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SYLLABUS
1. Regulation of three phase alternator by EMF and MMF methods.

2. Regulation of three phase alternator by ZPF and ASA methods.

3. Regulation of three phase salient pole alternator by slip test.

4. Measurements of negative sequence and zero sequence impedance of alternators.
5.V and Inverted V curves of Three Phase Synchronous Motor.

6. Load test on three-phase induction motor.

7. No load and blocked rotor test on three-phase induction motor (Determination of
equivalent circuit parameters).

8. Separation of No-load losses of three-phase induction motor.
9. Load test on single-phase induction motor.
10. No load and blocked rotor test on single-phase induction motor.

11. Study of Induction motor Starters.

TOTAL: 45 PERIODS

COURSE OUTCOMES:

At the end of the course, the student should have the:
CO1: Ability to understand and analyze EMF and MMF methods.

CO2: Ability to analyze the characteristics of V and Inverted V curves.

CO3: Acquire hands on experience of conducting various tests on alternators and obtaining

their performance indices using standard analytical as well as graphical methods. To

understand the importance of Synchronous machines.

CO4: Acquire hands on experience of conducting various tests on alternators and obtaining

their performance indices using standard analytical as well as graphical methods. To

understand the importance of single and three phase Induction motors.

CO5: Ability to acquire knowledge on separation of losses.
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COURSE PLAN

Sub. Code :EE3411 Branch/Year/Sem: B.E EEE /11 / IV
Sub. Name : Electrical Machines Laboratory-1I Batch :2022-2026

Staff Name :Dr.S. Naveen Prakash Academic Year :2023-24 (Even)

COURSE OBJECTIVE

To expose the students to the operation of synchronous machines and induction motors and
give them experimental skill.

LEARNING OUTCOMES
Upon the completion of this lab, students should be able to

1. Test single phase and three phase induction motors by direct loading and obtain their
performance characteristics.

2. Predetermine the performance of squirrel cage induction motor by means of equivalent
circuit and circle diagrams.

3. Predetermine the regulation of cylindrical rotor alternator by EMF, MMF, Potier and ASA
methods.

4. Perform slip test on salient pole alternator to find the direct axis and quadrature axis
impedances.

5. Measure the negative sequence and zero sequence impedances of an alternator.

6. Obtain V and inverted V curves of Synchronous motor.

PRE-REQUISITIE
1. Knowledge about the Electrical Machines Laboratory - II

2. Knowledge on the classification and working principles of induction motor and alternators.
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EQUIPMENTS / COMPONENTS REQUIREMENTS

1. Three Phase Synchronous motor.
DC Shunt Motor Coupled With Three phase Alternator.
. Three Phase Slip ring Induction motor with loading arrangement.
. Three Phase Induction Motor with loading arrangement.

Single Phase Induction Motor with loading arrangement.

2

3

4

5

6. Tachometer -Digital/Analog.
7. Single Phase Auto Transformer.

8. Three Phase Auto Transformer.

9. Single Phase Resistive Loading Bank.
10. Three Phase Resistive Loading Bank.

11. Three Phase Inductive Loading Bank.

No.of | Cumulative
Ex. No. Date Title of the Experiment Hrs. No. of
required periods

CYCLE: 1
1 Study of Induction motor Starters 3 3
2 Load test on single-phase induction motor. 3 6
No load and blocked rotor test on single-
3 . . 3 9
phase induction motor.
4 Load test on three-phase induction motor. 3 12

No load and blocked rotor test on three-
5 phase induction motor (Determination of 6 18
equivalent circuit parameters).

Separation of No-load losses of three-phase

6 induction motor. 3 21
CYCLE: 1l
7 Regulation of three phase alternator by 6 27
EMF and MMF methods
3 Regulation of three phase alternator by ZPF 6 33
and ASA methods
9 Regulation of three phase salient pole 3 36

alternator by slip test.

V and Inverted V curves of Three Phase
10 3 39
Synchronous Motor.

Measurements of negative sequence and

11 .
zero sequence impedance of alternators.
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CONTENT BEYOND THE SYLLABUS

1. Draw the Circle diagram of three phase squirrel cage induction motor by conducting no
load and blocked rotor test.

MINI PROJECT

1. Wind Power Generation by DC generator.

INTERNAL ASSESSMENT DETAILS
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Date
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Ex.No.: 1

D STUDY OF INDUCTION MOTOR STARTERS
ate:

AIM:
To study the construction and working principles of various types of three phase induction
motor starters.

NECESSITY OF STARTER IN INDUCTION MOTOR:

In a three phase induction motor, the magnitude of an induced e.m.f. in the rotor circuit
depends on the slip of the induction motor. This induced e.m.f. effectively decides the magnitude
of the rotor current. The rotor current in the running condition is given by, But at start, the
speed of the motor is zero and slip is at its maximum i.e. unity. So magnitude of rotor induced
e.m.f. is very large at start. As rotor conductors are short circuited, the large induced e.m.f.
circulates very high current through rotor at start. The condition is exactly similar to a
transformer with short circuited secondary. Such a transformer when excited by a rated voltage
circulates very high current through short circuited secondary. As secondary current is large, the
primary also draws very high current from the supply. Similarly in a three phase induction
motor, when rotor current is high, consequently the stator draws a very high current from the
supply. This current can be of the order of 5 to 8 times the full load current, at start. Due to such
heavy inrush of current at start there is possibility if damage of the motor winding. Similarly
such sudden inrush of current causes large line voltage drop. Thus other appliances connected to
the same line may be subjected to voltage spikes which may affect their working. To avoid such
effects, it is necessary to limit the current drawn by the motor at start. The starter is a device
which is basically used to limit high starting current by supplying reduced voltage to the motor
at the time of starting. Such a reduced voltage is applied only for short period and once rotor
gets accelerated, full normal rated Not only the starter limits the starting current but also
provides the protection to the induction motor against overt loading and low voltage situations.
The protection against single phasing is also provided by the starter. But such motors also need
overload, single phasing and low voltage protection which is provided by a starter.

AUTO TRANSFORMER STARTER:

UVRC Stop
... OLRC
O
.\
R d— ] _
A I I [ OFF :ﬂqﬂi:?ucbon

T
3 I ﬂ1 2 T3 Ja s s ’ y
Supply 'LI\P V andle
Start
PP A N |
Auto Transformer

Fig 1.1
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A three phase star connected autotransformer can be used to reduce the voltage applied to the
stator. Such a starter is called an autotransformer starter. It consists of a suitable change over
switch. When the switch is in the start position, the stator winding is supplied with reduced
voltage. This can be controlled by tapping provide with autotransformer. When motor gathers
80% of the normal speed, the change over switch is thrown into run position. Due to this, rated
voltage gets applied to stator winding. The motor starts rotating with normal speed. Changing of
switch is done automatically by using relays. The power loss is much less in this type of starting.
It can be used for both star and delta connected motors. But it is expensive than stator resistance
starter.

STAR - DELTA STARTER:

R3¢-Supnly

L

Y

8 L |
(o

Stator

A A

Run

———

L 4 L

N
M\
m

- 7 ) )‘ Two way switch
-3

ot @ [ o

Fig 1.2

This is the cheapest starter of all and hence used very commonly for the induction
motors. It uses triple pole double throw (TPDT) switch. The switch connects the stator winding

in star at start. Hence per phase voltage gets reduced by the factor 1/ 3 Due to this reduced

voltage, the starting current is limited. When the switch is thrown on other side, the winding
gets connected in delta, across the supply. So it gets normal rated voltage. The windings are
connected in delta when motor gathers sufficient speed. The operation of the switch can be
automatic by using relays which ensures that motor will not start with the switch in Run
position. The cheapest of all and maintenance free operation are the two important advantages
of this starter. While is limitations are, it is suitable for normal delta connected motors and the

factor by while voltage change is 1 / 3 which cannot be changed.

This method is used in the case of the motor which one built t run normally with a delta
connected starter winding. It consists of two ways switch connect the motor in star for starting

and then delta for normal running. The star connected applied voltage by a factor of \/1_5 and
1

hence the torque developed because N of that of which would have been developed if the motor

war directly connected in the delta.
The Three types of star delta starters are,

1. Hand Operated
2. Semi Automatic
3. Fully Automatic

Kings College of Engineering, Punalkulam Page 8
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DIRECT ON LINE STARTER (or) D.O.L. STARTER:

OLRC

N =¥
= 1
[

Fig 1.3

In case of small capacity motors having rating less than 5HP, the starting current is not
very high and such motors can withstand such starting current without any starter. Thus there is
no need to reduce applied voltage, to control the starting current. Such motors use a type of
starter which is used to connect stator directly lines without any reduction in voltage. Hence the
starter is known as direct on line starter. Through this starter does not reduce the applied
voltage, it is used because it protects the motor from various severe abnormal conditions like
over voltage, single phasing etc. The NO contact is normally open and NC is normally closed. At
start, NO is pushed for fraction of second due to which coil gets energized and attracts the
contactor. So stator directly gets supply. The additional contact provided that as long as supply
in ON, the coil gets supply and keeps contactor in ON position. When NC is pressed, the coil
circuit gets opened due to which coil gets de-energized and motor gets switched OFF from the
supply. Under over load condition, current drawn by the motor increase due to which there is an
excessive heat produced, which increase temperature beyond limit Thermal relays gets opened
due to high temperature, protecting the motor from overload conditions.

