g Channabasaveshwara Institute of Technology
ClT

(Affiliated to VTU, Belgaum & Approved by AICTE, New Delhi)
| SO 9001:2015 Certified Institution)

NH 206 (B.H. Road), Gubbi, Tumkur — 572 216. Karnataka

Department of Electrical & Electronics Engineering

ELECTRICAL MACHINES
LABORATORY - 2
21EEL46

Lab Manual

Version 7.0
MAY 2023

Prepared by:
Manjunatha MN
Vinaya B K

Reviewed by:
Prof. V C Kumar

Approved by:

Prof. V C Kumar
Professor & Head
Dept. of EEE




47

Elecimical Machize: Laboratory - 2

o Code 21FF146 CIE Marks 3
Teaching Hoam Weak (L:T:P: 5) 0:0:2 SEF Mrics 3
Cradits a1 Exam Hours 03

Lomurze obpectves:

(1) To parforzm tests oo TAC pchings to deteroaine their charactenistcs.

(2)To comtrol the speed of D" motor.

(3)To conduct test for pre~deternenation of the performomcs charactaristcs of DC machings
(4)To condnct Load test oo dnge phase and thres phose mdaction pwitor

(7 To conduct test oa imduction mobor to determing the parformmance: characieristics.

{8 To condnct best o syncironoess modor bo draw the parioreesces curves.

Load test on DT shimt modor to draw wpeed—borqoe and horse powsr-aSiciancy charactariutics

1
2 | Fiald Test oo DC waries mchings.
5 | “peed control of LA snmt motor bry armatars and Deld cootol.

Emyin burnes Test oo DO moior

Betardation test om DT shierd mavios.

3
§ | Bagemarathu tect on DU dnmt machings
i | Load fest oo three phase mancoom motor.

E [ ISc-load and Biocksd rofor test 00 iee phase INOUCHO0 IOIE 00 GTw (1) Squvalees CINCllt and |0
circle diaram Dessrmination of parfiormmnce parazseens & diBsrent load comditions.

9 | Load fest on indncbon geesaraior

10 | Load test on omgk phase mawchon mobor to drawe ouiput versis forque, cament, power and sifclency
charactaristics.

11 | Conduct wetable tects to draw thes equialent cromt of singie phacs mdndiom mobor and detarmome
performance paramenars

12 | Condunst an experimsent to draw v and Imverted cerves of syachronoes potor 21 ne load and Joad conditons.

Courze onrcome: [Courze Slall Set):

At the end of the coure the stadent will be able to:

“lﬁd];::mm + 10 detzamaing their characteristics and also fo comtrol the speed of D motor.
& the perdormomen chamacterianics of D machings by condncting suitable tests

a3 Mh.mm@gﬁaamﬂmpﬁmmﬂ:ctmmz nas:-n.:::l:-n:'ﬁ:-:m:-:-n
i Condnrt sest on induction modor to pre-teburmms the parformanse charactaristics

:"" Cenduct %est on synckronoms motor te draw e perdormancs curves

La

Aszeszment Dedwil: (both CIE and
The weightage of Commmon: demal Evahation (CIE) 15 307 and for Semester End Examm (SEE) is 3%,

Tha peiwirvrem pasting mark for the CTF is 40%a of the masswwern sroies (20 oowics]. A smdent chaTl be deemed
to honew safisfied the academic requinamwets and warned the credis alloted 10 sach coarse. The smdant bos to
secure not bess tham 3 5% (15 Maris out of 5{) in the: semerter-end examivation 5FE)
Comtinnow: Inrernal Evalmation (CIE):

CIE manis for the practical coumse is 50 Marks.

Tha splet-up of CIE marks for record’ jowrnal and test are m the rato 68040,

» Fach capenmant to be exakmmnd for conduction with obsarvatien shest and record write-up. Rubrics for
the srahaton of the joemal wais-ep for barduam. s ofwars saperments designed by the faculry who is
hamdling the abomatory weesicn and 1 made known fo siudend af e begmoning of the practical seunion.

o Rocord should conmin ol the specified exparinwets in the syTlabus and sach sxperimant wiite-up will be
enakuated for 10 pooics
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INSTITUTE VISION

To create centers of excellence in education and to serve the society by enhancing the quality of

life through value based professional leadership.

INSTITUTE MISSION

e To provide high quality technical and professionally relevant education in a diverse

learning environment.

o To provide the values that prepare students to lead their lives with personal integrity,

professional ethics and civic responsibility in a global society.

o To prepare the next generation of skilled professionals to successfully compete in the
diverse global market.

o To promote a campus environment that welcomes and honors women and men of all
races, creeds and cultures, values and intellectual curiosity, pursuit of knowledge and

academic integrity and freedom.

o To offer a wide variety of off-campus education and training programmes to individuals

and groups.

o To stimulate collaborative efforts with industry, universities, government and

professional societies.

« To facilitate public understanding of technical issues and achieve excellence in the operations
ofthe institute.



(Affiliated to VTU, Belgaum & Approved by AICTE, New Delhi)

Channabasaveshwara Institute of Technology
it

(1S09001:2015CertifiedInstitution)
NH 206 (B.H. Road), Gubbi, Tumkur — 572 216. Karnataka.

el .
Dartnering in Aeademic Excellonce

DEPARTMENT OF ELECTRICAL AND ELECTRONICS ENGINEERING

VISION:

To be a department of excellence in Electrical and Electronics Engineering education and

Research, thereby to provide technically competent and ethical professionals to serve the society.

MISSION:

e To provide technical and professionally relevant education in the field of electrical
engineering.

e To prepare the next generation of electrically skilled professionals to successfully compete in
the diverse global market.

e To nurture their creative ideas through various activities.

e To promote research and development in electrical technology and management for the benefit
of the society.
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DEPARTMENT OF ELECTRICAL AND ELECTRONICS ENGINEERING
PROGRAMME EDUCATIONAL OBJECTIVES

« To provide technical and professionally relevant education in the field of electrical
engineering.

« To prepare the next generation of electrically skilled professionals to successfully
compete in the diverse global market.

o To nurture their creative ideas through various activities.

« To promote research and development in Electrical Engineering technology and
management for the benefit of the society.

Program Specific Outcomes:

PSO 1: Able to apply the knowledge gained during the course of the program
from Mathematics, Basic Computing, Basic Sciences and Social Sciences in
general and all electrical courses in particular to identify, formulate and solve
real life problems faced in Electrical Engineering domain and/or during
Higher/Advanced Studies.

PSO 2: Able to provide socially acceptable technical solutions to complex
electrical engineering problems with the application of modern and appropriate
techniques for sustainable development.
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Program Outcomes (POs):

Engineering Graduates will be able to

PO 1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering
fundamentals, and engg. specialization to the solution of complex engineering problems.

PO 2. Problem analysis: Identify, formulate, research literature, and analyze engineering
problems to arrive at substantiated conclusions using first principles of mathematics, natural,
and engineering sciences

PO 3. Design/development of solutions: Design solutions for complex engineering problems and
design system components, processes to meet the specifications with consideration for the
public health and safety, and the cultural, societal, and environmental considerations

PO 4. Conduct investigations of complex problems: Use research-based knowledge including
design of experiments, analysis and interpretation of data, and synthesis of the information to
provide valid conclusions

PO 5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and
modern engineering and IT tools including prediction and modeling to complex engineering
activities with an understanding of the limitations

PO 6. The engineer and society: Apply reasoning informed by the contextual knowledge to assess
societal, health, safety, legal, and cultural issues and the consequent responsibilities relevant to
the professional engineering practice

PO 7. Environment and sustainability: Understand the impact of the professional engineering
solutions in societal and environmental contexts, and demonstrate the knowledge of, and need
for sustainable development

PO 8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and
norms of the engineering practice



PO 9. Individual and team work: Function effectively as an individual, and as a member or leader
in teams, and in multidisciplinary settings

PO 10. Communication: Communicate effectively with the engineering community and with
society at large. Be able to comprehend and write effective reports documentation. Make
effective presentations, and give and receive clear instructions

PO 11. Project management and finance: Demonstrate knowledge and understanding of
engineering and management principles and apply these to one’s own work, as a member and

leader in a team. Manage projects in multidisciplinary environments

PO 12. Life-long learning Program: Recognize the need for, and have the preparation and ability
to engage in independent and life-long learning in the broadest context of technological change

Caution

1. Do not play with electricity.

2. Carelessness not only destroys the valuable equipment in the
lab but also costs your life.

3. Mere conductivity of the experiment without a clear
knowledge of the theory is of no value.

4. Before you close a switch, think of the consequences.

5. Do not close the switch until the faculty in charge checks the
circuit.



10.

11.

12.

13.

‘General Instructions to Students’
Students should come with thorough preparation for the experiment to be
conducted.
Students will not be permitted to attend the laboratory unless they bring the

practical record fully completed in all respects pertaining to the experiment
conducted in the previous class.

Name plate details including the serial number of the machine used for the
experiment should be invariably recorded.

Experiment should be started only after the staff-in-charge has checked the
circuit diagram.

All the calculations should be made in the observation book. Specimen
calculations for one set of readings have to be shown in the practical record.

Wherever graphs are to be drawn, A-4 size graphs only should be used and
the same should be firmly attached to the practical record.

