SUBJECT NAME: ELECTRIC DRIVES
Class : 4th Year/ VII Semester
UNIT-I

Characteristics of Electric Drives

1.Aim : To discuss the basics and types of Electric drives.
Objectives : To discuss the basics of Electric drives in terms of
➢
➢
➢
➢
➢

Basic Concept of Electric Drives.
Motor-Load torque equation.
Types of Electric Drives.
Various classes of duty.
Heating and cooling of Electric Drives.

2.Pre-Test: MCQ Type
1.Load torques can be classified into how many types?
a) Three
b) Two
c) Four
d) Five
Ans: b
2. What is the condition for the steady-state operation of the motor?
a) Load torque > Motor torque
b) Load torque <<<< Motor torque
c) Load torque = Motor torque
d) Load torque < Motor torque
Ans: c

3.Electric Drives-Introduction
An Electric Drive can be defined as, a system which is used to control the movement
of an electrical machine. This drive employs a prime mover such as a petrol engine,
otherwise diesel, steam turbines otherwise gas, electrical & hydraulic motors like a
main source of energy.

These prime movers will supply the mechanical energy toward the drive for
controlling motion.
An electric drive can be built with an electric drive motor as well as a
complicated control system to control the motor’s rotation shaft.
At present, the controlling of this can be done simply using the software. Thus, the
controlling turns into more accurate & this drive concept also offers the ease of
utilizing.

The types of electrical drives are two such as a standard inverter as well as a servo
drive. A standard inverter drive is used to control the torque & speed. A servo drive
is used to control the torque as well as speed, and also components of the positioning
machine utilized within applications that need difficult motion.
3.1 Block Diagram of Electric Drive
The block diagram of an electric drive is shown below, and the load in the diagram
signifies different kinds of equipment which can be built with an electric motor such
as washing machine, pumps, fans, etc. The electric drive can be built with source,
power modulator, motor, load, sensing unit, control unit, an input command.

Fig.1.Electric Drive Block Diagram

Power Source
The power source in the above block diagram offers the necessary energy for the
system. And both the converter and the motor interfaces by the power source to
provide changeable voltage, frequency and current to the motor.
Power Modulator
This modulator can be used to control the o/p power of the supply. The power
controlling of the motor can be done in such a way that the electrical motor sends
out the speed-torque feature which is necessary with the load. During the temporary
operations, the extreme current will be drawn from the power source.
The drawn current from the power source may excess it otherwise can cause a
voltage drop. Therefore the power modulator limits the motor current as well as the
source.
The power modulator can change the energy based on the motor requirement. For
instance, if the basis is direct current & an induction motor can be used after that
power modulator changes the direct current into alternating current. And it also
chooses the motor’s mode of operation like braking otherwise motoring.
Load
The mechanical load can be decided by the environment of the industrial process &
the power source can be decided by an available source at the place. However, we
can choose the other electric components namely electric motor, controller, &
converter.

Control Unit
The control unit is mainly used to control the power modulator, and this modulator
can operate at power levels as well as small voltage. And it also works the power
modulator as preferred. This unit produces the rules for the safety of the motor as
well as power modulator. The i/p control signal regulates the drive’s working point
from i/p toward the control unit.
Sensing Unit
The sensing unit in the block diagram is used to sense the particular drive factor such
as speed, motor current. This unit is mainly used for the operation of closed loop
otherwise protection.
Motor
The electric motor intended for the specific application can be chosen by believing
various features such as price, reaching the level of power & performance necessary
by the load throughout the stable state as well as active operations.
3.2 Classification of Electrical Drives
Usually, these are classified into three types such as group drive, individual drive,
and multi-motor drive. Additionally, these drives are further categorized based on
the different parameters which are discussed below.
•
•
•
•

Electrical Drives are classified into two types based on supply namely AC drives
& DC drives.
Electrical Drives are classified into two types based on running speed namely
Constant speed drives & changeable speed drives.
Electrical Drives are classified into two types based on a number of motors
namely Single motor drives & multi-motor drives.
Electrical Drives are classified into two types based on control parameter namely
stable torque drives & stable power drives.

Advantages of Electrical Drives
The advantages of electrical drives include the following.

•
•
•
•
•
•

These dries are obtainable with an extensive range of speed, power & torque.
Not like other main movers, the requirement of refuel otherwise heat up the motor
is not necessary.
They do not contaminate the atmosphere.
Previously, the motors like synchronous as well as induction were used within
stable speed drives. Changeable speed drives utilize a dc motor.
They have flexible manage characteristics due to the utilization of electric
braking.
At present, the AC motor is used within variable speed drives because of
semiconductor converters development.

Disadvantages of Electrical Drive
The disadvantages of electrical drives include the following.
•
•
•
•
•
•

This drive cannot be used where the power supply is not accessible.
The power breakdown totally stops the entire system.
The primary price of the system is expensive.
The dynamic response of this drive is poor.
The drive output power which is obtained is low.
By using this drive noise pollution can occur.

Applications of Electrical Drives
The applications of electrical drives include the following.
•

•

•

The main application of this drive is electric traction which means transportation
of materials from one location to another location. The different types of electric
tractions mainly include electric trains, buses, trolleys, trams, and solar-powered
vehicles inbuilt with battery.
Electrical drives are extensively used in the huge number of domestic as well as
industrial applications which includes motors, transportation systems, factories,
textile mills, pumps, fans, robots, etc.
These are used as main movers for petrol or diesel engines, turbines like gas
otherwise steam, motors like hydraulic & electric.

Thus, this is all about the fundamentals of electrical drives. From the above
information, finally, we can conclude that a drive is one kind of electrical device
used to control the energy which is sent to the electrical motor. The drive supplies

energy to the motor in unstable amounts & at unstable frequencies, thus ultimately
controls the speed and torque of the motor.

3.3 Classification of Electric Drive:
Classification of Electric Drive are normally classified into three groups, based on
their development, namely group, individual and multi motor electric drives.
(1) Group Drive:
If several groups of mechanisms or machines are organised on one shaft and driven
or actuated by one motor, the system is called a group drive or shaft drive.
The various mechanisms connected may have different speeds. Hence the shaft is
equipped with multi stepped pulleys and belts for connection to individual loads. In
this type of drive a single machine whose rating is smaller than the sum total of all
connected loads may be used, because all the loads may not appear at the same time.
This makes the drive economical, even though the cost of the shaft with stepped
pulleys may seem to be high.
This method is rarely used in modern drive systems and has become of historical
interest, because of the following disadvantages:
1. The efficiency of the drive is low, because of the losses occurring in several
transmitting mechanisms.
2. The complete drive system requires shutdown if the motor requires servicing
or repair
3. The location of the mechanical equipment being driven depends on the shaft
and there is little flexibility in its arrangement.
4. The system is not very safe to operate.
5. The noise level at the work spot is high.

