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INTRODUCTION 
C Induction motors are being applied today to a wider Arange of applications requiring variable speed. 
Generally, variable speed drives for Induction Motor 

(IM) require both wide operating range of speed and fast torque 
response, regardless of load variations. This leads to more 
advanced Control methods to meet the real demand.

1  VETOR OR FIELD-ORIENTED CONTROL 
1.1 Introduction
Scalar control is somewhat simple to implement, but the 
inherent coupling effect (i.e., both torque and flux are function of 
voltage or current and frequency) gives sluggish response and 
the system is easily prone to instability. The foregoing problem 
can be solved by vector or field-oriented control. Vector control 
of an induction motor can be controlled like a separately excited 
dc motor. Because of dc machine-like performance, vector 
control is also known as decoupling, orthogonal, or transvector 
control. Vector control is applicable to both induction and 
synchronous motor drives.

1.2 DC Drive Analogy 
Ideally, a vector-controlled induction motor drive operates like a 
separately excited dc motor drive. Explain this analogy. In a dc 
machine, neglecting the armature reaction effect and field 
saturation, the developed torque is given by  

The construction of a dc machine is such that the field flux ψf 

produced by the current I   perpendicular to the armature flux ψ , f a

which is produced by the armature current I . These space a

vectors, which are stationary in space, are orthogonal or 
decoupled in nature. This means that when torque is controlled 
by controlling the current I , the flux ψ  is not affected and we get a f

the fast transient response and high torque/ampere ratio with 
the rated ψ . Because of decoupling, when the field current I   is f f

controlled, it affects the field flux ψ  only, but not the ψ  flux. f a

Because of the inherent coupling problem, an induction motor 
cannot generally give such fast response.

2. MATLAB Implementation of Vector Control Principle.
2.1 Vector control principal
The construction of a DC machine is such that the field flux is 
perpendicular to the armature flux. Being orthogonal, these two 
fluxes produce no net interaction on one another. Adjusting the 
field current can therefore control the DC machine flux, and the 
torque can be controlled independently of flux by adjusting the 
armature current. An AC machine is not so simple because of 
the interactions between the stator and the rotor fields, whose 
orientations are not held at 90 degrees but vary with the 
operating conditions. You can obtain DC machine-like 
performance in holding a fixed and orthogonal orientation 
between the field and armature field and armature fields in an 
AC machine by orienting the stator current with respect to the 
rotor flux so as to attain independently controlled flux and 
torque. Such a control scheme is called flux-oriented control or 
vector control. Vector control is applicable to both induction and 
synchronous motors. We will see now how it applies to induction 
motors. Considering the d-q model of the induction machine in 
the reference frame rotating at synchronous speed ω .e
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The field-oriented control implies that the ids component of the 
stator current would be aligned with the rotor field and the iqs 
component would be perpendicular to ids. This can be 
accomplished by choosing ωe to be the speed of the rotor flux 
and locking the phase of the reference frame system such that 
the rotor flux is aligned precisely with the d axis, resulting in

The analogy with DC machine performance is now clear. The 
electric torque proportional to the i   component, whereas the qs

relation between the flux φ  and  i   component is given by a first-r ds

order linear transfer function with a time constant L  /R  .r r

You cannot directly measure the rotor flux orientation in a 
squirrel-cage rotor induction machine. It can only be estimated 
from terminal measurements. An alternative way is to use the 
slip relation derived above to estimate the flux position relative to 
the rotor, as shown. The latter control scheme is called indirect 
field-oriented control.

Figure.1. Indirect Flux- Oriented Control.

Here, we will only rewrite the basic equations. The stator 
quadrature-axis current reference i *   is calculated from torque qs

reference T * ase

where  L  is the rotor inductance, L  is the mutual inductance, r m

and ׀ ψ ׀  is the estimated rotor flux linkage given by r est

where τ  = L  /R   is the rotor time constant. The stator direct-axis r r r

current reference i * is obtained from rotor flux reference input ds

ψ׀ r *׀

The rotor flux position θ  required for coordinates transformation e

is generated from the rotor speed ω   and slip frequency ω   .m sl

The slip frequency is calculated from the stator reference 
current iqs*    and the motor parameters.

The i *     and i * current references are converted into phase qs ds

references i *, i *, i *for the current regulators. The regulators a b c

process the measured and reference currents to produce the 
inverter gating signals. From above equation vector control 
principle is implemented in MATLAB as follows:

2.2 MATLAB Implementation Vector Control Principle Block
2.2.1 MATLAB / SIMULINK Vector Control  Block Sub-
system

Figure 2:  Vector control block sub-system.

2.2.2 MATLAB / SIMULINK Vector Control  Block

Figure 3: Matlab Simulink Vector Control Block.
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2.2.3  Induction Machine Parameters values 
corresponding to 50 HP motor

Figure 4:  Parameters of Induction Machine.

3. SIMULATION
The vector control induction motor has been simulated using PI 
and Fuzzy controller in SIMULINK/MATLAB as shown below. 
Vector control based speed control of induction motor  using PI 
controller.

3.1 Vector control based speed control of induction motor 
using PI controller

Figure 5: MATLAB/SIMULINK Diagram of Vector Control 
Induction Motor Drive Using PI Controller.

4. SIMULATION RESULT AND DISCUSSION
Several tests were performed to evaluate the performance of 
the PI controller based  vector control of the IM drive system in 
MATLAB / SIMULINK. The speed responses are observed 
under different operating conditions such as a sudden chang 
command speed etc. some sample results are presented in 
following sections.

4.1 Simulation results of Vector control based speed 
control of induction motor using PI  controller

Function Block Parameter of   PI Controller is shown blow 

Proportional gain (Kp) : 7
Integral gain (Ki)  : 14

Sample time  : 2 micro sec. 

Figure 6: PI Controller Function Block Parameters.

4.2   Speed Response using PI Controller.
Figure 7 shows simulation result of speed of Induction Machine 
using PI controller.

Figure 7: Simulation Result of speed response using PI 
controller.

4.3 Torque Response using PI Controller 
Figure 8 shows simulation result of Torque of Induction Machine 
using PI controller.

CONCLUSIONS:
In this paper, implementation of a modular Simulink model for 
induction machine simulation  for speed control of induction 
motor using PI controller has been introduced. Unlike most other 
induction machine model implementations, with this model, the 
user has access to all the internal variables for getting an insight 
into the Vector control  operation using PI controller.  Any 
machine control algorithm can be simulated in the Simulink 
environment with this model without actually using estimators. If 
need be, when the estimators are developed, they can be 
verified using the signals in the machine model. The ease of 
implementing controls with this model is also demonstrated with 
several examples.  
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