EXPERIMENT 1:
Aim: Study of power modulators
Theory:

Drives employing electric motors for motion control are called electric drives. Power
modulators form a major component of electrical drives.

Power modulators are the devices which alters the nature or frequency as well as changes the
intensity of power to control electrical drives.

power
modulator

source —

|
]
]
|
]
]
]
]
|
L

control se]]si]]g
unit unit

input command

Block diagram of Electrical Drive

Function of Power Modulation

Modulated flow of power from the source to the motor in such a manner that motor is
impaired speed torque characteristic required by load.

During transient operation, stalling, braking and speed reversal, it requires source & motor
current which permissible values excessive current drawn from source may overload it or
may cause a voltage drop which converts electrical energy of the source in the form of
suitable energy for the motor selects the mode of operation of the motor i.e.
motoring/braking.

Controls for power modulator one built in control unit which usually operates at much lower
voltage and power levels in addition the power modulator it may also generate commands for
protection of power modulation and motor.

They can be classified as:-

1. Converter
2. Variable impedance
3. Switch circuits

Converters are used to convert current from one type to the other operating upon function
they can be divided into 5 types:-

1. AC to DC converters
2. AC regulators




3. Choppers or DC-DC converters
4. Cycloconverter
5. Inverters

AC to DC converters: They are used to obtain fixed/variable DC supply from AC supply
from AC supply of fixed voltage.

i fixed DC voltage
fixed voltage > diode rectifier &
1or 3 phase

fixed voltage i
e . fully controlled rectifier variable DC
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fixed voltage variable DC
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half controlled rectifier

AC regulators: AC regulators are employed are employed to get variable of the same
frequency from a source of fixed AC voltage auto transformer or tap change transformer are
used here stepless control of output voltage obtained by firing angle control.

fixed voltage : y 1
g aunto transformer of fixed turns ratio lower/fixed

1 or 3 phase AC > AC voltage

fixed voltage variable voltage AC

1 or 3 phase AC >

transformer with taps

fixed voltage variable volatge AC
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thyristor voltage controllers

Chopper: choppers are used to get variable , it varies from a fixed DC and are designed
using semiconductor devices such as power transistor IGBT’s, GTO’s, power MOSFET’s
and thyristors output voltage can be varied separately by controlling the duty ratio of the
device of low power signal from control unit.
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Inverters: Inverters are employed to get a variable frequency AC supply from a DC supply
for the control of AC mains, voltage/current should also be controlled along with frequency
variation in output voltage/current can be achieved either by importing a chopper between
fixed voltage DC source & the inverter or the inverter may be fed from an AC-DC converter.

Cycloconverter: Cycloconverter converts fixed voltage & frequency AC to variable voltage
& variable frequency AC as they are using thyristors and are controlled by firing angles
derived from a low power controlled unit.
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Variable impedance: variable impedances are commonly employed for the control of low
cost DC & AC drives.

These may home two or more steps and can be controlled manually or automatically with the
help of controllers.

Switching circuits: They are required for the following

For changing motor connection to change its quadrant of operation
For operating motor circuit parameters in discrete steps

For operating motors & drives according to a predetermined sequence
To provide interlocking to prevent mal-operation

To disconnect the motor during abnormal operation

Switching operation in motor power circuits are carried out by high power electromagnetic
relays. Thyristors switches home disadvantage, that they units provide perfect isolation
between source & motor circuits. So, contractors can be widely used.




EXPERIMENT : 2

Aim: Simulation of single phase half wave phase controlled converter with R and R-L load
on MATLAB.

Apparatus Required:

MATLAB/SIMULINK installed on PC.

Theory:

The phase controlled rectifiers using SCRs are used to obtain controlled dc output voltages
from the fixed ac mains input voltage. The circuit diagram of a half controlled converter is
shown in Figurel .

For R load :

The output voltage is varied by controlling the firing angle of SCRs. The single phase fully
controlled converter consists of four SCRs. During positive half cycle, SCR1 are forward
biased. Current flows through the load when SCRL1 is triggered into conduction. During
negative half cycle SCR1 is commutated due to reverse biased. If the load is resistive, the
load voltage and load current are similar.

