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List of Experiments mapped with COs

S.No
.

Name of the Experiment Course
Outcome

1 To perform no load and blocked rotor tests on a three phase squirrel cage induction motor
and determine equivalent circuit.

CO 1

2 To perform load test on a three phase induction motor and draw Torque -speed
characteristics

CO 1

3 To perform no load and blocked rotor tests on a single phase induction motor and determine
equivalent circuit.

CO 3

4 To study speed control of three phase induction motor by varying supply voltage and by
keeping V/f ratio constant

CO 1

5
To perform open circuit and short circuit tests on a three phase alternator.

CO 2

6
To determine V-curves and inverted V-curves of a three phase synchronous motor.

CO 2

7 To determine the direct axis reactance (Xd) and quadrature axis reactance (Xq) of
synchronous machine.

CO 2

8
To study synchronization of an alternator with the infinite bus by using: (i) dark lamp method
(ii) two bright and one dark lamp method.

CO 2

9 To determine speed-torque characteristics of three phase slip ring induction motor and study
the effect of including resistance, or capacitance in the rotor circuit.

CO 1
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LAB EXPERIMENTS
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LAB EXPERIMENT 1
No load and blocked rotor test on a 3- phase induction motor

Object: -To perform no load and blocked rotor test on a 3- phase induction motor and determine parameters and

efficiency.

Apparatus required: -

S. No. Apparatus Specifications Types Qty

1 Auto-transformer (3-Phase,415V, 10A) Closed 1

2 Voltmeter (0-500V) MI 1

3 Ammeter (0-10A) MI 1

4 Wattmeter (5/10A,300/600V) Dynamo 1

5 Connecting wire Stranded L.S.

Equipment required:-

Induction Motor- (5HP, 415V, 8A, 1410 r.p.m., 50Hz, 3-Phase, Star connected.)

Theory: -

No-load test- this test is similar to the open circuit test on a transformer. The motor is uncoupled from its load

and rated voltage at the rated frequency is applied to the stator to run the motor without load. The input power

is measured by the two wattmeter method. An ammeter and a voltmeter are connected as shown in figure. The

ammeter is measure the no-load current and voltmeter is gives the normal rated supply voltage. Since the no-

load current is 20-30% of the full load current, the I2R losses in the primary may be neglected as they vary with

square of the current. Since the motor is running at no-load, total input power equal to constant iron loss,

friction and windage losses of the motor.

Pi= P1- P2 (P1 and P2 reading of the two wattmeter)

One wattmeter will show negative reading. It is therefore, necessary to reverse the direction of the current coil

or pressure coil terminal of the wattmeter.
If, VL = Input line voltage.
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3VL

0

Pi = Total input power at no-load.

I0 = Input line current at no-load.

Vp = Input per phase voltage.

R0 = Per phase resistance.

X0 = per phase leakage reactance.

Z0= Per phase impedance.

P  I CosCos 
PI

i 0

I  I Cos R 
VP

w 0 0 I W

I   I 0 sin X 
VP
I 
Z0   X 20 )

Blocked rotor test: - This test is analogs to the short circuit test of a transformer. In this test, the shaft of the

motor is blocked so that it cannot move and rotor winding is short-circuited. In a slip rings and in cage motor,

the rotor bars is permanently short-circuited. This test is also called the blocked rotor test. The circuit diagram

for blocked rotor test is shown in figure.

A reduced voltage is supplied to the stator through a 3- phase autotransformer so that full load rated current

flows in the stator winding and notes the readings of all connected meters.
If, PSC = Total input power on short circuited or blocked rotor test.

ISC= Line current.

VSC = Line voltage.

PSCP= Per phase power on blocked rotor test.

VSCP = Per phase voltage on blocked rotor test.

ISCP = Per phase current on blocked rotor test.

PSC  3VSC I SCCos

Equivalent resistance of the motor per phase referred to stator,

PSCP  3I 2 SCP  R

3VLI0

(R 2
0

e1
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R 
PSCP

e1 3I 2 SCP

Equivalent impedance of the motor per phase referred to stator,

Z 
VSCP

e1 I
SCP

Equivalent leakage reactance of the motor per phase referred to stator,

X e1 

( )
% ���������� = ����� ������ ����� (�) + ������ ∗ 100

Multiplying factor of wattmeter = (V.I.cos ϕ) / Full scale deflections of wattmeter

Circuit diagram: -

Procedure: -

No-load test-

1. Make the connection as per circuit diagram shown.

2. Motor should be free from the mechanical load.

3. Applied rated voltage through 3- phase auto transformer to the motor.

4. Record all the readings of connected meters.

Blocked rotor test-

1. Make the connection as per circuit diagram shown.

(Z 2
e1  R 2

e1)
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2. Blocked the rotor mechanically.

