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Experiment no. 1

Objective: Speed control of a three-phase induction motor using v/f control

Apparatus required:

S No Apparatus Name Ratings

Induction Motor 3/2.2(HP/KW),415V,4.5A,1440RPM

Sep. Excited DC Motor 3 HP, 220V/11A, 1500 RPM

Voltmeter 0-500V/(AC), 0-300V(DC), 0-300V(DC)

Ammeter 0-5A(AC), 0-5A(DC), 0-5A(DC)

INDUCTION Controller/ Drive DELTA MS300

Resistive Load 440V/20A

Block diagram:

1-Ph Diode
1-Ph Suppl : it
upply Bridge Rectifier DC Field Excitation

3-Ph Supply VFD | INDUCTION DC
415V/A0Hz DRIVE | MOTOR GENERATOR

Components of VFD:

3-Ph DBR 3-Ph Inverter
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Theory:
e Speed control-
The various methods of speed control through semiconductor devices are as under:

1. Stator Voltage Control.

2. Stator Frequency Control

3. Stator Voltage And Frequency Control (V/f).
4. Stator Current Control.

5. Rotor Voltage Control.

6. Voltage, Current And, Frequency Control.

The V/F control algorithm is one of the basic control modes which is widely accepted. V/F is abbreviated
from voltage/frequency. V/F control is an induction motor control method that ensures the output voltage is
proportional with the frequency, so it maintains a constant motor flux, preventing weak magnetic and magnetic
saturation phenomena from happening.

V/f control of the induction motor means varying the speed of the motor by changing frequency but, at the
same time, keeping the V/f ratio constant. This is important to maintain the same air gap flux in the motor
and hence a constant torque.

e Induction motor —

A 3-phase induction motor consists of a stator and a rotor. The stator carries a 3-phase stator winding while
the rotor carries a short-circuited winding called rotor winding. The stator winding is supplied from a 3-phase
supply. The rotor winding drives its voltage and power from the stator winding through electromagnetic
induction and hence the name.

An induction motor cannot run at synchronous speed. If it runs at synchronous speed, there would be no cutting
of the flux by the rotor conductors and there would be no induced EMF, no current, and no torque. Therefore,
the rotor of the induction motor rotates at a speed slightly less than the synchronous speed. For this reason, an
induction motor is also known as Asynchronous motor.

The difference between the synchronous speed and the actual rotor speed is known as slip speed, i.e.,

Slip speed = Ns — N

Where Ns is synchronous speed and N is the actual rotor speed.

Generally, the slip speed is expressed as a fraction of the synchronous speed is called the per-unit slip. The
per-unit slip is usually called the slip and denoted by ‘s’. Thus,
_ Ny— N,
S = NS

e Dc motor -

Here DC machine is used as a generator for loading the induction motor. It supplies the DC power to variable
resistive lamp load to analyze the dynamic characteristics of induction motors at different values of loads.




Procedure-
1. Make the connections as per the wiring schedule.
2. Ensure proper coupling between the respective machines

3. Now check whether DC voltmeter connected across the generator is showing any reading. It may be required
to change the polarity of the meter if the deflection is in reverse direction.

4. Observe DC voltage generated on DC voltmeter and ammeter. Load lamps may also glow.
5. Maximum load current should not exceed rated motor/generator amperes.

6. Observe the voltage and load current on meters.

7. Change the frequency and note down the readings at a constant load

8. Increase the load and repeat the step 7

9. Note down the readings as per the following table.

OBSERVATION TABLE-

S.NO. Frequency Load Load Load

(Hz) Voltage Current (Watts)
(Volts) (Amps)
f1 Load 1

fa Load 1
f3 Load 1

f1 Load 2
f2 Load 2

f3 Load 2
f1 Load 3

f2 Load 3
f3 Load 3

O XN g~ W=

Calculations: Calculate v/f ratio at each value of load and draw a graph between the voltage and frequency
of motor at different frequencies.

A

Frequency TBase
(Hz)




Conclusion-

The Speed Control of INDUCTION motor using the V/f method is done at different values of loads, the
constant v/f ratio is calculated and a graph is plotted between voltage and frequency.

Precaution-

As the experiment involves 220V DC, and 415 volts 3 phase supply, students should become thoroughly
familiar with all the connections to avoid possible fatal electric shock hazards.

1) Wear shoes that cover the feet.

2) Don’t wear loose clothes.

