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FOREWORD

It is my great pleasure to present this laboratory manual for Third year ELECTRICAL
engineering students for the subject of Electrical Machines - II. Keeping in view the vast
coverage required for visualization of concepts of Electrical Machines with simple language.

As a student, many of you may be wondering with some of the questions in your mind regarding
the subject and exactly what has been tried is to answer through this manual.

Faculty members are also advised that covering these aspects in initial stage itself, will greatly
relive them in future as much of the load will be taken care by the enthusiasm energies of the
students once they are conceptually clear.

Principal
Prof. Dr. H.H. Shinde

MAHATMA GANDHI MISSION`S

JAWAHARLAL NEHRU ENGINEERING COLLEGE
AURANGABAD

Department of Electrical Engineering

Vision of JNEC
To create self-reliant, continuous learner and competent technocrats imbued with human
values.
Mission of JNEC
1. Imparting quality technical education to the students through participative teaching –
learning process.
2. Developing competence amongst the students through academic learning and practical
experimentation.
3. Inculcating social mindset and human values amongst the students.
JNEC Environmental Policy
1.
2.
3.
4.
5.

The environmental control during its activities, product and services.
That applicable, legal and statutory requirements are met according to environmental
needs.
To reduce waste generation and resource depletion.
To increase awareness of environmental responsibility amongst its students and staff.
For continual improvement and prevention of pollution.

JNEC Quality Policy:
Institute is committed to:
• To provide technical education as per guidelines of competent authority.
• To continually improve quality management system by providing additional
resources required. Initiating corrective & preventive action & conducting
management review meeting at periodical intervals.
• To satisfy needs & expectations of students, parents, society at large.

MAHATMA GANDHI MISSION`S

JAWAHARLAL NEHRU ENGINEERING COLLEGE
AURANGABAD

Electrical Engineering Department

VISION:
• To develop competent Electrical Engineers with human values.

MISSION:
• To Provide Quality Technical Education To The Students Through Effective Teachinglearning Process.
• To Develop Student’s Competency through Academic Learning, Practical’s And Skill
Development Programs.
• To Encourage Students For Social Activities & Develop Professional Attitude Along
With Ethical Values.

LABORATORY MANUAL CONTENTS
This manual is intended for the Third year students of ELECTRICAL engineering branch in the
subject of Electrical Machines - II. This manual typically contains practical/Lab Sessions related
electrical machine covering various aspects related to the subject to enhance understanding.
Although, as per the syllabus, only descriptive treatment is prescribed, we have made the efforts
to cover various aspects of electrical machine subject covering different types of electrical
machines, their operating principals, their characteristics and applications will be included itself
to make it meaningful, elaborative understandable concepts and conceptual visualization.
Students are advised to thoroughly go through this manual rather than only topics mentioned in
the syllabus as practical aspects are the key to understanding and conceptual visualization of
theoretical aspects covered in the books.

Good Luck for your Enjoyable Laboratory Sessions

Ms. J. S. Solanke
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1. DOs and DON’Ts:
DO’s in Laboratory:
1. Understand the equipment to be tested and apparatus to be used .
2. Select proper type (i.e. A. C. or D. C.) and range of meters.
3. Do not touch the live terminals.
4. Use suitable wires (type and size).
5. All the connection should be tight.

DONT’s in Laboratory:
1.

Do not leave loose wires (i.e. wires not connected).

2. Get the connection checked before switching ‘ON’ the supply.
3. Never exceed the permissible values of current, voltage, and / or speed of any machine,
apparatus, wire, load, etc.
4. Switch ON or OFF the load gradually and not suddenly.
5. Strictly observe the instructions given by the teacher/Lab Instructor

Instructions for Laboratory Teachers:
1. Submission related to whatever lab work has been completed should be done during the next lab
session. The immediate arrangements for printouts related to submission on the day of practical
assignments.
2. Students should be taught for taking the observations /readings of different measuring
instruments under the able observation of lab teacher.
3. The promptness of submission should be encouraged by way of marking and evaluation patterns
that will benefit the sincere students.

Lab Exercise:
Practical No-1 : (2 Hours):
Study of single phase induction motor.
AIM: - To study the operation of single phase induction motor.

THEORY:Types of single-phase motors:The single-phase motors are manufactured in large No. of types to perform a wide variety of
services, e.g.-domestic use, industrial use etc. The motor manufacturers have developed various types
of such motors: each being designed to meet specific demands, the single phase motors may be
classified in following groups depending upon their construction and principles of operation.
1)
2)
3)
4)

Single phase induction motors
Repulsion motors.
Ac series motors.
Unexcited synchronous motors.

SINGLE PHASE INDUCTION MOTORS:The single-phase induction motor in construction is somewhat similar to a polyphase induction
motor, except that the stator winding is supplied with a single phase AC power. The single phase AC
voltage of stator winding produces a alternating magnetic field, but this alternating magnetic field
cannot generate induced voltage, in a standstill rotor, hence single phase Induction motor is basically
not a self starting motor. To start the motor additional starting winding is required to be used which is
disconnected by a centrifugal switch when the rotor gathers 70 to 80% of its rated speed.