3. Applied the supply voltage through 3-phase autotransformer of which full load current flows in the motor.

4. Record all the readings of connected meters.

Observation table: -Motor output=------- - - .

Full load current=------- - .

S.No. No-load test Blocked rotor test Efficiency (%)

1.

VL I0 Pi=W1-W2 ISC VSc PC=W1+W2

415V 3.6A 240W 8A 120V 800W

Result: -R0= - - - - Ω. Re1=--------- Ω.

X0= - - - - -Ω. Xe1 =------- Ω.

Z0= - - - - Ω. Ze1 =--------- Ω.

% Efficiency =------- - .

Precautions: -

1) All connection should be perfectly tight and no-loose wire should lie on the work table.
2) Do not switch on the supply until and unless the connection is checked by the teacher.
3) Avoid error due to parallax while reading the meters.
4) Ensure that the winding currents do not exceed their rated values.

Viva Questions:

1. Explain why the locus of the induction motor current is a circle.
2. What is the difference between the transformer equivalent circuit and induction motor equivalent

circuit?
3. What are the reasons in conducting no-load test with rated voltage and blocked rotor test with rated

current?
4. Why do you choose LPF wattmeter in load test and hpf wattmeter in blocked rotor test?
5. How do you reverse the direction of rotation of induction motor?
6. What are the various applications of this motor?
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LAB EXPERIMENT 2

Load test on a 3-phase induction motor
Object: -To performed load test on a 3-phase induction motor and draw speed-torque characteristics.

Apparatus required: -

S.No. Apparatus Specifications Types Quantity
1. Ammeter (0-10A) MI 1
2. Voltmeter (0-500V) MI 1
3. Tachometer Digital 1
4. Connecting wire L.S

Equipment required:-

3Ф-Induction Motor - (2KW/3Hp, 4.5A, 415V, 50Hz, 1410 r.p.m)

Theory: -First of all start the motor with the help of direct on line starter at full speed. The torque developed by

motor at no load is-
KR / SE 22 KSR E 22

T  2  2(R2 / S)  (X (R 2  S X 2 )2 2 2 2 2

When the slip is zero i.e. s=0, the speed is synchronous speed, torque T is zero. When the slip is very low i.e.

the speed is very near to synchronous speed, the torque is very small. Hence for low values of slip, the torque-

speed curve is approximately straight line. When the slip increase, i.e. the speed decreases with increase in

load, the torque increase and becomes maximum when s=R2/X2.

This maximum torque is called pull out or breakdown-torque. When slip is further increased i.e. the motor

speed is further decreased with increases in motor load, the torque decreases. It gives the torque-speed

characteristics as rectangular hyperbola. It will be seen that beyond the point of maximum torque, any further

increases in motor load result in decrease of torque developed by the motor, resulting is slowing down and

eventually stopping down the motor. The torque-speed curve show as under-but from circuit diagram we can

measure the torque as-

T  (W1 W2 ) r9.81N.meter

Where, W1, W 2 are the reading of spring balance in Kg and r is the radius of the pulley in meter.
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Circuit diagram: -

Procedure:-

1. Connect circuit as shown in the figure.

2. Now switch on 3-phase supply and start the motor with D.O.L starter at full speed when load is not applied

on motor.

3. Now apply the load gradually on motor and note down the speed and weight of the spring balance

correspondingly.

4. Then remove the load on motor and switch off the supply.

5. Draw the torque-speed curve.

Observation table: - Radius off pulley(r) = - -0.08 meter----------- (In meter)

S.No. Volt (V) Amp (A) W1 (Kg) W2 (Kg) Speed (N) Torque (T) Meter
1.

2.

415V

415V

3.8A

4.0A

0.0kg

9.0kg

0.0kg

3.2kg

1446 rpm

1440 rpm

0

4.55 N.meter
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Result: -

Precautions: -

1) All connection should be perfectly tight and no-loose wire should lie on the work table.

2) Do not switch on the supply until and unless the connection is checked by the teacher.

3) Avoid error due to parallax while reading the meters.

4) Ensure that the winding currents do not exceed their rated values.

Viva Questions:

1.Whyloadtestoninductionmotorisdone?

2.Whathappenstothevalueofslipwhentheloadisincreased?

3.Whataretheapplicationsofinductionmotor?

4.CommentontheSpeed–Torquecharacteristicsofa inductionmotor.

5.Howdoesthetorquevarywiththearmaturecurrentinainductionmotor?
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LAB EXPERIMENT 3
No-Load and blocked rotor test on a 1-phase induction motor

Object: -To performed No-Load and blocked rotor test on a 1-phase induction motor and determine equivalent

circuit.

