Electric Motors Lab: BEEL404

Experiment - 1

Load test on DC shunt motor to draw Speed — Torque and Horsepower —
Efficiency characteristics

Learning Objectives:

e To obtain Speed - Torque Characteristics of DC shunt motor.
e To obtain Horse Power - Efficiency Characteristics of DC shunt motor.

Circuit Diagram:

0-20A
MC 3 Point Starter

Al —
\a1) L FA

+

DPST /MCB

-+
0-2A (a2
MC \=
r 0 - 300V

+ | I Fuse Sl SZ
__ i hnN —1 +] MC

220V R - Rim % Rheostat <§ Cb
DC Supply FNC T A @ 600 O, 2A Cut Out

L__1 -

- Fuse
F A
Y
N
FF AA Mechanical Load

Name Plate Details:

Motor Type: DC Shunt Motor
Armature Field
Volts : Volts:
Amps : Amps:
Rpm:
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Electric Motors Lab: BEEL404

Apparatus Required:

,\?é Description Range Quantity
1 Moving coil ammeter - A; 0-20A 1

2 Moving coil ammeter - A, 0-2A 1

3 Moving coil voltmeter - V; 0- 300V 1

4 Rheostat - Rim 0-600Q, 2A 1

Procedure:

1. Connections are made as shown in the circuit diagram.

2. The Rheostat R is kept in CUT-OUT position. Close the supply switch & start the DC motor
using 3-point starter.

CUT-IN the motor field rheostat slowly until the motor reaches the rated Speed(N).

Note down the initial readings of all the meters.

Now load the motor (mechanical loading) in steps nearly to its rated current.

For each loading all the meter reading and speed of the motor are tabulated.

Release all the loads.

Reduce the Speed of motor by making Rm to CUT-OUT position and open the supply switch.

© 0 N o g k&~ w

Shaft Torque(Tsh), Brake Horse Power (BHP) and Efficiency (n) of the motor are caculated.
10. The graph of %m versus BHP & Speed versus Torque is plotted

Tabular Column:

Sl
No.

Motor %on =
= tput= HpP= | Output
M ! St | 2| 5205 98T:25*r N T %2 (B)llj_': F;t -
(Volts) | (Amps) | kg kg in Kgs ' rpm _sh 2L utput Input
N-m 60 746 *100
Watts
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Electric Motors Lab: BEEL404

Calculations:
Motor input = VxI= Watts
Motor output = Ty 2N Watts

B.H.P= Motor output / 746
Motor Torque = 9.81*S*r

Where r = Radius of the brake drum

Output 100
Input

%Efficiency(n) =

Expected Performance Curves:

-

Speed A 1
(N)

Inference:

e At No - load the speed and Torque is
e At Full Load the speed and Torque is
¢ At Maximum Efficiency the speed and Torgue is

e The maximum Efficiency is obtained at

e At 50% load the efficiency is
e At full load Efficiency is

—> Torque

(T)

BHP

respectively

respectively

and respectively

BHP
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Electric Motors Lab: BEEL404

Experiment — 2
Speed control of DC shunt motor by armature and field control

Learning Objectives:

To obtain the characteristic curve and speed control of DC shunt motor by varying armature voltage with
field current constant and by varying field current with armature voltage constant.

Circuit Diagram:

Rfm Ram
600 Q,2A 290 O, 1.8A
Rheostat Rheostat
Cut Out CutIn
DPST / MCB
rot Fuse
+ | | +
R
220V } : (AD 0-2A
DC Supply | l — MC
- L—-d Fuse
F A 0- 300V
+ MC
M) (i
FF AA

Name Plate details of the machines:

Motor Type: DC Shunt Motor
Armature Field
Volts : Volts:
Amps : Amps:
Rpm:
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Electric Motors Lab: BEEL404

Apparatus Required:

I\?cl> Description Range Quantity
1 Moving coil ammeter- A; 0-2A 1
2 Moving coil voltmeter- V; 0-300V 1
3 Rheostat- Rim 600Q2,2A 1
4 Rheostat- Ram 290Q,1.8A 1

Procedure

Flux control method:

o

o

Connections are made as shown in the circuit diagram.

Keep Ram in cut in position and Rmin cut out position.

Close the supply switch to start the DC motor.

Voltage across the armature of motor is kept constant. The field current is decreased in steps
by cutting in Rimand at each step, the speed of the motor and corresponding field current are
noted and tabulated.

Repeat the procedure with another value of armature voltage.

Plot a graph of speed v/s field current for each constant armature voltage.

Armature voltage control method:

ok wbdPE

Connections are made as shown in the circuit diagram.

Keep Ramin cut in position and Rsmin cut out position.

Close the supply switch to start the DC motor.

Adjust the field current to some constant value say (0.5A) by cutting field rheostat.

Now by cutting out Ram in steps note down corresponding speed and armature voltage and
tabulate the same.

Experiment is repeated for different constant field current by adjusting the field resistance
and step 5 is repeated.

A graph of speed v/s armature voltage is plotted for each constant field current

Department of Electrical and Electronics Engineering, ATMECE Page 5



Electric Motors Lab: BEEL404

Tabular column:
Flux control :

Armature voltage = Armature voltage = -------------

Sl Sl
No I+ Amps N rpm No I+ Amps N rpm

Voltage control:

Field current = Field current =

Sl Sl
No V volts N rpm

No V volts N rpm
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Electric Motors Lab: BEEL404

Expected Performance Curves:

¥ ¥
N If2 Il N
In1pm Inpm
El=E2
If2<IF1 El
EZ
> >
V It
Volis Am p s

Inference:

On completion of the experiment the student will understand how to control the speed of a DC motor by

1) The Armature voltage control method 2) Flux control method.
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Electric Motors Lab: BEEL404

Experiment - 3
Swinburne's Test on DC motor
Learning Objectives:
To predetermine the efficiency of the machine at any load by the indirect method of testing a DC machine.