STARTING OF SINGLE PHASE INDUCTION MOTORS:The various methods of starting basically employ a starting winding and a centrifugal switch, in
some cases when starting winding is required to be disconnected while normal running of the motor.
The starting and running or main winding are spaced 90 electrically apart as shown in fig. 1 and are
connected in parallel across the single phase supply. It is so arranged that the phase difference
between the currents in the two-stator windings in very large (Ideal value being 90). Hence the motor
behaves like a two-phase motor. These two currents produce a revolving flux and hence make the
motor self-starting.
There are different methods by which necessary phase difference between the two currents can be
created.

1) SPLIT PHASE MOTOR:In the split phase machine as shown in fig.2 the main winding has low resistance and high resistance
and low reactance. The resistance of the starting winding may be increased either by connecting a
high resistance R in series with it or by using a high resistance fine copper wire for winding purposes.
Hence as shows in fig.2 the current is drawn by the starting winding logs behind the applied voltage
V by a small angle whereas the current I’m taken by the main winding lags behind V by a very large
angle. The phase angle between the currents I’m and I’s in made a large as possible, because the
starting torque of a split phase motor is proportional to sin. the function of the centrifugal switch ‘S’
is to disconnect the starting winding when the motor gather 70-80% of its normal running speed. The
direction of rotation of these motors can be reversed by reversing the connection of one of the twostator winding (not both).
2) CAPACITOR START MOTOR:In these motors the necessary phase difference between I’m and Is is produced by connecting a
capacitor in series with the starting winding as shown in fig.1. The capacitor is generally of
electrolytic type and is usually mounted on the outside of the motor as a separate unit. The capacitor
is designed for extremely short-duty service and when the motor reaches around 79-80% of its full
speed, the centrifugal switch S opens and cuts out both the starting winding and capacitor from the
supply.
As shown in fig.1 the current main winding draws me. Lags behind the supply voltage V by large
angle whereas is leads by a certain angle. The two currents are out of phase with each other by a
large angle approaching 90. Their resultant current is small and is almost in phase with V as shown in
the figure.
3) CAPACITOR START AND RUN MOTOR:This motor is similar to the capacitor start motor except that the starting winding and capacitor are
permanently connected in the circuit. The advantages of connecting the capacitor permanently in the
circuit are,
1) Improvement of overload capacity of the motor.
2) Higher power factor
3) Higher efficiency
4) Quieter running of the motor which is very much desired for
Small power drives in office and laboratories.
Some of this motors which starts and run with single value of capacitance in the circuit are called
single value capacitor run motors, others which starts with high values of capacitors but run with low
value of capacitance are known as two value capacitor run motors. In case of single value capacitor
run motor, since the same capacitor is used for staring and running, neither optimum starting nor
optimum running performance can be achieved because the value and starting and that of running.
The unique fixture of this type of motor is that it can be reversed easily by a an external switch
provided the starting and running windings are identical, so that they can be used for starting and
running conditions interchangeably. Such reversible motors are used for operating devices where
frequent reversals are required like rheostat, induction regulators, furnace controls, valves etc.

The motors which start with high value of capacitor in series with starting winding and run with
low value of capacitor is called two-value capacitor run motors. Thus both optimum starting and
running performance can be achieved if properly designe
d. Such motors exhibit the performance similar to that of two-phase motors. The performance
characterized by 1) ability to start with heavy loads. 2) Extremely quite operation 3) higher efficiency
and power factor, hence such motor are ideally suited for compressors and fire stokers.
4) SHADED POLE MOTOR:In such motors the necessary phase shift is obtained by induction. These motors have salient poles on
the stator and squirrel cage type rotor. Fig shows the four-pole motor and one pole of such motor is
shows in fig.3. The laminated pole has a slot cut across the lamination approximately one third
distance from one edge.
Around the small part of the pole is placed short-circuited copper coil known as shedding coil.
This part of the coil is known is shaded part and other is unshaded part. When an alternating current
passed through field winding surrounding whole pole, the axis of the pole shifts from unshaded part
“a” to shaded part. This shifting of magnetic axis is in effect equivalent to actual physical movement
of the pole. Hence the motor starts rotating the direction of this shift i.e for unshaded part to the
shaded part.
Although such motors are simple in construction and cheap, they suffer from the disadvantage as
1) low starting torque 2) little overload capacity 3) low efficiency. Such motors are commercially
built in very small sizes up to 1/250 HP and are used in small fans, toys, instruments, hair dryers,
ventilators, electric clocks etc.
CAPACITOR START MOTOR

SPLIT PHASE MOTOR

SHADED POLE MOTOR

Practical 2 : (2 Hours):
No load Test on Three phase induction motor.
Aim :- No load test on single phase induction motor and determination of equivalent circuit parameter.
Apparatus:
1)
2)
3)
4)

Three phase induction motor
voltmeter (0-600)
ammeter(0-5)
Tacho meter

Theory:For determination of equivalent circuit parameter of Three phase induction motor as well as to find out Iron Loss of
Induction Motor this test is carried out

No load test:In this test induction motor is run without mechanical load on it with rated supply given to it. The power input is
measured by ammeter and voltmeter connected in circuit. The wattmeter reading indicates the constant losses,
friction losses. Copper losses are very small as Io is small so copper losses are neglected.