Apparatus required: -

Equi

pment required:-

Capacitor start1-phase induction motor-(1-HP, 230V, 4.5A, 1410 rpm, 50Hz)

Theory: -

1. Blocked rotor test: -This test is analogous to the short circuit test of a 1-phase transformer. In this test the

rotor of the motor is blocked. So that it can not move and rotor winding is short circuited. A low voltage is

supply to the stator through 1- phase variac so that rated current flow in the stator winding. The input voltage,

current, powers are measured by all the connected meters.

R1m = Resistance of the main stator winding.

X1m= Leakage reactance of the main stator winding.

Xm= Magnetizing reactance.

R2’ = Standstill rotor resistance referred to the main stator winding.

X2’ = Standstill rotor leakage reactance referred to the main stator winding.

Vm = Applied voltage.

Im= Main winding current.

Equivalent impedance (Ze) =
Vsc
I sc

S.No. Apparatus Specifications Types Quantity

1 1- Phase variac (10Amp, 0-270Volts) Closed 1
2 Volt meter (0 -300V) MI 1
3 Wattmeter dynemtype (5/10A, 75/150/300V) Dynamo 1
4 Ammeter (0 – 5A) MI 1
5 Flexible wire Stranded L.S
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e

1Cos 2

Equivalent resistance (Re) =

Equivalent reactance (Xe) =

Psc
I 2 sc

 R 2

X1m = X2’ =
X e

2
R2’ = Re - R1m

NO-LOAD TEST: - This test similar to the open circuit test on a transformer. The motor is uncoupled from its

load and rated voltage and the rated frequency is applied to the stator to run the motor without load. The

voltage, current and power measured by the wattmeter, voltmeter and ammeter are connected as shown in fig.

Since the no load current is 20 % to 30 % of the full load current, the I2R losses in the primary may be

neglected as they vary with the square of the current. Since the motor is running at no-load, total input power is

equal to constant iron and friction losses of the motor. During No-load winding losses are negligible.

P0 = Input power.

V0= Applied power.

I0 = Input current or stator winding current.

No-load power factor: -

So cosф0 =

 Sinф0 = - - - ?

Po
Vo Io

(P0= V0I0 cosф)

No-load equivalent impedance (Zo) = V0

I 0
No-load equivalent reactance (Xo) = Zo Sinф0

Or = Zo 0

Core, friction and windage losses: -

= Power input to motor at No-load – No-load copper loss.
 R ' 

= Po – I2o R  2 1m 4 

Circuit diagram: -

Z 2
e
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Procedure: -

Blocked rotor test:

1. Make the connection as per circuit diagram.

2. Blocked the rotor mechanically.

3. Set the variac at zero conditions and start the motor, then gradually increase the

Voltage from variac which full load current flow in the motor.

4. Record the reading of all the meters.

No-load test:

1. Make the connection as per circuit diagram.

2. Motor should be free from the mechanical load.

3. Applied the rated voltage by 1-phase variac.

4. Record the all readings of connected meters.

5. Switch of the motor supply.

Observation table: -

S.No. No-load test Blocked rotor test

1.

Vo(Volt) Io(Current) Po(Watt) Isc(Current) Vsc(Volt) Psc(Watt)
210V 3.75A 188W 4.0A 58V 184W
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Result: -Thus the No-load and blocked rotor test on the 1-phase induction motor has been conducted and the

equivalent circuit has been drawn.

Precautions: -

1) All connection should be perfectly tight and no-loose wire should lie on the work table.

2) Do not switch on the supply until and unless the connection is checked by the teacher.

3) Avoid error due to parallax while reading the meters.

4) Ensure that the winding currents do not exceed their rated values.

Viva Questions:

1. What is the difference between the transformer equivalent circuit and induction motor equivalent
circuit?

2. What are the reasons in conducting no-load test with rated voltage and blocked rotor test with rated
current?

3. Why do you choose LPF wattmeter in load test and hpf wattmeter in blocked rotor test?
4. How do you reverse the direction of rotation of induction motor?
5. What are the various applications of this motor?
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LAB EXPERIMENT4

Speed control of 3- phase induction motor

Object: -To study speed control of 3- phase induction motor by keeping V/F ratio constant.

Apparatus required: -

S.No. Apparatus Specifications Types Quantity
1. Voltmeter (0-500V) MI 1
2. Ammeter (0-5A) MI 1
3. Voltmeter (0-300V) MC 2
4. Ammeter (0-1/2A) MC 1
5. Tachometer Digital 1

Equipment required: -

(1.) M.G. Set: -

1.Motor – DC motor (3 KW, 230V, 10 Amp, 1500 RPM, Shunt wound).

2. AC generator – (2 KVA, 3-phase, 415V, 50Hz, 1500RPM, 2.8Amp, 0.8PF, DC

Volt-140, DC current 0.85Amp).