Average dc voltage, Vdc =(1+cos a) (volts)

Where,
Vm is the maximum input voltage
a is the firing angle of the SCR

For RL load :

When the load is inductive, SCR1 conduct from o to mw. The nature of the load current
depends on the values of R and L in the inductive load. Because of the inductance, the load
current keeps on increasing and becomes maximum at . At 7, the supply voltage reverses but
SCRs 1 does not turn off. This is because the load inductance does not allow the current to
go to zero instantly. Thus the energy stored in the inductance flows against the supply mains.
The output voltage is negative from n to 7 + a since supply voltage is negative.

Average dc voltage, Vdc=« cos a —cosf) (volts)

Where,
Vm is the maximum input voltage
a is the firing angle of the SCR

Procedure:

1. Make the connections as per cicuit diagram with elements taken from the MATLAB library
for both R & RL load.

2.Simulate them.

3.0bserve the waveform carefully on scope.

Result:
Simulation of half wave controlled rectifier with R & RL load have been simulated.




Circuit Diagram:
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EXPERIMENT: 03

Aim: Simulation of single phase full wave phase controlled converter with R and R-L load
on MATLAB.

Apparatus Required:
MATLAB/SIMULINK installed on PC.
Theory:

The phase controlled rectifiers using SCRs are used to obtain controlled dc output voltages
from

the fixed ac mains input voltage. The circuit diagram of a fully controlled converter is shown
in

figurel.
For R load :

The output voltage is varied by controlling the firing angle of SCRs. The single phase fully
controlled converter consists of four SCRs. During positive half cycle, SCR1 and SCR 2 are
forward biased. Current flows through the load when SCR1 and SCR2 is triggered into
conduction. During negative half cycle, SCR3 and SCR4 are forward biased. If the load is
resistive, the load voltage and load current are similar.

Average dc voltage, Vdc=(l+cos a) (volts)

Where,

Vm is the maximum input voltage
a is the firing angle of the SCR
For RL load :

When the load is inductive, SCR1 and SCR2 conduct from o to w. The nature of the load
current depends on the values of R and L in the inductive load. Because of the inductance, the

load current keeps on increasing and becomes maximum at m. At m, the supply voltage
reverses but SCRs 1 and 2 does not turn off. This is because the load inductance does not
allow the current to go to zero instantly. Thus the energy stored in the inductance flows
against the supply mains. The output voltage is negative from « to @ + a since supply voltage
iS negative.

Average dc voltage, Vdc=<cos a (volts)

Where,

Vm is the maximum input voltage




a is the firing angle of the SCR

Procedure:

Make the connections as per cicuit diagram with elements taken from the MATLAB
library for both R & RL load.

Simulate them.

Observe the waveform carefully on scope.

Result:

Simulation of full wave controlled rectifier with R & RL load have been simulated
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Experiment :04

Aim: To control speed of induction motor using stator voltage control.

Apparatus Required:

S.NO EQUIPMENT RATING QUANTITY

1

Theory:

By using stator voltage, speed of a high slip Induction Motor can be reduced by an amount
which is sufficient for speed control while torque is proportional to voltage square, current is
proportional to voltage:

Ta

Val
as voltage is reduced to speed for some current motor develop torque. Consequently, this
method is suitable for application whose torque demand reduces with speed which points
towards its suitability for fan and pump drives.
Variable voltage for speed control of small sized motor, particularly for single phase is

sometimes obtained using autotransformer. However, more common method is AC Voltage
controller.

Procedure:

1. Connect Circuit as shown in figure.

2. The supply should be connected through an transformer.

3. Connect the output of auto transformer to stator terminal.

4. Connect the multimeter across the two phase windings of rotor.

5. Now vary stator voltage by an auto transformer.

6. Note down the speed of motor using tachometer while varying voltage.
Circuit Diagram:

IMZIOMOZD D o-Hc>»




Observations:

S.NO STATOR VOLTAGE

Precautions:

1. Connections should be tight.
2. Motors used should be of appropriate ratings.

Result:

Speed control of Induction Motor using stator voltage control is studied.