Practical record should be neatly maintained.

They should obtain the signature of the staff-in-charge in the observation
book after completing each experiment.

Theory regarding each experiment should be written in the practical record
before procedure in your own words.

Come prepared to the lab with relevant theory about the Experiment
you are conducting.

While using Electrolytic capacitors, connect them in the right polarity.

Before doing the circuit connection, check the active components,
equipments etc, for their good working condition.

Do not use the multimeter, if the battery indication is low.



Course objectives & outcomes

Course objectives:

1.

2.

6.

To perform tests on dc machines to determine their characteristics.

To control the speed of dc motor

To conduct test for pre-determination of the performance characteristics of dc machines
To conduct load test on single phase and three phase induction motor.

To conduct test on induction motor to determine the performance characteristics

To conduct test on synchronous motor to draw the performance curves.

Course outcomes:

At the end of the course the student will be able to:

COL1: Apply the knowledge on determining the characteristics of DC motors to find their
efficiency.

CO2: Determine the suitable method of controlling the speed of DC motors.

COa3: Perform the load test on single phase and 3 phase Induction motors & DC series
motors for finding the efficiency characteristics.

CO4: Analyse the performance characteristics by conducting pre-determination test for 3¢,
1 ¢ induction motors and DC shunt motor.

CO5:Acquire knowledge about the Performance testing of Induction generator.

PO1 | PO2 | PO3 | PO4 | PO5 | PO9 PO10
COl: 3 3 3 1 2 2 2
CO2: 3 2 3 1 2 2
CO03: 3 2 1 3 1 2 2
CO4: 2 3 3 1 2 2
CO35: 3 3 1 1 2 2
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CIRCUIT DIAGRAM:

(0-104) T T
Ml presesssesmess J0A GO0V
M Lt UPF
; : -
HSSI :C v :“.1 '
' (D R REET ! 3-¢ Induction Belt
R \ Motor
— (0-600V)
440V, o M
3-,50Hz } — a 0
AC supply
b B Brake drum
T}
3- Auto ! .
Transforme ! 1
1M L § 104, 600V
0-10A) & o eeeed ! UPF
MI
Circuit Diagram (1.a)
LOAD TEST ON 3-& INDUCTION MOTOR
Name Plate Details
KW
Volt
Amp
RPM
MODEL GRAPH:
) 4
y A Cosd
4 %1
Speed T T T
¢ 58 Slip
L7
)

—p Torque = BHP
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Experiment No. 1 Date:_ / [/
LOAD TEST ON 3-® INDUCTION MOTOR

AIM: To conduct load test on three-phase induction motor and plot the following
characteristics. i) BHP V/S slip ii) BHP V/S n
iii) BHP V/S pfiv) Torque V/S speed.

APPARATUS REQUIRED:

SI. No Particulars Range Type Quantity
01. Voltmeter 0-600V MI 01
02. Ammeter 0-10A MI 02
03. Wattmeter 10A, 600V UPF 02
04. Tachometer -- Contact 01
Type
PROCEDURE:

1. Connections are made as shown in the circuit diagram (1.a)
2. Measure and notedown the circumference of brake drum by using cotton thread.

3. Spring balances Si: and S: are kept in zero out-put position by operating the

adjustment wheels T1 and T>.

4. By keeping the 3-® auto-transformer voltage in zero out-put position, the supply

switch (S1) is closed.

5. Vary the auto-transformer voltage gradually and apply the rated voltage of

induction motor. [ say 415V]
6. The no-load readings of all the meters and speed are noted down.

7. The Induction motor is loaded gradually by tightening the belt till the rated current.

At each load all the meter readings and speed are noted down.

8. To stop the motor, the load is removed (belt is loosened), the 3-® auto-transformer
voltage is reduced to its initial zero out-put position, the supply switch (Si1) is

opened.

Dept. of EEE, C.1.T, Gubbi, 572 216 Page No.2
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TABULAR COLUMN:
VL= Volts
I= A+A,
2 Input N T
Sl. As Az W1 W2 S1 Sz Output .
(W1+W2) Cos® S1~S2 Speed Torque BHP Slip %n
No. (Amps) (Amps) (Watt) (Watt) (Watt) Kg Kg (rpm) (Kg-m) (Watt)
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CALCULATION:

Circumference of the brake drum =

cm = m

Radius of the brake drum = r = Circumference of the brake drum= meters
2T
Torque (T) = (S1~ S2) *r = Kg-m
2nNT
BHP = =
4500
Output in Watts = BHP x 735.5
Input in Watts = (W1 + W>)
OutPut
Therefore %Efficiency (n) = x100 =
Input

W, +W,
Cos ® =

NEAYRN
Slip = (Ns' N)

N

120f
Ns = T Where P = No. of poles
V., x|l xCos

NOTE: W1 = (ki x Watt Meter Reading.) Where, ki = (Vo x 1y x COS¢)

Wz = (k2 x Watt Meter Reading.)

Full Scale Deflection

(Vsel X Isel X COS d))

Where, k2 = -
Full Scale Deflection

Signature of Staff-incharge

Dept. of EEE, C.I.T, Gubbi, 572 216
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CIRCUIT DIAGRAM:

(0-5/10A) T T2
M] pe=====ee=—-- . 10A300V,
[A\_M m Li UPF
\Aj : : siEl 13 s
i VWA -
; : 10 Indiicti
E R j -® Induction
oE e Motor Bel
Ph i E
By P Qe— (v)(O-soo)v a o)
1-® -\('lSuppIy E E MI
— ] ]
N i -: Brake Drum
-0
Auto transformer Circuit Diagmm 2.8
LOAD TEST ON 1-0 INDUCTION MOTOR
Name Plate Details
KW
Volt
Amp
RPM
TABULAR COLUMN:
v A WSS | (Siv82) | gt | Torque BHP | QUIPUL | gin | o
(Volts) | (Amps) | (Watt) | Kg | Kg Kg P 9 (Watt) P 7N

(rpm) | (Kg-m)

(Vsel X Isel X COS (I))

NOTE: 1) W = (k x Watt Meter Reading.) Where, k = -
Full Scale Deflection
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Experiment No. 2 Date: A

LOAD TEST ON 1-® INDUCTION MOTOR

To conduct load test on a given 1-® induction motor and plot the following

characteristics. i) BHP V/S slip ii) BHP V/S n

iii) BHP V/S pfiv) Torque V/S speed.

APPARATUS REQUIRED:

SI. No Particulars Range Type Quantity
01. Voltmeter 0-300V MI 01
02. Ammeter 0-5/10A MI 01
03. Wattmeter 10A, 300V UPF 01
04. Tachometer -- C.?_Cit)ae(:t 01

PROCEDURE:

Connections are made as shown in the circuit diagram (2.a)

Measure and noted own the circumference of brake drum by using cotton thread.

Spring balances S: and S are kept in zero out-put position by operating the

adjustment wheels T1 and T>.

By keeping the auto-transformer voltage in zero out-put position, the supply switch

(S1) is closed.

Vary the auto-transformer voltage gradually and apply the rated voltage of

induction motor. [ say 230V]

. The no-load readings of all the meters and speed are noted down.

. The Induction motor is loaded gradually by tightening the belt till the rated current.

At each load all the meters and speed readings are noted down.

. To stop the motor, the load is removed (belt is loosened), the auto-transformer

voltage is reduced to its initial zero out-put position, the supply switch (Si1) is

opened.

Dept. of EEE, C.1.T, Gubbi, 572 216 Page No.6
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MODEL GRAPH:

b 4
Y A Cosd

%N

Speed

Slip

—

C oSt =9
“'nl] —_—
SHp =——p

— Torque = BHP

CALCULATION:

Circumference of the brake drum = cm = m

Radius of the brake drum (r) = circumference of the break drum = meters
27

Torque (T) = (S1~ S2) ¥ r = ---------mmmmmmmmmmmmo oo Kg-m

2nNT
4500

BHP =

Input in Watts = W

Output in Watts = BHP x 735.6

Cos® =

V x|

siip = Ns=N)

Ns = —— Where P = No. of poles

OutPut
Input

x100

Therefore; %Efficiency (n) =
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Signature of Staff-incharge
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CIRCUIT DIAGRAM:

a

(U-iIlIUA) A En-;l.g. (0-10/20)A
M LPF L I\SI]etEIi ” (A%+
TPST JoAuto by
Sl Transformer el i
: ----- | _ C V N.S.f\_ ¢ 1.2A DZST
1
1\ g Fise R o—+
"?‘ 1 (0-600V) z Fuso
RN v M A
Jo AC H": 1 Q12 —
supply i i 200V DC
1 B Supply
-—|-o i AA 2z
: : % Induction
I-.....' _— “" Motor
: S3 13
ey 104 600v |
LPF
Circuit Diagram (3.a)
LOAD TEST ON INDUCTION GENERATOR
Name Plate Details
MOTOR GENERATOR
kw
Volt
Amp
RPM
TABULAR COLUMN:
sl. |w I W1 Wa I | Qutput=| Input=

No. | (Volts) | (Amps) | (Watt) | (Watt) | (Amps) | (Amps) VEI\}V-Z\QS (V\\//La;tI:’E) %on
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AIM:

Experiment No. 3 Date:_ /_/

LOAD TEST ON INDUCTION GENERATOR

To conduct load test on a given induction generator and to find its efficiency.