3) Maintain a work space clear of extraneous material such as books, papers, and clothes.

4) Don’t use broken connecting wires.
5) Turn off the power switch to equipment before making connections.

6) The motor input current should not exceed its rated value.
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Experiment no. 2

Objective: speed control of synchronous motor using v/f control.

Apparatus required:

S No

Apparatus Name

Ratings

PMS Motor

2.3KW/3HP, 415V/4A, 1500 RPM

Separately Excited DC Motor

5 HP, 220V/17A, 1500 RPM

Voltmeter

0-500V(AC), 0-300V(DC), 0-300V(DC)

Ammeter

0-5A(AC), 0-5A(DC), 0-5A(DC)

PMSM Controller/ Drive

DELTA MS300

Resistive Load

440V/20A

Block diagram:

PPy Bridge Rectifier

DC Field Excitation

3-Ph Supply VFD
415V/50Hz DRIVE

Components of VFD:

3-Ph DBR

DC
GENERATOR

3-Ph Inverter
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Theory:
e PMSM -

A permanent magnet synchronous motor (pmsm), like any rotating electric motor, consists of a rotor and a
stator. The stator is the fixed part. The rotor is the rotating part. The PMSM with (p) number of poles and
frequency (f) rotates at synchronous speed (ns)

120f
NS=—P

o Bearing support assembly

|

a Rotor core sections
| from laminated steel

T Bar wound wire

Magnets o

Steel plate T

Rotor hub o

Stator core T

from laminated steel

e Dc motor -

Here the dc machine is used as a generator for loading the pms motor. It supplies the dc power to variable
resistive lamp load to analyze the dynamic characteristics of pmsm at different values of loads.

e Speed control-
The various methods of speed control through semiconductor devices are as under:

1. Stator voltage control.

2. Stator frequency control

3. Stator voltage and frequency control.

4. Stator current control.

5. Rotor voltage control.

6. Voltage, current and, frequency control.

In this experiment, the variable voltage variable frequency (vvvf) control method is performed.




Procedure-
1. Make the connections as per the wiring schedule.
2. Ensure proper coupling between the respective machines

3. Now check whether dc voltmeter connected across the generator is showing any reading. It may be required
to change the polarity of the meter if the deflection is in reverse direction.

4. Observe dc voltage generated on dc voltmeter and ammeter. Load lamps may also glow.
5. Maximum load current should not exceed rated motor/generator amperes.

6. Observe the voltage, and load current on meters.

7. Change the frequency and note down the readings at a constant load

8. Increase the load and repeat the step 7

9. Note down the readings as per the following table.

Observation table-

S.no. Frequency Load Load Load
(hz) voltage current (watts)
(volts) (amps)
F1 Load 1
F2 Load 1
Fs Load 1
F1 Load 2
F2 Load 2
Fs Load 2
F1 Load 3
F2 Load 3
Fs Load 3

1.
2.
3.
4.
S.
6.
7.
8.
9.

Calculations: Calculate v/f ratio at each value of load and draw a graph between the voltage and frequency
of motor at different frequencies.

A

Frequency fease
(H2z)




Conclusion-

The speed control of the PMS motor using the v/f method is done at different values of loads, the constant v/f
ratio is calculated, and a graph is plotted between voltage and frequency.

Precaution-

As the experiment involves 220v dc, and 415 volts 3 phase supply, students should become thoroughly familiar
with all the connections to avoid possible fatal electric shock hazards

1) Wear shoes that cover the feet.

2) Don’t wear loose clothes.

3) Maintain a workspace clear of extraneous material such as books, papers, and clothes.
4) Don’t use broken connecting wires.

5) Turn off the power switch to equipment before making connections.

6) The motor input current should not exceed its rated value.
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Experiment no. 3

Objective: Speed control of brushless DC motor drive

Apparatus required:

Sno

Apparatus name

Ratings

BLDC motor

2.3kw/3hp, 415v/4a, 1500 rpm

DC shunt motor

5 hp, 220v/17a, 1500 rpm

Voltmeter

0-500v(ac), 0-300v(DC), 0-300v(DC)

Ammeter

0-5a(ac), 0-5a(DC), 0-5a(DC)

BLDC controller/ drive

Delta ms300

Resistive load

440v/20a

Block diagram:

1-Ph Supply

1-Ph Diode

Bridge Rectifier

DC Field Excitation

VFD

3-Ph Supply
415V/50Hz

DRIVE

Components of VFD:

3-Ph DBR

3-Ph Inverter
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Theory:
e BLDC motor -

As their name implies, brushless DC motors do not use brushes. With brushed motors, the brushes deliver
current through the commutator into the coils on the rotor. Because the coils are not located on the rotor.
Instead, the rotor is a permanent magnet; the coils do not rotate but are instead fixed in place on the stator.
Because the coils do not move, there is no need for brushes and a commutator.

