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Course Rationale

This course will provide knowledge of AC
machine such as Alternators, Synchronous motor,
Induction motor that will bring them near to the
practical applications. By understanding these
machines' theoretical foundations and practical
applications, students gain insights into efficient
power generation, transmission, and utilization.
Furthermore, the course equips learners with the
skills to analyze, design, and troubleshoot
synchronous and induction machines, fostering
expertise crucial for electricai c¢ngineering and
energy-related industries.

stator windings




Course Objectives

This course has been projected for the students.

« Tounderstand the construction and basic
principle of AC machines.

« To analyze the properties of AC machines
practically. To get required ideas for designing
electrical machines.




Course Learning Outcomes (CLOs):

xr

G0z
Identify the Analyze the
performance of CLO 3 properties of
different machines Synchronous

Analyze different experimentally. Apply practical machines,

machines with knowledge for Induction Motors.

respect to designing Electrical

theoretical machines.

knowledge.



Course Plan Mapped with 9LO

Theory Time | Practical Time | Alignment

Experiment Name Learning Outcomes
P 5 (Hours) (Hours) to CLO
A GENERAL PROCEDURE FOR Students will gain a practical
CONDUCTING EXPERIMENTS WITH | Understanding of the operational CLO 1
1. DIFFERENT TYPES OF DC AND AC principles, construction, and 02 03 CLO 2
performance characteristics of various
MACHINES DC and AC machines.
A) DETERMINATION OF
EAII{J?\X]?;?\IRTSC?If{(TJEFT OF A Students will understand how to
TI?IREE PHASE INDUCTION MOTOR, | SXperimentally determine the 04 06 CLO2
2-3. B) VERIFICATION OF THE | parameters of the equivalent CLO3
EQUIVALENT CIRCUIT BY circuit
LOADING THE INDUCTION MOTOR.
Students will gain the ability to
4-5 NO LOAD AND BLOCKED ROTOR ;‘;itﬁzeli:};fifzs I::lc?rrécli)sses 04 06 CLOT
Y+ | TEST ON A 3- ¢ INDUCTION MOTOR . .
STO ¢ uctio OTO friction losses, and the equivalent CLOZ




Course Plan Mapped with 9L0

: Th Ti Practical Ti Ali t
Experiment Name T eory Time ractical Time ignmen

(Hours) (Hours) to CLO

After performing the brake test on a 3-
¢ squirrel cage induction motor,

BRAKE TEST ON 3- & SQUIRREL students will understand how to CLO?2

_ i ! 04 06
6-7. CAGE INDUCTION MOTOR determln(=T the motor's performance CLO 3
characteristics, such as torque, power,

and efficiency, under various load
conditions.

Students will understand its

LOAD TEST ON 3-PHASE AC SLIP performance characteristics, CLO 3

8-9. RING INDUCTION MOTOR including torque, efficiency, and 04 06 CLO 4
power factor under varying load

conditions.

Students will understand its

LOAD TEST ON SINGLE PHASE performance characteristics, including 02 03 CLO3
10. INDUCTION MOTOR efficiency and power factor under CLO4

varying load conditions.




Course Plan Mapped with CLO

E : t N I o Out Theory Time | Practical Time @ Alignment
Xpel‘lmen ame carning vutcomes (HOlll‘S) (HOlll‘S) to CLO
By conducting this experiment, students
EQUIVALENT CIRCUIT OF A will understand how to derive the CLO?2
11-12. | SINGLE PHASE INDUCTION equivalent circuit parameters of a single- 04 06
MOTOR phase induction motor and analyze its CLO3
performance characteristics.
Students will be able to determine the
REGULATION OF ALTERNATOR voltage regulation of an alternator using
the synchronous impedance method and CLO 2
13-14. = USING SYNCHRONOUS R . 04 06
understand its significance in CLO 3
IMPEDANCE METHOD maintaining stable operation under
varying load conditions.
Students will gain practical
understanding of the working
AN EXPERIMENTAL STUDY ON A principles of a fan motor, analyze 00 03 CLO 3
5. FAN MOTOR its electrical and mechanical CLO4
performance, and evaluate key



Course Plan Mapped with 9L0
e

Theory Time | Practical Time | Alignment
(Hours) (Hours) to CLO

Experiment Name Learning Outcomes

Students will integrate theoretical

concepts from lectures and practical

Designing a Project, where students skills from experiments to design a

could emphasize the knowledge and project focused on process control,
skills learned from lectures and voltage regulation, and power factor
experiments and utilize them to control for a small power system.
1617 | o | power syste 04 06 CLO 4
implement process control of an They will demonstrate the ability to
industry and voltage regulation and apply learned concepts to real-world
power factor control for a small power | Industry scenarios, enhancing their
system. practical knowledge and problem-

solving skills in managing electrical
systems effectively.




SAFETY RULES

1. Do not touch any terminals (or) Switch without ensuring that 1t 1s dead.
2. Wearing shoes with rubber sole 1s desirable.

3. Use a fuse wire of proper rating.

4. Use sufficient long connecting leads rather than joining two or there
small ones, because 1n case any joint 1s open 1t could be dangerous.

5. Make sure that all the electrical connections are correct before switching
on any circuit. Wrong connections may cause large amount of current
which results damage of equipment.

6. The circuit should be de-energized while changing any connection.

7. In case of emergency or fire switch-off the master switch on the main

panel board.

8. Keep away from all the moving parts as for as possible.

9. Do not renew a blown fuse until you are satisfied to the cause and
rectified problem.

10. Do not touch an electric circuit when your hands are wet or bleeding from a
cut.



WEEK O1



EXPERIMENT 1— A general procedure for
conducting experiments with different types of
dc and ac machines




Pre Lab Work

« Motor and generator principles

« Types of motor and generator
- Identification whether a machine is generator or motor
- Common connections for a motor and a generator
- Loading arrangements for motor and generator
« Speed control of a motor

(To be written in the report)



1.1 Introduction: There are some common techniques to identify an electrical machine and to work with an electrical
machine. The machine may be a motor or a generator. First of all, the students are required to identify a proper
machine for their experiment. Then, in most cases, finding the characteristics of the motor or generator is required. In
general, the characteristics are determined by loading the motor or generator. The general guidelines of identifying
and loading of an electrical machine are given below.