Circuit Diagram:

0-20A
MC
aSia
Rfm Ram
600 Q) ,2A 290 Q, 1.8A
Rheostat Rheostat
Cut Out Cut In
preLINe® 0- 300V
use
+ 1N\ +| MC +
220V RE @D @9 0-2A
DC Supply I I - —  MC
- L--d Fuse
F A
FF AA

Name Plate details of the machines:

Motor Type: DC Shunt Motor
Armature Field
Volts : Volts:
Amps : Amps:
Rpm:
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Electric Motors Lab: BEEL404

Apparatus Required:

S| No. Description Range Quantity
1 Moving coil ammeter - A; 0-10A 1
2 Moving coil ammeter- A, 0-2A 1
3 Moving coil voltmeter - V; 0-300V 1
4 Rheostat - Rim 600Q, 2A 1
5 Rheostat - Ram 18Q, 12A 1

Procedure:

1. Connections are made as shown in the circuit diagram.

2. Keep Ram in cut in position and Rmin cut out position.

3. Close the supply switch to start the DC motor bring the motor to the rated speed by Cutting-out
Ramand cutting in Rem.

4. Note down all the meter readings and are tabulated.

5. Armature resistance is found out by VA method and calculations are carried out to obtain
efficiency of DC machines when running as a motor and as a generator.

6. A graph of efficiency v/s different loading is plotted for motor and generator.

Measurement of armature resistance:

Rheostat
Cut In

k]

600 Q , 2A

DPST/MCB
+ ‘F T‘ Fuse
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Electric Motors Lab: BEEL404

Resistance of the armature:

V (Volts) I (Amps) Ra = V/1 Ohms

Armature resistance = Q

NO -Load readings:

V= IL= I+= N=

Calculation:

Specimen calculation to calculate efficiency of machine when running as

Motor:
e No Load armature copper loss = 124Ra= (IL- If)?Ra = Watts
e No Load Input power = VI_= Watts
e Constant Losses = Wc = VIL—(I.- If)?Ra = Watts

The n of the machine when running as a motor for different % of loading is given by,

output Input — Losses

%nm = = X 100
Input Input

Losses Constant losses + Armature w,,
= —[ ] X100=1—[ ] * 100

Input XLV

Losses Constant losses + Armature w,,
=1—[ ] X100=1—[ ]*100

Input XLV

Wce+ (XI. — If)?R,
=1- X 100
XLV
= %

Where X is fraction of load and I, is rated current of the machine
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Electric Motors Lab: BEEL404

Fraction of load X % Mm

Specimen calculation to calculate efficiency of machine when running as GENERATOR:

e No Load armature copper loss = 124Ra= (I + 11)?Ra = Watts

e No Load Input power = VI_= Watts

e Constant Losses = Wc = VI— (IL + 11)?Ra = Watts
Total losses = constant losses + armature copper loss= Watts.

The n of the machine when running as a generator for different % of loading is given by,

output

9 = 100
¥ong output + losses i
% XIrV 100
= *
°N& T X1V + W, + (XI, + If)?R,
= %
Fraction of o
load X 7o Mg
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Electric Motors Lab: BEEL404

Expected Performance Curve:

n

.

% Efficiency

Load

Inference

On completion of the experiment, the student will determine the Losses of the machine without

loading.
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Electric Motors Lab: BEEL404

Experiment - 4

Regenerative test on DC shunt machines

Learning Objectives:

To perform Hopkinson’s test on two similar DC shunt machines.

Circuit Diagram :

DPST /MCB
+ ! \_11_;{';
_
220V R
DC Supply 1 1
L——J  Fuse

0-300V
MC
+ -
0-20A
McC 3 Point Starter
*(an =L F Al e
SPST
+
0-2A a3) 0-20A
MC — MC
0-300V
+| MC
Rm Rheostat
600 Q |, 2A Cut Out
F A
FF AA

+

0-20A
MC

)

«\*

'3

+

29

Rm
600 Q , 2A

0-300V
MC

F
%FF

Name plate details:

0-2A
MC

Rheostat
Cut In

Motor Type: DC Shunt Motor Motor Type: DC Shunt Generator
Armature Field Armature Field
Volts : Volts: Volts : Volts:
Amps : Amps: Amps : Amps:
Rpm: Rpm:

Department of Electrical and Electronics Engineering, ATMECE

Page 13




Electric Motors Lab: BEEL404

Apparatus Required:

ng: It Equipment Rating Quantity
A1,A3,A, Moving coil ammeter 0-20A 3
Az,As Moving coil ammeter 0-2A 2
V1,V> Moving coil voltmeter 0-250V 2
V3 Moving coil voltmeter 0-600V 1
Rfm , Ry Rheostat 3009, 1.5A 2
S1 SPST Switch 220V, 16A 1

Procedure :

1. Connections are made as shown in the circuit diagram.

2. Keep the motor field rheostat cut out and generator field rheostat cut in and the switch S’
open.

3. Close the supply switch.

4. Cut in the motor field rheostat until the rated speed is reached.

5. Now cut out the field rheostat of the generator slowly and observe the reading of the
voltmeter across the switch. If it decreases, continue cutting out the resistance until the
voltmeter reads zero and close the SPST switch. If the voltmeter reading increases when
the resistance is cut out, then interchange the armature terminals, cut out the resistance
and bring the voltmeter to zero before closing the switch. Now the generator voltage is
equal to the supply voltage.

6. Note down the no-load readings.

7. Now over-excite the generator (increase the field current) and under-excite the motor and
maintain the constant speed (decrease its field current). Note down all the meter readings.

8. Continue until rated current flows through the motor armatures by maintaining rate speed
of the motor.

9. Slowly bring back field rheostat Rty to cut in position by maintaining rated speed &
adjust motor field rheostat R until the generator armature current shows zero (Aas)
then open SPST switch. Reduce the speed and open the main supply switch.