Procedure:
NO LOAD TEST
1. Connect the circuit as shown in the connection diagram in Figure 1
2. Start the motor by ensuring the shaft is at no load condition.
3. For starting, either use autotransformer or starter to reach rated voltage.
4. Note the readings of voltmeter, ammeter and wattmeter by carefully noting its multiplying factor.
5..Reduce the voltage using autotransformer to zero and turn the main switch off

Observation table:
1 .No load test:
Sr no.

Vo

Io

Wo

Calculation
Vinl = input line voltage
Pinl = total 3-phase input power at no-load
I0 = input line current.
Vip = input phase voltage
Pinl = √3 Vinl I0 cosΦ0
Iµ = I0 sinΦ0
Iω = I0 cosΦ0
Vinl

Ro = Iω

Vinl
Iµ

Xo =

Conclusion:
Thus we have performed the testing on the 3-ɸ induction motor & found equivalent circuit parameters of 3-ɸ
induction motor.

CIRCUIT DIAGRAM:For No Load:-

Practical 3 : (2 Hours):
Blocked Rotor Test on Three phase induction motor.
Aim :- Blocked rotor test on single phase induction motor and determination of equivalent circuit parameter.
Apparatus:
1) Three phase induction motor
2) voltmeter (0-600)
3) ammeter(0-5)

Theory:For determination of equivalent circuit parameter of Three phase induction motor as well as to find out Full load
Copper Loss of Induction Motor this test is carried out

Blocked Rotor test:The blocked rotor test of an induction motor is same as the short-circuit test of a transformer. In this test,
the shaft of the motor is connected so that it cannot move and rotor winding is short-circuited. In a slip-ring motor,
the rotor winding is short-circuited through slip-rings and in cage motors, the rotor bars are permanently shortcircuited. This test is also called the locked-Rotor test.

Procedure:
Blocked Rotor TEST
1. Determine the meters and their ratings based on the name plate readings of the machine and requirement.
2. Connect the circuit as shown in circuit diagram
3. Set/check the variac to be at zero output.
4. First switch on the 3ф supply.
5. Now, keeping the rotor still (block the rotor from running), slowly increase the autotransformer output until rated
current flows (Typically, this happens at 25% of the rated voltage).
6. Take the ammeter, voltmeter, and wattmeter readings and tabulate.
7. Repeat the procedure for other values stator phase current less than the rated value.

Observation table:
1 .Blocked rotor test:
Sr no.

Ibr (Amps)

Calculation
Wbr = √3 Vbr Ibr cosΦbr
Zbr =

Vbr/√3
Ibr
Wbr

Rbr =(Ibr)2
Xbr =√(Zbr)2 − (Rbr)2

Vbr(volt)

Wbr(watt)

Conclusion:
Thus we have performed the testing on the 3-ɸ induction motor & found equivalent circuit parameters of 3-ɸ
induction motor.

CIRCUIT DIAGRAM:For Blocked Load:-

Practical 4 : (2 Hours):
Load Test On 3-Phase Induction Motor
AIM: To perform the load test on 3-Phase induction motor.
APPARATUS:
1)Two-element wattmeter (10A, 500v) ---------------------1 No.
1) Ammeter (0-10A) ------------------------------------------1 No
2) Voltmeter (0-500v) ----------------------------------------1 No
3) Rheostat (500 ohm, 1.2A) ---------------------------------1 No
4) Ammeter D.C. (O-10A) ------------------------------------1 No
5) Voltmeter D.C. (0-300v) ----------------------------------1 No
6) Tachometer.
THEORY:
1.What is effect of load on 3 phase Induction motor ?
2.What is the relation between speed & load of 3 phase Induction motor ?
3.Why current & torque increases linearly with the load ?
4.How power factor is affected by load ?

PROCEDURE:
1) Make the connection as per the circuit diagram.
2) Put the load switches off. Set generator field rheostat to maximum start the induction motor with the
help of the start & run it to it’s normal speed.
3) Excite the dc shunt generator to it’s voltage. Note power input, to motor & the speed, with the generator
not loaded.
4) Put some load on generator & Note the D.C. generator output, motor input and the speed.
5) Take the more readings by increasing the load gradually till the full load is reached.
6) Calculate & plot the graphs. Output Vs speed, Output Vs Efficiency, Output Vs motor current.
Output Vs slip, output Vs P.F.
OBSERVATION TABLE:
sr. no
1.
2.
3.
4.
5.

