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FOREWORD

The Government of India has set an ambitious target of imparting skills to 30 crores people, one out of
every four Indians, by 2020 to help them secure jobs as part of the National Skills Development Policy.
Industrial Training Institutes (ITIs) play a vital role in this process especially in terms of providing skilled
manpower. Keeping this in mind, and for providing the current industry relevant skill training to Trainees,
ITI syllabus has been recently updated with the help of Mentor Councils comprising of various stakeholder's
viz. Industries, Entrepreneurs, Academicians and representatives from ITls.

National Instructional Media Institute (NIMI), Chennai has come up with instructional material to suit the
revised curriculum for Electrician 3@ Semester Trade Practical NSQF (LEVEL - 5) in Electrical sector
under Semester Pattern required for ITls and related institutions imparting skill development. The
NSQF (LEVEL- 5) will help the trainees to get an international equivalency standard where their skill
proficiency and competency will be duly recognized across the globe and this will also increase the
scope of recognition of prior learning. NSQF (LEVEL - 5) trainees will also get the opportunities to promote
life long learning and skill development. | have no doubt that with NSQF (LEVEL - 5) the trainers and
trainees of ITls, and all stakeholders will derive maximum benefits from these IMPs and that NIMI's effort
will go a long way in improving the quality of Vocational training in the country.

The Executive Director & Staff of NIMI and members of Media Development Committee deserve appreciation
for their contribution in bringing out this publication.

Jai Hind

RAJESHAGGARWAL
Director General / Addl. Secretary,
Ministry of Skill Development & Entrepreneurship,
Government of India.

New Delhi - 110 001
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PREFACE

The National Instructional Media Institute (NIMI) was established in 1986 at Chennai by then Directorate
General of Employment and Training (D.G.E & T), Ministry of Labour and Employment, (now under Ministry
of Skill Development and Entrepreneurship) Government of India, with technical assistance from the Gowt.
of the Federal Republic of Germany. The prime objective of this institute is to develop and provide instructional
materials for various trades as per the prescribed syllabi (NSQF) under the Craftsman and Apprenticeship
Training Schemes.

The instructional materials are created keeping in mind, the main objective of Vocational Training under
NCVT/NAC in India, which is to help an individual to master skills to do a job. The instructional materials
are generated in the form of Instructional Media Packages (IMPs). An IMP consists of Theory book,
Practical book, Test and Assignment book, Instructor Guide, Audio Visual Aid (Wall charts and
Transparencies) and other support materials.

The trade practical book consists of series of exercises to be completed by the trainees in the workshop.
These exercises are designed to ensure that all the skills in the prescribed syllabus are covered. The trade
theory book provides related theoretical knowledge required to enable the trainee to do a job. The test and
assignments will enable the instructor to give assignments for the evaluation of the performance of a
trainee. The wall charts and transparencies are unique, as they not only help the instructor to effectively
present a topic but also help him to assess the trainee's understanding. The instructor guide enables the
instructor to plan his schedule of instruction, plan the raw material requirements, day to day lessons and
demonstrations.

IMPs also deals with the complex skills required to be developed for effective team work. Necessary care
has also been taken to include important skill areas of allied trades as prescribed in the syllabus.

The availability of a complete Instructional Media Package in an institute helps both the trainer and
management to impart effective training.

The IMPs are the outcome of collective efforts of the staff members of NIMI and the members of the Media
Development Committees specially drawn from Public and Private sector industries, various training institutes
under the Directorate General of Training (DGT), Government and Private ITIs.

NIMI would like to take this opportunity to convey sincere thanks to the Directors of Employment &
Training of various State Governments, Training Departments of Industries both in the Public and Private
sectors, Officers of DGT and DGT field institutes, proof readers, individual media developers and coordinators,
but for whose active support NIMI would not have been able to bring out this materials.

R. P. DHINGRA
Chennai - 600 032 EXECUTIVE DIRECTOR
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INTRODUCTION

This manual fortrade practical is intended for use inthe ITI workshop. It consists of a series of practical exercises
that are to be completed by the trainees during the first semester of course is the Electrician trade under
Electrical Sector. It is National Skills Qualifications Framework NSQF (LEVEL- 5), supplemented and
supported by instructions/information to assist the trainees in performing the exercise. The exercises are designed
to ensure that all the skills prescribed in the syllabus are covered including the allied trades.The syllabus for the
3" Semester Electrician Trade under Electrical Sector Trade Practicalis divided into Six Modules.The allocation
of time for the various modules is given below:

Module 1 - DC Generator 7 Exercises 78 Hrs
Module 2 - DC Motor 9 Exercises 122 Hrs
Module 3 - AC Three Phase Motor 11 Exercises 125Hrs
Module 4 - AC Single Phase Motor 9 Exercises 100Hrs
Module 5 - Alternator 5 Exercises 50 Hrs
Module 6 - Synchronous Motor and MG Set 4 Exercises 50 Hrs

Total 45 Exercises 525Hrs

The syllabus and the content in the modules are interlinked. As the number of workstations available in the
electrical section is limited by the machinery and equipment, it is necessary to interpolate the exercises in the
modules to form a proper teaching and learning sequence. The sequence of instruction is givenin the schedule
of instruction which is incorporated in the Instructor's Guide. With 25 practical hours a week of 5 working days
100 hours of practical per month is available.

Contents of Trade Practical

The procedure for working through the 45 exercises for the 3™ semester with the specific objectives as the learning
out comes at the end of each exercise is given is this book.

The skill objectives and tools/instruments, equipment/machines and materials required to perform the exercise
are given in the beginning of each exercise.Skill training in the shop floor is planned through a series of practical
exercises/experiments to supportthe related theory to make the trainees gethands on trainning inthe Electrician
trade along with the relevant cognitive skills appropriate for the level. A minimum number of projects have been
included to make the training more effective and develop attitude to work in a team. Pictorial, schematic, wiring
and circuitdiagrams have beenincludedinthe exercises, wherever necessary, to assistthe trainees broaden their
views. The symbols used in the diagrams comply with the Bureau of Indian Standards (BIS) specifications.

Illustrations in this manual, help trainess visual perspective of the ideas and concepts.The procedures to be
followed for completing the exercises is also given. Different forms of intermediate test questions have been
included in the exercises, to enhance the trainee to trainee and trainee to instructor interactions.

Skill Information
Skill areas which are repetitive in nature are given as separate skill information sheets. Skills which are to be
developed in specific areas are included in the exercises itself. Some subexercises are developed to fulfill the

sequence of exercises in keeping with the syllabus.

This manual on trade practical forms part of the Written Instructional Material (WIM). Which includes manual on
trade theory and assignment/test.
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[ ASSESSABLE /LEARNING OUTCOME ]

On completion of this book you shall be able to

* Plan, execute commissioning and evaluate performance of DC
machines.

* Execute testing and maintenance of DC machines and motor starters.

* Plan, execute commissioning and evaluate performance of AC
motors.

* Execute testing and maintenance of AC motors and starters.

 Plan, execute testing, evaluate performance and carry out
maintenance of Alternator/MG set.

 Execute parallel operation of Alternators.

* Distinguish organize and perform motor winding.
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Third Semester

SYLLABUS

Duration: Six Month

Week [Ref. Learning Professional Skills(Trade Practical) Professional Knowledge
No. |Outcome with Indicative hours (Trade Theory)

53-54 |« Plan, 115. Identify terminals, parts General concept of rotating
Execute and connections of electrical machines.
commis different types of DC Principle of DC generator.
-sioning machines. (10 Hrs) Use of Armature, Field Coill,
and 116. Measure field and Polarity, Yoke, Cooling Fan,
evaluate armature resistance of DC Commutator, slip ring and
performance machines. (10 Hrs) Brushes, Laminated core
of 117. Determine build up voltage etc.

DC of DC shunt generator with E.M.F. equation
machines varying field excitation and Separately excited and self
performance analysis on excited generators.
load. (15 Hrs) Series, shunt and
118. Test for continuity and compound
insulation resistance of DC generators
machine. (5 Hrs)
119. Start, run and reverse
direction of rotation of DC
series, shunt and
compound motors. (10
Hrs)

55-56 |+ Plan, Execute | 120.Perform no load and load Armature reaction,
commissioning test and determine '\ Commutation, inter poles and
and evaluate characteristics of series connection of inter poles.
performance of and shunt generators. (12 Parallel Operation of DC
DC machines. Hrs) Generators.

* Execute 121.Perform no load and load Load characteristics of DC

testing, test and determine generators.
and characteristics of Application, losses & efficiency
maintenanceof compouqd generators of
DC machines (cumulative and DC Generators.
and differential). (13 Hrs) Routine & maintenance
motor starters | 122.Practice dismantling and

assembling in DC shunt

motor. (12 Hrs)

123.Practice dismantling and
assembling in DC
compound generator. (13 Hrs)
57.58 | © Plan, Execute 124.Conduct performance Principle and types of DC

commissioning
and evaluate
performance of
DC machines.
¢ Execute
testing,
and
maintenance of
DC machines
and
motor starters

analysis of DC series, shunt
and compound motors. (15
Hrs)

125.Dismantle and identify
parts of three point and
four point DC motor
starters. (10 Hrs)

126.Assemble, Service and
repair three point and four
point DC motor starters.
(15 Hrs)

motor.

Relation between applied
voltage

back e.m.f., armature voltage
drop, speed and flux of DC
motor.

DC motor Starters, relation
between torque, flux and
armature current.
Changing the direction of
rotation.




127.Practice maintenance of
carbon brushes, brush
holders, Commutator and
slip-rings. (10 Hrs)

Characteristics, Losses &
Efficiency of DC motors.
Routine and maintenance

128.Perform speed control of

59 -60 Eé?i%lét,e DC motors - field and I\D/Ice:thods of speed control of
and armature control method. motors
; (10 Hrs) ) .
maintenance . Lap and wave winding and
of DC 129.Carry out.overhaullng of related terms
machines DC machines. (15 Hrs)
and 130.Perform DC machine
motor winding by developing
starters. connection diagram, test
Distinguish, on growler and assemble.
organise and (25 Hrs)
perform
motor
winding
61-62 Plan, Execute [ 131.ldentify parts and Working principle of three
commissioning terminals of three phase phase
and evaluate AC motors. (5 Hrs) induction motor.
performance of | 132.Make an internal Squirrel Cage Induction
AC motors. connection of automatic motor,
Execute star-delta starter with Slip-ring induction motor;
testing, three contactors. (10 Hrs) construction, characteristics,
and 133.Connect, start and run Slip
maintenanceof three phase induction and Torque.
AC motors motors by using DOL, stardelta Different types of starters for
and and auto-transformer three phase induction
starters starters. (20 Hrs) motors, its
134.Connect, start, run and necessity, basic contactor
reverse direction of circuit,
rotation of slip-ring motor parts and their functions
through rotor resistance starter
and determine
performance
characteristic. (15 Hrs)
63 - 64 Plan, Execute

commi
-ssioning
and evaluate
performance
of

AC motors.
Execute
testing,

and
maintenance
of

AC motors
and

starters

135.Determine the efficiency of
squirrel cage induction
motor by brake test. (8
Hrs)

136.Determine the efficiency of
three phase squirrel cage
induction motor by no load
test and blocked rotor test.
(8 Hrs)

137.Measure slip and power
factor to draw speedtorque
(slip/torque)
characteristics. (14 Hrs)

138.Test for continuity and
insulation resistance of
three phase induction
motors. (5 Hrs)

Single phasing prevention.

No load test and blocked rotor
test of induction motor.
Losses & efficiency.

Various methods of speed
control.

Braking system of motor.
Maintenance and repair




139.Perform speed control of
three phase induction
motors by various methods
like rheostatic control,
autotransformer etc. (15

Hrs)

s |+ Distinguish 140.Perform winding of three Concentric/ distributed, single/
organise phase AC motor by double layer winding and
and developing connection related
perform diagram, test and terms
motor assemble. (20 Hrs)
winding 141.Maintain, service and

troubleshoot the AC motor
starter. (05 Hrs)
66-67 |+ Plan, Execute | 142. Identify parts and Working principle, different
commissioning terminals of different types method of starting and
and evaluate of single phase AC running
performance of motors.(5 Hrs) of various single phase AC
AC motors. 143.Install, connect and motors.

« Execute testing, determine performance Domestic and industrial
and single phase AC motors.(15 Hrs) applications of different single
maintenance of | 144.Start, run and reverse the phase AC motors.

AC motors and direction of rotation of single phase AC Characteristics, losses and
starters motors.(10 Hrs) efficiency
145.Practice on speed
control of single phase AC
motors.(10 Hrs)
146.Compare starting and
running winding currents
of a capacitor run motor at
various loads and measure
the speed. (10 Hrs)
68-69 | ° Distinguish 147.Carry out maintenance, Concentric/ distributed, single/

organise and
perform motor
winding

service and repair of single
phase AC motors. (10 Hrs)

148.Practice on single/double
layer and concentric
winding for AC motors,
testing and assembling. (25
Hrs)

149.Connect, start, run and
reverse the direction of
rotation of universal
motor. (10 Hrs)

150.Carry out maintenance and
servicing of universal
motor. (05 Hrs)

double layer winding and
related

terms.

Troubleshooting of single
phase

AC induction motors and
universal motor




70-71

Plan, execute
testing,
evaluate
performance
and

carry out
maintenance of
Alternator / MG
set.

Execute
parallel
operation of
alternators

151.Install an alternator,
identify parts and
terminals of alternator. (10
Hrs)

152.Test for continuity and
insulation resistance of
alternator. (5 Hrs)

153.Connect, start and run an
alternator and build up the
voltage. (10 Hrs)

154.Determine the load
performance and voltage
regulation of three phase
alternator. (10 Hrs)

155.Parallel operation and
synchronization of three
phase alternators. (15 Hrs)

Principle of alternator, e.m.f.
equation, relation between
poles, speed and frequency.
Types and construction.
Efficiency, characteristics,
regulation, phase sequence
and

parallel operation.

Effect of changing the field
excitation and power factor
correction

Plan, execute

72 156.Install a synchronous Working principle of
testing, motor, identify its parts synchronous
evaluate and terminals. (10 Hrs) motor.
performance 157.Connect, start and plot Effect of change of excitation
and Vcurves and
carry out for synchronous load.
maintenance of motor under different V and anti V curve.
Alternator / MG excitation and load Power factor improvement
set conditions. (15 Hrs)
73 Plan, execute 158.Identify parts and Rotary Converter, MG Set
testing, terminals of MG set. (5 description and
evaluate Hrs) Maintenance
performance 159.Start and load MG set with
and 3 phase induction motor
carry out coupled to DC shunt
maintenanceof generator. (20 Hrs)
Alternator /
MG
set
74 -75 Project work/Industrial visit (optional)
Broad Areas:
a) Phase sequence checker for 3 phase
supply
b) Induction motor protection system
¢) Motor starters with protection
d) Solar/wind power generation
76-77 Revision
78 Examination







Electrical
Electrician - DC Generator

Exercise 3.1.115

ldentify terminals, parts and DC connections of different types of DC machines

Objectives: At the end of this exercise you shall be able to
e read and interpret the name-plate details of the given DC machine

« determine the pairs of terminals of the windings of the DC machine by the test lamp method

« test and identify the field and armature terminals of DC machine by the test lamp method

« Identify the parts of DC machines
e connect different types of DC machines.

Requirements

Tools/Instruments

¢ Insulated combination pliers 200mm - 1 No.

e Screwdriver 150mm -1 No.

* D.E. spanner set 5mm to 20mm -1 No.
(Foragroup of seven)

Equipment/Machines

¢ DC compound machine 220V -1 No.
or 440V rating

¢ Dismantled DC machine -1 No.

Materials

¢ P.V.C. Insulated cable 3/20 of
660 V grade

¢ Kit-kat fuse unit 250V, 16A

¢ Pendent lamp-holder 240V, 6A

¢ S.P.T. switch 240V, 6A

¢ B.C. lamp 25/40 watt, 240V

¢ Fuse wire 5A

¢ Cleaning cloth

-5m
-1 Set
-1 No.
-1 No.
-1 No.
- as reqd.
- as reqd.

PROCEDURE

TASK 1: Read and interpret the name plate details and identify the terminals of a DC compound machine

1 Readthename-plate details of the given DC compound

machine and record them in Table 1.

Tablel

Name-plate details

Manufacturer

Type, model

Type of current

Function.

Serialnumber

generator/motor

Type of connection

sep/shunt/series/compound

Ratedvoltage volts  Rated current amps
Rated power k.w. Ratedspeed .r.p.m.
Rated exc.voltage volts  Rated Exc.current amps
Rating class. Direction of rotation
Insulation class Protection class
2 Removethe terminal box cover and sketchthe layout of ]
the terminals in the space given in Fig 1a. Fig1 —
: O O
Do not spoil screw heads or nuts nor losethem , .
while removing the terminal cover. O O
As there is no marking on the terminals, give 5 6
your own marking as shown in Fig 1b. O O

ELN31115H1
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TASK 2: Test and identify the pairs of terminals of a DC compound machine

1 Prepare atestlamp for 240V 25W. (Fig 2)

Table2

Fig 2 s 05A L
Lo ;o — PROD. 1

A.C.SUPPLY
240V, 50HZ

N Lc PROD. 2

ELN31115H2

Identify one of the cables as the phase cable and
connectitto the testlamp through the switch and fuse.

Care should be taken to avoid any part of your
body comingin contactwiththebareportion of
the prods since 240V ACvoltageis dangerous,
and may cause shock hazards.

Keep the switch in the 'off' position when the

test lamp is not in use.

2 ConnectProd 1 ofthetestlamptoterminal 1 andtouch
the other Prod 2 to the rest of the terminals, one by one.
(Fig3a)

Fig 3
TESTLAMP 54 s
—— o—=0
& 20 PROD1 T -
% é Ot‘oe% 240V, 50 Hz
G5 0] PROD 2 . i .
(a)
TEST LAMP GLOWING
N 5A S
& PROD 1 t
- AN
1 2? /‘
é 03 40 240V, 50 Hz
05 60 PROD 2 oy
(b)
TESTLAMP 54 s
01 20 L
( ) é)s 40 | PROD 1 T
as_e0- 240V, 50 Hz
PROD 2 i
o N .
&
(©) 2
IDENTIFYING TERMINALS OF A DC MACHINE 2
w

3 Check the condition of the lamp.

)

Identifi-
cation

Condition of
lamps

Pairs of
terminals

Z
o

land 2
land 3
land 4
land5
land6
3and4
3and5
3and 6
5and 6
Brush to -- 2
Brush to -- 3

Brushto --5

© 0 N O O A WN P

[
= O

=
N

If the lamp lights (Fig 3b) while touching any
one of the other terminals, then the terminal
connected to Prod 1 and Prod 2 form pairs of
the same circuit. Record the observations in

Table 2.

4 Connect Prod 1 of the testlamp to another terminal as
shownin Fig 3candrepeatthe procedure of steps 2and
3 to find the second pair of terminals and write the
results in Table 2.

The test lamp burns bright in both armature
and series field terminals as the respective
inductive reactance are of low value, whereas
inthe shuntfield circuitthelight may burn dim,
or prods when touched, may give some spark
only due to high inductive reactance therein.

Conclusion

Armature terminals and
(Markthemas A & A,.)

Shunt field terminals and
(Mark themas E, & E,.)

Series field terminals and
(Markthemas D, &D,.)

5 Check the other two left out terminals, to ascertain
whether they belong to the same pairs of terminals.

The pairs of terminals in which the lamp either
burnsdimortheprod contactpointgives spark
asshowninFig4aformtheshuntfield terminals.

Electrical : Electrician (NSQF LEVEL - 5) - Exercise 3.1.115



Mark them in Fig 1b as E, & E, and record the same in

Flg 4 TEST LAMP Table 2
DIM GLOW
PROD1 ~\/ - SA S Note: You might have observed in this
01 20 T TL experiment the lamp glows rather brightly at
% E 03 40 240V, 50 Hz two sets or pairs of terminals. They belong to
b6 & 1_PROD2 JN the armature and series fields. To distinguish

(a)

TEST LAMP

the pair of armature terminals out of the two
pairs, follow the steps as given in Task 3.

E
|

o1 28 [ PrROD1

O3 40

[d

240V, 50Hz

05 60

PROD 2

(b)
IDENTIFYING THE TERMINALS OF A DC MACHINE

ELN31115H4

TASK 3: Identify the armature terminals pair out of 2 pairs of low resistive terminals

1 Connectprod 1toanyone oftheidentified lowresistive 3
(where lamp was burning bright) pairs. (Fig 4b)

2 Touch prod 2 to any one of the brushes. (Fig 4b)

Take care that the prod does not touch the 4
body/frame of the machine or any other metal
part except the brush.

If the test lamp burns, then that pair belongs to the
armature terminals. If not, try the other pairs. Mark the
terminals as A, and A, in (Fig 1b) and also enter in
Table 2.

The remaining two terminals will be of series field
terminals. Mark them as D, and D, in (Fig 1b) and also
enterin Table 2.

5 Show the results to your instructor.

TASK 4: Identify the parts of DC machines
1 Read and interpret the name plate details of the DC Put the label on each parts with numbers.(Fig 5)

machine. 4 Recordthe name ofthe parts and draw the sketches of
2 Identify the parts of the DC machine. each parts in table 3.

Table3

Sl.No. Label No Name of the parts Draw the sketches of the parts

1 2

2 3

3 1

4 5

5 9

6 8

7 7

8 4

9 10

10 6

Electrical : Electrician (NSQF LEVEL - 5) - Exercise 3.1.115 3



MAIN POLE

INTER POLE

COOLING FAN

ELN31115H5

PARTS OF A DC MACHINE

TASK 5 : Identify terminals and connect DC shunt generator

1 Connect the machine as per the connection diagram.

(Fig6)

2 Connect field winding to the armature terminal in

parallel. (Fig 6)

Fig 6

] LOAD

SHUNT GENERATOR

ELN31115H6

TASK 6 : Identify terminals and connect DC series generator

1 Connectthe machine as per the connection diagram.

(Fig7)

2 Connect field winding in series with the armature.

(Fig7)

Fig 7

:| LOAD

SERIES GENERATOR

ELN31115H7
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TASK 7 : Identify terminals and connect various DC compound generator

1 Connect the machine as per the connection diagram _
(Fig 8). Fig 10

2 Provide the field excitation by a combination of shunt
and series field windings.

3 Connect the shunt field directly across the armature
(Fig 8).

£
_ LOAD &
Fig 8 =
SHORT SHUNT CUMULATIVE COMPOUND %
w
——
] Fig 11
LOAD
Ish
3
SHORT SHUNT COMPOUND GENERATOR %
4 The shuntfield is connected in parallel with the series o
combination of armature and series field. (Fig 9) LOAD e
SHORT SHUNT DIFFERENTIAL COMPOUND é
Fig 9 i
& . ——
Fig 12 e~~~
LOAD
| —
B2 o Iy
Z I
LONG SHUNT COMPOUND GENERATOR é I \
2
5 Connect the machine as per the connection diagram LOAD g
(Fig 10 & 11) forshort shunt cumulative compound and LONG SHUNT CUMULATIVE COMPOUND 2
short shuntdifferential compound generator.
6 Connect the machine as per the connection diagram Fig 13 ——
(Fig 12 & 13) for differential long shunt cumulative — Y
compound and long shunt differential compund Igh
generator. ﬁ_[Qj ~
Ia
I I
o
I
LOAD 2
LONG SHUNT DIFFERENTIAL COMPOUND %
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Electrical Exercise 3.1.116
Electrician - DC Generator

Measure field and armature resistance of DC machines

Objectives: At the end of this exercise you shall be able to

e read and interpret the name-plate details of a DC machine

« test and identify the terminals of a DC machine

e measure the shunt field resistance of a DC machine by the voltmeter and ammeter method

* measure the shunt field resistance of a DC machine by the ohmmeter method and compare the results
* measure the armature resistance using a voltmeter and ammeter

¢ measure and verify armature resistance by the ohmmeter method.

Requirements

Tools/Instruments Equipment/Machines
e Screwdriver 150 mm -1 No. e Car battery 24V, 100 AH -1 No.
¢ Insulated combination pliers 150 mm - 1 No. * Rheostat 250 ohms, 1 ampere - 1 No.
e D.E. spanner set 5mm to 18mm -1 Set ¢ DC compound machine 220V/ 3KW -1 No.
¢ M.C. voltmeter O to 25V -1 No. ¢ Rheostat 10 ohm5A -1 No.
. MC ammeter 0 to 100 milliamperes -1 No. Materials
e Series/ shunt type ohmmeter

0-500hms -1 No. ¢ PVC Insulated coppercable 1.5sgmm -5m
e M.C.ammeter Oto 5A -1 No. e Crocodile clips 16A - 4 Nos.
* M.C. voltmeter 0 to 500V -1 No. » Testlamp - 1 No.

PROCEDURE

TASK 1: Read and interpret the name plate details of a DC machine

1 Notedownthe name-plate details of the given machine Use proper tools and avoid damage to the
inTable 1. screw heads.
2 Remove theterminalcover. Keep the screws in a tray.
Tablel
Name-plate details
Manufacturer
Type, model
Type of current
Function generator/motor
Fabrication or serial number
Type of connection sep/shunt/series/compound
Ratedvoltage_______ volts Rated current amps
Ratedpower_____ k.w. Rated speed .r.p.m.
Ratedexc.voltage.__________volts RatedExc.current..________amps
Rating class Direction of rotation
Insulation class Protection class

3 ldentify DC machines terminals.



TASK 2: Measure the shunt field resistance by the voltmeter and ammeter method

1 Connectthe circuit as per Fig 1 and getthe approval of

the instructor.

Fig 1 RH 4
Sy 100mA 250Q,1A O-1OOmA7MC
T~ F——} (A Eq Aq
L+ +
= 0-25V,MC
BATTE‘?\\; _ VOLTMETER @2
TL7 E
E2 A2 %
2 Switch ‘on’ the circuit and adjust the rheostat to get

20 mA.

4

Repeat steps 2 and 3for 40, 60,80 and 100 mA current
ratings.

Switch offthe circuitand complete the tabular columns.

Calculate the average value of the field resistance and
show it to the instructor.

Disconnect the circuit after getting the approval by the
instructor.

If the specified range of meters or supply is not
available, it can be carried out, as shown in
Fig 2, by using suitable meters and 220V DC.

3 Read and record the voltmeter and milli-ammeter
readingsin Table 2.
Table2
Sl. mA | Volts | R, =V/mA | Average value
No. Kohms |shuntfield resist-
ance in ohms
1 20
2 40
3 60
4 80
5| 100

Fig 2

MC AMMETER

1A
TN
E
W 1

4
28A 6/) 300V
Rhy /.

L= oo E2

MEASUREMENT OF THE SHUNT FIELD RESISTANCE

ELN31116H2

TASK 3 : Measure shunt field resistance by an ohmmeter

1 Take a series type ohmmeter or multimeter; select a
proper ohmic range and set its value to zero by
shorting the prods.

Use a series type ohmmeter to measure high
value resistance.
Fig 3
'd E1 o A1
SHUNT TYPE <Q> @
OHM METER
2
E2 o A2 ‘%

2

Connectthe meter leads to the shunt field terminals of
the machine as per the Fig 3.

Read, and record the value of the shuntfield resistance
below. The value of the shunt field resistance is
ohms.

Refix the terminal cover.

Compare the readings obtained in Tasks 1 and 2. If
there is any difference write the reasons in the space
given below.
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TASK 4: Measure the armature resistance using a voltmeter and ammeter

1 Connect the armature terminals to the ammeter,
voltmeter, fuses, rheostat Rh, and the battery. (Fig 4)

Fig 4
'9 Rh
sS4 5A 10Q,5A 0-5 A MG
= O
L.

0-10 V,MC

N
BATTERY — V)
e VOLTMETER )

6V —
TL_

MEASUREMENT OF ARMATURE RESISTANCE

A2

ELN31116H4

Keep the rheostat Rh, in cut ‘in’ position. Then switch
‘on’ the circuit.

Sometimes the armature starts rotating slowly
during the experiment. In such cases hold the
armature in a steady position by hand to avoid

erroneous reading.

Adjust the reading of the ammeter to 0.5 amperes by
adjusting Rh..

Move the armature to different positions by
hand and seethatthereading remains constant.

4 Read and record the volt and ammeter readings in

Table 3.
Table3

SI. | Amps.
No. armature resistance

Volts | R=V/I| Average Value of

0.5
1
15
80
100

ga b~ W N

5

Repeat steps 3 and 4 for 1, 1.5, 2 and 2.5 amperes
currentratings.

Switch ‘OFF’ the circuit.

Complete the remaining columns of the table, find the
average value of the armature resistance and showthe
results to the instructor.

Disconnect the circuit after getting by the approval of
the instructor.

TASK 5: Measure armature resistance using an ohmmeter

Adjustohms ‘Zero’ and ohms ‘Infinity’ of the ohmmeter.

Useashunttypeohmmeterto measurethelow
value resistance of the armature.

Connectthe ohmmeter across the armature terminals
(Fig 5) and measure the resistance.

Move the armature to different positions by
hand and seethatthereading remains constant.

Fig 5

SHUNT TYPE Q
OHMMETER

Aq Eq

A2 E2
MEASUREMENT OF ARMATURE RESISTANCE

ELN31116H5

3

Note down the meter reading and record it below.

Armatureresistance valueis ohms.
Replace theterminal cover and keep alltools, equipment
and meters at their places.

Compare the readings of Task 1 & 2. If there is any
difference, find the reasons for that and write your
conclusions in the space below.

Conclusion
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Electrical
Electrician - DC Generator

Exercise 3.1.117

Determine build up voltage of DC shunt generator with varying field
excitation and performance analysis on load

Objectives: At the end of this exercise you shall be able to
« test and identify the terminals of a DC shunt generator

* measure the voltage due to residual magnetism or create residual magnetism, if necessary
* measure the speed of a DC shunt generator with the help of a revolution counter and stopwatch

« build up voltage in a self-excited DC shunt generator

« determine the relation between field current and induced emf (magnetisation characteristic) in a DC shunt

generator when the speed is constant

e connect a DC shunt generator and build up the voltage

* load the DC shunt generator

« determine the load performance characterstic of the DC shunt generator at different loads.

Requirements

Tools/Instruments

¢ Combination pliers 200mm -1 No.
e Screwdriver 150mm -1 No.
¢ Electrician's knife 200mm -1 No.
¢ Revolution counter 4 digits -1 No.
¢ Stopwatch -1 No.
¢  Ammeter MC 0-1A -1 No.
¢ Voltmeter MC 0-300V -1 No.
¢  M.Cammetero-20A -1 No.

Equipment/Machines
DC shunt generator 2 or 4 KW 220V -1 No.
Rheostat 296 ohms 2.8 Amps -1 No.
Knife switch D.P.S.T. 16A -1 No.
Knife switch S.P.S.T. 16A - 1 No.
Lampload 220v/5kw -1 No.
Materials
P.V.C. Insulated cable 2.5 sq.mm -5m
Fuse wire 10 A -0.2m
P.V C Insulated flexible cable 14/0.2 -2m

PROCEDURE

TASK 1: Build up voltage of a DC shunt generator

1 Readand interpretthe name-plate details of the given

DC shunt generator and record them in Table 1.

2 Identify the terminals of the given DC shunt generator.

3 Connect the circuit as per Fig 1.

The direction of rotation must be according to
the direction marked on the DC generator. If
not, change the direction of the rotation of the
prime mover.

Fig 1 L+

] SPST KNIFE
SWITCH

Eq

I

I

|

|

|

A + |

1 E2 |

— <V>o-soov |
b (Aora i

STARTER WITH 2 - |
I

I

|

|

o]
> o
g 5
5 ?
] 0
a

SPEED REGULATOR CUTIN

Rhy

CUT OUT

SELF - EXCITED DC GENERATOR

ELN31117H1

Measure the speed of the generator with the help ofthe
revolution counter and stopwatch.

The number of revolutions made by amachine
in a minute gives the r.p.m.

Adjust the prime mover speed such that the generator
runs at its rated speed.

Keep the speed constant throughout the
experiment.

Measure the voltage induced across the armature and
note down the measured value in Table 1.

4 Keep the field switch open and the field rheostat in the

cut "in' position. Get the approval of the instructor.

5 Startthe prime mover coupledtothe DC shuntgenerator.

This induced voltage is due to the residual
magnetism as the field current is zero. If the
residual magnetismis absentinthefield poles,
then there will be no residual voltage. In such
a case the residual magnetism could be
recreated by connecting the field winding to a
DC source such as a battery for a short time.




9 Closethefield circuitswitch and gradually increase the
field current to 0.1 ampere by reducing the resistance
of the field rheostat.

If the generator is not able to build up voltage
even though it is running in the marked
direction, switch off the prime mover and then
interchangethefield terminals of the generator.
While varying the field rheostat/regulator it
should be done positively and slowly in the
forward direction. Reverse movement should
be avoided.

10 Increasethefield current slowly in steps of 0.1 ampere,
and for each step, note down the field current and the
corressponding induced voltage. Record them in
Table1.

Increase the field current only till the induced
voltage reaches just above 125% of the rated
value. Check the speed of the generator at
intervals. If necessary, adjust it to the rated
value.

11 Switch ‘OFF’ the DC generator and the prime mover.

12 Draw the graph keeping the induced voltage in the ‘Y’
axis and the field current in the X axis.

The graph shows the magnetisation / no-load
characteristic of the DC shunt generator.

13 Show your readings and graph to your instructor.

Table1
Sl. No. Field current Induced voltage Speed
in amps in volts (held at constant rated value
throughout the experiment)
1
2
3
4
5

Skill Sequence

Method of using a tachometer

Objective: This shall help you to
e measure speed using a tachometer.

Ahand tachometer (Fig 1) is a portable instrument and is
used for measuring the speed of the rotating machinery.

To use a hand tachometer (Fig 2)

Fig 1 HEAD SPINDLE

SPEED SELECTOR

POINTER LOCK BUTTONHEAD
SPINDLE

SPEED SCALES

ELN31117J1

Fig 2

INDIRECT METHOD WITH

X &, =
SURFACE CONTACT TIP RATIO

DIRECT METHOD WITH BUSH TYPE TIP -
BETWEEN CIRCUMFERENCE OF

SHAFT AND TIP NEED TO BE

DIRECT METHOD WITH CONICAL TYPE TIP KNOWN
TYPES OF HEAD

ELN31117J2

¢ Select and fit the correct head

¢ Selectthe highestspeedrange onthetachometerifthe
speed is not known (Fig 3)
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Fig 3

ELN31117J3

* Hold the tachometer gently against the shaft. (Fig 4)

Fig 4

ELN31117J4

* Depress the pointer lock button when the pointer has
settled. (Fig 5)

Fig 5

ELN31117J45

* Removethetachometerfromthe shafttotake areading
(Fig 6).

Fig 6

WITH THE RANGE SET

o

m

<

@

@

E

=

Il

©

o

o
ELN31117J6

* Take a reading using the correct scale for the speed
range. (Fig7)

If the reading is within a lower speed range, use the next
lower range to take a new reading for a more accurate
result. (Fig 7)

Fig 7

150

[\1 75

200

IF READING HERE SELECT LOWER RANGE

ELN31117J7

Note: A tachometer will measure linear speed
when the disc head is fitted (Fig 8).

To determine the speed of the shaft follow the method
stated below.

Fig 8

ELN31117J8

Let the speed indicated by the tachometer be - N_r.p.m.
Let the diameters of the head (tip) be - d,. cms.

Let the diameter of the shaft be d_cms.

Linear displacement of the head (tip) - = d, x N, cms.
Let the speed of the shaft be N r.p.m.

Linear displacement of the shaft = d, N, cms.

Hence t DN, =mnd N

ndyN+

Shaft speed N r.p.m.

ndg

dr
d, N, r.p.m.
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TASK 2 : Determine performance analysis of DC shunt generator on different loads

1 Measurethearmature resistance and enterthevaluein 5 Keep the field regulator resistance in “cut-in' position.
Table 2.
2 Select appropriate cables, switch, load and meters, Makeyourself clear aboutthemethod of starting
accordingtothe capacity ofthe given DC shuntgenerator. f[the pri mde mover and the procedure of adjusting
its speed.
3 Connect the meters, rheostat and lamp load with the
terminals of the DC shunt generator (Fig 9). (If alamp 6 Startthe prime mover and bring it to the rated speed of
load is not available, a water load can be used.) the generator.
4 Keep the load switch open and also switch “off all the 7 By adjusting the field rheostat, build up the voltage of
circuit switches in the lamp load. the generator to its rated value. Enter the value of the
open circuit voltage in Table 2.
Fig9
R 0-1A S1 . 0-15A
Eq /\ L+ +m— A A
A ’ :\[\c —— A ‘) —~0
# \/ | Ten N
2960 ,2.8A |
Aq ‘ l l l l N
g Cv> 0-300 V } tgx; \\E::
Ao ‘
WATER
\ . LOAD
-
:\K — Ye) [ — Y
Es DPST KNIFE LOAD SWITCH 15A B B §
LOADING OF DC SHUNT GENERATOR %
Table 2
Terminal Load Shunt field Armature Induced
SI.No. voltage current current (I,) current emf Remarks
V'(Volts) I kept constant I=I+I, E=V+I R,
1
2 Armature resis-
tance = ohms
3
4
6
Remember
8 Determine open circuit voltage V=E-TI_.R, Therefore, at no load, the terminal voltage comes to
where E is the induced emf V=E-—-(0+1I,)).R,
I, isthe armature current
R, is the armature resistance. 10 Closetheload switch and gradually load the generator
by switching "ON' a few lamps.
9 Determine the armature current I, =T + T, 11 Read the corresponding terminal voltage, shunt field

12

where I isthe load current
Ishisthe field urrent.

Inthe case of noload I, =0
hence I=1I

sh*

current, load current, and record them in Table 2.

Check the speed of the generator at intervals,
and adjust it to the rated value.

12 Increase the load current up to 125% of its rated
value in 6 or 8 equal steps.
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13 Note downthe corresponding terminal voltage andfield
current for each step of load currentin Table 2 .

14 Gradually reduce the load current to zero and switch
'OFF' the load circuit and the prime mover.

15 Show the record of your readings to the instructor and
get his approval.

16 Draw the graph of the external characteristic of a DC
shunt generator by keeping the terminal voltage in the
Y-axis and the load current in the X-axis. (Fig 10)

17 Showthe graphtoyourinstructorand gethis approval.

18 Disconnect the circuit.

Fig 10
VOLTAGE LOSS DUETO

1.ARMA TURE REACTION

>

o

B\_2ARMATURE RESISTA
DROP(la

TERMINAL VOLTAGE (V)
cul

]
=

LOAD CURRENT 4|>
L

EXTERNAL CHARACTERISTICS CURVE OF DC SHUNT GENERATOR

ELN31117JA
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Electrical
Electrician - DC Generator

Exercise 3.1.118

Test for continuity and insulation resistance of DC machine

Objectives: At the end of this exercise you shall be able to

e test a DC machine for continuity with a megger
e test a DC machine for insulation resistance between windings with a megger
e test a DC machine for insulation resistance between windings and body with a megger.

Requirements

Tools/Instruments

« Insulated cutting pliers 150 mm -1 No.
¢ Megger500V -1 No.
e Screwdriver 150 mm -1 No.
e DJ/E spanner set 5 to 18mm -1 Set

Equipment/Machines

e DC compound machine of any rating -1 No.
Materials
¢ PVC Insulated flexible copper cable
24/0.2 mm -4m
¢ Crocodile clips 16 amps -2 Nos.

PROCEDURE

TASK 1: Test a DC machine for continuity

1

Switch off the designated main switch of the DC
machine and remove the fuse-carriers.

Note the name-plate details in Table 1. (As given in
exercise3.1.115)

Identify the pairs of the terminals from the marking.

4 Testthe continuity ofthe armature terminals A, and A,

(Fig1a)

Test the continuity of the series field terminals D, and
D, (Fig 1b) using a Megger.

Testthe continuity of the shuntfield terminalsE, and E,
(Fig 1c) using a Megger.

Continuity between the terminals of the same
winding is a must. In case of no continuity,
inform the instructor immediately. You can
proceed for insulation test, only when there is
continuity between the terminals of the same
winding. However, at certain times, the
continuity test will not reveal internal short
circuits. The best method is to measure the
resistance of the winding, and compare it with
the previous reading to check the correctness.

Fig 1

MEGGER

LP

E1 MEGGER

D4
TERMINAL Cg)z D2 E2 TERMINAL CCE:>2 ng
@ T ] 0] T @
EP
(b) (©

ELN31118H1
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TASK 2: Test a DC machine for insulation resistance between windings

1 Fill up the columns 1to 4 in Table 1. 5 Connectthe Megger (Fig 2c) to measure the insulation
2 Connectthe Megger between armature and shuntfield resistance between the armature and series field.
terminals. (Fig 2a) 6 Repeat step 3.
3 Rotatethe Megger atits rated speed, and note downthe The measured value should not be less than 1
readingin Table 1. megohm.
4 Repeat step 3 for testing the insulation between the
shuntfield and series field after connecting the Megger
terminals. (Fig 2b)
Fig 2
[¢] @
—
—— Lp LP
@ @ @ O] 0]
® o¥o¥o; © OO
MEGGER A1 D1 Eq MEGGER A1 D1 Eq
TERMINAL A2 Dz E2 TERMINAL A2 D2 E2
ROXOROMN OO,
EP EP
(a) (b) © :
INSULATION TEST ON DC MACHINE %
Table1

Insulation resistance test between windings of a DC machine

Date Time Weather Duty
condition cycle

Test between Insulation Remarks
terminals resistance
in megohms

5 6 7

Armature and
shuntfield

Shuntand
seriesfield

Seriesfield
and armature

TASK 3: Test a DC machine for insulation resistance between armature/winding and body

Fill up the columns 1 to 4 in Table 2.

Connect the Megger between the armature and body
(Fig 3a) andrepeatstep 3 of Task 2, and note down the
reading in Table 2.