(2.) Induction motor: - (3-Phase, 415V, 50Hz, 1500RPM, 3.6Amp)

Theory: -

Synchronous speed of an induction motor is Ns = 120f / P the speed of the motor can be controlled by varying

the supply frequency. The e.m.f. induced in the stator of the induction motor, E1 = 4.44kw1fфT1. Therefore, if

the supply frequency is changed E1will be also change to maintain the same air gap flux. If the stator voltage is

neglected the terminal voltage equal to E1. In order to avoid saturation and to minimize losses, motor is

operated at rated air gape flux by varying terminal voltage with frequency so as to maintain (V /F) ratio

constantans the rated value. This type of control is known as constant volts per hertz. In this method the

variable frequencysupply is obtained by M-G Set prime mover.

Circuit diagram: -
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Procedure: -

1. Make circuit as per circuit diagram.

2. Connect 1- phase AC power supply for gating variable DC output for excitation.

3. Adjust the position of rheostat R1 for maximum. Possible current in the field circuit

of DC motor to insure low starting speed.

4. Set the position of variac R3 at zero position.

5. Start the DC motor using starter and set the speed of motor approximately at 1500

rpm (For 4-pole synchronous gen.) by rheostat R1.

6.Now switch on the field current of alternator and gradually increase the variac to

obtain rated voltage.

7. Switch on the D.O.L. starter of induction motor.

8. Then gradually increase the rheostat R3 and note down the speed of induction

motor and all connected meters.

9. Switch OFF the field excitation, thenOFF the DC motor DPIC switch.

Observation table: -

S.No. Voltage (V) Frequency(F) Speed (N) V/F (Constant ratio)
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1. 400V 50Hz 1496 rpm

Result: -

Precautions: -

1) All connection should be perfectly tight and no-loose wire should lie on the work table.

2) Do not switch on the supply until and unless the connection is checked by the teacher.

3) Avoid error due to parallax while reading the meters.

Viva Questions:

1. What are the various methods of speed control of 3-phase induction motor?

2. What is the purpose of speed control of 3-phase induction motor?

3. In which method of speed control above the base speed can be achieved, why?

4. Why speed control is required in 3-phase induction motor?
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LAB EXPERIMENT 5

Open circuit and short circuit test on a 3- phase alternator.
Object: - To perform open circuit and short circuit test on a 3-phase synchronous machine and Determine

voltage regulation at full load and unity, 0.8 lagging and 0.8 leading power factor using synchronous impedance

method.

Apparatus required: -

S. No. Apparatus Specifications Types Qty.
1 Ammeter (0-5A) MI 1
2 Ammeter (0-1/2A) MC 1
3 Voltmeter (0-300/600V) MI 1
4 Voltmeter (0-300V) MC 1
5 Rheostat 1.4A, 260Ω Wire wound(Tublar) 1
6 Tachometer Digital 1

Equipment required: -

Alternator- (2 KVA, 3-Ф, 415V, 2.8A, 50Hz, 1500 RPM)

DC shunt motor- (3HP, 230V, 10A, 1500 RPM)

Theory: -To find out the regulation of alternator by synchronous impedance method, following characteristics

and data has to be obtained experimentally.

1. Open - circuit test characteristics at synchronous speed.

2. Short – circuit test characteristics at synchronous speed.

3. AC resistance of the stator winding per phase i.e.Ra.

To find out the synchronous impedance from these characteristics open-circuit voltage Ea and short-circuit

current Ia (Full load current) corresponding to a particular value of field current obtained.

Then synchronous impedance per-phase is given by -

Synchronous impedance (Z ) 
Ea

S I
a

Then synchronous reactance (X S )  (Z 2  R 2 )
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[(VCos  I aRa )  (VSin  I X ) ]2 2
a S

Phasor diagram of the alternator supplying the full load current of Ia lagging the terminal voltage by the angle Ф.

The open circuit voltage Eg of the alternator is given by, Eg  V  I aRa  I a X s

The diagram has been draw with the current as the reference phasor and is self explanatory. The open circuit

voltage as finally obtained from the phasor diagram, corresponding to this loading condition is eg volt. Then the

regulation of the alternator under the above loading condition is given by-

Re gulation(R) 
Eg V 100%
V

An approximate for the open circuit voltage can be established referring to the phasor diagram.

Open-circuit voltage, E 

=

=

(OG)2 (GC)2

(For lagging power factor load)

The above expression is for lagging power load. In case alternator is operating at leading power factor open

circuit voltage E can be sine out in a singularly given by,

E  (For leading power factor load)

The values of the regulation obtained by this method are higher then obtain from as actual load test as such is

called the pessimistic method.