APPARATUS REQUIRED:

SI. No Particulars Range Type | Quantity
01. Ammeter (0-5)A MC 01
02. Ammeter (0-5/10)A MI 02
03. Rheostat 0-750Q,1.2A 01
04. Wattmeter 10A, 600V LPF 02
05. Voltmeter (0-600V) MI 01
06. Voltmeter (0-250V) MC 01
PROCEDURE:

1. Connections are made as shown in the circuit diagram (3.a).

2. Close the 3-phase supply switch (S1) and vary the 3-phase auto-transformer slowly
by observing the rotation of induction motor up to 415V. if the rotation of induction
motor is reverse i.e., opposite to the arrow mark as mentioned in induction motor,
then bring the auto-transformer to zero position and change any two phase
terminals.

3. Check the DC supply voltage and its polarity by using multimeter. Now slowly vary
the Rheostat to cut-out position until the multimeter reads the D.C. supply voltage.

4. Now close the DC supply switch.

5. Vary the field excitation slowly by using the Rheostat (i.e., under excite) up to the
stand-still rotation of energy meter. At this condition the Induction motor is floating
on the bus bar.

6. Now slowly vary the rheostat (i.e., under excite) until the energy meter starts
rotating in opposite direction. At this condition the Induction Motor is working as
Induction Generator.

7. Note down all the meter readings by slowly varying the rheostat.

8. After taking the readings vary the rheostat until the rotation of energy meter comes
to stand still position.

9. Now open the DC supply switch and bring back the rheostat to initial cut-in position

and the 3-phase auto-transformer to zero position and then open the 3-phase
supply switch (S1).

Dept. of EEE, C.1.T, Gubbi, 572 216 Page No.10
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(Vsel X Isel X COS (I))

NOTE:W = (k x Watt Meter Reading.) Where, k = -
Full Scale Deflection

OutPut
nput

%Efficiency (n) = x 100

Dept. of EEE, C.1.T, Gubbi, 572 216 Page No.11
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Signature of Staff-incharge
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CIRCUIT DIAGRAM:

(0-10/20A) (0-10/204)
MC MC
+rA\- i BN
\ 1 = &/
R(CO)) R(CI Ri(Cl) ‘
0-7500 97  0-380 0-7500 /&
DPST 124 72 85A 12A
Sl
+
¢ ( Vi A AQ Z9 4 2
20V ; (0-300)V HJ']_
DC Supply o @) MC g6
| it
g E m
[ Yo AL AA b )
Circuit Diagram (4.a)
LOAD TEST ON DC SHUNT MOTOR
Name Plate Details
MOTOR GENERATOR
KW
Volt
Amp
RPM
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Experiment No. 4 Date: [—/

LOAD TEST ON A DC SHUNT MOTOR
AIM:

To conduct the load test on the given DC shunt motor and to plot the
Following Characteristic curves - (1) Speed v/s BHP
(2) %n v/s BHP and
(3) Speed v/s Torque
(4) BHP v/s Torque

APPARATUS REQUIRED:

zlc') Particulars Range Type Quantity
01 Voltmeters 0-300V MC 02
02 Ammeters 0-10/20 A MC 02
0-750Q, 1.2A - 02
03 Rheostats 0-38 Q.8.5A . 01
04 Tachometer - - 01
PROCEDURE:

Connections are made as shown in the circuit diagram (4.a).

Keeping the rheostat R:in the field circuit of motor in cut-out position, the rheostat
Rz2in the armature circuit of the motor and the rheostat Rsin the field circuit of the
generator in cut-in positions and all load switches in off condition, the supply switch

(S1) is closed.

. The motor is brought to its rated speed by cutting out the rheostat Rz and then by

cutting in the rheostat Ri, if necessary.

. The generator voltage is built up to its rated value by gradually cutting out the rheostat

Rs.

No load readings of all meters and speed are noted down.

. The generator is loaded by gradually applying the loads. At each load, readings of all
the meters and the speed are noted down.

. The load on the generator is completely removed; all the rheostats are brought back

to their respective initial positions and the supply switch (S1) is opened.

Dept. of EEE, C.1.T, Gubbi, 572 216 Page No.14



Electrical MachinesLaboratory-I11

TABULAR COLUMN:

Sl. Vm Im Vi I N Mg/tgr BHP | % Torque
No | (Volt) | (Ampere) | (Volt) | (Ampere) | (rpm) (Watt) N | (Kg-m)

MODEL GRAPHS

Y Y

A A
g’ E X %n N
=y (RPM)

-
0 » X 5 P X
BHP T(kg-m)
BHP v/s n,N,T Torque v/s speed
Page No.15
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CALCULATIONS:
Motor Input = Vm x Im Watt
Motor Output = Generator Input Watt
Generator Output = V. x I Watt
Assuming generator n as 0.85
Motor output = (VL x I.)/ 0.85 Watt
% N motor = (Motor output in watt/ motor input in watt) x 100

B.H.P Motor output in watt / 735.5

Torque = (B.H.P x 4500)/2n N Kg-m

Signature of Staff-incharge
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CIRCUIT DIAGRAM:

DPS
. S, Name Plate Details
20V Fuse Motos
DC Supply
Kw
Volt
Amp
rpm
Cuemit Diagram (5.a)
SPEED CONTROL OF DC SHUNT MOTOR
MODEL GRAPHS
1. Armature Control Method 2. Flux Control Method
Y
A
=
o
4 v,
pd
V)
Vi VY3V,
0 »X
|, (A)  —

Dept. of EEE, C.1.T, Gubbi, 572 216 Page No.17



Electrical MachinesLaboratory-I11 2022-23

Experiment No. 5 Date: [/

AIM:

SPEED CONTROL OF DC SHUNT MOTOR

To control the speed of D.C. Shunt motor by- (1) Armature control method

(2) Field Flux control method

APPARATUS REQUIRED:

SL.No. Particulars Range Type Quantity
01 Voltmeter 0-300V MC 01
02 Ammeter 0-1/2A MC 01
03 Rheostats 8__;’58 0%’,81"52': - 81
04 Tachometer - - 01
PROCEDURE:

I. Armature Control Method

1.
2.

Connections are made as shown in the circuit diagram (5.a)

Keeping the rheostat R: in the field circuit of motor in cut-out position, the
rheostat Rzin the armature circuit of themotor in cut-in positions the supply
switch (S1) is closed.

Field current (Ir) is adjusted to a constant value by adjusting the rheostat R:
and the rheostat Rz is gradually cut-out in steps and at each step the readings
of voltmeter and the speed are noted down.

The above procedure is repeated for another value of field currents.

All rheostats are brought back to their respective initial Positions and the
supply switch (Si1) is opened

I1. Field Flux Control Method

1.

W N

Keeping the rheostat R1in the field circuit of the motor in cut-out position, the
rheostat Rz in the armature circuit of the motor in cut-in position, the supply
switch (S1) is closed.

. The rheostat Rz is adjusted to get the required voltage across the armature

The rheostat Ri is gradually brought to cut-in in steps and at each step the
readings of ammeter and speed are noted down.

[Note: The rheostat Ruiis cut-in till the speed is little above the rated speed of

Motor]

. The experiment is repeated for another value of armature voltage.
. All rheostats are brought back to their respective initial Positions and the supply

switch (S1) is opened.

. The graphs are plotted as shown in model graphs (1 and 2).
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TABULAR COLUMN:

1. Armature Control Method

Ir = Ampere (Constant) I= _ Ampere (Constant)
Sl. Va Volts Speed Sl. Va Volts Speed
No rpm No rpm

2. Field Flux Control Method

Armature Voltage = Volt (Constant) Armature Voltage = Volt (Constant)
Sl. Speed Sl. Speed
No Ir Ampere rpm No IrAmpere rpm
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Signature of Staff-incharge
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CIRCUIT DIAGRAM:

(0-5/10A)
MC

R, (Cl)
0-38Q2
DPST ) 8.5A
+
(0—1/2:\.)
220V MG A
DC Supply
ZZ AA
CIRCUIT DIAGRAM (6.a)
SWINBURNE'’S TEST
(0‘11’2:'“
MC
A -
0-75002
(Cl) 1.24
DPST
S, — Name Plate Detaals
220\,I Fuse + BAokox
DC éupp{)' (O-NZ:((J:)V <V> ® Kw
) V olt
—

S p
TP

Circuit Diagram (6.b)
DETERMINATION OF ARMATURE RESISTANCE (Ra)
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Experiment No. 6 Date: [/

SWINBURNE’S TEST
AIM:

To determine the constant losses and hence to find the efficiency of a given DC
Machine at any desired load.

APPARATUS REQUIRED:

SL.No. Particulars Range Type Quantity

- V M 1

01 Voltmeters 0-300 ¢ 0
0-30V MC 01
02 Ammeters 0-5A Mc 01
0-1/2A MC 01
0-7509,1.2A 01

03 Rheostat ' -
costats 0-380,8.5A 01
04 Tachometer - - 01
PROCEDURE:

1. Connections are made as shown in the circuit diagram (6.a).

2. Keeping the rheostat R: in the field circuit of motor in cut-out position, the rheostat
R:in the armature circuit of themotor in cut-in positions the supply switch(S:) is

closed.