1.2 Three phase Induction motor:

1.2.1 Identification of an induction motor : Based on rotor construction, there are two types of induction motor:
squirrel cage and wound type. In a squirrel cage induction motor, only six stator terminals are available at outside and
the rotor terminals are shorted inside. On the other hand, in a wound type, three rotor terminals are also available at
outside along with six stator terminals. Hence, for a wound type nine terminals are available at outside whereas only
six terminals are available for a squirrel cage motor.

1.2.2 Loading of an induction motor: A dc machine (dc generator)/eddy current brake is connected in the laboratory
for loading the induction motor, then the generator is loaded gradually and hence the motor is loaded gradually. The
loading procedure of a generator will be discussed below.




1.3 Three phase synchronous machine:

1.3.1 Identification of a three phase synchronous machine : A three phase synchronous machine has six armature terminals and two
dc field terminals. A dc supply 1s applied to the field terminals. The synchronous machine may act as a generator (known as
alternator) or a motor; it depends on the type of input and output. If the output is electrical and the input 1s mechanical force then
the machine 1s a generator or alternator and vice versa for a motor. For an alternator, the input mechanical force 1s generated by
an external dc/ac motor.

1.3.2 Loading of a three phase synchronous machine: If the synchronous machine acts as an alternator, a three phase variable load
(R/RL/RC) 1s connected 1n series with the armature of the machine to vary the armature/load current. Again, if the synchronous

machine acts as a motor,
a dc generator (which acts as a load) 1s connected with its rotor to demonstrate the loading characteristics.

1.4 Single phase dc/ac machine:

1.4.1 Identification of a single phase ac motor: In our laboratory, it i1s confusing to identify a single phase ac motor using the
terminals. The ac motors look like a dc motor. Hence, it 1s suggested to identify the motor using the nameplate of the motor.

1.4.1 Loading of a single phase ac motor: A dc generator with variable external resistor will be used for loading the single phase ac
motor.




The students are also advised to follow the following instructions during experiment:

1. Read the voltage and current ratings of a machine. Never apply the current and voltage that exceed

the values written in the nameplate of the machine.

2. Don’t close/open any switch until you know the function of the switch. It is better to ask a teacher/

officer to open/close the switch of power supply. -
3. Disconnect all connections that you made during experiment carefully.

4. Tidy up the experimental desk once you finish the experiment.

5. Don’t discuss with other group member without any concern of a teacher.

6. Ask a teacher before you leave the laboratory.







EXPERIMENT 2— PARAMETERS OF THE
EQUIVALENT CIRCUIT OF A THREE PHASE
INDUCTION MOTOR




Pre Lab Work

1) If the no load test results of an induction machine are given as: 3-phase

real power Pnl, line-line voltage Vnl, and stator current Inl, how to calculate
magnetising impedance?

2) If the block-test results are given as: 3-phase real power Pbl, line-line
voltage Vbl, and stator current Ibl, how to calculate leakage reactance of

stator and rotor?

3) Derive the torque, output power, and efficiency of the induction machine
based on the equivalent circuit.

4) Compare the per phase equivalent circuit of a transformer and an
induction machine and describe the similarities and differences.

(To be written in the report)



2.1 Aims

e Determining the parameters of the equivalent circuit of a three-phase induction motor, by

means of a no-load test and a blocked rotor test which are similar to the open circuit and
short circuit tests used to measure the parameters of a transformer.

e The carrying out of a full load test, i.e. the experimental determination of real power drawn
by the induction machine at full load slip.

e Verifying the equivalent circuit.

2.2 Theory

The stator of a 3-phase induction motor is fitted with three windings, each connected to one phase
of a 3-phase supply. The rotor has a squirrel cage construction which is effectively short circuited.

For normal operation, the stator and rotor currents set up a magnetic field distribution which rotates
around the air gap at "synchronous speed" proportional to supply frequency (synchronous speed is

1500 rpm for the 50 Hz, 4-pole laboratory machines). Currents are induced in the predominantly
resistive rotor due to it slipping behind the rotating magnetic field. These induced currents create a

rotating magnetic field at the synchronous speed but which trails the stator field by 90 "electrical”
degrees, thus creating motoring torque. In the theory of induction machines, the mechanical speed

of the rotor (w:) and of the rotating magnetic field (w.) is of great importance. This is usually
expressed as the "slip” (s), defined as:

5= [ma'mr]:"ms [3-1}

N




Note that s=1 corresponds to standstill and s=0 corresponds to running at synchronous speed. The
normal running speed of an induction motor is typically 5% below synchronous speed, which

corresponds to a slip of 0.05. Fig. 1 shows a per phase equivalent circuit for an induction machine,
referred to the stator side.

R, X, X,
W
h i

'

Vi X, R, s

Fig. 1 Induction machine per-phase equivalent circuit, referred to the supply side.

The equivalent circuit is just like that for a transformer but, on an equal mass basis, the induction
motor circuit has lower magnetising reactance because the magnetic circuit has the higher
reluctance of two air gaps per pole pair. Provided magnetic saturation is not localised we may
assume that the two leakage reactance are equal. Thus it is common for an unloaded induction




motor to have a no-load current 35% of rated current whereas for a transformer it may be only 10%.
Obviously R, accounts for the magnetising power loss and R, represents the resistance of the stator.
R; is the rotor resistance referred to the stator side and R,/s accounts for the power transferred
across the air gaps to the rotor. This resistor can be split into R,, accounting for the resistive heating
in the rotor and R, *(1-s)/s representing the mechanical power. \

2.4 Experimental Work

Check the ratings of the induction motor on the nameplate and record in your report.

2.4.1 Stator resistance measurement R.:

Using a multimeter, measure the DC resistance of each of the stator windings; then average the
measurements as R..