10.  Measure the armature resistance of the motor and generator by the VA method.

11. The efficiency of the machines is calculated. The graph of efficiency versus output of

both the machines are plotted.
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Electric Motors Lab: BEEL404

Measurement of armature resistance :

Rheostat

Cut In
600 Q,2A Cj'
Al1)0-2A
—/ MC
DPST /MCB
ro Fuse
+ I A
220V }
DCS 1 I
Y — N o-1ov (vi) [ M
Fuse MC —
AA
Resistance of the armature:
V(Volts) I (Amps) Ra = V/I Ohms
Motor Armature resistance (Rarm)= Ohms

Note:- Similarly found Generator armature resistance

GeneratorArmature resistance (Rarg)= Ohms

IDEAL GRAPH

% Efficiency

i
Qutput
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Electric Motors Lab: BEEL404

Hopkinson’s test :

N = rpm

SI IL Iam Ifg Iag

No. Amps Itm Amps Amps Amps Amps V1 volts V2 volts
Efficiency of generator :

Output (Watts) Losses (watts) Input = output + losses % Mg
Efficiency of Motor :
output = Input -
Input (Watts) | Losses (watts) | % Mm
0SSes

Calculations:
Power drawn by supply = V1 * I = Watts
Motor armature copper losses = lam?*Rarm= Watts
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Electric Motors Lab: BEEL404

Motor field copper losses = V1*lm= Watts

Total motor 10ss = lam? *Rarm+ V1 *lfm+ W/2 = Watts
Generator armature copper 10sses = lag? *Rarg= Watts
Generator field copper losses = V2*ltg= Watts

Total generator 10ss = lag? *Rarg + V2*ltg + W/2= Watts

Total stray losses of the two machines (W) = V1* I — [ (V1*lim + lan®*Rarm) +( V2*ltg + lag?
*Rarg)] = Watts

Assuming stray losses to be equally distributed in both the machines, stray losses in each

machines = V?V: Watts

Y%Efficiency of the motor = (Motor input — losses)*100=[V1(lfm*lam) — Total loss of motor]*100

Motor inputVa(ltm+lam)

% Efficiency of the generator =Generator output *100 =  V2(lag- l1g) *100

(Generator output + losses)=V2(lag- lg) + Total loss of generator

Inference :

On completion of the experiment, the student will determine Efficiency at different loads.

Department of Electrical and Electronics Engineering, ATMECE Page 17



Electric Motors Lab: BEEL404

Experiment - 5

Load test on three phase Induction Motor

Learning Objectives:

To Conduct Load test on three phase induction motor to obtain performance curves by Indirect

Loading (Mechanical Loading) BHP v/s n, BHP v/s slip, BHP v/s power factor and torque v/s

speed.

Circuit Diagram:

[ ]
S1 S2
0-10A 600V, 10A,
Q0
-
| I
| I
1 | 0
| | ©
R—+) E i /\\ &:Q
440 V,50Hz, 30 ; : e w _/
ACSnppy : i i i Induction Mechanical
B— N UW I &) B Motor b
TR | l 0-10A 600V, 10A,
! I MI UPF
o s J
3 Phase Auto
Transformer
Apparatus Required :
SI No Equipment Rating Quantity
1. 3® Auto transformer 0470V 1 Nos.
2. AC Ammeter 0-10A 2 Nos.
3. AC Voltmeter 0 — 600V 1 No.
4, UPF wattmeter 10/20A, 600V 2 No.
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Electric Motors Lab: BEEL404

Procedure :

1. Make the connections as shown in the circuit diagram.

2. Keeping the Brake drum free, the supply switch is closed (pour water into the brake drum
before closing the switch).

3. With the 3¢ auto-transformer at minimum position, the supply switch is closed. Using the
3¢ auto-transformer apply the rated voltage.

4. The Induction motor current is increased by tightening the brake drum till the rated
current. At each current, all the meter readings are noted, including the speed of the
Induction motor.

5. The brake drum is made free and then the 3¢ auto-transformer voltage is reduced to zero

and supply switch is opened.

Tabular Column:

Wattmeter Spring
Sl. | reading in | balance Torque N
Ly P CET) : _ s5=51-52 | | BHP | 9%n | Slip
No. | Amps | Amps 2 Watts Reading (N-m) rpm
W1+W2 S1 S2
Calculations :

Torque= 9.81*S*R =

R is the radius of the brake drum in meters.
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Electric Motors Lab: BEEL404

Output in Watts <100
Input in Watts (wattmeter reading)

.. % Efficiency of the motor =

power factor = W
J3V

%slip = N =N 100

N, = 120x f
P
Expected Performance Curves :
PF %mn Tslip

AAAA PE
Slip
%om
T

0 >
OUTPUT BHP

Inference :
On completion of the experiment, the student will understand the characteristics of a three-phase

induction motor.
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Electric Motors Lab: BEEL404

Experiment — 6 (A)

Blocked and no-load test on three phase induction motor to draw equivalent
circuit and Determination of performance parameters at different load

Learning Objectives:

conditions

To obtain the equivalent circuit parameters of three phase Induction motor and determination of

performance parameters at different load conditions.

Circuit Diagram:

440 V, 50Hz, 39
AC Supply

440 V, 50Hz, 30
AC Supply

No Load Test

R
S1 S2
0-10A 600V, 10A, (a Ca
MI LPF
M L R
AL}
0- 600V 5
r
m Induction Mechanical
"0'0'0‘0'03" \"\V-zj M \OJ'- B Motor Load
0-10A 600V, 10A,
MI LPF
3 Phase Auto
Transformer
Blocked Rotor Test
—
S1 S2
0-10A 150V, 104, a C
MI C a
e — (x)
TPST / MCB \f_\lj
T e [ OUO00— 0- 150V
T - )
_l_l : A 2
1 A A2 Am‘l Induction Mechanical
? - ,-o-o-blaw @71_-‘_1____1; j B Motor Load
N 0-10A 150V, 10A,
MI LPF

3 Phase Auto
Transformer
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Electric Motors Lab: BEEL404

Apparatus Required:

SI No Apparatus Range Quantity
1. | 3¢gAuto transformer | 0 —470V 1 No.
2. AC Ammeter 0-10A 2 Nos.
3. | AC Voltmeter 0 - 600V 1 No.
4, DC Ammeter 0-2A 1 No.
5. DC Voltmeter 0 - 300V 1 No.
6. UPF wattmeter 10/20A, 600V | 2 No.
7. | Connecting wires

Procedure:

Open Circuit test:

1.
2.

Make connections as shown in the circuit diagram (a).

Keeping the brake drum free & the 3phase autotransformer in minimum position, Supply
Switch is closed.

The rated voltage of the Induction Motor is applied by varying the 3-phase
autotransformer.

The readings of all the meters are noted.

3-phase autotransformer voltage is reduced to minimum position. The supply switch is

opened.

Blocked Rotor test:

Make connections as shown in circuit diagram (b).

Keeping the brake drum of Induction Motor tight & 3-phase autotransformer in minimum
position, supply switch is closed.