Circuit diagram: -

[(OF  FG)2  (GB  BC)2 ]

[(VCos  I aRa )  (VSin  I X ) ]2 2
a s
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Procedure:-

Open circuit test-

1. Connect the circuit as per circuit diagram of O.C. test.

2. Set the position of rheostat for minimum current and in the field current of alternator.

3. Switch on the supply and start the DC motor with help of starter and set the speed 1500 rpm by rheostat.

4. Switch on the field current and gradually increase current.

5. Note down the open-circuit voltage and field current.

Short-circuit test –

1. Connect the circuit as per circuit diagram of S.C. test.

2. Set the position of rheostat for minimum current and in the field current of alternator.

3. Switch on the supply and start the DC motor with help of starter and set the speed 1500 rpm by rheostat.

4. Switch on the field current and gradually increase field current to the full load current.

5. Note down the short-circuit voltage and field current.

6. Measure the DC resistance of stator winding.
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Observation table: -

S.No. Open-circuit test Short-circuit test

1.

2.

Terminal voltage

Per phase (Vo)

Field current

If (Amp)

Short circuit

current (Isc)

Field current

If (Amp)

160V

254V

0.1A

0.2A

0.5A

1.75A

0.04A

0.16A

Graph: - Plot the readings to draw following graphs. Use same graph paper for both curves. 1. If versus Vo

(from OC test) 2. If versus Isc (from SC test)

Result: -Regulation of alternator at full load is found to be,

At unity PF = --------------

At 0.8 lagging = ---------------

At 0.8 leading = --------------

Synchronous Impedance varies for different values of excitation

Precautions: -

1) All connection should be perfectly tight and no-loose wire should lie on the work table.

2) Do not switch on the supply until and unless the connection is checked by the teacher.

3) Avoid error due to parallax while reading the meters.

4) Ensure that the winding currents do not exceed their rated values.

Viva Questions:

1. What losses do we get from OC & SC Test?

2. How the losses are measured?

3. How voltage regulations can be obtained from these test?
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LAB EXPERIMENT 6

V-curve and inverted V-curve

Object: - To obtain the V-curve and inverted V-curve of a 3-phase synchronous motor.

Apparatus required: -

S. No. Apparatus Specifications Types Qty.

1. Voltmeter (0-500v) MI 1
2. Ammeter (0-5A) MI 1
3. Voltmeter (0-300V) MC 2
4. Ammeter (0-5A) MC 1
5. Ammeter (0-1A) MC 1

Equipment required: -

(1)D.C.shunt generator (for loading) 1.5KW/2HP 230V, 1500rpm.

(2)Synchronous motor (3H.P, Salient pole, 1500 r.p.m. 50 Hz, 415V, star

connected, class-B insulation)

(3)D.C. shunt generator (for excitation) separately, Type- static type through

rectifier with controlling arrangement.

Theory: -

With constant mechanical load on the synchronous motor the variation of field current change the

armature current drawn by the motor and also its operating power factor. As such the behavior of the

synchronous motor is described bellow under three different modes at field current.

(1) Normal excitation: -

The armature current is minimum at a particular value of field current (If) which is called the normal field

excitation. The operation power factor is unity at this excitation and thus motor is equivalent to a resistive

load.

(2) Under excitation: -
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When the field current is decreased gradually bellow the normal excitation. The armature current increase

and the operating power factor of the motor decreases. The power factor under this condition is lagging. Thus

the synchronous motor draws a lagging current, when it is under excited and equivalent to an inductive load.

(3) Over excitation: -When the field current is increased gradually beyond the normal excitation, the

armature current again increase the operating power factor increases. How ever the power factor is leading

under this condition. Hence, the synchronous motor draws a leading current, when it is over excited and is

equivalent to a capacitive load.

It the above variation of field current and the corresponding armature current are plotted for a constant

mechanical load, a curve of the shape of V- is obtained and the characteristic curve plotted between input

power factor and the field current for a constant mechanical load on the motor are of the shape of inverted V-

curves.

Circuit diagram: -

Procedure: -

1.Make the connection a per circuit diagram.

2. Before starting the synchronous motor makes sure that the D.C. excitation switch

is in off position.

3. Switch on the A.C. supply and start 3- phase synchronous motor with the help of

D.O.L. starter.
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4. Observe direction of rotation, incase it is rotating in opposite direction, stop the

motor and reverse the sequence. Start the motor again using starter and insure

motor is running at no load.

5. Switch on the D.C. excitation switch.

6. Now gradually increase the excitation by the rheostat a few step and note the

corresponding decrease in armature current (Ia) and field excitation current (If)

Vary excitation till the armature current is minimum. After the point increase

excitation, the armature current will increases and note corresponding armature

current and field current values. Vary the excitation up till the rated value of

synchronous motor. This value with correspond to synchronous motor at no load.

7. Now switch on the load on D.C. generator and various loads setting ½ loads, full

load on D.C. generator repeat step no 2 to 5.

8. Plot the graph between field current and armature current for V-curve and

inverted curve between power factor and field current.

9. Switch off the D.C. excitation switch, and then stop the motor, by press the red

button of D.O.L. starter.

Observation table: -

S.No. Field-current (If) Armature current (Ia) Power factor (cosΦ)
1.