Connect the Megger between the series winding and
body (Fig 3b) and repeat step 3 of Task 2, and note down
the reading in Table 2.

Connect the Megger between the shunt winding and
body (Fig 3c) and repeat step 3of Task 2, and note down
the reading in Table 2.

If any reading is zero ohms, it shows a short
circuit of that winding to the body.

If the reading is less than one megohm, it
showsthattheinsulationis weak. Ifthevalue
is less than one megohm, inform your
instructorimmediately so thatthe necessary
remedial steps could betakentoimprovethe
insulationresistance.

5 Showtheresultstoyourinstructorand gethis approval.

Electrical : Electrician (NSQF LEVEL - 5) - Exercise 3.1.118
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Fig 3

LP
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@ (O]
weoer | @ @ @ weoier | @ @
TERMINAL A1 D1 Eq TERMINAL Aq D1 Eq
A2 Dz E2 Ao Do ng
OO, O ©

EP ?
1

(b)

INSULATION TEST ON DC MACHINE

EP

ELN31118H3

Table2

Insulation resistance test between armature/field windings and the body of a DC machine

Date

Time

Weather
condition

Duty
cycle

Test between
terminals

Insulation
resistance
in megohms

Remarks

4

5

6

Armature and
the body

Seriesfield
and the body

Shuntfield
and the body

16
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Electrical Exercise 3.1.119

Electrician - DC Generator

Start, run and reverse direction of rotation of DC series, shunt and compound

motors

Note : Exercise 3.1.119 is related to DC Motor and thus placed after the Exercise 3.2.127

17



Electrical
Electrician - DC Generator

Exercise 3.1.120

Perform no load and load test and determine characterstics of series and

shunt generators

Objectives: At the end of this exercise you shall be able to
 test and identify the terminals of DC series generator

e conduct no load test of a DC series generator

e conduct load test and charactersistics of a series generator

e conduct no load test of a DC shunt generator

e perform load test and characterstic of the shunt generator.

Requirements

Tools/Instruments

Equipment/Machines

e Combination pliers 200mm -1 No. * DC series generator 2 or 4 KW 220V -1 No.
e Screw driver 150 mm - 1 No. e DC shunt generator 2 or 4KW 220V -1No.
¢ Electricians knife 100mm -1 No. ¢ Rheostat 480Q 1A -1No.
¢ Revolution counter 4 digits - 1 No. ¢ Knife switch DPST 20A/250V -1No.
e Stop watch -1 No. ¢ Knife switch SPST 16A/250V -1No.
¢ M.C ammeter 0 to 5A 250V -1 No. e Lampload 220V/5KW -1 No.
¢ M.Cvoltmeter0-300V -1 No. .
+  M.C ammeter 15A 250V -1No Materg
¢« P.V.C. Insulated cable 2.5 sq.mm -6m
¢ Fuse wire 16A -0.5m
¢ P.V.Clnsulated flexible cable 14/0.2 -2m
PROCEDURE

TASK 1: Conduct no load test of a DC series generator

1 Place all the materials and tools on the work bench.

2 Read andinterpret the name plate details of the given

generator.

3 ldentify the terminals of the given DC series generator.

Fig 1

100Q/5A

o

@jo-aoov

SUPPLY

STARTER WITH SPEED REGULATOR

ELN31120H1

4 Connect the circuit as per Fig 1.

5 Startthe generator and note down readings.

18

Measure the speed of the generator with the help ofthe
revolution counter and stop watch.

Adjustthe prime mover speed such that the generator
runs at its rated speed.

Measure the voltage induced across the armature and
note down the measured value in Table 1.

Increase the field current slowly in steps of 0.1 ampers
and for each step note down the field current and the
corrersponding induced voltage and record them in
Table 1.

10 Switch off the DC generator and the prime mover.

11 Draw the graph keeping the induced voltage in the ‘Y’

axis and the field current in the x axis.

12 Show your readings and graph to your Instructor.



Table1

Sl. No. Field current Induced voltage Speed
in amps in volts (held at constant rated value
throughoutthe experiment)

ga b~ W N P

TASK 2 : Conduct load test and analyse characteristics of DC series generator

1 Place all the materials and tools on the work bench. 9 Plot the graph between terminal voltage and load
2 Connect the circuit as per Fig 2. current.(Fig 3)
Fig 2 o1on Fig 3 Ve

SUPPLY

16 A
STARTER WITH FIELD REGULATOR

()

=/

8

2

] m

-

[elp-

> <

o3 i

TERMINAL VOLTAGE

ELN31120H2

ELN31120H3

Keep the main switch at off position. LOAD CURRENT W=le=la

4 Rotate the armature using a prime mover at the rated Table?2
speed. Sl Load current Terminal Voltage
Operate the main switch in ON position. No _ (inamps) V. (involts)

Now operate the load switch in ON position

1

7 Note downthe ammeter and voltmeter readings in the 2
Table 2. 3

4

5

8 Change the speed of generator and note the different
values ofammeter and voltmeter

TASK 3: Perform conduct no load test of a shunt generator

1 Readand interpretthe name-plate details of the given
DC shunt generator and record them in Table 1. (As
givenin exercise 3.1.116) I R OIrE

Fig 4 Ly

2 ldentify the terminals of the given DC shunt generator. E4

|

|

|

|

|

Aq + |

. F2 \
— “ i <V>o-3oov |
|

|

|

|

Connect the circuit as per Fig 4.

SUPPLY
DC SUPPLY

4 Keep the field switch open and the field rheostat in the
- . . STARTER WITH 2
cut 'in' position. Get the approval of the instructor. SPEED REGULATOR CUTIN

{
The direction of rotation must be according to Tt “k—LO,
the direction marked on the DC generator. If SELF - EXCITED DC GENERATOR

not, change the direction of the rotation of the
prime mover.

5 Startthe prime mover coupledtothe DC shuntgenerator. Rhy

ELN31120H4
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Measure the speed of the generator with the help of the
revolution counter and stopwatch.

The number of revolutions made by amachine
in a minute gives the r.p.m.

Adjust the prime mover speed such that the generator
runs at its rated speed.

Keep the speed constant throughout the
experiment.

Measure the voltage induced across the armature and
note down the measured value in Table 3.

This induced voltage is due to the residual
magnetism as the field current is zero. If the
residual magnetismis absentin thefield poles,
then there will be no residual voltage. In such
a case the residual magnetism could be
recreated by connecting the field winding to a
DC source such as a battery for a short time.

Close thefield circuit switch and gradually increase the
field currentto 0.1 ampere by reducing the resistance
of the field rheostat.

If the generator is not able to build up voltage
even though it is running in the marked
direction, switch off the prime mover and then
interchangethefield terminals of the generator.
While varying the field rheostat/regulator it
should be done positively and slowly in the
forward direction. Reverse movement should
be avoided.

10

Increase the field current slowly in steps of 0.1 ampere,
and for each step, note down the field current and the
corressponding induced voltage. Record them in
Table 3.

Increase the field current only till the induced
voltage reaches just above 125% of the rated
value. Check the speed of the generator at
intervals. If necessary, adjust it to the rated
value.

11
12

20

Switch "OFF' the DC generator and the prime mover.

Draw the graph keeping the induced voltage inthe "Y'
axis and the field current in the X axis.

Table3

The graph shows the magnetisation / no-load
characteristic of the DC shunt generator.

13 Show your readings and graph to your instructor.

14 Answer the following questions.

a The magnitude of the residual voltage is

b When there is no current in the field, how is the
residual magnetism available in the poles?

¢ What are the reasons for the disappearance of
residual magnetism in a DC generator?

d What is the reason for the magnetisation
characteristic curve to have a straightline relationship
between the field current and the induced voltage?

e What is the reason for the magnetisation
characteristic curve to have aflat portioninthe end?

f Couldyourememberthe shape ofthe magnetisation
characteristic as a part of a certain other curve which
you studied earlier? If yes, write where and how the
two curves are related to each other.

SI.No. | Field current

in amps involts

Induced voltage

Speed
(held at constant rated value
throughoutthe experiment)
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TASK 4: Conduct load test and analyse characteristics of a DC shunt generator

1 Read and interpret the name-plate details of the DC
shunt generator and record them in Table 1. (As given
in exercise 3.1.116)

Identify the terminal of the given DC shunt generator.

Measure the armature resistance and enterthe valuein
Table 4.

4 Select appropriate cables, switch, load and meters,
accordingtothe capacity of the given DC shuntgenerator.

5 Connect the meters, rheostat and lamp load with the
terminals of the DC shuntgenerator.(Fig 5a) (Ifalamp
load is notavailable, awaterload (Fig 5b) canbe used.)

6 Keep the load switch open and also switch “off' all the
circuit switches in the lamp load.

7 Keep the field regulator resistance in “cut-in' position.

Makeyourself clear aboutthe method of starting
the primemover and the procedure of adjusting
its speed.

(o]

Startthe prime mover and bring it to the rated speed of
the generator.

9 Build up the voltage of the generator to its rated value,
by adjusting the field rheostat. Enter the value of the
open circuit voltage in Table 3.

Fig 5
R 0-1A 0-15A
& n L T N A A
A :’7\: A ‘o) —~~0
O/ | Ton \/
296 Q 2.8A \
\ o ol L
g | LAMP S
CV) 0-300 V | LOAD \
‘ WATER
\ LOAD
L- F
:\kc Te) [ —Y
Es @ DPST KNIFE LOAD SWITCH 16 A . B B %
LOADING OF DC SHUNT GENERATOR %
Table4
Terminal Load Shunt field Armature Induced
Sl.No. voltage current current (I,) current emf Remarks
“V'(Volts) I kept constant I-T+I E=V+I R
a L sh a a
Armatureresis-
tance = ohms
Remember 10 Closetheload switch and gradually load the generator

Open circuit voltage V=E-TI .R,
where E is the induced emf

I isthe armature current

R, is the armature resistance.

Thearmaturecurrent I =T + T
where I isthe load current
Ishis the field current.

Inthe case of noload I, =0

hence I=1,

Therefore, at no load, the terminal voltage comes to
V=E-—-(0+1I,).R,.

by switching "ON' a few lamps.

11 Read the corresponding terminal voltage, shunt field
current, load current, and record them in Table 4.

Check the speed of the generator at intervals,
and adjust it to the rated value.

12 Increase the load current up to 125% of its rated value
in 6 or 8 equal steps.

13 Note downthe corresponding terminal voltage and field
current for each step of load currentin Table 4.

14 Gradually reduce the load current to zero and switch
'OFF' the load circuit and the prime mover.
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15 Show the record of your readings to the instructor and

Fig 6
gethisapproval. 9

<

16 Draw the graph of the external characteristic of a DC
shunt generator by keeping the terminal voltage in the
Y-axis and the load current in the X-axis. (Fig 6)

17 Showthe graph toyourinstructor and get his approval.

TERMINAL VOLTAGE
A

18 Disconnect the circuit. e

LOAD CURRENT I

——

LOAD CHARACTERISTIC CURVE OF DC SHUNT GENERATOR

ELN31120H6
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Electrical Exercise 3.1.121
Electrician - DC Generator

Perform no load and load test and determine characterstics of compound
generators (cumulative and differential)

Objectives: At the end of this exercise you shall be able to

e connect the DC compound generator as long shunt and then as short shunt

* build up voltage and load the compound generator

« determine the load performance characteristic of a DC compound generator (cumulative and differential).

Requirements

Tools/Instruments Equipment/Machines

» Combination pliers 200mm -1 No. « DC compound generator 220V 4KW -1 No.

* M.C.voltmeter 0-250V -1 No. ¢ Lampload/resistance load/waterload

» Screwdriver 150mm - 1 No. of capacity 220V 5KW -1No.

* M.C.ammeter 0-20A -1 No. Material

* Electrician's knife - 1 No. atenials

* Rheostat 296 ohms 2.8 amp -1 No. * PVC Insulated copper cable 4 sg mm -5m
» DPST knife switch 16A 240V -1 No.

PROCEDURE

TASK 1: Conncect, build up and determine the load performance characteristic of aDC long shunt compound
generator : (a) cumulative (b) differential.

1 Read and interpret the name-plate details of the To check whether the compound generator is
given DC compognd generator and record them in connected for cumulatively compound or
Table 1.(As givenin exercise 3.1.116) differentially compound which will not be easy

2 Select meters, rheostat and cables according to the atthis stage. Butthis could be determined after
rating of the available DC compound generator. loading.

Rating of meters, rheostat and cables given in 5 Provide asuitable fuse according tothe rating ofthe DC
this exercise, are for 4kW 220V DC compound compoundgenerator.
generator. If any other rating machineis given, Keep theload switch and all the load sub-circuit
you haveto select meters of appropriateranges switches open.
and cables of proper ratings. . o .

: : Keep the field rheostat sliding arm in such a

3 IQentlfy the termlnals' of the DC compound generator position that the maximum value of resistance
either from the marking or by testing. is included in the field circuit.

4 annect the machine as per the connection diagram. 6 Start the prime mover coupled to the DC compound
(Fig1) generator, and build up the voltage of the DC

compound generator to its rated value.
Fig 1
N L P oA A 7 Switch "ON'the load.
S— A \
Ad } 16A 8 Increase the load step by step, note the values of the
I

terminal voltage and load current for each step, and
enter them in Table 1.

RHEOSTAT DPST SWITCH
296 Q,2.8A LAMP LOAD

LOADING OF THE DC COMPOUND GENERATOR (LONG SHUNT, CUMULATIVE)

ELN31121H1
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Tablel
Long shunt compound generator

[EXERCISE IIEXERCISE

SI.No |Load current | TPD |SI.No |Load current |TPD

To change the generator from one type to the
other, eithertheshuntortheseriesfieldterminals
haveto bechanged. Fig 2showstheconnection
diagram of the compound machine after
changing the series field terminals whereas the
initial connection is shown in Fig 1.

10 Open the load switch and stop the prime mover.

11 Interchange the connections of the series field. (Fig 2)

Type of connection Type of connection

Drawthe external characteristic curve keeping the load
current in the “X'-axis and the terminal voltage of the
generator in the “Y'-axis.

Check whether the terminal voltage falls or
rises with the increased load. If the terminal
voltage falls heavily, theinternal connectionis
for a differentially compound generator. If it
rises or falls slowly, it is for a cumulatively
compound generator. Sometimes the terminal
voltage will remain constant from no load to
full load. This type of generator is called alevel
compound generator, and it comes under the
category of cumulatively compound generators.

Fig 2

LOAD

~o bt + \
‘ | SN A
I

I

|

|

|

I

I

I

I

I

I

,;- ?
D2 ~ -
3 o

LOADING OF THE DC COMPOUND GENERATOR (LONG SHUNT, DIFFERENTIAL)

ELN31121H2

12 Repeat the working steps 6 to 9 and draw the external
characteristic curve forthe second set of readingsinthe
same graph sheet.

13 Write clearly which one of the graph is for the
cumulatively compounded generator, and which one
is for the differentially compounded generator.

TASK 2: Determine theload performance of DC short shunt compound generator : a) Cumulative b) Differential

1

Check connections (Figs 1 & 2) are for a long shunt
compound generator.

Complete the connection diagrams shown in
Figs 3a and 3b for the short shunt cumulative,
and differential compound generator, and get
it approved by the instructor.

Fig 3

DRAW THE CIRCUIT DIAGRAM OF
SHORT SHUNT COMPOUND GENERATORS

Aq Aq
Eq Eq

A2 A2

D4 D4
Eo Eo
D2 D2

a) CUMULATIVE b) DIFFERENTIAL

ELN31121H3

(ASSUMPTION: The internal connections tally with the
diagrams given in Figs 1 and 2.)

24

2 Repeat the experiment for the short shunt cumulative

and differential compound generators following steps 5
to 13 of Task 1, and enter the values in Table 2.

3 Draw the external characteristic curves on a separate

graph sheetin the same scale as in the earlier graphs,
and compare with them.

Table2

Short shunt compound generator

IEXERCISE IIEXERCISE
SI.No| Load current|TPD|SI.No|Load current | TPD
(Amps) Volt (Amps) volt
1
2
3
4
Type of connection Type of connection
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Electrical Exercise 3.1.122

Electrician - DC Generator

Practice dismantling and assembling in DC shunt motor

Note : Exercise 3.1.122 is related to DC Motor and thus placed after the Exercise 3.2.128.

25



Electrical Exercise 3.1.123

Electrician - DC Generator

Practice dismantling and assembling in DC compound generator

Objectives: At the end of this exercise you shall be able to

e read and interpret the name-plate details of a DC compound generator

e conduct visual inspection of the electrical machine

e dismantle the DC compound generator

e remove, inspect and install the bearings

¢ clean the parts of the DC generator

e reassemble the DC compound generator

e adjust the brush tension and bedding of brushes and correct the rocker arm position
e check the perfomance of DC compound generator.

Requirements

Tools/Instruments Materials
¢ Pulley puller 6" -1 No. ¢ Kerosene -1 litre
e Hammer500gms -1 No. ¢ Cotton cloth - 1/4 sg. m.
e Cutting pliers 200mm -1 No. e Carbon tetrachloride - 100 ml.
¢ Centre punch 100mm. length -1 No. ¢ Round brush for cleaning 2cm -1 No.
e Spanner set 5mm to 20mm - 1set ¢ Petrol - 200 mil.
e Screwdriver, heavy duty -200 mm e SandpaperNo.1 - 1 sheet
e Tray 300 x 300 mm -1 No. ¢ Hacksaw blade 300 mm - 3 Nos.
« Mallet, hardwood 60mm dia. -1 No. e Sandpaper 00'smooth - 1 sheet
e "Manonline" board -1 No. « Mobile oil S.A 40 -1/2 litre
* Electric blower 240V 50HZ -1 No. + Cottonwaste - 100 gms
. . ¢ Shellalvania 3 grease or equivalent -100 gms
Equipment/Machines ¢ Hardwood 3cm sq. 20cm long - 2 pieces
¢ DCcompoundgenerator -1 No.
PROCEDURE
TASK 1: Dismantle, inspect and reassemble DC compound generator
1 Read the manufacturer's instruction booklet, and
particularly take into account any special instructions Fig 1 ®
regarding dismantling procedures. > ~
» RN
2 Remove the fuse-carriers from the main switch,
disconnectthe DC machine fromthe supply and display
the "Man-on-line board" on the main switch. / \ _
3 Remove the foundation bolts of the machine and shift -+ -+ g
the machine tO the WorkbenCh. IDENTIFICATION PUNCH MARKS é
4 Conductavisual inspection.
. . Fig 2
Cleanthe outside surface of the motor. Remove all dirt 9 LIFT
and grease with a dry cloth soaked in petrol/kerosene. LEAR SPRING 1
BRUSH
Do not use water.
BRUSH HOLDER
6 Make punch marks on both the end plates and yoke.
PIGTAIL WIRE

(Fig1)
7 Mark the rocker arm position with respect to the end
plate.

8 Remove the brushes from the brush-holder. (Fig 2)

BRUSH HOLDER MECHANISM

BRUSH TERMINAL

COMMUTATOR
SEGMENTS

ELN31123H2
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9 Check pulley tight and adjust. (Fig 3).

13 Remove the bearings using a bearing puller (Fig 6).

Fig 3

END PLATE (COVER)
\</SHAFT PULLEY

TURN IN CLOCKWISE
[ ] DIRECTION TO
REMOVE PULLEY

PULLEY PULLER

GREASE CUP
GREASE CUP STUD

AN

Fig6

REMOVAL OF THE BEARING

ELN31123H6

ELN31123H3

REMOVAL OF THE PULLEY

10 Removethe grease cup stud and openthe grease cup.
(Fig4)

14 Reassemble the yoke, armature and end plates.

15 Checkthe freeness of the shaft by rotating the shaft by
hand.

Fig 4

R

B =

~— GREASE CUP

GREASE CUP STUD

/\\ END PLATE

REMOVAL OF THE GREASE CUP

ELN31123H4

If found tight (not free) loosen the end-plate
studsandtightenthecrosswisestuds gradually
in the proper sequence, and at the same time

feeling the shaft for free rotation.

11 Loosen the studs of both the end plates and then
remove the end plate of the shaft side.

Open one end of the end plate slowly by
holding the armature shaft by hand or pulley
block so that the weight of the armature does

16 Insertthe brushinthe holder, adjustthe brushtension,
and bed the brushes.

17 Positionthe rocker-arminthe end plates as per original
marking.

18 Re-installthe machine inthe foundation and tightenthe
foundation bolts and connect the generator.

19 Check whether the generator is operating smoothly
without any vibration. A check-list for mechanical
functions is given in Table 1. Fill up all the possible
columns after checking the generator operation.

not damage the pole faces or field windings.

12 Remove the armature from the body of the machine.
(Fig5)

Fig 5
END COVER

-
BALL BEARING

<5 >
g S2a))))
S \ MOTOR CASING
Rl
w7
é}’\{”’ll

ARMATURE

END COVER

COMMUTATOR

ELN31123H5

REMOVAL OF THE ARMATURE

Table1
Sl. Check-list Remarks
No. (Mechanical)
1 Noise
2 | End-play

3 | Rotorrunningfree
4 | Bearingfits

5 | Lubrication, grease,
nipples oil supply

6 | Temperature bearings
7 | Temperature motorframe

8 | Condition of shaft, keyway,
pulley, bearing seals

9 | Bolts, nuts tightened

10 | Testrun 30 min
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Electrical Exercise 3.2.124
Electrician - DC Motor

Conduct performance analysis of DC series shunt and compound motors

Objectives: At the end of this exercise you shall be able to
e read and interpret the name-plate details of a DC series motor
 test and identify the terminals of a DC series motor
e measure the armature resistance
e measure the series field resistance
e connect the two-point starter for series and 3 point & 4 point starter for shunt and compound motor
¢ measure the speed of the motors
e vary the load of a DC series motor
« determine the performance characteristic of a DC series motor shunt motor and compound motor and draw
the following curves
- speed versus load
-torque versus load
-speed versus torque.
e determine the efficiency of the DC shunt motor at different loads.

Requirements

Tools/Instruments

¢ Insulated cutting pliers 150mm -1 No. : E?gﬁf;?‘:ﬁo‘:’gftzezrg\(;%%pr;e i mg'
* Screwdriver 150mm -1No. « 220V 4 - point starter -1 No.
¢ D.E. spanner set 5mm to 20mm -1 No. . Rheostat 100 ohms 2 amps -1 No
e 500V Megger -1 No. - ’
¢ Multimeter/ohmmeter 0to 2 Kohms -1 No. tl?/\:gl;e tr?nSt zg;&%eer:?;\ggz d
+ M.C.ammeter0-15A -1 No. 50 kgprati?]g 1 set
: 1Maghggqlg]t§tg(§)o339(§)(;(/)r m i mg' « 220V DC compound motor 2 or 3
P ’ with prony brake loading arrangment -1 Set

Equipment/Machines Materials
¢ D.C. series motor 220V 3 H.P -1 No. . .
« ICDP switch 250V 16A -1 No. . i(.)?;;g:rlr;bﬁ’e\/c insulated multi-strand -
« 2-Point starter -1 No. ) ) :
« Dialtype spring balance : _';::telgvr:e 5A &10A. i\sl\lrsqd.

25kg capacity - 1 No. P '

PROCEDURE

TASK 1: Conduct the load performance test on a DC series motor

1 Note down the name-plate details.
Fig1 L A
2 Identify the terminals of the given DC series motor and

test for insulation and ground.

3 Select and collect the required equipment, apparatus L _
and cables, and connect the motor as per the circuit | A
RATED DC ‘

diagram. (Fig 1) SUPPLY |

The DC series motor should not be started or - S —
made to run without load.

0TO 300V

PULLEY
CIRCUIT DIAGRAM LOADING SYSTEM

DC SERIES MOTOR

ELN32124H1
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4 Startthe DC series motor slowly by moving the starter 10 Measure the radius of the pulley and calculate the
handle to the ‘ON’ position. torque, horsepower and efficiency.
5 Checkthe speed, load currentandinputvoltage. Adjust 11 Draw the following characteristic curves.
the load current to 1/4th of the F.L. value by adjusting - Speed versus load
the load.
6 Measurethe speed,load current, voltage and read the - Torqueversusoad
spring balance and record in Table 1. - Speed versustorque
7 Slowlyincreasetheloadin steps uptofullload. Record 12 Write your conclusion about the relationship between
the measurement for 1/2, 3/4 and full load. speedandload, torque andload, speed and torque and
8 Tabulate allthereadingsinthetabular columns provided efficiency andload.
in Table 1. CONCLUSION
9 Stop the motor by switching it off after taking all the
readings.
Do not remove the mechanical load before
switching off.
Table1
Sl. Load Applied Line Spring | Radius T,Torque | TTorque [N Speed | OP = _(2rNT) Efficiency =
No.| -°& voltage |[current |balance|ofpulley in in N.M in 60 (OP x100)
(volts) | (amps) | W | W,| (metre) Kilogram NM= r.p.m. (where N is IP
kg | kg metre 1 kg mx9.81 the speed in r.p.m.
& T is the torque
in newton metre)
1/2
3/4
Full
load

TASK 2: Conduct the load performance test on a DC shunt motor

A W N P

Read and interpretthe name-plate details and recordit.
Switch "OFF' the mains and remove the fuses.
Determine the terminals of the DC shunt motor.

Test the shunt motor for continuity, short circuit and
insulation resistance between

» thewindings
« thewindings and the earth.

Select a proper rating of I.C.D.P. switch, cables, fuse
wire and 4-point starter according to the rating of the
given DC shunt motor.

Therating given herefortheswitch,fuse, cable
and 4-point starteris for220V,3HP motoronly.

Electrical : Electrician (NSQF LEVEL - 5) - Exercise 3.2.124

6 Connect the DC shunt motor as per the circuit
diagram.(Fig 2) Keepthe shuntregulatorrheostatinthe
cut out position, and the mechanical load applied
through the brake to zero value.

Fig 2

MECHANICAL
4 - POINT STARTER
Ly Lo A F

LT

SUPPLY

|
|
220vDC |
|
|
\

ELN32124H2

29



TASK 3: Determine the relation between load current, speed and torque

1

Switch onand move the 4-point starter handle, gradually
up to "ON' position.

Measure the speed, and if necessary, adjustthe speed
to the rated value by adjusting the shunt regulator
rheostat and note down the reading in Table 2.

Increase the load step by step by tightening the
wing-nut.

Measure the speed each step read the meters and the
spring balances and record them in Table 2. Load the
motor up to its full load value.

Reduce theload gradually and switch "OFF'the motor.

Measure theradius of the pulleyin metres and calculate
the torque in kg. metres.

Torquein kg.m = (W, —W,)kg x radius of pulley
in meters where W_ is the reading of the tight
sidespring balanceand W, isthereading of the
slack side of the spring balance in kilograms.

Draw the speed load characteristic curve, keeping the
load (line) current in the X-axis and the speed in the
Y-axis.

Draw the torque-load characteristic in the same graph
sheet, keeping the load (line) currentin the X-axis and
torque in the Y-axis.

10 Write the conclusion by highlighting the relation between
e speedandload
e torqueandload

e torque andspeed.

11 Calculate the efficiency of the given DC shunt motor by
applying the following formula and recorditin Table 2.

27NT
Output = 4 newton metres/sec. or watts

where N is the speed in r.p.m.
T is the torque in newton metres.

(To convert the torque in Kg metre to newton metre
multiply Kg M by 9.81.)

Input = VI

where V is the applied voltage, | is the line current.

A output 100
9 Drawthetorque-speed characteristicinthe same graph Hence efficiency = input
sheet, keeping the torque in the X-axis and the speed
in the Y-axis. _ 2aNT x100
Use different colours for each curve. - 60xVI percentage.
Table2
Sl.No. [Applied | Line Spring Radius T,Torque | TTorque |NSpeed| OP =(2rNT ) Efficiency =
voltage |current | balance | ofpulley in in N.M in 60 (OP x 100)
(volts) | (amps) | W, W, (metre) Kilogram NM= r.p.m. (where N is IP
(kg) | (kg) metre 1 kg mx9.81 the speed in r.p.m.

& T is the torque
in newton metre)

30
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TASK 4: Conduct the load performance test of a DC compound motor

a Identify theterminals and test the condition of the
DC compound motor

Identify the terminals of the given DC compound motor.

2 Test the given DC compound motor for continuity,
insulation and ground faults, and make sure the machine
is in good condition.

3 Selectsuitable size of cables, 1.C.D.P switchandloading
arrangements, according to the machine rating.

Therating of the switch, fuse cable and 4-point
starter should be changed according to the
rating of the given DC compound motor.

b Connect the machine as along shunt cumulative
compound motor and test it for its performance

1 Connect the machine as a long shunt (cumulative)
compound motor with the switches, fuses and meters
and starter.(Fig 3)

Fig 3

4 - POINT STARTER
Ly Lo A F

0TO10A

S.P.KNIFE SWITCH

BELT CENTRE

DC COMPOUND MOTOR (LONG SHUNT CUMULATIVE)

ELN32124H3

2 Arrange the prony brake for loading the motor.

Keep the series field shorted by the S.P.S.T. knife
switch.

This will enable the motor to start normally,
evenifitisconnected as adifferential compound
motor.

4 Keepthefield regulatorinthe “cut out' position. Switch
on the supply and move the 4-point starter handle
gradually up to the "ON' position.

Open the series field shorting switch.

Measure the speed and adjust it to the rated value and
note down the readings in Table 3.

7 Increase the load step by step up to the full load
following the instructions contained in step 8.

When applying the load, the speed may
increase, if it is differential. Then stop the
motor and interchange the connections of the
series field for cumulative compounding
Accordingly modify the connection diagram.

(Fig3)

8 Measure the speed for each step read the meters and
spring balances and record them in Table 3. Increase
the load up to the full load value.

9 Reduce the load gradually, switch off the motor.
10 Measure the pulley radius for calculating the torque.
The torque = (W, - W,) in Kgs x radius in meters,

T=Kg metre, where W, is the tight side spring balance
readingand W, is the slack side spring balance reading
in kgs.

11 Calculate the torque in newton-metre = Kg. metre x
9.81.

12 Calculate the input =V x | in watts.
(2rNT)
60

Calculate the percentage efficiency using the formula

Calculate the output = NW —metres or watts.

= (OPx100)/ IP = x 100 percent.

el

60x VI

13 Enterthe values of efficiency for various load currents
in Table 3.

14 Draw the speed-load characteristic curve keeping the
load current in the X-axis and speed in the Y-axis.

15 Drawthetorque-load characteristic in the same graph
sheet, keeping the load current in the X-axis and the
torque in the Y-axis. Use different colours.

16 Drawthetorque-speed characteristicinthe same graph
sheet, using adifferent colour and keeping the torquein
the X-axis, and the speed in the Y-axis.

17 Write your conclusion by highlighting the relation
between —speed vs load
¢ torquevsload
e speedvstorque.

CONCLUSION

18 Drawthe curve showing the relation betweenload and
efficiency of the DC compound motor in a separate
graph sheet keeping the load in the “X' axis and the
efficiency in the Y’ axis.
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Table3

Sl. No| Applied | Line Spring Radius T, Torque | T Torque |NSpeed OP=(2nNT) Efficiency =
voltage | current | balance | of pulley in in N.M in 60 (OP x 100) /1P
(volts) | (amps) | W, |W, (metre) Kilogram NM= r.p.m. (where N is
(kg) | (kg) metre 1 kg mx9.81 the speed in r.p.m.
& T is the torque
in newton metre)
1
2
3
4
5
¢ Connect the machine as a long shunt differential _
compound motor and test it for its performance. Fig4 4 - POINT STARTER
R R L1 L2 A F
Tasks c to gto be carrl_e(_j out by tr_]e trainees FELD
under the direct supervision of the instructor. ,
1 Completethe circuit (Fig 4) forthe long shunt differential Af
compound motor and getthe approval of yourinstructor. L — | @ E1
2 Connect the machine as a long shunt, differential } A2
compound motor with the switches, meters and starter \ D4 Eo
as per the approved diagram. (Fig 4) - {%
3 Repeat the steps 2 to 7 of Task 4 b and enter the D2 3
readlngs n Table 4 DC LONG SHUNT DIFFERENTIAL COMPOUND MOTOR %
If the connections are correct, the speed may ]
increase with the increased load. Conclusion
4 Repeat the steps 8 to 18 of Task 4b, and write the
conclusions.
Table4
Sl.No.| Applied | Line Spring Radius T,Torque| TTorque [N Speed OP=(2r NT) Efficiency =
voltage |current | balance | ofpulley in in N.M in 60 (OP x100) /1P
(volts) |(amps) | W, | W, (metre) Kilogram NM= r.p.m. (where N is
(kg)| (ko) metre 1 kg mx9.81 the speed in r.p.m.
& T is the torque
in newton metre)
1
2
3
4
5
6
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d Connectthemachineas ashortshunt,cumulative Fias
compound motor and test it for its performance. 9 4-POINT STARTER
L1 L2 A F
1 Comple?e the circuit given in Fig 5 for the short shunt, o o o o] FED or
cumulative compound motor and get the approval of #
your instructor. F A
]
2 Connect the machine as a short shunt cumulative L T\ 16A A @ E1
compound motor as perthe approved diagram. (Fig 5) | Az
|
3 Repeat the steps 2 to 7 of Task 4 b and enter the ‘ F D1 E,
readingsin Table 5. L e
16 A -
If the connections are correct, the speed may D2 3
fall or remain constant at the increased load. DC SHORT SHUNT CUMULATIVE COMPOUND MOTOR g
4 Repeat the steps 8 to 18 of Task b, and write the .
- Conclusion
conclusions.
Table5
SI.No.| Applied | Line Spring Radius T,Torque | TTorque [N Speed OP=(2n NT) Efficiency =
voltage |current | balance | ofpulley in in N.M in 60 (OP x 100)/IP
(volts) | (amps) | W, |W, (metre) Kilogram NM= r.p.m. (where N is
(kg) | (kg) metre 1 kg mx9.81 the speed in r.p.m.
& T is the torque
in newton metre)
1
2
3
4
5
e Connectthemachineasashortshunt, differential Fiae
compound motor and test it for its performance 9 4-POINT STARTER
L1 L2 A F
5 Completethecircuit (Fig 6)fortheshortshunt(_jlfferenual s o o o e LATOR
compound motor and getthe approval of yourinstructor. /
6 Connect the machine as a short shunt differential Ay
compound motor as per the approved diagram. (Fig 6) L T = A @ B
7 Repeatthe steps2to 7 of Task4b and enterthe reading } A2
in Table 6. \ D4 E,
- S R—
If the connections are correct the speed will 5 e
increase at the increased load. 2 3
D.C SHORT SHUNT DIFFERENTIAL COMPOUND MOTOR %
8 Repeat the steps 8 to 18 of Task 4, and write the =
conclusions.
Conclusion

Electrical : Electrician (NSQF LEVEL - 5) - Exercise 3.2.124
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Table6

SI.No.|Applied | Line Spring | Radius | T,Torque | TTorque |N Speed| OP=(2rnNT) Efficiency =
voltage |current | balance | of pulley in inN.M in 60 OP x 100) / 1P
(volts) | (@amps)| W, | W, | (metre) Kilogram NM= r.p.m. (where N is
(kg) | (kg) metre |1 kg mx9.81 the speed in r.p.m.
& T is the torque
in newton metre)
1
2
3
4
5
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Electrical Exercise 3.2.125
Electrician - DC Motor

Dismantle and identify parts of three point and four point - DC motor starters

Objectives : At the end of this exercise you shall be able to
e dismantle the 3 points & 4 point starter

« identify the parts of three point starter

« identify the parts of four point starter.

Requirements
Tools/Instruments Materials
« Combination pliers 200mm -1 No. * PVCinsulated stranded
« Screwdriver 200mm -1 No. + Copper cable 4 sqg mm -10m
e Multimeter -1 No. e DPST main switch -1 No.
. _ 250V 32A
Equipment/machines « Insulatedtape -0.2m
3 point starter 3HP 240V -1 No. * Fusewire ofrequired amps -asreqd.
« 4 point starter 3Hp 240V -1 No. rating.
e Seriestesting board -1 No.
PROCEDURE
TASK 1: Identify the parts and terminals of 3 point starter
1 Write down the name plate details of the given DC 3 point otherterminals of the starter. Keep checking the other
in Table 1. terminals with the second lead till the lamp glows.

When the lamp glows brightly with any one of the

Tablel X gy 7
terminals, that shows terminal is ‘L' (Fig 1).

DC starter 3point

4 Connect one lead of the series testing board with any
Volts stud of the resistance and another one with remaining
two terminals respectively. The terminal on which the

Amps
) lamp glows dimis terminal 'F'. Connect the remaining
Serial No. third terminal and check lamp glow bright. (Fig 2)
Make
Fig 2
Fig 1 STARTING
STUDS RESISTOR "R"
/1 w2 A S
© o o,/ 5} @ i ~ ¢ ON
u
o ° SOFT IRON KEEPER -© HOLDING COIL
PHO—>———— o STARTING HANDLE i (NO VOLT COLL)
A\N@ & SPIRAL SPRING
— NO-VOLT :
AC SPIRAL ———— | col I
Y SPRING | L Fo A®
|
OVERLOAD 7»‘ ilmﬁ SWITCH FUSE | |
RELAY | © B A L A F PHo—omo = 3¢ !
N ) o o - AC LAMP | o,
° ® % 240V 100,250V : ﬂ
N —
§ NO——mmmm — o
FACE PLATE ARRANGEMENT 5 E
w
2 Identify t_he different parts of the starter and draw the Testing should be done carefully.
starter diagram and label the parts in your record. o o )
_ ) ) While identifying terminals, power supply
3 Connect one lead of series testing board with the should not be switched ON in the starter.

'handle' of the starter and connect second lead with the
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TASK 2 : Identify the parts and terminals of 4 point starter

1 Write down the name plate details of given DC 4 point _
starter in Table 2. Fig 3 Jsos
Table2 ) O/ ¥ e

(o}
LAMP

DC starter 4 point 100W/230v

PH o——>&———
Volts @—7 NO-VOLT
e, sPRALA—— S col
SPRING

(o]
o

Am ps 240V

OVERLOAD —

(o]
Serial No. RELAY | — — A I, L, A F
N o) o o o

Make ) ®

FACE PLATE ARRANGEMENT

2 ldentify the different parts of the starter and draw the

ELN32125H3

starter diagram and label the parts in your record.

3 Connect one lead of series testing board with the Fig 4 4 POINT STARTER

'handle’ of the starter and connect second lead with the
other terminals of the starter. Keep checking the other

| j{ STARTING RESISTOR "R"
|
|

. . . |
terminals with the second lead till the lamp glows. |
|

|

|

|

When the lamp glows brightly with any one of the
terminals, that shows terminal is 'L " (Fig 3).

\
\
\
\
\
/[L NO VOLT COIL
\
\
\
\

4 Connect one lead of the series testing board with any STARTING HANDLE
stud of the resistance and another one of the three SPRAL SPF{"NG !
terminals respectively. The terminal on which lamp | !
glows more dim (or) spark on the terminals, that shows Lo
terminal is L,. (Fig 4) i

PROTECTIVE
| RESISTOR
|

K

5 Connectone lead of the series testing board with any
stud of the resistance and another one with remaining
two terminals respectively. The terminal on which the P et
lamp glows more bright is terminal 'F'. AC

240V

FUSE | amp

6 The remaining fourth terminal is that of the terminal
‘Al

ELN32125H4
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Electrical
Electrician - DC Motor

Exercise 3.2.126

Assemble, service and repair three point and four point DC motor starters

Objectives: At the end of this exercise you shall be able to

« identify the parts of the DC starters

 trace and draw the schematic diagram of the starters

* check and clean the contact studs and the starter resistance

* measure the resistance of the no volt coil
« set the over load relay.

Requirements

Tools/Instruments

¢ Combination pliers 200 mm -1 No.
e Screwdriver200mm -1 No.
¢ Multimeter -1 No.
¢ Flat file Bastard 150 mm -1 No.
¢ Flat file smooth 150 mm -1 No.
¢  Ammeter DC 0-30A -1 No.
¢ Voltmeter DC0- 300V -1 No.
¢ Megger500V -1 No.
Equipment/Machines

e 3 point starter 3 HP 250 V DC -1 No.
e 4 point starter 3 HP 250 V DC -1 No.
¢ DC compound motor 230V 3HP 10 A -1 No.

Materials
DPST main switch 250 V 32 A -1 No.
PVC Insulated stranded copper cable -10m
4 sq mm.
Insulationtape -0.2m
Fuse wire of required amps rating -asreqd.
Carbontetrachloride - 50 ml.
Sandal paper No. 1 -asreqd.
Petrolium jelly -asreqd.

PROCEDURE

General maintenance and servicing

1 Write down the Name-plate details of the given DC

motor starter in Table 1.

Tablel1
DC starter
DC starter 3 point / 4 point
Amps Volts
Make Serial No.
Fig 1 THREE POINT STARTER
Tﬁ 77777 é?ﬁ%ﬁﬁékEé@T‘R
| |
| |
| %, > 4 4 |
} éLL ~ 6 ON T‘ﬁ HOLDING COIL

|
|
|| OVERLOAD

STARTIN%S HANDLE j
SPIRAH SPRING

OVERLOAD colL

|
ARMATURE
Lo L] L

MAIN SWITCH
] =0
|
|

TO DC SOURCE |

| ~ SHUNT
/ MOTOR
[

\
E2 Az‘

A1

L

L-

| RELAY CONTACTS

ELN32126H1

2

Identify the different parts of the starter and draw the
starter diagram and label the parts in your record.

Trace the internal connections of the starter and draw
the schematic diagrams. Fig 1 and 2 are given for your
guidance.

Check the contact studs (movable in handle and
stationary in face plate of starters) and the starter
resistance. Follow the procedure given in chart 1 to
rectify the defects.

Fig 2

HOLDING COIL
IRON KEEPE

STARTING HANDLE
SPIRAL SPRING

\

\

\

|- HOLDING coIL
\

\
%—PROTECHVERESBTOR
\
||

COMPOUND
Y/ MOTOR

FOUR POINT STARTER

ELN32126H2

w
~



Visually inspectthe colour and condition of the novolt 11

Start the DC motor and load it to the rated current.

coil and enter the details in Table 2.