I. M. Vm
in volts.

Im in
Amp

Motor input
Power in watts

Speed
in rpm

Ig.

I. M. Input
watts

%n

Slip

p.f.

GRAPH:
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CONCLUSION:
The speed falls, the power improves and the current increases, with as increase in output of motor. The
efficiency increases and is maximum near full load.

Practical No 5 : (2 hours)

Aim:

To perform speed control of three phase induction motor using autotransformer by

changing supply voltage.
Apparatus:
1) Voltage (0-500v)
2) Ammeter (0-10A)
3) Auto-transformer
4) Connecting wire
5) Three phase induction motor
6) Wattmeter(0-150W)

Theory:
Three phase IM works on faradays law of electromagnetic induction. The speed of three phase
IM can changed by using three phase autotransformer. The speed of three phase IM can be changed by
the the supply voltage. The speed can be changed by using following factors :
1 By controlling stator parameters
2 By controlling rotor parameters
The expression for actual speed of IM can be given by
N=Ns(1-S)
This shows that the actual speed depends on two factors mainly Synchronous speed and Slip.By
changing these factors we can change the speed of IM.
Another way to change the speed of three phase IM from torque equation of motor

but R2 is constant and K is also constant .Hence This directly proportional to SV^2
In these type of speed control of the stator supply voltage V1 is reduced from rated voltage
Hence from the above expression we can control the speed of three phase IM by varying the supply
voltage.

Procedure:
1. Make the connection as per circuit diagram
2. Connect the three ammeters in phase with proper rating

3. Connect autotransformer at starting of the supply to vary three phase supply voltage.
4. Voltmeter should be connect between any two phases
5. Connect the two wattmeter for measuring three phase power drawn by the motor
6. Switch on the supply and note down accurate reading .
Observation Table
Sr No

Voltage

Current

(V)
I1

I2

Power

Power

Speed

W1

W2

r.p.m

I3

1
2
3
4
5

Conclusion:
Hence from the above experiment we have successfully observed the variation of speed
of three phase IM with varying the three phase AC input supply by using three phase
autotransformer.

Circuit diagram

Practical 6: (2 Hours):
Induction Motor Starter.
AIM: To study the Induction Motor Starter.
THEORY:
NESSCISITY OF STARTER:
If normal supply voltage is applied to stationary motor then the motor takes very large initial current.
Induction Motor when direct switched takes 5 to 7 times their full load current & develops only 1.5 to 2.5 times
their full load torque. This will produce large line drop affect the operation of other electrical equipment
connected in same circuit. Starters should be used for the motors of rating above 25 KW to 40KW.
Types of starters generally used are as follows:
For Squirrel-cage Motors:
a. Direct on line starter.
b. Primary Resister/Reactor Starter.
c. Auto -transformer Starter.
d. Star-Delta Starter.
For Slip Ring Induction Motor
a. Rotor Rheostat Starter.
1. Direct On Line Starter:
In this type of starter the triple pole single throw switch is used. By using that switch we can directly
connect motor to full supply voltage. Hence it is known as Direct on line starter. This starter is used for the
motors of the rating below 25 KW to 40 KW. Because the starting current drawn by the motor does not affect so
much to the equipments which are connected to same line.
2. Primary Resister/Reactor Starter:
In this type of starter supply is given to stator through Resistor or reactor therefore it is called as
primary resistor starter. Their purpose is to drop some voltage applied across the motor terminal, thus the initial
current drawn by the motor is reduced. When motor attends 80% of the speed total resistance is cut out from
circuit.
3. Auto Transformer Starter:
In this starter the supply is given to stator through an Auto Transformer. This method is used for
both star & delta connected motors. When the motor has run up to 80% of the full load speed, connections are so
changed that autotransformers are cut out from the supply. The switching is done with air break or oil immersed
switch.
4.Star-Delta Starter:
This starter is used for those motors, which are built to run normally with a delta connected
stator winding. This starter uses the triple pole double throw switch which connects the stator winding of motor
in star when it is in position One, and it connects the stator winding of motor in delta when it is in position Two.
In the starting period the switch is kept in position One, so that the stator winding will be star connected & it has
reduced voltage applied across it to limit the starting current. When motor attends 50% to 60% position of
switch is changed to two i.e. stator winding of motor is connected in delta so that full supply voltage is applied
across winding & motor will run as normal Induction Motor.
5.Rotor Rheostat Starter:

This starter is used for slip-ring Induction motor. In this motors full supply voltage is applied across stator &
starting current is controlled by inserting star connected rheostat in rotor ckt. By using slip-rings. As Induction
motor is same as transformer if we control rotor current automatically stator current get controlled. The star
connected resistance being gradually cut out of the rotor circuit as motor gathers speed. Because of this rotor
resistance during starting period power factor of motor is also improved as well as starting torque improved.