(2) Individual drive:
If a single motor is used to drive or actuate a given mechanism and it does all the
jobs connected with this load, the drive is called an individual drive. For example,
all the operations connected with operating a lathe may be performed by a single
machine. If these operations have to be performed at different speeds, transmission

devices may be required. The efficiency may become poor over several operations,
due to power loss. In some cases it is possible to have the drive motor and
driven load in one unit.
(3) Multimotor drive
In a multimotor drive each operation of the mechanism is taken care of by a
separate drive motor. The system contains several individual drives, each of which
is used to operate its own mechanism. This type of drive finds application in
complicated machine tools, travelling cranes, rolling mills, etc. Automatic
control methods can be employed and each operation can be executed under
optimum conditions.

3.4 Torque Equation of Motor Load System:
A motor generally drives a load (machine) through some transmission system. While
motor always rotates, the load may rotate or may undergo a translational motion.
Load speed may be different from that of motor, and if the load has many parts, their
speeds may be different and while some may rotate, others may go through a
translational motion. It is, however, convenient to represent the Torque Equation of
Motor Load System by an equivalent rotational system shown in Fig. 2

Various notations used are:
J = Polar moment of inertia of motor-load system referred to the motor shaft, kg-m2.
ωm = Instantaneous angular velocity of motor shaft, rad/sec.
T = Instantaneous value of developed motor torque, N-m.

T1 = Instantaneous value of load (resisting) torque, referred to motor shaft, N-m.
Load torque includes friction and windage torque of motor.
Torque Equation of Motor Load System of Fig. 2.1 can be described by the following
fundamental torque equation:

Equation (2.1) is applicable to variable inertia drives such as mine winders, reel
drives, industrial robots. For drives with constant inertia, (dJ/dt) = 0. Therefore

equation (2.2) shows that torque developed by motor is counter balanced by a load
torque T1 and a dynamic torque J(dωm/dt). Torque component J(dωm/dt) is called the
dynamic torque because it is present only during the transient operations.
Drive accelerates or decelerates depending on whether T is greater or less than T1.
During acceleration, motor should supply not only the load torque but an additional
torque component J(dωm/dt) in order to overcome the drive inertia. In drives with
large inertia, such as electric trains, motor torque must exceed the load torque by a
large amount in order to get adequate acceleration.
In drives requiring fast transient response, motor torque should be maintained at the
highest value and Torque Equation of Motor Load System should be designed with
a lowest possible inertia. Energy associated with dynamic torque J(dω m/dt) is stored
in the form of kinetic energy given by (Jω2m/2).
During deceleration, dynamic torque J(dωm/dt) has a negative sign. Therefore, it
assists the motor developed torque T and maintains drive motion by extracting
energy from stored kinetic energy.

3.5 Heating and Cooling Curves of Electrical Drives:
An accurate prediction of Heating and Cooling Curves of Electrical Drives rise
inside an electrical motor is very difficult owing to complex geometrical shapes and

use of heterogeneous materials. Since conductivities of various materials do not
differ by a large amount, a simple thermal model of the machine can be obtained by
assuming machine to be a homogeneous body. Although inaccurate, such a model is
good enough for a drive engineer whose job is only to select the motor rating for a
given application ensuring that temperatures in various parts of motor body do not
exceed the safe limits.
Let the machine, which is assumed to be a homogeneous body, and the cooling
medium has following parameters at time t:
P1 = Heat developed, joules/sec or watts.
P2 = Heat dissipated to the cooling medium, joules/sec or watts.
W = Weight of the active parts of machine, kg.
h = Specific heat, Joules per kg per °C.
A = Cooling surface, m2.
d = Coefficient of heat transfer or specific heat dissipation, joules/sec/m 2/°C.
θ = Mean temperature rise, °C.
During a time increment dt, let the machine temperature rise be dθ. Since,

Substituting in Eq. (4.1) and rearranging the terms

C is the thermal capacity of the machine, watts/°C, and D the heat dissipation constant, watts/°C.
Heat dissipation mainly occurs through convection. Typical values of D are in the range of 40 of
600 W/m2/°C. The first order differential equation (4.3) has a solution.

Constant of integration K is obtained by substituting the temperature rise at t = 0 in
Eq. (4.6). When the initial temperature rise is θ1, Eq. (4.6) has a solution

τ, which has the dimension of time, is known as the heating (or thermal) time
constant of the machine. In Eq. (4.9) as t = ∞, θ = θ ss. Thus θss is the steady state
temperature of the machine when it is continuously heated by power P1. At this
temperature, all the heat produced in machine is dissipated to the surrounding
medium.
Let the load on machine be thrown off after its temperature rise reaches a value θ 2.
Heat loss will reduce to a small value P′1 and cooling operation of the motor will–
begin. Let the new value of heat dissipation constant be D′. If time is measured from
the instant the load is thrown off, then

Solving this first order differential equation subjected to the initial condition, θ =
θ2 at t = 0, gives

θ′ss is again steady state temperature rise for new conditions of operation and τ′ is
known as the Cooling (or thermal) Time Constant of the machine.
If motor were disconnected from the supply during Heating and Cooling Curves of
Electrical Drives then P′1 = θ′ss = 0, suggesting that the final temperature attained by
the motor will be ambient temperature. Substituting in Eq. (4.11) gives

Eqs. (4.9) and (4.14) suggest that both heating time constant τ and cooling time
constant τ′ depend on the respective heat dissipation constants D and D′, which in
turn depend on the velocity of cooling air.
In self cooled motors, where cooling fan is mounted on motor shaft, the velocity of
cooling air varies with motor speed, thus varying cooling time constant τ′. Cooling
time constant at standstill is much larger than when running. Therefore, in high
performance, and medium and high power variable speed drives, motor is always
provided with separate forced cooling, so that motor cooling be independent of
speed.

Figure 4.1 shows the variation of motor temperature rise with time during Heating
and Cooling Curves of Electrical Drives. Thermal time constants of a motor are far
larger than electrical and mechanical time constants. While electrical and
mechanical time constants have a typical range of 1 to 100 ms and 10 ms to 10 s, the
thermal time constants may vary from 10 min to couple of hours.

3.6 Classes of Motor Duty in Electrical Drives:
IS: 4722-1968 categorise various load time variations encountered in practice into
eight standard Classes of Motor Duty in Electrical Drives:
1. Continuous duty.
2. Short time duty.
3. Intermittent periodic duty.
4. Intermittent periodic duty with starting.
5. Intermittent periodic duty with starting and braking.
6. Continuous duty with intermittent periodic loading.
7. Continuous duty with starting and braking.
8. Continuous duty with periodic speed changes.

1. Continuous Duty:

It denotes the motor operation at a constant load torque for a duration long enough
for the motor temperature to reach steady-state value. This duty is characterised by
a constant motor loss. Paper mill drives, compressors, conveyers, centrifugal pumps
and fans are some examples of Classes of Motor Duty in Electrical Drives.