Measure the resistance value of the holding (no-volt)
coilas well asthat of protective resistance and note the
readings in the Table 2.

Measure the insulation resistance of the coil with
respect to the core. Enter the value in Table 2.

If thereis any change in the present condition
with respect to values obtained at the time of
installation, discuss with your instructor. If
necessary replace the NVC with a new one
having same specification.

9

Setthe overload relay for the same currentrating as of

The starter should not trip at this settings. If it
trips, increase the current setting of the
overload relay to the next higher value by a
small increment. In case the overload relay
currentsettingis much higher,then also starter
will not trip.

To find the correct setting reduce the current
setting till the starter trips and then slightly
increase the current setting till the starter
holds. Accordingly recalibrate the overload
current rating. Normal setting of the overload
relay will be 1.5 times the rated current of the
motor.

the motor. 12

Connect the DC motor with the starter.

10 Make necessary loading arrangementforthe DC motor.

Check the starter operation in load condition. In case
of any trouble follow the trouble shooting chart and
rectify the defect.

Chart1
General maintenance procedure for DC starters
Trouble area Cause Remedy
1 Check the stationary and movable | a) Loosely fitted studs a) Tighten the nuts in the rear of the
contact studs for burns and contact studs
pittings.
b) Overload b) Reduce the load.
¢) Insufficient pressure on contact | c) Add a washer or two over the
studs due to loosely fitted handle. handle and tighten the handle
studs
d) Improper operation. d) Smoothly manipulate the handle
from start to run condition.

e) Light burns over the contacts
could be cleaned with CTC
(Carbon tetra chloride)

Heavy burns and pitting need to
be dressed with a sand paper or
a flat file.

f) Apply petroleum jelly over the
movable and stationary contact
points.

2 Check the starter resistance for a) open resistance are due to a) Do not keep the starter handle in
open or shorts excessive heating resulted from: starting position for a long time.

i) wrong starting method i) Reduce the over load.

i) excessive load ii) Replace the opened resistance
with the equivalent material size
and length.

b) Shorted resistance due to:
i) excessive vibration of the panel |i) Reduce the vibration of the panel
i) loose mounting of the by proper mounting.
resistance i) Properly mount the resistance.
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Table2

No volt coil
Initial coqdition a_t the time of Present condition Remarks
sl. L installation
Description
No. Date of L "
. . Condition Date Condition
installation
1 Colour of the no volt coil 1.8.2000 Yellow
(visualinspection)
2 Resistance value of the 1.8.2000 2500 0hms
no volt coil
3 Insulation resistance 1.8.2000 5.5Megohms
between the no volt coil
and the core
4 Protective resistance of 1.8.2000 10000hms
the 4 point starter
Chart2
Trouble shooting chart for DC Starters
Trouble Cause Remedy

1 Intermittent current flow in the
motor through starter.

2 Handle is not coming to off

position when NVC is demagnetised

3 Noisy magnet

4 Failure to pick up handle in ‘on’
position.

5 Starter is tripping often

1 Loose connections.

2 Stud may not be firm.

3 Insufficient pressure of the handle
4 Formation of dirt.

1 Insufficient spring tension.

2 Gummy material sticking to the
faces of the magnet.

1 Loose core.

2 Magnetic pole surfaces not
making proper contact.

3 Dirt or dust on magnetic faces.

1 Low voltage for no volt coil.

2 Coil open or short .

3 Mechanical obstructions.

4 Soft iron piece on the handle
missing.

1 Incorrect setting of overload relay.
2 Sustained overload.

1 Tighten all terminals / connections.

2 Tighten the studs.

3 Adjust the pressure

4 Clean the studs with contact
cleaner.

1 Replace the spring with a good
one.
2 Clean the magnet faces.

=

Fix the core firmly
2 Replace the magnetic assembly.

3 Clean with suitable solvent.

1 Check the supply voltage and

rectify.

Replace the coil.

Clean and check up contacts.

4 Fix the soft iron piece on the
handle properly such that it is
attracted firmly on the magnetic
pole face of the no volt coil.

[CSIN\N]

1 Setthe overload relay properly.
2 Reduce the load.
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Electrical
Electrician - DC Motor

Exercise 3.2.127

Practice maintenance of carbon brushes, brush holders, commutator and

sliprings

Objectives: At the end of this exercise you shall be able to

 interpet the name-plate details of the DC machine and record it
e inspect the DC machine and pre-test it to locate the fault

¢ dismantle the DC machine, overhaul it

¢ maintain and service the parts of the DC machine like carbon brushes, brush holders, commutator and slip

rings
* reassemble and test the DC machines
troubleshoot the DC machine.

Requirements

Tools/Instruments

Equipment/Machines

« Electrician tool kit -1 No. ¢ Faulty DC machine 220V, 3 HP -1 No.
e Bearingpuller -1 No. e Arborpress -1 No.
¢ DE spanner set 2 mm to 20 mm -1 Set « Dial test indicator -1 No.
¢ MCammeter 0-500 mA -1 No. Materials
¢ MCvoltmeter 0-500 mV -1 No.
« MCvoltmeter 0-250V -1 No. ¢ PVCInsulated copper wire -asreqd.
+  Growler external withammeter -1 No. 2.5 sq mm, 250V grade
« Megger 0-50 meg ohms, 500 V -1 No. ¢ Cleaning brush 3 cm dia -1 No.
e Multimeter -1 No. e Carbontetrachloride (CTC) -50ml.
«  Wooden mallet 8 cm dia -1 No. * Grease type and quantity - as reqd.
« Electric air blower 240 V, 50 Hz -1 No. * Kerosene- 1 litre
 Under cutting tool -1 No. e Lurbication oil type and quantity -asreqd.
«  Soldering iron 60W 240V -1 No. + Cotton cloth -asreqd.
e Sand paper/sand cloth-grade
and quantity - as reqd.
e Solder60/40 -asreqd.
¢ Soldering flux -asreqd.
PROCEDURE
TASK 1: Check the condition of the DC machine Table2
able
1 Interpretthe name-plate details of the given DC motor ] ] )
andrecordin Table 1. (same Table 1asinEx3.1.115) Visual inspection
2 Visuallyinspectthe machine and enter your findingsin Sl. Description Noticed as/at
Table 2. No. (strikeoutitems

3 Conductthe continuity test, resistance measurement
and insulation test and enter the results in Table 3.

4 Obtainthe above testvalues at the time of installation
from the section in-charge and enter the values in
Table 3.

5 Dismantle the DC machine.

6 Clean each partwiththe help of a brush and a blower.

A careful study of thetestresults and theresult
values compared between earlier and present
conditions will indicate clearly how the
machine behaves. Discuss the results with

your co-trainees and with the instructor.

40 ————

not applicable)

1 Rotation of the Free / Slightly tight
shaft Notrotating
2 Symptom of Armature / Field /
burn Commutator / Brush /
Terminal block /
No. plate
3 Burning smell Armature / Field /

Commutator / Brush /
Terminal block /
No plate

4 Damaged parts

Loose connection




Table3

Testresults

Sl.No. Description of the test

Test result at the
time of installation
date

Testresult
before servicing

Testresult
after servicing

1 Continuity between

i) Seriesfieldterminals

i) Shuntfield terminals

iii) Armatureterminals

2 Resistance value between
i) Seriesfieldterminals

i) Shuntfield terminals

iii) Armatureterminals

3 Insulation resistance value between
i) Series field and the frame
i) Shuntfield and the frame
iii) Armature andthe frame

iv) Series field and shunt field
V) Seriesfield and armature

vi) Shuntfield and armature

TASK 2: Service the parts of the DC machine as stated below

1 Measure the resistance of each field coil (Fig 1) and
compare the value with the figure given by the
manufacturer. If it is low or high replace the coil with a

similar coil.

Fig 2

ELN32127H2

Fig 1
FIELD COIL
OHMMETER %
| S
| | 2
o
2 Measure the insulation resistance between each coil

and the frame with a Megger.(Fig 2) If itis low replace
the coil with a similar coil. Enter the defect and action
taken to rectify the defectin Table 4 in the appropriate
place.

Testthe armature for short or open circuits by connecting
the ohmmeter test leads to two adjacent commutator
bars (Fig 3).

Setthe meterrangeto getareading as near mid- scale
as possible. (Fig 4)

TEST LEADS

ELN32127H3

5 Check that the meter reading is the same for all

adjacentcommutator segments. Ifnota) ahigh resitance
indicates an open circuit b) a low resistance indicates
a short circuit.
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Fig4 MID-SCALE READING

(O O)

O1@

OO0,

ELN32127H4

6 Test the armature/commutator for earth fault by
connecting one lead of the Megger to the shaft and the
otherlead of the Megger to the commutator bar. (Fig5)
Enter the defect and the action taken to rectify the
defectin Table 4 in the appropriate place.

COMMUTATOR

ELN32127H5

Table4

Asthecommutatorisalso apartofthearmature
winding a short or open shown by the above
tests involves commutation. Hence check the
commutator as explained here before
suspecting a coil defect.

Alternatively the armature can be tested for
short, open or grounded coils by a growler.

In case asingle open or short or ground coil is
detected in the above tests, the coil could be
replaced with a similar coil; on the other hand
if a number of coils are found to be defective,
the armature needs to be rewound.

Check the commutator for raised mica insulation.

found, under cut the mica. (Fig 6)

Fig 6

ELN32127H6

Fault and rectification record

Attended by: Date:
Sl.No. Area of defect Action taken for
rectification
1 Fault in field coil
a) Individual coil resistance measurement is the same as the others/not
the same
b) Individual coil insulation resistance is the same as the others/not
the same
2 Faults in the armature

a) Shorted call
b) Open coil

¢) Grounded coil

3 Faults incommutator

a) Raised mica

b) Pittings in commutator surface
c) Burnat commutator segments
d) Ridgesoncommutator

e) Highbars on commutator

f) Defective solderonraisers

g) Shortbetweensegments
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SI.No. Area of defect

Action taken for
rectification

4 Defectsin brush

a) Wornout

b) Loosefitting

c) Badbedding

d) Defective springtension
5 Defects in bearing

a) Wornout

b) Damaged

c) Dry

A tool made from a piece of hacksaw blade
withthesides ofthetooth ground down parallel
to the thickness of the mica and held in a
suitableholder (Fig 7) could be used forunder-
cutting the mica.

Fig 7

s :

UNDERCUTTING TOOL

ELN32127H7

8 Check the commutator for pittings, ridges and high
bars. (Fig 8). If found, they could be removed by
skinning the commutator. (Turning in a lathe)

RIDGES

2/

—

PITTINGS

HIGH BAR

M
[T LT
17

ELN32127H8

The commutator can only be turned to a
minimum diameter specified by the
manufacturer.

9 Verify before skinning (turning) check with a dial test
indicator that the shaft centre is the true commutator
centre. (Fig 9)

10 Getthe help ofagoodturnerand do mountthe armature
inalathe. Use adriving dog to turnthe shaftand remove
minimum copper fromthe surface of the commutator till
the pitting, ridges and high bars are rectified. (Fig 10)

11 Clean by using the sandpaper/sand cloth to give fine
finish to the commutator surface. (Fig 11) Enter the
defect and the action taken to rectify the defect, in
Table 3in the appropriate place.

Fig 9

DIAL TEST INDICATOR

COMMUTATOR
ARMATURE

ELN32127H9

Fig 10

COMMUTATOR

ELN32127HA

Fig 11

SANDPAPER/CLOTH

ELN32127HB

After finishing, check again for raised mica if
necessary undercut the mica.

Badly damaged commutator needs to be
replaced by a new one having the same
specification.
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12 Check the commutator connections in the raisers. If
necessary, resolder the suspected soldering spots.
(Fig12)

Fig 12

ELN32127HC

13 Cleanawaythe dust, dirtand carbon deposits fromthe
brush holderand assembly using Carbon Tetra Chloride.
(CTC)

14 Check the length of the brushes using scale.

If the length of the brush is reduced to 1/3rd of
the original length, the brush should be
replaced.

In case a new brush is to be replaced in place
of the old one, the new brush should have the
specification as recommended by the
manufacturer.

15 Check new brush whether it slides freely in the holder
without undue side play. If necessary fit with a smooth
file. Keeping the brush sides parallel.(Fig 13)

Fig 13

ELN32127HD

16 Insertthe new brush and shape the end of the curve of
the commutator, using glass-paperwrapped around the
commutator and light pressure in the brush. (Fig 14)

Fig 14 BRUSH

NEW BRUSH\U
BRUSH HOLDER

7

ROUGH SURFACE

GLASS PAPER
CORRECTLY

BEDDED BRUSH

ARMATURE

ELN32127HE

17 Assemble the brushinthe brush holder check that the
brush holders are not more than 1.5 mm
(/16 in.) away from the commutator surface. If
necessary adjust, keeping them square to the
commutator. (Fig 15)

Fig 15

BRUSH HOLDER

| 1.5mm MAX.

COMMUTATOR

ELN32127HF

18 Checkthe springtension. Ifitis adjustable, setitto the
minimum pressure that will prevent sparking or follow
the directions given by the manufacturer. (Fig 16.)

Fig 16

PRESSURE
INDICATION

BRUSH
HOLDER

BRUSH RETAINING
SPRING

ELN32127HG

19 Checkthe bearing for play, wear and damage.

20 Clean the bearing using kerosene and then with
lubricating oil.

21 Back the recess with a grease recommended by the
manufacturer up to 80% of the space.

22 ldentify the bearingwhichisfound defective, remove the
defective one with the help of a bearing puller.

23 Replace itwith abearing having the same specification.

24 Refittheinner bearing plate and then pressthe bearing
ontotheshaftinanarbor press, using atube and aplate
toapply pressuretotheinnerring of the bearing. (Fig 17)

Fig 17

PLATE

TUBE

INNER BEARING
PLATE

ELN32127HH
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Electrical Exercise 3.2.119
Electrician - DC Motor

Start, run and reverse direction of rotation of DC series, shunt and compound
motors

Objectives: At the end of this exercise you shall be able to

connect a 2 point starter and start the motor

reverse the direction of rotation of a DC series motor

- by changing the armature terminals.

- by changing the field terminals.

connect a 3 point starter to a DC shunt motor, start and run the motor
reverse the direction of rotation of a DC shunt motor

- by changing the armature terminals

- by changing the field terminals

connect, start and run a DC compound motor through a 4 point starter
reverse the direction of rotation of a DC compound motor

- by changing the armature connections (method 1)

- by changing the shunt field and series field connections (method 2)
measure the speed of the motor by using a revolution counter and stop watch.

Requirements

Tools/Instruments

¢ Insulated cutting pliers 150mm -1 No. * Loadingarrangementor
* Megger500V -1 No. complete brake test arrangement -1 Set
e Screwdriver 150mm -1 No. * D.C shunt motor 220V 3HP - 1 No.
¢ D.E. spanner set 5mm to 20mm -1 Set * ICDP switch 250V/16A - 1 No.
¢ Shunttype ohmmeter 0-2K » 3 Point starter suitable for -1 No.
or multi meter -1 No. 220V 3HP D.C shunt motor - 1 No.
¢ Testlamp with 220V 25W lamp -1 No. * Motor compound DC 220Volts
¢ Revolution couter cyclometer 4 digits - 1 No. and 2 to 3HP - 1 No.
e Stop watch 30 minutes -1 No. * 4 Point starter 220V 16A - 1 No.
Equipments/Machines Materials
¢ DC series motor 220V 3 H.P -1 No. » 2.5sg mm P.V.C. copper
e 2-point starter for 220V 3 multi-strand cable -18m
H.P. DC series motor -1 No. * Fuse wire 15 amps - asreqd.
PROCEDURE
TASK 1: Connect, start and run a DC series motor
1 Fixand arrange a suitable load for the series motor. 3 Open the 2-point starter, identify the parts, trace the
Theseries motor should not startor run without connection and draw the connection diagram.
aload. A flat belt drive, which might slip, while 4 Connectthe motor as pera circuit diagram (Fig 1) and
running should not be used. Fig 1 shows the getit approved by the instructor.
loading through brake arrangement. The belt — — -
to apply a certain load on the motor. the pulley.
2 Select a proper rating of the 1.C.D.P. switch, cables, 5 Switch "ON'the |.C.D.P.and move the 2-point starter
fuse wire and 2-point starter, according to the rating of gradually inthe clockwise direction, tillthe "ON'position
the given DC series motor. is reached and observe the direction of rotation.

Therating of the switch, fuse, cable and 2-point 6 Record the direction of rotation in Table 1.

starter given hereis for a220V 3HP DC series 7 Measure the speed with a tachometer and enter the
motor. valuein Table 1.
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8 Stopthe motor by switching offthe I.C.D.P. and waittill
the starter handle comesto the "OFF' position. Remove
the fuse.

If the 2-point starter provided to you is without
the hold on coil and spring-loaded handle,
then the starter handle needs to be brought to
the "OFF' position manually after switching
"OFF' the supply.

When reversing any motor, we should allow it
to come to a dead stop and then operate it in
the opposite direction.

Fig 1
TWO - POINT STARTER
STARTING RESISTER "R"
HOLDING COIL
SOFT IRON
KEEPER
STARTING

HANDLE

L+ K—ﬂ
220V DC
SUPPLY

-

(a) (b)

STARTING A DC SERIES MOTOR

ELN32119H1

Table1
Sl. Figure Direction of Speed in
No. rotation r.p.m.
1 Fig 1
2 Fig 2
3 Fig 3
4 Fig 4

TASK 2 : Reverse the direction of rotation of a DC series motor

METHOD 1 : Reverse the direction of rotation by
changing the armature terminals

1 Connect the motor as per circuit diagram Fig 2 and
check the loading arrangement for the correctness.
Repeat steps 5to 8 of Task 1.

Fig 2 L A
P
At
15A
—
L+ :\"\c A,
\
| IcoP D,
220 v DC | 230V, 15A
} ‘ 15A b
- o~ — 2
o
I
REVERSING THE DIRECTION OF ROTATION OF A DC SERIES MOTOR Z
BY CHANGING ARMATURE CONNECTION g
5
w

METHOD 2 : Reverse the direction of rotation by
changing the field terminals.

1 Connect the motor as per circuit diagram Fig 3 and
check the loading arrangements for its correctness.
Repeat steps 5 to 8 of Task 1.

2 Change the supply terminals as per circuit diagram
(Fig 4) and the loading arrangements for correctness.
Repeat steps 5to 8 of Task 1.

Fig 3 L A

220V DC

L+f \[\
\

\

[

\

~

L —
15A

REVERSING THE DIRECTION OF ROTATION OF THE DC SERIES MOTOR
BY CHANGING FIELD CONNECTION

ELN32119H3

Fig4 TWO - POINT STARTER

STARTING RESISTER "R"
HOLDING COIL

SOFT IRON

KEEPER SPRING

BALANCE

STARTING
HANDLE

ELN32119H4
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Compare the connectionsinFig 1and Fig4. Checkthe
direction of rotation in both the cases.

Write the conclusion based on this experiment in the
space given below.

TASK 3: Connect, start and run a DC shunt motor

1

Select the ICDP switch, 3-point starter, fuse wire and
cable according to the given specification.

The specification here is for DC shunt motor
220v, 3HP rating. If the available DC shunt
motorintheshopfloorisnotofthesamerating,
the specification will have to be changed.

Open the 3-point starter, trace the connections and
sketch the internal parts.

Measure the resistance of the series resistor and the
no-volt coil of the starter. Enterthese valuesin Table 2.

Connect the DC shunt motor as per circuit diagram.
(Fig5)

Checkthe supply voltage and confirm by verifying with
the data given in the name-plate.

Check the rating of the fuses in the main switch. If
required, changeitinaccordance with the motor rating.

Switch "ON' the ICDP and gradually move the starter
handle to the "ON' position.

Check the direction of rotation and enteritin Table 3.

Stop the motor by switching "OFF'the ICDP. Wait until
the shaft comes to a standstill position.

10 Removethefuse-carriersfromthe ICDP.

Conclusion

Fig 5 THREE - POINT STARTER

T STARTING
RESISTER "R"

OFf

SOFT IRON KEEPER
STARTING HANDLE
SPIRAL SPRING

|

\

\

i HOLDING COIL

| (NO-VOLT COIL)
\

\

|

|

ICDP SWITCH

DC SHUNT MOTOR CONNECTED TO 3-POINT STARTER

ELN32119H5

Table2

Resistance of the series
resistor (inohms)

Resistance of the
no-voltcoil(inohms)

Table3

SI.No Description

Direction of rotation

Normal connection as in Fig 5
By changing armature terminals as in Fig 6

By changing shunt field terminals as in Fig 7

TASK 4: Reverse the direction of rotation of a DC shunt motor

METHOD 1: Change the direction of rotation by
changing the armature terminals.

1

Reconnectthe DC shunt motor as per circuit diagram.
(Fig6)
Replacethe fuse-carriers.

Repeat the working steps 7 to 10 of Task 3.

METHOD 2: Change the direction of rotation by
changing the shunt field terminals.

1 Reconnectthe DC shunt motor as per circuit diagram.

(Fig7)
2 Replace the fuse-carriers.

3 Repeat the working steps 7 to 10 of Task 3.
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TASK5: Connect, startand runaDC compound motor

1

Read and interpret the name-plate details of the given
DC compound motor and record it.

Identify the terminals, and test for the insulation
resistance of the given DC compound motor.

Select proper sizes of switch, starter and cables
according to the rating of the given DC compound
motor.

The ratings of the switch, starter, cables etc.
given here are for a DC compound motor of
220V 3 HP rating. If the motor rating changes,
the rating of the switch, starter, cable etc.
should also be changed.

Open the 4-point starter, trace the connection, sketch
the internal parts and draw the diagram. Measure the
resistance of the series resistor,protective resistor,
no-volt coil and enter the values in Table 4.

Selectand insert a suitable fuse wire in the main ICDP
switch according to the rating of the given motor.

Only one pair of terminals, either armature or
shunt field, should be changed. If both the
armatureand shuntfieldterminals arechanged,
the direction of rotation will not change.

Write the conclusion:

a Necessity of starter

b Method of changing the direction of rotation in a DC
shunt motor based on Fleming's left hand rule.

6 Give the connections as per circuit diagram. (Fig 8)

Fig 8
FOUR POINT STARTER
F=—————— = —— — q
‘ |
} 4% STARTING SERIES
> RESISTOR
| v |
(Y N |
| & | HOLDING COIL
STARTING —| [ (NO-VOLT COlL)
HANDLE | [
‘ —_— A || PROTECTIVE
SPIRAL ) \ RESISTANCE
SPRING | L |
L — |
ICDP —
MAIN SWITCH 5,
L+ \( — | comPounD
| | MOTOR
\ D, } /
TODC [ At |
SOURCE | |
‘ ©
| \ s
- ~N — Ao | 5
: 2
3
w

of the starter (in ohms)

resistance (in Kilo ohms)

Table4
Value of the Value of the Value of the
seriesresistance protective no-volt coil

resistance (in ohms)
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7 Connectthe ICDP switchtotherated DC supply voltage
of the motor.

8 Switch on and move the 4-point starter handle slowly
until the "ON' position is reached.

9 Observe the direction of rotation of the motor. The
direction of rotation of the motor is

10 Take the revolution counter, set the readings to zero,
and fix the rubber tip.

11 Take the stopwatch and set its reading to zero.

Therubbertip of therevolution counter should
be engaged to the shaft centre of the motor.
Therevolution counterandthe stopwatch need
to be started at the same time and stopped at
the same time.

12 Hold the revolution counter in the right hand and the
stopwatch in the left hand.

13 Engage the rubber tip of the revolution counter in the
centre of the shaft of the motor.

Stand away butin front of the shaft and engage
the rubber tip slowly in the small countersink
position of the rotating shaft.

14 Pressthe start-button of the revolution counter and the
stopwatch simultaneously.

15 Press the 'off' button of the stopwatch just when the
stopwatch reads one minute and the revolution counter
simultaneously. Read the revolution per minute. Speed
of the motor in revolution per minute is

If you are not able to stop the stopwatch
exactly in one minute, follow the procedure
given below. (However the stopwatch and the
revolution counter oughtto havebeen stopped
at the same time)

‘N'Number of revolutions recorded in counter foratime
of 'X' minutes as recorded by the stopwatch.

Revolution per minute =

'N' Number of revolutions in counter
Stopwatch time in ' X' minutes
= r.p.m.

16 Stop the motor by switching off the ICDP switch, wait
till the shaft comes to rest.

TASK 6: Reverse the direction of rotation of a DC compound motor

METHOD 1:Reversethedirection of rotation ofthe DC
compound motor by changing the armature
connection

1 Interchange the terminal of the armature. (Fig 9)

Fig 9
9 L1 L2 F A
o -3 ? ?
D1
Eq
L+ o o T~ ¢
\ Dy
‘ L
| Ad
| %
Eo =
A, S
L~ o :\j\c %
w

2 Switch "ON'and startthe motor by the starter; observe
the direction of rotation. The direction of rotation of the
motoris

3 Stop the motor by switching off the I.C.D.P; wait until
the motor stops completely.

METHOD 2: Reversethedirection of rotation ofthe DC
compound motor by changing the shunt field
terminals and series field terminals.

As explained, the series field terminals also
need to be changed in this case, to retain the
earlier characteristics of the compound motor.

1 Interchange the field terminals. (Fig 10).

Fig 10
Lq Lo F A
o o i
D
E1 %
L+ o N~
| D2
| 1
\ A
| <
! F2 &
L~ o \k | — A2 é
— ' 3

2 Switch "ON' and start the motor by the starter and

observethe direction of rotation. The direction of rotation
of the motor is

3 Switch offthe supply. Write your observation regarding

the method of changing the direction of rotation of the
DC compound motor in the space given below.

4 Show your observations to your instructor.

Disconnect the connections and keep the tools,
equipment and materials in their proper places.
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Electrical Exercise 3.2.128
Electrician - DC Motor

Perform speed control of DC motors field and armature control method

Objectives: At the end of this exercise you shall be able to

e read and interpret the name-plate details of a DC machine

« identify the terminals of a DC machine

e connect the DC shunt motor through a 4-point starter and a shunt field regulator

e start and run a DC shunt motor

¢ measure the speed of a DC motor

e vary the speed of a DC motor using the shunt field control regulator, and find the relationship between the
field current and speed

« vary the speed of a DC motor using armature circuit resistance and find the relationship between armature
voltage and speed.

Requirements

Tools/Instruments Equipment/Machines

¢ Insulated cutting pliers 200mm -1 No. ¢ DC shunt motor 220V 3HP -1 No.

e Screwdriver 200mm - 1 No. ¢ Rheostat 220 ohms 1 amp -1 No.

e Electrician's knife (100 mm) - 1 No. e 4-point starter 15A 220V -1 No.

* M.C. ammeter 0-1A - 1 No. ¢ Rheostat 20 ohms 15 amps -1 No.

e M.C. voltmeter 0-300V - 1 No. e 3 point starter 15A 220V -1 No.

e Tachometer 300-3000 r.p.m. - 1 No. Materials

e Megger - 500V - 1 No.

e Testlamp -1 No. e P.V.C.Insulated multi-strand

¢« M.C. ammeter 0 to 15A -1 No. copper cable 2.5 sqg mm 600V grade -10m

¢ Fuse wire 15 Amps - asreqd.

PROCEDURE

TASK 1: Control the speed of a DC shunt motor by the field control method

1 Notethe name-plate details of the given DC shuntmotor The rheostat position must be in the cut out
and record it in table 1 as in exercise no 3.1.115 postion at the time of starting to have a low

2 Identify the terminals of the given DC shuntmotor and starting speed.
test for insulation and ground. 6 Apply the rated supply voltage through the switch and

3 Selectasuitable range of rheostat, ammeter, voltmeter, start the motor by the 4-point starter.
switch and fuse according to the specification of the 7 Measure the speed, field current, voltage and enter
given DC shunt motor. them in Table No 2.

4 Make the connections as per the circuit diagram. 8 Decreasethefield currentbyincreasingthe field control
(Fig1). resistance in steps.

Calculate 130% of the speed value from the
name-plate details. The speed should not be
more than 30% of the rated value.

L+ T~
r | _ 9 Measurethe speed, field current,and the applied voltage

Fig 1

for each step and enter these values in Table 2.

RATED DC
suppLy |

\
L —
16A
L- =

SPEED CONTROL OF THE DC SHUNT MOTOR BY FIELD CONTROL METHOD

10 Switch OFF the supply of motor.

11 Draw the speed versus field current curve in a graph
sheet, keeping the field current in the X-axis and the
speed in the Y-axis.

ELN32128H1

12 Write your observation highlighting the relation between

5 Keep the field rheostat in the cut out position to have speed, field current and field flux.

minimum resistance in the shunt field circuit.
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Observation

Table2

Sl.No. Voltage Line current (I)) Field current (l ) Speed rpm

OO |~ W|N|PF

TASK 2: Control the speed of a DC shunt motor by the armature resistance method

1

Note the name-plate details of the given shunt motor
and record it.

Identify the terminals of the given DC shunt motor and
test for insulation and ground.

Select the 3-point starter, rheostat, ammeter and
voltmeter according to the rating of the given DC shunt
motor.

Make the connections as per the circuit diagram.
(Fig2)

Keep the armature circuit rheostat in the cut out
position.

Apply the rated voltage and start the motor by using the
3- point starter.

Measure the speed, armature current & voltage across
the armature and enter them in Table 3.

Fig 2 3 - POINT STARTER
L A F

ICDP SWITCH

R e e ——

\

[ RHEOSTAT

| 50 Q,4.1A

RATED DC |
VOLTAGE ‘
SUPPLY ‘

\

\

— = i

SPEED CONTROL OF THE DC SHUNT MOTOR BY
ARMATURE CONTROL METHOD

ELN32128H2

8 Increase the armature circuitresistance gradually and
checkthe speed and corressponding armature current
and voltage across the armature.

9 Repeat step No 7 for each variation .
10 Switch "OFF' the supply to the motor.

11 Draw the speed and armature voltage characteristic
curve inthe graph sheet, keeping voltage in the X-axis
and speed in the Y-axis.

12 Write your conclusion highlighting the relationship
between the voltage across the armature and speed.

Note: Back emf =

E,=Applied voltage —Total armature circuit voltage drop
=E-|R,
=E-I_(R,*+R,)

E,=Appliedvoltage—(Internalarmature resistance drop
+ External armature rheostat drop)

Assuming the internal armature resistance drop is
negligible, we can also assume voltage across the
armature = back emf E,.

Conclusion
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Table3

S.No.

Armature current

(1)

Voltageacross
armature

Speed
r.p.m.

Remarks
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Electrical
Electrician - DC Motor

Exercise 3.2.122

Practice dismantling and assembling in DC shunt motor

Objectives: At the end of this exercise you shall be able to

read and interpret the name-plate details of a DC shunt motor

conduct visual inspection of the electrical machine

dismantle the DC shunt motor

remove, inspect and install the bearings
clean the parts of DC shunt motor
reassemble the DC shunt motor

adjust the brush tension and bedding of brushes, and correct the rocker arm position

check the performance of DC shunt motor.

Requirements

Tools/Instruments

Materials

» Kerosene -1 litre

» Cottoncloth - 1/4 sq.m.
» Carbontetrachloride -100 ml.

* Round brush for cleaning 2cm - 1 No.

* Petrol - 200 mil.
e SandpaperNo.1 - 1 Sheet
» Hacksaw blade 300 mm - 3 Nos.

e Sand paper 00’ smooth - 1 Sheet
* Mobile oil S.A 40 -1/2 litre
e Cottonwaste -100 gms
» Shellalvania 3 grease orequivalent -100 gms
» Hardwood 3cm sqg. 20cm long - 2 Pieces

¢ Pulley puller 6" -1 No.

¢ Hammer500gms -1 No.

e Cutting pliers 200mm -1 No.

e Centre punch 100mm. length - 1 No.

e Spanner set 5mm to 20mm -1 Set.

e Screwdriver, heavy duty -200 mm

e Tray 300 x 300 mm x 50 mm -1 No.

¢ Mallet, hardwood 60mm dia. -1 No.

¢ "Manonline" board -1 No.

¢ Electric blower - 250V 50HZ -1 No.

Equipment/Machines

¢ DC Shunt motor -1 No.
PROCEDURE
1 Read the manufacturer's instruction booklet, and

particularly take into account any special instructions
regarding dismantling procedures.

Remove the fuse-carriers from the main switch,
disconnectthe DC machine fromthe supply and display
the "Man-on-line board" on the main switch.

Remove the foundation bolts of the machine, shift the
machine to the workbench and note the name-plate
details in Table 1 as shown is Exercise 3.1.115

Conduct avisual inspection.

Cleanthe outside surface of the motor. Remove all dirt
and grease with a dry cloth soaked in petrol/kerosene.

Fig 1

P2 Q
4 Y
L A

= =

IDENTIFICATION PUNCH MARKS

ELN32122H1

8 Remove the brushes from the brush-holder. (Fig 2)

Do not use water.

Make punch marks on both the end plates and yoke.
(Fig1)
Mark the rocker arm position with respect to the end
plate.

Fig 2

LEAF SPRING ﬁ

BRUSH

BRUSH HOLDER

PIGTAIL WIRE

BRUSH TERMINAL

COMMUTATOR
SEGMENTS

BRUSH HOLDER MECHANISM

ELN32122H2
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9 Check pulley tightness and adjust. Remove pulley it
with a pulley puller if the pulley is found tightly fitted.

(Fig3)

Fig 3

END PLATE (COVER)
Y/S HAFT PULLEY

PULLEY PULLER

GREASE CUP
GREASE CUP STUD

AN

REMOVAL OF THE PULLEY

ELN32122H3

10 Removethe grease cup stud and openthe grease cup.
(Fig4)

13 Remove the bearings using a bearing puller. (Fig 6)

Fig 6

ELN32122H6

REMOVAL OF THE BEARING

New bearings need no cleaning. Do notremove
the new bearings from the package until
needed. Before opening the new bearing, keep
the workbench clean and tidy. For fixing the
bearing in the shaft, follow the guidelines

(Fig 7).

Fig 4

R

B =

—~— GREASE CUP

——— GREASE CUP STUD

_'/\ END PLATE

REMOVAL OF THE GREASE CUP

ELN32122H4

11 Loosen the studs of both the end plates and then
remove the end plate of the shaft side.

Open one end of the end plate slowly by
holding the armature shaft by hand or pulley
block so that the weight of the armature does
not damage the pole faces or field windings.

MILD STEEL FLAT

MILD STEEL BUSH

1) USE MILD STEEL FLAT ABOVE
THE BEARING FOR HAMMERING.

2) USE A METAL TUBE (MILD STEEL
BUSH) ON THE INNER RING OF THE
BEARING FOR FURTHER INSERTION.

GUIDELINES FOR FIXING THE BEARING ON THE SHAFT

ELN32122H7

12 Remove the armature from the body of the machine.
(Fig 5).

Fig 5
END COVER \

o>

END COVER

BALL BEARING
QY
% ,\\\\“\‘\\\‘}}5)) \ MOTOR CASING
2% 7

R
o “|\l/

o

ARMATURE
COMMUTATOR

REMOVAL OF THE ARMATURE

ELN32122H5

14 Reassemble the yoke, armature and end plates.

15 Checkthe freeness of the shaft by rotating the shaft by
hand.

If found tight (not free) loosen the end-plate
studs andtightenthecrosswise studs gradually
in the proper sequence, and at the same time
feeling the shaft for free rotation.

16 Insertthe brushinthe holder, adjust the brush tension,
and bed the brushes following the procedure shown in
Fig 8.

17 Positiontherocker-arminthe end plates as per original
marking.

18 Re-installthe machineinthe foundationandtightenthe
foundation bolts and connect the motor to the supply.
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Fig 8

M UN-BEDDED

/éﬁ;\g BEDDED

METHOD OF BEDDING THE BUSH

SILICON
¢ ABRASIVE PAPER
ES

ELN32122H8

19 Checkwhetherthe motor is operating smoothly without
any vibration. A check-list for mechanical functions is
givenin Table 1. Fillup all the possible columns after
checking the motor operation.

Table1

Sl. Check-list Remarks
No. (Mechanical)
1 | Noise
2 | End-play
3 | Rotorrunningfree
4 | Bearingfits
5 | Lubrication, grease,
nipples oil supply
6 | Temperature bearings
7 | Temperature motorframe
8 | Condition of shaft, keyway,
pulley, bearing seals
9 | Bolts, nuts tightened
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Electrical Exercise 3.2.129
Electrician - DC Motor
Carry out overhauling of DC machines
Objectives: At the end of this exercise you shall be able to
e read and interpret the name-plate details of a DC machine
e conduct visual inspection of the electrical machine
¢ measure the resistance of windings and test the machine for insulation
e dismantle the DC machine
e remove, inspect and install the bearings
¢ clean the parts of DC machine
e test the armature and inspect the commutator
e reassemble the DC machine
e adjust the brush tension and bedding of brushes, and correct the rocker arm position
¢ check the perfomance at no-load and load.
Requirements
Tools/Instruments Equipment/Machines
e Pulley puller 6" -1 No. ¢ DCmachine -1 No.
¢ Hammer 500 gms -1 No. .
M I
e Cutting pliers 200mm -1 No. aterials )
« Centre punch 100mm length -1 No. * Kerosene - Llitre.
+  Spanner set 5mm to 20mm -1 set + Cottoncloth -1/4sq.m.
« Screwdriver, heavy duty -200 mm » Carbontetrachloride - 100 ml.
« Tray 300 x 300 mm -1 No. * Round brush for cleaning 2cm - 1 No.
+  Midgetscrewdriver -25mm * Petrol - 200 mil.
« Megger500volts -1 No. » SandpaperNo.1 - 1 sheet.
« Blowlamp 1/2 pint -1 No. » Hacksaw blade 300 mm - 3 Nos.
« Externalgrowler -1 No. » Sand paper ‘00'smooth - 1 sheet
+ Mallet, hardwood 60mm dia. -1No. * Mobile oil S.A 40 - 112 litre
« "Man on line" board -1 No. + Cottonwaste - 100 gms
« Multimeter -1 No. » Shellalvania3 grease or equivalent -100 gms
e Hardwood 3cm sq. 20cm long - 2 pieces
PROCEDURE

TASK 1: Dismantle, insert and reassemble DC machine

1 Notethename-plate detailsin Table 1. (Same table as 3 Testthewinding offield and armature forinsulation and

Exericesno 3.1.115) record in Table 3.
2 Conduct a visual inspection and record the defects, 4 Cleanthe outside surface ofthe motor. Remove all dirt
if any, in Table 2. and grease with a dry cloth soaked in petrol/kerosene.

Table 2 Do not use water.
Visual Inspection Report 5 Make punch marks on both the end plates and yoke
(Fig 1).
Fig 1 o)

P 3 N
S Y
# A

R C
/ \
7 \

IDENTIFICATION PUNCH MARKS
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Table3

Insulation testreport

Insulation resistance in megohms

SI.No. Between terminals

Before
overhauling

During After
overhauling overhauling

Armature and shunt field
Shunt and series field
Seriesfield and armature
Shunt winding to body
Series winding to body

D OB WN P

Armature winding to body

6 Mark the rocker arm position with respect to the end
plate.

7 Remove the brushes from the brush-holder. (Fig 2)

Fig 2
LEAF SPRING ﬁ

BRUSH

BRUSH HOLDER

PIGTAIL WIRE

BRUSH TERMINAL

COMMUTATOR
SEGMENTS

ELN32129H2

BRUSH HOLDER MECHANISM

Thescrews, studs, bolts and nutsremoved from
the machine must beimmersed in kerosene to
remove the rust and dirt.

10 Loosen the studs of both the end plates and then
remove the end plate of the shaft side.

Slowly open one end of the end plate, holding
the armature shaft by hand or pulley block so
thattheweightofthearmaturedoes notdamage

the pole faces or field windings.

11 Remove the armature from the body of the machine.
(Fig5)
12 Checkthe bearingsforwearandtear, breakage or stall.

8 Remove pulleywith apulley puller. Ifthe pulleyis found
tightly fitted, check pulley tightness and adjust pulley.

(Fig3)

Fig 3
END PLATE (COVER)
X/SHAFT PULLEY
. TURN IN CLOCKWISE

b "] DIRECTION TO
REMOVE PULLEY
PULLEY PULLER
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: GREASE CUP STUD

REMOVAL OF THE PULLEY

ELN32129H3

9 Removethegrease cup studand openthe grease cup.
(Fig4)

Fig 4

R

B =

|~— GREESE CUP

GREESE CUP STUD

_'/\ END PLATE

REMOVAL OF THE GREESE CUP

ELN32129H4

Fig 5
END COVER
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ARMATURE
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REMOVAL OF THE ARMATURE

13 Remove the bearings using a bearing puller. (Fig 6)
14 Clean the bearings. (Fig 7)

Replace the bearings, if found defective.

15 Grease the bearings and cover with plastic paper.
(Fig7)
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Fig 6

ELN31129H6

REMOVAL OF THE BEARING

20 Insertthe brushinthe holder, adjust the brush tension,
and bed the brushes following the procedure. (Fig 9)

Fig7 CARD BOARD BOX

PLASTIC PAPER

b
STORING THE BEARING AFTER CLEANING

Fig 9

/&%\ UN-BEDDED

/éﬁ;\g BEDDED

METHOD OF BEDDING THE BUSHES

SILICON
¢ ABRASIVE PAPER

ELN32129H9

ELN32129H7

New bearings need no cleaning. Donotremove
the new bearings from the package until
needed. Before opening the new bearing, keep
the workbench clean and tidy. For fixing the
bearing in the shaft, follow the guidelines

(Fig 8).

Fig 8

MILD STEEL FLAT

MILD STEEL BUSH

1) USE MILD STEEL FLAT ABOVE
THE BEARING FOR HAMMERING.

2) USE A METAL TUBE (MILD STEEL
BUSH) ON THE INNER RING OF THE
BEARING FOR FURTHER INSERTION.