3. The motor is brought to its rated speed by cutting out the rheostat Rz and cutting

in the rheostat R: if necessary.
4. Readings of all the meters and speed are noted down.

5. All the rheostats are brought back to their respective initial positions and the supply

switch (S1) is opened.

6. The graph of Efficiency v/s Load current is plotted as shown in Model Graph.

Determination of Armature Resistance (Ra) by V-I method:

a. Connections are made as shown in the circuit diagram(6.b)

b. Keeping the rheostat in cut-in position, the supply switch (S1) is closed,
Rheostat is adjusted to any value of current (say 1A) and the readings of

ammeter and voltmeter are noted down.

c. The supply switch (S1) is opened.
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TABULAR COLUMN:Tabulation of Results:
Vi I Ir Sl. Load
SLNo T vort | Amp | Amp No. (X) 76 mm 70 Mg
1. Full
Load
3
2. /; °Lf
Determination of Armature Resistance (Ra):
SI.No V I Resistance 3. 1/; OLf
T (Volts) (Ampere) Ra=V/IQ )
Va of
4. F.L
MODEL GRAPH:
A
Yon
Ne
Ny
0 —

Load current v/s Efficiency
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CALCULATION:

I. = No-load motor current, Ampere

Ir = Field current, Ampere

VL= No-load motor terminal voltage, Volt

i. No-load input power = Vi.xIL Watts

ii.  Armature copper loss = ( IL - Ir)2 xRa Watts

iii. Constant losses, Wc = No load input power - armature Cu loss

I. Efficiency when working as a motor

a.

e.

Ia = (X.Ir.- If )Ampere

Where x= (1, 3%, Y2, V)

Armature copper loss = (Ia)2 xRa Watts = (x.Ir - Ir)2 xRa Watts
Total losses = (Wc + armature copper loss) Watts

Input to the motor = Vi1 (x.Ir) Watts

(V1 is the rated voltage of the Motor)

Output of the motor = (Input - Total losses) Watts

f. %n = (Output / Input) x 100

I1. Efficiency when working as a generator

a.

Tag= (xIrL+ If )Ampere

Where x= (1, 34, Y2, Va)

Armature copper loss = (Iag)? XRa Watt = (x.Ir. + If)2 XxRa Watts
Total losses = (Wc + armature copper loss) Watts

Output of generator = Vi(x.Ir) Watts

(V1 is the rated voltage of the Generator)

Input to the generator = (Output + Total losses) Watts

%ng = (Output / Input) x 100

Signature of Staff-incharge
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CIRCUIT DIAGRAM:

R,(Co) 3 R.(Cl)
0-7500 A70-380
DPST 1.2A P 8.5A
S, ‘ DPDT
+ DE SWITCH S2
o= (0-112)A 0 ll Resistive
Fuse MC n U oad (R )
220V (0-300)V(', m
DC Supply A MC A 1 1
! ~ (U-5)A 2 4 2
~ e 5 E
ZZ AA
Circuit Diagram (7.a)
RETARDATION TEST
(0-112)A
MC
+ i
0-7500 Name Plate Details
(Cl) 1.2A
DPST Motor
S, ) \
- Fowr
Fuse +
220V
DC Supply (Oﬁg)v V) @ vV olt
Hanp
e RV
LI
Circuit Diagram (7.b)
Determination of Aimature Resistance
Determination of Armature Resistance (Ra):
SI.No \ I Resistance
0 (Volts) (Ampere) Ra=V/IQ
Experiment No. 7 Date: [/
Page No.26
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AIM:

RETARDATION TEST

To determine the stray loss and hence to find the efficiency of the given D.C.

shunt motor and Shunt generator.

APPARATUS REQUIRED:

Sil.No. Particulars Range Type Quantity
0-30V MC 01
01. Voltmeters 0-300V MC 01
0-5A MC 01
02. Ammeters 0-1/2A MC 01
0-750Q,1.2A 01
03. Rheostats 0-38Q,8.5A 01
04. Tachometer - - 01
05. Stopwatch - - 01

PROCEDURE:

1. Connections are made as shown in the circuit diagram (7.a)

2. Keeping the rheostat R1 in the field circuit of motor in cut-out position, the rheostat
Rzin the armature circuit of themotor in cut-in position, the load rheostat Riin
thearmature circuitof motor in fixed position and the DPDT switch (S2) in1-2
position, the supply switch (S:) is closed.

3. The motor is brought to its rated speed by cutting out the rheostat Rz and then by
cutting in the rheostat Ri, if necessary.

4. Readings of Voltmeter (Vi) and Ammeter Ai (Isn) are noted down.

DPDT switch (Sz2) is opened, time taken by the motor to reach zero speed is noted
down (t1 second) and the corresponding reading of voltmeter is (V2).

6. Again the motor is brought to the rated speed as explained in step no.2 and 3.

7. DPDT switch (S2) is opened and immediately thrown on to the position 1’-2" and at
this instant; the reading of ammeter A (IL1) is noted down.

8. Time taken by the motor to reach zero speed is noted down (t2 second) and the
corresponding reading of Ammeter is (IL2).

9. All other rheostats are brought back to their respective initial positions, the DPDT

switch (S2) and supply switch (S1) are opened.

Determination of Armature Resistance (Ra) by V-I Method:

a. Connections are made as shown in the circuit diagram (7.b)

b. Keeping the rheostat in cut-in position, the supply switch is closed, Rheostat
is adjusted to any value of current (say 1A) and the readings of ammeter
and voltmeter are noted down.

c. The supply switch (S1) is opened.

TABULAR COLUMN:
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SI.No \Y, I Resistance
T (Volts) (Ampere) Ra=V/IQ
Sl. Lsh Vi V2 V=(Vi1+V2)/2 Ia Iz Ii=(I1+12)/2 t1 t2
No | Amps | Volts | Volts Volts Amps | Amps Amps Sec | Sec
Calculation:

V1 = Rated Voltage, Volt.

V2 = Voltage after opening the DPDT switch and at the instant, of 5% reduction in

speed, Volt.
Average Voltage across the load = V = (V1 + V2) / 2 Volt
I.: = Load current at the instant when DPDT switch is along 1'-2’, Ampere
Ii> = Load current at the instant of 5% reduction in speed, Ampere
I. = (I1 + I2)/ 2 Ampere
Total Input = V:/I:Watt
Power absorbed by the load resistance = Wi = VIL Watt
Stray loss = Ws = Wi*[t2/ (t1 - t2)]Watt
e Efficiency When Working as a Motor:
Aramature current Ia=Ir- I
Armature copper loss = Ia2Ra Watt -----------------mmmmmmmmmmo oo (1)

Shunt field Copper loss = V Ish Watt------====-m-mmmmmmm oo (2)
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Total Losses = (1) + (2) Watt
Motor Output =Motor Input - Total Losses Watt

Motor efficiency = nm = Motor Output / Motor Input *100

e Efficiency When Working as a Generator:

Generator Output = VI;Watt

Armature copper loss = I.2Ra Watt -------------------momvem e (3)
Shunt field Copper loss = V Ish Watt-------------------ommvem e (4)
Total Losses = (3) + (4) Watt

Generator Input = Generator Output-+Total Losses Watt

Generator efficiency = nm = Generator Output / Generator Input *100

Signature of Staff-incharge
CIRCUIT DIAGRAM:
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ey
0-20 A QI'CO =
-\IC i ) LA
+ - ’f;\ -
T
DPST
S,
: Motor
S Field
220V Fuse *(o.&og)v ;cncs 'c C/ (0-300)V ? HD
Y 1) MC 5 @
i - CV' (0-300)V - gg {iﬁ
MC =
YY
Generator
Series Field
CIRCUIT DIAGRAM (8.a)
IMame Flate I etail =
I'viotor ¥ exner at or
ISR E
T oalt
2t o
i
TABULAR COLUMN
SIN Vm Vi1 V2 Ii I> N
-NO- (Volts) (Volts) (Volts) (Amps) (Amps) (rpm)
Experiment No. 8 Date:_ /_ /
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AIM

LOAD CHARACTERISTICS OF DC SERIES MOTOR

To determine the stray loss and hence to find the efficiency of the given two
identical DC series machines.

APPARATUS REQUIRED:

SI. No. Particulars Range Type Quantity

0-300V MC 02

01 Voltmeters 0-30V MC 01
0-10/20 A MC 02

02 Ammeters 0-1/2 A MC 02
03 Rheostats 0-38Q,8.5A - 02
04 Tachometer - - 01
05 Multi meter - - 01

PROCEDURE:

1. Connections are made as shown in the circuit diagram (8.a)

2. Keeping all the load switches in ON condition and the rheostat R: and Rz are in cut-

in position, the supply switch (S:) is closed.

3. The rheostat Ri& Rz are completely cut-out by simultaneously decreasing the load.
So that motor acquires the less than rated current.

4. Apply the load on the generator step by step till it reaches the rated current of

motor and note down the all meter readings in each step.