ROTOR RESISTANCE STARTER:

Ho
¥
B Extemnal
rheegisd
Sialow i g o
Fig 1.4

This is a starter which is used to start the three phase slip ring induction motor. It has a
switch that connects several resistances, one at a time, to a motor to allow the motor to start
slowly. The resistances are switched as individual resistances from the highest to the lowest. As
each resistance is switched in, the motor receives a certain amount of current, as the motor
reaches the speed that switch setting would allow, the next resistance is switched in, replacing
the first resistance, and the motor speeds up a little more, until zero resistance is reached and
the motor is running at full speed. Best advantage, it is inexpensive, and is good for relatively
small motors.

RESULT:
Thus the construction and working principle of three phase induction motor starters
were studied.

Kings College of Engineering, Punalkulam Page 9
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Ex. No.: 2 LOAD TEST ON SINGLE PHASE SQUIRREL CAGE
Date: INDUCTION MOTOR
AIM:

To conduct the load test on single-phase squirrel cage induction motor and draw the
performance characteristics curves.

NAME PLATE DETAILS:

1¢ Induction Motor

FUSE RATING:
125% of rated current (Full load current) = Amps
APPARATUS REQUIRED:
Name of the
S.No. apparatus Type Range Qty
1 Ammeter MI (0-10) A 1
2 Voltmeter MI (0-300) V 1
3 Wattmeter UPF (300V,104) 1
4 Tachometer - - 1
5 Connecting wires - - Required
FORMULAE USED:

1.TorqueT = (S;~S,) X (R + %) X 9.81 N —m
Where Sy, S2 - spring balance in kg
R - Radius of the brake drum in m.
t - Thickness of the belt in m.

2nNT
= Watts
60

Where N-rotor speed in rpm
T-Torque in N-m

2. Output power (Pout) =

3. Input power (Pin) = W in Watts
W -wattmeter reading in W

4. Percentage of efficiency, n = Qutput Power v 100

Input Power
. Ns—N,

5. Percentage of slip, S = —
Where, Ns- Synchronous speed in rpm
N: - Speed of the motor in rpm
6. Power factor, Cos® = %

Kings College of Engineering, Punalkulam Page 10
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CIRCUIT DIAGRAM:

- L I-I
AN M \\ }/ Z
= ~—Y -
™ (104 AT 1. 1
Ml N si o) e
—, Yo g
P *{'} \ (0 \ | s —
i & M @
s 7N
BRAKE DRUN
NN I S
:\:._ b —
Fig2.1
TABULATION:
Multiplication Factor:
Speed Spring Balance
S. Load Load Input Power (W) of the Reading Output Slip
No Current | Voltage motor Torque Power n S) PF
(Iu) (V1) Observed Actual (N) S1 Sz S1-S2
A v w w RPM Kg Kg Kg N-m w % %
DESCRIPTION:

» lItis adirectload test

» A stand-in break load arrangement may be used.

» The output equation given by P=2IINT/60 W.

» The purpose of the load test maybe either to study the behavior of the induction motor or
to perform the heat run test to conform its rating... etc., the input power can be measure
by using wattmeter.

PRECAUTION:

1. The motor is started without any load.

Kings College of Engineering, Punalkulam Page 11
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PROCEDURE:

Step 1: Note down the nameplate details of motor.

Step 2: Connections are made as per the circuit diagram.

Step 3: Supply is switched on by closing the DPST switch.

Step 4: At no load speed, current, voltage and power are noted.

Step 5: By applying the load, for various values of current the above-mentioned readings are
noted.

Step 6: Tabulate the readings using the table given.

Step 7: The load is later released and the motor is switched off and the graph is drawn.

Step 8: The characteristic curves are shown in model graph.

MODEL GRAPH:

A

Noi'quc Vs Speed
Speed in rpm \“\\

Torque in N-m g
Fig 2.2 Mechanical Characteristics
A A A A A ALk oS

s|Cosdl N| IL| T %nT 7

7ol /

L in Amps

B
>

O/P power in watls

Fig 2.3 Electrical Characteristics
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MODEL CALCULATION:

RESULT:

Thus the load test was conducted on single-phase squirrel cage induction motor and the
performance curves were drawn.

VIVA QUESTIONS:

1. Why a single phase induction motor is not self-starting?

2. Name any four types of 1-phase induction motors.

3. How the direction of a capacitor start Induction motor is be reversed?

4. What are the inherent characteristics of plain 1-phase Induction motor?

5. An induction motor is generally analogous to?

Kings College of Engineering, Punalkulam Page 13
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Ex. No. 3 NO LOAD AND BLOCKED ROTOR TEST ON SINGLE
Date : PHASE SQUIRREL CAGE INDUCTION MOTOR
AlM:

To conduct the no load test and blocked rotor test on single-phase squirrel cage
induction motor and to draw the equivalent circuit.

NAME PLATE DETAILS:

1¢ Induction Motor

1¢ Auto Transformer

FUSE RATING:
No load 10% of rated current (Full load current) = A
Load : 125% of rated current (Full load current) = A
APPARATUS REQUIRED:
Name of the :
S.No apparatus Type Range Quantity
1 1® Auto Transformer - 230V/(0-270)V 1
2 | Voltmeter MI (0-300)V 1
3 | Voltmeter Ml (0-150)V 1
4 | Voltmeter MC (0-30)V 1
5 | Ammeter MC (0-10)A 1
6 | Wattmeter UPF (150v,10A) 1
7 | Wattmeter LPF (300v,10A) 1
8 | Rheostat Wire wound | (200,10A) 1
9 | Tachometer - - 1
10 | Connecting wires - - As Required
FORMULAE USED:
NO LOAD TEST:
No load power, Py = Vylycosd, Watts.
~ No load power factor, cos®, = Lo
Volo
Vi
ZO = _0 Q
Iy
RO = ZoCOS(I)O Q
XO = Z()Sin(po Q
X, can be written as,
Xo =X, +72+ (Note:X; = X;)
o Xm = ZXO - 3X1
Kings College of Engineering, Punalkulam Page 14
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BLOCKED ROTOR TEST:

Blocked rotor power Py = Vsclgocos®g, Watts.

Psc
Vsclsc

~ Power factor, cos®g, =

VSC
ZSC = I_ Q
SC

Rge = ZsccosPg Q

X = Zscsindg Q

Rsc And X can be written as,
Rsc = Ry + [2%] =R, +R,
R, = Rsc — Ry

Where, Ry = 1.2R,,

XSC :X1 +X2

. Xsc
Assuming, X; = X,,we get, X; = X, = %
CIRCUIT DIAGRAM:
NO LOAD TEST:
A 300V, 10A LPF CENTRIFUGAL
S T o~ — SWITCH
i > =5 I H — AEARN M/ ML \L 2=
3 T \ A } N \
£ Fuse { : N/ \ SO
L ‘ @10 DA , A L
i w CX AT 275V |
D ' ;_\- s ,,I
230, S0Hz i 5 (e S F B
PR 7 M g ArD 8
; i'S g L ‘I
| k2 52
v _ NL i ol . 1N ; _'_J
> ; -3-0- E(;—“(;'-'-)-I-(—J. R1, R2- Running winding
230/(0-270V S1, S2- Starting winding
Auto Transformer S$1, §2- Spring balance Reading
Fig 3.1
BLOCKED ROTOR TEST :
3 10A UPF --"-'El!_*l-'ll-'_llfi
B o - ‘:-_'E__ _/.:{_'- '\-_‘- — .‘.l_ SWITCH '\-'_'_,I' o
A : [Ty T soov
] 21 *-\.:'_J_ :l’_t.-
P -V O-ISEY = e L7
; 2N = 2~ (@]
5 = i ! = .
— BRAKE DRI
il .
M R1 Wil
31 1 2

balance Reading
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Fig 3.2

TO FIND STATOR RESISTANCE:

| _ 20ohm, 104
| e —— ‘{ i\}

iip Fuse x. —— 5

ip  Fuse | = | |

| :kl- ] I':n!ll":'_ {0-10A ,!___+ ‘_::_:.

I:If:s;l:;pry 'S5 Rheostat MC :./‘, *] 0-30)V E

I e =
E 3 f i - - S,

‘use
Fig 3.3
PRECAUTIONS:

1. The auto-transformer should be kept in minimum voltage position.
2. The motor is started without any load for no-load test.

PROCEDURE:

Step 1: Make the Connection as per the circuit diagram

Step 2: For no load test or open circuit test by adjusting the autotransformer, apply the rated
voltage and note down the ammeter and wattmeter readings. In this test rotor is free to
rotate.

Step 3: For short circuit test or blocked rotor test, by adjusting autotransformer, apply rated
current and note down the ammeter and wattmeter readings. In this test the rotor is blocked.
Step 4: After that make the connection to measure the stator resistance as per the circuit
diagram.

Step 5: By adding the load through the loading rheostat, note down the ammeter, voltmeter
reading for various values of load.