Practical 7: (2 Hours):

AIM: Determination of regulation of a 3- alternator by O. C / S. C. test.
APPARATUS:1) Ammeter AC (0-10) amps.------------------3 No.
2) Ammeter DC (0-1) amp -------------------1 No
3) Voltmeter AC (0-300) volts ---------------- 1 No.
4) Three phase load (resistive) ---------------- 1 No.
5)Rheostats (300 Ώ, 15A) --------------------- 1 No.
6)Rheostats (800Ώ, 1.5A.) --------------------1 No.
THEORY:
1. What is Voltage regulation.?
2. What is effect of load on terminal Voltage?
3. What are different factors responsible for Voltage drop ?
PROCEDURE:1) Make the connection as per the figure.
2) Set potential divider to zero o/p position and field resistance of the motor to a minimum value.
3) Switch on the d.c. supply and start the d.c. motor.
4) Adjust motor speed to synchronous speed with the help of field rheostat.
5) Note voltmeter reading. Increase the excitation in steps and note the corresponding voltage readings.
Take reading upto 10% above the rated voltage.
OBSERVATION & CALCULATIONS:
Open circuit test:S.NO.

Ns= 1500 r.p.m
FIELD CURRENT
(AMP)

TERMINAL VOLTAGE (VOLTS / ph.)

1.
2.
3.
Short circuit test:S.NO.
1.
2.
3.

FIELD CURRENT If
(AMP)

SHORT CIRCUIT CURRENT (AMP /
ph)

GRAPH:

CONCLUSION:
From this Experiment we can conclude that with out direct loading alternator we can find losses, efficiency
& regulation of transformer by short circuit & open circuit test.

Practical No 8: (2hours)
Aim :To Study synchronization of three phase alternators.
Theory:
Alternators are paralleled for the same reasons that make it necessary to parallel dc generators. Two
alternators are paralleled whenever the power demand of the load circuit's greater than the power output
of a single alternator.
When dc generators are paralleled, it's necessary to match the output voltage and electrical polarity of the
machines with the voltage and polarity of the line. The same matching is required when alternators are
paralleled. However, the matching of alternator polarity to that of the line presents problems not
encountered when matching dc generator and line polarities. The output voltage of an alternator is
continuously changing in both magnitude and polarity at a definite frequency. Thus, when two alternators
are paralleled, not only must the rate of the rise and fall of voltage in both alternators be equal, but the rise
and fall of voltage in one machine must be exactly in step with the rise and fall of voltage in the other
machine. When two alternators are in step, they are said to be in synchronism. Alternators cannot be
paralleled until their voltages, frequencies, and instantaneous polarities are exactly equal.
The output voltage of an alternator can be controlled by varying the strength of the direct current in the
field circuit of the alternator. A field rheostat can be used to vary the dc current. Since the frequency of an
alternator varies directly with speed changes, it's necessary to be able to control the speed of at least one
alternator in an installation containing two machines.

Achieving Synchronization
To synchronize AC generators, several important factors must be checked.
1. The phase rotation of both generator systems must be the same. Check this with lights
as described later or use a phase rotation meter to determine ABC or ACB rotation.
2. The AC voltages of both generators should be equal. In practice the voltage of the on-coming generator
is usually 1-2 volts higher than that of the other operating generator.
3. The frequencies of the on-coming generators must match when synchronized. In practice the frequency
of the on-coming generator is 1-2 hertz higher than that of the on-line generator. This can be observed
with lights or by using a synchroscope. The speed and output voltage of the on-coming generator are
slightly higher to pre vent it from becoming a load to the system when it's connected.
Two methods of synchronization using lights are described below.

Three Dark Method
The following describes the method of synchronizing two alternators using the three-dark method.
a circuit used to parallel two three-phase alternators. Alternator G2 is connected to the load circuit.
Alternator G1 is to be paralleled with alternator G2 Three lamps rated at double the output voltage to the

load are connected between alternator G2 and the load circuit as shown. When both machines are
operating, one of two effects will be observed:
1. The three lamps will light and go out in unison at a rate which depends on the difference in frequency
between the two alternators.
2. The three lamps will light and go out at a rate which depends on the difference in frequency between
the two machines, but not in unison. In this case, the machines are not connected in the proper phase
sequence and are said to be out of phase. To correct this, it's necessary to interchange any two leads to
alternator G1. The machines are not paralleled until all lamps light and go out in unison. The lamp
method is shown for greater simplicity of operation.
By making slight adjustments in the speed of alternator G1 the frequency of the machines can be
equalized so that the synchronizing lamps will light and go out at the lowest possible rate. When the three
lamps are out, the instantaneous electrical polarity of the three leads from G1 is the same as that of G2 At
this instant, the voltage of G1 is equal to and in phase with that of G2 Now the paralleling switch can be
closed so that both alternators supply power to the load. The two alternators are in synchronism,
according to the three dark method.