5. The rheostat Ri& Raare brought back to their cut-in positions by simultaneously

increasing the load if necessary and Switch (S1) is opened.
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(0-1/2 A)
MC
-+ -
e
0-750Q2
(Cl) 1.2A
DPST
S, A
+
Fuse +
220V
DC Supply (Oag)\/ V)
AA

Circuit Diagram (8.b)
DETERMINATION OF ARMATURE RESISTANCE(Ra)

(0-1/2 A)
MC
+ ans
— D
0-750Q2
(Cl) 1.2A
DPST
S, pr—— \(
+
Fuse +
220V i
DC Supply (0,\28)\/ V) 3
——)

Circuit Diagram (8.c)
DETERMINATION OF SERIES FIELD RESISTANCE(Rse)

Determination of Armature and Field Resistance:

Remarks v L Ra =V/I
(Volts) (Amps) Q
Armature
Field
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Determination of Armature Resistance (Ra) and Series Field Resistance (Rse) of
Both Motor and Generator by V-I method.

a. Connections are made as shown in the circuit diagram (8.b)and (8.c)
Keeping the rheostat in cut-in position, the supply switch (Si) is closed,
Rheostat is adjusted to any value of current (say 1A) and the readings of
ammeter and voltmeter are noted down.

c. The supply switch (S1) is opened
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CALCULATION
Eb=Vi-1; (Ra+Rse) VoIt

E
T=9755"2%
N
Various characteristics of DC series motor

T

|

}

Torque
Speed

Armature current 0 Armature current ) 0 Torque
@ ®) (©
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Signature of Staff-incharge
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CIRCUIT DIAGRAM

TABULAR COLUMN:

440V,
3-d,50Hz

AC supply

}._.

—20

3-¢ Auto
Transforme

1. When run on 3ph Supply

Coouit Diagroan
LOAD TEST ON 34 INDUCTION MOTOR

3-$ Induction

Motor

Brake drum

Sl. Vo At Az TIo=(A1+A2)/2 W1 W P3ph=(W1+ W2) N
No. | (Volts) | (Amps) | (Amps) (Amps) (Watt) | (Watt) (Watt) (rpm)
V., %l xCos
NOTE: 1W: = (ki x Watt Meter Reading.) Where, ki= (Voo X Iy (_I))
Full Scale Deflection
. (Vsel X Isel X COS (I))
Wz = (ki1 x Watt Meter Reading.) Where, ko= -
Full Scale Deflection
2. When one of 3ph line open
Sl. Vo A1 Az To=(A1+A2)/2 W1 W2 Psph=(W1+ W>) N
No. | (Volts) | (Amps) | (Amps) (Amps) (Watt) | (Watt) (Watt) (rpm)
. — . _ (Vsel X Isel X COS (I))
NOTE: W1 = (ki1 x Watt Meter Reading.) Where, ki1 = Full Scale Deflection
. (Vsel X Isel X COS (I))
W2 = (k2 x Watt Meter Reading.) Where, k2 =

Full Scale Deflection
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Experiment No. 9 Date: [/
Regenerative TEST

AIM:
Performance of a three phase induction motor when run on three phase supply and

when one of the three lines is open.
APPARATUS REQUIRED:

SI. No Particulars. Range Type Quantity

0-600V MC 01

01. Voltmeter 0-300V MC 01
0-10/20 MC 01

02. Ammeter 0-5/10A MC 01
0-1/2 MC 02

0-750Q,1.2A
03. Rheostats 0-38,8.5A - 01
04. Tachometer - - 01
PROCEDURE:

1. Connections are made as shown in the circuit diagram (9.a)

2. Keeping the rheostat R1 in the field circuit of motor in cut-out position, the rheostat R2 in
the armature circuit of the motor and the rheostat R3 in the field circuit of the generator in
cut-in positions and the SPST switch in open position, the supply switch (S1) is closed.

3. The motor is brought to its rated speed by cutting out the rheostat R2 and then by cutting in
the rheostat R1, if necessary.

4. The excitation of the generator is increased gradually by cutting out the rheostat R3, until
the voltmeter connected across the SPST switch reads zero.

5. The SPST switch is closed. Now the generator is connected in parallel with the motor.

6. The generator is overexcited or the motor is under excited by varying their field rheostats.
At I2=rated current, the readings of all the meters are noted down.

7. The rheostat R3 (if the motor is under excited vary the rheostat R1) is brought to its initial
position, then the SPST switch is opened, all other rheostats are brought back to their
respective initial positions, and supply switch (S1) is opened.

Determination of Armature Resistance (Ra) by V-1 Method

a. Connections are made as shown in the circuit diagram (9.b)
b. Keeping the rheostat in cut-in position, the supply switch (S1) is closed,
Rheostat is adjusted to any value of current (say 1A) and the readings of ammeter and

Voltmeters are noted down.. c. The supply switch (S1) is opened.
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Stray Loss
Tabular aohumm of MOTOR GENERATOR
Each MIC
¥l I I I, 1P Ental O/ e P "E:ntal P %
Valt | amp Amp | dmp | Amp TWatt Wc::t Watt | Efficiency | Watt w':::l Watt | efficiency

CALCULATIONS

I. To find stray losses of each machine

Armature copper loss of motor
Field copper loss of motor

Armature copper loss of generator = (I + 1) xR,, Watt
=V x I Watt

Field copper loss of generator

Total copper losses = (1) + (2) + (3) + (4)
Total I/P to the M-G set = V x Iy Watts

= (I, + I - I5)* xRam Watt
=V x I3 Watt

Stray losses for both machines = W. = [(V x I1) - Total copper losses] Watt
Therefore Stray loss for each M/C = W,/ 2 Watt

II. Efficiency when working as a motor

I/P to the mator = V (x. Taeq ) Watt
Where x = (1, 3/4, 1/2, 1/4)

Total losses = (%.Lated - 13)° % Ram + (V x I3) + (W./ 2) Watt

O/P of motor = (I/P of motor - Total loss) Watt

%nNm = (output/ input) %100

21
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II1. Efficiency when working as a generator

O/P of the generator = V (x. I,4q4 )Watt

Where x = (1, 3/4, 1/2, 1/4)
Total losses = (X. Lated + 1s)® XRag +( V x L3 )+ (Ws/ 2)Watt
I/P to the generator = (O/P of the generator +

Total losses) Watt
% ng = (output / input) x100

TABULAR COLUMN

Fl 4
~N ~

oror

Sl.
No % ng % Nm
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PERFORMANCE COMPARISION:

WHEN RUN ON 3PH SUPPLY

SI. No. Torque BHP Output Input Efficiency Cos @
WHEN ONE OF 3PH LINE OPEN
SI. No. Torque BHP Output Input Efficiency Cos @
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Signature of Staff-incharge
CIRCUIT DIAGRAM:
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W,
10A, 600V
(0-5/10)A UPF

3—¢ Induction
Motor

440V, 50Hz
3-0 AC Supply

pemmmm———-
3-p Auto E i
Transtforme ! [
1 M Li
(0-5/10A) banmnanncnan 4
MI 2
10A, 600V
UPF
Circuit Diagram (10.a)
OPEN CIRCUIT TEST.
W,
10A,75V,
(0-5104)  UPF L T,
3~¢ Induction Belt
Motor
440V, 50Hz
3-0 AC Supply} Q 0
P Brake drum
e i (Block the Rotor)
1 1
3-4 Auto i Y]
Transformer A 1
J M Li
(0-5/10 A)mmmmmmmmnnnn 4
W,
10A,75V,
UPF
Circuit Diagram (10b)
BLOCKED CIRCUIT TEST
Name Plate Details
KW
Volt
Amp
RPM
Experiment No. 10 Date:_ / /
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AIM:

NO LOAD & BLOCKED ROTOR TEST ON 3-® INDUCTION MOTOR

To conduct no-load and blocked rotor tests on a given 3-® induction motor to draw

the circle diagram and equivalent circuit

APPARATUS REQUIRED:

SI. No Particulars. Range Type Quantity
0-500V MI 01
01. Voltmeter 0-50V MI 01
02. Ammeter 0-5/10A MI 02
10A,500V UPF 02
03 Wattmeter
10A,75V UPF 02
PROCEDURE:
1) OPEN CIRCUIT TEST.
1. Connections are made as shown in the circuit diagram (10.a).
2. Keeping the 3-® auto-transformer voltage in zero out-put position, the supply
switch (S1) is closed.
3. By varying the 3-0® auto-transformer, the rated voltage of 3-® induction motor is
applied. All the meter readings are noted down.
4. To stop the motor, the 3-® auto-transformer is brought back to its initial zero out-

put position, the supply switch (S1) is opened.

2. BLOCKED ROTOR TEST.

Connections are made as shown in the circuit diagram (10.b).

The brake-drum of the induction motor is blocked from rotation by tightening the
belt.

By keeping the 3-® auto-transformer voltage in zero out-put position, the supply
switch (S1) is closed.

By operating the 3-® auto-transformer very slowly, a low voltage is applied, such
that the rated current of the induction motor flows in the stator winding. All the
meter readings are noted down.

To stop the motor, the 3-® auto-transformer is brought back to its initial zero out-

put position, loosened the belts of brake drum, then open the supply switch (S1).