2. Short Time Duty:

In this, time of drive operation is considerably less than the heating time constant
and machine is allowed to cool off to ambient temperature before the motor is
required to operate again. In this operation, the machine can be overloaded until
temperature at the end of loading time reaches the permissible limit. Some examples
are: crane drives, drives for household appliances, turning bridges, sluice-gate
drives, valve drives, and many machine tool drives for position control.
3. Intermittent Periodic Duty:

It consists of periodic duty cycles, each consisting of a period of running at a constant
load and a rest period. Neither the duration of running period is sufficient to raise

the temperature to a steady-state value, nor the rest period is long enough for the
machine to cool off to ambient temperature. In this Classes of Motor Duty in
Electrical Drives, heating of machine during starting and braking operations is
negligible. Some examples are pressing, cutting and drilling machine drives.
4. Intermittent Period Duty with Starting:

This is intermittent periodic duty where heat losses during starting cannot be
ignored. Thus, it consists of a period of starting, a period of operation at a constant
load and a rest period; with operating and rest periods, being too short for the
respective steady-state temperatures to be attained.
In this duty, heating of machine during braking is considered to be negligible,
because mechanical brakes are used for stopping or motor is allowed to stop due to
its own friction. Few examples are metal cutting and drilling tool drives, drives for
fork lift trucks, mine hoist etc.

5. Intermittent Periodic duty with Starting and Braking:

This is the intermittent periodic duty where heat losses during starting and braking
cannot be ignored. Thus, it consists of a period of starting, a period of operation with
a constant load, a braking period with electrical braking and a rest period; with
operating and rest periods being too short for the respective steady state temperatures
to be attained.
Billet mill drive, manipulator drive, ingot buggy drive, schrewdown mechanism of
blooming mill, several machine tool drives, drives for electric suburban trains and
mine hoist are some examples of this duty.

6. Continuous Duty with Intermittent Periodic Loading:
It consists of periodic duty cycles, each consisting of a period of running at a constant
load and a period of running at no load, with normal voltage across the excitation
winding. Again the load period and no load period being too short for the respective
temperatures to be attained. This Classes of Motor Duty in Electrical Drives is
distinguished from the intermittent periodic duty by the fact that a period of
running at a constant load is followed by a period of running at no load instead of
rest. Pressing, cutting, shearing and drilling machine drives are the examples.

7. Continuous Duty with Starting and Braking:
Consists of periodic duty cycle, each having a period of starting, a period of running
at a constant load and a period of electrical braking; there is no period of rest. The
main drive of a blooming mill is an example.
8. Continuous Duty with Periodic Speed Changes:
Consists of periodic duty cycle, each having a period of running at one load and
speed, and another period of running at different speed and load; again both
operating periods are too short for respective steady-state temperatures to be
attained. Further there is no period of rest.

4. MCQ POST-TEST
1. What is heating time constant of the machine?
a) The ratio of the thermal capacity and heat dissipation constant value
b) The ratio of the thermal capacity and heat dissipation constant value
c) The ratio of the thermal capacity and heat dissipation constant value
d) The ratio of the thermal capacity and heat dissipation constant value
Ans: a

2. Continuous duty denotes ……………….
a) Operation at constant load of sufficient duration for thermal equilibrium to be
reached
b) operation at constant load for sufficient duration with starting period and rest
period.
c) operation at constant load with starting period, period of braking followed by
rest period.
d) operation at constant load followed by period of operation at no-load.
Ans : a
3. What type of force handles for active torques?
a)
Strong nuclear forces

b) Weak nuclear forces
c) Gravitational forces
d) Electrostatic forces
Ans : c

5.CONCLUSION
Electric drives are widely used in various industries. Converters employed in DC
drives and AC drives gives smooth and wide range of speed control without much
expensive.
Under steady state operation of Motor-Load system Motor shaft torque is equal
to load torque.
The Electric drives are classified into different types based on their operation and
types of load.
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SUBJECT NAME: ELECTRIC DRIVES
Class : 4th Year/ VII Semester
UNIT-II

DC DRIVES

1.Aim : To discuss the concept of DC drives and performance of DC drives.
Objectives : To explain the performance of DC drives in terms of
➢
➢
➢
➢
➢
➢
➢

Concept of Electric Drives.
Performance characteristics and equations of DC motor.
Speed control methods.
Converter fed DC drives.
Chopper fed DC drives.
Simulation of Converter fed DC drive using PSIM.
Applications of DC drives.

2.Pre-Test : MCQ Type
1. In a DC shunt motor, the electromagnetic torque developed is proportional to
______
a) Ia
b) Ia2
c) Ia3
d) Ia.5
Answer:
a)

Ia

2. Which of the following rule is used to determine the direction of rotation of D.C
motor?
a) Coloumb’s Law
b) Lenz’s Law
c) Fleming’s Right-hand Rule
d) Fleming’s Left-hand Rule
Answer d.
Fleming’s left-hand rule.
3. The efficiency of the DC motor at maximum power is
a)90%

b)100%
c)Around 80%
d)Less than 50%
Answer d.
Less than 50%
4. Choppers converts
a) AC to DC
b) DC to AC
c) DC to DC
d) AC to AC
Answer c.
DC to DC
5. The average output voltage is maximum when SCR is triggered at ωt =
a) π
b) 0
c) π/2
d) π/4
Answer b.
0
3.PRE-REQUESTIES
1.DC Motors
2.Power Electronics
4.Concept of Electric Drives
An electric motor together with its control equipment and energy transmitting
device forms an electric drive.
Example:
A motor and conveyer-belt without any material on its belt.
An electric drive together with its working machine constitutes an electric –drive
system.
Example:

A motor and conveyer-belt with material on its belt.

Fig.1. An Electric Drive System

4.1.DC Drives
DC motors are widely used in adjustable-speed drives and position control
applications. Speed control methods of DC motors are comparatively less
expensive than AC motors.
There are two methods to control the speed of DC motors:
1. Armature voltage control method
2. Field-flux control method
Armature voltage control method: Speeds below base speed are controlled.
Field-flux control method: Speeds above base speed are obtained
Depending on the type of available source and converters DC drives are classified
as:
1. Single-phase DC drives
2. Three-phase DC drives
3. Chopper fed DC drives
4.2.Basic performance equation of Separately –excited DC motor

The equivalent circuit of a Separately –excited DC motor coupled with a load is
shown in Fig.2. Under steady state conditions load torque TL oppose the motor
torque Te.

Fig.2. Equivalent circuit of a Separately excited DC motor

For field circuit, Vf = If . rf

…………………(1)

For armature circuit Vt = Ea + Ia .ra

…………………(2)

Motor back emf , Ea = KaΦ ωm =Km. ωm = Vt - Ia .ra

…….(3)

ωm = Vt - Ia .ra / Km = Vt - Ia .ra / KaΦ ………………….(4)
Te = KaΦ Ia = Km Ia
Where,
Vt = motor terminal voltage, V
Ia = armature current , A
Φ= field flux/pole , Wb
Km = KaΦ , torque constant , Nm/A.
ra = armature resistance, Ω
ωm = angular speed of motor, rad/sec.
rf = field circuit resistance, Ω

…………………..(5)

From equation (4), it is seen that the speed can be controlled by varying the
voltage Vt , Known as armature –voltage control, and by varying the Φ, known
as the field-flux control.