Synchronization of alternators
The three dark method has certain disadvantages and is seldom used. A large voltage may be present
across an incandescent lamp even though it's dark (burned out). As a result, it's possible to close the
paralleling connection while there is still a large voltage and phase difference between the machines. For
small capacity machines operating at low speed, the phase difference may not affect the operation of the
machines. However, when large capacity units having low armature reactance operate at high speed, a
considerable amount of damage may result if there is a large phase difference and an attempt is made to
parallel the units.
Two Bright, One Dark Method
Another method of synchronizing alternators is the two bright, one dark method. In this method, any two
connections from the synchronizing lamps are crossed after the alternators are connected and tested for
the proper phase rotation. (The alternators are tested by the three dark method.) ill. 3A shows the
connections for establishing the proper phase rotation by the three dark method. ill. 3B shows the lamp
connections required to synchronize the alternator by the two bright, one dark method.
When the alternators are synchronized, lamps 1 and 2 are bright and lamp 3 is dark. Since two of the
lamps are becoming brighter as one is dimming, it's easier to determine the moment when the paralleling

switch can be closed. Furthermore, by observing the sequence of lamp brightness, it's possible to tell
whether the speed of the alternator being synchronized is too slow or too fast.

Methods of synchronizing alternators. (A) The Three-Dark Method; (B) Two-Bright, One-Dark Method
Synchroscope
A synchroscope is recommended for synchronizing two alternators since it shows very accurately the
exact instant of synchronism (ill. 4). The pointer rotates clock wise when an alternator is running fast and
counterclockwise when an alternator is running slow. When the pointer is stationary, pointing upward, the
alternators are synchronized. The synchroscope is connected across one phase only. For this reason it
cannot be used safely until the alternators have been tested and connected together for the proper phase
rotation. Synchronizing lamps or other means must be used to determine the phase rotation. In
commercial applications, the alternator connections to a three-phase bus through a paralleling switch are
permanent. This means that tests for phase rotation are not necessary. As a result, a synchroscope is the
only instrument required to bring the machines into synchronization and thus parallel them; however, a
set of lights is often used as a double-check system.

Prime Movers
In industrial applications, alternators are driven by various types of prime movers such as steam turbines,
water turbines, and internal combustion engines. For applications on ships, alternators often are driven by
dc motors. Regardless of how alternators are driven, speed variation is a factor in paralleling the
machines. Thus, the electrician should have knowledge of speed governors and other speed regulating
devices. This text, how ever, does not detail the operation of these mechanical devices.

Paralleling Alternators
Since apprentices are likely to be required to parallel alternators driven by dc motors sometime in their
instruction, the following steps outline the procedure for paralleling these machines. ill. 5 illustrates a
typical circuit for paralleling two three-phase alternators.

Parallel operation of alternators
Procedure
1. Set the field rheostat R2 of alternator G2 to the maximum resistance position.
2. Knowing the number of field poles in alternator G2 determine the speed required to generate the
desired frequency.
3. Energize the prime mover to bring alternator G2 up to the required speed.

4. Set Switch S to read the ac voltage across one phase of G2 Adjust field rheostat R2 until the output
voltage is equal to the rated voltage of the load circuit.
5. Close the load switch and switch S4 to feed the load circuit. Readjust the speed of the prime mover to
maintain the predetermined speed required for the desired frequency.
6. Readjust R2 to obtain the rated ac voltage of the load circuit.
7. Energize the prime mover to drive the second alternator, G1 Adjust the speed of the alternator to the
approximate value required to match the frequencies of the alternators.
8. Set switch S3 to measure the ac voltage across one phase of G1. Adjust field rheostat R1 until the ac
voltage is equal at either position of switch S3. The voltage output of both alternators is now equal.
9. Phase Rotation With paralleling switch S2 open, close switch S1. The three sets of lamps across the
terminals of the open switch will respond in one of two ways:
a. The three lamps will brighten and then dim in unison.
b. Two lamps will brighten in unison as the remaining lamp dims. Then the two bright lamps will dim as
the dark lamp brightens.
10. If the lamps respond as in 9a, the alternators are connected for the proper phase rotation. The operator
then may proceed to the next step in synchronizing the alternators.
11. If the lamps respond as in 9b, the alternators are not in the proper phase rotation. To correct the
condition, interchange any two alternator leads at the terminals of switch S2. All three lamps should dim
together and brighten together. No attempt to parallel the alternators should be made until the lamps
respond in this manner.
12. The three lamp sets will flicker (dim and brighten) at a rate equal to the frequency difference between
the two alternators. Adjust the speed control of prime mover M1 to make the lamps flicker at the lowest
possible rate.
13. Interchange two lamp set leads (not alternator leads) at the terminals of switch S2 so that the
alternators can be synchronized using the two bright, one dark method.
14. Again adjust the field rheostat of alternator G1 until both alternators have the same output voltage as
measured at either position of the voltmeter switch S3.
15. With one hand on switch S2 watch the lamps. Close the switch at the exact instant that two lamps are
at their brightest and the other lamp is out. This operation shunts out the synchronizing lamps and
parallels the alternators.
16. Ammeters I1 and I2 indicate the amount of load current carried by each alternator. If the load circuit
has a unity power factor, then the sum of the ammeter readings should equal the reading of the ammeter
in the load circuit.