TABULAR COLUMN:
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1. OPEN-CIRCUIT TEST.
Sl. Vo A1 Az TIo=(A1+A2)/2 W1 W2 Wo=(W1+ W2)
No. (Volts) (Amps) | (Amps) (Amps) (Watt) | (Watt) (Watt)
NOTE: 1W: = (ki x Watt Meter Reading.) Where, ki= (Ve X L X COS(_I))
Full Scale Deflection
. (Vsel X Isel X COS (I))
W2 = (ki1 x Watt Meter Reading.) Where, k2= -
Full Scale Deflection
2. SHORT-CIRCUIT TEST.
Sl. Vsc A1 Az Isc=(A1+A2)/2 W1 W Wsc=(Wi+ W2)
No. | (Volts) | (Amps) | (Amps) (Amps) (Watt) | (Watt) (Watt)
. — : _ (Vsel X Isel X COS (I))
NOTE: Wi = (ki1 x Watt Meter Reading.) Where, ki1 = Full Scale Deflection
. (Vsel X Isel X COS (I))
Wz = (k2 x Watt Meter Reading.) Where, k2 =

CONSTRUCTION OF CIRCLE DIAGRAM:

Full Scale Deflection
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1. Properscale(Ielcm = Amps) is selected.

N

Vector OO! Representing the no-load current Io is drawn at an angle ®o with respect
to Y-axis.

At point O, a line O'X' is drawn parallel to X- axis.

Vector OA representing Isn is drawn at an angle ®sc with respect to Y-axis.

Vector O'A is joined, which represents the out-put line.

o v kW

The out-put line O'A is bisected as follows;
a) With O' as center, radius more than half of O'A, draw an arc on either
side of O'A.
b) Similarly with A as center and same radius an arc is drawn on either side
of O'A.
c) The intersections of the arcs on either side of O’A are joined. This line
gives the perpendicular bisector.
Let the perpendicular bisector cuts the horizontal through O'X" at point C.
With C as center O'C as radius, a semi circle is drawn, which passes through point
A.
9. From point A, a perpendicular line AB is drawn to X-axis, thus the vertical line AB

represents power I/P at short circuit ie Wsn.

Wan Watt/
10. Power scale = ——— att/cm.
ABIn Cm

11. Now point D is located on AB, such that (To draw torque line)

Rotor Copper Loss 1
Stator Copper Loss

12. OD is joined which represents torque line.
Now, AD = Rotor copper loss, Watt
DE = Stator copper loss, Watt
EB = Constant loss, Watt

13. Determination of operating point at rated HP:
14. Out-put of motor = HPx735.5 Watt.
15. Point F is located on AB extended such that

_ HPx7355
~ Power Scale

16. At point F a parallel line is drawn to the out-put line, which meets the semi-circle
at point P.

17. At point P a perpendicular line to X-axis is drawn cutting the out-put and torque
lines at R and S.

18. OP represents the full load current.
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AVIOVIA A'TOHID THAON
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a

.

=

CALCULATION
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a)

b)

c)

d)

No-Load power factor:

Cos @ = ——Wa)
V3 x V, x|,
Therefore ®o= Cos!'( (W) )=
V3 x V, %1,

Power factor at short-circuit condition:

Cos q)sc = M =

NEAVAN
Therefore ®sc= Cos! (MF
V3.V lee
Short-Circuit current corresponding to normal voltage:
Vv
o = — Xl = Amps.

SC
Short-circuit input ?ower %grresponding to normal voltage:
Vv

SC

Wsn = L \Rated | XWSC = Watt.

WSN

= Watt/Cm.
ABin Cm

Power scale =

Therefore; 1 Cm = Watt.

Calculation Using Circle Diagram:

ok W

Power factor at full load = Cos ®r

PR
Efficiency at full load = leOO

Rotor Copper Loss _ SR

Rotor Input SP
Torque at full load = PSxPower Scale, Synchronous-Watt
Line Current = OPx Current Scale, Amps
Determination of maximum quantities;

Slip at full load =

a. Maximum out-put:
e Draw a tangent to the semi-circle parallel to the out-put line. This
tangent touches the semi-circle at point M.
e From point M, draw a vertical line cutting the out-put line at point M!;
MM! Represents the maximum out-put.
Maximum out-put in Watt = M M!in cm x Power Scale.
b) Maximum torque (rotor input):

e Draw a tangent to the semi-circle parallel to the torque line. This
tangent touches the semi-circle at point N.

e From point N, draw a vertical line cutting the torque line at point N!;
NN' Represents the maximum torque.
Maximum torque in Synchronous Watt = NN'In cmx Power Scale.
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EQUIVALENT CIRCUIT:

I] I ; RU] X()[
>
Io
. 1 — 33 Ri=R2’[1/s -1]
v R() )(0
CALCULATIONS:

Wo= \/§VOIOCOS Do

W
COS QOZ& =
J3xVoxlo

Zo = Vo/V3Io

RO = Vo/\/3Ie
Ie=Io Cos ®o
Im= Io Sin q)o

Vv
Xo=——Q

\/Exlm

Calculations for blocked rotor test:

Wsc

V3 x Vsc x Isc
Input power on short circuit Ps= 3 I?Ro1(I= Phase current)

Wsc

Short circuit power factor Cos ®sc=

Resistance per phase as referred to stator Roi= BT
X 17SC

Motor equivalent impedance per phase as referred to stator

Zo1= Vsc/\/3Isc
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Reactance per phase

Xo1=/Z2 ~R2 @

R21= Roi(Assuming)
We consider X1=X2 hence X1=X>=Xo1/2

The efficiency of the induction motor can be calculated as
Power input = out put + losses
Losses = Wo + 3 I%2 Ro1
Power output = 312.R.
I= Load current.

RL = variable load resistance

_ poweroutput _, .

Efficiency :
power input

1R 100
W,

Signature of Staff-incharge
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CIRCUIT DIAGRAM:

(0-10/204)
(0-10/20 &) 600V,UPF (0-10/20 &)
MI MC

&

:' i
)
; i
' : R,(Cl)
- 0-7500, 1.2A
S Fuse DPST
— S,
mv 3Phase ‘
i-é:hasel } e A® Z i o Resistive J]-D
sapp y‘_"‘ Translormer (0-300)V Fuse | oad
a0V, Y) Mc {{ﬁ
— -
—
Load
® B Switch
et - z
iC Vi 5
:I—W- '
:M (U 5
bemeemenaad FF
(0-10/20 &)
600V,UPF DF;ST
Fuse g +
PEN v 1
"% 1 |wor RC) R.(CI) 220V
. M S, 0-75002, 1.2A 0-100,5A DC Supply
2 VA 2 + = '_L
a0
(0-1/24) )
MC

CIRCUIT DIAGRAM (12.a)
V AND INVERTED V CURVES

Mame Flate Details

D C. Stunt Generator|  =ynchronous Motor
Kw HF
Wolt Plase
AT Hz
mim Walt
g
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AIM

Experiment No. 11 Date: [—/

V AND A CURVES OF SYNCHRONOUS MOTOR

To obtain V and A curves of synchronous motor.

APPARATUS REQUIRED:

3:)' Particulars Range Type Quantity

01 Voltmeter 0-300V MC 01
0-10/20A MC 01

02 Ammeters 0-10/20A MI 02
0-1/2 A MC 01

03 Rheostats 0-750Q,1.2A - 02
0-600V,

04 Watt meters 10/20A UPF 02

PROCEDURE:

1. Connections are made as shown in the circuit diagram (11.a)

2. The TPDT switch (S4) in 1’ & 2’ position. (The field of the synchronous motor (F
and FF) is temporarily shorted).

3. Keeping load switch (Ss3) open, the both rheostats Ri in the field circuit of
synchronous motor in cut-in position and rheostat Rz in the field circuit of generator
in cut-in positions, the exciter switch DPST (S2) and supply switch TPST (S1) are
closed.

4. The output of the three phase Auto transformer is increased slightly, and the
direction of rotation of the motor is observed. If the motor runs in opposite direction
of the marked position then bring back the Auto Transformer to Zero position and
change any two phases of the supply Terminals.

5. The out-put of the three phase auto-transformer is again increased till the
synchronous motor attains 50% of its rated speed, immediately the TPDT (S4) is
switch over to 1 & 2 position. And then increase to rated voltage.

6. The excitation of synchronous motor is varied in steps by cutting-out the rheostats
Ri, at no-load, the readings of all the meters are noted down.

7. The rheostat R:is brought back to cut-in position and generator voltage is built up
to its rated value by gradually cutting out the rheostat Ra.

8. The load switch (S3) is closed and the load on the generator is adjusted to any
convenient value (Say Y4, 2 or 3 of the rated load current) and the excitation of
synchronous motor is varied in steps by cutting-out the rheostat Ri. At each step
readings of all the meters are noted down.

(NOTE: The selected load current is kept constant throughout the experiment)
9. The load on generator is gradually removed, the load switch (Ss) is opened, all the

rheostats are brought back to their respective initial positions, and the TPDT (S4)
is opened.

Dept. of EEE, C.1.T, Gubbi, 572 216 Page No.51



Electrical Machines Laboratory-II1

TABULAR COLUMN:

Sl. I If I W1 W2 Cosd R K
No Amps Amps Amps Watt Watt 0s emarks
No Load
Condition
Loaded
Condition
MODEL GRAPH:
A
I
|
I COS®
_h
COSo
> |
Graph No (1)
CALCULATION:
Power factor is given by
Cos® = Cos[tan'1V3{ (W1-W2)/(W1+W2)}]
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10. The out-put of the 3-phase auto-transformer is brought zero out-put position, then
the supply switch (S1) and the exciter switch (Sz) is opened.

