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High dynamic performance, which is obtained from dc motors, became
achievable from induction motors with the recent advances in power
semiconductors, digital signal processors and development in control
techniques. By using field oriented control, torque and flux of the
induction motors can be controlled independently as in dc motors. The
control performance of field oriented induction motor drive greatly
depends on the correct stator flux estimation. In this thesis voltage
model is used for the flux estimation. Stator winding resistance is used
in the voltage model. Also leakage inductance, mutual inductance and
referred rotor resistance values are used in vector control calculations.
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1. Introduction
The electrical DC drive systems are still used in a
wide range of industrial applications, although they
are less reliable than the AC drives. Their advantage
consists in simple and precise command and control
structures. The AC drives, sometimes more expensive
but far more reliable. The design of a control system
is realized in two important steps:
1. The drive system has to be converted into a
mathematical model, in order to accomplish the
analysis and the evaluation of the system.
2. The imposed response of the drive system is
obtained through an optimal regulator, when
external perturbations are present.
The induction motors are relatively cheap and
rugged machines because their construction is realized
without slip rings or commentators. These advantages
have determined an important development of the
electrical drives, with induction machine as the
execution element, for all related aspects: starting,
braking, speed reversal, speed change, etc. The
dynamic operation of the induction machine drive
system has an important role on the overall
performance of the system of which it is a part.

2. Classification of the control techniques
Another classification of the control techniques for
the induction machine is made from the point of view
of the controlled signal:
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2.1 Scalar control
2.1.1 Voltage/frequency (or v/f) control;
2.1.2Stator current control and slip frequency control.
These techniques are mainly implemented through
direct measurement of the machine parameters.

2.2 Vector control
2.2.1

Field orientation control (FOC)

2.2.1.1 Indirect method
2.2.1.2 Direct method

2.2.2 Direct torque and stator flux vector
control.

3. Analogy of induction motor with DC
drive
Initially the DC drives were used for variable
speed control because they could easily achieve a
good torque and speed response with high accuracy.
Field orientation of the motor is achieved using a
mechanical commutator with brushes [19]. In DC,
torque is controlled using the armature current and
field current. The main drawback of this technique is
the reduced reliability of the DC motor – the fact that
brushes and commutators wear down and need regular
servicing; that DC motors can be costly to purchase;
and that they require encoders for positional feedback.
With this technique, sometimes known as scalar
control, the field orientation of the motor is not used.
Instead, the frequency and the voltage are the main
control variables and are applied to the stator
windings. The status of the rotor is ignored, meaning
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that no speed or position signal is fed back. The drive
is therefore regarded as an open-loop drive. This type
of drive is suitable for applications such as pumps and
fans, which do not require high levels of accuracy or
precision.

To control induction motor drive independently,
we need to have decoupled components of toque and
speed affecting voltage and current [19].

Fig: 1. DC drive analogy of induction motor
We try to control induction motor drive in this
way so that we can control speed and flux
independently and can have enhanced performance
drive.
4.

Various type of controls available for
induction motor drive

4.1 AC Drives, flux vector control using PWM
Here, field orientation is achieved by
mathematical modelling using microprocessors and
feedback of rotor speed and angular position relative
to the stator field by means of an encoder. This results
in a drive with greater stability and capable of fast
torque response and accurate speed control. But the
drawback is the need for the encoder, which reduces
drive system reliability and adds cost[4]. The
controlling variables in a DC drive for torque are
armature current and field current, and armature
voltage for torque. AC drives using the PWM
principle; however, use voltage and frequency as the
controlling variables and these are controlled by a
device called a modulator. A modulator adds
considerable delay in the responsiveness of a motor to
changes in torque and speed. Furthermore, with flux
vector AC drives, a tacho-generator or position
encoder is invariably needed to obtain any real degree
of accuracy. Such devices are costly and compromise
the simplicity of the AC induction motor.

4.2 AC Drives, sensor less flux vector
The flux vector controlled drive with encoder
feedback does offer very high levels of performance
across a wide power range and should not be confused
with sensor less vector - or open loop vector - drives,
which offer performance only slightly superior to that
of a standard inverter using scalar control.

5. Three phase to two phase conversion
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Fig: 2.Three phase to two phase transformation
We can achieve the above by using these equations
=
To find the inverse transformation, the equations are
as follows
=

6. Vector control of induction motor
The vector control analysis of an induction motor
allows the decoupled analysis where the torque and
the flux components can be independently controlled
(just as in dc motor). This makes the analysis easier
than the per phase equivalent circuit. The vector
control is a type of control where decoupled control of
speed and torque is carried out. By decoupled control
we mean that variation of speed does not affect the
torque and variation of torque does not affect the
speed.
The high quality of the dynamic performance of
the separately excited DC motor is a consequence of
the fact that its armature circuit and the field circuit
are magnetically decoupled. In a DC motor, the mmf
produced by the field current and the mmf produced
by the armature current are spatially in quadrature.
Therefore there is no magnetic coupling between the
field circuit and the armature circuit. Because of the
repetitive switching action of the commutator on the
rotor coils as the rotor rotates, this decoupling
continues to exist irrespective of the angular position
and speed of the rotor. This makes it possible to effect
fast current changes in the armature circuit, without
being hampered in this by the large inductance of the
field circuit. Since the armature current can change
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rapidly, the machine can develop torque and
accelerate or decelerate very quickly when speed
changes are called for, attain the demanded speed in
the fastest manner possible. As in the DC motors, in
AC motors also, the torque production is the result of
the interaction of a current and a flux. But in the AC
induction motor, in which the power is fed on the
stator side only, the current responsible for the torque
and the current responsible for producing flux are not
easily separable. The underlying principle of vector
control is to separate out the component of the motor
current responsible for producing the torque and the
component responsible for producing the flux in such
a way that they are magnetically decoupled, and then
control each independently, in the same way as is
done in a separately excited DC motor. Induction
motors are the most widely used electrical motors due
to their reliability, low cost and robustness. However,
induction motors do not inherently have the capability
of variable speed operation. Due to this reason, earlier
dc motors were applied in most of the electrical
drives. But the recent developments in speed control
methods of the induction motor have led to their large
scale use in almost all electrical drives. Out of the
several methods of speed control of an induction such
as pole changing, frequency variation, variable rotor
resistance, variable stator voltage, constant V/f
control, slip recovery method etc., the closed loop
constant V/f speed control method is most widely
used. In this method, the V/f ratio is kept constant
which in turn maintains the magnetizing flux constant
so that the maximum torque remains unchanged.
Thus, the motor is completely utilized in this method
[12]. During starting of an induction motor, the stator
resistance and the motor inductance (both rotor and
stator) must be kept low to reduce the steady state
time and also to reduce the jerks during starting. On
the other hand, higher value of rotor resistance leads
to lesser jerks while having no effect on the steady
state time.
7.

Simulation of vector control of induction motor is
carried out and variation of speed with time, torque

7.1 Variation of torque with time

Fig: 4. Variation of torque with time

7.2 Variation of stator current with time

Fig: 5. Variation of stator current with time

7.3 Actual and reference speed
The diagram depicts the variation of actual speed
of rotor and command speed.
Reference speed=100rpm

Simulation study of vector control of
three phase induction motor using PI
controller
Fig: 6. Variation of stator current with time
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