The 3-phase autotransformer voltage is increased slowly to get the ammeter reading less
than the stator current. All the meter readings are noted.

3-phase autotransformer voltage is reduced to minimum position & the brake drum of the

Induction motor is made free. The supply switch is opened.

Department of Electrical and Electronics Engineering, ATMECE Page 22



Electric Motors Lab: BEEL404

Tabular Column:

From Open circuit test:

Vo Open l, 1, W, W,
SI | Circuit | Ammeter | Ammeter Ll Wattmeter | Wattmeter | W, =W, +W,
. . 0= .
No. | voltage | reading | reading 2 Reading Reading (watts)
(volts) (amps) (amps) (watts) (watts)
From Blocked Rotor test:
V. Short l, 1, W, W,
Sl Circuit | Ammeter | Ammeter Ll Wattmeter | \wattmeter | W =W, +W,
. . 0o~ .
No. Voltage reading reading 2 Reading Reading (watts)
(volts) (amps) | (amps) (watts) (watts)

Measurement Of Resistance:

220V
DC

(0-37A

(0-15)Y

09

rrrc
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Electric Motors Lab: BEEL404

Procedure for Measurement of Resistance:
1. Connect the circuit as shown in the above circuit diagram.
2. With regulated Power Supply in minimum position, Switch ON the supply.
3. Vary the Regulated power supply rheostat, note down ammeter & voltmeter readings.
4. Reduce the RPS to zero position & rheostat to cut in position the supply switch is opened.

Tabular Column:

SI. No. Ipc Vbc Rbc

Calculations:

From No Load Test:

I, cos ¢,
3

1. |, (Loss Component) —

2. |, (Magnetizing Component) %

V
3. R=-=2
IL

, X():\i
U

From blocked rotor test:

R W, . Z Ve . X
1 R e Von= sy Yon =2 R
TR
Ph NG

2. Starter Winding Resistance: Ry, = Ruc =1.3Ry¢

1
3. Rl =R, (g—lj; Where R, =R, —R,

VPh
Ry, + Rl +JX,,

4. ly=
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Electric Motors Lab: BEEL404

2
5. Output =3 x |I}| xR}
6. Input = Output + losses at Ry, + losses at Ry, (i.e., W;)

7. %n =24 %100

input

Inference :
On completion of the experiment, the student will understand the motor characteristics in all the

operating conditions and the equivalent circuit parameters of 3® Induction motor and

performance parameters at different load conditions.
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Electric Motors Lab: BEEL404

Experiment - 6(B)

Blocked and no - load test on three phase induction motor to draw circle
diagram and Determination of performance parameters at different load
conditions

Learning Objectives:

To draw Circle Diagram of Three phase Induction motor and determination of performance

parameters at different load conditions.

Circuit Diagram:

No Load Test

L ]
S1 S2
0-10A 600V, 10A, Ca (a
MI LPF
M L
Al e —
@ [AM—
0 - 600V
MI C v , /\
L
440 V, 50Hz, 39 C v e v
AC Supply .
PP @ Ny Induction Mechanical
* o/ M L B Motor Load
0-10A 600V, 10A,
MI LPF
3 Phase Auto
Transformer
Blocked Rotor Test
I
S1 S2
0-10A 150V, 10A, Ca CD
MI LPF
[— : (A1)
TPST / MCB v/
I\ | Fuse 0-150v
R— MI m
440 V, 50Hz, 3@ n Jwédw\i ; ; U
AC Supply > | Induction Mechanical
B B o~ v L B Motor Load
N L S o V6 70 7 o 7o T T
N 0-10A 150V, 10A,
MI LPF

3 Phase Auto
Transformer
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Apparatus Required:

Electric Motors Lab: BEEL404

SL Apparatus Range Quantity
1. | 3pAuto transformer 0-470V 1 Nos.
2. AC Ammeter 0-10A 2 Nos.
3. AC Voltmeter 0 - 600V 1 No.
4, DC Ammeter 0-2A 1 No.
5. DC Voltmeter 0 — 300V 1 No.
10/20A,
6. UPF wattmeter 600V 2 No.

Procedure:

Open Circuit test:

1. Make connections as shown in circuit diagram (a).

2. Keeping the brake drum free & the 3phase autotransformer in minimum position, Supply
Switch is closed.

3. The rated voltage of the Induction Motor is applied by varying the 3-phase
autotransformer.

4. The readings of all the meters are noted.

5. 3-phase autotransformer voltage is reduced to minimum position. The supply switch is

opened.

Blocked Rotor test:
1. Make connections as shown in circuit diagram (b).
2. Keeping the brake drum of Induction Motor tight & 3-phase autotransformer in minimum
position, supply switch is closed.
3. The 3-phase autotransformer voltage is increased slowly to get the ammeter reading less
than the stator current. All the meter readings are noted.
4. 3-phase autotransformer voltage is reduced to minimum position & the brake drum of the

Induction motor is made free. The supply switch is opened.
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Electric Motors Lab: BEEL404

Tabular Column:

From Open circuit test:

Vo Open l, 1, W, W,
SI | Circuit | Ammeter | Ammeter Ll Wattmeter | wattmeter | W, =W, +W,
. . 0o~ .
No. | voltage | reading | reading 2 Reading Reading (watts)
(volts) | (amps) | (amps) (watts) (watts)
From Blocked Rotor test:
V¢ Short I, 1, W, W,
S Circuit | Ammeter | Ammeter L Lt Wattmeter | wattmeter | W, =W, +W,
. . 0o~ .
No. | voltage | reading | reading 2 Reading Reading (watts)
(volts) (amps) | (amps) (watts) (watts)

Measurement Of Resistance:

*—
20v
DC

-

N\

Procedure for Measurement of Resistance:

1. Connect the circuit as shown in the above circuit diagram.

M

With regulated Power Supply in minimum position, Switch ON the supply.

Vary the Regulated power supply rheostat, note down ammeter & voltmeter readings.

Reduce the RPS to zero position & rheostat to cut in position the supply switch is opened.
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Electric Motors Lab: BEEL404

Tabular Column:

SI. No. Ipc Vbc

Roc

Expected Performance Curves :

Construction of Circle Diagram for an Induction Motor:

A

o,

b,

/

> Stator Zopper Loss

0'

} Constent Losses

=
=

T

xl
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Electric Motors Lab: BEEL404

Procedure:
NOTE: l,and |y, are line currents obtained from Open Circuit and Short Circuit Tests
respectively.