11. Following graphs are plotted as shown in model graph no (1)
i. Supply current v/s Field current > V curve and
ii. Power factor v/s Field current. > A curve.

Signature of Staff-incharge
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CIRCUIT DIAGRAM:

(0-5/10A)

MI l—------------ IU;A,3UOV-.

L}
: UPF

' :
i V‘V‘VA‘L "
- Vi §
DPST :..C ........ Joy 1-@ Induction
S, - Motor
Phn E E
I i :
230V, ' '
sujri(. | Oe— (\! (0-300)V
I—(I>.\(‘.\upr-]y i E MI
—n 1 1
N H s
LR
|-
Auto transformer Circuit diagram (12.a)

OPEN CIRCUIT TEST

(0-5/10A) Ti Tz
R — s 10A,75V
AN\ _IM ) LiUPF
W : si€ly €13
: 'AVA'A‘L 1
e i ,
-y A e 1-& Induction Belt
o8 T Motor
Ph i E
_“f. | i
D ! <-§— (v)(O-liO)’\f' Q O
1-DAC Supply . ! MI
X o i :
N i _E Brake Drum
1-d
Auto transformer Circuit diagram(12.b)

BLOCKED ROTOR TEST

Name Plate Details

KW
Volt
Amp
RPM
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Experiment No. 12 Date:_ /_/

Equivalent circuit of a 1-phase Induction Motor
AIM:

Draw the equivalent circuit of the single phase Induction motor by conducting (a)
No-load test (b) Blocked rotor test.

APPARATUS REQUIRED:

SI. No Particulars Range Type Quantity
0-300V
01. Voltmeter 0-150V MI 01
02. Ammeter 0-5/10A MI 01
10A, 300V
03. Wattmeter 10A,150V UPF 01
04. Tachometer -- Contact 01
Type
PROCEDURE:

1) OPEN CIRCUIT TEST.
10. Connections are made as shown in the circuit diagram (12.a).

11. Keeping the 1-® auto-transformer voltage in zero out-put position, the supply
switch (S1) is closed.

12. By varying the 1-® auto-transformer, the rated voltage of 1-® induction motor is
applied. All the meter readings are noted down.

13. To stop the motor, the 1-® auto-transformer is brought back to its initial zero out-
put position, the supply switch (S1) is opened.

2. BLOCKED ROTOR TEST.

14. Connections are made as shown in the circuit diagram (12.b).

15. The brake-drum of the induction motor is blocked from rotation by tightening the
belt.

16. By keeping the 1-® auto-transformer voltage in zero out-put position, the supply
switch (S1) is closed.

17. By operating the 1-® auto-transformer very slowly, a low voltage is applied, such
that the rated current of the induction motor flows in the stator winding. All the
meter readings are noted down.

18. To stop the motor, the 1-® auto-transformer is brought back to its initial zero out-

put position, loosened the belts of brake drum, then open the supply switch (S1).

TABULAR COLUMN:
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3. OPEN-CIRCUIT TEST.

Sl. Vo A Wo
No. (Volts) (Amps) | (Watt)

(Vsel X Isel X COS ¢)

NOTE: 1) W = (k x Watt Meter Reading.) Where, k = -
Full Scale Deflection

4. SHORT-CIRCUIT TEST.

SI . VSC A WSC
No. (Volts) (Amps) | (Watt)

(Vsel X Isel X COS ¢)

NOTE: 1) W = (k x Watt Meter Reading.) Where, k = -
Full Scale Deflection

EQUIVALENT CIRCUIT:

Equivalent circuit of

1-¢ induction motor Equivalentclreults for

no-load and blocked rotor

CALCULATION:
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The DC resistance of main winding of stator i.e, Racis measured by multimeter. The
effective value of resistance is taken 1.3 times Rqc.i.e Rui.

BLOCKED ROTOR TEST

Zsz‘i

Is
R=R +R _Ws
S 1 2 IZS

AssumingR =R '="SandX =X '_Xs
1 2 2 1 2 2
R1 = RZI
X1 = XZ
NO -LOAD TEST
V
ZO :—0
Iy

Calculation for efficiency:

r 1 1
J..‘,.X' §2+JA:2.
pla gzl

NZ=R +JK, =— ] == .ohms
.RL.Q. I_Y.l.,. _{L'.
r il o
whereZ = Forward Impedance
J'%[E(;iﬁ i
(i) Z, =R, +JX, = | l = =...0hms
RZ XZ Xu
—_—t | S
2(2-9) 2 2]

whereZ, - backward Im pedance

(iii)Z,=Z,+Z.+Z,[whereZ,=R,+JX,]=. ....... ohms
(vi) Current drawn by the motor at above slip
I.=V/Zt= ........... Amps

(v)CosP:%‘-.
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(vi) Voltage across forward rotor = Eq= 11 X Z¢=

[ R'Y (%) P!
(vii) Impedanceof therotor=2, = (—‘) +[—1) . = ohms

2s 2
E
1= —Z_:- et .Amps
RI
T= Ig[—z—?—]insyn-watts
s

(viii) Voltage across the backward rotor = E, = I3 X Zp=

W
Z = R; ’+ X : = VOIS
=\ 29 3| | =

Bow of B e oo
28,1, 12[2(2-3)] Syn - watts
(ix) Net Torque (T="T ,—T, Syn-watts.

2™T

Iy =

Mechanicaloutput=P_ = "
P
tNn =| =8 X100.
S ( VICos¢
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Signature of Staff-incharge
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CIRCUIT DIAGRAM:

(0-5/10)A

Rotor

0-38Q
85A

MI
(»)
-/
R (0-500)V
MI
440V,
3-0,50Hz E
AC supply
B
3-d Auto

Transformer

0-38Q
85A

Circuit Diagram (13.a)

SPEED CONTROL OF 3-® INDUCTION MOTOR

TABULAR COLUMN:

SI.No

(Amps) (Volts)

Speed
(rpm)
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“ADDITIONAL EXPERIMENT"”

Experiment No. 13

AIM:

To control the speed of a given 3-® slip-ring induction motor by using rotor

resistance.

Date:_ / /

SPEED CONTROL OF 3-® INDUCTION MOTOR

APPARATUS REQUIRED:

Sl. No Particulars. Range Type Quantity
01. Voltmeter 0-500V MI 01
02. Ammeter 0-5/10A MI 01

Contact
03. Tachometer -- Type. 01
04 Rheostats 0-38%,8.5A -- 03

PROCEDURE:

1. Connections are made as shown in the circuit diagram (13.a).

2. By keeping the 3-® auto transformer voltage in zero out-put position, the 3-® rotor
resistance in maximum resistance (Rheostats in cut-in position) position, the supply
switch (S1) is closed.

3. By varying the 3-® auto transformer the rated voltage of the induction motor is
applied. [Say 415V]. All the meter readings and motor speed are noted down.

4. All the 3 rheostats are gradually decrease in steps. At each step the readings of all
the meters and speed are noted down.

5. To stop the machine, the 3-® rotor resistance is brought back to their initial position
and 3-O auto transformer to its initial zero out-put position, the supply switch (S1)

is opened.

Signature of Staff-incharge
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UESTION BANK

1. By conducting suitable experiment, Pre determine the efficiency of the given

DC machine when running as motor for a Load of % by

conducting suitable experiment.
2. By conducting suitable experiment, Pre determine the efficiency of the given

DC machine when running as Generator for a load of % by

conducting suitable experiment
3. Draw the Armature Voltage v/s Speed and Field current v/s Speed
characteristics of a given DC shunt motor by conducting necessary Tests.
4. By conducting suitable experiment demonstrate that Speed can be controlled
in both forward and reverse directions for a DC shunt motor.
5. Draw the following Curves for a given DC shunt motor by conducting load test.
(a) % Efficiency Vs BHP (c) TVsBHP

() NVs T (d) N Vs BHP

6. Conduct a suitable test on a given DC shunt motor and obtain the following

parameters at % load.
(a) % efficiency (d) N
(b) BHP (e) Motor power input
(c) T Vs BHP

7. Conduct the regenerative test on two similar DC machines and pre-determine

efficiency of a motor at % load.

8. Conduct the regenerative test on two similar DC machines and pre-determine

efficiency of a generator at % load.

9. Conduct the Back to Back test to pre-determine the efficiency of a motor at
load and efficiency of a generator at load.
10.Conduct Retardation Test and predetermine the efficiency as a generator at
Load.
11.Conduct Retardation Test and predetermine the efficiency as a Motor at
Load.
12.Conduct Retardation Test and predetermine the efficiency as a generator and

as a Motor at Load.
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13.Conduct suitable experiment on a 3-phase Synchronous motor to draw ‘V’
curve at no Load.

14.Conduct suitable experiment on a 3-phase Synchronous motor to draw 'V’
curve at 3A Load.

15.Conduct suitable experiment on a 3-phase Synchronous motor to draw ‘A’
curve at no Load.

16.Conduct suitable experiment on a 3-phase Synchronous motor to draw ‘A’
curve at 2A Load.