TABULATION:
NO LOAD TEST:
Multiplication Factor :

Open Circuit | Open Circuit Open Circuit Power (P,) (Watts)
S.No Voltage (Vo) Current (l)
(Volts) (Amps) Observed Actual
BLOCKED ROTOR TEST:
Multiplication Factor :
Blocked Blocked

Blocked Rotor Power (Pgc) (Watts)

S.No

Rotor Voltage
(Vsc) (Volts)

Rotor Current
(Isc) (Amps)

Observed Actual

Kings College of Engineering, Punalkulam
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TO FIND STATOR RESISTANCE :

S.No Stator current (A) Stator voltage (V)

Stator resistance
R=V/I Q

Mean Resistance, R,,

EQUIVALENT CIRCUIT:

[

Fig 3.4

MODEL CALCULATION:

]

Kings College of Engineering, Punalkulam
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RESULT:

Thus the no load test and blocked rotor test on single phase squirrel cage induction
motor were conducted and the corresponding equivalent circuit was drawn.

VIVA QUESTIONS:
1. What is equivalent circuit?

2. What is the purpose of no-load and blocked rotor test instead of load test?

3. Name the two different theories with which principle of 1-phase induction motors are
explained.

4. What is the normal value of slip of an induction motor operating at full load?

5. List the applications of single phase induction motor.

Kings College of Engineering, Punalkulam Page 18
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Ex. No. 4 LOAD TEST ON THREE PHASE SQUIRREL CAGE
Date : INDUCTION MOTOR
AIM:

To conduct the load test on three phase squirrel cage induction motor and draw the
performance characteristic curves.

NAME PLATE DETAILS:
3¢ Induction Motor

FUSE RATING:
125% of rated current (full load current) = Amps

APPARATUS REQUIRED:

S.No Name of the apparatus Type Range Quantity
1 | Ammeter Mi (0-10) A 1
2 | Voltmeter Mi (0 -600) V 1
3 Wattmeter UPF (600 V,10 A) 2
4 | Tachometer - - 1
5 | Connecting wires - - Required

FORMULAE USED:
1.TorqueT = (§;~S,) X (R + %) X 9.81N —m
Where Si, S, - spring balance in kg

R - Radius of the brake drum in m.
t - Thickness of the belt in m.

2. Output power (Pou) = Z’ZZT Watts

Where N-rotor speed in rpm
T-Torgue in N-m

3. Input power (Pin) = W, + W, in Watts
W, W,-wattmeter readings in W

__ Output Power

4. Percentage of efficiency, n = X 100

Input Power

Ng—N,.

5. Percentage of slip, S =

Where, Ns- Synschronous speed in rpm

N, - Speed of the motor in rpm
Pin
6. Power factor, Cos® = N
Where V| — Line voltage

I — Line current

Kings College of Engineering, Punalkulam Page 19
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CIRCUIT DIAGRAM:

STAR-DELTA

STARTER
600V, 10A UPF [ /] L
e at M 7m \L (- an
RE— b 17V ) | ) ey e
i Fus T (A A T T nea ~ 5 11,
| 1: s f (L»—f‘;r.'\— 600V “ \;.\ NG : S‘.-@l (v/::s
i ) CR S Are—-f-————- o D NG T
ll ‘/ /\\_: :'{‘;As;;‘-?' V _:)_' 1"’/-@‘3__2‘)\ ‘ [':, \i\::
ISV, S0Hz, iy T P - — [ & REF 5 D, | i~ \ ® )
33 ACSUPPLY lip 2 LT o> VIR —r
Ye s S /,:\\ ! .1 = Q00000000 ~ .}/ i BRAKEDRUM
iT Fuse (C\l—t')/ A | - ——---~--——~,‘l¥ - \25‘:
ii -10) 4 \ STATOR A
1 ;}S MI Bl b s i
. | | B e ——
:: C il soov
Y N o s N T -
Fuse MY L
600V, 10A UPF
TABULATION:
Circumference of brake drum = inm
Thickness of the belt = inm
Multiplication Factor for W; = Multiplication Factor for W, =
Wattmeter Readings Speed ;
Load Load 9 Input of the Spring Balance Output .
% Current | Voltage Wi W2 Power | motor Reading Torgue Pawer n Slip(3) PF
(1) (V1) Obs. | Actual Qbs, Actual (N) St | Sz [ S1~52 Cos @
A v W W W W W RPM | Kg | Kg | Kg N-m W % %
PRECAUTIONS:

The motor should be started without load

PROCEDURE:

Step 1: Note down the name plate details of the motor.
Step 2: Make the Connections as per the circuit diagram.
Step 3: The TPST switch is closed and the motor is started using star delta starter to run at

rated speed.

Step 4: At no load the speed, current, voltage and power are noted.
Step 5: By applying the load for various values of current and the above mentioned readings

are noted in tabular column

Kings College of Engineering, Punalkulam
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Step 6: The load is later released and the motor is switched off and the graph is drawn.
MODEL GRAPH:

YN
rd
N
re
N
7
5
rd
5
rd
N

I fn) TN

cos @

Speed
in
Rpm

N2

h

Torque in NM OUTPUT POWER IN WATTS
Fig 4.2 Mechanical Characteristics Fig 4.3 Electrical
Characteristics
CALCULATIONS:

RESULT:
Thus the load test on three phase squirrel cage induction motor was conducted and the
performance characteristic curves were drawn.

VIVA QUESTIONS:
1. What are the advantages and disadvantages of direct load test for 3 —phase Induction
Motor?

2. What would happen if a 3 phase induction motor is switched on with one phase
disconnected?

3. How will you reverse the direction of rotation of three phase induction motor?

4. When the induction motor operate as a generator?

5. Why is starter necessary to start a 3-phase induction motor?
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Ex. No. : 5 NO LOAD AND BLOCKED ROTOR TEST ON THREE

) PHASE SQUIRREL CAGE INDUCTION MOTOR
Date : (DETERMINATION OF EQUIVALENT CIRCUIT PARAMETERS)
AlM:

To conduct the no load test and blocked rotor test on three phase squirrel cage
induction motor and draw the equivalent circuit.

NAME PLATE DETAILS:

3¢ Induction Motor 3¢ Auto Transformer

FUSE RATING:
No load:  10% of rated current (full load current) = Amps
Full load: 125% of rated current (full load current) = Amps
APPARATUS / INSTRUMENTS REQUIRED:
S.No Name of the apparatus Type Range Quantity
1 Ammeter MC (0-10)A 1
2 Ammeter Mi (0-5A 1
3 Ammeter Ml (0-10)A 1
4 Voltmeter Mi (0-150)V 1
5 Voltmeter Ml (0-600)V 1
6 | Voltmeter MC (0-30)V 1
7 Wattmeter LPF (600 V, 5A) 2
8 | Wattmeter UPF (150 V,10A) 2
9 Tachometer DIGITAL - 1
10 | Connecting wires - - required
FORMULAE USED:
NO LOAD TEST:
No load power, Py = V3Vylycosd,
_ Pygc
No load power factor, cos®, = A
Iron loss component of no load current, I, = Iycos®, Amps
Magnetizing component of no load current, I, = Isin®,
Vo
Resistance to account for the iron loss, R, per phase = @ Q
w
@)
Reactance to account for magnetization, X, per phase = ~2-Q
u
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BLOCKED ROTOR TEST:

Blocked rotor power, Pg; = V3V Ig-cos®g,

Psc

Blocked rotor power factor, cos®g, = N
SC1sc

Mean stator resistance, Rs .., = Obtained from the tabulation — To find stator resistance.

.- . . w
Total winding resistance as referred to stator side, Ry; per phase = 3ISC Q
(Vi) SC
Impedance Z,; per phase = Ii Q
Na

Total leakage reactance as referred to stator side, Xy; per phase = /Z% + R%; Q

(1. 2><Rm)

Effective stator resistance, Rgrr) = Q

As, it is difficult to isolate the leakage reactance’s X; and X, they are assumed to be equal
. _ ' _ XOl
and given by, X; =X, = - Q

Rotor resistance as referred to the stator side, R, = Ry; — Rs(effy Q

Electrical equivalent of the mechanical load, R, = R, ( ) R, (— — 1) Q

Where, Slip, S = N—N

CIRCUIT DIAGRAM:

NO LOAD TEST:
w1
600V, 10A, LPF

2 10A O- IOA (M) :
R ——r— ., 1 \ f"!\- [
t w7 2| cWWMh Y /k
Cc2

-~

=]
415V, 50Hz !

I E ‘
22 I, ST o g
‘10A “ § | %
| % e c1
L A2
ME | A N
1 |8 B1 B2

ok

]
10A| |
B-—!——-\L‘ —t—

>

AU

oy,

3¢ DA NS /(
Variac |_[¢; W2
415V/(0470)V 600V, 10A LPF

Fig 5.1
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BLOCKED ROTOR TEST:

w1
600V, 10A, UPF

10a O-10A(MY) 1

R —3r— Ay——fre.