2.4.2 Blocked-rotor test (short-circuit test):

Fig. 2 shows the connection diagram of an induction motor for the block-rotor test. The variable AC

supply is used to power on the 3-phase squirrel cage induction machine. Make sure the power
supply is OFF before starting to connect the circuit. Ask a teacher/officer to check the wirings.




1) Hold the rotor end with the hand to run a blocked rotor test.
2) Ensure that the variac is set to zero volts. Switch on the three-phase AC supply. Apply reduced
voltage to the stator slowly using variac, sufficient to cause the rated current of 1.8 A (ho more than

1.8 A shown on the ammeter). Measure and record the real power per phase (Py), voltage (V) and
currents (I ).

3) Turn the variac back to zero and then switch off the AC supply.

EI-E Ll

@ X Stator
X Y 3-¢p Auto @
p.cC.
supply | Tra rlsgg;mer @

Blocked by hand

Fig. 2 Connection diagram for blocked-rotor test.




2.4.3 No-load test (open-circuit test):

The circuit connection diagram remains the same as Fig. 2. The induction machine stays without
using hand; only friction load remains. Ask a teacher/officer to check the wirings.

1) Turn on the AC supply. Start the motor by slowly increasing the variac voltage from zero. Do
this slowly enough to ensure that the machine rated current (1.8 A) drawn from supply is at
no stage exceeded. Please note the current readings on the ammeter. Why are the current
readings increased, then decreased, and increasing again with consistently increasing the
voltage?

2) When the motor has run up to speed, measure the no-load current (l,), active power (P,)
and speed w, for the rated voltage of 400 V line-line. Note that Wattmeter register total
power over the balanced three phases.

3) Turn the variac back to zero and then switch off the variable AC supply.




2.4.4 Calculation of equivalent circuit parameters:

The average stator resistance R. previously measured by a multimeter and can be considered to be the
DC value. Due to the skin effect, an extra 20% should be considered for the stator AC resistance. Like the
open-circuit test on a transformer, the no-load test on an induction motor gives information with respect
to exciting current and no-load losses. At no-load, the rotor current is a very small value required to
produce sufficient torgue to overcome friction and windage, and the slip is very small so that the

reflected rotor resistance (R:/s) is very large. Hence the no-load input power is dissipated only at Rs and
Re. Subtracting stator copper loss of Hslm2 from no-load input power, will give core and rotational losses

of the induction motor as:
P. =P, —R.I% (2.2)

Now, magnetising branch resistance of R: can be estimated as:

2
R =L

c P, {2-3}

The total reactive power Q,, at no-load is absorbed by self-reactance X;; of the stator, which is the
series combination of stator reactance X; and magnetising reactance X, , i.e. X11=X+Xm

The self-reactance can be determined by

&

) (2.4)

ml nl fni
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Hence the magnetising reactance can be estimated as

Xm = xll - X:-.' {2-5}

Like the short-circuit test on a transformer, the blocked-rotor test on an induction motor gives

information with respect to the leakage impedances. If exciting current at blocked rotor test is neglected

(as the stator current is much greater than exciting current), from the total reactive power absorbed by l
the induction motor, determine the sum of stator and rotor reactance as \

H&- + XT = G_;“!, where Qb! — VMIMSI':H(HMJ and Em — Eﬂﬂ_l[ Fhi :l [25]
Iy Vi 11

Assuming equal distribution of leakage reactance in the induction motors, stator and rotor reactance can

Xs+iy (2.7)

be determined as: X, = X, = >

At blocked-rotor test, the input power is dissipated on Rs and R: as the slip is 1. The sum of stator and
rotor resistance can be determined by

R.+R =2 (238

I
Substituting R, measured before the rotor resistance can be worked out.

Now all the parameters in the equivalent circuit of Fig.1 are determined. Make a sketch of the per
phase equivalent circuit of the induction motor and show on it the values of the parameters

determined.



2.4.5 Load test:

Fig. 3 shows the connection diagram of the induction motor load test. Use an eddy-current brake as
a load for the induction machine. Ask a teacher/officer to connect eddy current brake to the
induction motor.

1) Make sure the power supply is OFF before connecting the circuit. Ask a teacher/officer to
check your connection before energising it.

Eddy current
f&; Stator brake
3- —1 3-¢ Auto
p.c. + DC
Euppw—Transfurmer I R e
400V Mﬂuplins

Fig. 3 Connection diagram for load test.

2) Switch on the AC power. Slowly increase the variac till the voltage reaches 400 V on the
Voltmeter. Measure and record the current, real power and speed. Make sure the dc supply
applied to the eddy current brake is OFF.

3) Turn ON the dc supply. Slowly increase the dc current applied to the eddy current brake till the
input motor current reaches 1.8 A.

Record the voltage, current, real power, and the speed. Compare the measurements with the
calculations respectively in Section 2.5 below.

N




2.5 Comparison with Results from Equivalent Circuit

1)

2)

With the rated voltage (V.= 400 V), use the equivalent circuit worked out from the no-load
and blocked rotor tests to calculate:
¢ Per phase current from the supply

e Total real power from the supply

¢ Total reactive power from the supply
¢ Power factor
e Efficiency

Compare these calculations with the measurements in the load test Section 2.4.5. Comment
on the accuracy of the equivalent circuit.