ELN32129H8

GUIDELINES FOR FIXING THE BEARING ON THE SHAFT

16 Clean the yoke and armature with a brush and air
blower.

17 Testthe armature with a growler.
18 Reassemble the yoke, armature and end plates.

19 Checkthe freeness of the shaft by rotating the shaft by
hand.

If found tight (not free) loosen the end-plate
studs andtightenthecrosswisestuds gradually
in the proper sequence, and at the same time
feeling the shaft for free rotation.

21 Positionthe rocker-arminthe end plates as per original
marking.

22 Checkwhetherthe motoris operating smoothly without
any vibration. A check-list for mechanical functions is
givenin Table 4. Fill up all the possible columns after
checking the motor operation.

23 Connect the voltmeter, ammeter and the motor to the
rated supply voltage and measure the no-load current,
terminal voltage andr.p.m.

Table4
Sl. Check-list Remarks
No. (Mechanical)
1 | Noise
2 | End-play

3 | Rotorrunningfree
4 | Bearingfits

5 | Lubrication, grease,
nipples oil supply

6 | Temperature bearings
7 | Temperature motorframe

8 | Condition of shaft, keyway,
pulley, bearing seals

9 | Bolts, nuts tightened

10 | Testrun 30 min
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Electrical
Electrician - DC Motor

Exercise 3.2.130

Perform DC machine winding by developing connecting diagram, test on

growler and assemble

Objectives: At the end of this exercise you shall be able to

« dismantle the armature from the body
 collect and record the armature datas
 test the armature for ground with test lamp

« test the armature for short in the coil with an external growler
« test the armature for open in the coil with an external growler.

Requirements

Tools/Instruments

* Electrician tool kit -1 Set
¢ Insulated cutting pliers 200mm -1 No.
e Scissors 150 mm - 1 No.
e Mallet hardwood 0.5kg - 1 No.

e Soldering iron 25W, 125W, 240V - 1 No.
e Tray 200 mm x 200 mm x 50 mm -1 No.

e Scale with weights 1 to 450 g -1 No.
¢ Qutside micrometer 0-25mm -1 No.
e Tweezer 100mm -1 No.
e Stand winder for armature -1 No.
¢ Power hack saw blade used -1 No.
¢ Centrepunch150mm -1 No.

Equipment/Machines
* Growler external with hacksaw blade -1 No.

* Burntoutarmature -1 No.
* Rotor balancing machine forsmall -1 No.
armature

e Multimeter 0 1000 ohm 2.5t0o 500V -1 No.

Materials

o 7 Mill millinex paper - as reqd.
* 30SWG super-enamelled copperwire -300g

* Empire sleeve 1mm, 2mm -1 m each
e Cotton tape 20mm -1m

* Binding/hemp thread -1 roll

» Hylam/fibre wedge 2mm thick - as reqd.
e 10 milli triplex paper - as reqd.
* V-32 insulation varnish - 1/2 litre
» Thinner - 1/2 litre
» Resincore solder 60/40 -20¢g

* Resin flux (power type) -10g

e Airdryvarnish - 1/2 litre
¢ Used hack saw blade -1 No.

e Soldering paste -10¢g

PROCEDURE

TASK 1: Dismantle of armature from the body

Assumption: To facilitate easy approach, the
procedural steps are for a mixer similar to
Sumeet make. However NIMI does not take any
resopnsibility for the correctness of the
specification given in this information as the
specifications are bound to change by the
manufacturer from time to time.

5 Tracetheinternal connection from the field, armature,
speed selector switch and draw the connection diagram.

| Fig 1 is given for your guidance. |

1 Note the name-plate details of the given mixer in

Table 1.

2 Byturningthe mixer upside down, make the position of

the closing cover.

3 Dismatlethe rubberbush and unscrewthe fixing screw

from the closing cover.

4 Trace the main supply lead and its connection to the

internal parts.

Fig 1

INCH

MEDIUM

HIGH

N
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Table1

Data Sheet
Make ............... TYPE..ovvvveeiinns
KW, AV/o] | SR AMp....coooeennees No. of poles...................
Rpm...coooiieien. Frame............. Model......ccvvviiennnn.
Rotor | Size of | No. of Caoll Coils/Slot | Wt. of Wt. of the | No.of | No. of Remarks
wire Turns Pitch one coill winding slots commutator
Centre of slots.
Fig 2
to
Centre of bars

Centre of mica

ELN32130H2

Commutator
Pitch

Lap Wave

6 Remove thetop cover screwwhichisfitted inthe inner
side of the body of the mixer.

7 Remove the top cover of the mixer.
8 Removethe coupling pulley

9 Disconnectthe main supply lead and inner leads from
the speed selector swich terminals.

10 Remove the motor from the plastic cover assembly.

TASK 2: Collect and record the armature datas

1 Check visually the armature for fault symptoms and
then by an external growler.

2 Note down your findings in Tables 1 under symptoms
ofdefects

3 Place the armature in the winding stand. Count the
number of slots, number of segments and record in
Table 1.

4 Draw the developed diagram with the help of the data
obtained.

11 Remove the carbonbrushes.

12 Mark the position of the bottom cover and the body for
the mixer with the help of a centre punch.

13 Loose the through machine screw and remove the
bottom cover.

14 Remove the fan blade from the armature shaft.

15 Remove the armature out of the stator

To give proper guidance to the trainees a
particular make mixer (similarto sumeet mixer)
is considered here.

The connection diagram is shown in Fig 3, the
ringdiagramis showninFig 4 andthedevelped
diagram is shown in Fig 5.

5 Identify one slotand mark a dot each on the side of slot
with the help of a centre punch. (Fig 6)

6 Tracetheendconnectionfromthe slottothe commutator
segment.
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Fig 3
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Fig 4 Fig 6
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Fig 7

Il

W

|1 ‘2 ‘ 3 ‘ 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8 ‘ 9 ‘10‘11‘12‘13‘14‘15‘16‘17‘18‘19‘20‘21‘22‘23‘24'

A.C.E.G=SHORT LOOPS
B.D,F =LONGLOOPS

Fig 8
FIRST HIT BLADE DOWN SO
THAT TEETH WILL DIG INTO

WOODEN OR FIBRE WEDGE
NEXT HIT BLADE ON THE SIDE

BOTH THE BLADE AND THE
HACK SAW BLADE K WEDGE WILL COME OUT

ELN32130H8

ELN32130H7

8
9

Record the findings in Table. 1

Cut the armature leads from the commutator raisers.

10 Apply a thinner to the armature slots and winding.

11 Remove the fibre/Hylam wedges from the armature

slots (Fig 8).

12 Count the coil pitch and record it in Table. 1

TASK 3: Perform winding of armature

13 Remove the armature coil one by one from the solts

14 Countthe number ofturns, size of winding wires weight
of each coil, weight of whole winding and type of slot
insulation. Record themin Table 1.

15 Practice the exercise for three or four times with
differentarmature assemblies.

16 Keep allthe parts safely for using at the next exercise.

1 Selectthewindingwire according to the original winding i
Fig 10

and mount the spool on a stand.

For sumeet mixer use winding wire of size

30SWG.
2 Insertaguide paper in the identified slots in which the

coil is to be placed. (Fig 9)

Fig 9 «
INSULATION Large size armatures are to be supported by
. stands (horses during winding).
3 (Fig 11)
CUFFS %
. Fig 11

For the sumeet mixer, taken as an example,

we have

Total number of slots =12 SOLDER

Segments =24

winding wire =30SWG

Number of coil sides in each slot =4

(2 coil sides arelooped together and the loops

are connected to the segments) @

Number ofturnsineach coil =36turnsidentified 5

slot pitch 1-6. 3

Place a guide paper in slots 1 and 6. (Fig 9) 5 Wind the armature by hand placing one end of the coil
4 Hold the armature in hand. (Fig 10) side in slot No.1 and the other in slot No.6
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6 Count 36 tuns and then make a longer loop.
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Do not make mistakes in counting. Wrong
number of turns will result in unbalanced
armature.

7 Make another 36 turns in the same solts (1 and 6) by
holding the loop with your fingers of the hand.

TASK 4: Solder the armature after rewinding

1 Measure the lead swing length so as to reach the
identified commutator raisers.

2 Remove the insulation of the winding wire loops at the
connection points to the raisers.

3 Place the end connection wires in the risers in proper
sequence and tie arubber band on the commutator so
as to hold the extended wire connections from the
raisers in position.

4 Solder the end connections with the raisers properly
(Fig11).

Remove the excess solder from the raisers.

Check the connections and then bind the end
connections with the armature. (Fig 12)

7 Testthe armature with an external growler for shorts,
openand grounding.

8 Varnish the armature after no fault in armature.

Remove the excess varnish after drying and check the
rotor for balance in a dynamic balancing machine.

10 Assemble the mixer/liquidizer and test run the mixer
with load.

TASK 5: Test the armature

1 Testthe armature winding for ground with a test lamp
betweenthe commutator segments and shaft. (Fig 13)

Fig 13

ELN32130HD

Make ashortloop atthe end of the second coil and start
winding the next coil in slot numbers 2 and 7.

Make a long loop at the end of 36 turns and wind the
same number (36) of turns in the same slots (2 and 7).

Fig 12

FREE

END OF FREE
GORD END

1.START OF THE CORD BAND 2.EIGHT TURNS OF
THE CORD BAND
LoOP é E ] LoOP ]
— §_
3.THE CORD BAND WITH LOOP 4 SEVERAL TURNS WOUND
FORMED IN TREE END OVER THE LOOP
LooP E
% —

TN

5.THE END OF THE CORD IS BROUGHT
THROUGH THE LOOP AND PULLED
UNDER NEATH THE CORD BAND

ELN32130HC

Fig 14

ELN32130HE

Fig 15

In case of grounding, trace the grounding by
sequential de-soldering of the commutator
connections and remove the grounding.

2 Place the armature on the external growler. (Fig 14)
Switch ‘ON’ the growler.

4 Hold the hacksaw blade over the top of the slot and
along the length of it. (Fig 15)

ELN32130HF
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5 Rotate the armature slowly and observe the hacksaw
blade vibration and the growling noise.

- The blade does not vibrate-it is an indication of ‘NO’
short in the armature coils.

- Vibration of the blade and a growling noise indicate
short in the coil.

In case of a fault, rectify the same.

6 Connect the AC milli-volmeter/ammeter (normally
provided with the growler) leads to the top two adjacent
segments (Fig 16) by keeping the growler switches
‘ON’

Fig 16

M.V

ELN32130HG
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Rotate the armature and continue testing allthe adjacent
bars.

While rotating the armature, the geometrical
position ofthetest-leads should notbechanged
forsubsequenttestings.

- Equal meter reading show correctness of winding.

- Any higher value of reading shows open in-between
the armature coil/coils

Consult the instructor in case of fault in the armature
winding.

Pre-heatand varnish the armature.

Care sould be taken while varnishing the
armature to ensure thatthe commutatoris not
exposed to the varnish.

10 Repeatthe exercise for four or five armatures.
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Electrical Exercise 3.3.131
Electrician - AC Three Phase Motor

Identify parts and terminals of three phase AC motors

Objectives: At the end of this exercise you shall be able to

« read and interpret the name plate details of the given 3 phase squirrel cage induction motor and slipring
induction motor

« identify their parts and write their names

« testthe 3 phase squirrel cage induction motor for continuity test

« identify the terminals of 3-phase squirrel cage and slipring induction motors.

Requirements

Tools/Instruments Equipments/Machinery

¢ Insulated combination plier 200mm -1 No. ¢ AC 3 phase squirrel cage induction

¢ Insulated screw driver 200mm with motor - 5HP, 3-Phase, 415V, 50Hz -1 No.

4mm blade -1 No. ¢ AC 3 phase slip ring induction motor -

¢ DE spanner set 5 mm to 20mm -1 Set 5HP, 3-Phase, 415V, 50Hz -1 No.

¢ Milvolt meter 0-300 V -1 No. :

« Mivolt meter 0-500 V -1 No. Materials

» Test lamp 240V, 60 Watts -2 Nos. ¢ PVC Insulated coppercable 1.5sgmm -4 m
¢ Pendentlamp-holder 240V 6A - 2 No.

PROCEDURE

TASK 1: Identify the parts of 3 phase squirrel cage induction motor

Instructor may arrange the AC 3 phase squirrel cage induction motor and slip ring induction motor in
dismantled condition on the work bench. Explain the name of the parts and label them with numbers.
Then ask the trainees to write the name of the parts for the labelled number parts. (or)

If the dismantled motors are not available provide the exploded view chart of the motor and hide the
parts name, and explain and ask them to write their names.

1 Read and interpret the name plate details of the 3 phase
squirrel cage induction motor and note down in Table 1

Tablel
Name-plate details
Manufacturer, Trade Mark...........cccovvviiiiiiiiinnn, Rated freqUenCy...........ccuvvvvvvviiiiiiviiininnnnns Hz
Type or Model OF ......coovvviiiiiiiiiiee e Rated poOWer........ccocviiviviiiiieiiiieeeieiees k.w/HP
Type Of CUMEeNt........uuuiiiiiiiiiiiiiiiiiiiiiiiiiiiieiibiiiieiiieees Rating ClassS.......ccovvviiiiiiiiiiii e
FUNCHION...coitiii e Insulation ClassS...........coovvvviiiiiiiiieceen
Serial NUMDET ..., Rated CUITeNt.........ccvveiiiiiiiieeieeeeeeeeee, Amps
Type of connection............cccceevveviiiiiie v, Rated speed........cccoevviiiiiiiiciiiiiceee, r.p.m
Rated voltage.........ccccveeeiiiiiiiiiiiiiiiiiiee, volts Protection class.........ccoovviiiiiiiiiiiiiiiii,

2 Identify the parts of the AC squirrel cage inductionmotor 4 wyrite the name of the parts of each labelled number
from the real objects or from the exploded view chart tag in Table 2

(Fig1)
3 Label the each identified parts with number tags.

5 Get it checked with your instructor.
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Fig 1
END COVER
STATOR ROTOR
BEARING
SHAFT
TERMINAL
COVER

MOTOR FRAME
FAN BLADES

END COVER

ELN33131H1

PARTS OF 3 PHASE SQUIRREL CAGE INDUCTION MOTOR

Table2

S. No. Label
Number

Name of the parts of squirrel
cage induction motor

TASK 2: Identify the parts of AC 3 Phase slip ring induction motor

1 Read and interpret the name plate details of the 3 Phase slip ring induction motor and note down in

Table 3.

Table 3

Name-plate details

Manufacturer, Trade Mark...........cccoeeeeeiiiviieeeeeennnnn.
Type or model Or ......oovvviiiiiiiii e,
Type Of CUIMeNt.......ccuiiiiiiiiiiiee e
FUNCLION. ...
Serial NUMDbEr.......ooiiiiei e

Type of connection.............ccevvvviiiiiie e,

Rated voltage........ccccoeevviiiiiiiiiiiiee e, volts

Rated frequenCy........ccoovceviieeeiiiiiiiiiiiiee, Hz
Rated poOWer........ccooeevvviiiiiiieiiiiiii e, k.w/HP
Rating Class..........cooviviiiiiiiiiiiieeeeeee

Insulation class........ccoooveiiiiiiiiiiii
Rated CUMent.........ccccevvvieieeiiiiiiiiiins Amps
Rated speed........ccccceevivviiiiiiiiiiiceeeeeen, r.p.m

Protection ClassS.......coooovieiiiiiiiiieieeeeeee

2 Identify the parts of the AC 3 Phase slip ring induction
motor from the real objects (or) from the exploded view
chart (Fig 2).

Fig 2 BRUSH INSPECTION
DOOR

SLIP-RING

END SHIELD

TERMINAL
BOX

FAN COVER

SLIP RINGS FAN

BEARING \_ yyoUND ROTOR WITH

OPEN SLOTS

SHIELD END FLANGE
ON SHAFT END SIDE

PARTS OF 3 PHASE SLIP RING INDUCTION MOTOR

ELN33131H2

Label the each identified parts with number tags

4 Write the name of the parts of each labelled number
tags in Table 4.

Table 4

. No. Label No. Name of the part

© 00 N oo 0o B~ W N RPW]

12

Get it checked with your instructor.
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TASK 3: Identify the terminal of a 3 phase squirrel cage induction motor

METHOD 1: Identifyingthe terminals ofa 3-phaseinduction
motor with the help of two lamps in series

Lamps should be equally rated both in voltage
and wattage. (Fig 3)

Fig 3

ELN33131H3

LyL, SHOULD BE EQUAL IN WATTAGE & VOLTAGE

2 Testfor continuity with the help of atestlamp and find
the 3 pairs out of six terminals of the induction motor.

(Fig4)

Fig 4
+++|:
I++* J\a Y, Vi Wy
/ \ & b 4
o s o o E
W, U, v, %
w

3 Identify the 3 pairs of terminals, name them as ‘U’ caill,
‘v’ coil and ‘W’ coil.
4 Tag U, and U, for ‘U’ coil only. For other coils tag V,

and V, for ‘v’ coiland W, and W,, for ‘W’ coil as shown
in Fig 3.

Fig 5
5A u LINK
L N~ —— ¢ V@ w
|
| LINK
} u jv ow
240V, AC | —o o
SUPPLY I o o o
} [T,
| LAMPS
N ~N T < v@ w
U BRIGHT
(a)
5A u LINK
L S — o v@ w
|
| LINK
} u v ow
240V, AC | —o o
SUPPLY I o o o
} [T,
| LAMPS
N ~NS QO v@ w
U. w
2 DIM I
(b) )
IDENTIFICATION OF THE TERMINALS OF AN INDUCTION MOTOR (3-PHASE) 2
5
w

Repeat the steps 1 to 4 of Method 1.

Connect the terminals U, and V with a link, connect a
voltmeter V, of 500V range between U, and V and a
voltmeter V, of 300V range between U, and U, as
shown in Fig 6.

Assuming the terminal marked as U, by you is

the beginning of coil U, proceed as below.

5 Connect the terminals U, to V and then connect the
series combination ofthe lampstothe windingends U,
and V as shown in Fig 5a and give 250 AC voltage
across U, and U,,.

Ifthelamps glow brightas shownin Fig 5athen
the linked ends are similar ends. For example,
the linked ends are U, and V,.

Ifthelamps glows dim as shownin Fig 5b, then
the linked ends are dissimilar ends. For
example, the linked ends are U, and V,,.

Fig 6 A
U, LINK
L N~ — ¢ v @ w
|
I LINK
} Uyl v ow
240V,50Hz | ° "
AC SUPPLY Lo o P
‘ v
|
|
N ~N Q0O s \A Y% @ w
u
V| HIGHER THAN Vp @
IDENTIFYING THE TERMINALS OF A 3-PHASE INDUCTION MOTOR 2
2
-
w

6 Checkto the test resultin step 6 or 7, mark the name
of V coil terminals as V, and V,,.

When the current flows through the coils they
produce magnetic fields. If similar ends are
connected, the magnetic fields help each other
and produce high voltage across the lamp
terminals making them to glow bright. In the
case of dissimilar connections the voltage at
lamp terminals will be low and the lamps will

Switch ‘on’ the supply, if the voltmeter V| reads more
than V,, thenthe linked terminals are similar as shown
inFig 4 (i.e U,V)).

Check the voltmeter V| reads less than V,, then the
linked terminals are dissimilar (i.e U;V,). Mark them
asU,Vv,.

Test in the same way the remaining terminals of coil
‘W’ and mark them as W, and W,,.

give dim light.

7 Testinthe sameway for the remaining terminals of coil
‘W’ and mark them as W, W,,.

METHOD 2: Identifying the terminals of a 3-phaseinduction
motor with the help of a voltmeter

Normally small capacity, 3-phase induction
motor terminals are arranged in the terminal
box as shown in Fig 2to facilitate either star or
delta connection to be made in the terminal
box itself by links and to be started by aD.O.L
starter. Compare your terminal marking with
the terminal marking given on the terminal
plate. Discuss with your instructor and seek
further clarification if there is any difference.

METHOD 3: Identifyingtheterminals of a 3-phase induction
motor with the help of single lamp method
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1 Connectthe terminals as shownin Fig 7a. Connectit
to a 240V AC supply and switch on the supply.

2 Check the lamp glows, the linked terminals are
dissimilar. i.e U,V,. Mark them as U,V,.

If thelamp does not glow, thelinked terminals
are similar (i.e U,V,). (Fig 7b) Mark them as U,
and V,.

When current flows through the coils they
produce magneticfields. If dissimilar ends are
shorted (linked) they assist each other and
voltage induces in the third coil and the lamp
glows. If similar ends are linked, the magnetic
fields oppose each other and no voltage will
be induced in the third coil. Hence the lamp

does not glow.

Fig 7

1 AMP

L O——>—t——

\
240VAC

No—~ a0

LAMP GLOWS

1 AMP

L O——~—F——

240 VAC }

No—~—ao

Wa

LAMP DOES NOT GLOW

ELN33131H7

(b)

TASK 4: Identify the terminal of a slip ring induction motor

1 Remove the terminal box cover and sketch the lay
out of the terminals. (Fig 8)

Fig 8
°
+ + +
+ o+ I?
+ + + _I\ Uy vy Wy
) =/ > & 4
Lo H é»/VZ —Q)LJZ {&/2 ©
4 bt @
B
z
m

2 Test for continuity with the help of a test lamp and find
out rotor’s three terminals out of nine terminals of the
slip ring induction motor

Connect prob - 1 to any one of the 3 slip rings or brush
4 Touch prob - 2 to terminals of motor one by one.

Check the test lamp burns then that teminals are rotor
terminal.

6 Put name them as KLM and remaining six terminals
are stator terminals.

The above test will not be valid until and unless
the following conditions are observed.

Condition 1: Check and ensure that the earth continuity
conductor (E.C.C) connected to them main earth
electrode is in perfect continuity, having a resistance of
less than 1 Ohm.

Condition 2: The resistance of the earth electrode should
be less than 5 ohms unless otherwise stated.

8 Draw connection diagram for the 3 phase slip ring
induction motor (Fig 9).

Fig 9
415V/240V, 3/N/PE ~ 50Hz

S1

X1:STATOR TERMINALS
X2 : ROTOR TERMINALS

ELN33131H9
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Electrical Exercise 3.3.132
Electrician - AC Three Phase Motor

Make an internal connection of automatic star-deltastarter with three contactors

Objectives : At the end of this exercise you shall be able to

« identify the major parts of semi automatic and automatic star delta starter

* read and trace the internal circuit diagram of the both starter

* makeinternal connections of asemi-automatic starter and automatic starter between contactors timer start-
stop push button and over load relay

« check for the functioning of the starter no volt release

e connect the squirrel cage induction motor to starter

e set the timer unit in an automatic starter with appropriate timing.

Requirements

Tools/Instruments Materials
e Connector/Screwdriver 100 mm -1 No. ¢ PVCinsulated copper wire - as reqd.
¢ Spanner Set (6mm-25mm) -1 Set 2.5sq mm, 250V grade
e Multimeter -1 No. ¢ Cleaning brush 3 cm dia -1 No.
Equipment/Machines ¢ Carbontetrachloride (C_TC) -50ml.
¢ Grease type and quantity - as reqd.
e Semiautomatic star-delta starter e Kerosene - 1 litre
10A415v,50Hz -1 No. « Lurbication oil type and quantity - as reqd.
¢ Automatic star-delta starter « Cotton cloth - as reqd.
10 A415vto 50 Hz -1 No. « Sand paper/sand cloth-grade
e 3 Phase 415V 3 Hp/5 Hp squirrel cage and quantity -asreqd.
induction motor with 6 terminals -1 No. « Solder60/40 - as reqd.
¢ Soldering flux - asreqd.

PROCEDURE

TASK 1: Make the internal connection of the semi-automatic star-delta starter with three contactors

1 Collectthe various components of a semi-automatic 1 ...
star-delta starter from the instructor (i.e Contactors,
2
overload relay, start-stop-push-buttonetc.)
2 Namethe external parts indicated by numbers. (Fig 1) 3 e
4 ...

Fig 1
9 3 Draw and complete the connections in Fig 2 for the

power circuit only confirming to Fig 5 (i.e connection
between supply, contactors, overload relay and motor
terminals).

Fig 2

B

Y
H—©

CONTROL CIRCUIT

ELN33132H1
ELN33132H2
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4 Readthe control circuitdiagram. (Fig 2) and drawthe
diagram (Fig 3) for semi automatic star-delta starter.

star delta starter.

5 Openthe coverofthe semi-automatic star-delta starter.
Read the circuit diagram given with it. (Fig 4 LT LK
starter). Identify the major parts of semi-automatic

Fig 3
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Check the working of the contactors with a multimeter
by manually actuating the contactor.

Mount the contactors, overload relay etc. on a plain
vertical board.

Name the contactors (i.e) main, star and delta.

Wireup the control circuit.

Usesinglestrand conductors forcontrol circuit
connections. Make proper terminations.

10 Give supply to the control circuit and check for logical

sequence of closing and opening the contactors.

Fig5
CyApBy CBy A
Ll Ly

STOP
RESET OL RELAY START
TT7 Q
I
1l

| —
¥ SKI{:UH%M\ MAIN Ié:{{:_HJiH{

HI%'E
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11 Call the instructor and get his approval to make the

power circuit connections of the semi-automatic star-
delta starter.

12 Wireup the power circuit for the semi-automatic star-
delta starter according to the circuit diagram with the
given starter.

13 Check the suitability of the starter for the given motor.

14 Connectthe motor to the three phase supply through
the semi-automatic star-delta starter.

15 Switch on the ICTP. Press the star-button of the
starter. Observe the starting.

Checkthefuserating of ICTPwhichis suitable
for the motor. Check the supply in all the

phases.

16 Release the start-button and check the close and open
condition of the contactors. When the motor reaches
approximately 70% of the normal speed,

17 Press the start-button again and ensure there is no
effect on the motor running.

18 Actuate the overload relay manually, and check its
functioning.

19 Press the start-button to restart the motor. Record

your observation.
The motor.............. (fails to start/starts)

20 Recordyourfindings for the motor not starting when the
start-button is pressed immediately after overload

relay tripping.

TASK 2 : Make internal connections of automatic star-delta starter with three contactors

1

Collect the automatic star-delta starter without inter
connections from the instructor.

Name the external parts indicated by the numbers in
Fig 6.

@ GREEN PUSH-BUTTON @

(5) RED PUSH-BUTTON

ELN33132H6

4

3 Name the internal parts of an automatic star-delta
starter indicated in Fig 7.

4 Read the power and control diagrams (schematic) in

Fig 8.

5 Drawand complete the connectionsin Fig 9 for power
circuitonly conformingto Fig 8 (i.e connection between
supply, contactors, overload relay and motor terminals).

6 Draw the connections of the control circuit on the
diagram provided (Fig 10) for automatic star-delta
operation. Observe the sequence indicated in the
schematic diagram. (Fig 8)

7 Open the cover of the automatic starter and read the
circuit diagram given with it.

8 Checkthe working of the contactors with a multimeter
by manually actuating the contactor.
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Fig 7
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9 Mount the contactors, overload relay, stop and start
push-buttons on the T.W board.

10 Wireup the control circuit with the help of connecting
wires.

Usesinglestrand conductorsonly. Make proper
termination.

11 When separate contactors and other parts for an
automatic star-delta starter are not available, remove
the contactors, overload relay and the timer with the
starter and mount on a plain vertical board for easy
interconnections.

The space available within the starter is very
limited and making connection consumes more
time, and is a special skill of panel wiring.

12 Label the contactors, star, delta and main.

13 Give supply control circuit and check for the logical
sequence of closing and opening contactors.

14 Call the instructor and get his approval to make the
power circuit connections of the star-delta starter.

15 Wire up the power circuit on the star-delta starter
according to the circuit diagram.

16 Read the name-plate details of the motor. Check the
suitability of the fuse for the motor to be connected.

17 Connect the motor to the 3-phase supply through the
starter.

18 Startthe motor and observe the starting. Check what
speed the starter switches over from the star to delta.

19 Answer the statement.

Atwhat speed the switching over from star-y connection
to Delta connection happens?

a) above 70% of normal speed

b) below 70% of normal speed

The turning of the set screw increases or
decreases the gap between normal strip of
timerrelay causing moreorlesstimeto actuate
contact mechanism.

20 Press the start-button again and check. There should
not be any effect in the motor running.

21 Disconnectthe motorfromthe supply after opening the
ICTP isolating switch.
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Fig 9
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Electrical

Electrician - AC Three Phase Motor

Exercise 3.3.133

Connect, start and run three phase induction motor by using DOL, star-delta
and auto transformer starters

Objectives: Atthe end of this exercise you shall be able to

identify and collect the parts of a DOL starter

assemble the DOL starter and make control circuit connection

connect ICTP switch and DOL starter with 3 phase motor

set the overload relay and replace correct capacity fuse

start and stop the 3 phase motor through DOL starter

Identity the parts of a manual star-delta starter and trace the connection
connect the manual star delta starter with 3 phase squirrel cage motor
adjust the over load relay according to the motor current rating

start and stop the motor through the star delta starter

reverse the direction of rotation of the motor

connect a3 phaseinduction motor with an auto transformer and contactor as starter
start and run a 3 phae induction motor using auto transformer and contactor.

Requirements
Tools/Instruments
« Combination pliers 200 mm -1No. * Delay time relay, 24V AC operatiing
«  Screw driver 200 mm. 300 mm -2 Nos. coil with 1 or 2 normally open contacts - 3 No.
« Connector screw driver 100 mm -1 No. * 3-phase Squirrel cage motor
«  Wire stripper 150 mm -1 No. 415V, 50 Hz, 3HP, 5 HP -2 Nos.
« Ml Ammeter 20A, 10A -2 Nos. ¢ DOL starter 10 Amp 415V -1 No.
« MI Volt meter 0-500V -1 No. ¢ Manual star-delta starter 16A,415V -1 No.
« Tachometer0-3000rpm -1 No. * TPIC switch 16A 415V - 1No.
Equipment/Machines Materials
- Contactors 415V AC with 240V * PVClnsulated single strand
operating coil having 16A - 3 power copper cable 16 SWG, 18 SWG -0.5m
circuit contacts 2A - 4 auxiliary * Machine screw 2BA.30mm long
change over contacts - 4 Nos. with two washers and one nut - asreqd.
» Power cable single strand 2.5 mm? - asreqd.
e Glwire 145WG -8m
PROCEDURE
TASK 1: Identify the parts of a DOL starter connect, start and run the 3 phase induction motor
1 Note down the name-plate details of the given AC 3- 2 Collect the contactor unit, overload relay unit, start/
phase squirrel cage induction motor in Table 1. stop push-button unit, the necessary fixing screws,

hookup cables, I.C.T.P switchand D.O.L starter base

and cover.
Table1

Name plate details

Manufacturer, Trade Mark...........cccccovnnniiiininnnnnn. Rated frequUencCy.........cccccvvviiiiiiiiiiiiiiiiinn,
Type, Model ... Rated POWEr............. cevviiiieieiiiiieeeees k.w/HP
Serial NUMDET ..., Rated current .........ccccoeeeevviiiiiiiininnnne. amps
Insulation Class........cooovvieviiiiiii Rated speed ........ocooiiiiiiiii i
Rated voltage......... .ooocciviiiiieiiiiiiiees volts Protection class.........ccoovveiiiiiiiiiniieeiciin,
Rated voltage.........cccooeeeeiiiiiiiiieiiie e, volts
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3 List the items you received from your instructor in
Table 2.

Table2

List of items

Fig 2 shows Push-buttons only.

© 00 N o 0o B~ W N P

=
o

Fig 2

S

O

%,

\— LOCKING ARRANGEMENT

ELN33133H2

PUSH-BUTTON STATION

4 Record the name plate details of the contactor and
overloadrelayin yourrecord respectively.

5 Investigate and check the contactor input and output
terminals, auxiliary and main terminals, movable and
fixed contacts, no-volt coil, overload relay, their rating,
normally closed relay contacts and their operation.

6 Identify the connecting terminals for interconnecting
no-volt coil, main supply to control circuit, normally
open auxiliary contacts.

Refer and recapitulatetheconnection diagram

7 ldentify the mounting screw holes in the contactor,
overload relay and the corresponding holes in the
starter base box.

8 Drawthe complete circuit diagram forthe given D.O.L
starter with overload relay, no-volt coil, ‘'ON’and ‘OFF’
push-buttons.

Fig 3 shows Overload relay package with push-button
strips in the foreground which will get actuated when the
push-buttons are pushed.

Fig 3

OVERLOAD RELAY

ELN33133H3

Fig 4 shows Contactor with no-volt coil.

For your guidance following diagrams are
given for a starter of a particular make.

Fig 1 shows Base and cover of D.O.L starter.

Fig 1
ON & OFF BUTTONS
@ ER e ™
) 7
LOCKING — PUSH-BUTTON
ARRANGEMENT STATION
(o] o % N
© - o
o Q,
INDICATOR
NN
N ¥
105 103
141 115

ALL DIMENSIONS ARE IN mm.

ELN33133H1

DIMENSIONS OF BASE AND COVER OF DOL STARTER

Fig 4

ICONTAGTG,
R

TYPE MaRis

154 500V pc

NO - VOLT COIL

CONTACTOR

ELN33133H4

9 Getthe approvalinstructor for diagram.

10 Mountthe accessoriesinthe starter base box with the
help of mounting screws.

Do nottightenthescrews morethan necessary
astoo muchtightening of screws will break the
PVC casing of the contactor and OL relay.

11 Identify the place of connection of the hook-up cables
with the help of the approved diagram. Measure and
cutthe hook-up cables leaving allowance for harnessing.
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12 Connectthe hook-up cables according to the approved
diagram.

13 Check harness of the hook-up cables such that the
cables do not interfere with any moving mechanism of
the starter.

14 Check up once again the complete connection of the
D.O.L starter internal wiring.

15 Get the wiring approved by your instructor.

16 Identify the holes in the starter base box for mounting
the starter on the wall/frame.

17 Mount the starter vertically on the wall/frame.

Before connecting the 3-phase squirrel cage
motor, test it for continuity and insulation.

20 Connectthe protective earthing continuity conductors
(two separate PE connections) to the motor and starter
case, ICTP switch, and connect securely the PE
continuity conductors to the main earth. (Fig 5)

21 Investigate the fullload current of the motor and setthe
overload relay of the starter to that rating.

22 Provide a backup fuse as recommended by the
manufacturer of the starter considering the horse-
power rating of the motor.

The position of the starter should be such that
the no-volt coil mechanism works properly,
taking advantage of the gravitational pull while
disengaging.

Use a plumb bob or spirit level to check the
verticality.

For your guidance the backup fuserating for a
specified horsepower/kw rating.

Preferably check for the backup fuse rating in
the pamphlet supplied alongwith your starter.

18 Connect the main supply to the starter incoming
terminals through the I.C.T.P switch. (Fig 5)

Fig 5

ELN33133H5

CIRCUIT DIAGRAM OF DOL STARTER WITH PROTECTIVE DEVICE

23 Getthe main connections, earth connections, overload
setting and the backup fuse rating approved by your
instructor.

24 Switch on the ICTP.
25 Start the motor by the start (S,) button of the starter.

26 Read the ammeter for the starting current at the time
of starting.

27 Read the voltmeter and ammeter values when the
motor shows normal runnings.

28 Measure the actual speed of the rotor with the help of
atachometer.

29 Switch OFF the motor using stop (S,) button of the
starter.

30 Switch OFFthe mains, remove the fuses and disconnect
the connections.

31 Determine the synchronous speed and enter the value
in Table 3.

Table 3

S No| Starting | Volt
Current |meter| Current

Running | Actual | Syn
Speed | Speed

A complete diagram showing the internal
diagram of a starter of a particular make along
with I.C.T.P switch and motor is given for your
guidance. Youcanreplacetheinternal diagram
of the given starter in the place of the starter

diagram. (Fig 5)

19 Connectthe starter outgoing terminals to the 3-phase
squirrel cage induction motor alongwith the ammeter
andvoltmeter. (Fig 5)

32 Show the readings to your instructor.
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TASK 2 : Start, run and reverse a AC 3 phase squirrel cage induction motor by manual star/delta starter

1 Readandinterpretthe name-plate details of the starter
and enterin Table4.

Table4

Starter : Name Plate details

2 Switch ‘off’ the mains, remove the fuse-carriers and
keep them in safe custody.

3 Remove the terminal cover of the motor and the front
cover of the starter.

To connect a star-delta starter, the squirrel
cageinduction motor must have six terminals,
which are normally marked as U,, V,, W, & U,,
V,, W,

4 ldentify the parts of the given star-delta starter, trace
the connections and verify its operation. Draw the
traced out circuitand getitapproved by the instructor.

L L L
0 A &

e

T |

Y |

P !

— !

) I

1 |

A CONNECTION Vi, — . |

L oL L | |
3 Lo

w — |

‘S |

ViAW, Vy 1 ‘ |

\% I

Yy Uz |

v —

2 W, [ R R

Uy U,

A CONNECTION SCHEMATIC DIAGRAM OF MANUAL

STAR-DELTA STARTER CONNECTIONS

ELN33133H7

The layout diagram in Fig 6, the schematic
diagram of a star-delta starter in Fig 7 and two
types of practical circuits in Figs 8and9 are all
given for your guidance only.

Fig 6

o
o
o

[
LAAAKAAJ
I\
[\
[/, N U

LAYOUT DIAGRAM OF STAR - DELTA STARTER CONNECTED TO THE MOTOR

ELN33133H6

5 Drawthe complete connection diagramincorporating
the ICTP switch, the given star-delta starter and motor
and get it approved by your instructor.

6 Make the connections of the motor, starter and the
ICTP switch as per the approved diagram.

7 Connectthree cablesfromsupplyL,L, &L tothe main
switch. ( Fig 8 or Fig 9)

OVER LOAD [E** e |- ———— j
RELAY SETTING Z§ 1l 5 1 5
OFF
(STOP)
/PLUNGER

STAR
POSITION

STAR - DELTA SWITCH IN STAR POSITION

ELN33133H8

8 Insertthe ammeterinserieswith one ofthe line cables
from the main switch and a voltmeter across two line
cables. (Fig 8 or Fig 9)

9 Wire the proper fuse element according to the given
motor rating in the fuse-carrier and insert the carriers
in the main switch.

10 Setthe overloadrelay according tothe full load current
rating of the motor.

11 Provide double earth to the metal body of the main
switch, starter and the motor frame.

ASSUMPTION : Check the connections for
correctness and tightness. Getitapproved by
theinstructor.

12 Switch‘on’the main, observe the voltmeter reading and
move the handle to the star position positively and at
the same time observe the starting currentand enter it
in Table 5.

13 Allow the motor to start, race initially and let the sound
ofthe rotating shaft come to a steady state; then move
the handle to the delta position positively.
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Fig 9
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14 Note down the direction of rotation and enter it in

Table5
Table5
Sl. Description 1st Start 2nd Start | 3rd Start Unit
No.
1 Supply voltage Volts
2 Starting current (Star position) Amps
3 Running current (Delta position) Amps
15 Note down the current taken by the motor in running )
condition and enter the value of the currentin Table 6. & L. 2 .
| |
Table 6 4 T @ ®
|
S.No.| Description Direction of Ly 1 N~ 1
rotation | }
Ly R ——
1 1st start Connection Rto L, Lo .
YtoL,BtolL, el -
| (<
2 2nd start Connection Rto L, | ] 8
YtOLlBtOL3 ) Ly b8
- - - __ _ _ _ I d
3 3rd start ConnectionRto L, .
YtoL,BtoL, 21 Stop the motor, switch off the supply and remove the

16 Stop the motor by pressing the stop-button of the
starter.

17 Switch ‘OFF’ the main switch and remove the fuses.

18 Interchange the two line cables R’ and Y’ to terminals
L, and L, respectively as shown in Fig 10.

19 Insert the fuse-carriers in the main switch.

20 RepeatstepsNo.12to 15andrecordtheinformationin
Tables 5 and 6.

fuse; then interchange the line cables Y’ and B’
terminals L, and L, respectively. (Fig 11)

22 Insert the fuse-carriers in the main switch.

23 Repeat steps Nos.13to 16 and record the information
in Tables 5 and 6.

24 Stop the motor and write your observations about the
method of changing the direction of rotation.

25 Switch ‘off’ the mains, remove the fuse-carriers and
remove all connections.
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TASK 3: Connect and run 3-phase induction motor through auto-transformer starter operated by contactors

1

Check the insulation and continuity of three-phase
induction motor.

Check the earthing connection for its effectiveness.

Examine the diagrams. (Fig 11 and 12) What the
following symbolsinthe diagramindicate? Write your
response in the space provided).

Fig 11
L 415/240 V, 3/IN/PE ~ 50Hz
L‘
Ly
N Tk
Faf] ] ]
212 12 AUTO-TRANSFORMER TAP SHORTING CONTACTOR
1 ]a |s
ki\ -\~ [+ Is1s TERENE b lsls
2 a6 K2 K3 \
1 ls |s 2 1 s 2 l4 6 2 4
Fs HCT£ fC W
2 |4 6w M| [[5 ~~nE. 5 . 5 B
v L 3l 3t 3,\53
/ TAAA2 TAAA2 TAAn2
U K 1 2 3

AUTO TRANSFORMER
a) POWER CIRCUIT

K1 = MAIN CONTACTOR
KS5T, K6T, K7T = TIMER RELAYS

K7T l7 41

K3 ~ K4
|13 2 ] VA TP FOYER LTI CER 7
}14 KS-F\‘\B K K4\ 14

b) CONTROL CIRCUIT

ELN33133HB

4

Drawthe power lines connecting the contactors, auto-
transformer and motor for sequential operation.(Fig 13)

* KEEP START BUTTON PRESSED TILL MOTOR GETS SUPPLY DIRECTLY

Fig 12

[c1}——

W

AUTO-
TRANSFORMERS

NE:

Dy TIME DELAY RELAY

ELN33133HC

5

Mark the differentterminals of contactors corresponding
to the actual panel provided.