Practical No 9: (2 hours)
Aim:To study the effect of voltage variation on performance of 3 phase I.M.

Apparatus:Meter
Ammeter
Voltmeter
Tachometer

Range
0-10 A
0-500 V
0-1500

quantity
1
1
1

TheoryThe performance electrical machines particularly working on DC supply system depends on voltage &
frequency variation. It is expected that the m/c shall be capable of delivering the rated o/p at the rated p.f.
within the variation of voltage +5% to -5% &in such variation the tempt. Shall not exceed more than
specified limit.
The variation of voltage & frequency beyond their limit affected the performance of m/c.
1 ) effect of change in supply voltage on starting,
Tst = (K1E22R2)/Z2
But €0 is directly proportional to the supply voltage
Tst α V2
Therefore starting torque is in the square proportional of supply voltage.
2)Effect of change in supply voltage on the torque under running condition
Trun= (KφS2€0R2)/(R22+(SX2)2)
Therefore T is directly proportional to SV2 if the supply voltage decreases then the torque under running
condition decreases.
Hence to maintain same torque slip increases i.e. speed (full).hence slightly change in efficiency as the
supply voltage changes.
Observation table:

Sr no.

VL

W1

W2

W

IL

N

P.F

PROCEDURE:
1) Make the connection as per ckt diag.
2) Switch on the supply.
3) With the help of 3φ variac supply vary voltage in steps carefully.
4) Load the induction motor by mechanical loading arrangement till the ammeter shows reading.
5) Note down ammeter ,voltmeter reading & speed of induction motor.
6) Reduce the voltage in steps & note down the readings of various meters.
7)plot speed vs voltage characteristics.

Circuit Diagram

CONCLUSION:Thus we can conclude from the above experiment
1 As the voltage decreases the torque decreases.
2 As voltage decreases speed also decreases.

Practical No 10: (2 hours)
Aim: To study Induction Generator.
Basic principle of Induction machine (motor and generator)
An induction machine is the most simple electrical machine from constructional point of
view, in most of the cases. It can be classified into motor and generator. In this post, I want to
discuss the characteristic common to both of these. Induction machines work on induction
principle, in other words it depends on Faraday's law of induction (i.e. when a conductor moves
in a magnetic field, it gets some voltage(induced voltage). this voltage can set up current if
construction permits and can set up its own magnetic field.). In this case it should be noted that
moving in a magnetic field actually makes the magnetic flux changing to the moving
conductor(actually seems to be changing, from the view point of one who is moving), and this
changing magnetic field causes voltage and current to be induced on the moving body.
But if the magnetic filed is itself changing in nature, then it can
induce voltage on a stationary conductor. This is the case for induction motor and generator.
Motor remains stationary(rotor of the motor), a changing voltage(i.e. magnetic flux) is supplied
to the stator and hence the rotor get some induced voltage because it remains stationary in
changing magnetic field. This rotor voltage creates rotor current and rotor magnetic field(rotor
flux), this rotor flux try to catch stator flux and thus rotor starts to rotate.
The case is not this simple in practice, but it is indeed the principle of rotation in induction
machine.
When a voltage is supplied to the stationary coils(stators) , it creates a stator magnetic field. If
the voltage is AC, then magnetic flux created by it is changing in nature. So stator produces a
magnetic field variation and rotor get some induced voltage. For squirrel cage induction
machine, end rings make the path for current flow and for wound rotor machine, external
resistance or simply wire is used to provide current path. This current path allows rotor flux to be
formed. Stator flux can be thought of a man who is holding out his hand for someone to
catch(and of course running because of changing(AC) stator voltage), and rotor flux can be
thought of a lonely man in an island. When this lonely man see another man(stator flux) passing
him with a stretched hand, he instantly reacts to catch the hand and starts running to the first
man. But due to some causes(will be discussed in other posts), this lonely man can never reach
the hand, but remains only a few inches behind the stretched out hand. So he can never lost the
hope of catching the hand and continues to run as long as the hand remains stretched for him(i.e.
as long as the stator is supplied with variable voltage) . So the rotor of the motor tries to catch
stator flux and hence rotates. (This is the basic idea of slip in induction machines, you can read
deails about the slip in the following post: From the above discussion it should be noted that the
stator flux (voltage also) must be AC for the rotor to rotate, so induction machine can run on AC
only.
And
when
acting
as
generator,
it
will
generate
AC
directly.
In the case generator, rotor is rotated by external means(may be by turbine of some
kind). If the rotor has some residual magnetism(i.e. some magnetic properties which stores
magnet type properties inside the material, in a simple way to think about residual magnetism,
but not describing it fully), then the rotor is actually providing a variable flux to the stationary
coils in the housing(stator coils). So this stator coil will get some induced voltage on it by
induction principle and we get some voltage to supply our load or to store it in a battery.