Fig.3. Characteristics of a Separately excited DC motor

Characteristics of a Separately excited DC motor is shown in Fig.3.

Base speed of the motor is defined as the speed at which the motor runs at its
rated voltage, rated armature current and rated field current.
(1) Armature voltage control : armature voltage (Vt) is varied to obtain the
speed below base speed. The armature current and field flux (Φ) are kept
constant at their rated values. From equation (5), it is seen that when I a
and Φ are constant the torque remains constant at its rated value to meet
the required demand. So this armature voltage control method is known as
constant-torque drive method The armature voltage (Vt) is varied from
its zero voltage to rated voltage the power P= Vt . Ia increases from its
zero value to rated power.

(2) Field-flux (Φ) control: this method of speed control is employed for the
speeds above base speed. From equation (4) it is seen that speed and field
flux are inversely proportional. During flux control method, armature

voltage and armature current are kept constant at rated values. So power
remains constant and this method of control is termed as constant powerdrive method. Field flux is decreased to increase the speed above base
speed, the torque is directly proportion to flux so torque decreases with
decrease in flux.
4.3.Single –phase Full Converter Drives
This converter fed DC drive has two full converters and a separately excited
DC motor. One full converter feeding the armature circuit and the other
feeding the field circuit. The converters convert the AC voltage into DC
voltage and by varying the firing angle(α) of the converters the output
voltage of the converters can be varied. Fig.4. shows the single-phase full
converter fed separately excited DC motor.
Full converter fed DC drives offers two quadrant operation of the drive, first
quadrant operation is the motoring mode and second quadrant operation is
the regenerative braking of the motor. Fig.5. shows the two- quadrant
diagram.
The motoring mode control is the first quadrant operation. During this mode,
armature voltage is controlled by controlling the firing angle(α) of the
armature side converter. The firing angle(α) can be varied from 0º to 90º for
rectification of AC voltage into DC voltage and the output DC voltage of the
converter can be varied from its maximum value to zero value. Thus the
voltage fed to the armature is controlled varying the firing angle of the
converter.
During regenerative braking control power must flow from motor to the AC
source. This is possible only when the back emf of the motor is reversed.
The SCRs present in the full converters are unidirectional devices so polarity
of the back emf is reversed by reversing the direction of field current by
making the firing angle(α1) above 90º for the field side converter.

Fig.4. Single-phase full converter fed Separately excited DC motor

Fig.5.Two –quadrant diagram

The input AC voltage of the converter, output voltage and output current
waveforms are shown in Fig.6.

Fig.6.Waveforms
The output voltage of the armature circuit converter 1,
Vo = Vt = 2Vm/π cos α

for 0 ≤ α ≤ π

……..(6)

Vf = 2Vm/π cos α1

for 0 ≤ α1 ≤ π ……..(7)

4.4.DC Chopper fed DC Drives
Chopper circuit converts fixed DC voltage into variable DC voltage. Chopper
circuit can be interfaced between fixed DC voltage source and DC motor
armature circuit. By varying the duty cycle(δ) of the DC chopper, variable
voltage can be applied to the armature terminals of the DC motor to obtain the
speed control below the speed.
Chopper circuit is adoptable for regenerative braking of DC motor and kinetic
energy can be returned to the DC source. Choppers can be used for dynamic
braking also.
The following controlled modes are explained in detail.
1.Power control or motoring control.
2.Regenerative –braking control.
4.4.1.Power control or motoring control
The Fig.7. shows the circuit for motoring control of Chopper fed DC series
motor which is the first quadrant operation. By modifying chopper circuit
configuration all four quadrant operation of DC motor drive is possible.
Chopper fed DC drives are widely employed in traction systems.

Fig.7.motoring mode operation
of chopper fed DC series motor

Fig.8. forward motoring mode operation
First -quadrant

In the above circuit configuration when the chopper (CH) is ON, the motor
armature terminal is connected with the DC source. The current is conducted by
the chopper from source to armature of the DC motor. The output voltage of
chopper VO = Vt is fed to the motor armature. Io=Ia is chopper output current
flows through the armature winding. R and L are the armature winding output
voltage of the chopper is controlled by varying the duty cycle(δ) according to
the speed requirement.
When the chopper is OFF and the CH operates like an open switch, the motor
armature terminals are disconnected from the DC source. Now the stored
energy in the inductance and back emf of the motor drives the armature current
through the freewheeling diode FD. During this period armature terminals are
short circuited by FD. Now the output voltage VO = 0 , but Io flows through
armature circuit continuously.
The average motor voltage , VO = Vt = Ton/T .Vs = δ. Vs
Where Vs is the input DC voltage
And δ = Ton/T, is the duty cycle of the chopper, Ton is the ON time of the
chopper, Toff is OFF time of the chopper, T is the total time period.
T = Ton + Toff
Chopping frequency of the circuit is, f = 1/T
The duty cycle δ can be varied by varying the ON time and OFF time of the
chopper. Thus the output voltage and in-turn speed of the DC motor drive is
controlled during the motoring mode operation to obtain the speeds below base
speed.
The input fixed DC voltage , output DC voltage and output currents are shown
by waveforms in Fig.9.

The input fixed DC voltage , output DC voltage and output currents are shown
by waveforms in Fig.9. The ON time and OFF time of chopper also indicated
in the waveforms given.

Fig.9. Waveforms

4.4.2.Regenerative Braking Control.
The chopper circuit configuration for Regenerative Braking mode is shown in
Fig.10. During this mode of operation the motor acts as a generator, kinetic
energy of the motor and the load is returned to the supply. For active loads like
downward motion of electric train in a hill or descending hoist, assume the back
emf Eb of the motor is greater than supply voltage Vs.
With the chopper circuit configuration shown in Fig.10., when the chopper is
ON , chopper CH short circuits the armature terminals of the motor and the
current Io=Ia is conducted by the chopper to the armature .The current is driven
by the back emf of the motor and stored energy in the inductance. The ouput
voltage Vo = 0.

When the CH is OFF, being Eb is greater than Vs, diode D conducts and the
stored energy in the armature inductance is transferred to the source, during T off
Vt = Vs .

Fig.10. Copper circuit configuration for

Fig.11. Quadrant diagram

Regenerative braking control of Separately
Excited DC motor.

Regenerative braking control is the second quadrant operation which is shown
in Fig.11.
The average output voltage of chopper is
Vt = Toff / T. Vs = (1-δ). Vs
Power generated by the motor = Vt . Ia = (1-δ). Vs . Ia

The voltage and current waveforms are shown in Fig.12.

Fig.12.Waveforms

5.1Simulation of DC drives
5.1.1. Converter fed DC drive is simulated using PSIM.

5.1.2. Simulation results
The simulation results are presented interms of converter input AC voltage, DC
output voltage of converter, output current, Motor torque and speed waveforms.