1. The angle between No-Load voltage Vo and No-Load current lo is,

CoS ¢, = ;\V/OI
0°0

Where,W, is sum of wattmeter readings W, &W, (obtained from No-Load Test).

|, is represented as OO’ placed at an angle of lagging with respect to voltage vector, V.

2. The angle between Short circuit voltage Vsc and Short circuit current Isc is

W,
CoS ¢, = ¢

\/3VSC ISC

Where, W is sum of wattmeter readings W, &W, (obtained from Blocked Rotor Test).

2
| _| X Vrated
SN T 'sC V

SC

Where, g is the short circuit current for a rated voltage of Viated, I\ is represented as

OA placed at an angle of @, lagging with respect to voltage vector,V.

3. The points O’A are joined & the line is bisected at right angles. Let the bisector cut the
horizontal at point C.
4. With C as center and O’C as radius, a semicircle is drawn such that it passes through

A.O’A represents the output line.

5. AG represents short circuit input per phase with rated voltage V,.q which is given as,

2

\Y
WSN :WSC ( rated ]
VSC

W
6. Power Scale = —N watts/cm
AG

7. Using the power scale the point E is obtained by taking EF equal to stator copper loss, i.e.,
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Electric Motors Lab: BEEL404

10.

11.

12.

13.
14.
15.

16.
17.

18.

19.

20.

_ 3ISZN Rac
Power Scale

Where, R, =1.4x R is obtained from Measurement of resistance of the winding of the

motor.(Assume R, =1.510 2Q)

The line O’E is represented as the Torque Line.

The line GA is extended to H,such that:

Output
AH = m

~ Power Scale

From H drawn a line parallel to Output line O’A,such that the line cuts the semicircle at
point O.From P draw a line perpendicular to OG.
Efficiency at full load is,

%on = E—?xlOO

Rotor Cu Loss QR

Slip at Full Load = _ ==_x100
Rotor input PR
Power factor at Full Load, p.f :E
PO

Full Load Line Current= \/§>< OP x current scale
Full load Torque = 3x PR x power scale sync. watts

Draw a line parallel to Output line O’a such that it cuts the semicircle tangentially at point

M. From M draw line MN perpendicular to OA to cut the output Line at N.

Maximum Power Output =3x(MN x power scale) sync. watts

Draw a line parallel to Torque line O’E such that it cuts the semicircle tangentially at point
K. From K draw line KL perpendicular to OE to cut the output Line at L.

Maximum Torque Output = 3><(KL>< power scale) sync. watts

Starting Torque Tg; = AE x power scale.

Starting Torque with respect to Full load Torque, T, = %xT

FL
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Inference :
On completion of the experiment, the student will understand the motor characteristics in all the

operating conditions the Circle Diagram of the 3® Induction motor is obtained and performance

parameters at different load conditions are determined
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Experiment - 7
Load test on induction generator

Learning Objectives:

To run the induction machine as an induction generator and obtain the Performance characteristic

of an induction machine and measure the real and reactive powers.

Circuit Diagram:

W1=10A,600V
UPF

3 phase 0-10A

energy meter 4@
0- 415v, 10A

] L H V') 600V
R d
R ra
3 Phase, 415V Y g
50Hz AC supply .

A2
I 0-10A
W2=104,600V
UPF
3 phase auto transformer
Apparatus Required:
SI No Apparatus Range Quantity
1. AC Ammeter 0-10A 2 Nos.
2. AC Voltmeter 0 — 600V 1 No.
3. DC Ammeter 0-2A 1 No.
4, DC Voltmeter 0 — 300V 1 No.
5. UPF wattmeter 10/20A, 600V 2 Nos.
3 phase

6. 0to 470V 1 No.
Autotransformer

7. Rheostat 600 ohms 1
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Procedure:

Make the connections as shown in the circuit diagram. The field resistance is kept

maximum, Sy is kept open. DC supply is kept open.

. The AC Supply switch is closed.
. The Field resistance of the generator is gradually reduced till rated voltage of generator is

built-up, which can be read on voltmeter.

. The DC supply switch is closed. The reading of voltmeter across the single pole switch S1

is noted. If it reads zero, the polarity of the generator voltage is same as that of the DC
supply. On the hand, if voltmeter across S: reads double the rated voltage, then polarities

are opposite and in this case armature terminals of DC generator are interchanged.

. The voltage across S; is made by slightly adjusting the field resistance and then S1 is

closed.

Now, the field resistance is gradually increased in steps above synchronous speed and at
each step, reading of all the meters is noted and tabulated. Speed is also measured at each
step. (The DC generator runs as a DC motor and drives the induction motor as an

induction generator.)

. This continues till the rated current of the induction machine is reached.

Now the field resistance is cut out until both ammeters reads zero. The switch S1 is opened
and resistance is completely cut in until the generator voltage reduces to zero. The DC

supply switch and the AC supply are opened.

Tabular Column:

Sl
No.

I W, W, Voc | Speed | Output | Input | Efficiency

p.f =cos¢
Amps | Watts | Watts | volts | RPM | watts | watts ory
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Calculations:

Power Input = V. I, x 0.8 watts assuming 80% efficiency for DC motor

Power Output = (W, +W, ) watts

W, +W.
ooy =M W) 0
Vool x0.8
A
Power factor (tan ¢) = —————22 (for Induction generator)
(tang) (W, +W,)
. COS¢@ = (leading)

%slip = NSN_ N 100

S

Where Nis Synchronous speed given by

N, = 120x f
P
Inference :

On completion of the experiment, the student will understand the characteristics of an induction
machine working as a generator
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Experiment - 8

Load test on single phase induction motor to draw output versus torque,

current, power and efficiency characteristics.

Learning Objectives:

To draw output versus torque, current, power and efficiency characteristics of single-phase

induction motor.