Induction generators are used in small shops and households to provide extra power support and
are less costly due to easy construction. In recent days, it is widely used by the people in those
country where power authorities are bound to shed some load periodically due to supply
shortage. Most of the time, rotor is rotated by a small diesel engine and the induction generator is
coupled to it.
Working of induction generator
•

•

•

•

Consider, an AC supply is connected to the stator terminals of an induction machine.
Rotating magnetic field produced in the stator pulls the rotor to run behind it (the
machine is acting as a motor).
Now, if the rotor is accelerated to the synchronous speed by means of a prime mover, the
slip will be zero and hence the net torque will be zero. The rotor current will become zero
when the rotor is running at synchronous speed.
If the rotor is made to rotate at a speed more than the synchronous speed, the slip
becomes negative. A rotor current is generated in the opposite direction, due to the rotor
conductors cutting stator magnetic field.
This generated rotor current produces a rotating magnetic field in the rotor which
pushes (forces in opposite way) onto the stator field. This causes a stator voltage which
pushes current flowing out of the stator winding against the applied voltage. Thus, the
machine is now working as an induction generator (asynchronous generator).

Induction generator is not a self-excited machine. Therefore, when running as a generator, the
machine takes reactive power from the AC power line and supplies active power back into the
line. Reactive power is needed for producing rotating magnetic field. The active power supplied
back in the line is proportional to slip above the synchronous speed.

Self-excited induction generator
It is clear that, an induction machine needs reactive power for excitation, regardless whether it is
operating as a generator or a motor. When an induction generator is connected to a grid, it takes
reactive power from the grid. But what if we want to use an induction generator to supply a load
without
using
an
external
source
(e.g.
grid)?
A capacitor bank can be connected across the stator terminals to supply reactive power to the
machine as well as to the load. When the rotor is rotated at an enough speed, a small voltage is
generated across the stator terminals due to residual magnetism. Due to this small generated
voltage, capacitor current is produced which provides further reactive power for magnetization.

Applications of induction generators: Induction generators produce useful power even at
varying
rotor
speeds.
Hence,
they
are
suitable
in
wind
turbines.
Advantages: Induction or asynchronous generators are more rugged and require no
commutator and brush arrangement (as it is needed in case of synchronous generators).
One of the major disadvantage of induction generators is that they take quite large amount of
reactive power.

3. QUIZ ON PRACTICALS

1. What is the working principle of AC. MOTOR?
2. What are the different types of A C Motor?
3. What is the working principle of three phase Induction Motor?
4. With what condition synchronous motor can be used as a synchronous condenser.
5. What are the special applications of an over excited synchronous motor.
6. Explain the effect of change of excitation of a synchronous motor on its armature current.
7. Explain the effect of change of excitation of a synchronous motor on its power factor.
8. With the given excitation a synchronous motor draws a unity PF current . if
the mechanical load is increased what will be the power factor and current for
the same excitation.
9. Why V curve shift upwards and inverted V curve shift right as the load increases.
10. Explain the effect of change of excitation of a synchronous generator on its armature
current.
11. Explain the effect of change of excitation of a synchronous generator on its power factor.
12. What for this test is really intended?
13. Why to conduct the test on identical transformers?
14. What happens if the rated values of voltage and frequency of supply vary?
15. What are the advantages and disadvantages of this test?
16. Can you perform this test on 3 – ɸ star/ delta transformers?
17.What is all-day efficiency?
18.Why starter is used? What are different types of starters?
19.Compare a slip ring induction motor with cage induction motor?
20 Why the starting torque is zero for a Single Phase induction motor and non-zero of 3phase
induction motor?

21.What are the disadvantages of this method?
22.Can we use rotor resistance method for starting?
23.Why there is no starting torque in a single phase induction motor?
24.What are different starting methods employed in single phase induction motors?
25.Compare the performance of capacitor - start, capacitor – run, shaded pole single phase
induction motors?
26.Mention a few applications of single phase induction motors?

4. Conduction of Viva-Voce Examinations:
Teacher should oral exams of the students with full preparation. Normally, the objective questions with guess are to
be avoided. To make it meaningful, the questions should be such that depth of the students in the subject is tested
Oral examinations are to be conducted in co-cordial environment amongst the teachers taking the examination.
Teachers taking such examinations should not have ill thoughts about each other and courtesies should be offered to
each other in case of difference of opinion, which should be critically suppressed in front of the students.

5. Evaluation and marking system:
Basic honesty in the evaluation and marking system is absolutely essential and in the process impartial nature of the
evaluator is required in the examination system to become popular amongst the students. It is a primary
responsibility of the teacher that right students who are really putting up lot of hard work with right kind of
intelligence are correctly awarded.
The marking patterns should be justifiable to the students without any ambiguity and teacher should see that students
are faced with unjust circumstances.