Experiment : 05

Aim :Speed control of DC shunt motor by armature voltage control method.

Apparatus Required:

S.No. Apparatus

Quantity

Circuit Diagram:
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Theory:

This armature voltage control method of speed control of DC shunt motor is used for
controlling speed below base speed. As its used for below base speed hence its also called as
constant torque control method as our torque remains constant in this region. This method is
used when speeds below the no-load speed are required. As the supply voltage is normally
constant, the voltage across the armature is varied by inserting a variable rheostat in series
with the armature circuit. As controller resistance is increased, voltage across the armature is
decreased, thereby decreasing the armature speed. For a load constant torque, speed is
approximately proportional to the voltage across the armature.

Procedure:

1. Connections are made as per the circuit diagram.

2. After checking the maximum position of armature rheostat and minimum position of field

rheostat, DPST switch is closed




Armature Control:

Field current is fixed to various values and for each fixed value, by varying the armature
rheostat, speed is noted for various voltages across the armature.

Observation Table:

Armature Voltage Control:

S.no If=
Armature Voltage Speed N (rpm)
Va(Volts)

Result:
Thus we have been obtained the speed control characteristic curve of DC Shunt motor.

Precautions:
1. Field Rheostat should be kept in the minimum resistance position at the time of starting

and stopping the motor.

Armature Rheostat should be kept in the maximum resistance position at the time of
starting and stopping the motor




Experiment-06

Aim -Speed control of DC shunt motor by field Control method.

Apparatus Required:

S.No. Apparatus Range Type Quantity

Circuit Diagram:
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Speed control of DC shunt motor by the help of field flux control is carried out above the
base speed. As its used for above base speed hence its also called as constant power control
method as our power remains constant in this region By decreasing the flux, the speed can be
increased and vice versa. The flux of a dc motor can be changed by changing Ish with help of
a shunt field rheostat. Since Ish is relatively small, shunt field rheostat has to carry only a
small current, which means IshR loss is small, so that rheostat is small in size.

Procedure:

1. Connections are made as per the circuit diagram.

2. After checking the maximum position of armature rheostat and minimum position of field
rheostat, DPST switch is closed.




Field Control:

1 Armature voltage is fixed to various values and for each fixed value, by adjusting the
field rheostat, speed is noted for various field currents.

2 Bringing field rheostat to minimum position and armature rheostat to maximum position
DPST switch is opened

Observation Table:

Field Control:

Va=

Field

Current

If (A)

Result:
Thus we have been obtained the speed control characteristic curve of DC Shunt motor.

Precautions:

1. Field Rheostat should be kept in the minimum resistance position at the time of starting
and stopping the motor.

2. Armature Rheostat should be kept in the maximum resistance position at the time of
starting and stopping the motor.




Experiment : 07
Aim: To control speed of DC motor using Ward Leonard control method.

Apparatus Required:

S.NO EQUIPMENT RATING QUANTITY
1

Circuit Diagram:
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THEORY:

The schematic diagram of the Ward-Leonard method of speed control of a DC shunt motor is
shown in fig . In this system M is the main DC motor whose speed is to be control, and G is a
separately exited DC generator. The generator G is driven by a Dc shunt motor . The
combination of DC shunt motor (prime mover) and the DC generator is called the motor-
generator (M-G)set.

By changing the generator field current, the generator voltage is changed.This voltage when
applied direct to the armature of the main DC motor M changes its speed. The motor field




current is kept constant so that the motor field flux remain constant. The motor armature is
kept equal to its rated value during the speed control. The generator field current is varied
such that the armature voltage V changes from zero to its rated value. The speed will
changes from zero to the base speed. Since the speed control is carried out with rated current
and with constant motor field flux, a constant torque upto base (rated) speed is obtained.
Since the power P (=torque * speed ) is proportional to speed, it increases with speed. The
direction of the field current of the variable voltage generator may be reversed by providing
a reversing switch in the field circuit

Procedure:

1. Connect Circuit as shown in figure.

2. Switch on the supply of Ac motor as a prime mover

3. Change the DC generator output voltage by varying the field current

4. Measure the corresponding changes in Dc motor speed with the help of tachometer

5. BY changing the position of intermediate switch, reverse the direction of  motor.

Observations:

S.NO Armature Voltage(volts) Speed (rpm)

Armature voltage (vOlts)

Fig: Variation of Speed with the Amature voltage
Here torque is directly proportional to armature voltage.