2.

3.

0.0A

0.1A

0.2A

0.75A

0.50A

0.40A

Graph: - Plot the graph between armature current (Ia) Vs field-current (If) andpower factor (cosΦ) Vs field-

current (If).

Result: -

Precautions: -

1) All connection should be perfectly tight and no-loose wire should lie on the work table.

2) Do not switch on the supply until and unless the connection is checked by the teacher.

3) Avoid error due to parallax while reading the meters.

4) Ensure that the winding currents do not exceed their rated values.
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Viva Questions:

1. What are the difficulties in starting a synchronous motor?

2. What are the commonly employed methods of starting a synchronous motor?

3. What are the applications of synchronous motor?

4. What is synchronous condenser?

5. What do you understand by hunting?
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LAB EXPERIMENT 7

Xd and Xq of a three phase salient pole synchronous machine

Object: -To determine Xd and Xq of a three phase salient pole synchronous machine

using the slip-test and draw the power angle curve.

Apparatus required: -

S.No. Name of apparatus Type Range Quantity
1. Voltmeter M.I. (0 – 75/150/300V) 1 No.
2. Ammeter M.I. (0 – 5A) 1 No.
3 Rheostat Tubular (1.4A- 260 ) 1. No.
4. 3 - Phase variac - (8A – 415V) 1 No.
5. Connecting wire Stranded -------- L.S.

Equipment required: - MG Set (DC motor + AC generator)

DC motor: - 3HP, 230V, 10Amp, 1500rpm.

AC generator: - 2 KVA, 3-phase, 415V, 50Hz, 2.8Amp, 1500rpm.

Theory: -The direct axis (Xd) and quardature axis (Xq) synchronous reactance of a salient pole synchronous

machine can be determined from simple no load test known as the slip test.

In this test the alternator should be driven at a speed, slightly less then the synchronous speed with field

circuit open, 3-phase small voltage at same frequency is applied to the armature (or stator) terminal of the

synchronous machine, applied voltage to be adjust from 3-phase variac. So that current drawn by the stator

winding is full load rated current. Under this condition of operation, variation of the current and voltage across

the stator winding is maximum and minimum. Voltage will be maximum when the crest of the stator m.m.f

wave consideds with the direct axis of the rotating field the induced e.m.f. in the open field is zero, the voltage

across the stator terminals will be

maximum and the current drawn by the stator winding is minimum. Thus the approximate value values of

direct axis synchronous reactance –



Electrical Machine-II Lab(KEE-553)

Department Of EEE Page 29

Xd =
Emax

Imin

When the crest of stator m.m.f. wave consided with the quardature axis of the rotating field induced e.m.f. in

the open circuit field is maximum, the voltage across the stator terminals will be minimum and current drawn

by the stator winding is maximum. Hence approximate values of quardature axis synchronous reactance –

Xq =
Emin .
I max

Circuit diagram: -

Procedure: -

1. Connect the circuit as per circuit diagram.

2. Insure that the resistance in the field circuit of DC motor is maximum.

3. Switch ON the DC supply to the motor and start the DC motor with the help of 3-point starter.

4. Adjust the speed of the DC motor slightly less than the synchronous speed of the

alternator by varying the resistance in the field circuit of the motor, slip should be

extremely low, preferably less than 4%.

5. Insure that the setting of 3-phase variac it’s at zero position.

6. Switch on 3- phase AC supply to the stator winding of alternator.

7. Adjust the voltage applied to the stator winding till the current in the stator

winding approximately full load rated current.

8. Under this conditions current in the stator winding, the applied voltage to the

stator winding and the induced voltage in the open field circuit will fluctuate from

minimum to maximum values which may be recorded by the connected meters.

9. Reduced the applied voltage to the stator winding of alternator and switch OFF the
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3

3-phase AC supply.

10. Decrease the speed of DC motor and switch OFF the DC supply

Observation table: -

Calculation: -

Direct axis synchronous reactance (Xd) =
Vmax

Imin
= - - - - 

Direct axis synchronous reactance per phase =
X d = - - - - - - 

Quardature axis synchronous reactance (Xq) =
Vmin

I max
= - - - - - 

X q
Quardature axis synchronous reactance per phase = = - - - - - 

Result: -The ratio of Xq / Xd determined for a salient pole rotor type synchronous machine by slip test which is

found to be- - - -.

Precautions: -

1) All connection should be perfectly tight and no-loose wire should lie on the work table.

2) Do not switch on the supply until and unless the connection is checked by the teacher.

3) Avoid error due to parallax while reading the meters.

4) Ensure that the winding currents do not exceed their rated values.

3

S.No. Armature voltage Armature current
Vmin(Volts) Vmax (Volts) Imin (Amps) Imax(Amps)

1.

2.