5.2.Applications of DC drives:
•
•
•
•
•
•
•
•
•

Traction systems, Electric locomotives.
Paper mills
Lathes, milling machines, boring machines
Hoists and Cranes
Spindles and feeds of machine tools
Roller mills
Rubber mixers
Motor braking systems
Position control mechnisms

6. MCQ POST-TEST
1.To save energy during braking-----------------braking is used?
(A) dynamic
(B) plugging
(C) regenerative
(D) all of the above
Answer:
(C) regenerative
2.How many quadrants does a full converter work?
(A) one
(B) two
(C)three
(D) four
Answer:
(B) two
3.Full-converter can be used in DC motor for regenerative braking in
______________
(A)constant operation
(B)variable operation
(C)Inversion operation
(D) opposite operation
Answer:
(c)
4. Which of the following method is employed when regenerative braking is
necessary?
(A)DC chopper
(B) inverter
(C)variable resistor
(D) rectifier
Answer
(A)

7.CONCLUSION
DC drives are widely used in various industries. Converters employed in DC
drives gives smooth and wide range of speed control without much expensive.
Moreover these drives and controller occupies lesser area and provide precise
control of DC drives.
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9.ASSIGNMENTS

1. Discuss the four quadrant operation of Chopper fed DC drives.
2. Explain the inverter operation of single phase converter circuit.

SUBJECT NAME: ELECTRIC DRIVES
Class : 4th Year/ VII Semester
UNIT-III

INDUCTION MOTOR DRIVES
AC DRIVES

1.Aim : To study about the Induction motor drives.
Objectives : To discuss the Induction motor drives in terms of
➢ Basic Concept and working of Three-phase Induction motors.
➢ Motor-Load torque equation.
➢ Speed control of three-phase induction motor.
➢ Implementing speed control of induction motor using static converters.

➢ 2.Pre-Test: MCQ Type

1. A 16-pole, 3-phase, 60 Hz induction motor is operating at a speed of 150 rpm. The
frequency of the rotor current of the motor in Hz is __________
a) 20
b) 40
c) 30
d) 10
Answer: b

2. The value of slip at which maximum torque occurs ________
a) R2÷X2
b) 4R2÷X2
c) 2R2÷X2
d) R2÷3X2
Answer: a

3. The speed of a three-phase cage-rotor induction motor depends on
a) Number of poles alone
b) Frequency of the supply alone
c) Input voltage
d) Number of poles and frequency of supply

Answer: (d)
1.Advantages of AC drives:
(i) For the same rating, AC motors are lighter in weight as compared to DC motors.
(ii) AC motors require low maintenance as compared to DC motors.
(iii) AC motors are less expensive as compared to DC motors.
(iv) AC motors can work in hazardous areas like chemical, petrochemical etc. whereas DC
motors are unsuitable for such environment because of commutator sparking.
2. Disadvantages of AC drives:
(i) Power converters for the control of AC motors are more complex.
(ii) Power converters for AC drives are more expensive.
(iii) Power converters for AC drives generate harmonics in the supply system and load circuit .
As a result, AC motors get derated.
The advantages of AC drives outweigh their disadvantages. As such AC drives are used for
several industrial applications.
There are two types of AC drives:
1. Induction motor drives.
2. Synchronous motor drives.
3. INDUCTION MOTOR DRIVES
Three-phase induction motors are more commonly employed in adjustable-speed drives than
three-phase synchronous motors.
Three-phase induction motors are of two types:
(a) Squirrel-Cage Induction Motors (SCIM)
(b) Slip-ring Induction Motors (SRIM), or Wound-rotor motor.

•

Stator windings of both types carry three-phase windings.

SCIM ROTOR STRUCTURE

SCIM

SCIM

SCIM- Squirrel-Cage Induction Motors (SCIM)
•
•

SCIM- Rotor is made of copper or aluminium bars (rotor conductors), short circuited
by two end rings.
Since the rotor conductors are short circuited by end rings, external circuit or external
resistance cannot be added with rotor.

Slip-ring Induction Motors (SRIM), or Wound-rotor motor.

•
•

Rotor of SRIM carries three-phase winding connected to three slip rings on the rotor
shaft.
External resistance or external circuit can be added through slip rings to the rotor
circuit.

working

•
•

•
•
•
•
•

When three-phase supply is connected to three-phase stator winding, rotating
magnetic field is produced and revolves in the air –gap.
The speed of the rotating magnetic field is called synchronous speed (NS), magnetic
flux cuts the stationary rotor conductors due to mutual induction, emf is induced in
the rotor circuit and rotor current flows in the rotor conductors. Rotor experience
mechanical force and starts rotate in the same direction as that of the magnetic field.
The rotor rotates at the speed less than the synchronous speed of the revolving
magnetic field.
The rotor speed (Nr) is the actual speed of the motor.
The synchronous speed (NS), of the magnetic field is given by
NS = 120f / P rpm.
(Or) ωs = 4πf / P rad/sec.
Where f= supply frequency in Hz.
ωs = supply frequency in rad/sec.
P = number of stator poles.
•
•
•

Rotor cannot attain synchronous speed , runs at a speed Nr less than Ns .
The difference in the synchronous speed of the magnetic field and rotor speed is
called slip speed.
Slip = (Ns - Nr ) / Ns
Where Nr is rotor speed in rpm.
Nr = Ns (1-s)
ωm = ωs (1-s)

3.1 SPEED CONTROL OF THREE PHASE INDUCTION MOTOR
Various speed control methods of induction motor drives:
(i)
(ii)
(iii)
(iv)
(v)
(vi)

Stator Voltage Control
Stator Frequency Control
Stator Voltage and Frequency Control
Stator Current Control
Static Rotor Resistance Control
Slip-energy recovery Control
• The above speed control methods are employed to three-phase induction motor
drives using power-electronic converters.

•
•

(i)

•
•

The speed control methods (i) to (iv) are applicable to both SCIMs and SRIMs.
Methods (v) and (vi) can be employed only for SRIMs only.

Stator Voltage Control

The above equation states that electromagnetic torque developed by the three-phase
induction motor is proportional to the square of the stator supply voltage.
The stator supply voltage can be reduced to KV1 , where K˂ 1, then the motor torque
is given by the following equation.

•

•
•

•
•

The stator voltage can be varied to obtain the speed control of three-phase induction
motor using three-phase AC Voltage Controller circuit.
The firing angle of the thyristors in the AC voltage controller circuit can be varied to
vary the rms value of stator voltage so that the speed and torque of the drive can be
controlled.
Fig.1. shows the Three-phase AC voltage controller feeding a three-phase induction
motor.
Fig.2. shows the Speed-torque characteristics as effected by stator voltage control

Fig.1. Three-phase AC voltage controller feeding a three-phase induction motor.

Fig.2. Speed-torque characteristics as effected by stator voltage control

•
•
•

•

In the speed-torque characteristics, TL is the load torque, “a” is the operating point
at rated stator voltage.
With reduced voltage ( K = 0.5 ), “b” is the operating point in the reduced motor
speed and torque.
Stator voltage control method offers limited speed range. When three –phase
voltage controllers are used, introduces pronounced harmonics contents in the
supply voltage, therefore input power factor is quite low.
Used for low-power drives like fans, blowers and centrifugal pumps requiring low
starting torques.