With a BLDC motor, it is the permanent magnet that rotates; rotation is achieved by changing the direction of
the magnetic fields generated by the surrounding stationary coils. To control the rotation, you adjust the
magnitude and direction of the current into these coils. The speed change is achieved by changing the
frequency. The BLDC motor with (p) number of poles and frequency (f) rotates at synchronous speed (ns)

_120f
ST p
e DC motor -

Here DC machine is used as a generator for loading the BLDC motor. It supplies the DC power to variable
resistive lamp load to analyse the dynamic characteristics of BLDC motors at different values of loads.

e Speed control-
The various methods of speed control through semiconductor devices are as under:

1. Stator voltage control.

2. Stator frequency control

3. Stator voltage and frequency control.
4. Stator current control.

5. Rotor voltage control.
6. Voltage, current and, frequency control.

In this experiment, the variable voltage variable frequency (vvvf) control method is performed.

Procedure-
1. Make the connections as per the wiring schedule.
2. Ensure proper coupling between the respective machines

3. Now check whether DC voltmeter connected across the generator is showing any reading. It may be required
to change the polarity of the meter if the deflection is in reverse direction.

4. Observe DC voltage generated on DC voltmeter and ammeter. Load lamps may also glow.
5. Maximum load current should not exceed rated motor/generator amperes.

6. Observe the voltage, and load current on meters.

7. Change the frequency and note down the readings at a constant load

8. Increase the load and repeat the step 7

9. Note down the readings as per the following table.




Observation table-

S.no. | Frequency Load voltage Load current
(hz) (volts) (amps)

F1

F2
F3

F1

F.

F3
F1

F2

© O N o g &~ N e

F3

Calculations: calculate v/f ratio at each value of load and draw a graph between the voltage and frequency of
motor at different frequencies.

A

fBase
Frequency

(H=z)

Conclusion-

The speed control of BLDC motor using the v/f method is done at different values of loads, the constant v/f
ratio is calculated, and a graph is plotted between voltage and frequency.




Precaution-

As the experiment involves 220v DC, and 415 volts 3 phase supply, students should become thoroughly
familiar with all the connections to avoid possible fatal electric shock hazards

1) Wear shoes that cover the feet.

2) Don’t wear loose clothes.

3) Maintain a workspace clear of extraneous material such as books, papers, and clothes.

4) Don’t use broken connecting wires.
5) Turn off the power switch to equipment before making connections.

6) The motor input current should not exceed its rated value.
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Experiment no. 4

Objective: Speed control of DC motor using Step-up Chopper.

'Step up Chopper' to study its working & observe the effect of change in duty cycle of the pulse at the
gate of MOSFET on the output voltage.

The instrument comprises of the following built in parts:
. One unregulated power supply of +20VDC.
IC based regulated power supplies of +12VDC, -12VDC and +5VDC for the driving circuit.
. MOSFET IRFP 250N.
. Op-amp.(OP 07) and power transistor (2N 6292) based driver circuit.
. frequency and duty cycle controls.
. Brass Lamp holder with lamp as a load (230V/40W).
. Circuit diagram printed on front panel for better understanding.