B T O Ky | o
5 sl Al /k s1) (s2°
415V, 50Hz | o = 5 . —~
3 Phase ut E;‘"ﬂ'\ 150V (7 Al \ C
AC Supypl'\.f;\iio.’x:__ : (V) o-150V (M) g | %# Y
! A Cci C
! 3 | | 2] S >
: §,_ Ao = BRAKE DRUM
Ji0al Te
Bl Yl gt
E ¢
Variac | 1., 7
415V/(0-470)V 600V,10A, UPF
Fig 5.2
TO FIND STATOR RESISTANCE (Rs):
M A S
i in Fuse Loadi \E/ i L 51
. lip OadIng (01004 + f=
nc;‘;w ,E Rheostat Me If?\:'l (u_,;u?"l.' :'C;'?
. lr oo M =
s R R o Isy
o Fuse
Fig 5.3
TABULATION:
No Load Test: Multiplying Factor: W, = W, =
Open Open Open Circuit Power (Poc) (Watts)
S No Circuit Circuit
' Voltage | Current (Io) Wa W2 Total
(Vo) (Volts) | (Amps) | Observed | Actual | Observed | Actual | (WitWo2)
BLOCKED ROTOR TEST: Multiplying Factor : Wy = W, =
Blocked Blocked Blocked Rotor Power (Psc) (Watts)
Rotor Rotor
S.No Voltage Current Wi Wo Total
(Vsc) (Isc) Observed | Actual | Observed | Actual | (WitWp)
(Volts) (Amps)
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TO FIND STATOR RESISTANCE

S.No Stator current Stator voltage Stator Resistance
' (D(Amps) (V) (Volts) R=V/I O
Mean Resistance, R,,
PRECAUTIONS:

The autotransformer should be kept in minimum voltage position.

PROCEDURE:

Step 1: Note down the name plate details of motor
Step 2: Connections are made as per the circuit diagram as shown in the figure for open
circuit and blocked rotor test
Step 3: For no load test or open circuit test by adjusting the autotransformer, apply the rated
voltage and note down the ammeter and wattmeter readings. In this test rotor is free to

rotate.

Step 4: For short circuit test or blocked rotor test, by adjusting autotransformer, apply rated
voltage and note down the ammeter and wattmeter readings. In this test the rotor is blocked.
Step 5. After that make the connection to measure the stator resistance as per the circuit

diagram.

EQUIVALENT CIRCUIT/PHASE:

CALCULATION:

K Xl
M-

A%

f
3

1

L
R %\

Fig 5.4

Iy

Ri' =R {151}

—

/
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RESULT:

Thus the no load test and blocked rotor test on three phase squirrel cage induction

motor were conducted and the equivalent circuit parameters were calculated.

VIVA QUESTIONS:
1. What are the informations obtained from no-load test in a 3-phase IM?

2. What are the informations obtained from blocked rotor test in a 3-phase IM?

3. What happens if the air gap flux density in an induction motor increases?

4. Can athree phase motor be run on a single phase line?

5. What is the standard direction of rotation of an induction motor?

Kings College of Engineering, Punalkulam
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Ex. No.: 6 SEPARATION OF NO LOAD LOSSES OF THREE PHASE
Date : INDUCTION MOTOR
AlM:

To separate the no load losses in three phase squirrel cage induction motor.

NAME PLATE DETAILS:
3¢ Induction Motor

3¢ Auto Transformer

FUSE RATING:
10% of rated current (Full load current) = Amps
APPARATUS REQUIRED:
S.No | Name of the apparatus Type Range Quantity

1 | 3® Auto transformer - 415V/(0-470)V 1

2 | Ammeter Mi (0-10A) 1

3 | Ammeter MC (0-10A) 1

4 | Voltmeter MC (0-30V) 1

5 | Voltmeter Mi (0-600V) 1

6 | Wattmeter LPF (600V,10A) 2

7 Rheostat Wire wound 20Q/10A 1

8 | Tachometer - - 1

9 | Connecting Wires - - As required
FORMULAE USED:
1. Input power, P;,, = (W; + W,) Watts
2. Stator copper loss = 3I2R, Watts

Pin —3I§R
3. Constant loss /phase(W,) = Lin 310Rs) \atts
4. Core loss/phase (W;) = Constant loss/phase—Mechanical loss
) . _ (1.2XRy)
5. Effective stator resistance, Ry(rr) = — Q
PRECAUTION:
1. The autotransformer should be kept at minimum voltage position.
2. The motor should not be loaded throughout the experiment
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CIRCUIT DIAGRAM:

wi
600V, 10A, LPF
10A O-10A (M1) i
. T et PN !/.\l ,
. 0T L\.\:; 7 (w v
a1sv, 50szj: S §
acsuppty NI %.‘ V) O- 600V (M) B NS
10A —
Y’- \LA.;>—‘ g"’ A.]%
I SAs > - Cl
A A2
T A, SN
0 3. B1 B2
! = E.
ol oA re
__':%.«.
= LAY
..z [
3¢ -), 4|
Variac |_| W2
415V/(0-470)V 600V ,10A LPF
Fig 6.1

TO FIND STATOR RESISTANCE (Rs):

| Zhohm, 104 _
"\k‘ -
i (A s,
lip Fuse — L
| ! ip Loading {01004 /”i\l ‘g;j
. o Rheostat We P (0-30)V =
S =
nc&':pw i k\\{_ A g
O e T
o Fuse
Fig 6.2
TABULATION :
Multiplication Factor; W;= W=
No load input power i
S. No load | No load W W Total input Stator Ccl)nst?nt lCoer
No | Voltage | current ! 2 power cu loss 0SS 0SS
Obs | Act | Obs | Act | Pin=W1+W> phase phase
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TO FIND STATOR RESISTANCE:

S.No Stator current Stator voltage Stator Resistance
' (D(Amps) (V) (Volts) R=V/I Q
Mean Resistance,R,,
PROCEDURE:

Step 1: Note down the nameplate details of motor.

Step 2: The connections should be made as per the circuit diagram shown in figure.

Step 3: By giving 3 phase supply through the autotransformer, start the motor.

Step 4: The autotransformer should be varied till the motor attains its rated speed and
tabulate the input power, voltage and current.

Step 4: Repeat the same procedure for some more low values of the voltage and tabulate
the readings.

Step 5: Find the stator copper loss and constant loss by respective formula.

Step 6: Draw the graph Constant loss vs No load voltage to find the mechanical loss.

Step 7: Obtain the core loss by separating the mechanical loss from the constant loss

MODEL GRAPH:

Fig 6.3

CALCULATIONS:
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RESULT:
Thus the no load losses in three phase squirrel cage induction motor were separated.

VIVA QUESTIONS:
1. State the principle of 3 phase IM?

2. What is the purpose of using auto transformer?

3. What are the losses occurring in an IM and on what factors do they depend?

4. Why is there no appreciable magnetic losses in the rotor core of Induction

Motors?

5. What are all the possible reasons if a 3-phase motor fails to start?
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Ex. No.: 7 REGULATION OF THREE PHASE ALTERNATOR BY EMF
Date : AND MMF METHODS
AlM:

To predetermine the regulation of three phase alternator by EMF and MMF methods.

NAME PLATE DETAILS:

3¢ Alternator

FUSE RATING:

DC Shunt Motor

125% of Rated Current (Full Load Current)

For DC Shunt Motor: Amps
For Alternator: Amps
APPARATUS REQUIRED:

S.No. | Name of the apparatus Type Range Quantity
1 Ammeter MC (0-2)A 1
2 Ammeter MC (0-10)A 1
3 Ammeter Mi (0-10)A 1
4 Voltmeter Ml (0-600)V 1
5 Voltmeter MC (0-30)V 1
6 Rheostat Wire Wound (230Q,1.7A) 1
7 Rheostat Wire Wound (300Q2,2A) 1
8 Rheostat Wire Wound (200,10A) 1
9 TPST Switch - - 1
10 | Tachometer - - 1
11 | Connecting wires - - Required

FORMULA USED:

1. Armature resistance, R, = 1.2R,, Q

2. Synchronous impedance, Z; =

Open circuit voltage (E

3. Synchronous reactance, X, = /Z2 —R2 Q

»") () (from graph)

Short circuit current (Is)

4. Open circuit voltage, Ey = / (Vrateq €0S® + I,R,)? + (Vygeq SIN® + 1,X,)? Volts.
(For lagging power factor)

5. Open circuit voltage, Ey = v/ (Vyqteq 0S® + 1,R)?2 — (Vrgreq Sin® + I,X,)? Volts.
(For leading power factor)
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6. Open circuit voltage, Ey = v/ (Vrgrea + [aRa)? + (I.Xs)? Volts.
(For unity power factor)

. E _Vra e
7. Percentage regulation = ——>%¢ x 100 (for both EMF and MMF methods)

rated

MMF METHOD:

1. From the O.C.C. graph, find
(a) Ir; - Field current required to produce rated voltage per phase.
(b) I, - Field current required to produce rated current per phase during S.C. test.