(ii)

Stator Frequency Control
• The synchronous speed of the Three phase induction motor is proportional to
the supply frequency.

•

•

From the above expression, under rated voltage and rated frequency
operation, flux also at its rated value.

•
•

Frequency Reduction :
With constant voltage V1, if supply frequency reduced, flux increases and the
magnetic circuit get saturated, leading to inaccurate speed-torque
characteristics.
At low frequencies ,reactance will be low , leading to high motor currents, more
losses and reduced efficiency .
Due to these reasons, IM speed control with constant supply voltage and
reduced supply frequency is rarely used in practice.

•
•

•

Increase in Frequency :

•

With constant supply voltage, if the supply frequency increased, the
synchronous speed and the motor speed increases.

•

With Increase in frequency, flux and torque get reduced.

•

The speed-torque characteristics of a three phase IM with stator frequency
control with constant supply voltage.

Fig.3. stator frequency control

(iii)

Stator Voltage and Frequency Control (V/f control )

For a three-phase IM, stator per phase voltage is given by

•

From the above equation that if the ratio of supply voltage V , to the supply
frequency f is kept constant , the air gap flux remains constant.

•

Fig.4. V/F Control

•
•
•
•

The control of both voltage and frequency can be carried out using three-phase
inverters or cycloconverters.
Inverters are used in low and medium power drives.
Cycloconverters suitable for high-power drives like cement mills, locomotives etc.
Voltage- Source Inverters are used to implement Variable voltage and variable
frequency control.

Fig.4. Inverters for V/F Control

(iv)

•

Stator Current Control

The developed torque and speed of a three-phase IM can be controlled by stator
current.

From the above equation , it is observed that
•
•
•

•

The rotor current is directly proportional to the stator current.
The electromagnetic torque developed by the motor is proportional to the rotor current
(Te )
For stator-current control of IM drives, three-phase current-source inverters (CSI) are
employed. Figure.5. is the block diagram of CSI fed three-phase IM drive. The converter
in the circuit converts three –phase AC voltage into DC voltage. Inductor L converts this
voltage to constant DC current.
CSI regulates the output frequency and therefore the torque and speed of three-phase
IM.

•

The advantages of speed-torque control by CSI fed IM drives are

(i) fault current level control
(ii) current input is unaffected by motor parameter variations.

•

Disadvantages :

(i) generation of unwanted harmonics in the system.
(ii) torque pulsations.

Fig.5. Three-phase IM speed control through Current –Source Inverter (CSI)

•

The speed-torque characteristics of Three-phase induction for different stator currents
is shown in figure.6.

Fig.6. Three-phase IM speed-torque characteristic curves with stator current control

(v)
Static Rotor Resistance Control
• Three-phase variable resistance can be inserted in the rotor circuit of a three-phase slip
ring induction motor (SRIM) to vary the torque of the induction motor.
• The starting current and starting torque of SRIM can be varied by varying the rotor
resistance.

Figure.7. SRIM with rotor resistance control

•
•
•

Fig.7. shows the three- phase variable resistance connected to the rotor of the threephase slip ring IM.
Starting torque is proportional to the rotor resistance which is given in the above
equation.
This method of speed control is employed when speed drop is required for a short time,
as for example in overhead cranes, in load equalization etc.
Disadvantages:
(i)
(ii)
(iii)

Reduced efficiency at low speeds.
Speed changes very widely with load variation.
Unbalances in voltages and currents if rotor circuit resistances are not equal.

Effect of rotor resistance on speed-torque curves:
Figure.8 (1). Shows the variation on starting torque of the induction motor with
increase in rotor resistance.
•
•

The starting torque of the SRIM increases with increase in rotor resistance, but
the maximum torque remains the same.
Fig.8(2) shows how the stator current is reduced with increase in rotor
resistance.

Figure.8 .(1) Effect of rotor resistance on speed-torque curves
(2) Effect of rotor resistance on stator current

•

SRIM control by static variation of external rotor resistance

The three –phase resistor in Fig.7. may be replaced the static circuit consists of a
diode bridge rectifier, chopper and one resistor.
•
•
•
•
•
•

In this circuit shown in Fig.9. the function of inductor Ld is to smoothen the DC
current Id.
GTO chopper allows the effective rotor circuit resistance to be varied for the
speed –torque control of SRIM.
Diode rectifier converts slip-frequency input power to DC at its output terminals.
When chopper is ON, voltage Vdc = 0, and the resistance R get short-circuited.
When chopper is off, Vdc = Vd , and the resistance R is connected in the rotor
circuit.
The effective external resistance Re is given by
Re = R.Toff / T = R (1-k)
Where k = Ton/ T =duty cycle of chopper

Fig.9. SRIM –torque control by static chopper circuit –external rotor resistance control

Fig.10.waveforms pertaining to static control of rotor external resistance

(vi)

Slip-Power Recovery Schemes
• The Slip-power or air-gap power is wasted in the external resistance in static
chopper method of speed control.
• This leads to poor efficiency of the drive system.
• Instead of wasting the slip-power in the rotor circuit resistance, it can be
converted by various schemes for the speed control of SRIM.

•

There are two important slip-power recovery schemes.

(i) Static Kramer Drives
(ii) Static Scherbius Drives

(i)

Static Kramer Drives

The circuit configuration for Static Kramer Drive is shown in Fig.11.
•
•
•
•
•

The three-phase diode bridge rectifier Inductor Ld and the Line commutated
inverter forms the static circuit of the Kramer drives.
The slip-frequency power from the rotor of SRIM is converted DC voltage by
the diode rectifier.
Inductor Ld smoothens the DC voltage.
Line commutated inverter converts the DC into line-frequency AC power and is
pumped back to the AC source.
In Static Kramer circuit the slip-power can flow in only one direction, static
Kramer drive offers speed control below synchronous speed.

•

Figure.11 .Static Kramer Drive

Figure.12. Static-Scherbius Drives

(ii)

Static-Scherbius Drives

This is also a slip-power recovery scheme. For the speed control of SRIM , below and
above the synchronous speed ,Static-Scherbius scheme can be used.
The circuit configuration for Static Scherbius Drive is shown in Fig.12.
•
•
•
•

•

The three-phase bridge type controlled converter 1, Inductor Ld and the
controlled converter 2, forms the static circuit of the scherbius drives.
The slip-frequency power from the rotor of SRIM is converted DC voltage by
the controlled converter 1.
Inductor Ld smoothens the DC voltage.
Converter 2, converts the DC into line-frequency AC power and is pumped back
to the AC source for the speed control below the synchronous speed. (subsynchronous speed).
In super-synchronous speed control, the additional power is fed into the rotor
circuit at slip-frequency.

For sub-synchronous speed control bridge converter 1, has firing angle less
than 90° and converter 2 has firing angle greater than 90°.
Converter 1 works as rectifier and the converter 2 works as line commutated
inverter for sub-synchronous speed control.