160V

149V

162V

150V

0.6A

0.5A

3.0A

2.8A
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LAB EXPERIMENT 8

Synchronization of a 3-phase alternator
Object:To study synchronization of a 3-phase alternator.

Apparatus required: -

S.No. Apparatus Specifications Types Quantity

1 Ammeter (0-5A) MC 1
2 Volt meter (0 -300V) MC 1
3 Rheostat (1.4A, 260Ω) Wire wound 1
4 Ammeter (0 – 2A) MC 1
5 Volt meter (0-500V) MI 2
6 Flexible wire Stranded L.S

Equipment required:-

1. Synchronizing panel for parallel operation, with all accessories.

2.M-G set with specification-------- 2No.

A.C. generator- (2K.V.A, 3-phase, 50 Hz, 415V, 1500R.P.M, 2.8Amp, D.C.140V,

D.C.Amp- 0.85A, P.F-0. 8)

D.C. motor- 230V, 1500R.P.M, 11Amp, shunt wound.

Theory: -

Synchronizing of generator: -Synchronous generator can be put the share the load it should be properly

connected in parallel with the common bus-bar. Internal connection of the terminals of a generator with the

terminals of another or a bus-bar, to which large number of synchronous generator are already connected is

called synchronizing.

Conditions for parallel operation: Following three conditions must be fulfilled.

(1) The generated voltage of the incoming alternator to be connected in parallel with a bus-bar should be equal

to the bus-bar voltage.

(2) Frequency of the generated voltage of the incoming alternator should be equal to

the bus-bar frequency.

(3) Phase sequence of the voltage of the incoming alternator should be same as that of the bus-bar.

Generated voltage of the incoming alternator can be adjusted by adjusting the field excitation. Frequency of the

incoming alternator can be controlled and made equal to bus-bar frequency by controlling the speed of the

prime mover driving the alternator.
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Phase sequence of the alternator and the bus-bar can be checked by a phase sequence indicator. Alternatively,

three lamps can be used for checking of phase

Sequence - Synchronous generator driven at rated speed if all the lamps glow together and dark together then

the phase sequence of the incoming alternator in the same as that of the bus-bar.

Method of synchronization: -

1. Synchronizing lamps method – (a) Three bright lamps method

(b) Two bright and one dark amps method.

2. Synchroscope method.

Two bright one dark lamp method:

In the method of synchronizing an alternator three lamps or connected, two lamps are connected with the

bus-bar. In this method the brightness of the lamps will vary in sequence. A particular in sequence will indicate

if the incoming alternator is running too fast or too slow. Perfect synchronizing will occur when lamp one is

dark while two lamps are equally bright.

Synchroscope method:

A synchroscope determine s the instant of synchronism more accurately than the three lamps method. A

synchroscope consists of a rotor (moving coil) and stator (fixed coil). One of which is connected the incoming

alternator and the other to the bus-bar. A pointer connected to the rotor will rotate, if there is difference in

frequencies of the incoming alternator and bus-bar. Anticlockwise rotation of the rotor pointer indicates that the

frequency of the incoming alternator is slower, whereas clockwise rotation of the pointer indicates that the

frequency is higher than the bus-bar frequency. The speeds of the prime mover driving of the alternator will

therefore have to be adjusted such that, when the frequencies are equal to the pointer is stationary. The

alternator can be switched on the bus-bar by closing the switch.

Circuit diagram: -
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Procedure: -

1. Connections are made as per circuit diagram.

2. Insure that the synchronizing switch is open external resistance in the field circuit

of the motor is zero and external resistance in the field circuit of alternator is

maximum.

3. Switch on the D.C. supply to the D.C. motor-1 & D.C. motor -2 and start by the

starter.

4. Adjust the speed of both the D.C. motor to rated speed of alternators, by varying

the rheostat in its field circuit of respective motors.

5. Switch on the D.C. supply to the field of alternator by switching on the M.C.B. and

moving the variac knob in clockwise position, so that the generated voltages of

both the alternators are equal. Check the the phase sequence of both alternators

by using phase sequence indicator. The phase sequence of both alternators should

be same. As per the connection of the set of lamps, one set which is directly

connected between the same phases should dark and the same instant, the order

two set of the lamps, which are cross connected should be bright.

6. Switch on the T.P.S.T.knife switch in upward direction. Now three set of lamps will

flicker, in case flickering is fast adjust slowly the speed of both the D.C. motors, so

that frequency becomes equal. Check the quantity of two voltages of alternators.

Under such a condition, the set of lamps will go IN and OUT very slowly. At this
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point switch on the M.C.B.for synchroscope and when its pointer is in the middle

the two alternators are synchronized and the T.P.I.S.T. switch must be brought in

down ward direction. Thus both the alternators are now supplying common

voltage to the bus-bar.