Apparatus Required:

SI No Apparatus Range Quantity
1 A Capacitor Start,
' 14 Induction Motor
2 14 Auto transformer 0 - 300V 1 Nos.
3 AC Ammeter 0-10A 1 Nos.
4. AC Voltmeter 0 - 300V 1 Nos.
5 UPF wattmeter 5/10A, 300V 1 Nos.
6 Connecting wires
CIRCUIT DIAGRAM:
20A,300V, UPF 0-20A M Winding Spring Balance
P (AT T
: c v } A/ Sw
LYYV | S
|— Stamng
| MCB| winding
C
1 Phase QBOV' @) Centrifugal b -
50Hz, AC supply 0-300v Swwtc% 5

1 phase Autotransformer

1 phase Induction motor

Sy

O

Brake Drum
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PROCEDURE:
1. Make the connections as shown in circuit diagram.

2. Keeping the 1® auto-transformer in minimum position &brake drum of the induction
machine free, the supply switch is closed (pour water in the brake drum before closing the
switch).

3. Apply the rated voltage by gradually varying the 1® auto-transformer.

4. The no load reading of ammeter, voltmeter and wattmeter with speed are noted down.

5. The induction motor current is increased by tightening the brake drum till the rated current is
attained. At each current, all the meter readings are noted, including the speed of the
induction motor.

6. The brake drum is made free and the 1® auto-transformer is brought to minimum position &

the supply switch is opened.

TABULAR COLUMN:

Spring balance
Sl I W \Y/ N ] S1~S2 | Torque ]
Reading BHP | %n | Slip
No. | Amps | Watts | Volts | rpm S % (Kg-m).
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CALCULATIONS

If S1 and S> are the spring balance readings and ‘r’ is the radius of the brake drum in ‘meters’,
then the shaft torque is given by

Torque = (S, —S, ) r Kg —meters.
B.H.p = ZZNT

5 Where N is the speed of the motor at that load.

The output of the motor in watts is then given by,
output = B.H.P x 735.5watts.

But, the input to the motor = W (wattmeter reading) watts.

.. % Efficiency of the motor = - Output in Wats ——x100
Input in Watts (wattmeter reading)

If N is the synchronous speed of the motor given by

N :120><f :120><50 _ 1500RPM
® P 4

Where f = frequency of the supply and P = number of poles of the motor and N is the actual
speed, then the % slip can be calculated using the equation,

%slip = NSN N x100

S

The p.f of the motor can be calculated using the equation power factor =

x1
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GRAPHS:
The graph of % slip, % efficiency, power factor and the line current V/s output in B.H.P is

drawn as shown below.

PF %mn 1 %slip
A A A A P
%m
|
% Slip
| | | I
0 0.25 0.50 0.75 1.00
» OUTPUT BHP

Inference :
On completion of the experiment, the student will understand the characteristics of a single-phase

induction motor.
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Experiment No: 9

Conduct suitable tests to draw the equivalent circuit of single phase induction motor and

determine performance parameters.

Learning Objectives:

To conduct a test on the induction motor to determine the performance characteristics and to

obtain an Equivalent circuit of a single-phase Induction motor.

Nameplate details:

Induction Motor:

APPARATUS REQUIRED:

S. No Name of Apparatus Range Type Qty.
1 A Capacitor _Start, single
phase Induction motor
2 AC Voltmeter 0-300V Moving iron 1
3 AC Ammeter 0-10A Moving iron 1
4 AC Ammeter 0-20A Moving iron 1
5 Wattmeter 0-300V, 20A UPF 1
6 Wattmeter 0-300V, 10A LPF 1
7 1 @ Auto-transformer 0 — 300V
6 Connecting wires
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CIRCUIT DIAGRAM:

No Load Test on Single phase induction motor

L

o—3
| NICB|

N—
1 Phase 230v,

50Hz, AC supply

10A,(0-300V) LPFO-1DA

Wain Winding
!—M . D @ AT
e v Sw
L_*¥Yr_ ]
Ruw
Starting

winding

Spring Balance

O

5

Centrifugal g/o
Switch S

%

1 phase Autotransfarmer

Block Rotor Test on Single phase induction motor

L

o—0
| MCB‘

N—s

1 Phase 230v,
50Hz, AC supply

20A,(0-300V),UPF

1 phase Induction motor

CR Brake Orum

Spring Balance

O 20A Main Winding
My L @ T
e v Sw
L_2¥Y_ L
R o
Starting " OO
winding o Ol
Q Q

@ 0-300V

L O

CS
Centrifugal El/o
Switch S

1 phase Autotransformer

1 phase Induction motor

Brake Drum
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PROCEDURE:

No Load Test:

1) Connections are given as per the circuit diagram.

2) Precautions are observed and the motor is started at no load.
3) The autotransformer is varied to have a rated voltage applied.
4) Meter readings are noted.

Blocked Rotor Test
1) Connections are given as per the circuit diagram.
2) Precautions are observed and the motor is started at full load or blocked rotor position.
3) The autotransformer is varied to have a rated current flowing in the motor.

4) Meter readings are noted.

PRECAUTIONS

NO LOAD TEST

1) Initially DPST Switch is kept open.
2) Autotransformers are kept at a minimum potential position.

3) The machines must be started on no load.

BLOCKED ROTOR TEST

1) Initially the DPST Switch is kept open.
2) Autotransformers are kept at a minimum potential position.

3) The machine must be started at full load (blocked rotor)

Refi=1.5*Rpc
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FORMULA:
NO LOAD TEST:

e Cos ®=Wo/Volo
o |yw=locos®

o In=losin®

e Ro=Vlw

] Xo :VQ/I m

Blocked Rotor Test
o Zs= Vsllsc Q

¢  Rsc= Wsc/lsc2 Q

o XK= \/(ZSCZ* Rsc2) Q

Tabular Columns:

NO LOAD TEST:

SI.No. Vo(volts lo(amps) Wo (watts)

1.

BLOCKED ROTOR TEST

SI.No. Vsc (volts) | Isc (amps) Wsc(watts)
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Equivalent Circuit:

I m R1m x m
AN
|
Xol2 <R
E .. o ke L
V., E mo
X /2 R, Ilz
E mb Backward Zb
s ‘
otor lez

Inference: On completion of the experiment, the student will understand the performance

characteristics single phase induction motor.
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Experiment No: 10

Conduct an experiment to draw V and A curves of the synchronous motor at no load and

load conditions

Learning Objectives:

To obtain V and A curves of synchronous motor.