2. Calculate, Iy = /I3 + 12, + 2Ir117,C0S(90 + @) - For lagging Power factor

3. Calculate, Iy = /12 + I%, + 21r11,C0S(90 — @) - For leading Power factor

4. Calculate, Iy = /I, + If, - For unity Power factor

5. Calculate E, corresponding to Ir from and O.C.C and S.C.C graphs.

. Ey—V
6. Percentage regulation = —+—%L x 100

rated

CIRCUIT DIAGRAM:

3 POINT STARTER
T o\ M L FA| n
2 N——— ‘ — “ - ! iy ey
] i F ‘ \ ‘ -1U) :
iy ws 8 /\ é \\ @60 V! M
l L / ' ' l
iP % S E r T ig
20V lis \ i
DC SUPPLY T % |\ \ILT {ﬁl;l
'S FF AL i
! : |
| m I
| [ (&)1 i
20 ‘ y
*- \\L_’] e £ C \LL —
7 Fuse } Fuse
-l: ] l—w MWW |
T lip Fuse 3000hm,
| 2
20V iq
DC SUPPLY ||*
T
N
- Fuse
Fig 7.1
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TO FIND ARMATURE RESISTANCE (Ry):

‘ 200hm,10A
x \ Ii..;; 'J‘( .‘\ \r- =
Ip Fuse N | :
| vadin -
. lp l (t:'ocu : +‘ ' s
OCSupply 'S Rheosta (Y ) (0300 =
& \/ MC =
¥ N oo |
o Fuse
Fig 7.2
TABULATION:
O.C TEST:
. Open circuit line Open circuit phase
S.No F'EI?:nﬂrrse)n t(l) voltage(Vor) voltage(Vo(h))
b (Volts) (Volts)
S.C TEST:
S No Field current(ly) Short circuit current (120 to 150% of rated
' Amps current (Isc)) Amps

TO FIND OUT THE ARMATURE RESISTANCE:

Armature current (1) Armature voltage (V)
S.No
Amps Volts

Armature resistance
R=V/I Q

Mean Resistance, R,,
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PERCENTAGE OF REGULATION
SNO 5 wer EMF METHOD MMF METHOD
factor Lagging Leading Unity Lagging Leading Unity
1. 0.2
2. 04
3. 0.6
4, 0.8
5. 1.0
PRECAUTIONS:

1. The motor field rheostat should be kept in the minimum resistance position.
2. The alternator field potential divider should be in minimum voltage position
3. Initially all switches are in open position.

PROCEDURE FOR BOTH EMF AND MMF METHODS:

Step 1: The circuit diagram is shown in figure. Note down the name plate details of motor
and alternator.

Step 2: Connections are made as per the circuit diagram.

Step 3: Give the supply by closing the DPST switch.

Step 4: Using the three point starter, start the motor to run at the synchronous speed by
varying the motor field rheostat.

Step 5: Conduct an open circuit test by varying the potential divider for various values of field
current and tabulate the corresponding open circuit readings. The tabulation for regulation of
three phase alternator by EMF and MMF methods are shown in table.

Step 6: Conduct a short circuit test by closing the TPST switch and adjust the potential
divider to set the rated armature current, tabulate the corresponding field current.

Step 7: Conduct a stator resistance test by giving connection as per the circuit diagram and
tabulate the voltage and current readings for various resistive loads.

PROCEDURE TO DRAW THE GRAPH FOR EMF METHOD:

Step 1: Draw the open circuit characteristics curve (generated voltage per phase vs field
current)

Step 2: Draw the short circuit characteristics curve(short circuit current vs field current)

Step 3: From the graph find the open circuit voltage per phase (Eipny) for rated short circuit
current(Isc).

Step 4: By using respective formulae find the Zs, Xs, Eo and percentage regulation.

Step 5: Draw the graph as shown in model graph.

PROCEDURE TO DRAW THE GRAPH FOR MMF METHOD:

Step 1. Draw the open circuit characteristics curve (generated voltage per phase vs field
current)

Step 2: Draw the short circuit characteristics curve (short circuit current vs field current)

Step 3: Draw the line OL to represent I¢” which gives the rated generated voltage (V)

Step 4: Draw the line LA at an angle (90+¢) to represent I¢” which gives the rated full load
current (Isc) on short circuit (90+¢) for lagging power factor and (90-¢) for leading power
factor)

Step 5: Join the points O and A and find the field current (Ig) by measuring the distance OA
that gives the open circuit voltage (Eo) from the open circuit characteristics.

Step 6: Find the percentage regulation by using suitable formulae.
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MODEL GRAPH:

EMF METHOD REGULATION CURVE:
e AN
l §
®
3
7 g From EMF Method
% " oce ; / . /
E1 (pn) /,‘/ / /—\
1 2 From MMF Method
2 * / : / Lagging Power Factor
A = a
= £ } o
R 5 // } 7 Leading Power Factor
% [ |
e
bl > /| 2
3 B A} &
e (4 / ! c
D o / / ! 2
E g . | o
- g ! S
Z < // i
/ !
| = — »
Field Current (Iy) in Amps N
Fig 7.2 Fig 7.3
MMF METHOD:
A A
Eo (ph
Lag.
Fo (p :
Unity I
|
|
Eo (phy :
Lead. I
|
|
g :
a g :
gl % ,
58 ‘f‘-:‘ :
2 - 1
tb'j 2 !
- o
an |
L3 |
] > :
o = |
2 F
g _u |
- |
= v
S 3 Al
» /S' \!
!! ] }
(o]
Field Current (Ig) in Amps
Fig 7.4
CALCULATIONS:
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RESULT:

Thus the regulation of three phase alternator was predetermined by EMF and MMF
methods.

VIVA QUESTIONS:
1. What is an alternator? How it is classified?

2. Why are alternators rated in KVA?

3. What is the necessity for predetermination of Voltage regulation?

4. Why is the synchronous impedance method of estimating voltage regulation
considered as pessimistic method?

5. Why is the MMF method of estimating the voltage regulation considered as the
optimistic method?
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Exp. No. : 8 REGULATION OF THREE PHASE ALTERNATOR BY ZPF
Date : AND ASA METHODS
AlIM:

To predetermine the regulation of three phase alternator by ZPF and ASA methods.

NAME PLATE DETAILS:

3¢ Alternator

FUSE RATING:

DC Shunt Motor

125% of Rated Current (Full Load Current)

For DC Shunt Motor: Amps
For Alternator: Amps
APPARATUS REQUIRED:
S.No. Name of the Type Range Quantity
apparatus
1 Ammeter MC (0-2) A 1
2 Ammeter MC (0-10)A 1
3 Ammeter Mi (0-10)A 1
4 Voltmeter Ml (0-600)V 1
5 Voltmeter MC (0-30)V 1
6 Rheostat Wire Wound | (2309,1.7A) 1
7 Rheostat Wire Wound (300Q2,2A) 1
8 Rheostat Wire Wound (20Q2,10A) 1
9 Wattmeter LPF 600V,10A 2
10 | Inductive Load - 415V,10A 1
11 TPST Switch - - 1
12 | Tachometer - - 1
13 | Connecting wires - - Required
FORMULA USED:
. ___Vno load -V load
Percentage regulation=—— 2 X100

Vno load

Armature Resistance, R,= 1.2Rf

PRECAUTIONS:
1. The motor field rheostat should be kept in minimum position.

2. The Alternator field potential divider should be in the maximum voltage position.

3. Initially all switches are in open position.
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CIRCUIT DIAGRAM:

- —
3 POINT STARTER 600V 10ALPF N| ‘3
- ~ 20\ [ I F A M, Yo | 4 n— 1
™ AL B ol ® < - - f I e | § £ — } R A
4 Frice — 5 R ii Fuse B
:I 3 ‘:;( = L A gR (]k v L ’(-UD\' I L
\ i D 2311! (.’,h\m 2 ' ' " )(0-600V) T t
220V '.| S /,f AN | NS . . ;_
DC SUPPLY !IT IT Fuse z
s (0-10A) ig ¥
I MI
H J,,_ : o
‘ : 204 C st 600\ : D
v \\';_ =t S X : ,’_L._—__ Ly
: “Fuse M = l Fuse B|
| S N 600V, 10A LPF
r"— :D » l"!",— 340 ohm
o iP 2A
De ST i;E'L': :S
f |
S SA
— (————9
= ~Fuse
Fig 8.1
TO FIND ARMATURE RESISTANCE:
: 200hm,10A
e 7
| 'Ip Fuse \—/ | j"”
\ I Loading (104 + =
S ‘ ‘P e 2 e 7 . Ef{
oe : 'S Rheostat (V) (0-30)\ =
b 7 M =
€U S ‘_
S|
- Fuse
Fig 8.2
TABULATION:
O.C TEST:
. Open circuit line Open circuit phase
Field current(ly) b P P
S.No (Amps) voltage(Vo) voltage(Vo(ph))
(Volts) (Volts)
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S.C TEST:

S.No

Field current(ly)
Amps

Short circuit current (120 to 150% of rated
current (Isc)) Amps

TO FIND OUT THE ARMATURE RESISTANCE:

S No Armature current (1) Armature voltage (V) | Armature resistance
' Amps Volts R=V/I Q
Mean Resistance, R,,
ZERO POWER FACTOR TEST:
Field Rated Rated W, (Watts) W, (Watts)
armature | armature Total Watts
S.No | current
(A) Current | Voltage | ops | ACT | oBS | ACT (W1+W5)

(A) V)

PROCEDURE FOR BOTH POTIER AND ASA METHODS:
Step 1: Note down the complete nameplate details of motor and alternator.
Step 2: Connections are made as per the circuit diagram.
Step 3: Switch on the supply by closing the DPST main switch.

Step 4: Using the Three point starter, start the motor to run at the synchronous speed by
varying the motor field rheostat.
Step 5: Conduct an Open Circuit Test by varying the Potential Divider for various values of
Field current and tabulate the corresponding Open circuit voltage readings.

