Fig-6.2 , 3–phase inverter circuit diagram 
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It includes H-Bridge inverter, its source rectifier circuit, optocoupler, op-amp amplifier. A 230V/12V 
transformer supplying input to the bridge rectifier and its output filtered using a -filter. Upper MOSFETs are 
driven by optocouplers and lower by op-amp amplifiers. The output of the inverter is the stepped up to 110v 
using 3 single phase transformers and then given to the motor input. 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig-7.3, implemented circuit  

 
VII. Conclusion 

This paper presented the Indirect Field Oriented Controlled Three Phase Induction Motor Drive. The 
drive is simulated in MATLAB/SIMULINK and the results are analyzed. The results demonstrate the efficiency 
of the vector control as compared to scalar control techniques. It is proved that rotor flux lies on d –axis when 
synchronous reference frame has been chosen. Compared to the D.C. motor, dynamic equations of the Induction 
Motor have been simplified. In a squirrel cage induction motor the stator phase current is a vector sum of the 
flux and torque producing the current components. So, in order to achieve a dynamic performance similar to 
D.C. drive, a decoupling of the stator phase current into direct axis component (flux producing component) and 
quadrature axis component(torque producing component) is necessary. The decoupling of flux and torque 
control in an A.C. machine is achieved in this project. This paper makes use of MATLAB/SIMULINK as 
simulation software. Using this software both steady state and dynamic performance were studied. IFOC of 3 
phase induction motor drive is successfully implemented based on the simulation results. 
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