TPST
Swatch

Theee phase —] h"—-—'p
415V : 1‘\—_'*
AC supply I

50 Hz -

e Bl = 20V D
g L. SUPPLY
A g el
15K OHM can =
14 DPST
LUT-I SWITCH

Name plate details:
Synchronous Motor:
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Apparatus:
Circuit .. . )
reference Description Rating Quantity
Aq Moving coil Ammeter 0-2A 1
A; Moving iron Ammeter 0-10A 1
V1 Moving iron voltmeter 0-500 V 1
W1,W2 Watt meters 10 A, 600 V 2
Rfm Rheostat 1.5KQ, 1 A 1
Auto-transformer | 3® Auto-transformer 415V 1
Procedure:
1. Connections are made as shown circuit diagram.

2.

S

Now close the AC supply switch and apply 415V by varying 3® auto-transformer and
ensure proper direction of rotation of the motor.

Close the DC supply switch with the field rheostat completely cut-in, thus exciting the
field of the synchronous motor. Let the motor run on no-load.(The line current should
decrease slightly when DC supply switch is closed, if line current is increased interchange
the field terminals)

Synchronous motor runs at synchronous speed.

Now vary the excitation of the synchronous motor in steps by varying the field rheostat.
Note down the corresponding reading.

Further variation of field excitation cause line current to reach to its minimum and
increases from minimum to higher values of load current.

Care has to be taken to see that excitation should not be increase further beyond the rated
value.

Reduce the excitation to a minimum. Open the DC supply switch and bring auto-

transformer to minimum position and open AC supply switch.
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Tabular Column

I+ in Amps

IL in Amps

W1 in watts

W in watts

Cos ©®

Without Load

Cos @ =(W1+W2)/ (v3 VLl

Ideal graph:

5 —

UNDER EXCITATIO
REGION

OVER EXCITATION
REGION

Qutcome

If —»

Cosd

On completion of the experiment, the student will draw the performance curves and understand

performance characteristics of synchronous motor.
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Experiment No: 11

Conduct an experiment to analyze the current and load torque of the DC Shunt Motor using
Simscape.

Objective

To simulate and analyze the armature current, field current, and load torque of a DC shunt motor

using Simscape in MATLAB/Simulink.

Circuit Diagram

Conlinuous

powergui

<Electrical torque Te (n s

l fpaed in rmé

<Field current if (A)>

<Speed wm (rad/s)

Procedure:

Step 1: Open MATLAB and Create a New Simulink Model
1. Open MATLAB and type simulink in the command window.
2. Create a new Simulink model.
Step 2: Add and Configure the DC Shunt Motor
1. Drag a DC Machine (Shunt) block from the Simscape — Electrical — Specialized Power
Systems — Machines library.
2. Double-click the motor block and set:
o Rated Voltage: As per the chosen motor specification.
o Armature Resistance and Inductance: Based on standard values.
o Field Resistance and Inductance: Based on standard values.
Step 3: Provide Power Supply to the Motor
1. Adda DC Voltage Source from Simscape — Electrical — Specialized Power Systems —
Sources.
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2. Connect a Controlled Voltage Source in series to regulate armature voltage.
3. Add a Resistor and Inductor in series with the field winding to complete the circuit.
Step 4: Implement Load Torque
1. Drag a Mechanical Rotational Reference from Simscape — Foundation Library —
Mechanical.
2. Add a Torque Source to simulate the load torque effect.
3. Connect the torque source to the motor shaft.
Step 5: Measurement Setup
1. Add Current Sensor and Voltage Sensor blocks to measure:
o Armature current
o Field current
o Applied voltage
2. Use Scope blocks to visualize results.
Step 6: Configure Simulation Settings
1. Drag and add the PowerGUI block for simulation.
2. Set the simulation mode to Discrete or Continuous (as needed).
3. Choose an appropriate simulation time (e.g., 5 seconds).
Step 7: Run the Simulation
1. Click Run to start the simulation.
2. Observe the following parameters on scopes:
o Armature Current (I_A)
o Field Current (I_F)
o Load Torque effect on speed
Step 8: Analyze the Results
1. Check the current and torque waveforms.
2. Observe how armature current changes with load variations.
3. Analyze the relationship between load torque and speed.
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Expected Output Curves

4 Tvswm = ] X 4 lavsT = m| b
XY Plot XY Plot
3000
20 ¢
2500
2000 151
0 o
>-< X
< 1500 <
> > 1071
1000
5 .
500
0 0 : : . . :
5 10 15 20 5 10 15 20 25 30
X Axis X Axis
4 lavswm — (] X
XY Plot
3000
2500 Hﬁﬁﬁmﬁ%%ﬁ5%E&HREH“““~ﬁ-hhhiﬁﬁﬁﬁ
2000
o
& 1500
-
1000
500
0
5 10 15 20 25 30
X Axis
QOutcome

e The simulation provides insights into the current flow in the armature and field windings.
o Load torque directly affects the speed and armature current.

e The results help in understanding the working of a DC Shunt Motor under different loads.

For More details click on the link

https://www.youtube.com/watch?v=aicNiN4VzF4
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Experiment No: 12

Design and simulation of three phase induction motor at different load conditions in
MATLAB/Simulink
Objective
To design and simulate a three-phase induction motor in MATLAB/Simulink and analyze its

performance under different load conditions.

Simulink Model

LOAD TORQUE WALUES

t=10 sec
Asynchionous hachene
S Unts
L] L ]
— - .
. /) A

"]

—

SPEED and MOTOR TORQUE

SPEED VALUES
o 0 2044]

MOTOR TORGUE VALUES

«Stalor curment m_a (AP

«Saptor qurrent m_b (4»

«Slator cument |_c (A

«Rotor qurrent r_a (A 1

L
T Gm e b =
. - «Rotor aurent r_b AP
» u ~ ROTOR CURRENTS
sRolor cumend or_c (A)s o