Step 6: Conduct a Short Circuit Test by closing the TPST knife switch and adjust the
potential divider the set the rated Armature current, tabulate the corresponding Field current.
Step 7: To conduct zero power factor test, the switch TPST is kept closed. Due to this, an
inductive load gets connected to an alternator through an ammeter. A purely inductive load
has power factor of cos i.e. zero lagging hence the test is called zero power factor test. The
machine speed is maintained constant at its synchronous value. The load current delivered
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by an alternator to purely inductive load is maintained constant at its rated full load value by
varying excitation and by adjusting variable inductance of the inductive load. Note that, due
to purely inductive load, an alternator will always operate at zero p.f. lagging. This is the
graph of terminal voltage against excitation when delivering full load zero power factor
current

Step 8: Conduct a armature resistance test by giving connection as per the circuit diagram
and tabulate the voltage and Current readings by changing the value of rheostat.

PROCEDURE TO DRAW POTIER TRIANGLE [ZPF METHOD]:

Step 1: Plot OCC and SCC.

Step 2: Draw tangent to OCC (air gap line).

Step 3: Conduct ZPF test at full load for rated voltage and fix the point B.

Step 4: Draw the line BH with length equal to field current required to produce full load
current at short circuit.

Step 5: Draw HD parallel to the air gap line so as to touch the OCC.

Step 6: Draw DE parallel to voltage axis. Now, DE represents voltage drop IX_. and BE
represents the field current required to overcome the effect of armature reaction.

Step 7: Triangle BDE is called Potier triangle and X, is the Potier reactance

Step 8: Find E from V, 1X_ and ®. Consider R, also if required. The expression to use is

E = (Vcos® + IR,)* + (Vsin®d + 1X,)?

Step 9: Find field current corresponding to E.

Step 10: Draw FG with magnitude equal to BE at angle (90+W) from field current axis, where
Y is the phase angle of current from voltage vector E (internal phase angle).

Step 11: The resultant field current is given by OG. Mark this length on field current axis.
Step 12: From OCC find the corresponding Ep Then regulation is calculated.

PROCEDURE TO DRAW ASA DIAGRAM:

Step 1: Follow steps 1 to 7 as in ZPF method.

Step 2: Find Is; corresponding to terminal voltage V using air gap line (OF1 in figure).

Step 3: Draw I, with length equal to field current required to circulate rated current during
short circuit condition at an angle (90+®) from Is;. The resultant of Iy; and Iy, gives If (OF; in
figure).

Step 4: Extend OF; up to F so that F,F accounts for the additional field current accounting
for the effect of saturation. F,F is found for voltage E as shown.

Step 5: Project total field current OF to the field current axis and find corresponding voltage
Eo using OCC. Then regulation is calculated.

MODEL GRAPH:

ZPF METHOD: 5/’

& oct

E / 1’?(_
/ H | E B
/,

1 Y
s V.

9;0}1'_

Fig 8.3
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ASA METHOD:

kéqf/ OQG

—>
s

Voltage

Field current —»
Fig 8.4

CALCULATIONS:
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RESULT:
Thus the regulation of three phase alternator was predetermined by ZPF and ASA
methods.

VIVA QUESTIONS:

1. Can a D.C. generator be converted into an alternator? If yes, how it is achieved?

2. What are the characteristics required for potier method of computing voltage
regulation?

3. Why is the short circuit characteristic of an alternator linear?

4. How will you obtain zero power factor lagging curve?

5. What is meant by ASA?
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Exp. No. : 9 REGULATION OF THREE PHASE SALIENT POLE
Date : ALTERNATOR BY SLIP TEST
AlIM:

To predetermine the regulation of three phase salient pole alternator by performing

slip test.

NAME PLATE DETAILS:
3¢ Alternator

FUSE RATING:
125% of rated full load current.

DC Shunt Motor

For DC Shunt Motor: Amps
For Alternator: Amps
APPARATUS REQUIRED:
S.No. Name of the Type Range Quantity
apparatus
1 3® Auto transformer - 415V/(0-470)V 1
2 Ammeter MC (0-10)A 1
3 Ammeter Ml (0-10)A 1
4 Voltmeter Ml (0-150)V 1
5 Voltmeter MC (0-30)V 1
6 Rheostat Wire Wound (2309Q,1.7A) 1
7 Rheostat Wire Wound (200,10A) 1
8 TPST Switch - - 1
9 Tachometer - - 1
10 | Connecting wires - - As Required

FORMULA USED:

1. Effective Armature Resistance, R, = 1.2R,, 12

2. Direct axis impedance, Z; =

3. Quadrature axis impedance, Z, =

4. Direct axis reactance, X; =

i = (72 — 2
5. Quadrature axis reactance, X, = (Zq Ra)ﬂ

6. ¥ =tan™* (

V sing +1, X,
Vcos® +I,R,

Maximum Voltage

Minimum Current

Minimum Voltage

Maximum Current

(Zi—RH N

) where, [, = Rated armature current

7. § =¥ — & (Angle @ is taken positive for lagging P.F and negative for leading P.F)
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8. Directaxis current, I; = I, sin'¥ Amps

9. Quadrature axis current, [, = I, cos¥ Amps
10.Ey =V cosé + I, R, + 13X Volts

Ey—V.
11, Percentage voltage regulation = ——22% % 100
rat ed

CIRCUIT DIAGRAM:

LFA
te SN £

Y L (0-10A vy -
n 230 oh -
:: P 1.1\m { A — ;—“—1/-—: R
oy oS _150\WW Al T Il
z&’_\ n T ((().\111; L E P Il 415V, 50Hz
" F Ell= S u 3PhaseAC
e c= Tl Suely
" :}OA/}/ 4Y
i Ve |
" FF A2L :
. B2 |
\L.‘A —0:: |
- Gomm—tee A c2c N1 |
20A o e
-
PE] 3
E3 £ | Variac
€3 T | 415V/(0-470)V
Fig 9.1
TO FIND ARMATURE RESISTANCE (Ry):
200hm, 104
4 \ 7N
. — + [ -
| — { A —
‘X lip Fuse N/ i Ph
1 ¥ Loading (10} + =
| l' - C
Dc‘“- g Rheostat o .f/\'\», (0-30)V ?
il -/ MC &
| l \.’i: . ,\:.:
NHS I
! \_ e —— ——— - ,J..__ . N
- Fuse
Fig 9.2
PRECAUTIONS:

1. The motor field rheostat and three phase VARIAC should be kept in minimum position.
2. The Alternator field should be kept open.

3. Initially all switches are in open position.

Kings College of Engineering, Punalkulam Page 44




EE3411- Electrical Machines Laboratory-II Manual

TABULATION:
TO FIND Z4 and Zg:

S Maximum | Minimum | Maximum | Minimum Direct axis Quadrature axis
Nb Voltage Voltage Current Current impedance impedance
(Volts) (Volts) (Amps) (Amps) (Zg)Q (Z9)Q
Average

TO FIND OUT THE ARMATURE RESISTANCE:

Armature current (1) Armature voltage (V) | Armature resistance

S:No Amps Volts R=V/I Q

Mean Resistance,Ry,

PERCENTAGE REGULATION:

S.No Pozvgg;‘zt):tor No é(éi)d \X) clJtItSage % Regulation
1 0.6 lead
2 0.8 lead
3 Unity
4 0.6 lag
5 0.8 lag
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PROCEDURE:

Step 1: Make connections as shown in circuit diagram.

Step 2: Start the set and bring it to near synchronous speed keeping the field of the
alternator open.

Step 3: Apply an AC voltage of reduced magnitude (about 25% of the rated value). The field
poles and armature mmf should rotate in same direction this can be verified by measuring
the voltage across the field winding (It should be nearly equal to zero) Otherwise interchange
the stator terminals.

Step 4: Adjust the speed of the alternator to get sufficient oscillations (Maximum deflection)
in the meter.

Step 5: Note down the maximum and minimum value of ammeter and voltmeter.

MODEL GRAPH:

% Regulaton

T
Lagging P ¢

Fig 9.3

CALCULATIONS:
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RESULT:
Thus the regulation of three phase salient pole alternator was predetermined by slip
test.

VIVA QUESTIONS:
1. Compare salient pole rotor with cylindrical rotor.

2. What is the purpose of conducting slip test in an alternator?

3. Why voltage regulation of an alternator is negative for leading P.F?

4. Specify the condition beyond which the synchronous machine is said to be out-of-
step?

5. In an alternator, smooth rotor is used for high speeds and salient pole rotor for low
speeds. Why?
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Exp. No.: 10 V AND INVERTED V CURVES OF THREE PHASE
Date : SYNCHRONOUS MOTOR
AlM:

To draw the V and inverted V curves of three phase synchronous motor.

NAME PLATE DETAILS:
3¢ Synchronous Motor

APPARATUS REQUIRED:

S.No | Name of the apparatus Type Range Quantity
1 | 3® Auto transformer - 415V/(0-470)V 1
2 | Ammeter MC (0-2) A 1
3 | Ammeter Mi (0-10)A 1
4 | Voltmeter Ml (0-600)V 1
5 | Power factor meter Double element | (500V,10A) 1
6 Rheostat Wire wound 500Q,10A 1
7 | Tachometer Digital - 1
8 Connecting Wires - - As required
FUSE RATING:
125% of rated current (Full load current)
For DC excitation = Amps
For synchronous motor = Amps

PRECAUTION:-
1. The potential divider should be in the maximum position.