For super-synchronous speed control converter 1 made to work as line
commutated inverter with firing angle greater than 90° and converter 2 works as
rectifier having firing angle less than 90°.

4. MCQ POST-TEST
1.The value of the slip of an induction motor during full load condition is ________
a) 0.99
b) .1
c) .8
d) 0
Answer: d
2. In three phase induction motor, the torque is proportional to the ---------.
1.
2.
3.
4.

Square of the stator supply voltage.
Stator Supply voltage.
1/ V
1/ V2

Answer:
1. Square of the stator supply voltage.
3. In static Rotor –resistance control of three phase Induction motor drives---------- (k=Ton / T =
Duty cycle of a Chopper)
1.
2.
3.
4.

Reff = R.k
Reff = R.(1-k)
Reff = R / k
Reff = R / .(1-k)

Ans:
2. Reff = R.(1-k)

5.CONCLUSION
Electric drives are widely used in various industries. Converters employed AC drives gives
smooth and wide range of speed control without much expensive.
Three-phase induction motor drives speed-torque equation, speed-torque characteristics are
discussed.

Various speed control techniques implemented using static converters.
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UNIT-IV
Synchronous motor drives
Synchronous motor runs at synchronous speed. Stator of the synchronous motor is fed with three phase
AC supply and rotor of the synchronous is fed from DC voltage for field excitation. Synchronous motor
are not self- starting and are provided with damper winding to start, synchronous motor starts as on
induction motor and later attains synchronous speed and runs as synchronous motors.
Few worth noting characteristics of synchronous motors are:
(i)

Synchronous motor always runs at constant speed i.e at its synchronous speed and is given
by NS = 120f/ P. It runs at synchronous speed or not at all.
NS - Synchronous speed
f - supply frequency
P – number of stator poles

Synchronous motors are not self –starting, it has to be run upto synchronous speed by some
external means before synchronized with supply.
(ii)

Synchronous motor can be operated under a wide range of power factors, both lagging and
leading. Hence Synchronous motors also used for power factor corrections.

Working of Synchronous motor:
Synchronous motor has two main parts:
1. Stator
2. Rotor
Stator : Stator is the stationary part of the machine. Stator is provided with slots to accommodate three
phase windings. When three phase AC supply is given to three phase winding , stator produces three
phase rotating magnetic flux , which is revolving at synchronous speed, NS = 120f / P.
Rotor : Rotor is the rotating part of the machine. Rotor carries the field winding which is excited by DC
supply. Based on the rotor construction there are two types of rotor ,namely
(i)
(ii)

Salient pole rotor
Cylindrical rotor.

Salient pole rotor :
This type of rotor construction has projecting poles on its outer periphery . The field winding are
concentrically wound on the salient pole rotor. This type of rotor construction is suitable for low speed
machines. Damper windings are provided in the pole faces of salient pole rotor. Copper or Aluminum
bars are housed in the slots of the pole faces. The ends of the damper bars are short circuited at the ends
by short circuiting rings. Damper windings provide mechanical balance and damping effect and also
reduces the hunting in case of synchronous generator. In synchronous motor, damper winding act as
rotor bars and help in self starting of the motor.
Cylindrical rotor
Cylindrical rotors are made up of solid steel forging. The rotor is solid to accommodate the field winding.
Aluminium or copper strips ar employed for field windlings. This type of cylindrical construction is used
for high speed turbo alternators.
DC supply is given to rotor field winding for excitation. Now the rotor acts as amashed having two salient
poles(north & south poles).
Working:
When rotor is at standstill position, rotor magnetic poles cannot follow the magnetic field which is
rotating at synchronous speed( N & S poles of stator)
The N pole of Rotor is attracted and repelled alternatively for each half of the revolvilng stator poles, the
magnetic locking between stator and rotor poles due not occur and the rotor cannot completes its full
rotation. That is why synchronous motor are not self starting.

Methods of starting:
The synchronous drives are started by using external motor. The rotor of the synchronous motor is rotated
by external motor upto synchronous speed, then the DC supply for rotor winding is switched on and pull
in of rotor takes place.
Another method for starting of synchronous motor is, first the synchronous motor started as a normal
induction motor, When rotor reaches synchronous speed, then the dc field supply is switched on and pull
in process begins.
Speed control of synchronous motor drives:
Variable frequency control
Synchronous speed is directly proportional to the frequency.Constant flux operation below speed can be
obtained by operating synchronous motor with constant (v/f)ratio.Variable frequency control can be
employed for the following mode.
Separate controlled mode
Self controlled mode.
SEPARATE CONTROLLED MODE:
This is open loop (v/f) speed control method.Hence the stator supply frequency is controlled from an
independent oscillator. More than one synchronous machines are connected in parallel to the same
inverter, all the machines run in response take command frequency f at the input.
Frequency command is passing through the delay circuit and it is applied to the voltage some inverters
(or) voltage fed PWM inverter. This is done so that the rotor source is able to track the change is
frequency. Flux control blocks, changes the voltage with respect to frequency so that is maintains v/f ratio
constant.

Fig 4.1

Separate controlled mode

Constant flux is maintained by keeping v/f ratio constant for the speed below base speed, and maintains
constant terminal voltage for the speed above base speed. Three phase AC supply given to the bridge
rectifier circuit, after converted to DC, applied LC filter circuit.
The DC voltage is given to the three phase PWM controlled voltage source inverter.PWM control is
obtained based on the values of f* and f (frequency command & voltage signal).
Power produced by synchronous motor is given by,
Pm =

𝟑𝑽𝑬
𝑿𝑺

sin

V-Stator voltage
E- Field excitation voltage
𝑃𝑚

3𝑉𝐸

Torque (T) = 𝑊𝑠 = = 𝑊𝑠𝑋𝑠 sin
Torque will be maximum, When  = 90°
3𝑉𝐸

Ie: Tmax = 𝑊𝑠𝑋𝑠

The maximum motor torque is also known as pull our torque. Increase in torque beyond this values, will
lead slow down of motor & the synchronous will lost. This phenomenon is called pulling out of step.
F* - applied thro delay circuit so that rotor is able to track the changes in frequency. Flux control block
changes stator voltage with frequency to maintain a constant flux below base speed (by keeping V/F
ratio constant and constant terminal voltage above base speed).

Advantage:
This method is employed only in multiple synchronous motor drives requiring speed tacking between
motor.
Ex: fiber spinning mills, paper mills, textile mills.

Self controlled mode:
A machine is said to be self controlled mode of synchronization.
Motor gets variable frequency from an inverter. Thyristor inverters are fired in a sequence, based on
rotor position or stator voltage.

Fig 4.2

Separate controlled mode

In this circuit, rotor position sensor is used to measure the position of the rotor with respect to stator
and accordingly send pulses for thyristor firing.
Frequency of inverter output is decided by rotor speed. The supply frequency is changed.
So that the synchronous is same as rotor speed and hence rotor cannot pull out of slip and hunting
oscillations are control.