Draw the control circuit connections including timer
and overload trip for sequential operation in Fig 13.

Complete the connections external to the panel in
Fig 13.

Getthecircuitchecked bytheinstructorbefore
proceeding.

8
9

Make connections as per diagram.

Switch on S1. Switch on the contactor.

10 Check when the full voltage to the induction motor is

given by the auto-transformer.

11 Measure rpm of the induction motor.
12 Switch ‘OFF’ the contactor and then the S,.
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Electrical Exercise 3.3.134
Electrician - AC Three Phase Motor

Connect, start, run and reverse direction of rotation of slip-ring motor
through rotor resistance starter and determine performance characteristic

Objectives: At the end of this exercise you shall be able to

e read and interpret the name-plate details of a 3-phase slip-ring induction motor

« identify the terminals of 3-phase slip-ring induction motor

« identify the parts of arotor resistance starter, trace the circuit and investigate the operation

e connect the 3-phase, slip-ring induction motor through the rotor resistance starter, start and run the motor
e measure the starting and running current and speed

» reverse the direction of rotation

* load a 3 phase slip ring induction motor and measure the slip.

Requirements
Tools/Instruments
* Insulated cutting pliers 200mm -1 No. * Rotor resistance starter, complete
¢ Connector screwdriver 100mm -1 No. set, suitable for 5SHP 415V 3-phase
¢ Electrician’s knife 100mm -1 No. slip-ring induction motor -1 Set
e Screwdriver200mm -1 No. * Mechanicalloading arrangement
* MIVoltmeter0-500V -1 No. complete set -1 Set
e Tachometer 300r.p.mto 3000r.p.m -1 No. Materials
¢ MIAmmeter 0-20A, 0-10A -1each
«  Megger500V -1 No. » PVCinsulated, stranded
« Ml Ammeter centre zero 5-0-5A -1No. aluminium cable 2.5 sg.mm -15m
. . « PVCinsulated, flexible cable
Equipment/Machines 14/0.2mm om
» AC 3-phase, slip-ring induction motor * Blackinsulation tape -0.2m
415V, 5HP, 50Hz -1 No. e G.l.wire 8 SWG -10m
PROCEDURE

TASK 1: Connect start, run and reverse the slip-ring induction motor through rotor resistance starter

1 Recordthe name-plate details of the given motor and
the starter, and enter them in Tables 1 and 2 Fig 1 sore
respectively. S

2 Identify the terminals of the 3-phase, slip-ring induction 3+PE
motor.

Slip-ring terminals can be identified by ﬂWE
checking the continuity from terminals to the
slip-ring.

3+PE

3 Open,identify andtrace the internal connections of the
rotor resistance starter, draw the diagram and get it
approved by the instructor. 3+PE

Fig 1 gives the layout, Fig 2 gives the power @

circuit connection diagram, Fig 3 gives the
control circuit diagram, and Fig 4 gives the
generalised circuitdiagram of arotor resistance
starter. Compareitwith thetraced-outdiagram.

3+PE

g

4 Selectthe ICTP switch, cables and fuse-wire according
to the rotating of the motor. LAYOUT DIAGRAM

ELN33134H1
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Table1

Name-plate details of Motor

Type, model
Serialnumber

Rated current

Manufacturer, Trade Mark

Rated frequency
Rated power
Insulation class

Rated speed

Ratedvoltage @ Ratedcurrent &
Table2
Name-plate details of starter
Manufacturer
Voltage Volts No of Phase
Current Amp HP/kKW
Rotorresistance/phase: No.of steps
Serial No. Max. current
Starting current Type of starter
Fig 2 Fig 3
R 10 9
v 2 14
B ‘/ \’ ON OFF
PE—— ——— — — | e . 8 7)stating - B .
R| Y| B | 1| Position g 5 7 3 51 LU, |3
‘h R //5777;7777 %7 j‘ ‘ Running ©
| | J‘ Positon g
\ == _PE 112 13k, 14 e
| | =
| [] [] [] | T‘ CONTROL CIRCUIT DIAGRAM %
| |
I R I (| }
ala |
|
A
L }
[ 10 14 1 Y
A R I
AR
I -5 — G0 —6— [
\ ~3 L
(I SR S PR B
7S |
1 e
\\ N /' T‘ D.OL.STARTER
D N g e I N A N e B 1
~N== .~ ‘
} \
1 |
RUNNING POSITION_ 1 - }
| |
|
STARTING POSITl‘O } B
| |
L - il HOLD
NN PRESSED TILL
11*=1-12 THE ROTOR
s ~ }— ON  RESISTANCE
8 7 z 6 1S
= COMPLETELY
2 CUT OFF
POWER CIRCUIT CONNECTION DIAGRAM 5
u RUNNING POSITION
4 Selectthe ICTP switch, cables and fuse-wire according STARTING POSITION
to the rating of the motor.
5 Drawthe circuitdiagram connecting the ICTP, starter,
rotor-resistance and the motor, and getitapproved by
the instructor. 3
CIRCUIT DIAGRAM OF THE ROTOR RESISTANCE STARTER §
WITH I.C.T.P. SWITCH & MOTOR E
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Fig 4is given to you for your guidance. There

may be variations in the practical circuit.

6 Connectdouble earthindependently forthe main switch
starter and the motor. (Use G.I wire No.8 SWG as
earthwire)

7 Connectthe motor, starter, main switch meters as per
the approved diagram (Fig 4) and getitchecked by the
instructor.

8 Checkthe supply and provide proper rating fusesinthe
main switch according to the motor rating.

To start and run the motor

9 Keeptherotorresistance starter handle inthe starting
position (cut in) of the rotor resistance.

‘Cut in’ position of the rotor resistance is
generally indicated in the starter as ‘starting

position’ or ‘off position’.

10 Press the start-push button of the starter. While
pressing the start-push button, slowly move the handle
oftherotor resistance from the starting position towards
the running position till it settles down at ‘run’ position.

11 Note downthereading ofthe voltmeter,ammeteratthe
time of just starting and normal running positions.
Record them in Table 3.

12 Release the pressure from the start-push button.

13 Note down the direction of rotation. The direction of
rotation is .........

14 Measure the speed and enter in Table 3.
15 Pressthe ‘OFF’ button of the starter to stop the motor.

16 Do not start the motor when the rotor-resistance
handle isinthe running position. The motor starts only
when the rotor-resistance handle is in the starting
position. (Fig 4) The motor will not start in any
intermediate position or in the running position.

Investigate the following:

*« Whether the motor could be started when the rotor
resistance handle is at the running position.

¢ Whether the motor could be started when the rotor
resistance handleis atanintermediate position between
the starting and running positions.

Table3

(L-with air gap)

Measured resistance = ...ohms

Sl. No Line voltage

involts

Starting
current in amp

Running
current in amp

Full load current Speed
as shown in the rpm
name plate in amps

* Whether the motor could be started when the rotor
resistance handle is at the starting position.

Write your conclusion.

17 Switch OFFthe ICTP switch and make sure the supply
is disconnected, and the fuses are removed and kept
in safe custody.

18 Interchange any two of the line wires, either in the
starter terminal (Fig 5a) or in the motor terminals.
(Fig5b)

Change either the outgoing cable of switch
ICTP or the incoming cables of the starter,
whichever is easier.

19 Replace the fuses, switch ‘ON’ the mains and run the
motor, observe and record the direction of rotation. The
direction of rotation is ..............
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20 Stop the motor, switch ‘off’ the mains, remove the

fuses and disconnect the cables.

TASK 2 : Determine the performance characteristics of a slip ring induction motor

1

2 Check and ensure the control circuit wiring of the

Make the connections as per diagrams (Figs 6 & 7).

starter panel is same as Fig 7.

Fig 8

Fig 6 415V/240V, 3/N/PE ~ 50Hz

U, Q W, (
x1 PEY Y U3) Vi st\

‘ (I [ S3T
TENSION i é *
| |

,,#ML,,

Y X2 ‘

R1

=

L M)

X1: STATOR TERMINALS
X2 : ROTOR TERMINALS

w

:®

w

>
ELN33134H6

415V/240V, 3/N/PE 50Hz

415V/240V, 3/N/PE 50Hz

(b) SINGLE LINE
REPRESENTATION OF
CIRCUIT (a)

X1 =STATOR TERMINALS
X2 =ROTOR TERMINALS( )
a

ELN33134H8

Start the motor on no-load.

Fig 7

415/240V, 3/N/PE 56Hz

L1

a) SINGLE LINE REPRESENTATION b) CONTROL CIRCUIT

OF CIRCUIT

ELN33134H7

Makesuretherotorresistance starter handleis
in the starting position. Otherwise the motor
will not start.

Cutdowntherotor’s circuitresistance to zero gradually
observing the increasing speed of the motor.

Watch the deflections of the ammeter pointer in the
rotor circuit and note that it oscillates on either side.

Start the stop watch and measure the oscillations of
the ammeter pointer for one minute and record in
Table 4.

Load the motor with a brake load to about 25%, 50%,
75% & 100% and record the number of oscillations of
the ammeter per minute in each case. (Table 4)

Theload on motoris determined by the current
taken by it from supply.

Use the diagram shown in Fig 8 if the motor
starter is drum type one.

84

Checkthe supply voltage for the rated value and switch
on the ICTP switch.

Determine the rotor current frequency at standstill is
equal to the supply frequency to the stator.

Rotor current frequency (f,) while running is supply
frequency f =sxf

10 Apply the formula

rotor frequency f,
supply (stator) frequency f

Slip =
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Table 4

Load current in Ampere Ammeter Oscillation Oscillation per second

Slip (S =f/f)

Noload
About 1/4 FL
About 1/2 FL
About 3/4 FL
Full load

Electrical : Electrician (NSQF LEVEL - 5) - Exercise 3.3.134
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Electrical

Electrician - AC Three Phase Motor

Exercise 3.3.135

Determine the efficiency of squirrel cage induction motor by brake test

Objectives: At the end of this exercise you shall be able to

e select suitable instruments from the name-plate details of the motor
e connect and conduct the test for actual loading with brake

e calculate the output from the readings of the spring balance

calculate the efficiency of the motor

e draw the graph of load versus efficiency.

Requirements

Tools/Instruments

¢ Tachometer: multi-range
300to 3000 r.p.m

¢ Ml Voltmeter (0-500V)

¢ MIAmmeter (0-10A)

¢ Wattmeter dynamometer type
500V, 10A, 3000W

e Spring balance 10 kg

-1 No.
-1 No.
-1 No.

- 2 Nos.

-1No

Equipment/Machines

¢ 3-phase squirrel cage induction motor

415V, 3 HP 50Hz
¢ BrakeloadingarrangementDOL

starter 415V AC 3-phase,50Hz, 10A

¢ Connecting cables
e ICTP switch 16A, 415V
¢ Graph sheet (A4 Size)

-1 No.

-1 No.
- asreqd.
-1 No.
-1 No.

PROCEDURE

1 Note the name-plate details of the squirrel cage

induction motor in Table 1.

2 Select the voltmeter, ammeter and wattmeter range
suitable tothe specification given in name-plate details.
Make connection as per circuit diagram. (Fig 1)

Checkthe mounting of the motortothe baseis
firm. Check the brake drum is properly keyed

to the shaft.

3 Fix the brake drum’s rope or belt with the spring

balances in slack condition.

4 Switch ‘ON’ ICTP switch ‘S’ and start the motor at no-

load.

ol

Measure the speed and record in Table 2.

6 Tighten the belt to apply brake action on the brake
drum, until the motor takes 1/4 full load current.

Fig 1

10A

HAND WHEELS

\/ W4
YIS IIIISILYD, SUPPORT

Sg SPRING
BALANCE
SLACK

St SPRING
BALANCE
TENSION

BELT

BRAKE

DIRECTION OF DRUM

ROTATION

500V,10A

>

|

|

|

N w, [
|

3-PHASE SUPPLY
415V, 50Hz

A m =4 @0 > 4 0

500V

~

I

/W,

500V,10A

ELN33135H1
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Apply and regulate the required amount of
cooling water to the brake drum.

7 Readthe spring balances (Tensionside S, slack side
Sg) and record in Table 2.

8 Recordthe voltmeter,ammeter and wattmeter readings
in Table 2.

9 Measurethe speed of the motor atthisloaded condition
and recordin Table 2.

10 Repeatthe steps 6 to 9 for different load currents, say
about 1/4 , 1/2, 3/4 and full load.

11 Measure the diameter of the brake drum and the
thickness of the rope/belt.

12 Drumradius ‘R’ = m.
Rope/beltthickness ‘t’ m

13 Calculate the torque

Torque, T =(S;-Sg) x (R+t) Kgm
where (R +t) is in metre, (S; - Sg) is in Kg.
Record the torque and output in Table 3.
14 Calculate the output applying the formula,
Output =1.027 NT watt
where N - revolutions per minute, T - torque in Kg m
15 Calculate the motor input and record in Table 3.
Input = (W, + W,) watt
16 Calculate the efficiency of the motor and record.
(Efficiency = Output/Input)

17 Plot the graph for the relationship - load in KW versus
efficiency in %.

Conclusion

Efficiency of induction motor.

Tablel
Manufacturer’'sname :
Voltage Phase
Current Speed
Power factor KW/HP
Connection Rating
Starting current Serial No. :
Table 2
S No. Speed Reading of spring balance Volt meter Ammeter Wattmeter
inrpm tension reading reading reading
S, S,
Table 3
S No. Speed Torque T Output Input (W, +W,) Efficiency
1
2
3
4
5
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Electrical Exercise 3.3.136
Electrician - AC Three Phase Motor

Determine the efficiency of 3 phase squirrel cage induction motor by no-load
test and blocked rotor test

Objectives: At the end of this exercise you shall be able to

e conduct a no-load test for a given 3-phase squirrel cage induction motor

e conduct blocked rotor test for the above 3-phase squirrel cage induction motor
e determine the constant losses and copper loss at full load.

Requirements

Tools/Instruments Equipment/Machines

* MC Voltmeter (0-30V) -1 No. ¢ 3-phaseinduction motor 500V,

¢ Ml Ammeter 0-2.5A -1 No. AC, 50Hz, 3 HP -1 No.

*  MI Ammeter 0-2A -1 No. e DOL starter 500V, AC, 50Hz, 3 HP -1 No.

Ml Ammeter 0-10A -1 No. ¢ 3-phase auto-transformer input

*  Wattmeter 500V, 1A/2.5A 415V, output 0-500V 3 KVA -1 No.
low power factor -2 Nos. ¢ Lockbar/locking arrangement -1 No.

. Watt.meter 125/250V, 10/15A Materials
multirange -2 Nos.

* Voltmeter Ml 0-500V -1 No. e Connecting cables - as reqd.

* Voltmeter MI 0-75, 150, 300V ¢ |CTP switch 16A, 500V -1 No.
multirange -1 No.

PROCEDURE

TASK 1: Conduct No-load test
1 Record the name-plate details of the induction motor in Table 1.

Table 1
Manufacturer's Name
Voltage : Phase
Current : Speed
Power factor : KW/HP
Connection : Rating
2 Collect the instruments to form the circuit. (Fig 1) 3 Make the connections as per circuit diagram. (Fig 1)
Fig 1
AUTO-TRANSFORMER
3-PHASE 415V INPUT
STAR CONNECTED
0-500V OUTPUT, 3kVA WATTMETER
Tr DYNAMOMETER
ICTP 500V, 16A _ 400/500V, 1A/2.5A
S4 F M 2.5A w
T° °\{\° — | ‘ /;‘\ A INDUCTION MOTOR
| D SQUIRREL CAGE
% I 0 N/ N 415V, 50Hz, 3HP
3 } 500V L
< F
; o :’* — T M | S
& ! T
3 } A
£ | $
o | F [ [ E
boe e e R D
(32
B L w, 5
Z
@
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Check the supply for the rated value and switch ‘ON’
the ICTP switch (S,) (If the value is not correct adjust
by auto transformer)

Start the motor without any load.

Read andrecord the wattmeter, ammeter and voltmeter
readingsin Table 2.

Switch ‘OFF’ the supply and disconnect all connections
of the meters, and the motor.

Table2

Input voltage Power input | No-load
W, = current

o
(W, +W,) b

Check the connections of the 3-phase supply leads to
the motor terminals. If six terminals are available
identify each phase winding.

Measure the resistance of the stator using DC low
voltage supply, ammeter and voltmeter. Record the
readingin Table 3.

Table 3
DCsupply | Ammeter Resistance of
voltage reading stator (one phase)

For star connection

vV 1
Resistance per phase R, = 1 X >

=]
Therefore R, = 2
For Delta connection

W
Resistance between two terminals R = I

Let the resistance per phase = R,
R=R; Il 2R, (R, parallel to 2R.)

L S
'© R 2R, Rp

. 2
Resistance measured = ng

2
Therefore R, (resistance per phase of stator) is = ER

Calculations

The no-load input: W_ = No load copper loss
= (IzothP) X3

(Ioph =no load phase current)

For star connected motor IO = IOph

lo
> _-0
For delta connected motor I, = 3

The losses at no load are
* 2R loss in the stator winding
¢ Corelosses in the stator and rotor

e friction and windage losses

10 If the motor has only 3 terminals, and the internal

connections are marked on the name plate, make
calculations as below.

TASK 2 : Conduct blocked rotor test

1

Collectthe instruments to form circuit as per diagram.
(Fig2)
Make the connections as per circuit diagram. (Fig 2)

Core losses and friction and windage losses
practically remains constantininduction motor

Keeptheauto-transformer atzero outputvoltage
position.

Switch on ICTP switch 'S,’.

Increase the output of the auto-transformer voltage
gradually, watching the ammeter, till the current is
equal to full load current.

Electrical : Electrician (NSQF LEVEL - 5) - Exercise 3.3.136

Constant losses =W, - (Ioph)2 R.3)

5 Readandrecordthe wattmeter, voltmeter and ammeter

readingsin Table 4.

Table4
Input voltage Power input Blocked
Vv W current |

Calculation

Wattmeter reading = full load IR loss.
—12]2
=3I12,R,,
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Fig 2 AUTO-TRANSFORMER
3-PHASE 415V INPUT

0-500V OUTPUT, 3kVA WATTMETER
Try 125V/250V

10/15A

C

(A m

u kj L INDUCTION MOTOR o
\Y; SQUIRREL CAGE

415V, 50Hz, 3HP

ICTP 500V, 16A

10A W,

}

0-75,150,300V

e et
H
&
S

- = w2 %

N
' 7
where R, = Resistance of stator winding per phase I, — fullload current/phase

Wattmeter reading= 3IP2Re, Copper loss at full load = watts.

I°R at no load = 31 *R, Input

Magnetic losses = No load input — copper loss. =V3xvxIxpf= watt.

Total loss = full load I°R loss + Magnetic losses Total losses = constant losses + copper loss

= Block rotor wattmeter reading + Magnetic losses Therefore, efficiency =

6 Determine the efficiency when the input currentis 0.7

Output _ _Input - Losses full load and p.fis 0.8.

Input  Output + Losses

Efficiency =
Conclusion
Determine the efficiency of the motor at full load.

Constantlosses

= Copper loss at full load = 3I2pRe waltts

where R, — equivalent resistance/phase
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Electrical
Electrician - AC Three Phase Motor

Exercise 3.3.137

Measure slip and power factor to draw speed torque (slip/ torque)

characteristics

Objectives: At the end of this exercise you shall be able to
« identify the terminals of a slip ring induction motor

e wire up and connect resistance starter

« start, run the slip ring induction motor

* plot the graph of speed torque characterisitc of slip ring induction motor.

Requirements

Tools/Instruments

¢ MIAmmeter 5/10A multirange -1 No.
¢ Ml Voltmeter 250/500V multirange -1 No.
¢ Tachometer multi-range 300, 1000,

3000 rpm -1 No.

Equipment/Machines

¢ 3-phaseauto-transformerinput 415V
star connected, output 0-500V, 3kVA -1 No.

starter -1 No.
Materials
¢ ICTP switch 16A 415V -2 Nos.
e Connecting cables - asreqd.
¢ Graph sheet (A4 Size) -1 No.

3-phase slip ring induction motor,
3HP, 415V, 50 Hz with rotor resistance

PROCEDURE

1 Readthename-plate details of slip ring induction motor
and recordin Table 1.

Select the instruments of suitable range to form the
circuit as per diagram. (Fig 1)

w

Make the connections as per circuit diagram (Fig 1)
and Setthe output of three-phase auto-transformerto
minimum.

Switch on ICTP ‘'S’ and adjust the output of the
3-phase variac to 40% of the rated input voltage of the
motor.

Fig 1
AUTO TRANSFORMER
3-PHASE 415V INPUT
STAR CONNECTED
0-500V OUTPUT, 3kVA

\/
22722z

ICTP 415V, 16A
L s, ICTP SWITCH
16A
N o I —— 5A/10A ,
| |
@

INDUCTION MOTOR
415V, 50Hz, 3HP

‘ 0-500V

‘ 3-PH.SUPPLY 400V,50Hz
o
°/

ey

ELN32137H1
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Table 1

Manaufacturers’'s name :
Voltage
Current
Power factor
Connection

Rotor resistance/Phase: .......ccovvvviiiiiviiiiiiieeeeen,

Rating

SernalNO: o

4 Check the load on the brake drum which is totally
removed.

5 Set the rotor resistance starter not to include any
resistance in the rotor circuit (i.e rotor terminals are
shorted by the starter).

6 Close the switch S, and start the motor.

7 Measure the speed, current and record in Table 2

Table2
Stator Stator Speed Slip S, S Motor
input current output
voltage torque

Without extra resistance in
rotor circuit

With additional resistance
in rotorcircuit

-do-
-do-

8 Load the motor by adjusting the spring tension of the
belt on the brake drum/pulley until the speed fallsto a
very low value.

9 Check the speed, stator current, voltage for each
setting of aload and record inTable 2.

10 Remove the load on the motor and allow it to run in no
load condition.

11 Increase theresistance in the rotor circuit by adjusting
therotor starter handle intwo or three steps and repeat
steps 7 to 10.

12 Apply the formula and calculate the torque.
Torque (T) = (S, -Sg) (R+1)
where

S, - spring balance reading on tension side in kg

S, -spring balance reading and slack side of beltin

kg
R  -radius of Drum/pulley in metre
t - thickness of belt in millimetre

13 Record the calculated value of torque and slip in
Table 2.

14 Plot the graph of speed/slip - torque for each rotor
resistance.

Conclusion
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Electrical
Electrician - AC Three Phase Motor

Exercise 3.3.138

Test for continuity and insulation resistance of three phase induction motors

Objectives: At the end of this exercise you shall be able to

« read and interpret the name-plate details of a 3-phase squirrel cage induction motor
« identify the terminals of the 3-phase induction motor

» perform insulation resistance test between phase windings

« perform insulation resistance test between winding and body

» test the effectiveness of earth connection.

Requirements

Tools/Instruments

« D.E spanner 5mm to 20m -1 Set * M.lvoltmeter 0-50V -1 No.
» Cutting pliers 150mm -1 No. e M.lIvoltmeter 0-25A - 1 No.
e Screwdriver200mm -1 No. Equipment/Machines
e Megger500V -1 No.
« Ohmmeter low range 0-10 Ohm -1 No. * AC 3-phase, 415V /3 H.P.
« Testlamp 240V, 60W -1 No. squirrel cage induction motor -1 No.
e Earth te;ter with spikes and Materials
connecting lead - 1 Set ) )
« Hammer straight peen 1.5kg -1 No. * Connecting cables 2.5 mm* of
+ M.Cvoltmeter0-10V -1 No. length 40m -1 No.
e M.Cammeter 0-20A -1 No. » Connecting cables 2.5 mm? of
+ Calibrated rheostat 0.1 ohm, 10amp - 1 No. length 10m -1No.
+ Battery 6V, 60 A -1 No. e Testingprods -1 Pair
PROCEDURE
TASK 1 : Test the continuity of 3 phase induction motor
1 Note the name-plate details of the induction motor and
enter them in Table 1. Fig 1 @
2 ldentify the terminals of the given AC induction motor
from the markings. 1
8o o
3 Connect the test loads of the megger to the terminals D I

U, and U,. (Fig 1)
4 Rotate the megger at its rated speed and note down
the readings in Table 2.

5 Repeat the steps 3 and 4 by connecting the megger
terminals between V, and V, and also between W,
and W,,. Record the finding in Table 2.

ELN33138H1

ﬁ

The megger reading should be zero, if the
winding of the motor is having continuity.

The megger reading should be high or infinity
(e0) if the winding of the motor is open.

Table 1
Manufacturer, Trade Mark :..........ccccceeeieeerennnnn o Rated frequency:..........cccoeeevviiieeciieeenn, Hz.....
Type, model number :..........ccccoiiiiiiiiie e, Rated power & .....ccoooveeiiiiieeee e, KW/HP

Type of Curent & ......ooiiiiiiiiii e
Serial nuMber @ ...
Type of connection .........cccovviiiiiiiiiiis
Rated voltage : ........cccevvvevviiiiiiiiiiiiiiiiiiiies Volts...

Rating class :
Insulation class: .......coooeviieiiiiiii e,
Rated current :
Rated speed: .....cccooeeeiiiiiiiiiiiiiiiiiins
Protection class :
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Table 2

Continuity test for 3 phase induction motor

Sl.No Between terminals Meter reading Remarks
1 U ,and U,

2 V,andV,

3 W, and W,

TASK 2: Measure the insulation resistance value between the windings

1 Connectthe testleads of the megger to the terminals
U, and V,. (Fig 2) Fig 2 @

2 Rotatethe Megger atits rated speed and note downthe
readingsin Table 3.

0 (— Ot

o

0 <o
ELN33138H2

Table3
Insulation resistance of 3-phase induction motor

SI. No Between terminals Insulationresistance Remarks
1 U, andV,

2 U, and W,

3 V, and W,

4 U, andframe

5 V, and frame

6 W, and frame

3 Repeat the steps 1 and 2 by connecting the Megger E, =rated phase-to-phase voltage

terminals between U, and W,, and also betweenV, and _ .
W,. Record the findings in Table 3. P = Rated power in kWw.
Ifthe resistance is measured at atemperature different

Recommended standard insulation resistance from 25°C, the value shall be corrected to 25°C.

R, = 20 xEn in megohm . The. equat@on gi\{en hereis used to calculate
1000 + 2P the insulation resistance as a standard value.
However theaccepted insulation value should

where not be less than 1 megaohms.

R, = insulation resistance in megohms at 250C.

TASK 3 : Measure the insulation resistance between each winding and body or frame

1 Connect the testleads of the Megger to the frame of
the motor and terminal U, . (Fig 3) Fig 3

The Megger connection to theframe should be
done at the earthing stud of the frame. Before
connecting, removethevarnish, dust, dirt and
grit thoroughly at the earthing stud.

!

ELN33138H3
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2 Rotatethe Megger atits rated speed and note down the 3 Repeat steps 1 and 2 for the other two windings

readingsin Table 4. (V,and W,).

4 Comparethe measured value with the standard value.

TASK 4 : Measure the resistance of the earth continuity conductor (E.C.C)

1 Measure the resistance of the earth continuity 4 Write below your suggestion to have effective earth
conductor (ECC) and enter the value in Table 4. connection to isolate the circuit under earth fault by

2 Measure the earth electrode resistance and enter the fuse or circuit breaker.

valuein Table 4.

3 Write the conclusion in the remarks column of table

indicating whether the fuse will blow in case of earth

fault in the above circuit, or suggest methods to be
adoptedto have effective earth connectioninthe above

case.
Table4
Insulation resistance of 3-phase induction motor

SI No. | Resistance Resistance Total earth | Voltage Earth Fuse Remarks

E.C.C. earth resistance between fault rating

R e electrode R . Re= phase current | ofthe

RecctRee and By Ep | motor
earth E, ~R. | Circuits
E

1 U,andV,
2 U, and W,
3 V, and W,
4 U, and frame
5 V, and frame
6 W, and frame

Electrical : Electrician (NSQF LEVEL - 5) - Exercise 3.3.138
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Electrical
Electrician - AC Three Phase Motor

Exercise 3.3.139

Perform speed control of 3-phase induction motors by various methods like
rheostatic control, auto transformer etc.

Objectives: At the end of this exercise you shall be able to

e connect the 3 phase slipring induction motor through rotor resistance starter
e control the speed of a 3-phase sliping motor by rotor resistance starter

e connect a 3 phase induction motor to an auto transformer starter

e control the speed of a 3 phase induction motor by auto transformer starter.

Requirements

Tools/Instruments

¢ Insulated cutting pliers 200mm -1 No. * Rotor resistance starter complete

¢ Cconnector screwdriver 100 mm -1 No. set suitable for 3HP -1 No.

« Elecrician’s knife 200 mm -1 No. ¢ AC 3 phase squirrel cage induction

e Screwdriver200mm -1 No. motor 500V, 5 HP - 1 No.

¢ Ml Voltmeter - 0-500V -1 No. ¢ Auto - transformer starter complete

e Tachometer 300 rpm to 3000 rpm -1 No. set suitable for 5 HP -1 No.

¢ Megger500V -1 No. Materials

Equipment/Machines ¢ PVC Insulated flexible cable 2.5 sgmm -20m

¢ AC 3 Phase slipring induction motor ¢ IC TP switch 10A 500V - 2 Nos.
415V 3HP - 1 No. e TestLamp 40 W 250V - 1 No.

PROCEDURE

TASK 1: Control the speed of a slipring Induction motor by a rotor resistance starter

1

Check the Insulation and continuity of the motor
winding.

Make the connection as per circuit diagram. (Fig 1)

Checkthe supply and provide proper rating fuses inthe
main swich according to the motor rating.

Keep therotor resistance starter handle in the starting
position (cut in) of the rotor resistance.

Cutinposition oftherotorresistanceis generally
indicated in the starter as starting position or

off postion.

Press the start button of the starter, while pressing the
start push button, slowly move the handle of the rotor
resistance fromthe starting position towards the running
position step by step till it settles down at run position.

Measure the speed at every step of rotor resistance
and record them in Table 1.

Tablel

Sl No. | Rotor Resistance Speed

Handle position in RPM

Fig 1

v
PBEffffjffffff—ff 7777777777
} [l S e A
Siaat
i
| JI__T_J-
| sl
\ ® D.O.L. STARTER
R P ol VW e 1
. |
\
i |
| |
| a
\
\

HOLD
s PRESSED TILL
THE ROTOR
}_ ON  RESISTANCE
6 IS
COMPLETELY
CUT OFF

RUNNING POSITION

STARTING POSITION

CIRCUIT DIAGRAM OF THE ROTOR RESISTANCE STARTER
WITH I.C.T.P. SWITCH & MOTOR
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7 Release the pressure from the start push button.

8

Press the off button of the starter to stop the motor.

TASK 2 : Control the speed of 3-phase Induction motor by an auto transformer starter

1 Check the insulation and continuity of the motor

winding.

2 Make connections as per diagram. (Fig 2)

Fig 2

AUTO-
TRANSFORMERS

400V
3HP/SHP

CIRCUIT DIAGRAM OF THE AUTO TRANSFORMER
STARTER WITH ICTP SWITCH AND MOTOR

ELN33139H2

3

Switch on the main switch ‘S1’ and then press start
push button. (keep auto-transformer for 100V output)

Start moving the auto transformer starter contacts
such that the induction motor will start getting more
voltage in stages upto full voltage.

Note the speed and voltage at every stage.

Reduce the applied voltage to the induction motor by
resetting the auto-transformer contacts.

Measure the rpm of the induction motor atevery stage
and note in Table 2.

Table 2

SI.No.

Line voltage (V1) rpm

Getthecircuitchecked by theinstructor before
proceeding.

8

Switch off by pressing stop button and then switch off
the main switch (S1)

Conclusion

State in what proportion the speed changes with respect
to applied voltage to induction motor.
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Electrical Exercise 3.3.140
Electrician - AC Three Phase Motor

Perform winding of three phase AC motor by developing connection diagram,
test and assemble

Objectives: At the end of this exercise you shall be able to

» dismantle the motor

 read, record and interpret the winding data for a 3-phase squirrel cage induction motor
« strip the old winding from the stator

» prepare and provide slot insulation

» prepare and lay the coils for the distributed type winding, concentric group of coils

* make end connections and terminate the lead wire

* insulate, bind and shape the overhangs

» assemble the motor

* test the motor for performance.

Requirements

Tools/Instruments

e Screwdriver 100, 150 and 200 mm -1Noeach e Electirc air blower -1 No.

e DE spanner 5mm to 30 mm -1 Set . .

« Ring spanner 5 mm to 30 mm -1 Set Equipment/Machines

» Cold chisel 25 mm x 200 mm -1 No. » Burntout 3-phase motor with single

» Ball pein hammer 500 grams -1 No. layer distributed winding of available

¢ Nylon mallet 75 mm x 100 mm -1 No. capacity & double layer -1 No.

* Pulley puller 200 mm with 3 jaws - 1 No. » Baking ovenwith temperature control -1 No.

e Centre punch 10 mm x 150 mm -1 No. » Coilwinding machine -1 No.

* Insulated cutting pliers 200 mm -1 No. e Burnt out 3 phase motor with single

» Side cutter 150 mm -1 No. layer concentric half coil winding -1 No.

* Micrometer outside 0-25 mm -1 No. .

¢ Hacksaw frame 300 mm -1 No. MeEmals

e Steel rule 300 mm -1 No. * Super-enamelled copperwire - asreqd.

e Scissors 200 mm -1 No. * Milinex sheet or triplex paper -asreqd.

¢ Fibre or Hylam knife of assorted sizes - 4 Nos. e 20 o0r 25 mm cotton tape -1 Roll

e Solderingiron 125 W, 250V -1 No. ¢ Fibre glass sleeves 1 mm, 2 mm,

¢ D.B.electrician knife 100 mm - 1 No. 4 mm, 6 mm - asreqd.

e Multimeter -1 No. * Bambooffibre wedges - asreqd.

¢ Megger (insulation tester) 500V -1 No. e 25 mm painting brush -1 No.

¢ Ammeter (or multi-range) M.1.0-10A - 1 No. ¢ Soldering lead 60%, Tin 40%, -100g

¢ Voltmeter M.l.Multi-range -1 No. ¢ Resinflux -25¢
0-300V-500V ¢ Insulating varnish - 1 litre.

e Tachometer0-500-5000r.p.m. -1 No. e Tray 600 mm x 600 mm x 100 mm -1 No.

e Allen key -1 Set e Thinner -500 ml

¢ Readymade formeruniversal size -1 Set ¢ Hempthread -1Roll

* Awlof required length and thickness -1 No. ¢ Usedpower hacksaw blade - 2 Nos.

e Spatula -1 No. e Leatheroid paper - asreqd.

¢ Magnetic compass 15 mm dia. -1 No. « Empiresleeve - as reqd.

* Blowlamp -1 No.

PROCEDURE

Instructor may select a motor having burnt out single layer distributed winding for this exercise.

TASK 1 : Dismantling of the motor, recording winding data and stripping the winding

1 Collectthe name-plate details and record in Table 1. 2 Calculate the number of poles from the name-plate
details.
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120 xf
N

Using the formula P =
S

f - frequency in Hertz
N

S

- synchronous speed in r.p.m.

(little higher than the rotor speed noted in the name-plate).

where P - number of poles
3 Enter the number of poles in Table 2.
Table 1
Induction motor name-plate details

Make ...coooveiiiiien Frame NO......ccoooeiviiiiiiiineann, Model .....c..ceevverenn.
Phase ....ccoocceviiiiiiiiiin, Kilo watt ........coooeviiiiii, LPM e,
VOIS .o, Amperes ..., Frequency .................
Rating .......cooooeeveviiiiiieennn, Insulation ..................
Connection........ccoevvceeveeeeeiiinnnnn. Star/Delta Class .coovveiieveiiieeennn,

Table 2

Winding Data
No.of COIlS .cooeerviiiiiiiii e, No.of slotS......coccevviviiiiieiins Coalil pitch .......cc.cceee.
No.of Poles ......cccvvvvvvviiiiiiiiinnnnn,
Overhang projection a) connection end ...........ceiiiieieennnnnn. mm
b) Non-connection end ..........ccccceceeeiiiiiiinns mm

Alternatively calculate the poles using the
rated rotor speed and round off thevalue to full
number.

4 Remove the shaftkey orthe grub screw by holding the
pulley. (Fig 1)

Fig 1

ELN33140H1

5 Remove the pulley by using a suitable pulley puller.
(Fig2)

Fig 2

f
i\

i
B 13

ELN33140H2

ELN33140H3

To avoid confusion make asingle punch mark
on one side and a dual punch mark on the
other end of the motor.

7 Remove the grease cup screw.

8 Loosenthe bolts gradually, switching from side to side
till they are removed. (Fig 4)

Fig 4

ELN33140H4

6 Makeacentre punchalignmentmark onthe statorand
the end shield cover. (Fig 3)
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9 Keep the cold chisel tip between the stator and cover
and gently tap the chisel with a hammer and separate
the stator and the end shield cover. (Fig 5)
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Fig 5

ELN33140H5

10 Pulloffthe end shield cover and rotor together, parallel
to the motor shaft. (Fig 6)

Fig 6

ELN33140H6

11 Holdthe shaftin one hand, rotate the end coverandtap
it lightly with a nylon mallet to remove it from the rotor.

(Fig7)

Fig 7

ELN33140H7

12 Remove the other end shield cover also by gently
priming it out.

13 Inspect the rotor for any defect and the bearing for its
condition.

14 Identify whether the winding is a single layer distrib-
uted type.

In asingle layer distributed type winding, the
number of coils is equal to half the number of
slots and the same size of coils are used
throughout the winding.

15 Record the number of coils, number of poles,
number of slots, pitch and record the overhand
projection at both ends of the stator in tabe 2 and
if required prepare templates by cardboard or similar
materials for overhang projection. This will help to
check the overhangs after rewinding.

16 Open the end binding of the end and lead connections
from the overhang.

17 Trace the group/lead connections and draw the
same for reference in your record.

The number of coil groups shall be equal to
the number of phase x number of poles in the
case of whole coil connection whereas in the
case of half coil connection the number of coil
groups shall be equal to the number of phases
x pair of poles. Hence ascertain the group and

connection.

18 Remove the wedges. The wedge can removed by
using a power hacksaw blade are shown in Fig 9 or by
awedge remover.

Fig 9

HACKSAW BLADE

ELN33140H9

19 Cut off the coils in the non-connection end of the
stator with a chisel. (Fig 10)

If the bearing is worn out replace it with a new
one. All fastening devices should be keptin a
separate tray. The dismantle parts are shown

in Fig 8.

Fig 8

ELN33140H8

Fig 10

ELN33140HA

20 Pull out the coils with pincers or pliers. (Fig 11)
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Fig 11

ELN33140HB

21 Check, record the total weight of the coils, count the
number of turns, measure the size of the wire, and
record themin Table 3.

Some manufacturers may use parallel
conductors of the same size or different sizes
of wires instead of using a single wire. Take
care of this while recording and entering the

details in Table 3 against ‘wire multiple’.

In casethevarnishonthewindingis hard, heat
thewindinginanoventoabout200°Cforabout
one hour or heat it by a blowlamp. While
heating it is important that the heat should be
controlled such that the excess heat will not
damage the stampings and warp the frame or
core. In the case of loose coils, cutting of the
coilsmay notberequired anditcanberemoved

outthroughtheslots.

22 Remove allthe remaining foreign matter from the slots
by scraping with a knife.

23 Clean it by blowing compressed air.

24 Measure the size and shape of the coil. If the full shape
of the coil is available record the details in Table 4.

In casethefull shapeofthecoilis notavailable,
prepare atrial coil of singleturn andinsertitin
the slots at the given pitches. Verify the
overhang projection, clearance, correct size
etc.

Table3
No. of circuits...... Turns/Caoils...... Size of the wire.......
Wire multiple....... Wt.of scrap..... Wire insulation.........
Table4

Coil shape: Diamond / Rectangular / Oval
A. Coil length .......
B. Coil width ........

TASK 2 : Prepare and provide slot insulation
1 Check the slot dimension and record it in Table 5.

2 Check the core thickness and record the same in
Table5.

Select the slot liner of thickness as in the original.

Cutthe paper as per slotlength/core thickness with an
additional length of 10 to 15 mm so as to make the
insulation paper to project 5 mm on either side of the
slot with cuffed ends.

Prepare a sample of the slot liner and try

inserting it in the slot to see the correctness.

6 Cutand prepare the necessary number of slotliners as

per the correct sample.

7 Insert the slot liners in all the slots properly and see

that the slot liners project evenly on both sides of the
core. (Fig 13)

10to 15mm on either sideis justan approximate
requirement. Large motors may require a
longer length or vice versa.

5 Cuff either end of the slot liner (Fig 12) and fold the
same to the slot size.

Fig 12

INSULATION

CUFFS

ELN33140HC

Fig 13

ELN33140HD

The slot liner should properly adhere to the
surface of the slots as shown in Fig 14(a). A
wrong method of placing the slot liner.
(Fig 14b).
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Fig 14

(a) (b)

ELN33140HE

Checkthe group/lead connections drawn in step 17 of
Task 1 and also draw the developed diagram of the
winding for the given motor.

For your guidance the end connections and
the developed diagram are given in Figs 15
and 16 respectively for acertain motor having
asinglelayerdistributed typewinding with the
following data: 24 slots, 12 coils, 4 poles, 3-

Fig 15
POLE 1 POLE 2 POLE 3 POLE 4
'APHASE o0——~ 1 — 6 7-12 13-18 19-24
)
'B'PHASE 0—=5 —10 11-16 17-22 23— 4
By
By
'C'PHASE o—~9 — 14  15-20 21 - 2 3-8 .
(3 £
g
c, &
2
i)
Fig 16
‘COILS123456789101112

phase balanced winding.

Table5
Slot dimension
Lower width ..............oooeis mm
Upper width (W) ......cccccoeins mm
Depth ..oovviiii, mm
Slot lenfth ......ccccccoen mm

TASK 3 : Prepare coil winding and forming

1

Select a suitable size of former according to the
dimensionrecorded in Table 4.