EXPERIMENT 35— NO LOAD AND BLOCKED
ROTOR TEST ON A 3- @ INDUCTION MOTOR




Pre Lab Work

e Study the working principle of a 3-phase induction motor and

understand its equivalent circuit.

e Understand the purpose of the no-load and blocked rotor tests for
determining motor parameters such as efficiency, starting torque, and
voltage regulation.

e Familiarize yourself with the procedure of performing the no-load and
blocked rotor tests.

e Review the necessary equipment, including the induction motor,
wattmeter, ammeter, voltmeter, and tachometer.

e Prepare a datasheet to record the test results and calculate the

motor's performance characteristics

(To be written in the report)



To determine the equivalent circuit of a 3- ¢ induction motor and calculate

various parameters of induction motor with the help of circle diagram. NAME PLATE DETAILS:

Powerrating  SHp

APPARATUS REQUIRED:
Voltage 400V
Current 6.8A
SL
No. Equipment Type Range Quantity Speed (RPM) 150
Voltmeter MI (0-600)V 1 no
2 Ammeter MI (0-10)A 1 no Frequency 50Hz
10A/600V UPF | 1no
3 Wattmeter Electro dynamo meter type 10A/600V LPF 1 no
.. PF Laggi
4 Tachometer Digital (0-10000)RPM 1 no asslis
5 Connecting Wires (0-20)A Required




3- ¢ Auto transformer Details:

Input Voltage: 415 (Volt)
Output Voltage: (0-470) (Volt)
Current: (Amp.)
CIRCUIT DIAGRAM:
1(AB00V 7 7 77 7 7
UBE L, S S S )

: wattietar : l
) A Emf”?“t? 2 1{;}

5 ! SZ
Fuse | 2 IM L } \fj
[0-104) |~
" wo SN
3Qaa0v ||p "!@
2WHZACT || § (6-600V)
supy |- M
Fuse A |‘—R4
104
1
(.
U \\—. r # _ ¥ 1
Fuse ;M M‘a..__.r"f JL‘.
10A ETYY G YA

~ 10ABOOV ROTOR
J
3-() Auto transformer walﬁJmFEter

i 0-470)V, 50Hz

BRAKE DRUM
R= cm




PROCEDURE: e

NO- LOAD TEST:

1. Connections are made as per the circuit diagram. '\

2. Ensure that the 3- ¢ variac 1s kept at mimimum output voltage position and belt 1s

freely suspended.

3. Switch ON the supply. Increase the variac output voltage gradually until rated
voltage 1s observed 1n voltmeter. Note that the induction motor takes large current

initially, so, keep an eye on the ammeter such that the starting current current

should not exceed 7 Amp.

4. By the time speed gains rated value, note down the readings of voltmeter,

ammeter, and wattmeter.




5. Bring back the variac to zero output voltage position and switch OFF the supply. Ot

BLOCKED ROTOR TEST:

1. Connections are as per the circuit diagram.

2. The rotor 1s blocked by tightening the belt.

3. A small voltage 1s applied using 3- ¢ varnac to the stator so that a rated current

flows 1n the induction motor.

4. Note down the readings of Voltmeter, Ammeter and Wattmeter 1n a tabular

column.

5. Bring back the Variac to zero output voltage position and switch OFF the supply.




OBSERVATIONS:

No Load Test:
S No. | Voltmeter | Ammeter | Wattmeter reading| Wai (Pul)
reading reading (W)
V ul Im W W
V) (A) w | | Wiwe
1 420 1 60 98 158%2=316
Blocked Rotor Test
Wattmeter
reading
Voltmeter | Ammeter W
Reading | reading Wi W br (Por)
S No. V br Ibr (W) W) | WitW,
120%*2=2
1 38.5 8 36 64 40




Measurement of stator winding resistance (ryp):

CIRCUIT DIAGRAM:
ppsT 14
FUSE
T oM
i T
1.7A 3
Rheostat MC —
| =
30V E [GM-SDOC V)
DC Supply 3 E
¥ 1A
: FUSE

— — O




TABULAR COLUMN:

S no.

Voltage (v) Ammeter (I) Resistance (R)

Procedure to find r 1:

1.
2.

3.

N

Connections are made as per the circuit diagram
Switch ON the supply. By varying the rheostat, take different readings of

ammeter and voltmeter 1n a tabular column.

From the above readings, average resistance ry of a stator 1s found

Measurement of Stator resistance

Connect the circuit as per the circuit diagram shown 1n fig (2).
Keeping rheostat in maximum resistance position switch on the 220 V Dc supply.
Using volt-ammeter method measure the resistance of the stator winding.

After finding the stator resistance, R4. must be multiplied with 1.6 so as to

account for skin effect 1.e. R5c = 1.6 Ryc.




y
' MODEL CALCULATIONS: ,,,,/

G=W,/3V,, Yo=lo/V , Bo=Yo"-Go"
Z0=Ville s REWBXL, Xo=VZo*-Roy’ |
For circle diagrm: \
cos®=Wo/\3 Vil , ®o=cos (Wo/V3 Vilp)
cos Dge =Wo/V3 Vil Lni=Lc(V/Ve):
PRECAUTIONS:
1. Connections must be made tight

2. Before making or breaking the circuit, supply must be switched off

RESULT:

No load and blocked rotor tests are performed on 3-@ Induction motor.




WEEK 6-7



EXPERIMENT 4 — BRAKE TEST ON 3- ¢
SQUIRREL CAGE INDUCTION MOTOR




Pre Lab Work

Understanding the principles of the brake test, which is
used to determine the motor's mechanical losses and
efficiency. Familiarize yourself with the setup, including the
motor's key components such as the stator, rotor, and the
brake drum. Study the working of the motor under no-load
and varying-load conditions. Prepare to measure
parameters such as input power, output power, torque, and
speed. Ensure the correct calibration of instruments like
tachometers and dynamometers to accurately record
results.

(To be written in the report)



AIM:

To determine the efficiency of 3- ¢ induction motor by performing load test.

To obtain the performance curves for the same.

APPARATUS REQUIRED:
SL

No. Equipment Type Range Quantity

1 Voltmeter MI (0-600)V 1 no

2 Ammeter MI (0-10)A 1 no

10A/600V UPF 1 no

Wattmeter Electro dynamo meter type 10A/600V LPF 1 no

4 Tachometer Digital 0-9999 RPM 1 no
Connecting Wires ek A e Required




3- ¢ Auto transformer Details:

Input Voltage: 415 (Volt)

Output Voltage: (0-470) _(Volt)

Current: (Amp.)