Theory

Bipolar junction transistors are current controlled devices. Field effect transistors on the other hand do
not normally require any input current and are unipolar devices. They involve a single conducting
channel, which can be of either N or P type material. The FET advantages in switching service since
they do not suffer the delays associated with minority carrier storage. Because they also demand no
input current, they are easier to drive. They are also less temperature sensitive and less susceptible to
second breakdown in high power applications. All JFETS are operated with reverse bias on their gate
leads to prevent gate current. However, a large input signal may momentarily overcome the reverse bias
and turn on gate diodes drawing appreciable current from the channel with a thin layer of silicon dioxide
(Metallic Oxide). Those FET's that use this technique are known as metallic oxide semiconductor field
effect transistors or MOSFETs. MOSFETSs are operated in depletion mode as do JFET,with negative
voltage on the gate terminal for N channel devices. Depletion mode operated devices are normally in
condition. The MOSFET may also be operated in the enhancement mode. In the mode the device is
normally in off condition and a sufficiently large positive voltage on the gate terminal can turn on the
device. Generally, power enhancement MOSFETSs are used in power electronic circuits its structure with
normal biasing of N channel enhancement MOSFET as shown in Fig. (1) with the circuit symbol a
metallic gate is deposited on the thin layer of metal oxide (insulator) which is deposited on the channel
opposite to the substrate due to insulated gate negligible gate current flows.
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The power enhancement MOSFET has an antiparallel fast turn on diode which permits reverse current
of the same magnitude as that of main MOSFET so that drain substrate junction will not be damaged
when drain and source has reverse biasing.

Applications

The enhancement MOSFET is used as a switch in power electronics by keeping sufficient gate to source
voltage (Vgs) so that it conducts in the constant resistance region. The conduction loss of the MOSFET
is high due to large value of device resistance in the on state the MOSFET can be triggered directly from
the CMOS or other gates due to high input impedance. Switching times (turn on and turn off) are very
low and hence switching loss is almost nil. The gate drive power is also negligible. They have large
gains and simple and cheaper triggering circuits. It has only one disadvantage i.e. Higher conclusion
drop generally five times more than the power transistor of the same rating.

Description of the step-up chopper

A power transformer steps down the input line voltage from 230Volts a.c. To 15VAC. Then AC voltage
is rectified, filtered and converted to a variable DC voltage up to a maximum of around 180 Volts DC
driving a 40-watt 230 volt lamp. The frequency of the chopping is also controlled.

Hence, the points A & B may be used to observe waveform on C.R.O. for the output voltage which is
attenuated. A small step-down transformer is used to get regulated power supplies of +12 volts for the
operation of the control circuit.

This circuit which is a voltage-controlled oscillator is used to get a variable frequency control signal.
The triangular output of this circuit is compared against a DC potential to get a variable on time control.
The potentiometer P1 is used to give a variable frequency output. The potentiometer P2 is used to
change the on-time of the control signal thereby changing the magnitude of the output voltage. This
potentiometer P2 works as the control for the output voltage for a given frequency of the control signal
only is not useful in changing the magnitude of the chopper. A 20 volts Zener diode 3220 is used for
limiting the gate to source voltage (VGS) of the MOSFET. A small resistance of 180 ohms 2 watts is
used in the gate circuit for quick discharge of the input stray capacitance of the device. Zener diode
offers protection for the MOSFET and ensures gate voltage below the safe limits. Refer Fig. (1) & (2)
for the detailed circuit diagram and typical waveform at various points.
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Waveforms at different points of the circuit i.e. TP1, TP2 and TP3 with respect to ground




Principle of set up chopper (boost chopper)

The basic step-up chopper is shown in Fig. (3) & (4). The energy stored in the inductor in the ON period
of the switch Sc. The current flows in the inductor L through the switch during

Ton period and the voltage el across the inductor is equal to V. When switch Sc is opened, the stored
energy in the inductance is discharged into capacitor C and the load. During T off
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Period, the inductor voltage is el = V¢ - V. Under steady state operation, the voltage across the capacitor
is assumed constant due to a large value of capacitors. And also for steady operation, there must be zero
average voltage across L during the time period

T = Ton+Toff.

V(tonn + togr) VT
torf torr

Ve =
And duty cycle & =1-toff/T

Soweget V.= 3
If duty cycle approaches zero, then we have.

Vc=V if delta approaches unity, we have V¢ = V/0 = infinity

Thus theoretically the output voltage can be varied from V to infinity as delta is changed from zero to
one. In practice delta is varied from 0 to 0.7.

The waveforms across different components are shown in the Fig. (5). In the chopper circuit, Diode
D2 protects the MOSFET against the negative surge voltage and the capacitor C protects it against a
positive voltage surge. Thus, no additional protection circuit is required for operating MOSFET as a
switch in the step up chopper. Note that the chopper is operated at the highest possible frequency in
order to minimize the size of the filter.
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FIG. No. (5) Steady State Wave Forms of the Circuit

Note: Ignore the humming noise on switching ON the Apparatus and on rotation of pots P1 & P2 as it is
due to inductance L.