2. The motor should be started without any load.
3. Initially all switches are in open position.

PROCEDURE:
Step 1: Connections are made as per the circuit diagram.

Step 2: Close the T. P. S. T. switch.

Step 3: The auto transformer is varied gradually to start the motor.

Step 4: The auto transformer is adjusted till the voltmeter reads the rated voltage of the
synchronous motor.

Step 5: Close the D. P. S. T. switch and increase the field current.

Step 6: At no load condition, increase the field current in steps and note down the
corresponding armature current and power factor.

Step 7: Repeat the same procedure for different load conditions.

Step 8: Reduce the load on the motor.

Step 9: Reduce the field current to zero value.

Step 10: Reduce voltage by varying auto transformer.

Step 11: Open all the switches.
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CIRCUIT DIAGRAM:

(0-2)3.4 MC
Fig 10.1
TABULATION:
WITHOUT LOAD
S No Stator Stator Field Power
' Voltage Current Current Factor
WITH LOAD
S No Stator Stator Field Power | Spring Balance
' Voltage Current Current Factor S1 S2
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MODEL GRAPH :

(A) Excitation Current Vs Armature Current

h

>

Armature Current /Phase in Amps (A.C)

'
'

; ——>—— Leading —>

<<— Lagging :
p.f : p.f
—
D.C Excitation Current in Amps
(B) Excitation Current Vs Power Factor
A
NL Fl

s
B
S
S
-
S

Excitation Current in Amns

Fig 10.2
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RESULT:
Thus the V and inverted V curves of three phase synchronous motor were drawn.

VIVA QUESTIONS:
1. What are the characteristic features of synchronous motor?

2. In what way synchronous motor is different from other motors?

3. What is the effect on speed if the load is increased on a 3 phase synchronous motor?

4. Why a synchronous motor is a constant speed motor?

5. How the synchronous motor can be used as s synchronous condenser?
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Exp. No.: 11 MEASUREMENTS OF NEGATIVE SEQUENCE AND
Date : ZERO SEQUENCE IMPEDANCES OF AN ALTERNATOR
AlM:

To determine negative sequence and zero sequence impedances of an alternator.

NAME PLATE DETAILS:
3® Alternator DC Shunt Motor

FUSE RATING:

125% of rated current

DC Shunt Motor = Amps
3® Alternator = Amps
APPARATUS REQUIRED:
S.No. N;prgzgtltjze Type Range Quantity
1 1® Auto transformer - 230V/(0-270)V 1
2 Ammeter MC (0-2) A 1
3 Ammeter Ml (0-10)A 1
4 Voltmeter Mi (0-150)V 1
5 Voltmeter Ml (0-300)V 1
6 Rheostat Wire Wound (230Q2,1.7A) 1
7 Rheostat Wire Wound (30092,2A) 1
8 Wattmeter LPF 300V,10A 1
9 Connecting wires - - As Required

FORMULA USED:

FRFY
Negative Sequence Impedance, Z; = [f—) fl

Zero Sequence Impedance, Iy =7 =— |

PRECAUTIONS:

1. Initially all switches should be in kept open.
2. At start, VARIAC should be kept in minimum position.
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CIRCUIT DIAGRAM:

TO DETERMINE NEGATIVE SEQUENCE IMPEDANCE Z5:

3 POINT STARTER

—- 2 A
gogee, v Fal. .
£ i Fuse = A - gR
| i g( LF J a8
‘ ¥ 230 ohm = < Ve N 3
11D 1L7A 2 = f ‘
i &2 ({ M ) i i U
, liP & |\ = |#FF\p SN2
220V i = X \/&
DC SUPPLY !IT S
lis I3 |AA
vl
!i '
L
| o 204 '
& P e R U -
Fuse o
' 3 sA 300V, 10A LPF
f-' N—
| ln Fuse 300 ohm
1 1_\
| | -
20V I P
DCSUPPLY  1}S
i ‘T .
; S ‘_“_ .
= “Fuse
Fig 11.1
TO DETERMINE ZERO SEQUENCE IMPEDANCE Zj:
3 POI \41 STARTER
+ N2 [LOF oA [ (0-150)V MI .
I —1 ! — = [ &
I Pase. 5 3 A 7 SR
’ ¥ €= LF 2 (V)
| i et § LA g \\Y e
1D o 2 VR g Vo il | 1 (A A8
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220 i s = Ny o e ! &= phass supply
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lis T JAA g
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L \
L
\ | \
v < i 208 P ‘ !}\-
Fuse 230V/(0-270)V
Fig 11.2
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PROCEDURE:

TO DETERMINE NEGATIVE SEQUENCE IMPEDANCE Z;:

Step 1: Make the connections as shown in figure for determining Z,.

Step 2: Run the machine at rated speed.

Step 3: Short circuit two phases of the alternator through an ammeter and the current coil of
the wattmeter.

Step 4: Connect the voltage coil of the wattmeter and the voltmeter between the open phase
and any short circuited phase.

Step 5: Gradually increase the excitation such that the short circuit current does not exceed

its rated value.

Step 6: Note the reading of voltage, current and power.

TO DETERMINE ZERO SEQUENCE IMPEDANCE Zj:.

Step 1: Connect the armature winding in parallel according to the circuit diagram.

Step 2: Connect the single phase variac to the parallel common point of an alternator
armature winding as shown in the circuit diagram.

Step 3: Run the machine at rated speed.

Step 4: Apply low voltage from a variac and measure both voltage Vo and current |l taken by
the armature windings and zero sequence impedance can be calculated.

TABULATION:
TO DETERMINE NEGATIVE SEQUENCE IMPEDANCE (Z,):
Voltage(Vry) Current(lsc) Negative Sequence
S-No (Volts) (Amps) Power (Watts) Impedance (Z,)Q

Average (Z,)Q

TO DETERMINE ZERO SEQUENCE IMPEDANCE(Zy):
S No Voltage(Vo) Current(lo) Zero Sequence
' (Volts) (Amps) Impedance (Zo)Q

Average (Z)Q
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CALCULATION:

RESULT:

Thus the negative sequence impedance and zero sequence impedance of an
alternator were determined.
VIVA QUESTIONS:

1. Mention the fault, in which only positive sequence reactance is present.

2. Which statement is correct for negative and zero sequence impedances?

3. Under what type of winding connections the zero sequence current can flow from
transmission line to a transformer?

4. When negative sequence current rotates with respect to field winding?

5. Why synchronous generators are to be constructed with more synchronous reactance
and negligible resistance?
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Exp. No. : 12 DRAW THE CIRCLE DIAGRAM OF 3-PHASE SQUIRREL
_ CAGE INDUCTION MOTOR BY CONDUCTING NO LOAD
Date AND BLOCKED ROTOR TEST
AIM:
To conduct the no load test and blocked rotor test on three phase squirrel cage
induction motor and draw the circle diagram.
NAME PLATE DETAILS:
3¢ Induction Motor 3¢ Auto Transformer
FUSE RATING:
No load :10% of rated current (full load current) = Amps
Full load:125% of rated current (full load current) = Amps

APPARATUS REQUIRED:

S.No Name of the apparatus Type Range Quantity

1 Ammeter MC (0-10)A 1

2 Ammeter Mi (0-5A 1

3 Ammeter Ml (0-10)A 1

4 Voltmeter Ml (0-150)V 1

5 | Voltmeter Ml (0-600)V 1

6 Voltmeter MC (0-30)V 1

7 Wattmeter LPF (600 V, 5A) 2

8 | Wattmeter UPF (150 V,10A) 2

9 Tachometer Digital - 1

10 | Connecting wires - - As required
PRECAUTIONS:

The autotransformer should be kept in minimum voltage position.

PROCEDURE:

1. Note down the name plate details of motor

2. Connections are made as per the circuit diagram as shown in the figure for open
circuit and blocked rotor test

3. For no load test or open circuit test by adjusting the autotransformer, apply the
rated voltage and note down the ammeter and wattmeter readings. In this test rotor
is free to rotate.

4. For short circuit test or blocked rotor test, by adjusting autotransformer, apply rated
voltage and note down the ammeter and wattmeter readings. In this test the rotor
is blocked.