Freq.: 50Hz (Hz)

CIRCUIT DIAGRAM:
104800V 777 7 7]
wa%m%ier _

M/ \Li R
R A ; : 52
o ey st {7

0 0
Fuse A i
10A |
} iator
T \/ ®
30 440v |[p ) S
SOHZAC 45 - i DRAKE DRUM
Supply T
R= cm
E})J(—' o o B 000 '
Fuse B FR%
104 .
e '
I N :
C i | i
N — O s ; .
Fuse :M v I—!
104 B -e=hf
TR ROTOR
3-0) Auto transformer waltmeter

( 0-470)V, 50Hz



PROCEDURE:

1. Connections are made as per the circuit diagram.

2. Ensure that the 3- ¢ vanac 1s kept at mimimum output voltage position and belt

1s freely suspended.
3. Switch ON the supply. Increase the variac output voltage gradually until rated

voltage 1s observed in voltmeter. Note that the induction motor takes large

current mitially, so, keep an eye on the ammeter such that the starting current

current should not exceed 7 Amp.

4. By the time speed gains rated value, note down the readings of

voltmeter, ammeter, and wattmeter at no-load.

5. Now the increase the mechanical load by tightening the belt around the

brake drum gradually 1n steps.

6. Note down the various meters readings at different values of load till the ammeter

shows the rated current.

7. Reduce the load on the motor finally, and switch OFF the supply.



TABULAR COLUMN:

S. | Volt | Curre | Wattmeter | I'P Spring balance | Speed | % Power | Torque | Pout(W) | %mn
N | age( | nt(A) reading power (kg) (N) Slip | factor | (Nm)
O | V) W1 W2 WI1+W2 S1 S2 [ (S1- Ipm cosD=
S2) w;tw2
N3vi
400 | 1.2 240 | 240 | 480 0 0 0 1498 0.13 | 0.57 0 0 0
400 | 2.2 880 | 240 | 1160 1.5 | 6. |5 1485 1 0.76 5.49 853.74 76.31
5
400 | 3 1120 | 480 | 1600 25 |10 | 7.5 1454 3.06 | 0.76 8.24 125464 | 7841
400 | 3.6 1440 | 640 | 2080 35 |14 | 105 | 1424 5.06 | 0.83 11.53 1720.85 | 827.3
400 | 4 1600 | 720 | 2320 45 |16 | 12 1398 6.8 0.83 13.18 1929.52 | §3.16
S
400 | 5 1960 | 880 | 2840 55 |19 | 13.5 | 1382 7.8 0.81 14.83 2146.23 | 75.57
400 | 6 2000 | 960 | 2960 6.0 | 20 | 14 1268 7.54 | 0.7 15.38 209376 | 70.23




MODEL CALCULATIONS:

Input power drawn by the motor W = (W + W») watts

S
Shaft Torque, Tsp =9.81 (S; ~ S2) R N-m R Radius of drum in meters.
27ZNT,

Output power 1n watts = watts
60

1. eﬁfciency — output power in watts x 1()()
Input power in watts

Calculations:
% Slip = (Ns-N)/NS*100
=120{/P
Power factor of the induction motor cos®=W/\3 V;I;
MODEL GRAPHS:

1. Speed orslip Vs output power
2. Torque Vs output power
3. % efficiency Vs output power

Yan
A ~ ST

oA
o
g
o
o
o
q



PRECAUTIONS:

1. Connections must be made tight

2. Before making or breaking the circuit, supply must be switched off

RESULT:

The load test on 3-® squirrel cage induction motor conducted and the characteristics of
torque, speed, efficiency versus output power were drawn.







EXPERIMENT 5 — LOAD TEST ON 3-PHASE AC
SLIP RING INDUCTION MOTOR




Pre Lab Work

e Review the working principles and construction of a 3-phase

slip ring induction motor.

e Understand the significance of performing a load test to
determine the motor's performance under varying load
conditions.

e Familiarize yourself with the connection diagram and test
setup for the load test, ensuring correct wiring and
equipment placement.

e Study the parameters to be measured, such as current,
voltage, power, and torque, during different load conditions.
e Prepare to calculate the motor's efficiency, slip, and power
factor based on the data obtained during the experiment.

(To be written in the report)



To Perform Load Test on 3 Phase AC Slipring Induction Motor.

APPARATUS REQUIRED:

S

No. Equipment Type Range Quantity

1 Ammeter MI (0-10) A 1 no
(0-500) V 1 no

2 Voltmeter MI 10A/600V UPF 1 no

3 Wattmeter Electro dynamo meter type 10A/600V UPF 1 no

4 Tachometer Digital (0-10000)RPM 1 no

5 Connecting Wires | ***** (0-20)A Required




CIRCUIT DIAGRAM:

WATT METER
S B S Al
Sl I I e 'F'l
R \ R1 W wH
T Y fanR|_
R Y J‘-@ -
415V 3-PH 'R3
ACSUPLY B l
Y """--. DO
EE-?EFI ' UPF WATTMETER
RESISTANCE | P2 |
= IARTER |
B !
V1 |
Wi
R, Y, BSTATOR TERMINALS

E1.R2.RE3 ROTOR TERMINALS




PROCEDURE: 5 5t
1. Connect circuit. as shown 1n diagram.
2. Adjust ‘Zero set’ for Balances.
3. Switch on Mains supply s/w.
4. To Start AC Motor, press START Push Button & Shift position of Rotor resistance s/w from
1 to 2 to 3 to 4. Resistance 1s cut out and rotor 1s short circuited at position — 4.
5. Note down readings of voltmeter, Ammeter, Wattmeter’s & load on balances W1 & W2 Kg.
6. Using hand wheel of Brake drum arrangement load the motor in steps from no load to rated
torque.
7. Rated torque T =(W1-W2) *A
A = Break drum Constant = Radius of Pulley (Meter) * 9.81
8. At each step repeat Step 3.
9. Calculate power output P = 2JINT/60.
10 .Calculate efficiency = output / mput.