Procedure

. Study the step-up chopper circuit Diagram and try to identify the various circuit elements
Ensure the frequency potentiometers marked as "FREQUENCY CONTROL" and "Duty Cycle
Control "is fully in the extremely anticlockwise position (i.e. Minimum position).

. Turn on the main supply. The mains LED will glow. Ensure a DC motor is connected across the
terminal TP6 & TP7.
By controlling the duty cycle control knob, observe that the speed of motor can be controlled i.e.
With an increase in duty cycle the output voltage increases.

. The pulse input to the gate of MOSFET can be observed across TP3 & ground and also observe
the change in duty cycle.

. We can change the frequency by varying potentiometer P1 & see the change in frequency on
CRO.

. Observe the waveforms at TP1, TP2, TP3 with respect to ground, as shown in Fig. (2).

. You may observe the waveforms across the choke carefully and see the effect of changing Ton
and Toff periods of the MOSFET at a particular frequency.

. The output voltage across the terminal TP6 & TP7 can be observed through a multimeter.

Observation Table:
Sl.no. | I/P voltage o/P Practical Theoretical Speed of DC | % Error
voltage Duty cycle Duty cycle motor

(in rpm)

DTheoretcial - DPractical

% Error = X100
DTheoretcial

Sum of errors

Avg % E =
vg % Error No. Of readings

Precautions

Do not short the testpoints.

Do not rotate the pots P1 and P2 very fast. Operate them in a gentle manner.

Limit the duty cycle to a maximum of 90%. Total drawn from the power supply must be monitored
and should be within current rating of the power supply (i.e.5 amps).
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Experiment no. 5

Objective: Speed control of DC motor using step-down chopper.
This unit consists of two parts:

Control Circuit
Power Circuit

Control Circuit: This Unit generates pulse Width modulated (PWM)based gate drive for the POWER
MOSFET. Frequency of the chopper can be varied from 200Hz to 1KHz approximately. Duty cycle of
the chopper can be varied from 0% to 80%. ON/OFF switch is provided for output with soft start
feature.

Power Circuit: - This unit consist of a POWER MOSEFET mounted on a proper heat sink protected
by snubber circuit for dv/dt protection. A fuse is provided for short circuit protection. And also
consists of two diodes, one inductor and one electrolytic capacitor.

Front Panel Details: -

Frequency : Potentiometer to vary the frequency from 100Hz to 500Hz approximately.
Duty Cycle : Potentiometer to vary the Duty Cycle fro 0% to 80% approximately.
ON/OFF : Switch for driver output pulse with soft start.

+,- : Driver output to connect base and emitter of POWER MOSEFET.

G, D, S : Gate, Drain & Source terminals of POWER MOSFET. IRF 740-10A/400V.
D1, D2 : Diodes 6A

Power : Mains switch for control circuit.

VDC IN : DC Power supply

. ON : Switch for DC Supply to the Power Circuit.

10. L : Inductor - 40mH/2Amps.

11. C : Capacitor-470uf/200V.

12. R : Load Resistor- 22000hms/25 Watts

1.
2.
3.
4.
5.
6.
7.
8.
9

MOSFET Based Step Down Chopper :-

A Chopper is a high speed on/off semiconductor switch. It connects source to load and disconnects the load
from source at a fast speed. A step down chopper using MOSFET is shown in fig. During TON chopper is ON
and load voltage is equal to source voltage Vs.. During the interval Toff, chopper is off, load current flows
through freewheeling diode and load voltage is zero during Toff.. In this manner chopper load voltage is
produced at the load terminals. In Buck converter the average output voltage Vo is less than the Input voltage
Vs.




Hence the name "BUCK" a popular converter. The circuit diagram using POWER MOSFET is shown in fig.
and this is like a step-down converter.

The step down chopper requires only one MOSFET, is simple and has high efficiency greater than 90%. The
di/dt of the load current is limited by inductor L. How ever, the input current is discontinuous and a smoothing
input filter is normally required. It provides one polarity of output voltage and unidirectional output current.

Procedure for MOSFET based step down chopper: -

. Switch on the mains supply for control circuit. And observe the Driver output by Varying the
frequency, and duty cycle potentiometer

. Make the step-down chopper circuit as shown in figure.

. Then connect the driver Output to Gate and Source of POWER MOSFET as shown in figure. Connect
DC motor in place of R-Load of 25W Resistor provided in the unit.