Advantages of using Ward-Leonard method

1. A very large range of speed variation is possible.

2. The direction of rotation may be easily reversed by reversing the generator field current.
3. The control is affected through the generator field circuit, which is current circuit.




Drawbacks of Ward-leonard method

1. Higher initial cost due to use of two additional machines of the same rating as the main dc
motor.

2. Larger size and weight.

3. Requires more floor area and costly foundation.

4. Frequent maintenance is needed.

5. Lower efficiency due to higher losses.

6. The drive produces more noise.

Precautions:

1. Connections should be tight.
2. Motors used should be of appropriate ratings.




Experiment : 08

Aim: To Study Simulation of Single Phase Full-Wave Bridge inverter on MATLAB.
Apparatus Required: MATLAB Software.
Theory:

The name MATLAB stands for MATrix LABoratory. MATLAB was written originally to provide
easy access to matrix software developed by the LINPACK (linear system package) and EISPACK
(Eigen system package).The main function of power modulator is to transform the waveform of a

power sources to that the required by an electric motor in order to achieve the desired performance.

A device that converts DC power into AC power at desired output voltage and frequency is called an
inverter.

Single Phase Bridge DC-AC Inverter with R Load A single phase bridge DC-AC inverter is shown in
Figure 1. The analysis of the single phase DC-AC inverters is done taking into account following
assumptions and conventions:

e The current entering node a in Figure 1 is considered to be positive.
o The switches 1-4 are unidirectional, i.e. they conduct current in one direction.

When the switches 1 S and 2 S are turned on simultaneously for a duration 0 <t < T, , the input
voltage Vin appears across the load and the current flows from point a to b. If the switches S; and S
are turned on for a duration T1< t< Ty, the voltage across the load is reversed and the current through
the load flows from point b to a. The voltage and current waveforms across the resistive load are
shown in Figure 2.

Case 1: At time t = Ty, the switches S; and S; are turned off and the pair of switches Sz and S4 are
turned on. Due to the inductive load, the current through the load ( iL) will not change its direction at
1 T =t1 and will continue to flow through the load from point a to b, through the diodes D3 and D4 ,
till it becomes zero as shown in Figure 3a. Once, i =0, S; and S, start conducting and the load
current i builds up in opposite direction (point b to a).

Case 2: Attimet =T, the switches S; and S; are turned on and the pair of switches S ;and S 4 are
turned off. Just as in case 1, the current takes time to become zero and diodes D1 and D2 conduct as
long as its non-zero.

Procedure:

Click File — New —Model

Click on Simulink library browser.

Search the components required and add them to the model.
Connect components to form correct circuit diagram.

Run simulation.

Observe waveform and compare it with the theoretical waveform.

Result:

The output waveform of Single Phase Full-Wave Bridge inverter obtained on MATLAB is same as the
theoretical waveform.
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Figure 2 | Instantaneous voltage and current waveforms for full bridge DC-AC inverter
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Figure 3 a: Current flow in case 1 Figure 3 b: Corrent flow in case 2




Figure 4: Voltage and current waveforms in case of R-L loads

Matlab Circuit Diagram:
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OUTPUT WAVEFORM:




Experiment : 09
Aim :To use variable resistance in the rotor circuit to control wound rotor induction motor speed

Apparatus Required:
Circuit Diagram:

Power Analyser

£ 9 A2
e e [ ©
hree phase Hree phase 1 Three phase Mechanical
v B e——- : '

Auto X'mer Y Load

50 Hz

(o—o

Theory: Polyphase induction motors are mainly of two types by construction, squirrel cage and wound-
rotor(with slip-rings). In the case of a squirrel cage induction motor, the rotor is inaccessible and rotor circuit
resistance is fixed, whereas the wound-rotor machines are provided with slip-rings by which additional resistance
can be connected in series with the machine rotor. Terminals are brought out from each phase for connecting
external resistances.