Observation Table:

S | Line | Lin | Wattmeter’ | I/P | Loa | Loa | WI1- | Spee | Tor

Volt | e s Powe | d | d | W2 | d | que |O"PU
N S Am watts r W1 | W2 RP power °n
Ol vi | ps. P1+ Ke. M | N-m

I. | P1 | P2 | P2 | Ke

1. | 420 | 3.8 | 0.24 | 0.29 | 0.33 0 0 0 1472 0 0 0
2. | 420 4 0.32 | 0.19 | 0.51 4 0.5 3.5 1420 | 4.12 | 612.6 | 30.02
3.1 420 | 42 | 0.34 | 0.09 | 043 | 45 1 3.5 1360 | 4.12 | 586.7 | 34.11
4.1 420 | 44 | 0.38 | 0.04 | 042 6 1.5 4.5 1348 | 5.29 | 746.7 44.9




RESULT:
Load test 1s performed on 3-O A.C. Ship ring Induction motor, and characteristics
performances are observed.




WEEK 9-10



EXPERIMENT 6 — LOAD TEST ON SINGLE
PHASE INDUCTION MOTOR




Pre Lab Work

e Review the basic working principles of a single-phase

induction motor, including its construction and operation.

e Understand the purpose of a load test in determining the
performance characteristics like efficiency, power factor,
and torque.

e Familiarize yourself with the test setup, including the motor,
load bank, and measuring instruments like ammeters,
voltmeters, and wattmeters.

e Prepare calculations for expected motor performance at no-
load and full-load conditions.

e Ensure proper safety measures and motor insulation are
verified before starting the experiment

(To be written in the report)



AIM: ........

To conduct the direct load test on the given single phase induction motor and to
determine and plot 1ts performance characteristics.

APPARATUS REQUIRED: S—
SL
No. | Equipment Type Range Quantity
] Voltmeter MI (0-300)V 1 no
2 Ammeter MI (0-10)A 1 no
3 Tachometer Digital 0-9999 RPM 1 no
(0-150)V UPF

4 Wattmeter Dynamo-type (0-10)A 1 no

Connecting
5 Wires etk (0-20)A Required




NAME PLATE DETAILS: /
1® Induction motor BT ar

Rated Voltage : 220V
Rated Current : 8A
Rated Speed : 1500rpm
Rated Power : 2HP
Rated Frequency: 50Hz

FORMULA USED:

Torque = 9.81 x (S1-S2) x R Nm, where R 1s the radius of the brake drum in meter.
Output power, Po= 2aNT/60 Watts

Input power, Pi= W1+W2 Watts

%Efficiency, %n = (output power/input power) x100

% Slip = (Ns-N)/N x100

Power factor = Cos ¢=W/VI



CIRCUIT DIAGRAM:

(0-20)A 300V 20A UPF

ME poce—s '1
P /A0 |Mr0-\ L
. A
Tkl
Gr)(ﬂ-m)v
230V v M
19
50Hz AC supply
M2
! \
N \J

AUTO TRANSFORMER
(0-270)V




PROCEDURE:

1. Connections are given as per the circuit diagram.
2. Switch on the supply at no load condition.
3. Apply the rotor voltage to the motor using the variac and note down the readings at

ammeter And wattmeter.

4. Vary the load 1n suitable steps and note down all the meter readings till fi1ll load
condition.




TABULAR COLUMN:
I
S.| Vo [Amps| S, S | S W Speed Torque Po
No| Volts kg | kg | kg | watts rpm Nm watts Yon
1 | 220 2 0 0 0 480 1480 0 0 0
2 | 220 4 2 105 |15] 680 1460 1.65 252.142 37.09
3 | 220 5 45 | 1.5 | 2 960 1448 2.197 332.97 34.68
4 | 220 6 | 6.5 2 |145] 1120 1440 4.94 745.15 65.53
5 | 220 7 8.3 | 2.5 [5.8 [ 1440 1430 6.372 953.71 66.23




MODEL GRAPH:

A | W
N 3 IL VsP
Y& ro fa L VEEXo
i q""mi. or T ws Po E‘ E
i -3 = :
T ws Po
- -
Po(w) Po(w)

RESULT:

Thus load test on the single phase induction motor has been conducted and its

performance characteristics determined.




WEEK 11-12



EXPERIMENT 7 — EQUIVALENT CIRCUIT OF A
SINGLE PHASE INDUCTION MOTOR




Pre Lab Work

The no-load test will help identify the magnetizing branch
parameters, while the blocked rotor test will give us the resistance
and reactance of the motor's equivalent circuit. Measurements of
voltage, current, and power will be taken during both tests. The
motor's equivalent circuit parameters will be calculated from the
obtained data. This experiment will help in understanding the
behavior and performance characteristics of a single-phase
induction motor.

(To be written in the report)



e A

To determine the equivalent circuit parameters of a single phase induction motor 35 5%

by performing the no- load and blocked rotor tests.

APPARATUS REQUIRED: \

SI.
No. Equipment Type Range Quantity
1 Voltmeter MI (0-300)V 1 no
2 Ammeter MI (0-10)A 1 no
(0-300)V LPF
3 Wattmeter Dynamo-type (0-10)A I no
(0-150)V UPF
4 Wattmeter Dynamo-type (0-10)A 1 no
S 5 Connecting Wires e e ek (0-20)A Required




CIRCUIT DIAGRAM:

(0-20)A 300V 20A UPF

ph s
‘E\ n'\.l i :;: m_l
| LW M
| D (0-300)V 0%0
B0 | P M o()9) ==c
I% g °0 9
g Rotor
| M2
N \ U

AUTO TRANSFORMER
(0-270)V




PROCEDURE:
No load Test:

L.

2.

The circuit connections are made as per the circuit diagram.

Be sure that variac (auto transformer) 1s set to zero output voltage position before

starting the experiment.
Now switch ON the supply and close the DPST switch.

The variac 1s varied slowly, until rated voltage 1s applied to motor and rated speed

1S obtained.

Take the readings of Ammeter, Voltmeter and wattmeter 1n a tabular column.

The variac 1s brought to zero output voltage position after the experiment 1s done,

and switch OFF the supply.




y

Blocked Rotor Test:
l.

To conduct blocked rotor test, necessary meters are connected to suit the full load

conditions of the motor.