. Connect DC input

. Check all the connections and confirm connections made are correct before switching on the
equipment.

. Switch ON the input switch in series with the DC input.

. Apply driver output pulses to MOSFET and observe the load voltage waveform by varying frequency
and duty cycle.

. Output voltage & Current can be measured using DC voltmeter or digital multimeter across Load
points and DC ammeter or digital multi meter in series with load points.
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Tabular Column F=

SI. No. VpcIN Duty cycle % Speed of motor
Inrpm

Duty cycle= TTO—” X 100

oN+tToFF

Vo =D.cycle X Vs

For I/P 30V, if duty cycle is 50% V0=0.5 X 30 =15V

Precautions

1. Do not short the testpoints.

2. Do not rotate the pots P1 and P2 very fast. Operate them in a gentle manner.

3. Limit the duty cycle to a maximum of 90%. Total drawn from the power supply must be monitored and
should be within current rating of the power supply (i.e.5 amps).
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Experiment no. 6

Objective: Speed control of DC motor using 3-phase half-controlled bridge Rectifier
Equipment Required: -

a) Control Circuit : 3-phase converter firing circuit

b) Power Circuit : 3-phase half and fully controlled converter power circuit -24V/2A
c) Source : 3-phase isolation Transformer -24V/2A

d) Load : DC motor.

Three phase half-controlled bridge converter
Theory:

Three phase half-controlled bridge converter is the combination of a power module and a firing unit. The
power module consists of three SCR's, three diodes and a freewheeling diode. Six fuses for thyristors & diode
protection. The thyristors are mounted on individual heat sinks and protected by fast fuses. A well-designed
snubber circuit is provided for dv/dt protection. All the terminals of the power module are brought out to front
panel through BTI-15 terminals for connection purposes.

The firing unit generates three-line synchronized firing pulses to trigger three SCRs of three phase half-
controlled bridge power circuit. Firing circuit is based on ramp generator, comparator, pulse generator, pulse
amplification & pulse triggering method. Gate pulses are taken out through isolation pulse transformer. Load

Voltage can be varied from Vmin to Vmax using firing angle knob. Firing circuit testing points are taken out
to front panels. All the terminals are brought out to front panel with BTI-15 terminals.

Devices of the power module internally connected to form three phase half-controlled bridge converter power
circuit. Gate pulses must be given to gate and cathode of respective SCRs from firing unit & firing angle must
be varied from the knob to get variable load voltage. AC inputs must be given externally through isolation
transformer while conducting experiment. External load must be connected while doing experiment. This unit
can be used with resistance, resistance and inductance, motor loads.

Procedure:

a) Testing of Firing circuit: -

1) Connect 3-phase / 415 mains supply to the RYB - 3ph in terminals provided in the front
panel.

2) Connect 3-phase neutral point to the green terminal provided in the back panel. Connect 3 pin
mains cable to the unit.

3) Switch ON the mains supply to the unit. Switch ON 3-phase supply for synchronization.

4) Now check R Y B signals with respect to ground. If the proper neutral point is connected to
the back panel we can observe clear R Y B signals with 15V amplitude.

5) Check the trigger o/ps with their phase sequence. Compare this with the theoretical one.

6) The trigger o/p pulse width is 6m sec fixed and fixed position moves as we vary the firing
angle potentiometer.

7) Make sure that the trigger o/ps and their phase sequence are correct before connecting the
trigger pulses to the power circuit.




b) Interconnections: -

3-ph
415V

INPUI'———— Transformer

3-ph Auto 3-ph Power
Transformer Isolation Circuit Load

Firing
Circuit

Connections are made as shown in circuit diagram for three phase half-controlled converter using
three SCRS and three diodes.

Connect Firing pulses T1, T3, T5, in the firing circuit to the respective SCR's gate and cathode
provided for firing pulse connection.

Connect a DC motor in place of R-load 100 ohms/2amp rheostat at the output terminals of the
bridge rectifier.

Connect 3-phase AC input to the power circuit preferably through 3-ph Isolation Transformer
provided (24V/2A).

Connect this to R Y B 3-ph IN terminals provided in the front panel of the power circuit. Connect
primary and secondary of Isolation Transformer in star - star configuration.

Use same R Y B sequence to both firing circuit and power circuit.

Switch ON the 3-phase firing circuit trigger pulse in OFF condition and firing angle at 180°.
Next switch ON the 3-phase supply to the power circuit.