Theformeris cut with adistinct bevel edge for
two reasons: to permit the coil to slip off the
former and to allow alonger peripheral length
of the coil at the back. Only one size of former
is sufficientforthe distributed type of winding.

Attach the former securely to the winding stand.
(Fig 17) .

Fig 17

COUNTER

FLY NUT

i REST

L 1

ELN33140HH

3

102

Confirmand selectthe size of winding wirei.e. givenin
Table 3.

ELN33140HG

Wind the designated number of turns (Table 3) by
leaving 150 mm extension wire.

Make surethenumber ofturnsissmallasinthe
original.

Tie the coil tightly with twine thread on either side of the
coil, after winding the coil.

Cut the remaining length of wire by leaving 150 mm
extension.

Remove the coil from the former and check its
correctness by inserting in the slots.

If the size is found OK proceed to step 8.
Otherwise make necessary changes in the
former till the coil shape is correct.

Make the required number of coils.

Shape the coils by folding the ends of the straight parts
of the coils. (Fig 18)
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Fig 18

ELN33140HI

TASK 4 : Insert the coils in the slots in proper sequence

Procedurefor24slots, 12 coils, 4 poledistributed
winding is given below. You can adopt the
same procedure for other stators of different
slots and poles with necessary modification.
Observekeenly the developed diagram shown
in Fig 16.

1 Follow the procedure given below. Firstinsert the left
coil sides of 1st coil, 2nd coil and 3rd coil in slot 1, 3
and 5 respectively. (Fig 19)

Fig 19
1234567 8 910111213141516 17 18 1920 2122 23 24
COILS 1 2 3 %
2 Insert the right coil side of the 1st coil in slot
number 6. (Fig 20)
Fig 20
23456 7 8 91011121314 151617 18 19 20 21 22 23 24
COILS 1 2 3 %
3 Inserttheleftcoil side of coil4inslot 7 (Fig 21) and then
insert the right coil side of coil 2 in slot 8. (Fig 22)
Fig 21
12 3 456 7 8 9 10111213141516 17 18 1920 2122 23 24
COILS 1 2 3 4 %

4 Insertleft coil side of coil 5in slot 9 and then insert the

right coil side of coil 3 in slot 10. (Fig 23)
Fig 22

12 3 45 6 7 8 910111213 14151617 18 1920 21 22 23 24

COolLs 1 2 3 4

ELN33140HM

5 Proceed likewise tillyou are left with the right coil sides

of coils 11 and 12.

6 Insertthe 11th coil right coil side in slot 2 and then the

12th coil right coil side in slot 4. (Fig 24)

7 Insertthe wedges in the slots so thatthe coil sides are

well packed in the slots. (Fig 25)
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Fig 23
123 456 7 8 9 10111213141516 17 18 192021222324

ELN33140HN

ELN33140HO

ELN33140HP

8 Insert the half moon shaped phase insulation paper

between each coil in both sides of the overhang.

9 Follow the developed diagram and connect the end,
group and terminal connections.

10 Tie the connections with overhangs and shape the
overhang.

11 Testthe winding .

12 Measure the resistance between A -A,, B, - B, and
C,-C,andrecord the values in Table 6.

Table 6

Resistance between A1 -A2 .............. ohm
Resistance between B1 - B2 ............... ohm
Resistance between C1-C2 ............... ohm

All the three resistances should be equal.

13 Measuretheinsulation resistance betweenthe windings
and the stator core with 500 V Megger and record itin
Table 7.
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Table 7
Insulationresistance
between core and A phase..... MEGOHM
between core and C phase..... MEGOHM
between core and B phase.....MEGOHM

Table 8
Insulation Resistance
Between A phase and B phase...MEGOHM
Between B phase and C phase... MEGOHM
Between C phase and A phase...MEGOHM

14 Measuretheinsulation resistance betweenthe windings
with a 500V Megger and record itin Table 8.

The above values should not be less than one
megohm in any case.

TASK 5 : Record winding data and strip the winding
1 Collectthe name-plate data and record in Table 9.

2 Fromthe name-plate details, calculate the number of
poles and write it below.

Number of poles................

3 Dismantle the given motor. Record the details of the
existing winding details before and after removing the
coils from the stator in Table 13.

4 Identify the windings of the given motor - whether itis
single layer concentric winding.

Table9
Induction motor
Make ......ccccc.... Frame No. ........... Model ............
Phase ...... Kilowatt/HP ................... r.p.m .............
VolIts ............ Amperes ............... Frequeency........

In single layer winding, the number of coils is
equal to half the number of slots. In concentric
winding the pitch of coils in the group will be
different and will be in concentric form.

5 Record the number of slots, number of coils and the
pitch of the coils in Table10

Table 10
No. of slots ..... No. of coails ......... Coil Pitch
No. of poles............ No. of coils/slot .................
Endconnections.............cccce...... (Half coil/whole coil)

6 Tracethe group/lead connections and draw the same
for reference in the space given.

In whole coil connected winding, the total
number of groups shall be equal to the number
of phases multiplied by the number of poles,
and in the case of half coil connected winding,
thetotal numberof groups shallbeequal tothe
number of phases multiplied by the number of
pairs of poles. Hence ascertain the number of
groups, and, thereby, the type of connection.

15 Varnish the winding,

16 Assemble the motor and test run the motor with load
for 8 hours.

Theinstructorshould selecta3-phaseinduction
motor having a single layer concentric (half
coil) winding for this exercise.

7 Record the length of the overhang projection and
prepare a template which could be used to check the
overhangs after rewinding.

8 Remove the wedges from the slots.

9 Strip all the coils out from the stator except one
complete group of coils.

10 Use athinnerin the winding and remove carefully one
complete group of coils without damage.

11 Check the total coil weight and record itin Table 11.

Table11
No. of circuits......... Turns/coil...........
=)
b) .
C) e
Size of the wire.............. Wire multiple.....................

12 Clean the stator slots.

13 Usingthe complete set of coils, measure the size and
shape of the coils and record the details in Table 12.

Table12

Shape ofthe coil......diamond/Rectangular/Oval

Outer coil Inner coil
A Coil length ............... MM e, mm
B  Coil width ... MM s mm
C Coil thickness .............. m

In case the full shape of a coil is not available,
use asingle turn of 16 or 18 SWG copper wire
and measuretheinner dimensions of the coils
ofthecoils oftheset,oneaftertheother. Insert
it in the slots at the given pitches. Verify the
length of overhang projection and clearance
etc. taking into account the thickness of the
coils. If found satisfactory, use the same for
recording the measurement.
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TASK 6 : Prepare slot insulation

1

Prepare slot liners and insulate the slots.

TASK 7: Prepare stepped former and coils

1

Select a suitable sized former accordidng to the
dimensions recordedin Table 12.

Set the adjustable stepped former to the dimensions
of the coils taken as data from Table12.

Wind the designated number ofturnsin each coil of the
group by referringtotable 3. Leave about 150mminthe
starting end of the coil for connection.

Tie the turns of the coil tightly with twine thread on
either side of the coil after winding.

TASK 8 : Lay coils in the slots

Cut the remaining length of wire leaving 150 mm
extension.

Remove the coil from the former, without damage.

Wind one set of coils of the group for trial and
verify the size with the stripped out coils.
Preferably insert one set of groups of coils in
the assigned slots in the stator and check the
correctness with respect to overhand etc.

The Procedure for 24 slots, 12 coils, 4 poles,
single layer concentric winding (half coil) is
given below. You can adopt the same
procedure for the other stators of different
slots and poles with necessary modifications.

The end connection and developed diagrams
for the above stated winding are given in

Wind the required number of coil groups similarly .

Shape the coils by folding the ends in the straight part
of the colls.

Inthe concentric type of winding the insertion
of coils should start from the inner coil which
is having the shortest pitch.

Fig 26 and 27 for your guidance.

Fig 26

A-PHASE POLE 1 - 2 3 -4

M
1-8 13 - 20
’ ’
2 -7 14 - 19
\_,_.AZ

B-PHASE

> ©
AN
[ o o
N N
NN
AN
|7 w £
o
N
ELN33140HQ

ELN33140HR

1

Insert the guide papers in the grooves of slot No.2
(Fig 27) where the winding will begin.

Checkthe connection side of the winding with respect
to the stator and hold the connection end of the coil in
that side.

Place a leatheroid paper of length equal to the width
of the core in the right side of the core. (Fig 28).

Fig 28

LEATHEROID
PAPER TRAY

LEATHEROID PAPER

GUIDE PAPER KEPT ON THE CORE

FINISHING END OF
LARGER PITCHED

STARTING END
OF SMALLER
PITCHED COIL

ELN33140HS

To avoid insulation damage to the winding
wires, check at intervals the position of the
leatheroid paper which is kept on the core
between the right coil side and the core

Separate the inner coil from the group, hold the smaller
coilinhand and keep the larger coil infront of the stator
in a leatheroid paper tray. (Fig 28)

Insert the left coil side of the smaller coil in slot No. 2.
(Fig 28)

Remove the guide papers and insert them in slot
No. 7.

Insert the right coil side of the smaller coil in slot
No. 7.

Remove the guide papers from slot No. 7 and insert
them in slot No. 1.
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9 Insert the left coil side of the larger coil in slot No. 1

10 Remove the guide papers and insert in slot No. 8 and
then insert the right coil side of the larger coil in slot
No. 8.

Seetoitthat the current directionin the group

iscorrectaccordingtothedeveloped diagram.

11 Insertthe 2nd coil group having smaller and larger coils
in slot No. 6, 11, 5 and 12 respectively.

TASK 9 : Connect the coil groups

1 Connectthe group connections of the same phase and
solder them according to the end connection and
developeddiagrams (Fig 26 and 27). Sleeve the joints.

2 Connect the phase leads with the coil groups and
insert the sleeve over the joints.

TASK 10 : Test the winding

1 Test the winding by megger continuity, short and
insulation resistance test and note down results.
(Task: 1, 2, 3 exercise 3.3.138)

TASK 11 : Varnish the windings
1 Varnish the winding .

TASK 12: Test and assemble the motor

1 Test and run the motor to ascertain its performance.
(Steps 18 to 31 exercise 3.1.33)

TASK 13 : Calculate winding for the developed diagram

12 Insert likewise 3rd, 4th, 5th and 6th coil groups in the
respective slots. (Referto the developed diagram)

13 Insertaseparate paper inallthe slots overtheinserted
coils.

14 Fold the slot liner and insert the wedge in all the slots.

15 Insert a half moon shaped insulation paper as phase
insulator between the coils on either side of the
overhang.

3 Use a nylon mallet and shape the overhang to the
original size.

Check the size of the overhang with the help of

overhang template.

For easy understanding of the steps a 24
slots, 24 coil, 4-pole, 3-phase motor is
considered as an example. For the motor
given as an example winding calculations are
as under.

Total No.of coils _ 24
No.of phases 3

1 No. of coils/ phase =

= 8 coils/phase.
2 No. of coils / phase / pole =

3 Total No.of coils
No.of phases xNo.of poles

24 2 coils / ph / pol
= = £ COolls ase ole.
4x3 P P

No.ofslots 24

L NO-OTSIOB 2% 6 Slots/pole
3 Pole pitch = No.ofpoles 4 P

4 Tie the hemp thread to bind the soldered joints along
withthe overhang.

2 Dry the moisture by using lamp loads.

3 Checkthevarnish dry level.

4 Coil pitch possible A 5(1to6) Shortchorded
B 6 (1 to 7) Full pitched
C 7(1to8)Longchorded
5 Coil pitch selected =5 (1 to 6)
6 Coil pitch selected is short chorded.
7 Total electrical degrees = 180° x No. of poles
=180°x 4 =720°

Total electrical degrees
No.of slots

Slot distance in degrees =

720
=

9 Reqddisplacementbetween phase interms of slots =

30

120
Slot distance indegrees
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0
= — =4 slots
30

10 Winding sequence
If 1st phase starts in the 1st slot.
2nd phase starts in the (1+4) i.e in 5th slot.
3rd phase starts in the (5+4) i.e in 9th slot.
11 Arrangement of coils
The coils are to be arranged in the slots in the sequence:

1-6, 2-7, 3-8, 4-9, 5-10, 6-11, 7-12, 8-13, 9-14, 10-15,
11-16,12-17,13-18, 14-19, 15-20, 16-21, 17-22, 18-23,
19-24,20-1,21-2,22-3, 23-4, 24-5.

Fig 29
"A" PHASE —
Aje——1 — 6 7/—/12 13 - 18 —19 - 24
2 - 7 8 - 13 14— 19 20— 1
L Ll
"B" PHASE — A
Bje——5 — 10 11 - 16 17 -2 23 - 4
6 — 11 12— 17 18"~ 23 24— 5
Ll
"C" PHASE [ By
Cie——09 — 14 15/—/20 21/—/2 73/7/8
10"~ 15 16— 21 2~ 3 4’ -9 =
L Ll 3
Co g
2
d

Fig 29 and 30 showthe connection diagram and developed
diagram for the above motor.

Fig 30

20 21 22 1

\\\\\\

////
20 21 22

Table 13
Data to be taken from the stator (before removing the coils)
No. of slots ............. No. of COils .......cevvvvnnnn.n. Coils per group .......ccceeeveeevennnnn.

Group connectors
Coil throw

Weight of single coil
Front end bearing number
Size of connection lead

Connection lead side with respect to terminal box

Wire insulation
.Distribution/Concentric

................... Weight of the total winding
Rear end bearing number

Wedge material .......... SiZe i, Binding material ................... Size .........
Overhang dimension  Outer dia. .......cc......... mm Inner dia. ............ mm
Length .............. mm Shape .....covvvveeeieennns (make template).

Data to be taken (after removing the coils)

Size of wire ........ mm No. of parallel wires ............. No. of turns ................
Size of coil length ........ mm(inside) width ....... mm(inside) Thickness ........ mm
Type of sleeve ......... ......... SIZ€ i Type of lead ............... SiZe ..o
1

2

3

Slot insulation .............. Type .cooeees Thickness .............. Dimension .............
Type of coil ..c.oooovviiiiiiii Number of coils ........cccceeeeees
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With the reference given in the winding calculationsfillup
the winding data for the motor given to you.

Total No.of coils
No.of phases

1 No. of coils / phase =
= e coils/phase
2 No. of coils / phases / poles

Total No. of Coils
~ No.of phases xNo.of poles

= e slots/poles
_ No.of slots
3 Pole pitch = Wpoles S slots / poles

4 Coil pitch possible  A) ..............

TASK 14 : Prepare the stator to receive the winding

1 Setthe core, if it is mangled (lightly tap with a nylon
malletto correctthe core) and clean the slottoremove
any old insulation paper.

2 Select the insulation paper of the same grade and
thickness or its equivalentasin the original and cut the
insulation paper to the same size.

TASK 15 : Prepare coils

1 Make a ganged former or select a readymade former
according the old coil size. (Figs 31 and 32)

Fig 31

_ CENTRE HOLE

SLOTS

ELN33140HV

Fig 32

ELN33140HW

(short chorded/full pitched/long chorded)

7 Total electrical degrees = 180° x No. of poles

Total electrical degrees
No.of slots

8 Slot distance in degrees =

9 Reqd. displacementbetween phasesinterms of slots

_ 120
Slot distance in degrees

10 Winding sequence
1st phase starts in the .........................
2nd phase starts in the .........cccccevvvnnneee
3rd phase starts in the ..........ccccceeeee
11 Arrangement of coils

The coils are to be arranged in the sequence.

Draw the connection diagram and the
developed diagram for the motor given to you,
on a separate paper.

Slot insulation paper must be approximately
10to 15 mm longer than the slot length and is
to be formed according to the shapes of the
innerwalls oftheslot. Theends oftheinsulation
are often cuffed to avoid the insulation paper
from sliding off from its position.

2 Selectthe correct size of winding wire as per the data
taken.

3 Attach the former to the winding machine, wind the
designated turns and make one set of ganged coils.

4 Insert the ganged coils in the designated slots and
check their correctness.

While checking make sure that the coils are of
thecorrectdimension sothatthetwo coil sides
could be accommodated as top and bottom
coil sides in the same slot of the double layer
winding, and the overhang dimensions are
comparabletothetemplate (asintheoriginal).

5 Make necessary sets of ganged coils, if coil dimensions
are correct

In the example given, two coils are forming
the gang. Choose the former according to the
number of gang coils.
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TASK 16 : Lay coils in double layer winding ( Fig 30)

Carefully examine the developed diagram in
which the slot pitch is given as 1-6 and there
will be two coils in a group. The left coil side
of coil Lisin slot 1 as bottom coil and the right
coil side of coil 1 is in slot 6 as top coil. In
double layer winding the coil sides should be
placedin adjacent slots. Modify the procedure
to suit the requirement of the given motor
winding.

1 Insertthe left coil sides of the first set of ganged coils
in slots 1 and 2.

2 Leave theright coil sides of the ganged coils over the
stator with a leatheroid insulation paper between the
coil sides and core.

TASK 17: Connect group leads - testing and varnishing

1 Bringout the group ends, connect, solderand insulate
the groups. (Fig 34)

Fig 34
1

PO —————-

ELN33140HY

2 Connect the lead cablestothe group connectionsand
solder them.

3 Insert likewise two more sets of ganged coils in slot
numbers 3,4,5 and 6 like step 1 and 2. (Fig 33).

Fig 33

COILS 1

ELN33140HX

4 Place aseparatorinsulation overthe bottom coils side
of slot 6.

5 Insert the right coil side of the 1st coil in slot number
6 as the top coil side.

3 Tiethe hemp threads in the overhangs, to secure the
sleeved joints and phase separator insulations.

4 Shape the overhangs and check with a template.

Test the winding for continuity and ground as per
Exercise 3.3.138.

6 Assemble the motor if the test results are satisfactory
and run it for ten minutes.

7 Dismantle the motor, impregnate the windings and dry
them, if the results are O.K.

Assemble and test the motor on load.
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Electrical

Electrician - AC Three Phase Motor

Exercise 3.3.141

Maintain, service and troubleshoot the AC motor starter

Objectives: At the end of this exercise you shall be able to

« identify the parts of the AC starters

e trace and draw the schematic diagram of the starters

e check volt coil, moving contactors, fixed contactors, NC and NO
* set the over load relay and timer.
Requirements
Tools/Instruments Materials
e Combination pliers 200 mm -1 No. e PVCinsulated, standed aluminium
e Screwdriver200mm -1 No. cable 2.5 sg. mm 650V grade -25m
e Multimeter -1 No. e Fuse wire 10 amps -asreqd.
e Megger500V -1 No. » Black insulation tape -asreqd.
Equipments/Machines * ICDP switch 16A 500V -1 No.
quip ! « TPIC switch 16A - 500V -1 No.
¢ D.O.L Starter -1 No. ¢ Push button station -1 No.
e Star Delta starter -1 No. ¢ Overloadrelay -1 No.
¢ Rotorresistance starter -1 No. * Contactor -1 No.
¢ Autotransformer starter -1 No. * Time delayrelay -1 No.
PROCEDURE
TASK 1: Check and service AC motor starters
) ) ) Fig 3
1 Identify the parts of AC starters, like contactor, unit,
overload relay unit, start/stop push button unit,
necessary fixing screws, hook up cables, starter base
cover and timer. (Fig 1, 2,3 &4)
Fig 1
: @
NO - VOLT COIL
\— LOCKING ARRANGEMENT g CONTACTOR é
PUSH-BUTTON STATION 4 2 Investigate and check the contactors inputand output
terminals, auxiliary and main terminals, movable and
Fig 2 fixed contacts, novolt coil, overload relay, theirrating,

PUSH-BUTTON
STRIP

o

OVERLOAD RELAY

ELN33141H2

110

normally closed relay contacts and their operation.

Identify the connecting terminals for inter connecting
no volt coil, main supply to control circuit, normally
open auxiliary contacts.

Draw the complete circuit diagram for D.O.L starter,
star delta starter, rotor resistance starter and auto
transformer starter. (Fig 5, 6, 7 & 8)

Get the diagram approved by the instructor.

Follow the trouble shoot chart -1.



Fig 4 Fig 5
ON & OFF BUTTONS

AN N

: ]

LOCKING — PUSH-BUTTON
ARRANGEMENT STATION

221

INDICATOR

105 103

141 115

ALL DIMENSIONS ARE IN mm.

DIMENSIONS OF BASE AND COVER OF DOL STARTER

ELN33141H4

Donottightenthescrews morethan necessary
astoomuchtightening of screws will break the
PVC casing of the contactor and OL relay.

A complete diagram showing the internal
dlag ram Of a Starter Of a partiCUIar make along CIRCUIT DIAGRAM OF DOL STARTER WITH PROTECTIVE DEVICE
with I.C.T.P and motor is given for your
guidance.Youcanreplacetheinternal diagram
of the given starter in the place of the starter
diagram shown in Fig 5.

ELN33141H5

Fig 6
e 1
| |
= ®
| |
L ®
Y \3“\ — |
| |
[ I
SN W
[ _
——— 3
|
|
! OFF
} O/L Contact
|
|
|
|
|
L Ly L }
W kv, |
-
©
I
<
Wy Ve 2
U U, 8
2 1 STAR DELTA STARTER 5
w
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CIRCUIT DIAGRAM OF THE ROTOR RESISTANCE STARTER
WITH I.C.T.P. SWITCH & MOTOR

HOLD
PRESSED TILL
THE ROTOR
RESISTANCE
IS
COMPLETELY

B TEY Y A
i

D, TIME DELAY RELAY

AUTO-
TRANSFORMERS

* KEEP START BUTTON PRESSED TILL MOTOR GETS SUPPLY DIRECTLY

ELN33141H8

CUT OFF

RUNNING POSITION

STARTING POSITION

ELN33141H7

|. Starter check chart

Chart 1

Maintenance of DOL starters

Trouble

Cause

Remedy

1 Contacts chatter

Low voltage, coil is not picking up properly,
Broken pole shading ring.

Poor contact between the pole.

Faces of the magnet.

Poor contact between fixed and movable
contacts.

Correct the voltage condition. In case
there is persistent low voltage.
Replace

Clean the pole faces.

Clean contacts and adjust, if
necessary.

2 Welding or
overheating

Low voltage preventing magnetfrom
sealing. Abnormalin rush current.
Short circuit in the motor.

Foreign matter preventing

contacts from closing.
Rapidinching.

Correct the voltage condition. In case
of persistent low voltage coil.

Check excessive load current or use
larger contactor.Remove the faultand
check to ensure that the fuse rating is
correct. Clean contacts with suitable
solvent. Install larger device or caution
the operation not to operate the inch
button too quickly.

3 Short life of contact
points

Weak contact pressure

Adjust or replace contact springs.

4 Noisy magnets

Broken shading coil
Magnet faces not mating
Dirt or rust on magnet faces.

Replace magnet
Align or replace magnet assembly.
Clean with suitable solvents.

112
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Trouble

Cause

Remedy

5 Failure to pick up

Lowvoltage

Coil open or short circuited.
Mechanical obstruction in the moving parts.

Check system voltage, In case
persistentlowvoltage, change to a
lower voltage coil.

Replace the coil.

Clean and check for free movement of
contact assembly.

6 Failure of moving
mechanism to
drop out.

Worn or rusted parts causing
binding. Residual magnetism due
to lack of air gap in magnet path.
Gummy substance on pole faces
causing binding.

Check wiring in the NVC caoil circuit.
Replace parts.

Replace worn out magnet parts.

or demagnetise the parts. Clean with
suitable solvent.

7 Overheating of coil

Over-voltage Shortcircuited
turns in coils caused by
mechanical damage of corrosion
High ambienttemperature

Dirt or rust on pole faces
increasing the air gap.

Check and correct terminal voltage.
Replace cail.

Relocate starter in a more suitable
area or use afan.
Clean pole faces.

Il Overload relays / release

1 Starteristripping
often.

2 Failure to trip
(causing motor
burn out).

Incorrect setting of over load relay
Sustained overload

Wrong setting of O.L relay
Mechanical binding due to dirt, corrosion etc

Resetproperly.
Check for faults/ excessive motor
currents.

Check O.L relay ratings and set a
proper relay, Clean or replace.
Incorrect control wiring. Check the
circuit and correct it.

Il Fuses

1 Constantblowing
offuses

Short circuit or poor insulation
winding /wiring

Check the motor and the circuit for
insulation resistance.

2 Fuse not blowing
under short circuit
condition.

Fuse rating too high

Replace with suitable fuse.

3 Fuse blowing off
frequently.

Fuse rating too low.
Overloading of feeder.

Replace with suitable fuse. Check for
over-current, leakage and short circuit.
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Electrical
Electrician - AC Single Phase Motor

Exercise 3.4.142

Identify parts and terminals of different types of single phase AC motors

Objectives: At the end of this exercise you shall be able to

e read and interpret the name plate details of the given single phase AC motors

« identify their parts and write their names

« identify the pairs of two windings of 3 terminals & four terminals of single phase motor
e measure the resistance of each winding by an ohmmeter.

Requirements

Tools/Instruments

e Trainee’s tool kit -1 No. Single phase capacitor start
e ohmmeter/ multimeter -1 No. induction run motor 1HP,240V,50Hz -1 No.
. . Universal motor 240V, 50Hz,0.5HP -1 No.
Equipments/Machines Repulsion motor 240V,50Hz, 0.5HP -1 No.
¢ Induction start induction run motor Bipolar stepper motor 6W, 6V/1A
1/2 HP, 240V, 50Hz -1 No. (Permanent magnettype) -1 No.
PROCEDURE

TASK 1 : Identify the parts of single phase induction start motor / split phase motor

1. Read and interpret the name plate details of the single phase induction start induction run motor and note down in

Table 1.

Tablel

Name-plate details

Rated Voltage .......cccoooviiiiiiiiiiiiiieeeeeeeeen, Volts

Manufacturer, Trade mark ........ccoccceeieveeieeiiiieeiiieeeeennnn.
Type, model or serial number ...............ccccooiiii i
Type Of CUMTeNt ...

FUNCLION e

Rated frequency ..........ccoooiiiiiiiiiiiiiiiiieeeeeee,
Rated POWEr .....coovviiiiiiiiiieieie e,
Rating Class ...
Insulation Class ........cccccceiiiiiiiiiiiiee
Rated current .........cccccoceeiiiiiiiiiiiiiiiiiinee, amp
Rated speed ......cccooovvviiiiiiiiiiiiiieceiiee e r.p.m

Protection class ......occovveiiiiiiiiiii e,

2 ldentify the parts of single phase induction start
induction run motor from the real objects or from the
exploded view chart. (Fig 1).

Fig 1
END COVER
STATOR ROTOR
BEARING
SHAFT
TERMINAL
COVER
MOTOR FRAME
FAN BLADES
I
END COVER ]
3
PARTS OF SINGLE PHASE INDUCTION START INDUCTION RUN MOTOR E

3 Label the each identified parts with number tags.
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Write the name of the parts of each labelled numbers
tagin Table -2.

Table 2

Sl No. Label No. Name of the parts
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TASK 2 : Identify the parts of capacitor start induction run motor

1 Read and interpret the name details of the capacitor start, induction run motor and note down in Table 3.
Table 3

Name-plate details

Manufacturer, Trade mark .......cccccooveeeiiiiiiiiieeeiiiiie e, Rated frequencCy ..........ccccceiiiiiiiiiii i,
Type, model or list nUMDbEr ........ccccviiiiiii e Rated POWET ...
Type Of CUMENT ..oooiiiiiiiiiiiiiii e Rating Class .......coovviiiiiiiiiiiieeeiie
FUNCHION ooii e Insulation Class ..........cccccevveviiiiieiin
Fabrication or Serial number ............ccccoii, Rated current .........cccccooovviiiiiiiiiiiiniieeenn, amp
Type of connection ..................... Rated speed ......ccccoovevviiiiiiiiiiin e, r.p.m
Rated Voltage .......cccoovviiiiiiiiiiiiiiiiiiieee e Volts Protection Class .......cccoovvviiiiiiiiiiiiiiiiien

2 Identify the parts of the capacitor start, induction run
motor from the real objects (or) from the exploded
view Fig 2(a), 2(b) &2 (c) and note down each labelled

numberin Table 4.
Fig 2 (a) Fig 2 (b)
STARTING
L z, WINDING z,
o
|
} — CAPACITOR
SINGLE |
PHASE
|
e e
| U
} 2 CENTRIFUGAL
SWITCH b
I N g
N g
Table 4
Sl No. Label Number Name of the parts
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Fig 2(c)

DRIVE END
BRACKET ASSEMBLY
DRIVE END
BRACKING
BEARING LOCKING
RING
SHAFT

—d

CAPACITOR COVER D
| @ DEFLECTOR
CAPACITOR ﬂ
CAST VENTILATION
AUTO-THERMAL FAN
PROTECTOR \ \
OPPOSITE DRIVE END ROTOR ASSEMBLY
BEARING D) ROTOR WINDING
BEARING LOAD :
SPRING L STATOR ASSEMBLY
3 D STATOR WINDING
) @x RAIN DEFLECTOR
: TERMINAL BOARD
OPPOSITE DRIVE END
BRACKET ASSEMBLY
TERMINAL COVER

THRU-BOLT
BEARING CAP

ELN34142H2(c)

TASK 3 : Identify the parts of single phase capacitor start capacitor run motor/permanent capacitor motor
1 Read and interpret the name plate details of permanent capacitor motor and note down in Table 5.
Table 5

Name-plate details

Manufacturer, Trade mark ........ccccooeveeeiiiiiiiiieeeiiieee e, Rated freqUeNCY .......ccooovvviiiiiiiiiiiie e,
Type, model or list number ..., Rated power .........ccccccviiieiiiiiiiiiiieeeeeens k.w/HP
Type Of CUMTENt ...oooiiiiiiiiiiiiiii e Rating Class ...
FUNCLION oo Insulation class ...
Fabrication or Serial number ............oooiiiiiii, Rated current .........cccccoceviiiiiniiiiiininnne, amps
Type of CONNECHION ......ccoviiiiieiiiie e Rated speed .......ccoooovveviiiiiiiiiiiiiie e, r.p.m
Rated Voltage .......ccvvviiiiiiiiiiiiiiieee e Volts Protection Class .......eevviiiiiviiiiiiiiiinen

2 Identify the parts of the permanent capacitor motor
from the real objects (or) from the exploded view of
Fig 3a and 3b and note down each labelled number in
Table 6.

Fig 3a 3 uF, 400V Fig 3b
CONTINUOUS RATING

. | ;J
%
Uy “cs %

10 uF, 400V
INTERMITTANT

-

SOURCE SINGLE
o— PHASE -0

CAPACITOR
ENCLOSURES

MAIN RATING AUXILIARY
WINDING WINDING
Uy 2
N
SCHEMATIC DIAGRAM OF A CAPACITOR-START CAPACITOR-RUN MOTOR CAPACITOR-START CAPACITOR-RUN MOTOR

ELN34142H3
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Table 6

SI No. Label No. Name of the parts 3 Get it checked with your instructor.

N O O b~ WN P

TASK 4 : Identify the parts of universal motor

1 Readand interpret the name plate details of the universal motor and note down in Table 7.

Table 7
Name-plate details
Manufacturer, Trade mark ........ccccccceeiiiiiiiiiiiie, Rated frequency ........cccccccceiiiiiiiiiniiniine,
Type, model or list number ............ccoviiiiiiiiiiii e, Rated power .......ccvvvviiiiiiviiiiiieeenes k.w/HP
Type Of CUMTeNt ... Rating Class ........ccccovviiiiiiiiiiiiiii e,
FUNCHION oo Insulation €lass ...........ccccccvvviviiiiiiiiniii,
Fabrication or Serial number ............ccoo Rated current ..........cccooovvviiiiiiiiiniiennnnn. amp
Type of connection ..................... Rated speed ........ccccvviviiieiiiieeeeeeeee, r.p.m
Rated Voltage ......ccovvviiiiiiiiiiiiiiiiiie e Volts Protection Class ........ccccccviiiiiiiiiiiiiiiiiiiiiiins
2 Identify the parts of the universal motor from the real 4 Write the name of the parts of each labelled number
objects (or ) from the exploded view.(Fig 4) tags in Table 8.
Table 8
Fig 4

SALIENT SI No. | Label No. Name of the parts

FIELD WINDING POLE

BRUSHES ]

|
-
Hilk=7 =y

N J

LAMINATED POLE
FORMED IN
STATOR ASSEMBLY

COMMUTATOR

»

7
FRAME
PARTS OF A UNIVERSAL MOTOR

ELN34142H4
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3 Labelthe each identified parts with number tags.

5 Get it checked with your instructor.

TASK 5 : Identify the parts of repulsion motor

1 Read and interpret the name plate details of repulsion
motor and note down in Table 9.
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Table 9

Name-plate details

Manufacturer, Trade mark .......cccccooeeeeiiiiiiiiieriiiiineeeees Rated freqUeNnCY .......cccccoviiiviiiiiiiieeceeiee,
Type, model or list number ..o, Rated power ........ccccccccvveeieiniiiniiinnns k.w/HP.
Type Of CUIMTENt .....cooieiiii e, Rating class ......ccccovviiiiiiiii e,
FUNCLION oot Insulation class .......ccccooii
Fabrication or Serial number ..........cccccoeeeiiiiiiiiineeneen, Rated current .........ccccceeeeiieiviiiiinieeeeens amp
Type of CONNECiON ......ccoovviiiiiiiiiiii e Rated speed .......ccccooviiiiiiiiiiiiiiiiiien, r.p.m
Rated Voltage .......ccocoviiviiiiiiiii e Protection class .........ccccoeveviiiiiiiiiin e
2 Identify the parts of the repulsion motor from the real Table 10
objects (or) from the exploded view ( Fig 5) and note
down each labelled numberin Table 10. SINo. | Label No. Name of the parts

Fig 5 Push rods
Shorting ring attached to shafts

Flyweights
__—Commutator attached to shafts

attached to shafts
Spring opposing flyweights
Brush holder attached

to push rods

ELN34142H5

TASK 6 : Identify the parts of stepper motor

~N o oA WN R

Get it checked with your instructor.

1 Read and interpret the name plate details of the stepper motor and note down in Table 11.

Table 11

Name-plate details

Rated Voltage ........cccovviiiiiiiiiiiiiiiiii e

Manufacturer, Trade mark .........cccooveviiiiiiieeiiieeeeiees
Type, model or list number ...........coooiiiiiiiiiiiiie e,
Type Of CUMTENT ..o
FUNCLION oo
Fabrication or Serial number .........cccccocvcciiiiiiiiniieeeee,

Type of CONNECHION ........ccoeiiiiiiiiiie e,

2 Identify the parts of the stepper motor from the real
objects (or) from the exploded view chart (Fig 6).

Label the each idenetified parts with number tags.

4 Write the name of the parts of ech labelled number
tags in Table 12.

Rated frequency ........ccccceviiiiiiiiiiiiicceieeeeeen,
Rated power .........cccccveeviiiiviiiiieieeeeens k.w/HP.
Rating class ........ccccvviiiiiiiiii e
Insulation class ...
Rated current .........cccccooviiiiiiiiiiiiiiieennn, amp
Ratedspeed .....ccoooiiiiiiiiiiiie, r.p.m
Protection Class ........ooeuvvvieiiiiiiiiiiiiieeeeeeeee,
Fige Ball bearings
Coil
(winding)
Rotor
— (steel core)

Magnet
(permanent magnet)

Flange
(aluminum die cast)

Construction of Stepper Motor

ELN34142H6
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Table 12

Sl No. Label No. Name of the parts

N o o~ WN P

5

Get it checked with your instructor.

TASK 7 : Identify 3 terminals of the pair of two windings of single-phase split phase induction motor

1

Remove the terminal cover. Make connection using a
piece of cable and short circuit two terminals at a time
to discharge the capacitor.

Remove the capacitor if any and test the capicator for
insulation and leakage.

Measure the resistance in between pairs of terminals
by an ohmmeter. (Fig 7)

Fig 7

1-PH. SPLIT-PHASE
INDUCTION MOTOR

OHMMETER/
MULTIMETER

RUNNING WINDING

U,
| Z1Z;  STARTING WINDING
WITH RESISTOR

1-PH. SPLIT-PHASE
INDUCTION MOTOR
240V, 1HP

B

ELN34142H7

4

Mark the terminals between which you get maximum
reading as 1 and 3. Mark the unmarked terminal as 2.

Record the resistance values in Table 13 according to
your terminal marking made.

The reading between the pair of terrminals
1& 2 and 1 & 3, whichever is greater is
considered as the terminals of starting
winding and the other is considered as
terminal of running winding.

Table 13

Resistance
between 1 & 2

Resistance
between 1 & 3

Resistance
between 2 & 3

TASK 8 : Identify 4 terminals of the pair of two windings of single phase split phase induction motor

1 Repeatthe steps 1 and 2 of Task 7 , Fig 8.

2 Find out the pairs of terminals and number one pair of
terminals as 1 and 2. The other pair is numbered as
3and 4 (Fig9)

3 Measure the resistance between Ul and U2 and
ZlandZ2..

Conclusion

1 Higherresistance is between
terminals.

2 Lower resistance is between the terminals marked as

Electrical : Electrician (NSQF LEVEL - 5) - Exercise 3.4.142 11

Fig 8

[ [
| A ] |
! | CENTRIFUGAL

SWITCH

My

X{ — TERMINAL BOX

My — 1-PH. SPLIT-PHASE INDUCTION
MOTOR 230V, 1HP

ELN34142H8
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Therefore the starting winding is connected between Fia o
ig
Resistance between 1 & 2 = ohms .
Reistance between 3 & 4 = ohms
My
120

CENTRIFUGAL

SWITCH
\ \

Q - OHMMETER/MULTIMETER

X; = TERMINAL BOX

My = 1-PH. SPLIT-PHASE INDUCTION MOTOR

230V, 1HP

ELN34142H9
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Electrical
Electrician - AC Single Phase Motor

Exercise 3.4.143

Install connect and determine performance of single phase AC motor

Objectives: At the end of this exercise you shall be able to

» read the manufacturer’s installation instruction and follow the same
 transfer the template measurements to the mounting base
* make the template of the base (mounting) of the given motor

- frame (wooden)making
- marking

- drilling

- selecting hole size.

Requirements

Tools/Instruments

¢ Masonry tools like travel spirit level etc- 1 Set
¢ Drilling machine Electric 12.7 mm

Equipments/Machines
A.C Single phase motor 0.5 HP 240V -1 No.

capacity with drills -1 No. Materials
* Measuring tape 3 meters -1 No. ¢ Connectingcables - as reqd.
¢ Electrician hand tool kit -1 Set ¢ Plywood 8 mm thick 40 x 30 cm -1 No.
e Spanner set 5 mmto 30 mm -1 Set ¢ Nuts, grouting bolts - as reqd.
« Ball pein hammer 500 g -1 No. e Glwire 14 SWG -6m
PROCEDURE

TASK 1: Installation of single phase AC Motors

1 Read the name plate details and record in the motor
maintenance card (Table 1)

Tablel

Name-plate details

Voltage Phase Type
Rating Speed

Power factor Current

SL No.

2 Make necessary arrangements atthe place where the
motor is to be installed as per manufacturer’s nuts and
bolts or / and R.C.C. foundation etc.

3 Determine the size of the connecting cable and fuse
from the rating of the motor. (Table 2)

Fuse current rating will be 3 or 2 times more
than running current. If it has the dual function
of overload protection also, the rating should
be as recommended by the manufacturer or
as per .S recommendations.

4 Cut two straight pieces and two cross pieces of
plywood as shown in Fig 1 and mark the holes
accordingly tothe size of the holes of the base of the
motor on the wooden frame planks (Fig 1)

Table 2
Calculating fuseratings of motors
Motor type Multiply the running
current of the motor by
Single phase 3
Squirrel-cage, full
voltage start 3

Squirrel-cage, reduced
voltage start or high -
reactance type (if
motor is rated at 30
ampere’s or less)

Select the size of the drill according to the size of the
mounting bolt as recommended by the manufacturer.

Drill the holes according to the size mentioned.

Make use of the template measurements on the
mounting base and get the base mounting ready for
installing the motor. (Fig 2)

a) Fix the planks with a grouting bolt.
b) Check for level using the spirit level.

¢) Fill the space around the bolts with thin coarse
cement mortar.

Inthetraininginstituteuseclay mortarinstead
of cement to facilitate repetition easily by
every trainee in a batch.
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e) Cure the cement mortar with water for a minimum

Fig1 of 2 days

f) Finish the surface by plastering neatly.

Include vibration arresting devices as per the
manufacture’s instructions such as spring
washers etc.

8 Install the motor and fix it with nuts (Fig 3)

Fig 3

ELN34143H1

ELN34143H3

Fig 2

m

9 Make double earthing in accordance with I.
regulations and I.S. recommendation.

— an

10 Check the continuity of windings using megger
(Fig 4) and also check the effectiveness of grounding.

SECTION AT AA (Fig 5)

LI
k

ELN34143H4

I_I:—I ]
%5l

PLAN

ELN34143H2

d) Allow it to settle down for 8 to 12 hours, then
remove the template planks.

ELN34143H5
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Electrical

Electrician - AC Single Phase Motor

Exercise 3.4.144

Start run and reverse the direction of rotation of single phase AC motors

Objectives: At the end of this exercise you shall be able to

 startrun and reverse the D.O.R of induction start, induction run motors through DOL starter

start run and reverse the D.O.R of capacitor-start, induction run motors
start run and reverse theD.O.R of capacitors start, capacitor - run motor
start, run and reverse the D.O.R of repulsion motor

start run and reverse the D.O.R of stepper motor.

Requirements

Tools/Instruments

« Trainee’s tool kit

* Pulley puller 15 cm

e Ml Voltmeter 0-300V
e MIAmmeter0-10 A

¢ Megger500V

¢ Ohmmeter

Equipment/Machines

» Single phase inducion start,
induction run motor 1/2HP,
250V, 50Hz

e D.O.L starter for single-phase
motor 10A, 250V

e Capacitor start, induction run
motor 250v, 50Hz, 1Hp

-1 No.
-1 No.
-1 No.
-1 No.
-1 No.
-1 No.