5. After that make the connection to measure the stator resistance as per the circuit

diagram.
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CIRCUIT DIAGRAM:

NO LOAD TEST:

GOO'V 10A LPF

10A  O-10A (Mi)
T T
I P
415v, 50Hz!'s g I
3 Phase ,\
Acsupply N7 j" (\/crswv (M1)
Y \LH_‘ )
1.[ — |
n
e
5 10A _?l_i
Brt— Yy
3 |
3 C \
3¢ _ ji, ‘wl
Variac cs e
415VH(0-470)V 600V, 10A LPF

BLOCKED ROTOR TEST:

Fig 12.1

w1
1oa O-10A(MI) 600'\1,1[0A, UPF BB o 8
R —i—r—..r7(A ‘_’——1_‘—.— 1
¢ wT 3"| | T ¢ 10 gil SZ
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10a|_[<,
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C
IO | T
Variac | Lfes
’ w2
415V/(0-470)V 600V,10A, UPF
Fig 12.2
TO FIND STATOR RESISTANCE (Rs):
| 200hen, 104
S — () .
; lip Fuse \=/ L
| ! ij-" Loading {01034 + ]
ncﬁ w s Rheostat He G) (0-30)V =
p - MC ==
| e - S
t-—-—\k‘kj—!__} - - i 52
o Fuse
Fig 12.3
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TABULATION:
No Load Test : Multiplying Factor : W = W, =
Open Open Open Circuit Power (Poc) (Watts)
S No Circuit Circuit
' Voltage | Current (Io) Wa W2 Total
(Vo) (Volts) | (Amps) | Observed | Actual | Observed | Actual | (WitWo2)
BLOCKED ROTOR TEST : Multiplying Factor : Wy = W, =
Blocked | Blocked Blocked Rotor Power (Psc) (Watts)
Rotor Rotor
S.No Voltage Current Wi Wa Total
(Vsc) (Isc) Observed | Actual |Observed | Actual | (WitWp)
(Volts) (Amps)

TO FIND STATOR RESISTANCE

S.No

Stator current
(N(Amps)

Stator voltage
(V) (Volts)

Stator Resistance
R=VI/I O

Mean Resistance,Ry,
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PROCEDURE TO DRAW CIRCLE DIAGRAM:

Step 1: Draw the lines by taking the current (I) in X-axis, voltage (V) in Y-axis.(V & I are line
values)

Step 2: From the No-load test find the current I, and draw the vector OA with the magnitude of
I, from the origin by suitable current scale, which lags the voltage (Y axis) V by angle &,.

PGC = @VOIGCDSQE'O

cosdy = (L)
" \VB XV, x 1

_- Poc
Where, ¢, = cos 1 - (—)
V@XVQXf@

Step 3: From the blocked rotor or short circuit test, find the Iy (short circuit current

corresponding to the normal voltage) and 2.

o 14
Short Circuit current, ¢y = 5. (—9)

Vsc
Psc = ‘/§Vsc Isccos®bs

cosd, = L)
’ V3 X Vs X Isc

Where, &g = cos ! = (—)
V3xVse xIsc

Step 4: Draw the vector OB line magnitude of I;y from the origin by the same current scale,
which lags the voltage (Y-axis) V by angle, &..
Step 5: Join the points B and A get the output line.
Step 6: Draw the line parallel to X-axis from point A and parallel to the Y-axis from point B
towards the X-axis, then locate point E (in X-axis) and point D (intersection point of these two
parallel lines). ED represents fixed loss.
Step 7: To find the centre point C of the circle, bisect the output line AB at right angles, then
locate point C and draw a semi circle with radius CA.
Step 8: The line EB represents total loss (EB=ED+DB, Where ED = fixed loss and DB = variable
loss)
Step 9: Draw the torque line AG. (Line which separates the stator and rotor copper losses).When
the rotor is locked, all the power supplied to the motor goes to meet the core losses and copper
losses in the stator and rotor windings. The power input is proportional to BE. Out of this, ED
represents fixed losses i.e., stator core loss and friction and windage losses. DB is proportional to
the sum of the stator and rotor copper losses. The point G is such that,

BG  rotor copper loss

GD  stator copper loss
To locate point G, find the stator resistance per phase i.e, R; is found from stator
resistance test. (R; = 1.2R,;,). Now the short circuit motor input Ws, is approximately

equal to motor copper losses (neglecting iron losses). Therefore,

BG _ Wsc—3I%R
Stator Copper loss = 31%-R, and Rotor copper loss = Wg; — 312:R; = o= %
scf1

2
o . , v
Short circuit/Blocked rotor input with normal Volatge, Wsr = Ps¢ (V—O)
sC
Wsc

EB(cm)
power scale.(Watts/cm). The line ED represents no load losses i.e, fixed losses and DB
represents total copper losses, therefore, DB = W5 — Py.. Then DB is bisected at point G

to separate stator and rotor copper losses. AG represents torque line.
. L . Il load o d ).
Step 10: To find the load quantities, draw the line BK (: full loa oumﬁaftzw;:m(rate P ))
Step 11: Now draw line PK parallel to output line meeting the circle at point P.
Step 12: Draw line PT parallel to Y-axis meeting output line at Q, torque line at R, constant-loss

line at S and X-axis at T.

This power Ws, represents the value EB and measure it by using scale, then gives

Step 13: To find the maximum quantities,
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a) Maximum Output:

It occurs at point H where the tangent is parallel to output line AB. Point H may
be located by drawing a line CH from point C such that it is perpendicular to the
output line AB. Then the vertical line HH’ represents maximum output.

b) Maximum torque:

It occurs at point | where the tangent is parallel to torque line AG. Point N may
be located by drawing a line Cl perpendicular to the torque line AG. Then the
vertical line II' represents maximum torque.

c) Maximum input power:

It occurs at the highest point of the circle i.e., at point J where the tangent to the
circle is horizontal. It is proportional to JJ'. As the point J is beyond the point of
maximum torque, the induction motor will be unstable here. However, the
maximum input is a measure of the size of the circle and is an indication of the
ability of the motor to carry short-time over loads. Generally, JJ’ is twice or thrice
the motor input at rated load.

CIRCLE DIAGRAM:

K
~ A
3 ~
E r""f Motor
% - Outpue
= T L
AN
. f,‘ - F: ~.p ¢
H ' -~ il E ==
o - ':"J:# E ] E b ", T
Pyl - RN - % AN .
P E‘ , g. & | " . F\;-T:-r Cu
- / E , _/_,a-"},"' \‘-
’ A K ..-*":f-j{’ e a y
.-"{ Ilu' =1 ﬁ - "\_\. R il . '.IlI
&/ { -""::FF-' .“'-_\_ — "'-'F_'i'_:rql:r ':I Ly
'_'-\-\.H'."{ ||| T H J I Lire \ MET"[ A
/ -~ —T N 058
q:._-;-"":"’"f-',_..kfj;fr]—iq' — \"- o | *nl' ¥
b i e -
J..,—"': A 5 C N Foeed Loss
0 T I \‘\ Current m amps e
./
— ";r —
Pl
Fig 12.4

CALCULATION:
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RESULT:
Thus the no load test and blocked rotor test on three phase squirrel cage induction
motor were conducted and the circle diagram was drawn.

VIVA QUESTIONS:
1. What is circle diagram of an IM?

2. What are the advantages and disadvantages of circle diagram method of
predetermining the performance of 3 —phase IM?

3. What is slip of an induction motor?

4. Compare squirrel cage with slip ring induction motor.

5. In what respect does a 1-phase Induction motor differ from a 3-phase Induction
motor?
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B.E !!B.Tach. PRACTICAL END SEMESTER EXAMINATIONS, APRIL/MAY 2024
Fourth Semester

EE3411 - ELECTRICAL MACHINES LABORATORY- I

(Regulations 2021)
Time : 3 Hours Answer any one Question Max Marks 100
' Aim/Principle/Apparatus| Circuit Calculation Viva- | Record |  Total
| required/Procedure Diagram/Tabulation & Results Voce | R
| 20 30 30 0 | 10 | 10

1. Predetermine the voltage regulation of a three phase alternator by conducting suitable experiment

which gives higher values of synchronous reactance. (100)

2.  Predetermine the voltage regulation of three phase alternator for full ioad and 0.8 leading, 0.8

lagging power factor by EMF method. (100)

3. Predetermine the voltage regulation of an alternator by a method in which phasor diagram of the

alternator is deployed for computation. (100)

4. Predetermine the voltage regulation of three phase alternator for full load and 0.95 leading, 0.85
lagging power factor by MMF method. (100)

5.  Conduct an experiment which gives more accurate predetermination of voltage regulation for a

three phase alternator. (100)

Conduct a experiment to predetermine the regulation of three phase alternator by modified MMF

6.
method and plot its regulation curve. (100)

7.  Conduct a s'uitable experiment to predetermine the voltage regulation of three phase salient pole
alternator by slip test at full load, unity p.f. (100)

8. Conduct a spitable experiment to compute the negative and zero sequence impedance of

synchronous generator. (100)
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10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Conduct a suitable experiment on three phase machine which delivers mechanical output and

draw the V and inverted V curves. (100)

Conduct a suitable experiment to plot V curves and inverted V curves for a three phase machine
which delivers mechanical output for the following load condition i) % load ii) full load (100)

Conduct load test on a three phase induction motor and obtain its performance characteristics at
50%, 100% and 130% load condition. (100)

Conduct load test on a three phase induction motor and draw its torque and efficiency

characteristic curves. (100)

Conduct No load and blocked rotor test on a three phase motor which is widely used in industrial

drive and obtain the equivalent circuit parameters. (100)

Draw the equivalent circuit of a three phase induction motor by conducting suitable test.  (100)

Conduct a suitable experiment to separate no-load losses occurring in a three phase motor which

is widely used in industrial drives. (100)

Conduct a suitable test to separate the fixed losses in a three phase induction motor. (100)

Conduct load test on a single phase induction motor and obtain its performance characteristics at

20%, 40% and 90% load condition. (100)

Conduct load test on a single phase induction motor and draw its slip and speed characteristic

curves. (100)

Conduct No load and blocked rotor test on a single phase motor which is widely lower power
applications like pumps and obtain the equivalent circuit parameters. (100)

Draw the equivalent circuit of a single phase induction motor by conducting suitable test (100)
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