Switch ON the three phase ON/OFF switch.

Switch ON the firing pulse ON/OFF switch.

Vary the firing angle by varying the Firing angle potentiometer. and observe the output voltage and
speed of DC motor.

If output is not varying by varying firing angle or sudden change in output Voltage, Change trigger
pulses from T1 to T2, T3 to T4,&T5to T6..

If the bridge output is coming properly, tabulate the reading as given in the Tabular column.
Bring the firing angle knob to minimum (anticlockwise) position.

Switch on three pole switch, firing unit & three phase AC mains..
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Connection diagram for Three phase half-controlled converter

Observation Table:

Input Voltage Vin | Firing Angle | Output voltage | Output currentlo | Speed of DC
AC volts Vo DC Amps motor in rpm
DC Volts

Precautions: -

1. Do not attempt to observe load voltage and input voltage simultaneously, if does so input voltage
terminal directly connected to load terminals due to the no isolation of both channels of the CRO.
While using dual channels on the CRO ensure that both the ground terminals must be connected to
the same point.

It is recommended to use low AC voltage when students are doing experiments to eliminate electric
shock.
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Experiment no. 7

Objective: Speed control of synchronous reluctance motor using v/f control

Apparatus Required:

S No

Apparatus Name

Ratings

Synchronous reluctance Motor

3.7kW, 400V/8.1A, 1500 RPM

Separately Excited DC Motor

5 HP, 220V/19A, 1500 RPM

Multimeter

Ammeter

0-5A(AC & DC)

1
2
3
4
5

VVFE AC Drive

CG Emotron

Block Diagram:

Bridge Rectifier

DC Field E xcitation

3-Ph Supply VED

415V/50Hz

L

/

Components of VFD:

3-Ph DBR

3-Ph Inverter

c Dy %

Slﬂ-lé Slh_“:l} Sie %8}

a

b

(3}

TTTTTT

Gate Signals
CONTROLLER




Theory:

A synchronous reluctance motor works like a normal synchronous motor near its synchronous speed.
It uses a three-phase winding system and has a solid laminated rotor constructed with salient poles.
The poles are not wound but have flux barriers that provide reluctance torque like a synchronous
motor.

It works initially as an induction motor below synchronous speed. Then it pulls into synchronism
with the rotating stator magnetic field due to the reluctance torque produced by the saliency in the
rotor. Synchronous reluctance motors are used where low starting torque can be tolerated.

Synchronous reluctance motor is one kind of synchronous electric motor, where the torque of this
motor is because of the disparity of magnetic conductivities through the rotor’s direct axes as well as
quadrature, which doesn’t have permanent magnets otherwise field windings. At present, this type of
motor is becoming very popular by becoming an option for electric as well as hybrid vehicles
because of its easy & strong construction. The main benefit of this motor mainly depends on the
nonexistence of the losses of rotor cage by allowing a permanent torque that is higher as compared to
the torque of an IM (Induction Motor) with the same size.

* g-axis _
c-phase axis b-phase axis

angle in rotor

#
s

g reference frame

d-axis

\9y rotor posit

a-phase axis
(r-axis)

armature
windings

| flux - barrier
Sketch of a synchronous reluctance motor

The main features of synchronous reluctance motor mainly include the following
As compared to induction motor drives, the control algorithm based on the field is simple
The exact torque can be suitable that doesn’t affect the temperature of the rotor.

The rotor of this motor is low cost as compared to other motors like induction and permanent
magnet.
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DC Motor -

Here the DC machine is used as a generator for loading the PMS motor. It supplies the DC power to
variable resistive lamp load to analyze the dynamic characteristics of PMSM at different values of
loads.

Procedure-
1. Make the connections as per the wiring schedule.
2. Ensure proper coupling between the respective machines

3. Now check whether DC voltmeter connected across the generator is showing any reading. It may be
required to change the polarity of the meter if the deflection is in reverse direction.

4. Observe DC voltage generated on DC voltmeter and ammeter. Load lamps may also glow.
5. Maximum load current should not exceed rated motor/generator amperes.