-1 No.

-1 No.

-1 No.

Capacitor start, capacitor run

motor 250V, 0.5 HP, 50Hz -1 No.
* Repulsion motor, 250v 50 hz,

0.25HP available capacity -1 No.
» Bipolarstepper motor 6w,6v/1A

(permanent magnettype) -1 No.
» Regulated power supply (0.30v) -1 No.
Materials
* Glwire 14 SWG -6m
e 2.5sg. mm. PVC copper wire

250V grade - asreqd.
* |.C.D.P. switch 16 A,250V -1 No.
* Fuse wire 10A -10gm

PROCEDURE

TASK 1: Start, run and reverse the D.O.R of Induction start induction run motor through D.O.L Starter

1 Draw the complete connection diagram of the given
motor, starter and I.C.D.P. (Fig 1)

SQUIRREL
CAGE ROTOR L\k

CENTRIFUGAL
SWITCH

STARTING WINDING

METHOD OF CHANGING THE D.O.R

AC SUPPLY

Fig 1 L
N
UL A i
b =
| !
- } ” } ICDP SWITCH
} [ — — 1
IR -
L | - ——4# poLsTarTER
=4 L (]
oL Ly
[ A I B
\
nm ——t—
= —1] I moTOR CRCUIT
\
\

RUNNING WINDING
{MAIN WINDING)

BY CHANGING THE STARTING WINDING TERMINALS

ELN34144H1

2 Getthe diagram approved by your instructor.

3 Connect the motor through the I.C.D.P. switch and
starter as per the approved diagram across the AC
rated voltage supply. Provide earth connection to the
motor, the starter and the switch.

4 Replacewithafuse of proper capacity accordingtothe
motor rating and set the overload relay of the D.O.L.
starter to the current rating of the motor.

5 Switchonthel.C.D.P. switchand pressthe start-button
of the starter.

6 Checkthedirection of rotation andrecorditbelow. The
direction of rotation is ............cccceeeeeen.

7 Stopthe motor by pressing the stop-button; switch “off'
the I.C.D.P and remove the fuses.

The I.C.D.P. switch must be switched off and
the fuses removed before any modification in
the circuit is carried out.

8 Change the connection of the starting winding

(Fig 2) and record it below. Direction of rotation is
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9 Stop the motor and interchange the connection of the

main field winding.
The D.O.R is
10 Stop the motor and switch off the supply.

Conclusion

Fig 2 L
N AC SUPPLY
PE-t——— 1+ ——F——————-
T [ - T
| ——
L !
r/7 [ | ICDP SWITCH
| | |
‘ [ — 1 4
s S o
L =
. 7! D.OL STARTER
K>+ (.
[ . N
[ I
|
I | | B
I - - | MOTOR CIRCUIT
Il
Il

SQUIRREL
CAGE ROTOR

CENTRIFUGAL
SWITCH

METHOD OF CHANGING THE D.O.R
BY CHANGING THE STARTING WINDING TERMINALS

STARTING WINDING

\

\

| RUNNING WINDING
| (MAIN WINDING)
\
|
|

|

ELN34144H2

TASK 2 : Start run and reverse the D.O.R of single phase capacitor start induction run motor

1 Make the connection as per the circuit diagram.

(Fig 3) Earthing the I.C.D.P. switch, starter and motor

is most essential.

2 Provide fuse-wire, according to the rating of the motor,

in the I.C.D.P. switch and set the overload relay
ampere in the D.O.L. starter to the rated value of the

motor.
Fig 3 TN
o 0-10A STARTING WINDING 3 Switch "ON'the I.C.D.P.
No—L - I
w3 } | | %O[) U, CENTRI- 4 StarFthe motor with the help ofthe starter and note t_he
ks g } \ 0300v(\) 283 €9 [ Swiren starting current, normal running current and the direction
295 | ‘ M @EFU < cAPA- T of rotation, and enter the details in Table 1.
< | 2 Tomor 3
N R ] 3
w
Tablel
Sl.No. Reference Starting Running Direction of
circuit diagram current current rotation
1
2
3

For changing the direction of rotation

5
|.C.D.P, and remove the fuse-carrier.

Table1.
Effect of changing the supply leads

Interchange either the starting winding or the running
winding terminals for changing the direction of rotation.
Fig 4 illustrates the changing of the starting winding.

Replace the fuse-carrier, and then switch on and start
the motor. Note down the direction of rotation in

Stop the motor by the starter and switch “off' the

(Fig 5). Switch "ON'the motor. Check the effectonthe

direction of rotation
Table 2.

and record the result in

Fig 4 STARTING WINDING
P ool oA
N—— 0. A
w> || | sTarTER | CENTRI-
ol 3 | [ Q0
D2E | | 0300y b 22 FUGAL
E532 | ‘ Wz g SWITCH
€3 ¥ | Mi S£ CAPA- «
< | ‘ = €= CITOR ¥
L I~ - 3
L _—— 4% 3
— z
= 3
w

8 Switch offthe motor and reconnectthe winding. (Fig 3)
Interchange the supply terminals as per circuitdiagram.
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The D.O.R changed / did not change with Fig5
respect to the condition as per circuit (Fig 3). - oi0n  STARTING WINDING
(Strike out that part of the sentence which is N T ! 2
not applicable). oz || g0 FUGAL -
- géé I 23 SWITCH
Conclusion Sg || EE cAPA- T
L | CITOR g
[E——— )
= e
]
Table2
Sl.No. Reference Starting Running Direction of
circuit diagram current current rotation
2

TASK 3: Start, run and reverse the direction of rotation of capacitor start capacitor run motors

1 Identify the starting and running condensers and check 2 Show the readings to your instructor and get his
their condition and data. Enter them in Table 3. approval.
Compare and analyse the data also relating to the £, . .
starting and running condensers. 3 Check 'Fh.e cond_ltlon of the centrifugal swtich, and
ensure it is working.
Table 3
SI.No. | Component part Type | Value in Voltage Duty Cycle| Condition
micro-farad Working maximum
1 Running capacitor
2 Starting capacitor
4 Connectthe motor to the 240V AC supply through the 6 Getthe approval of yourinstructor for starting. Switch
switch and starter as per the circuit diagram. (Fig 6) on the I.C.D.P and start the motor by pressing the
. . ' . start- button of the starter.
5 Inserta suitable size of fuse in the I.C.D.P switch and
set the overload relay according to the rating of the 7 Check the direction of rotation and record the D.O.R
motor. below. Direction of rotation - clockwise/anticlockwise.
Fig6 . S .
} ”1 10u F, 400V }
| " |
} 80u F, 400V s }
| |
r— 1 } Ut }
L | —_ |
RateD  © | o T  E— 1 RUNNING ‘
VOLTAGE | \Lc ‘ } WINDING }\?VTCSEZG
AC SUPPLY [ |
ﬁ ‘ OO ‘ . } }
/\ s
R /N | >’ | 3
E—— — — — — B N, _J | S — | g
Lo J =
Change the direction of rotation of an AC single -phase 8 fStop th(;—:-_motorr], SW'tCE off the_ I'C'D.'ZZ Remov_e tTe
capacitor, start capacitor-run motor. use and interchange the running winding terminals.
(Fig7)
9 Repeat the steps 6 and 7 of task 3.
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Fig 7

‘T 777777 0uF 00V 7‘
\ (LS \
\ I \
| |
\ 801 F, 400V \
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| |
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:\Y\c | |
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VOLTAGE 1 L 1 WINDING | [
ACSUPPLY (o — O O ‘ ‘ ‘
" L ] I\ ‘ Uz z5 |
R S I\ ‘ ‘
/\ /o I |
E Y ) U 4 2

STARTING
WINDING

ELN34144H7

The direction of rotation could be changed
either by changing the running winding
terminal connections or by changing the starting
winding terminal connections whichever is
easier. The schematic diagram shown in Fig 8
is for a four terminal machine. For a ten
terminal machine only the terminal U, and U,
can be changed easily.

10 Stopthe motor,interchange the starting windingterminal
connections as shown in Fig 8. Keeping the running
winding connection as in Fig 6 and repeat the steps

12 Stop the motor, reconnect the starting and running
winding as in Fig 6. Only interchange the supply
terminal connections at the starter outgoing side as
shown in Fig 9 and repeat the steps 8 and 9 of

Task 1.

13 The D.O.R. is clockwise /anticlockwise.

14 Stopthe motor. Switch offthe ICDP. Remove the fuses.
Disconnectthe cables. Write your observation regarding
the method of changing the direction of rotation and

show to your instructor.

5to 6 of task 1. Conclusion
11 Check the D.O.R is clockwise/ anticlockwise.
Fig 8 e -
| |
| 100 F, 400V |
[ Cy [
| I |
| ' |
} 801 F, 400V }
: | — |
| c |
¢ NJ T L, z z, \
L | | | |
RaTED  © T o T T 7 \ \
VOLTAGE | ‘ | | |
ACSUPPLY L~ o O | \
N \ \ B 0, Z \
[ ] | |
-t /A | ‘ EIF
/\ /N | I3
EQO- — — — — — — — — Jo_ __ _ _ - e I,
w
Figeo
™ 10u F, 400V N
| |
\ ||C1 \
| I |
| |
| 80uF, 400V ¢ |
| |
,,,,,,,,,, Cy
L :7 —} } U4 Z4 }
RatED O ; ‘ﬁ‘\':  — ; ; }
VOLTAGE
ACSUPPLY L~ g o—! ‘ }
N | | N ; Zy |
Lo ____ ] A Ve 2
/A ‘ L3
/N /o ‘ .-
EOm— — —— o _ - o 12
w
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TASK 4 : Connect, start, run and reverse the direction of rotation of a repulsion motor

1 Connect the circuit in accordance with the circuit
diagram. (Fig 10)

Fig 10
Fom— - X
N —?—ﬁ\—o:v—,—
‘ —
| | E—
‘ I
|
AC [ R | /\
suppLy || |
230V,50HZ } } |
} | } _L \/
\ = ——
L } —
R e =———Cu T <
I
L 1 K——X 3§
) = 3
REPULSION MOTOR é

2 Before switching on, keep the brush-rocker handle
away from the zero position neutral zone, depending
upon the desired direction of rotation.

Atthe ‘0’ position of therocker-arm, the motor
will notstartthough thewindings areconnected
to the supply, resulting in heating up of the
motor.

3 Switch‘ON’the ICDP and pressthe ‘ON’ button of the
starterto startthe motor. Measure the speed, direction
of rotation and enter in Table 4.

4 Slowly shift the rocker arm position away from the
earlier position and note down the speed in each step
and enter in Table 4.

TASK 5 : Start, run and reverse the stepper motor

1 Connect stepper motor to RPS (Regulated Power
Supply) (Fig 11).

Fig 11

CONNECTION DIAGRAM OF STEPPER MOTOR

ELN34144HB

2 Adjust 6V in R.P.S and switch ‘ON’ the supply and
observe the operation of the motor.

Table4

Direction of
rotation

Rocker-arm
position

Sl. No. Speed

Normally the rocker-arm position is indicated
on a graduated scale.

5 Switch ‘OFF’ the motor. Shift the brush-axis in the
opposite direction to the earlier position.

6 Switch ‘ON’ start the motor, observe the direction of
rotation and speed, then enter the values in Table 1.

7 Shift the rocker-arm position slowly away from the
earlier position. Note downthe speed ateach step and
enterin Table 4.

8 Switch‘OFF’ the supply and disconnectthe motorand
accessories. Draw your conclusion showing the
relationship between brush position, speed and D.O.R.

Conclusion

3 Note down the current and voltage and direction of
rotation.

N T'S-permanent magnet rotating the shaft is
called as rotar.A and A, B, and B, are stator.

4 Stop the motor, interchange the supply terminal
connections and observe the D.O.R of motor.

Conclusion
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Electrical Exercise 3.4.145
Electrician - AC Single Phase Motor

Practice on speed control of a single phase AC motors

Objectives: Atthe end of this exercise you shall be able to

* interpret the name-plate details of an ac series motor and determine full load current
» select a suitable variable resistor

* connect, run and measure the speed for different settings of the resistor.

Requirements

Tools/Instruments

« Electrician tool Kit -1 No. * Rotary switch 6A, 250.4 position - 1 No.
¢ Voltmeter 0-300 V - 2 Nos. Materials
* Ammeter O - 5A -1 No. ]
« Tachometer3000rpm -1 No. *  Connecting cable -as reqd.
) . » |CDP switch 16A 250V - 1 No.
Equipments/Machines » Wire wound enamel insulated
«  AC series motor 240V 1/2 HP -1No. resistor 10 ohms 100 W -2 Nos.
PROCEDURE

TASK 1: Connect, run and control speed at a AC single phase motors

1 Readthe name-plate details and record in Table 1. 7 Setthe switch S, in position 2 and repeat the step 6.

2 Determine the load current from the name plate 8 Set the switch in position 3 and repeat the step 6.

To drop 80 V at position 1 and to drop 40 V at Tablel
position 2. Calculate the required series

resistors R, and R, and also determine their pRufacturer's name
wattage (see example given) HP/KW R.P.M.
3 Makethe connectionsas perdiagram (Fig 1) and make Current Voltage
necessary arrangements to load the motor through Type
prony brake.
SI.No. Insulation
Fig 1
) S Table1
T—=° =
\ Switch S, Position | Current | V, |V, | Speed

230V AC 50HZ SUPPLY

M = FRACTIONAL
H.P MOTOR

ELN34145H1

4 Close the switch S,.

Setthe switch S, in position 1 and observe the starting

of the motor. 9 Write the conclusion based on the following questions.

6 Measure the current, voltages V, &V, and the speed.
Record the valuesin Table 2.
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What is the relation between V1 and the speed of the

Example
motor?

Calculation steps
Motor voltage V, =175V

. . . Supply voltage V =230V
V,isthe drop across series resistance. Whathappens

to the speed if it increases when the supply voltage is Voltage to be dropped V,=V -V, = 55V.
constant ? Full load current of motor = | =

. V, 55
Resistance value = R :T:T

Calculatedresistance= ohms.

Can you find some approximate relation between V2
and fall in speed ? Nearest standard resistance value is

Theresistance should carry full load current, |
= A.

Thereforeresistor selected is
Calculate the value of resistance R, and R, by repeating ohms amps watts.
V, &V, measurement at the loaded condition of the
series motor.
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Electrical
Electrician - AC Single Phase Motor

Exercise 3.4.146

Compare starting and running winding currents of a capacitor run motor at

various loads and measure the speed

Objectives: At the end of this exercise you shall be able to

* measure the current in each winding at a given load condition

 load the motor to a specified load.

Requirements

Equipment/Machines

¢ F.H.P. capacitor run motor 240V -1 No.

« Brakeload arrangement

Tools/Instruments Materials
¢ MI Ammeter 0-5 A type - 3 Nos. ¢ Single pole knife switches 16A -3 Nos.
e Tachometer3000rpm -1 No. ¢ |.C.D.P. Switch 16 A 250V -1 No.
¢ Connecting cable - as reqd.

PROCEDURE

TASK 1:Connect,runand measurestarting and running current, speed of ACsingle phase capacitor run motor

1 Identify the terminals of starting winding and running
winding.

2 Selectthe ammeter range suitable to the motor under
test. Connect the circuit (Fig 1) with brake load
arrangement.

3 Connectthe single pole knife switches S,, S, and S,
(Fig2)

4 Startthe motor onnoload and openthe switch S, after
the motor attains the rated speed.

5 Readandrecordammeterreadingsin Table 1. Measure

the speed and record in Table 1.

6 Adjustload until A, reads 1/2 fullload current. Record
the currents in each winding in Table 1.

7 Repeatthe above step for full load.

Fig 1
9 s .
L =)
> \
-
1= ®
o
2 [
N \
5 \
=] s 3 =
20 &
2 \ S=AUXILARY 3
& T WINDING 3
N o R=MAIN WINDING 5
w
Fig 2 CAPACITOR RUNMOTOR

S4 = ICDP SWITCH

240V, 50Hz, SUPPLY

S3,83,5,= SINGLE POLE
KNIFE SWITCH

ELN34146H2

Table1
Load Speed Ammeter reading
A, A, | A,
Noload
Halfload
Full load
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Electrical Exercise 3.4.147

Electrician - AC Single Phase Motor

Carry out maintenance service and repair of AC single phase motors

Objectives: Atthe end of this exercise you shall be able to
 follow general maintenance and service procedure

« test the single phase motor prior to dismantling

e dismantle, identify faults and rectify them

* assemble and test the motor

« identify the general causes of failure and trouble shoot them.

Requirements
Tools/Instruments Materials
¢ Electrician kit -1 No. » ICDP switch 16A 250V -1 No.
e Setof D.E. spanners 8 to 22 mm -1 Set e Testlamp -1 No.
e Pulley puller 100 mm and 150 mm -1 No. » Testprods 500V -1 Set
each PVC insulated copper cable
¢ Nylon hammer 1/4 kg -1 No. 2.5sg mm 250 V grade -10m
¢ Ohmmeter 0 - 1 kilo ohms -1 No. Fuse wire 5 amps capacity - as reqd.
¢ Industrial, thermometer, metric, PVC insulation tape 20 mm size - as reqd.
0 to 300° -1 No. Bearing - Grease - 200 gms.
¢ Megger0-500V -1 No. Kerosene oll - 1 litre.
¢ Voltmeter M.I. type 0-300 V -1 No. Cotton waste -100 gms
«  Ammeter M.I. type 0-5 amps -1 No. Shellacvarnish - 1/4 litre
Equipments/Machines Sandpaper O -as reqd.
¢ Fraction horse power AC
single phase (split phase) motor -1 No.

PROCEDURE

TASK 1: Perform maintenance and service as per the following procedure

1 Readthe name-plate details ofthe motorand record in Check the cable terminal connection screws and
Tablel. tighten them with the help of a screw driver.
Table1 Openthe starter cover and clean the parts witha brush.
Name-plate details of the motor Check the leads and the terminal screws. Tightenthe
Make. Frame No. Model screws, if found loose.
Type HP Volts Check the overload setting and if necessary, setitto
the rated current of the motor.
Amperes Phase Cycles ) o
10 Check the contact points of the starter for pittings.
Switch 'OFF' the respective |.C.D.P. main switch. If the contact points are lightly pitted, use a
3 Remove the fuses and keep in safe custody. sandpaper to clean them. Badly pitted or
damaged contacts need to be replaced.
Remove the sub-circuit fuses which supplies 11 Clean the external surface of the single phase motor
power to the ICDP. . .
using brush, a piece of the cloth and a blower.
4 Clean the main switch with a brush.

Checkthe incoming and outgoing leads ofthe |.C.D.P.
main switch for discolouring.

Discolouring normally indicates looseterminal
connection.

12 Opentheterminal cover.

13 Note the incoming, starting winding, running winding,

capacitor and centrifugal switch connections and draw
adiagramin your record. Indicate the colour of cables
in the diagram.
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Normally some letter markings are found in
the terminal plate. Some manufacturers give
the schematic diagram on the back side of the
cover. In case no diagram or marking were
there wire clearly the colour of the cables
connected to the terminal plate. Fig 1is the
schematic diagram of aparticular single phase
motor and Fig 2shows theterminal connections
with the simplified internal connections. These
diagrams are given for your guidance. Draw
therequired diagramsto showtheconnections
ofthemotorforwhich maintenanceis required.

Fig 1 STARTING WINDING

CAPACITOR

L —T—— -
i omme s I

RUNNING WINDING /

SCHEMATIC DIAGRAM OF THE CAPACITOR
START SINGLE PHASE MOTOR

9_g CENTRIFUGAL
SWITCH

ELN34147H1

Fig 2 1o

Uz
Z1  STARTING

©
N %2 I
1~ © I

AC SUPPLY C |

L — @1
6 .

w
9

U1q RUNNING
TERMINAL CONNECTION OF A CAPACITOR START SINGLE PHASE MOTOR

ELN34147H2

19 Checktheinsulationvalue of the windings with the help
of a Megger and enter the result in Table 4.

20 Dismantle the motor following the procedural steps.
21 Clean the stator and rotor with a brush and blower.

22 Cleanthe bearings and grease cups with kerosene and
check the bearing.

23 Identify the bearing which is found worn out replace it
with a similar type.

24 Check the internal connections and lead insulations.

| If necessary reinsulate the leads. |
25 Check the rotor bars.

| If any loose bar is found, it has to be brazed. |

26 Check the rotor and stator surface for rubbing marks.

Rubbing marksindicate eitherworn outbearing
orwrongalignmentinassembly.Correctthem.

27 Checkthe centrifugal switch forits tension and perfect
contact between the points of contact.

If the switch is in a bad shape it should be
replaced with a similar switch. Dressing of
contact could be done with the help of
sandpaper.

28 Identify the insulation resistance value measured earlier.
If found to be less than 1 megohm, dry the winding in
an oven or with incandescent lamps and varnish it.

29 Assemble the motor following procedural steps.

30 Performthe earlier test and enter theresultsin Tables
2 and 4.

14 Open the shorting loops and incoming connections.

15 Checkthe continuity a) main winding b) starting winding
¢) centrifugal switch.

16 Record the finding in Table 2

17 Measure the resistance value of the windings and
contact resistance value of the centrifugal switch with
an ohmmeter and record itin Table 2.

18 Check the capacitor and the centrifugal switch for its
condition with an ohmmeter and enter the result in
Table 3.

A capacitor when tested with a Megger or
multimeter, the meter needle will show short
indicating the capacitor is charged. When the
capacitor terminals are shorted by a cable, a
spark will be noticed indicating the capacitor
isdischarged and in good condition. However
whetherthe capacityis charged orthe capacitor
able to hold the charge for a specified time

cannot be checked by this test.

The test result should not vary too much.
Rather it should show improvement. Discuss
with your instructor regarding the testresults.

31 Connectthe shortingloops andincomingleads as per
your diagram.

32 Replace the fuses of correct value in the fuse grip and
replace the carrier in the holder of the I.C.D.P. mains.

33 Check the earth connections to the motor starter and
switch correct them if necessary.

34 Start the motor and test run for about 30 minutes.

35 Checkthe frame temperature of the motor and satisfy
yourselfthat the temperature is within the reasonable
limits.

36 Check for any undue noise or vibrations.

37 Stop the motor and write your observations in the
maintenance card.

If any undue noise or vibrations is found stop
themotor and recheck thetightness of theend
plate bolts and frame bolts.
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Table2

(both the windings shorted)

Continuity check Resistance value Remarks
SI.No. Description Before After Before After
dismantling | assembling dismantling assembling
1 Mainwinding
Starting winding
3 Centrifugal switch
Table3
Sl.No. Description Condition
1 Capacitor
2 Centrifugal switch
Table4
Test resultin megohms Remarks
SI.No. Description of the test Before After
dismantling | assembling
1 Between main winding and starting windings (auxiliary)
2 Between main winding and the body/frame
3 Between starting winding and the body/frame
4 Between centrifugal switch and the body/frame
5 Between centrifugal switch and the winding

TASK 2 : Trouble shooting procedure

1 Followthe troubleshooting charts No.1to 5 to identify
the symptom and rectify the fault. (Refer trade theory)

Electrical : Electrician (NSQF LEVEL - 5) - Exercise 3.4.147
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Electrical Exercise 3.4.148
Electrician - AC Single Phase Motor

Practice on single /double layer and concentric winding for AC motors,
testing and assembling

Objectives: At the end of this exercise you shall be able to

e record the name plate details of the given single phase having single layer/double layer concentric type
winding

e dismantle the motor

e collect the winding data

e draw the connection and developed diagrams

« strip the winding and clean the slots

e prepare the slot liners and insulate the slots

e prepare the stepped former and wind the concentric group of coils

* lay the coil groups in the stator slots

e connect the coil groups and phase leads

* shape the overhang

 test the winding

e varnish the motor

¢ test and run the newly wound motor.

Requirements
Tools/Instruments Equipment/Machines
* Electrician tool kit -1 Set. + AC split phase motor FHP 250V -1 No.
e Scissors 250mm -1 No. i
¢ Nylon hammer 80 mm dia, Materials

120mmlong head -1 No. e Super-enamelled copperwire - asreqd.
e Solderingiron 125W, 240V -1 No. e Millinex (or triplex paper) 10 Mili -asreqd.
e Scale and weight 1 to 450 gms - 1 Set. * Empire sleeve 1 mm, 2mm, 3mm,
¢ Cold Chisel 100mm dia, 200mmlong -1 No. 4mm & 5mm -1m.each
e Multimeter - 1 No. ¢ Cotton tape 20mm roll of 25 m -1Roll
¢ Centrepunch 100mm -1 No. + Bamboowedge - as reqd.
e Steelrule 300mm -1 No. * ResionCoresolder60:40 - as reqd.
* Wood rasp file, half round 200mm -1 No. « Varnish (air dry) - asreqd.
e Tray 200mm x 200mm x 50mm -1 No. e Brush 25 mm -1 No.
« Megger500V -1 No. * Fibre sheet - as reqd.
e DE spanner 5to 22 mm -1 Set * PVCinsulated copperwire 21/0.2mm -3 m
¢ Outside Micro meter 0 - 25 mm -1 No.

PROCEDURE

TASK 1: Rewind a single phase split phase motor (concentric coil winding)

3 Markboththe end covers with distinguished markings

with a centre punch, and correspondingly mark the
1 Collect and record the machine data in Table 1. body also.

Collection of data

2 Removethe pulley by usingapulley puller. Remove the
fan cover and then remove the cooling fan blade
assembly.
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Table1

Name-plate details

Manufacturer's Name .........ccccccceveeiiinnninniicinnne, Serial NUMDer........ccooiii
OUEPUL. e KW/HP. Voltage .......ccccc..... VCurrent .........cceeevvnnnnn Amps
[ =T0 [V T=T Ty Hz Speed ................ rp.m. Cycle .....cccoooevvieenns
INSUIALION ooiiii e Frame No. ................ Startingcapacitor ......... Mfd
Table2
Winding data

1 Terminal marking with colour of the lead Cables ...
2 Connection end of the winding with respect to the terminal BOX ............eeviiiiiiiiiii s
3 No. of slots ......evveevviiiieees No. of poles ......cccceevvieiiiiiieeieees Type of winding .........cccceeeeenennnn.
4 Wedge material ................... SIiZ€ vviiieeiiiinnn, Binding material .................. size ..........
5 Overhang dimension Non-connection end Connection end

Outerdia. .. mm mm

Innerdia. . mm mm

Lengthfromcore ............. mm mm
6 Slotinsulation materials 1 ..................... Size s thickness

2 Size ... thickness

7. Typeofwinding Kind of wire end No. of coils Coils/group

1  RUNNING s s i

2 Starting i e
8 Shaft side rotation CW/ACW
9 Coil size from outer coil Starting winding Running winding Turns Pitch

Length ........... mm Length ............ MM s
Breadth .......... mm Breadth ........... MM e
10 Weight of running coils (Total) ............cccccee.... kg
11 Weight of starting coils (Total) ...........c.ouunn..... kg
12 Lead Wire @ TYPE .coeiiiiiiiiiieiieiieeeeeeeeiiiiie SIZE i
Front bearing NO. .......cccooeeiiiiiiiiieinnnn,
Rear bearing NO. .....ccccceeiiiiiiiiiiiiiiien,

13 Core length ......ccoooeviiiiiiiiiiieee,

14 Coil group connection diagram

15 Any other information

Example: Single phase capacitor motor
No. of poles - 4
No. of slots - 24

No. of coils - 20 (12 for main and 8 for starting winding).

Mark and remove the connection leads fromthe terminal 5 Loosen the screw bolt/tie rod on both the end shield
box. Enter the details in Table 2. covers, and also remove the centrifugal switch
connections.
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6 Remove the rotor from the stator.

7 Inspectthe rotor for any defect, and the bearing for its
condition.

If any of therotor baris open correct the defect
by brazing. If bearing is worn out replace it
with a new one.

8 Take the possible data before removing the coil and
record itin Table 2.

9 Markthe statorforindicating connection lead side with
respect to the terminal box. Enter the details in
Table 2.

10 Apply a thinner in the connection lead side to loosen
the varnish and locate the end connection. Draw the
group connection diagram and also prepare the
developed diagram in a separate sheet of paper and
attach with these sheets.

To avoid imaginary terms while writing the
procedure, an example for a single phase
capacitor motor having concentric coilwinding
is given below.

Certain procedural steps are specifically written
for the motor given in this example. However,
you have to follow the data taken strictly from
the given motor, to get the required
performance.

Information from collected data
Coil pitches - Main winding 5,3,1
Starting winding 5,3
- Main winding 1-6,2-5,3-4
Starting winding 1-6, 2-5

Coil throw

This is the whole coil connection as the end of the 1st
coil is connected to the end of the 2nd coil and the starting
of the 2nd coil is connected to the starting of 3rd coil etc.

For your guidance, the group connection diagram is given
in Fig 1 and the developed diagram is given in Fig 2.

11 Measure the overhang at both sides of the winding.
Record itin Table 2 and prepare the template.

12 Collect the possible data like, number of slots, cail
pitch etc. and record in Table 2.

TASK 2 : Rewind the motor
1 Setthe core if it is mangled and clean the slots.

2 Select the insulation paper of the same grade and
thickness or equivalent as in the original and prepare
the insulation paper to have the same shape and size
as in the original insulation.

Insulate the slot with the prepared insulation paper.

Make aformer or selectareadymade formeraccording
to the size of the original set of coils.

Fig 1
RUNNING WINDING

POLE 1 POLE 2 POLE 3 POLE 4

1 —=—6 7 —=— 12 13 ——18

2 —=—5 8711 14 —=17

3 =4 9 =10 15 —=16

MW,
STARTING WINDING

4 —=—9 10715 16 —=21 /

5 —=—8 11 —~—14 17 —=20 =
<
<

sW, P
—
w
Fig 2
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ETE@]S S @ @ @ S mEngwsmwswsE]rwgzozw 22‘23ffE
=1 | | =
J J
MW, SW, swy MW,
DEVELOPED DIAGRAM OF SINGLE PHASE INDUCTION MOTOR %
(HAVING 24 SLOTS, 20 COILS, FOUR POLES, CONCENTRIC WINDING) :v:
2
)
w

13 Cutthe coils except one setof coils eachinthe starting
and main winding with the help of a cold chisel at the
non-connection end (i.e. normally load side).

14 Strip the old winding from the stator slot. Ifitis hard use
a blowlamp to heat the winding and pull out the coils.

15 Remove the left out coils in their original shape.

Use a thinner to loosen the coils. Once a
thinner is used never use the blowlamp as the

coils will catch fire.

16 Measurethe size ofthe wire, size of the coil and collect
other details as required and record them in Table 2.

5 Selectthe correctsize of winding wire asinthe original
and wind the coil in the former taking care to maintain
the same number of turns.

6 Maketherequired numberof mainand startingwinding
coils.

The running winding should be placed at the
bottom of the slot. Then the starting winding
should be placed at the top of them as per data
taken.
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7 Insert the newly wound main winding coils into the
stator slots, placing the winding in the same position
as in the original.

While placing the coil take care to insert the
turns in small bunches without forcing them
too much. Thewinding wire should notrub the
core. Avoid this by placing a leatheroid paper
between the coils and the core.

8 Wedge the slots permanently which are having single
coil side only. Temporary wedges may be used in the
other slots.

9 Shapethe coilwith anylon hammer atboth sides. After
placing all the main winding coils,

10 Checkindividual groups of the mainwinding for continuity
and insulation resistance.

11 Verify the test results of the main winding are found
correct, then place the starting winding in the designated
slots as per the group connection and developed
diagram.

12 Identify wherever, the slot contains two coil sides,
(according to the example given, all the slots except
slot1,6,7,12,13,18,19 and 24) soon afterinserting the
bottom coil side, place the separator insulation paper
over it..

TASK 3: Test the winding

1 Check the winding for short circuit, open circuit and
insulation resistance by a multimeter and Megger
respectively.

2 Check the condition of the capacitor and centrifugal
switch. If there is any fault replace them by new ones.

3 Connectthelead connections, capacitor and centrifugal
switch according to the connection diagram and
terminate them in the terminal box.

4 Assemble the motor and then run the motor for 15
minutes.

After the top coil side is inserted, fold the slot liners,
place the separator and wedge the slots.

13 Provide a phase separator between the running and
starting winding coils in the overhang.

14 Shape boththe sides ofthe overhang asinthe original
with the help of a mallet/nylon hammer.

Apply uniform mild blows. Avoid damage to
the wires or insulation.

15 Insertproper empire/PVC sleevesinthe winding ends
and connectallthe coil ends and lead cables according
to the connection diagram drawn earlier.

16 Check the connection once again by comparing the
group connection and developed diagram.

17 Solder the end connections and put the sleeves in
position.

18 Set the overhang sides so as to have a uniform
thickness and bind the thread/tape similar to the one
in original.

Usethetemplates and check thedimensions of
the overhang at intervals to see the overhang
has attained ashapeasintheoriginalwinding.
Make sure that the overhang does not touch

the body or the end cover.

5 Observethe direction of rotation. If necessary change
the connections.

6 If testis OK then dismantle the motor.

7 Preheat the stator and impregnate the winding with
varnish.

8 Remove the excess varnish in the face of the stator
slots after drying.

9 Reassemble the motor and test it on load for 8 hours.
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Electrical Exercise 3.4.149
Electrician - AC Single Phase Motor

Connect, start, run and reverse the direction of rotation of universal motor

Objectives: Atthe end of this exercise you shall be able to
e connect a universal motor to the supply through a D.O.L. starter and start the motor
* reverse the direction of rotation of a universal motor.

Requirements

Tools/Instruments Equipments/Machines
¢ Insulated cutting pliers 150 mm -1 No. ¢ Universal motor 250V, 50 Hz, 0.5 HP -1 No.
e Screwdriver 150 mm -1 No. Materials
e D.E. spanner set 5mm to 20 mm -1 Set
* Megger500V -1 No.. e 2.5 mm multi-strand PVC
e Testlamp 100W/240V -1 No. copper cable - 10 mts.
¢ Ohmmeter/multimeter -1 No. e Bare copper wire 14 SWG - 05 mts.
e Tachometer1500-15000r.p.m. -1 No. e 250V 16A, I.C.D.P. switch -1 No.
¢ D.O.L. starter 250V suitable for
0.5 HP single phase motor -1 No.
PROCEDURE
1 Arrangeandadjustasuitable loadforthe givenuniversal 4 Connectthe motor as per circuit diagram (Fig 1) with
motor. proper frame earth connections.
A universal motor has high starting torque. Checkforthe correctload arrangement before
Withoutload,the motor reaches adangerously starting the motor.

high speed resulting in damage. Normally do

not arrange loading through the flat belts 5 Switchonthel.C.D.P. and pushthe 'ON' button of the

. . ) X X starter.
which may slip during running. Arrange direct
drives or 'V' belt drives as load. 6 Observethe D.O.R. and record it below.
2 Selectthe properrating of .C.D.P. switch, cables, fuse The D.O.R.is
andtstarter, accordingtothe rating of the given universal 7 Measure the speed with a tachometer and record it
motor. below. The speed is r.p.m.
3 Open the starter cover, trace out the connection and
set the overload relay to the motor current rating.
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Fig 2
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The speed of auniversal motor depends upon
the load. While setting the range of the
tachometer, first set at a high range and then
step down the range to a suitable measurable
value.

8 Stopthe motor by the stop-botton ofthe starter. Switch

In case reversing the direction of rotation of
the motor is necessary, change either field or
armature terminas. While changing the
amature terminals of compensated universal
motor, change the compensating winding
terminals also.

offthe |.C.D.P. and remove the fuse. 9

Change the direction of rotation

Generally the D.O.R of the universal motor is 0

Changing the direction of rotation in such
cases will resut in high sparking, increased
heating and failure of the machine.

Discuss with your intructor the possibility of alternate

connections to the one. (Fig 2)

Change either the field or the armature terminals.

below:
TheD.O.R.is

Thespeedis
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Electrical Exercise 3.4.150
Electrician - AC Single Phase Motor

Carry out maintenance and servicing of universal motor

Objectives: Atthe end of this exercise you shall be able to
e read and interpret the name-plate details of the motor
e inspect and ascertain the conditions of the motor

e dismantle the universal motor

 test and rectify the faults

* assemble and test the universal motor

e troubleshoot the universal motor.

Requirements

Tools/Instruments Materials
¢ Electrician tool kit -1 Set e Testlamp 60W 250V -1 No.
e Philips screwdriver 200mm -1 No. ¢ Cotton waste -asreqd.
e Cold chisel 200 mm -1 No. « Bearing grease quality and quantity - as reqd.
¢ Spanner set double ended set of ¢ Sandpaper smooth sheet of
8 Nos. 6mm to 25 mm -1 Set 300 mm square - as reqd.
* Mallet (wooden) 7.5 cm dia -1 No. « Keroseneoll - 1/2 litre.
e Bearing puller -1 No. e Empire cloth 1 mm - asreqd.
¢ Megger500V -1 No. e Carbontetrachloride - as reqd.
¢ Ohmmeter 0to 1 kilo ohm -1 No. * Empire sleeves 3 mmto 6 mm - as reqd.
« Externalandinternal growler -1 Set e Carbonbrushes of suitable
Equipments/Machines Yrade anc\gZg -2 Nos.
quip ¢ Leadandtin solder (Resin cored) -20 grams.
* Universal motor as available -1 No.
PROCEDURE
TASK 1 : General maintenance and servicing procedure
1 Note the name-plate details of the motor and enter in Table?2
complaint card shown in Table 1.
Results of visual inspection
Tablel
lai q Sl.No. | Description of Result of visual
Complaint car visual inspection | inspection
Customer Date JobNo. Make
Frame No. Model Type HP
Volts Ampere ___Phase __ Cycles 5 Mark the exact position of the end plates with yoke.
Serial No. 6 Dismantle the machine.
Suggestion/Complaint: 7 Clean theinternal parts of the motor.
Signature of Section in-charge 8 Checkthefollowing.
2 Inspect the motor visually and record the defects in a) Testthe shorting between commutator segments.
Table 2. (Figl)
3 Read the complaint card and ascertain the area of b) Clean the commutator with carbon tetra chloride.
trouble. c) Check the mica insulation; if found raised beyond
4 Conduct, continuity, open circuit and insulation the commutator surface undercut the mica.(Fig 2)

resistance tests and enter the values in Table 3.
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Table3

Test results

TEST LEADS

ARMATURE RESISTANCE TEST

ELN34150H1

Fig 2

ELN34150H2

d)

e)

)

Checkthe commutator surface for pittings. If necessary
use sandpaper to remove the pittings.

Check for overheated spot at raiser and resolder the
wires if necessary.

Check the length of brushes. If found short, replace
them with the same grade of correct size brushes.

Checkthe brushesfor properbedding. If necessary bed
the brushes. Refer Fig 3.

Insert the new brush and shape the end to the
curve of the commutator using glass paper
wrapped around the commutator and light

pressureonthebrush.

Continuity Test Insulation resistance Resistance Test
&
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h) Check the bearing for ply or damage.

i) Replacethe damaged or defective bearing with the new
one having same specification.
If the old bearing is good, then clean the
bearing and repack the bearing with grease
approved by the manufacturer.

j) Assemble the motor.

k) Check whether the rotor shaft is free to rotate.

In case, the rotor shaft is hard to move or too
tight, loosen the end covers and retighten
them in a sequence till the rotor is free to
rotate.

1)

Check the brush tensions and if necessary adjust it.

m) Perform the earlier tests and enter the results in

Table 3.

The present test results should be better than
earlierones.Ifnottrytoinvestigatetheproblem
area and rectify.

Check the earth connections of the motor, starter and
switch and correct them if necessary.

Start the motor with partial load and check its
performance.

Checkforundue raise in motor temperature, noise and
vibrations.

Verify the defect following the trouble shooting chart if
necessary.
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Electrical
Electrician - Alternator

Exercise 3.5.151

Install an alternator, identify part and terminals of alternator

Objectives: Atthe end of this exercise you shall be able to

select the location and type of foundation

determine the type of fasteners and prepare the Template

dig pit on the floor and prepare the concrete mixture
place fasteners with a template and grout the fasteners

read and Interpret the name plate details of alternator set

identify their parts and write their names
identify the terminals of alternator.

Requirements

Tools/Instruments

¢ Right spanner set 5 mm to 25 mm -1 Set
e DE spanner set 5mm to 25mm -1 No.
e Dialgauge -1 No.
* Feelergauge -1 No.
« Ball pein hammer 1 Kg -1 No.
¢ Cold chisel 19mm dia 200mm long -1 No.
¢ Round file bastard 200mm -1 No.
¢ Flatfile bastard 200 mm -1 No.
e Steel rule 300 mm -1 No.
¢ Crowbar1800mm -1 No.
e Leadhammer1Kg -1 No.
e Screwdriver 300mm with 6 mmblade -1 No.
e Spirit level 200 mm -1 No.
¢ Alignments pins (Fixture pin) -1 Set

Equipments/Machines

¢ Electric drilling machine -1 No.
¢ 3 Phase Alternator 3KVA 500V

50 Hz coupled to suitable motor -1 No.
¢ Ohmmeter -1 No.
¢ Phase sequence meter -1 No.
Materials
« PVCinsulated copper cable

2.5 sqg mm 600V grade -asreqd
e Test lamp 250V -1 No.
¢ Bolts and nuts -asreqd
¢ Cement - as reqd.
e Sand - as reqd.
e Earth wire Gl 14 SWG -3m

PROCEDURE

TASK 1: Install an alternator set

1

Selectthe Proper place of Installation for the alternator
set.

Select a suitable type of foundation by referring to the
manufacture’s Instructions.

Select a suitable fastener by referring to the
manufacturers’sinstructions.

Take the measurementofthe bed frame asinFig 1and
enter the data in Table 1.

Fig 1

ELN35151H1
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Tablel

Outsidedimensions

Length . mm
Breadth ........ccooiviiiiiinnn, mm
Height .., mm

Table2

Distance measured from the adjacent holes

1 ... mm |, ... mm b, ..mm b,........ mm
1. mm ... mm b2_. mm
1,...mm lg oo mm b, ... mm

Measure the position and size of foundation bolt holes
and enter the data in Table 2.