Connections are made as per the circuit diagram.

Before starting the experiment variac (auto transformer) 1s set to zero output

voltage position.

The rotor (shaft) of the motor 1s held tight with the rope around the brake drum.

Switch ON the supply, and variac 1s gradually varied till the rated current flows n

the induction motor.
Readings of Voltmeter, Ammeter, and wattmeter are noted in a tabular column.

The variac 1s brought to zero output voltage position after the experiment 1s done,

and switch OFF the supply.

Loosen the rope after the experiment 1s done.




Calculation for No-Load Test: Calculation For Blocked Rotor Test:

‘TSL'.
ZLZse = N
Volg cosdp, = We scC
W,
SC
cosch, = Wo R — -
Soio Ise
Vﬂ rlisﬂleDCresistaﬂ::Eﬂfsialﬂrﬂfmﬂtﬂt
Zo = —
Io Fy3 = Rge — Fy
Xg = Zg SEDII}“ X1 %2 = X5
1 since lealktage reactance can't be seperated out _ it 1s
ticetot _ X
Xn =X1 +_2(x2+-xm} common practice to to assume 11_ >

- x - x _xsc_x _ijzz RZ
Km= 2{Xg — X533 — 3 1 2 > sC sC

2 SC




OBSERVATIONS:

For No-Load Test:

Yoltmeter Wattmeter cos®,=W,/V0I0
reading Ammeter reading
S1 no. Vo reading I, W,
| 220 2 80*%2=160 0.3636
For Blocked Rotor Test:
Yoltmeter Ammeter Wattmeter
S1 reading reading reading cosPDs,
no. Vsc Isc Wsc
| 38 8 130%2=260 0.855




Circuit diagram for measurement of Rj :

DPST
FUSE
PN o L~

1A
FUSE

|
; ; 400
=3 - 4 {“- I}A
| ] 1-7A Al
11 Rheostat
1 i +
|
30V | | (Q-300V)
[ MC
DC Supply * —
11
| | Az
11

{

PROCEDURE:

1. Connections are made as per the circuit diagram.

2. Imtially rheostat 1s set at maximum resistance position.

3. Switch ON the supply, and vary the rheostat gradually and note down the readings of

ammeter and voltmeter

4. For the corresponding values, average of rl 1s take




To find stator Resistance: . seeduens
S.NO. V(volts) 1(Amps) R=V/I1 Q
| 5 4.76 1.05
2 10 9.09 1.1
3 15 13.39 1.12
4 18 15.65 1.15
3 20 18.18 1.1

Average Value: Rgc Rac Rge=1.1

Comments:
1.S1nce IM 1s not self starting Machine, 1t 1s started by placing an auxiliary winding

in the circuit.

2.Here no-load test 1s similar to open circuiting the load terminals and blocking the

rotor 1s similar to conducting short circuit on the IM.




WEEK 13-14



EXPERIMENT 8 — REGULATION OF ALTERNATOR
USING SYNCHRONOUS IMPEDANCE METHOD




Pre Lab Work

e Review the principles of alternator operation, focusing on

synchronous reactance and synchronous impedance.

e Understand the concept of voltage regulation in alternators and
its importance for maintaining constant output voltage.

e Familiarize yourself with the synchronous impedance method for
calculating voltage regulation.

e Study the open-circuit and short-circuit tests used to determine
synchronous reactance and impedance.

e Prepare necessary calculations for the experiment, including
determining the synchronous impedance and expected voltage
regulation values.

(To be written in the report)



AIM:
To find the regulation of a 3 - ¢ alternator by using synchronous impedance
method.
APPARATUS REQUIRED:
SIL
No. [Equipment Type Range Quantity
1 Voltmeter MI (0-300/600)V 1 no
2 Ammeter MI (0-5/10)A 1 no
3 Ammeter MI (0-2.5/5)A 1 no
400 Q/1.7A 1 no
3 Rheostat Wire-wound 145Q /2A 2 no
4 Tachometer Digital (0-100000)RPM 1 no
5 Connecting Wires ek ek sk (0-20)A Required

N




NAME PLATE DETAILS:

DC Motor(prime mover) | 3- ¢ Alternator

Powerrating : SHP Power Rating : 3KVA

Armature

Voltage . 220V

Voltage . 415V

Current : 19A Rated Current:  3.8A
Speed :  1500rpm Speed . 1500rpm
Excitation : Shunt Excitation : DC Generator




CIRCUIT DIAGRAM:

DPST 20A

FUSE
+

220V
G Supply

145 sham 2 84
ANVANS ] _

-'.I'lli‘ll.'-.'..-'illlli..llh.
145 sham? B4




PROCEDURE:

Open Circuit Test:

l.

2.

Make the connections as per the circuit diagram.

Before starting the experiment, the potential divider network i1n the alternator
field circuit and field regulator rheostat of motor circuit 1s set minimum resistance

position.

Switch ON the supply and close the DPST switch. The DC motor 1s started by

moving starter handle.

Adjust the field rheostat of DC motor to attain rated speed (equal to synchronous

speed of alternator)

By decreasing the field resistance of Alternator, the excitation current of

alternator 1s increased gradually 1n steps.

Note the readings of field current, and its corresponding armature voltage 1n a

tabular column.

The voltage readings are taken upto and 10% beyond the rated voltage of the

machine.




Short Circuit Test:
1. For Short circuit test, before starting the experiment the potential divider 1s

brought back to zero output position, 1.e., resistance should be zero n value.

2. Now close the TPST switch.

3. The excitation of alternator 1s gradually increased in steps unfil rated current
flows 1n the machine and note down the readings of excitation current and load

current (short circuit current).

4. Switch OFF the supply.




OBSERVATIONS:

OC test S.C. test
SL.