17.Conduct suitable experiment on a 3-phase Synchronous motor to draw 'V’ and
‘N’ curve at No Load.

18.Conduct suitable experiment on a 3-phase Synchronous motor to draw 'V’ and
‘N’ curve at 4A Load.

19.Conduct Field test on a D.C Series Machines and calculate Its Efficiency as a
Motor at Load.

20.Conduct Field test on a D.C. Series Machines and calculate Its efficiency, as a

Generator at load.

21.Conduct Field test on a D.C. Series Machines and calculate Its efficiency, as a

Generator and as a Motor at load.

22.Conduct Field test on a DC Series Machines, to draw the % efficiency vs Load

curve.

23.Draw the torque Vs speed characteristic of a 3 - Phase induction motor by

conducting necessary test on it.

24.Conduct load test on a 3 - Phase induction motor and draw BHP Vs n, BHP VsP.f

and BHP Vs slip characteristics.

25.Conduct load test on a 3 - Phase induction motor and determine at 34 full load

slip, n, Torque and output.

26.Conduct necessary tests on a 3 - Phase induction motor and draw its equivalent

circuit.

27.Draw the torque Vs speed characteristic of a Single — Phase induction motor by

conducting necessary test on it.

28.Conduct load test on a Single — Phase induction motor and draw BHP Vs n, BHP
VsP.f and BHP Vs slip characteristics.
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29.Conduct load test on a Single - Phase induction motor and determine at 34 full

load slip, n, Torque and output.

30.Conduct necessary tests on a 3 - Phase induction motor to draw its circle

diagram. Assume stator copper loss is equal to Rotor copper loss.

31.Conduct necessary tests on a 3 - Phase induction motor to draw its circle
diagram and from it determine the following at maximum torque output, n, slip

and power factor.

32.Draw the circle diagram of a 3 - Phase induction motor by conducting
necessary tests and calculate at maximum output, n, slip, power factor and

input current.

33.Draw the circle diagram of a 3 - Phase induction motor and calculate at full

load n, output, slip, torque &P.f.

34.Draw the circle diagram of a 3 - Phase induction motor and calculate at 10

Amps the output, n, slip, torque & Power factor.

35.Conduct necessary test on a given 3 - Phase induction motor and draw voltage

Vs speed characteristic.

36.Conduct load test on a given induction generator and find its efficiency at 34
full load.

37.Conduct load test on a given induction generator and find its efficiency at 5A

load.

38.Determine the efficiency and regulation for three single phase transformers

connected in y-A at full load..

VIVA - VOCE QUESTIONS

1. Load test on Single Phase Induction Motor
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1.
2
3
4
5.
6
7

8.

What are the different types of single phase induction motor?

Why a single phase induction motor is not self starting?

How do you make a single phase induction motor self starting?

Explain briefly the working of split phase induction motor.

What are the applications of split phase induction motor?

What is the function of capacitor in capacitor start and induction run motor?
What are the advantages of capacitor start and capacitor run induction motor?

Draw the approximate equivalent circuit for single phase induction motor.

2. Load test on 3- Phase Induction motor

> W N

10.
11.
12.

13.
14.

What is the basic principle of operation of a 3- phase induction motor?
What is the function of Stator?
What do you mean by the term Synchronous speed?

What is ‘slip’ in Induction motor? Why the slip is never zero in an Induction
motor?

What is the frequency of induced current in the rotor of an induction motor at
stand still and while it is running?

Mention the different types of Rotors?

What are the differences in construction between Squirrel- cage and Phase
wound- rotor of an Induced Motor? What are their applications?

Why the rotor bars of a squirrel cage rotor are skewed?

What is the advantage of phase wound rotor?

How torque is produced in an induction motor?

How the starting torque of phase wound rotor does is improved?

What is the condition for maximum starting torque? and maximum torque under
running condition?

Draw the torque slip characteristics and explain.

What do you mean by Pullout or Break down torque?

5. Circle Diagram of 3- phase Induction motor

1.

2.

What are the losses taking place in 3- phase induction motor?

How much operating characteristics of a three phase Induction motor can be
computed by use of circle diagram?

What are the losses taking place in a three phase induction motor?

How do you determine the friction and windage loss from no-load test?
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5. How do you determine the maximum output and minimum torque from circle
diagram?

6. What is the expression for rotor copper loss?
7. What do you mean by Synchronous Watt?

8. Draw an approximate equivalent circuit for 3- phase induction motor. Draw the
vector diagram.

9. What are the similarities between a transformer and a 3- phase induction
motor?

10. What do you mean by “Crawling and Cogging”?

. Induction Generator

1. What do you understand the floating conditions.
2. What is the use of three phase Energy meter?

3. Explain the meaning of excitation.

6. DC Machines

1.

2.

10.

11.

12.

13.

14.

15.

Why should the field rheostat be kept in the position of minimum resistance?
What is the loading arrangement used in a DC motor?

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?

How should a Shunt or compound 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 DC shunt motor is opened?

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

Explain what happens when a DCmotor is connected across an AC supply?

Why does a DC motor sometimes spark on light load?

Dept. of EEE, C.1.T, Gubbi, 572 216 Page No.66



Electrical Machines Laboratory-I11

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

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

What is meant by back?

Discuss different methods of speed control of a DC motor.

Why a DC series motor should not be started at No load?

What are the losses that occur in DC machines?

State some present day uses of DC 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?

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

42. 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

43. What is the purpose of Hopkinson’s test?

44. What are the precautions to be observed in this test?

45. What are the advantages of Hopkinson'’s test?

46. What are the conditions for conducting the test?

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

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

49, What are the other names for Hopkinson’s test?

50. Why is armature resistance less than field resistance of dc shunt machine?
51. Why is armature resistance more than field resistance of dc series machine?
52. Write the EMF equation of DC and AC machine.

53. Write the torque equation of DC motor.
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STUDY OF ELECTRICAL SYMBOLS
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Sl. No. | Particulars Symbol
1 Electrical wire
2 Connected wires —+— OR —l—
3 Not connected wires -(i—é OR +
4 SPST Toggle switch o
5 SPDT Toggle switch 0 0/0
6 Pushbutton Switch (N.O) - O0—
7 Pushbutton Switch (N.C) ey
8 Earth Ground —l—
9 Chassis ground H7
10 SPST Relay 4
11 SPDT Relay :-7‘
R
12 Digital Grounding
13 Resistor —/\/\/\/_
14 Potentiometer J\/\?/\e’_
15 Variable Resistor —W\/—
16 Polarized Capacitor ;| F
17 Inductor J\/’ d I11 R
18 Iron-core Inductor YT
A
19 Variable Inductor o
20 DC Voltage Source _@_
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21 Current Source _®—’
22 AC Current Source —@—«
23 Generator _@“
24 Battery Cell —| —
25 Battery _||||_
26 Controlled Voltage Source- DC _<>‘
27 Controlled Current source _<“>“
28 Voltmeter _®_
29 Ammeter —@—
30 | Ohm meter
31 Wattmeter _@_
32 | Lamp/Light/Bulb @E
33 Motor '—@‘
34 Transformer E| |€
35 Fuse —
36 Electrical Bell B
37 Buzzer
38 Bus )
39 Loudspeaker :E(]
40 Microphone D:
s
41 Arial Antenna \’
42 Circuit Breaker —
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43 Contacts Closed — NC =00 ‘\H\‘
44 Contacts Open - NO Q/C DIE—|%
45 AC Generator _®_
46 DC Generator
4
47 Relay with Transfer Contacts <
Y
48 Current Transformer 1
49 Loud Speaker
50 Heater b —
51 | DPST o7 o
o
oo
52 DPDT o e
o oo
NO
53 Relay with Contacts cgu
N
T
54 Thermistor _@_
55 Full wave, Bridge Type Rectifier o
56 Inductor Solenoid / Coil —fm—
57 | DC Motor —m —
P
58 | AC Motor —(E)—
59 Galvanometer —@—
/"“\
60 VAR Meter (=)
-
N
61 Power-Factor Meter NG,
T
| |
62 Isolation Transformer %h
|
| |
63 Variable Voltage Transformer F%ﬁ_ﬁl
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64 Auto Transformer }A/TAJ
Current Transformer with Two Secondary
65 Windings On One Core .
./d__-\\'.
66 Motor Operated Valve l\;?/"
67 Electrical Distribution Panel |?
68 Junction Box JB
69 Instrument Panel or Box
70 Lightning Arrestor
71 Lighting Rod "
72 Choke SYYYL
73 One-way switch o/\
74 Two-way switch f
75 Intermediate switch X
76 Spot light @ZI
77 Distribution Board Iu_lii'l
78 Fan B s
79 Joint Box @
80 Short circuit device '
™
81 Emergency push button EI
82 Lighting outlet position —
83 Lighting outlet on wall H‘#
84 Connector —>—
e
85 Light Emitting Diode
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86 Photo Cell

87 Voltage Indicator capacitive
88 General caution

89 Poisonous sign

90 Radio Activity sign

91 Ionizing radiation sign

92 Non-ionizing radiation sign
93 Biohazard sign

94 Warning sign

95 High voltage sign

96 Magnetic field symbol

97 Chemical weapon symbol
98 Laser hazard sign

99 First Aid

100 Fire Extinguisher 7741
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