Prepare a template for the bed frame , mark the
position of the foundation bolt on the template and drill
the frame. (Fig 2)




Fig 2 HOLES FOR
FOUNDATION

ELN35151H2

7 Markthe position of the foundation boltsin the selected
space on the floor using the template.

8 Digtheflooratthe marked places, such thatthe depth
ofholesis 15 cm more than the length of the anchor bolt
below the floor surface.

9 Mountthe foundation anchor boltsinthe template and
place the template on the ground surface so that the
anchor bolts enter the holes already dig in proper
position.

10 Check for level using the spirit level.

11 Fill the space around the bolt with thin coarse cement
mortar.

TASK 2 : Identify the parts of alternator

1 Read andinterpetthe name plate details of the given
alternator and note down as on Table 3.

12 Allowitto settle downfor8to 12 hours, thenremovethe
template.

13 Curethe cementmortar with water for aminimum of two
days.

14 Finish the surface by plastering neatly.

15 Install the alternator set and fix with nuts.(Fig 4)

Fig 4

ELN35151H4

2 ldentify the parts of the alternator from the real object
or form the exploded view chart (Fig 3)

Table 3

Name-plate details

Manufacturer, Trade Mark : .......cccooeviiiiiiiiiiieeeenn.
Type model number @ ..o

Type of CUIrent & ..o

FUNCEION oo
Serial number @ ... Amps
Type of conNNection: ........cccooeviiiieiiiii e,
Rated voltage: ........ccccvvviviiiiiiiiiiiiiiiiiiiiiiiiiiiins volts

Rated Speed: ........oovvveiiiiiiiiiiiin rpm.
Rated poOWer ......coovviviviiiiiiiee e, k.w/HP
Rating Class:......ccouiiiiiiii e,

Rated Current: @......oooveeiiiiieiiin e amp...
Rated frequUeNCY........ccocevieiiiiiiie e Hz

Protection Class: .....oovveiiiiiie e

Fig 3
dc shunt motor coupled with".;a phase alternatgr

-

3 Label the each part with number and write the name
of the parts in Table 4.

Table 4

No. Label No. Name of the part

g o 00 A W N RO
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TASK 3 : Identify the terminals of a 3 phase, star connected alternator

In a 3-phase, star-connected alternator three
windings are internally connected in the star
and four terminals are brought out to the
terminal block. Thesefourterminals consist of
three beginning ends of the 3-phase winding

and one neutral.

1 Check thereis any marking onthe terminals and note
itdown also. If not, give your own markingas 1,2,3 etc
as shown in Fig 4.

Fig 5

O O O

1 2 3

© 9 9

ELN35151H5

2 ldentify the terminals which show the internal
connection, following the procedure stated inthe above
working steps and also as shown in Fig 6a. Measure
theresistance in betweenthem andrecord the readings
in Table 5.

3 Identify the field winding from the terminal block
(Fig 6b)

Fig 6

ELN35151H6

Only one pair will be independent with
marginally high resistance. This pair belongs
to the field winding. The other four
terminalswhich show continuity between them
belong to the star-connected, main winding
terminals.

Out of the four terminals, three terminals will
give comparatively high resistancs between
them. These are the ends of the three coils
called UVW terminals. However, the left out
terminals out of the four will give halfthevalue
of resistance when measured between any
one terminal of UVW and that terminal. This
terminal is the neutral and has to be marked as
‘N’. The marking of the 3-phase terminals as
UVW s tentative. The correct phase sequence
is to be checked with the help of a phase-
sequence meter, then only theterminals could
be marked as UVW.

Mark the terminals accordingly.

Show your making to your instructor and get his

approval.
Table5

Si

No.| Between Resistance value | Remarks
inohms

N o o~ WN P
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Electrical
Electrician - Alternator

Exercise 3.5.152

Test for continuity and insulation resistance of alternator

Objectives: Atthe end of this exercise you shall be able to

e read and interpret the name-plate details of an alternator

« identify the terminals of a 3-phase alternator
« test the alternator windings for continuity

« test the insulation resistance between the stator and rotor windings
« test the insulation resistance, between the windings and the alternator frame.

Requirements

Tools/Instruments Equipment/Machines

e Cutting pliers 200mm -1 No. e Alternator, 3-phase, 3 KVA 415V -1 No.

e Spanner set 5mm to 200mm -1 Set Materials

e Screwdriver200mm -1 No. !

e Screwdriver 100mm -1 No. « P.V.C.insulated copper wire

e Megger 500V -1 No. 23/0.2 mm size -5m
¢ Insulationtape -1m.
e Testlamp 60W / 240V -1 No.

PROCEDURE

TASK 1 : Read and interpret the name plate details of an alternator

1 Readandinterpretthe name-plate details of the 3-phase 2

alternator and enter in Table 1.

Tablel1

Identify the terminals of the alternator as you did in

Exercise N0.3.5.151. Task : 3.

Name Plate Details

Manufacturer, Trade mark @ .........ccooiiiiiiiiiiiiiiiinn
Type, model or list number : ..o
Type of current N N
Function 7 SUNTTRA. W SRR

Type of connection N O

Ratedvoltage L~ e Volts
Frequency N Hz
Rated power P kVA
Rated exc. voltage P Volts
Rating class SRR

Insulation class s

Fabrication or Serial number : ..........ccoeevenneen.

Alternator R
P.F s
Rated current U PPPPUPUPP PR amp
Rated speed R r.p.m.
Rated exc. current @ ..o amps

Directionofrotation : .......ccooeviiiiiiiiiiieene,

Protection class T

TASK 2 : Conduct continuity test by using alamp

Table2

1 Take the test lamp and identify the cable to which the
S.P. switch and the fuse are connected in series with
the lamp. Use this as Prod 1.

SI.No. | Connection Condition of lamp
between

2 ConnectProd2toterminal "N'andtouchthe terminals
R, Y and B alternatively by Prod 1. (Fig 1) Observe the
lamp condition and enter the same in Table 2.

RandN
Y and N
BandN
F,andF,

A W N P
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Fig 1

PROD1

500mA L

PROD2

[5-4- 85 &

Fr
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CONTINUTY TEST ON MAIN WIRING

3 Check the continuity between F, and F,

(Fig 2) and enter the finding in Table 2.

Fig 2

The phase wire should be identified in the test
lamp as Prod 1, and should be connected
through the switch and fuse to the test lamp.
Care should be taken to see that the phase
wire does not touch the body or frame of the
alternator. Do not touch any terminal while
testing with AC supply.

PROD1
f 500mA L

N

E s

PROD2

)

CONTINUTY TEST ON FIELD WINDING

ELN35152H2

TASK 3 : Measure insulation resistance between windings

1 Connect one prod of the Megger to any one of the

terminals R,Y,B,N and the other prod to the terminal
F1 or F2 as shown in Fig 3.

You can connectto any oneoftheterminals R,
Y, B and N as all of them are having continuity
as ascertained earlier.

Flg 3 PROD1

e

INSULATION TEST BETWEEN WINDINGS

[Tt ted]

ELN35152H3

Rotate the Megger atits rated speed and measure the
insulation value and record itin Table 3.

The measured value should not be less than 1
megohm.

Table3
SI. No.| Insulationresistance Value in
between windings megohms

Between RYBN and
field winding F, & F,

TASK 4: Measure the insulation resistance between the windings and the body

1

Connect one of the prods of the Megger to any one
terminal, RYBN and the other prod to the body/frame
of the alternator. (Fig 4)

Rotate the Megger atits rated speed and measure the
insulation resistance. Record it in Table 4.

Table4
Sl. No.| Insulation resistance between | Value in
winding and the body MQ

Fig 4

Between armature winding
R/Y/B/N and the body

Between field winding
F, & F,and body

146

Connect the Megger prod to terminal F, or F, and the
other prod to the body. (Fig 5)

Rotate the Megger atits rated speed and measure the
insulation resistance value, and record itin Table 4.

PROD1

PROD2

\_,‘X‘
]
ordmdz dmb< 1'

INSULATION TEST BETWEEN MAIN WINDING AND BODY

ELN35152H4

Fig 5

PROD1

TOmoz 0w o< O

R

INSULATION TEST BETWEEN FIELD WINDING AND BODY

ELN35152H5

Electrical : Electrician (NSQF LEVEL - 5) - Exercise 3.5.152



4 Compare these values of insulation resistance with
less than 1 megohm those entered in the alternator maintenance card
available in the section, and discuss the variations in

The measured insulation value should not be

the reading with your instructor.
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Electrical
Electrician - Alternator

Exercise 3.5.153

Connect, start and run an alternator and build up the voltage

Objectives: At the end of this exercise you shall be able to
e read and interpret the name-plate details of an alternator

test and identify the terminals of an alternator

connect, start, run, adjust the speed and frequency of the alternator

adjust and set the rated voltage of an alternator

determine the magnetisation characteristic of an alternator.

Requirements

Tools/Instruments

¢ Insulated cutting pliers 200mm -1 No.
e Screwdriver 150mm -1 No.
e Screwdriver 100mm -1 No.
¢ Voltmeter AC 0 to 500 volts -1 No.
e Ammeter DC 0to 5 amps -1 No.
e Tachometer 0to 3000 r.p.m. -1 No.
¢ Single phase frequency meter
250V - 45 to 55 Hz. -1 No.
Equipment/Machines
¢ 3-phase alternator 3KVA 415V 50 Hz.
coupled to a suitable DC motor. -1 Set

* Rheostat 480 ohms 2 amps -2 Nos.
e 4-point starter 30 amps 250V -1 No.
Materials
« PVCinsulated copper cable

2.5sq mm 600 V grade -10m.
¢ Insulationtape - 30 cm.
¢ Fuse wire 5A, 15A - asreqd.
e T.P.I.C. switch 16 amps 500V -1 No.
¢ D.P.I.C. switch 32 amps 250V -2 Nos.

PROCEDURE

TASK 1: Connect, start, run, adjust the speed and frequency of an alternator

1
2
3

Read and interpret the name-plate details in Table 1.
Test and identify the terminals of the alternator.

Test the alternator for insulation resistance between
the windings, the winding and the ground, and record
the values separately.

Theinsulation resistance value should not be

less than one megaohm

Select a suitable range of rheostats, ammeters,
voltmeters, switches and cables according to the
specification of the available alternator.

You may have to change the ranges of the
meters and rheostat according to the rating of
the available alternator with respect to Fig 1.

Make the connections as per the circuit diagram.
(Fig1)

Adjust the field rheostat of the prime mover to cut out
position, and the field rheostat of the exciter in the
minimum voltage position.

Check the couplings.

Fig 1
*********** e
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Lt o= + @*
D.C.SUPPLY ‘ 0-5A G@ (v Vp
TOEXCITEROF |
THE ALTERNATOR |
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CONNECTIONS FOR MAGNETISATION CHARACTERISTIC OF THE ALTERNATOR

ELN35153H1

148



Table 1

Name plate details

Manufacturer, Trade Mark

Type, model or list number

Type of Current

Function

Type of connection

Ratedvoltage @~ Volts
Frequency Hz
Ratedpower L, kVA
Rated exc. voltage @ i Volts

Rating class

Insulation class

Fabrication or serial number

Alternator s
PFE
Ratedcurrent amps
Ratedspeed r.p.m
Rated exc.current amps

Direction of rotation

Protection class

8 Switch "ON' the DC supply to the prime mover (DC
motor) and start the prime mover through the 4-point
starter.

9 Adjust the speed of the prime mover through its field
rheostat to the rated speed of the alternator.

10 Switch “on'the DC supply to the exciting winding of the
alternator. Note down the field current, line voltage and
phase voltage of the alternator in Table 2.

11 Note downthe frequency (if possible, for the frequency
meter may not read at a low voltage) in Table 2.

12 Increase the field currentin 10 to 12 equal steps. For
each step measure the phase voltage, line voltage,
frequency and field current and enter the values in
Table 2 until the alternator output voltage reaches its
rated value.

Thefield current should be varied gradually in
equal stepsinthe ascending order. Otherwise
it will disturb the shape of the plotted curve.

13 Increasethe excitation current such thatthe alternator
line voltage is about 10% above the rated value.

14 Drawthecurvel_versusV,taking|_onthe "X'axis and
V, onthe "Y'axis. The curve shows the O.C.C. or the
magnetisation characteristic of the alternator.

15 Write your conclusion regarding the relation between
the field current and phase voltage as well as the line
voltage and phase voltage.

Conclusion

Table2

Sl.No. Field current Line voltage

I V

F L

Phase voltage

Frequency Remarks

V \%

P F
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Electrical Exercise 3.5.154
Electrician - Alternator

Determine the load performance and voltage regulation of a 3-phase alternator

Objectives: At the end of this exercise you shall be able to

e connect, start, run, and build up the voltage of an alternator
e connect the resistive, inductive load to the 3 phase alternator
e determine the voltage regulation of an alternator.

Requirements

Tools/Instruments Equipment/Machines

e Combination pliers200mm -1 No. ¢ 3-phase alternator 500V 5/10 kW

¢ Roundnose pliers 150mm -1 No. coupled with DC shunt motor having

« Electrician's knife -1 No. facility for speed control -1 Set

e M.l. ammeter O to 20 amps - 3 Nos. ¢ 3-phase lamp load 415/400V 5 KW -1 No.

¢ M.l voltmeter 0 to 500 volts -1 No. e 3-phase squirrel cage motor 500V

¢ M.C.voltmeter 0-300V -1 No. 50HZ, 3 HP with DOL starter and switch -1 No.

¢ M.C.ammeter 0-5A -1 No. Materials

e Frequency meter 500V, 45t0 50 Hz. -1 No.

« Power-factor meter 500V, ¢ P.V.C.insulated stranded

+0.5t0 -0.5 P.F. -1 No. aluminium cable -10m

e Tachometer 300 to 3000 r.p.m. -1 No. e T.P.I.C. switch 32 amps 500v - 2 Nos.

PROCEDURE

TASK 1 : Connect, start, run, and build up the voltage of an alternator

Fig 1 ALTERNATOR
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CONNECTIONS OF 3 - PHASE ALTERNATOR WITH LOAD 2
w

1 Notedownthe name-plate details ofthe given alternator
in Table 1. (As per exercise 3.5.152 Task : 1)
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Select proper sizes of cables, fuse wires, switches
etc., as per the name-plate ratings (rated capacity) of
the given 3-phase alternator.

Connectthe exciter output terminals to the field of the
alternator with the rheostat, ammeter and voltmeter.
(Fig1l

The exciter output voltageis shown in Fig 1 as
220V DC. Different manufacturers choose
different exciter voltages suitable for their
alternators. You may have to select the
voltmeter and ammeter ratings according to
the voltage rating of the field of the available
alternator.

Check the voltage rating of the power factor
and frequency meters whether they are for
phase voltage or line voltage. Connect
accordingly. Do not forget to connect the star
point of the lamp load to the neutral point of
the alternator. The bulb wattage rating should
be equal in all lamps.

TASK 2 : Load a 3-phase alternator with a resistive load

Connectthe alternator terminals RYB and N to the load
as per the circuit diagram (Fig 1). Keep the load
switches and also all the lamp switches of the lamp
load in the “off' position.

Show the connection to your instructor and obtain his
permission to start the prime mover.

Run the alternator at its rated speed. Measure and
record the speed. Speed.............. r.p.m.

Build upits voltage by adjusting the field rheostatto the
rated voltage of the alternator. Read and record it.
Voltage ............. volts.

1 Close the T.P.l.C.switch of the lamp load and note Switch on the lamps equally in all the three
downthe values ofthe load current, (which will be zero), hases so that theil)oadqis bz:;anced
the terminal voltage, P.F. and frequency in Table 2. P i
Increase the load current equally on all the three
;Q.eu s],cLen 4 uf;' gy rsirr;oeulriot\)/eerksep;e%o\r;vsr:::;vbe); phases of the alternator to its rated value by switching
nejcessa? P P on the lamps in steps of 1 amp. For each step, note
Y- down the current, voltage and the P.F. frequency and
2 Slowlyincreasethe load currentto 1 amp by switching tabulate the readings in Table 2.
T(;,t\)lletge lamps one by one. Record allthe readings in Reducetheload gradually to zero. Openthe lampload
' by switching off the T.P.I.C. switch.
Table 2
Sl. Load current Terminal Frequency Power Power = Remarks
No. equal in all the Voltage kept Factor @ E l cos@
three phases I vV, constant cosd

TASK 3 : Load a 3-phase alternator by a 3-phase motor (inductive) load

1 ClosetheT.P.1.C. ofthe motorload and startthe motor
by the D.O.L starter. Read and record |,V , P.F and
frequencyin Table 3. Switch 'OFF'the T.P.I.C. switch

of the motor load.
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Table3

Sl. Load current Terminal Frequency
No. | equal in all the Voltage kept
three phases |, vV, constant

Power Power = Remarks
Factor | /3 Elcosd
cosd

TASK 4 : Determine the voltage regulation of an alternator

1 ClosetheT.P.1.C. switch ofthe motorload and startthe
motor by the D.O.L starter.

2 Close also the T.P.I.C. switch of the lamp load and
increase |, uptothe alternator's rated value in steps of
oneampere. Read andrecordthevaluesof | ,V &P.F.
frequencyin Table 4.

Reduce the load and switch off the alternator.

Draw the three curves for the 3 sets of reading as
recorded in Tables 2, 3 and 4 in the same graph
showing the terminal voltage versusload current. Keep
theterminal voltage inthe Y axisand load currentinthe
X-axis.

5 Comparethe powerdeliveredtothe
e resistive
¢ inductive (partially resistive)
¢ resistive/inductive loads

« withthe corresponding line currentand line voltage,
and P.F.- atleastthree differentline current values.

6 Calculatethe voltage regulation forthe above different
loads at 5 and 10 amperes by using the formula:

Percentage voltage regulation (%V,)

No.load voltage - Fullload voltage
0 =
Ve Fullload voltage

x100

7 Based on steps 5 and 6 write your conclusion in the
space given below.

Conclusion1

Conclusion2

Table4
Sl. Load current Terminal Frequency Power Power = Remarks
No. | equal in all the Voltage kept Factor | /3 E/l cos®@
three phases I vV, constant cosd
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Electrical Exercise 3.5.155
Electrician - Alternator

Parallel operation and synchronization of three phase alternators

Objectives: At the end of this exercise you shall be able to

* read and interpret the name plate details of the two 3 phase alternators

« synchronise the two 3 phase alternators by dark lamp method and test it

« synchronise the two 3 phase alternators by dark and bright lamp method and test it
« synchronise thetwo 3 phase alternators by synchroscope method and test it.

Requirements

Tools/Instruments

¢ Trainees tool kit - 1 No. + Rheostat 150 ohms/1A -1 No.
¢ Ml Voltmeter 0-500V - 2 Nos. )
 Frequency meter (45-50-55Hz) -1 No. Materials
¢ Phase sequence indicator -1 No. « TPIC switch 16A, 500V - asreqd.
e Synchroscope -1 No. * |CDP/ Knife switch 16A, 250V -1 No.
Equipments/Machinery ¢ |CTP /Knife switches 16A, 500V - 2 Nos.
e 100W/250 V lamps - 6 Nos.
¢ 3 Phase alternators 5 kVA/500V . Connecting wires -as reqd_
50 Hz coupled with prime mover
(/adjustable speed control) -2 Nos.
PROCEDURE

TASK 1 : Read and interpret the name plate details of the alternators

1 Read and interpret the name plate details of the 3 phase 2 Note down the details of alternators in Table 1.
alternator
Table 1
Name-plate details
Manufacturer, Trade Mar K........cccceveeeeiieinneeeenninnnn. Rated freqUeNCY ..........coovvviiiiiiiiiiiiiie e
Type, model or list number ...........cccccoeeiiiiiiiiinnn. Rated POWEr .....cooevvviieiiiieie e, kw/HP
Type of CUMrent .......coviiiiiiiiiiiiiii e Rating Class .......oooiiiiiiiii e
Function ........ccccooeiiiiniiiene. Alternator................... Insulation class ........ccoooiviiiiiiiiii
Fabrication or serial number ............ccoooooviiiiineens Rated current............ccooeeviiiiiin e, amp
Type of connection .........cccccciiiiii Rated speed .........ooovvviiiiiiiiiiiiiiiiies r.p.m
Rated EXC.CUMTeNt .......ccooeevviiveiiiiieeeiiieeeeiennn, amps Rated exc.Voltage..........ccooeeviieiiiiiiieinec, \%
Rated voltage ..........cooooiiiiiiiiiiiiiee volts Protection Class ........coovviviiiiiiiiii e
Direction of rotation :............cccceevviiiiiiiiinnnnn.
The voltage rating of two alternators must be same. Rating of alternators (kVA), not necessary must be
same. The load can be shared according to the rating of alternators.

TASK 2 : Synchronise the two 3 phase alternator by dark lamp method and test it

For connecting two alternators in parallel they 2 Supply frequency of both alternators must

must fulfil the following conditions. be equal

1 Terminal voltage of both the alternators 3 Phase sequence of both the alternators
must be same must be ideal
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1 Check the phase sequence of the main bus bar line 4 Keep the main switch of alternator - 2 in opened position.

by using phase sequence indicator/meter Start and run the first alternator and build up the rated

2 Connectand set the arrangement of incoming alternator voltage
and outgoing alternator with prime mover coupled, TPIC
main switch, voltmeters and frequency meters and
lamp connection in series. (Fig 1).

6 Measure the line voltage between phases, then
measure the frequency of an alternator-1 and note
down the readings of voltmeter and frequency meters

While connecting the alternators, care should in Table 2.

be taken, that corresponding phase lines must Table 2

be connected of both alternators. (i.e.) 1st

alternator is connected to L1, L2 and L3 then

Alternator 1

the 2nd alternator must also be connected to S No.| Voltage reading in Volt | Frequencyin Hz
same L1, L2 and L3. 1 [1-12 L1-L2
3 Keep the main switch of incoming alternator -1 in closed 5 L2-13 L2-13
position after ensuring the phase sequence are correct. ) )
3 L3-L1 L3-L1
Fig 1
L1 U
U L Vol
Ls w

? L1 y ‘ L3 '/ Ls
Le

OO
O~

L2
3....
ALTERNATOR ALTERNATOR
ALTERNATOR -1 ALTERNATOR -2 T
PARALLEL OPERATION OF 3 PHASE ALTERNATIVES BY DARK LAMP METHOD %
7 Start, run and build up the rated voltage Table 3
. . Alternator 2
8 Measure the line voltages and frequency in alternator B :
2 and note down the readings in Table - 3 SNo.| Voltage reading in Volt | Frequency in Hz
1 L1-L2 L1-L2
2 L2-1L3 L2-1L3
3 L3-L1 L3-L1
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9 Check the condition of the two lamp.

If the voltage and frequency are equal the
lamps will becomes dark and then becomes
bright. If the voltage and frequency of the both

Now, all the lamps are bright and then become
dark at a time, it indicates all the conditions

are fulfilled for synchronising.

alternators are not same, the lamps will flicker.

10 Adjust the field excitation current in the alternator 2
and bring the voltage to the same value of the
alternator 2.

11 Check the condition of lamps brightness.

If the lamps are flickering still now, then the
frequency may not be equal, it must be brought
to same equal frequency value of alternator 1

12 Adjust the speed of the prime mover of alternator 2
and bring the frequency as same as in alternator 1

13 Close the main swich of alternator - 2 when all the
lamps are in dark condition.

Now the alternators are synchronised (parallel)
and ready for sharing the load

14 Switch 'ON' common load for both the alternators.

15 Check the loads are shared equally by the two
alternators.

16 Get it checked with your instructor.

TASK 3 : Synchronise the two 3 phase alternators by dark and bright lamp method

1 Checkthe phase sequence of the main bus bar lines
by using phase sequence indicator

2 Connect and set up the arrangement of the alternator
- 1 and alternator - 2 with prime mover, TPIC switch,
lamp connection. (2 pairs of lamp are connected across
two phases, In one phase, the pair of the lamps are in
series with voltmeters and frequency meters. (Fig 2)

Repeat the working steps from 3 to 8, in Task - 2

4 Note down the readings in table - 4 & Table - 5

5 Look at the condition of the lamps

If the voltage and frequency are equal then
one pair of the lamp will be dark and other
two pair will be bright

If the voltage and frequency of the both the
alternators are not same, then the lamp will
flicker not giving standstill lighting

6 Checkthe voltage and frequency are not equal repeat
the steps from 10 to 12 of task 2and bring the same
value of voltage and frequency as in alternator - 1

If all the condition are fulfilled, then all the
lamps will not flicker and one pair of the lamp
will be dark and other two pair lamps will be
bright at a time.

7 Close the main switch of alternator - 2 when the lamps
are bright condition

Now the 2 alternators are synchronised
(paralled) and ready for sharing the load

Table 4
Alternator - 4
S. No.| Voltage reading in VoIt | Frequency in
Hz
1 L1-L2 L1-L2
2 L2-1L3 L2-13
3 L3-L1 L3-L1
Table 5
Alternator -5
S. No. | Voltage reading in VoIt | Frequency in
Hz
1 L1-L2 L1-L2
2 L2-1L3 L2-1L3
3 L3-L1 L3-L1

8 Switch 'ON'the common load for both alternators

9 Check the loads are shared equally by the two
alternators

Electrical : Electrician (NSQF LEVEL - 5) - Exercise 3.5.155 155



L1 U

3 PHASE

suprly L V' roLomo
) w

Fig 2

NI
S S
NI

Ros
o8

3~
ALTERNATOR

ALTERNATOR -1

DARK & BRIGHT LAMP METHOD

L1 '/ 77777 : 7/”7 7L737'/ Ls

L2 L4 Le

3~
ALTERNATOR

ALTERNATOR -2

ELN35155H2

1
2

TASK 4 : Connect two alternators in parallel by using synchroscope

Collect the instruments as shown. (Fig 3)

Connect the equipment and instruments. (Fig 3)

Keep ‘open’ the bus-bar switch S, and
synchronising switch S,

Start the incoming alternator (Alternator-2) with low
excitation.

Close the bus-bar switch S..

One alternator (Alternator-1) is connected to

the bus-bar that produces the rated V.

156

Observe the bus-bar voltage V, and incoming voltage
V

5
Adjust the excitation of the incoming alternator till V,
=V,. The voltage of incoming and exciting machine
should be equal.

Check the pointer in the synchroscope.

8

Adjustthe speed ofthe alternator. Ifitisindicating fast,
reduce the speed of the incoming machine gradually
observing the synchroscope pointer.

If it indicates slow, increase the speed of
incoming machine slowly. The result should
be slow movement of the pointer to 0.

When the pointer comes to zero position very
slowly, the bulb behind the dial will glow
bright.

Adjustthe speed of the incoming alternator for minimum
oscillation of the synchroscope pointer.

10 Close the synchronising switch 'S, at zero, and the

steady position of the synchronising pointer.

When the two voltages of the incoming and
existing machines are the same in magnitude
and phase, synchroscope pointer will be at
zero.
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Electrical Exercise 3.6.156
Electrician - Synchronous Motor and MG Set

Install a synchronous motor, identify its parts and terminals

Objectives: At the end of this exercise you shall be able to

e read and interpret the name plate details of given shynchronous motor

* read the manufacturers installation instruction and follow the same

tranfer the template measurements to the mounting base

* make the template of the base frame making (i.e) making drilling, selecting hole size
identify the parts of synchronous motor

Identify the terminals of a synchronous motor.

Requirements

Tools/Instruments

¢ Masonry tools like travel « DC source/rectifier suitable for
Spirit level etc. -1 Set above motor -1 No.
e Drilling machine electric 12.mm e TPIC switch 32A, 500V -1 No.
capacity with drills -1 No. * DPIC switch 16A 250V -1 No.
« Measuring tape 3 meters -1 No. e Suitable field Rheostat -1 No.
« Electrician hand tool kit -1 Set Materials
Equipment/Machines e Connecting cables - asreqd.
e Synchronous motor 3 KVA, 500V. ¢ Plywood 8mm thick 40 x 30 cm -1 No.
3 phase 50Hz with suitable starter -1 No. ¢ Nuts grouting bolts -4 Nos.

PROCEDURE

TASK 1: Install a given sychronous motor

1 Read the name-plate details and record in the motor
maintenance card

Name plate details

Manufacturer . N S ¢ Speed e rpm
Type N (R AP Insulation Class PP
Serial No. TR 4. Vi Excitation voltage PSP
Function D N Excitation Current e
Type of connection P Direction of Rotation PP
Voltage e Volt  Rating Class PRSPPI
Current S Amp

Power e KW  Protection P
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2 Make the necessry arrangement at the place where
the motor to be installed as per manufacture’s
Instruction, such as drilling holes, position of nuts and
bolts or and RCC foundation etc.

Fig 1

3 Determine the size of the connecting cable and fuse
from the rating of the motor.

4 Cut two straight pieces and two cross pieces of ply
wood (Fig 1) and mark the holes according to the size
of the holes of the base of the motor on the wooden
frame planks.

5 Select the size of the drill according to the size the
mounting bolt recommended by the manufacturer.

ELN36156H1

TASK 2 : Identify the parts of synchronous motor

1 Identify the parts of the synchronous motor from the
real object or from the exploded view chart. (Fig 1) Fig 2

Label the each identified parts with number tags. — i

3 Write the name of the parts of each labelled number in
the table.

Table
SI. No. | Lable No. Name of Part

SECTION AT AA

I_I:—I ]
2 1

7 Make use of the template measurements on the PLAN
mounting base and get the base mounting ready for
installing the motor. (Fig 2)

6 Drill the holes according to the size mentioned.

ELN36156H2

f) Finish the surface by plastering neatly.

a) Fix the planks with a grouting bolt. Include vibration arresting devices as per f[he
. - manufacturer's instructions such as spring
b) Check for level using the spirit level. washers, etc.
c¢) Fill the space around the bolts with thin coarse 8 Install the motor and fix it with nuts (Fig 3)
cementmortar.

— _ . 9 Make double earthinginaccordancewith |.E. regulations
Inthetraining Institute use clay mortar instead andl.S. recommendation.

of cement to facilitate repetition easily by

every trainee in a batch. 10 Check the continuity of windings as shown in Fig 4.

Also check the effectiveness of grounding. (Fig 5)

d) Allowittosettledownfor8to 12 hours,thenremove

the template planks. 11 Connect the motor with the starter/switch and fuse to

) o the supply temporarily to check smooth running
e) Cure the cement mortar with water for a minimum without vibrations.

of 2 days.
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Electrical

Exercise 3.6.157

Electrician - Synchronous Motor and MG Set

Connect start and plot V-curves for synchronous motor under different

excitation and load conditions

Objectives: At the end of this exercise you shall be able to

e connectthe synchronous motor with its starter

e start and run the sychronous motor with its starter

e plot the ‘V’ curve.

Requirements

Tools/Instruments

« Trainees tool kit -1 No. ¢ DC source/retifier suitable forabove
¢ Ml Ammeter0-10 A -1 No. motor -1 No.
¢« MC Ammeter 0-1 A -1 No. ¢ TPIC switch 32A, 500V -1 No.
« Ml Voltmeter 0-500 V -1 No. ¢ DPIC switch 16A 250V -1 No.
. Frequency meter(45_50_55Hz) -1 No. * Field rheostat suitable for
» Tachometer0-10000rpm -1 No. above motor -1 No.
Equipment/Machines Materials
» Synchronous motor 3 KVA, 500V e Connectingleads - as reqd.
3 phase 50Hz with suitable starter -1 No.
PROCEDURE

TASK 1: Connect the synchronous motor, start, run and test it

1 Make the connections as per circuit diagram. (Fig 1)

Fig 1
L1 O
L2 &
L3 O I
N O

[
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2 Show the connections to your instructor and get his
approval.

Close TPIC switch and DPIC.

4 Adjust the field current to its rated value as per name
plate detalil.

5

Hold push button S, depressed, and startthe motor by
operating switch S,.

Makesurethatpushbutton S,is pressed before
energising the motor at the time of starting.

When S, is depressed DC supply to field is
disconnected and field winding terminals F1
and F2 are shorted.

After the rotor attains maximum speed say 95% of the
synchronous speed release push button S, i.e. field
winding is excited by DC supply.

With field winding excited the motor gets
pulled into synchronism and runs at
synchronous speed.

Measure speed, supply voltage, frequency, line current,
and field excitation current and record in Table 2.

Table2

Linevoltage : Volt

Line current : amp

Excitation current : amp

Speed : r.p.m

Frequency : Hz

Calculate the synchronous speed of the motor by using
the formula.
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Synchronous speed N, =... rpm.

9 Compare the synchronous speed with the measured
speed, and ensure measured speed is equal to
synchronous speed.

TASK 2 : Plot the V-Curve for synchronous motor under different excitation and load condition

1 Startand run the synchronous motor to its maximum 3 Note down the readings in Table 1 and plot the V'
speed without load.

2 Adjustthe field current by adjusting the field rheostat
(Fig 1) and take the readings of armature current (1) and

field current (1)

curves for synchronous motor under different excitation
and load conditions in a separate graph sheet. The
same Procedure hastoberepeatedforloaded condition.

Table 1
Sl. No. Without Load With Load
Armature Current (1) Field Current (l) Armature Current (1) Field Current (1)
162 Electrical : Electrician (NSQF LEVEL - 5) - Exercise 3.6.157



Electrical
Electrician - Synchronous Motor and MG Set

Exercise 3.6.158

Identify the parts and terminals of MG set

Objectives: At the end of this exercise you shall be able to

e read and interpret the name plate details of the given M.G set
« determine the pairs of terminal of the windings of the DC machine by the test lamp method

Identify their parts and write their names.

Requirements

Tools/Instruments Materials

¢ Insulated combination pliers200mm -1 No. ¢ PVCinsulated cable 3/20 or

» Screwdrivers 150 mm -1 No. 660V grade -5m
e DE Spanner set 5 mm to 20 mm -1 Set ¢ KitKat fuse 250V 16A -1 No.

. : ¢ Pendentlamp holder 250V 6A -1 No.
Equipment/Machine «  SP switch 250V 6A -1 No.
¢ 3¢ Sq cage induction motor 5 HP ¢ BClamp 25/40V 250V -1 No.

500V 50 Hz wih y A Starter -1 No. e Fuse Wire 5 Amp. -asreqd.
e DC shunt Generator 5 KW /220V
with field regulator -1 No.
PROCEDURE
TASK 1: Identify the parts terminals of motor of a MG set
1 Read and Interpret the name plate details of the given
3 phase squirrel cage induction motor and note down
as on Table 1.
Table 1
Name plate details
Manufacturer & ..o, Rated Speed @ ., r.p.m
Model/Number ... Rated frequUeNCY @ .oooiiiiiiiiee e H2
Serial NUMber & . Type of Connecton : ........c.cceveveiiinenens Star / Delta.
Rated Voltage ..o, Volts Insulation Class & ..o
Rated Current @ ..., Amps Protecction Class @ ...ccoocveviiiiiiiiiie e,
Rated Power @ .o, KW / HP.
2 Identify the parts o AC squirrel cage induction motor 3 Label the each parts with number and write then name
from the real object or from the exploded view chart. of parts.
(Fig 1) Table 2
Fig 1 S No.| Label Sq. Cage Induction
Number motor parts.
1
2
3
_ 4
%
2 5
2 6
7
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Identify the terminals of a 3-phase induction motor with

Fig 2
the help of two lamps in series. (Fig 2) Li - 5A U, LINK y @ "
Observe the condition of the lamp and write the name } LINK
of terminals. Loy lvow

. . 240V, AC | —>o o
If the lamps glow bright as shown Fig 2a then SUPPLY } 0 o o
the linked ends are similar ends. For example I w U v
the linked end are U, and V, } LAVPS
: A NO ~ o O v (V) ow
If the lamps glows dim as shown in Fig 2b, Uy Sricre
then the linked ends are dis-similar ends. For @)
example the linked end are U, and V, B ~ 5A U UNK . @ 5
Get it checked with your instructor. } LINK
} Y lv w
240V, AC \ —> o
SUPPLY } o o o
| w u Vv
} LAMPS
NO S~ QO v @ w g
" Y2 pim i
IDENTIFICATION OF THE TERMINALS OF AN INDUCTION MOTOR (3-PHASE) %
TASK 2 : Identify the terminals of DC generator of the MG set
1 Read and interpret the name plate details of the given
DC generator and note down in Table 2.
Table 2
Name plate details
Manufacturer & .. Typeofgenerator :© .......coccoviiiiiiiiiiieie e,
SerialNO Insulation class & .o
Ratedvoltage @ .o
Ratedcurrent @ ..o
Rated power & i
Identify the terminals of the DC generator and label
them as explained in Ex.3.1.115. (Fig 3) Fig 3 TESTLAMP  5A S
Write down the terminal name of DC generator. O1 20v] PROT # It
; Ot‘Oe% 240V, 50 Hz
Sl.No. Label No. Terminal name % E o oo PRO 2 JN
1 1 (a)
2 2 TEST LAMP GLOWING
\\ I // 5A S
3 3 & 20 PRO 1 -3~ — t
4 4 % é 03 40 240V, 50 Hz
05 60 PROZ MY
(b)
o1 20 TEST LAMP 5A S
% ( ) é)s 4%) PRO 1 T T :
60~ 240V, 50 Hz
R PRO 2 :i N
© e
IDENTIFYING TERMINALS OF A DC MACHINE %
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Electrical Exercise 3.6.159
Electrician - Synchronous Motor and MG Set

Start, and load a MG set with 3 phase induction motor coupled to DC shunt
generator

Objectives: At the end of this exercise you shall be able to

e connect 3-phase motor with the starter

e connect a DC shunt generator, field regulator, ammeter and voltmeter
« startthe 3-phase AC motor

 adjust the field regulator and build up DC voltage

» determine combined efficiency of the M.G set.

Requirements

Tools/Instruments

» Electrician Tool kit -1 Set - DC shunt generator - 5 KW
* MIVoltmeter 0-500V -1 No. 220V with field regulator -1 No.
«  MIAmmeter0-15A -1 No. e Lamp bank of 5 KW - 250 V -1 No.
¢ MC Ammeter 0to 2.5A -1 No. Materials
¢ MCAmmeter 0 to 15A -1 No.
+ MCVoltmeter 0 to 250 volt -1 No. * ICTP switch 16A 500V - 1 No.
« Powerfactor meter 500V * Lampholderpendent - 2 Nos.
15A 0.5 lag to 0.5 lead -1 No. e Lamp 250V, 60 or 100 watts bulb - 2 Nos.
e Tachometer mu|ti_range * Stranded PVC insulated wire
0-300/1000/3000 rpm -1 No. 7/1.5 aluminium cable -4m
. . e D.P.S.T. Switch 16A, 250V - 1 No.
Equipment/Machines ¢ PVCinsulated connecting cable - asreqd.
» 3-phase squirrel cage induction » |ICDP switch 16A 250V -1 No.
motor 5 HP, 500V, 50 Hz with e Graphsheet - asreqd.
star-delta starter 500V, 16A -1 No.
PROCEDURE
TASK 1 : Start run and load a MG set
1 Connectthe AC motor and generator. (Fig 1) Keep thefield regulator atapositiontoinclude

zero resistance in the circuit. Keep switch S,
and S, in ‘off’ position.

Fig 1
ICTP 16A
2ABA 15A

MC

415V,50Hz
7HP

3-PHASE SUPPLY
415V,50Hz

It
I 1
o
>_ 2
®
S
@
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cos @
[ _ :I/ a\kc é
©
0.5 LAGTO G =DC SHUNT GENERATOR 5kW,230V 8
Z
w

2 Start the AC motor. Measure the speed using a 4 Switch ‘ON’ the load switch S,

tachometer. 5 Increase theload gradually by switching ‘on’the lamps

3 Buildupthe DC generator terminal voltage to its rated in steps up to the rated capacity of MG set.
value and observe the voltmeter (V) reading.
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6 Measure the speed of the generator for each load
condition and record in Table 1.

7 Record input current, voltage and power factor in
Table 1. Read and record the load currentand terminal
voltage of generatorin Table 1.

8 Switch ‘OFF’ the load in steps and open the load
switch S.,.

9 Calculate the input power.

11 Calculate the total loss and the effiency at full load.

12 Stop the prime mover of the M.G. set and isolate
supply.

10 Calculate the output power.

Conclusion

Observe from the readings in Table that the terminal
voltage drops with increase in load. State your reasons.

Table 1
OUTPUT INPUT
Load Terminal Speed Line Line Power
current (1) voltage (V) inr.p.m current (1)) voltage (V) factor
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Project work

Objectives: The Trainees/Participants shall be able to

select a project work of their choice

prepare the list of materials required and collect them

list out the tools required
prepare a brief note on the project

complete the project and submit the project report with all the details.

Note: Instructor has to explain in detail
regarding the project works to be carried out
in the section. The trainees may be divided
in groups according to the strength available
in section and give all details how to prepare
and finish the work with complete
workmanship and accuracy.

Step to start and follow the project work

Motivate the group by emphasising the technical work
involved and its future influences.

Divide the work equally and make sure in yoke
participating with full interest.

Start the project work, test it stage by stage and
complete it.

Test the completed project job for its functionality and
its utility.

Prepare a project report containing its technical
parameters, specification, material requirement and
its cost, operational procedure, maintenance, utility
and marketing etc.

Indicate the scope of future expansion, easy conversion
to other project for advanced version in the report.

Get it checked with your instructor.

The project should complete with all operational
instructions and carry necessary procedure with
switches, controls, labels, symbols etc.

Safety devices has to be placed according to the project
and its functions.

Maintenance and repair instructions should be
indicated clearly.

Note: Instructor has to evaluate the project
work with all records and reports. Marks to be
awarded for the project working, accuracy,
workmanship, safety features and its work
performance related to the viva questions.

Project work

1

A WN

Phase sequence checker for 3 phase supply
Induction motor protection system
Motor starters with protection

Solar/wind power generation.
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