The motor speed is a function of its rotor resistance. This is evident from the equivalent circuit shown in Fig.(1)
and the subsequent equations (1-3).

I Rg Xsl

Figure 1: Per phase equivalent circuit of Induction Motor

To determine expressions for torque and power, the equivalent circuit in Fig.(1) must be analysed using its
Thevenin equivalent looking into the network from the rotor side. The stator impedance Rs +jXs and the
magnetization branch jXm (neglecting resistance) converted to Thevenin impedance are given by Re+j Xe. The
equivalent Thevenin voltage is given by Ve. With this rotor current Ir’ is given by

Ve (1)

Ir =
(Re +¥) +j(Xe+Xr1)




Procedure:

1.Connect the stator of the induction motor with input supply.

2. connect the external resistance in series with the rotor windings.

3.Vary the resistance with the help of rheostat and note down the corresponding speed of motor with the
help of tachometer.

4.Note down the readings in the observation table.

Observation table
S.No. Rotor resistance Speed (rpm)

RESULT:
By changing the resistance, variation in motor speed is observed.

DISCUSSION:




EXPERIMENT: 10
AIM : To study the speed control of induction motor by varying supply frequency.

THEORY :

The air-gap induced emf in an ac machine is given by 4.44 E Kwpm fT where Ky is stator winding
factor, dpm maximum air-gap flux, f is supply frequency and T is no of turns per phase in stator. Any
reduction in supply frequency, without a change in terminal voltage, causes an increase in air-gap flux.
Induction motors are designed to operate at knee point of magnetization characteristic to make full use
of magnetic material. Therefore increase in flux will saturate the motor. This will increase magnetizing
current, distort line current and voltage, increase core loss and stator copper loss. Since voltage induced
in stator is proportional to product of supply frequency and air-gap flux, hence the air-gap flux can be
maintained constant for optimum flux level in a machine by keeping the ratio of (applied voltage to
stator impedance drop) and stator frequency constant. At high voltage level, stator impedance ( Rs+ jXis)
drops is very small, so constant torque operation is maintained by just V f constant. On the other hand,
for low speed operation stator drop increased and thus ratio V f is to be slightly boosted. So, with
constant torque operation speed can be varied from very low to near synchronous value with both
voltage and frequency attaining their rated value at synchronous speed. Any speed above the
synchronous speed can be obtained by increasing the above rated value. The applied voltage cannot be
increased anymore because this results in weakening the air-gap flux and reduction in torque. The motor
now operates in constant power zone. With increase in frequency, air-gap flux also weakens.

3 ——— Constant Torque Zone ———=—— Constant Power Zone
= Constant V/f Zone #— —— Copstant Voltage Zone

Freguancy

——

Valtage

T, £ V (in pu and m H=)

Base Speed

N

Frequency ———m= Speed (in pu) -

Therefore, whenever stator frequency is changed to obtain speed control, stator input voltage has to be
changed accordingly to maintain air-gap flux constant. So, usually a preprogrammed volts-tofrequency
relationship is used as shown below.

VA

= f
The block diagram of closed-loop induction motor drive with constant volts/Hz control strategy is
shown below




34 Controlled
AC Supply Rectifier

PI Controller

The actual rotor speed is compared with its commanded value,
and the error is processed through a controller, usually PI controller and a limiter to obtain the slip-speed
command,ws * . The limiter ensured ensures that the slip-speed command is within the maximum

allowable slip speed of the induction motor. The slip-speed command is then added to electrical rotor
speed to obtain the stator frequency command. Thereafter, the stator frequency command is processed as
in an open-loop drive. Kdc is the proportionality constant between dc load voltage and stator frequency.

DISCUSSION :
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