7.Watch for the correct instant of synchronization which is denoted by synchroscope

pointer in middle with the synchronizing switch in hand and close this switch in

downward direction, when the directly connected set of lamps is dark and the

other two set of lamps are equal bright, thus synchronizing the incoming alternator

with the bus-bar.

8. Switch OFF the synchronizing switch, bus-bar switch and then the D.C. mains to

stop the D.C. motor and the other motor.

Result: - Synchronous generator can be synchronized with the bus. At the time of synchronization voltage,

frequency and phase sequence of incoming alternator should be equal to the bus voltage, frequency and phase

sequence.

Precautions: -

1. Always switch on the M.C.B. for D.C. motor keeping in view that A.C. generator is not loaded.

2. Insure that the M.C.B. for D.C. exciter as should be in OFF position.

3. Insure that the T.P.D.T. switch is in middle position.

4. Insure that the M.C.B. for synchroscope should be in OFF position.

5. Insure that field rheostat is connected across F.R. terminals.

6. Never leaves synchroscope and phase sequence indicator permanently connected in the circuit i.e.

M.C.B. meant for, Synchroscope should be turned OFF immediately once the synchronizing procedure

is over.



Electrical Machine-II Lab(KEE-553)

Department Of EEE Page 35

LAB EXPERIMENT 9

Object:To obtain performance characteristics of 3 phase slip ring induction motor by varying rotor resistance at
no load, half load and full load.

Apparatus required: -

S.No. Apparatus Specifications Types Quantity

1 Volt meter (0 -500V) MI 1
2 Volt meter (0 -300V) MC 1
3 Wattmeter 3 Phase (5/10A, 300/600V) Dynamo 1
4 Ammeter (5-10A) MI 1
5 Ammeter (5-10A) MC 1
6 Flexible wire Stranded L.S
7 Resistive load (2kW, 10A) 1

Equipment required:-

(A) 3phase slip ring induction motor 3 hp, 3.6 A, 415 V, 1440 RPM, 50 Hz, squirrel cage/ phase wound
type and class B insulation.

(B) DC shunt generator 1.5 kW / HP, 6A, 230V, 1500RPM, shunt wound type.
(C) Panel for slip ring induction motor having DOL starter, 3 Phase MCB, knife switch and rotor resistance

starter.

Theory:- It is evident from the equation of the electromagnetic torque for a 3 ¢ induction motor the speed of an
induction motor can be controlled by varying its rotor resistance or rotor reactance or both stator and rotor
reactance. The variation of stator reactance is possible for squirrel cage type and slip ring motor, but variation
of rotor reactance is possible only in case of slip ring type induction by inserting external resistance in the rotor
circuit through slip rings.

Rotor Resistance Control: - The internal developed torque is function of rotor speed and rotor resistance from
the electromagnetic torque equation. It indicates that the value of torque can be varied for particular speed of
the rotor by varing the external resistance connected to the rotor even through the value of the maximum torque
is free from that of the rotor resistance however the speed at which the maximum torque occurs can be adjusted
by using the rotor resistance, the stable region of operation extends to lower speeds with increases in the rotor
resistance there for the starting also increases.

Circuit Diagram:-
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Procedure:-
(i)Make the connection as per circuit diagram.
(ii)Switch on 3 ¢ supply and start the motor with the help of DOL starter at no load.
(iii) Reduce the rotor resistance from step 6 to step 1, correspondingly note down the readings per step of

connected meters and speed.
(iv) Now apply the half of the full load on the motor through generator and follow the step (iii).
(v) Finally apply the full load on the motor through generator and follow step (iii).
(vi)Draw the graph between speed (N) V/S load current (IL) and speed (N) V/S power (P).
(vii)Open the switch of 3¢ supply and stop the slip ring induction motor.

Observation Table:-

NO LOAD TEST HALF LOAD TEST FULL LOAD TEST
STEP P

(in watt)
I
(in

Amp)

N
(in rpm)

P
(in watt)

I
(in

Amp)

N
(in rpm)

P
(in watt)

I
(in

Amp)

N
(in rpm)

6 120W 2.3A 880rpm 160W 2.35A 700rpm 200W 2.4A 555rpm
5 160W 2.4A 1140rpm 220W 2.50A 1010rpm 280W 2.7A 860rpm
4 170W 2.45A 1254rpm 260W 2.60A 1296rpm 320W 3.0A 1030rpm
3
2
1

Result:-

Precautions:-
1) All connection should be perfectly tight and no-loose wire should lie on the work table.
2) Do not switch on the supply until and unless the connection is checked by the teacher.
3) Avoid error due to parallax while reading the meters.
4) Ensure that the winding currents do not exceed their rated values.
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This lab manual has been updated by

Mr. Pranay Bhadauria

(pranay.bhadauria@gnindia.dronacharya.info)

Crosschecked By
HOD EEE

Verified By
Director, DGI Greater Noida

Please spare sometime to provide your valuable feedback.
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