6. Observe the voltage, and load current on meters.

7. Change the frequency and note down the readings at a constant load

8. Increase the load and repeat the step 7

9. Note down the readings as per the following table.

OBSERVATION TABLE-

Frequenc Vsrm Load Voltage Load Load
y (Hz) (volts) (Volts) Current (Watts)
(Amps)
f1 Load 1=
fo Load 1=
fa Load 1=
f1 Load 2=
fo Load 2=
f3 Load 2=

Calculations: Calculate v/f ratio at each value of load and draw a graph between the voltage and
frequency of the motor at different frequencies.




Conclusion-

The Speed Control of the PMS motor using the V/f method is done at different values of loads, the
constant v/f ratio is calculated, and a graph is plotted between voltage and frequency.

Precaution-

1. As the experiment involves 220V DC, and 415 volts 3 phase supply, students should become

thoroughly familiar with all the connections to avoid possible fatal electric shock hazards

. Wear shoes that cover the feet.

. Don’t wear loose clothes.
Maintain a workspace clear of extraneous material such as books, papers, and clothes.

. Don’t use broken connecting wires.

. Turn off the power switch to equipment before making connections.

. The motor input current should not exceed its rated value.
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Experiment no. 9

Objective: Study and perform field weakening speed control of DC motor using single phase diode
bridge rectifier.

Required instruments:

Sl.no. Name of instrument Quantity

Diode bridge rectifier 2 Nos.

Single phase variac (220V, 5A) 2 nos.

Voltmeter (0-250 V- MC Type) 2 Nos.

Separately excited DC motor (220V DC, 5 HP) 1 nos.

Theory-

DC Motor:

A DC motor is an electrical machine which converts electrical energy into mechanical energy. The basic
working principle of the DC motor is that whenever a current carrying conductor places in the magnetic
field, it experiences a mechanical force.

Field
winding

Armature
winding




The armature of a motor is rotating, the conductors are also cutting the magnetic flux lines and hence
according to the Faraday's law of electromagnetic induction, an emf induced in the armature conductors.

The direction of this induced emf is such that it opposes the armature current (la).

The back emf for a DC motor is given by,

Back emf, EfN = PZ)‘ZZ-

The number of poles, P the armature conductors, Z and the number of parallel paths, A are constant for a
particular machine.

If the back emf remains constant then the speed of DC motor is given by

o L
o(_
¢

Where N is speed of motor and ¢ is magnetic flux.

In this experiment, we are using a diode bridge rectifier for controlling the flux through the field winding
of DC motor

Diode Bridge Rectifier:

A diode rectifier or uncontrolled rectifier is the converter circuit that converts ac signal (an alternating
signal) into dc signal (unidirectional signal). Uncontrolled rectifier circuits use diodes to convert ac power
to dc power and are divided into two types, single-phase and three-phase. Again single-phase
uncontrolled rectifiers are divided into two types, they are,

e Half-wave uncontrolled rectifier
e Full-wave uncontrolled rectifier
o Center tapped rectifier
o Bridge rectifier

Here, we are using a Bridge rectifier for controlling the speed of the motor.

Th I B ) of Brid ifier is calculated by the f I _ i _ 2
e output voltage (Vayg) of Bridge rectifier is calculated by the formula Vg = 275 = —= x

By the above formula it is cleared that if we decrease the input voltage (VM ) to the rectifier then the
output voltage (Vaﬂg) supply to the field of the DC motor also decreases which results in the weakening

of the magnetic flux of the field of the DC motor. So, we can increase the speed DC motor above its rated
speed by using this method.
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Procedure;:

. Connections are made as per the circuit diagram.

. The starting output voltage of the rectifier connected to the field is kept at 220V so that the field of
the motor generates maximum flux.

. The starting output voltage of the rectifier connected to the armature is kept at minimum and
increases gradually until the DC motor attends its rated speed i.e. 1500 RPM.
Now after the motor attends the speed of 1500 RPM, the output voltage of the rectifier connected
to the field is gradually decreased by decreasing its input voltage through variac, by this the speed
of the motor increases simultaneously.

. Vary the speed by varying the voltage and note readings as per the observation table.

Observation Table:

SLno. | Input AC voltage (vH ) Output DC voltage | Terminal Voltage of | Speed of DC
of DBR (V% DC motor at field motor
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Calculations:

Conclusion:

Precautions:

1) Wear shoes that cover the feet.
2) Don’t wear loose clothes.
3) Maintain a work space clear of extraneous material such as books, papers, and clothes.

4) Don’t use broken connecting wires.

5) Turn off the power switch to equipment before making connections.

6) The motor input current should not exceed its rated value.
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