‘.':_:- Vrms

Vmax=—-¢

V3

200 _ 35654V

v3
Procedure

Step 1: Open MATLAB and Create a New Simulink Model
1. Open MATLAB and type simulink in the command window.
2. Create a new Simulink model.
Step 2: Add the Three-Phase Induction Motor
1. Drag and drop the Three-Phase Induction Motor block from:
o Simscape — Electrical — Specialized Power Systems — Machines.
2. Configure motor parameters:
o Rated Power
o Voltage
o Frequency
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o Stator & Rotor Resistance and Inductance
Step 3: Provide Power Supply
1. Add a Three-Phase Voltage Source from:
o Simscape — Electrical — Specialized Power Systems — Sources.
2. Set the voltage, frequency, and source parameters according to the motor rating.
Step 4: Apply Load Torque
1. Add a Mechanical Rotational Load block to simulate different loading conditions.
2. Connect it to the motor shaft.
3. Vary the torque to analyze different load conditions (e.g., No Load, Light Load, Full Load,
Overload).
Step 5: Measurement Setup
1. Add Current, Voltage, Speed, and Torque Sensors:
o Measure stator current, rotor current, speed, and torque.
2. Connect these sensors to Scope blocks for visualization.
Step 6: Configure the Simulation
1. Add the PowerGUI block and set it to Discrete or Continuous Mode.
2. Set the simulation time (e.g., 5-10 seconds).
Step 7: Run the Simulation
1. Click Run to start the simulation.
2. Observe the motor behavior at different loads:
o Speed Variation
o Torque Response
o Current Draw
o Power Consumption
Step 8: Analyze the Results
1. Compare motor speed and torque at various load conditions.
2. Observe stator and rotor current variations.
3. Evaluate the effect of increased load on motor efficiency.

Table-1: speed and motor torque values for different load conditions

*
pa

N Speed(N) in
Load torque (TL) in N-M Motor torque(T) in N-M o
Tr at 3sec. TL
Tr at 5 sec. r
Tr at 10sec. i %
Tr at 13sec 0
I
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Thost =loss torque due to friction, windage and iron losses.

Tsu (o) Tr= load torque
Ta= T\losl + Tsh

Power (Pou) = Tah * ©

_ Pout

T

w

puu(:4000 wafts

21N
60

o=

2I1-1430
60

o=

=149.67rad’sec.

4000
149.67

Ta

TL

-
-

Tq (or) TL =26.72 N-M

Qutcome

-13.36N-M , 2—L=6.68N—M

e The speed of the induction motor decreases with increasing load.
e Rotor current increases under higher load conditions.
e The simulation helps understand the performance and efficiency of the three-phase

induction motor.

For More details click on the link

https://www.youtube.com/watch?v=EGbOgqOr4Lnk
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© 0 N o g Bk~ w DN E

[ S S
w b PO

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
217.
28.
29.

VIVA - VOCE QUESTIONS

How can the direction of rotation of a DC shunt motor be reversed?

What are the mechanical and electrical characteristics of a DC shunt motor?

What are the applications of a DC shunt motor?

What is meant by armature reaction?

How should a generator be started?

When a generator loses its residual flux due to short circuit, how can it be made to build up?
What causes heating of armature?

What will happen if both the currents are reversed?

What will happen if the field of a d.c shunt motor is opened?

What happens if the direction of current at the terminals of series motor is reversed?

. Explain what happens when a d.c motor is connected across an a.c supply?

Why does a d.c motor sometimes spark on light load?

A d.c motor fails to start when switched on. What could be the possible reasons and
remedies?

What is meant by back e.m.f?

Discuss different methods of speed control of a d.c motor.

Why a d.c series motor should not be started at No load?

What are the losses that occur in d.c machines?

State some present day uses of d.c machines.

Why a DC series motor should never be stared without load?

Why a DC series motor has a high starting torque?

Compare the resistances of the field windings of DC shunt and series motor?

What are the applications of DC series motor?

Comment on the Speed — Torque characteristics of a DC series motor.

How does the torque vary with the armature current in a DC series motor?

How does the speed of a DC shunt motor vary with armature voltage and field current?
Compare the resistance of the armature and field winding.

What is the importance of speed control of DC motor in industrial applications?
Which is of the two methods of speed control is better and why?

Why is the speed of DC shunt motor practically constant under normal load condition?
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30.
31.
32.
33.
34.
35.
36.
37.
38.
39.

40.
41.
42.
43.
44,
45.

46.
47.
48.
49,
50.
o1,
52.
53.

54,
55.
56.
S7.
58.

What are the factors affecting the speed of a DC shunt motor?

What is meant by residual magnetism?

What is critical field resistance?

What is meant by saturation?

What is the difference between external and internal characteristics?

What is the purpose of Swinburne’s test?

What are the constant losses in a DC machine?

What are the assumptions made in Swinburne’s test?

Why is the indirect method preferred to the direct loading test?

The efficiency of DC machine is generally higher when it works as a generator than motor. Is
this statement true or false? Justify your answer with proper reasons

What is the purpose of Hopkinson’s test?

What are the precautions to be observed in this test?

What are the advantages of Hopkinson’s test?

What are the conditions for conducting the test?

Why the adjustments are done in the field rheostat of generator and motor?

If the voltmeter across the SPST switch reads zero what does it indicate? If it does not read
zero value what does it indicate?

What are the other names for Hopkinson’s test?

Why is armature resistance less than field resistance of DC shunt machine?

Why is armature resistance more than field resistance of DC series machine?

Write the e.m.f equation of DC and AC machine.

Write the torque equation of DC motor.

Why a synchronous motor is a constant speed motor

At what load angle is power developed in a synchronous motor becomes its maximum value?
What happens when the field current of a synchronous motor is increased beyond the normal
value at constant input?

Name any two methods of starting a synchronous motors

Why synchronous generators are used for the production of electricity?

What is the difference between synchronous generator & asynchronous generator?
Difference between a four point starter and three point starter?

What is the basic difference between Synchronous motor and an Induction Motor
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59.
60.
61.
62.
63.

64.
65.
66.
67.
68.
69.
70.
71.
72.

What is the SLIP?

What is a Synchronous Speed?

What is the general working principle of Induction motor

What is the function of centrifugal starting switch in a single-phase induction motor?
Why do we use capacitor-start induction motors in applications requiring high starting torque
in preference to repulsion induction motors?

Why is the power factor of a single-phase induction motor low?

What is the working principle of 3 — phase induction motor?

What are the different types of 3 — phase induction motor?

Why 3 — phase induction motor is widely used for industrial applications?

What are the various losses in induction motors?

Why induction motor is called as rotating transformer?

What is the torque line in the Circle Diagram?

What are the advantages of circle diagram?

What is advantage of plotting the V &Inverse A Curves
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