Subject : Electric Drives
( Common to 7th sem(Reg) EEE & 5th Sem (PT) EEE)
UNIT-V
Digital control techniques and Selection of Electric Drives

1.Aim : To discuss the digital control techniques and selection of Electric drives
for Steel rolling mills, Paper mills.
Objectives : To discuss the selection of Electric drives in terms of
Basic process involved.
Required speed-torque characteristics.
Power Rating.
Electric drives for Steel Rolling Mills and Paper Mills
1. STEEL MILLS

Steel mills usually produce blooms, slabs, rails, rods, sheets, strips, beams,
bars or angels. Rolling of steel is the process during which the cross section
of the metal gets reduced, while increasing its length proportionately is the
major function of steel mills. Rolling mills are generally classified according
to their products.
A blooming mill produces blooms. Blooms are any length of rolled metal
having almost a square cross section.
If the rolled metal is of rectangular cross section, it is called a slab and the
mill that produces it is a slabbing mill.
Blooms of reduced cross-section are known as billets. A billet can be further
rolled into bars, squares, angels, rods etc.
A plate rolling mill reduces slabs into plates whose thickness is small
compared to the width.

Technologically the rolling mills are divided into four types:
1. Continuous cold rolling mills.

2. Reversing cold rolling mills.
3. Continuous hot rolling mills.
4. Reversing hot rolling mills.

Cold rolling mills:
Sheet steel having high mechanical properties, uniform gauge and good surface
quality can be produced only by cold rolling mills.
Hot rolling mills:
Blooms, slabs, billets, strips etc. are manufactured by hot rolling mills.
In a reversing mill only one stand carrying the rolls that press the metal
and the metal is passed through this stand alternatively forward and
backward several times in order to reduce it to desired size. Each motion
or travel is known, “pass”.
Reversing Hot Rolling Mills:
Reversing Hot Rolling Mills roll out blooms or slabs from hot steel ingots. Ingots
come directly either from steel making shops or from heating chambers called
soaking pits. Figure 1 shows a schematic diagram of various stages in the hot
reversing mills.
The ingots brought up to the front edge of the mill bed are tilted and placed on the
receiving table such that they lie with its longitudinal axis horizontally on the bed.
Weighing table weigh the passing ingots.
The mill bed has a few work tables, several intermediate tables and a run out table
in succession ending with a shear table , where the rolled metal is cut into standard
lengths.

Ingot buggy
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Intermediate
table
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Figure.1.Various stages of Reversing hot rolling mills

Main requirements of the drive for the main working rolls are:
(i)
(ii)
(iii)
(iv)
(v)
(vi)

Wide range of speed variations
Ability of the motor and its control equipment to permit frequent starts
and reversals.
Reversal of the direction of rotation of the motor without causing serious
disturbances in the power handling circuits.
Automatic control of operation
High reliability, and
Accuracy.

2. PAPAR MILLS
Pulp making and paper making are the two main process in a paper mill
and the drives required are quite different for each one of them.

Pulp Making:
Pulp is made in two ways, (i) purely by mechanical process (ii) by mechanical and
chemical processing.
Mechanical process:
Mechanical process involves grinding logs of wood of about a meter length on
large grind-stones. Grinders operate at almost constant speed and can be started
under light load conditions. Hence synchronous motors are considered as most
suitable for grinder drives. Speed range 200- 300 rpm, geared drives are used
especially when the motors installed in a separate room for protection from humid
atmosphere. Large size grinders driven by 3000-4000 Kw motors are normally
considered as economical.
Mechanical process and Chemical process:
Pulp can also be made by cutting logs of wood into chips of several centimeters
length and treating them with alkalies along with other raw materials like grass,
rages etc. During the chemical treatment the material is continuously beaten.
The end products of the grinders as well as beaters are refined and stored in large
tanks as pulp ready for making paper.
Paper Making:

The machine that makes in a paper in a paper in a paper mill has to perform the job
of forming sheets, removing water from sheets, drying of sheets, pressing of sheets
and realing up of sheets.
The paper is made in the following five sections:
(i)
(ii)
(iii)
(iv)
(v)

Couch section
Press section
Dryer section
Calender section
Reel section

Figure.2. shows a schematic layout of the different sections that makes a paper.
The paper pulp suspension with a moisture content of 98 % to 99% is transferred
uniformly to the wire. Most of the quantity of water drips through the wire mesh
and the rest is removed by suction.

Couch section

Press section

Dryer section

Reel
section

Calender section
Figure.2 . Schematic layout of various sections of Paper mill

Requirements of paper machine drive:
1. It is necessary to maintain the speed of the paper machine constant.

2. Speed should be adjustable over a range of 10 : 1
3. Care should be taken to allow the elongation of paper web by varying the
speeds of individual sections.
4. As web is manually introduced into the calender an arrangement to take up
sag is must.
5. Each section should be able to run at the crawling speed of 10- 25 m/min for
running in felts , wire and heating up dryer cylinders.
6. Smooth and quick starting of the sections without causing excessive starting
current are required.
7. Control system employed should be flexible in nature.

Types of drives used for Paper Machine:
Two types of drives are employed for making paper from pulp.
1. Line Shaft Drives.
2. Sectional Drives.
Line Shaft Drives:
The various sections of the paper machine are driven from a line shaft running
the full length of paper machine.
Normally electric motors are employed to drive the transmission shaft. Both AC
and DC drives can be used. In AC drives AC commutator motor with shunt
characteristics is used to obtain an economic speed control system.
In DC drives speed of the paper machine is controlled by varying the armature
voltage of separately excited DC motor.
Sectional Drives:
In sectional drive each section of the paper machine has its own electrical motor.
All the motors are operated from a common supply bus. By varying the bus bar
voltage speed of the paper machine can be controlled. By adjusting the field
excitation of any motor it is possible to vary the speed of that particular motor
with respect to other motors.

Multiple Choice Questions:

1. The digital control system of electric drive system consists of a
(a) Micro controller with data connection interfaces
(b) Data network
(c) Sensors and actuators
(d) All the above
Ans: (d) All the above

2.

Blooms, slabs, billets, strips etc. are manufactured by
(a) Hot rolling mills
(b) Continuous cold rolling mills
(c) Reversing cold rolling mills
(d) None of the above
Ans: (a) Hot rolling mills

3. Sheet steel having high mechanical properties, uniform gauge and good surface quality can be
produced only by
(a) Continuous hot rolling mills
(b) Reversing hot rolling mills
(c) Cold rolling mills
(d) None of the above
Ans: (c) Cold rolling mills
4. In paper mills, the motor which is suitable for pulp making grinder drives is
(a) Induction motors
(b) Synchronous motors
(c) DC series motor
(d) DC shunt motors
Ans: (b) Synchronous motors
5. Types of drives used for paper machine are
(a) Line shaft drives
(b) Sectional drives
(c) Both line shaft drives and sectional drives
(d) None of the above
Ans: (c) Both line shaft drives and sectional drives

6. 6. In lift drive system VVVF controller gives
(a) Variable voltage
(b) Variable frequency

(c) Variable current
(d) Variable voltage and variable frequency
Ans: (d) Variable voltage and variable frequency