SL.| Field current in| OC voltage No. Field current SC current
No. Amp.(1 1) per phase (Vo) I{ Amp.) I, Amp.
1 0.25 140 1 0.24 0.5

2 0.3 160 2 0.3 1

3 0.35 175 3 0.35 1.2

4 0.4 205 4 04 1.6

S 0.45 228 5 0.45 1.9

6 0.5 250 6 0.5 2.15

7 0.55 270 7 0.55 2.4

8 0.6 265 8 0.6 2.8

9 0.7 320 9 0.65 3.1

10 0.75 335 10 0.7 34




Procedure to find Armature resistance of Alternator:

1. Connections are made as per the circuit dlagram. — seeskees

2. Switch ON the supply. By varying the rheostat, take different readings of
ammeter and voltmeter 1n a tabular column.

3. From the above readings, average resistance Ra of a armature 1s found out.

Connection diagram to find Ra:

ppsT 1A
FUSE P
+ T L
i B cie
17A (0- 2)A
Al
: II Rheostat MC -
: i —
| —
30V | = v ) (0-300V)
| | —— MC
DC Supply ] ]
| | =
I ‘ A2
| ] 1A
FUSE

—_ — O




OBSERVATIONS: ossofles

Armature Armature
current voltage
S No. | I(amp) Va (volts) Rg=V /1

Procedure to find synchronous impedance from OC and SC tests:

1. Plot open circuit voltage, short circuit current verses field current on a graph

sheet.
2. From the graph, the synchronous impedance for the rated value of excitation 1s

calculated.
3. The excitation emf 1s calculated at full load current which 1s equal to the terminal

voltage at No load.

4. The voltage regulation 1s calculated at rated terminal voltage.




MODEL CALCULATIONS:

Zs=Voc/Isc forthe same If and speed : Xs =+ Zs*-Ra* (Ra=Rde) gl

Generated e.m.f. of alternator on no load is

Egz‘\/(vcusq)+la Rﬂ);l +(‘5.fs'11:1{1:|J_rI,_fjl XS)Z

+ for lagging p.f.

- for leading p.{.

The percentage regulation of alternator for a given p.1. 1s

E -V
I. Reg= o x 100

V

Where

E( — generated emf of alternator (or excitation voltage per phase)

V — full load, rated terminal voltage per phase.




' MODEL GRAPHS:

Draw the graph between If Vg Eq per phase and If Vg Igc




PRECAUTIONS:

1. Connections must be made tight.

2. Before making or breaking the circuit, supply must be switched off.

RESULT:

The O.C. and S.C. tests were conducted on the given 3-® Alternator and the regulation of
Alternator was predetermined by e.m.f. and m.m.f. method.




WEEK 15



EXPERIMENT 9 — EXPERIMENTAL STUDY ON A
FAN MOTOR




Pre Lab Work

1) How to work out the equivalent circuit of a fan motor from the
terminal voltage and current, considering that only one winding
IS present at a time?

2) What are the physical and thus the electrical differences
between the main and auxiliary windings?

3) Is a fan motor still capable of rotating without a capacitor?
Explain your opinion.

4) Does a capacitor increase the speed of a fan motor? Justify
your answer.

(To be written in the report)



Aims
* Investigation of the construction of a fan motor « Determining the parameters of the equivalent
circuit of a fan motor

* To observe the role of the main and auxiliary windings and capacitor in a fan motor \

Theory:

The fan motor is a permanent split capacitor motor. It has a cage rotor and the two windings named as
main and auxiliary. The auxiliary winding has one capacitor connected in series. The capacitor is
permanently connected in the circuit both at the starting and running conditions. That is why, a fan motor
Is called as capacitor start and capacitor run motor. It is also called as a single value capacitor motor. A

typical fan motor has 36 slots and 18 poles in the stator. The connection diagram of a fan motor is shown
in Fig. 1.




1- Phase
supply

Main Winding

Auxiliary Winding

Fig. 1 Equivalent circuit of a fan motor.
In Fig. 1,
V and | are the supply voltage and current:;
I, R, and Xy are the main windings current, resistance, and inductance, respectively;

ls, Ra, and X, are the auxiliary windings current, resistance, and inductance, respectively;

C is the capacitor.

As the capacitor is always present in the circuit, this type of motor does not contain any starting

switch. The auxiliary winding is always present in the circuit. Thus, the motor operates as the
balanced two-phase motor.




Experimental Work
1) Take an exposed stator core of a fan motor where windings are visible. Then, count and note down the
number of slots and poles in the stator.

2) Take an intact fan motor and disconnect the connection between the main and auxiliary windings.
Identify the main and auxiliary windings by measuring the dc resistance. The winding with high resistance is
the auxiliary winding.

3) Make sure the ac power supply is OFF, and the main and auxiliary windings are disconnected.
Connect the ac supply to the main winding only. Ask a teacher/officer to check your connection.

4) Apply 220 V ac to the main winding and record the input current and rotor speed. Switch OFF the
power supply. Calculate and record the main windings resistance RM and reactance XM.

5) Repeat the task 4) for auxiliary winding only. Calculate and record the auxiliary windings resistance
RA and reactance XA.

6) Connect the main and auxiliary windings in parallel without a capacitor. Ask a teacher/officer to
check your connection. Apply 220 V ac and record the input current and motor speed.

7) Now connect a capacitor in series in the auxiliary winding. Then, combine the auxiliary winding with
the main winding in parallel. Ask a teacher/officer to check your connection. Apply 220 V ac and record
the motor input current and speed.
8) Switch OFF the power supply.

9) Calculate the value of capacitor.




WEEK 16-17/



EXPERIMENT 10 — Designing a Project, where
students could emphasize the knowledge and
skills learned from lectures and experiments and
utilize them to implement process control of an
industry and voltage regulation and power factor
control for a small power system.




What students should do?

« Each group of students will visit an industry where different types of electrical machines are

being used.
« Students will try to understand how different tasks are being achieved by using the machines k
in the industry.
 Students will draw the block diagram of the process control. Students will calculate the total
load of the industry.
 Students will recommend the reactive power compensation and voltage regulation techniques
(1f required) by observing the power factor.
« Students will give a power point presentation on their industry visit in front of course
instructors.
 Finally, students will submit a group report.




Thank You For
Your Attention




