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FOREWORD

The Government of India has set an ambiticus 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 (ITls) 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 various stakeholder's viz. Industries,
Entrepreneurs, Academicians and representatives from [Tls.

The National Instructional Media Institute (NIMI), Chennai, an autonomous body under Ministry of Skill
Development & Entrepreneurship is entrusted with developing producing and disseminating Instructional
Media Packages (IMPs) required for [Tls and other related institutions.

The institute has now come up with instructional material to suit the revised curriculum for Electrician
1%t Year Trade Practical NSQF Level - 4 {(Revised 2022) in Power Sector under Annual Pattern. The
NSQF Level - 4 (Revised 2022) Trade Practical 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 - 4 (Revised 2022) trainees will also get
the opportunities to promote life long learning and skill development. | have no doubt that with
NSQF Level - 4 (Revised 2022) 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 cut this publication.

JaiHind

SHRIL ATUL KUMAR TIWARI., L.LA.S,,

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.GE &T), Ministry of Labour and Employment, (now under Ministry
of Skill Development and Entrepreneurship) Government of India, with technical assistance fromthe Govt.
of the Federal Republic of Germany. The prime cbjective 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 inIndia, 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 unigue, 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.

In order to perform the skills in a preductive manner instructional videos are embedded in QR code of the
exercise in this instructional material so as to integrate the skill learning with the procedural practical steps
given inthe exercise. The instructional videos will improve the quality of standard on practical training and
will motivate the trainees to focus and perform the skill seamlessly.

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
underthe Directorate General of Training (DGT), Government and Private ITls.

NIMIwould 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.

Chennai - 600 032 EXECUTIVE DIRECTOR
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INTRODUCTION

This manual fortrade practical is intended for use inthe ITl workshop. It consists of a series of practical exercises
that are to be completed by the trainees during the first year of course is the Electrician trade under Power
Sector. It is National Skills Qualifications Framework NSQF Level - 4 (Revised 2022), supplemented and
supported by instructions/informationto assistthe trainees in performing the exercise. The exercisesare designed
toensurethat allthe skills prescribed inthe syllabus are covered includingthe alliedtrades. The syllabus for the1
Year Electrician Trade under Power Sector Trade Practical isdividedinto Twelve Modules. The allocation oftime
for the various modules is given below:

Module 1 - Safety Practice and Hand Tools 40 Hrs
Module 2 - Wires, Joints - Soldering - U.G. Cables 95 Hrs
Module 3 - Basic Electrical Practice 51 Hrs
Module 4 - Magnetismand Capacitors 32 Hrs
Module 5 - AC Circulits 77 Hrs
Module 6 - Magnetismand Capacitors 50 Hrs
Module 7 - Basic Wiring Practice 110 Hrs
Module 8 - Wiring Installation and earthing 115 Hrs
Module 9 - lllumination 45 Hrs
Module 10 - Measuring Instruments 75 Hrs
Module 11 - Domestic Appliances 7o Hrs
Module12-Transformers 7o Hrs
Total Hrs 840 Hrs

The syllabus andthe contentinthe modules areinterlinked. As the number of workstations available inthe electrical
section is limited by the machinery and equipment, it is necessary to interpolate the exercises in the modules to
forma properteaching and learning sequence. The sequence of instruction is giveninthe schedule of instruction
which is incorporated in the Instructor's Guide. With 25 practical hours a week of & working days 100 hours of
practical per month is available.

Contents of Trade Practical

The procedureforworking throughthe 106 exercises forthe 1% Year with the specific objectives as the learning out
comes at the end of each exercise is given is this book

The skill objectives andtools/instruments, equipment/machines and materials required tc performthe 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 makethe trainees gethands ontrainning inthe Electrician
trade along with the relevant cognitive skills appropriate for the level. A minimum number of projects have been
includedto make the training more effective and develop attitude towork inateam. Pictorial, schematic, wiringand
circuit diagrams have been includedinthe exercises, wherever necessary, toassist the trainees broaden their views.
The symbols used in the diagrams comply with the Bureau of Indian Standards (BIS) specifications.

llustrations inthis manual, helptrainess visual perspective of the ideas and concepts. The proceduresto be followed
for completingthe exercises is also given. Different forms of intermediate test questions have been includedin 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 assignmentftest.
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CONTENTS

7 ™
Exercise No. Title of the Exercise Learning Page. No.
outcome
Module 1: Safety practice and hand tools
1.1.01 Visit various sections of the institute and locations of electrical 1
installations 1
s ™
1.1.02 Identify safety symbols and hazards (QR Code Pg. No.3) * 3
A A
1.1.03 " Preventive measure for electrical accidents and practice
L steps to be taken in such accidents (QR Code Pg. No.6) * ) 6
1.1.04 " Practice safe methods of fire fighting in case of electrical
| fire (QR Code Pg. No.8) * ) 8
1105 [ Useoffire extinguishers (QR Code Pg. No.9) * ) 9
1106  |( Practice elementary first - aid (QR Code Pg. No.11) * 0 11
1.1.07 (" Rescue a person and practice artificial respiration N
\__(QR Code Pg. No.12) * ) 12
1.1.08 ( Disposal procedure of waste materials (QR Code Pg. No.15)’j 15
1.1.09 Use of personal protective equipment 17
1.1.10 ~ Practice on cleanliness and procedure to maintain it h
L (QR CodePg. No.19)* y 19
1.1.11 |dentify trade tools and machineries 20
1.1.12 ~  Practice safe methods of lifting and handling of M
5 *
| tools and equipment (QR Code Pg. No.22) y 22
1.1.13 (" Select proper tools for operation and precautions in i
| operation (QR Code Pg. No.23) * ) 23
1.1.14 Care & maintenance of trade tools 27
1.1.15 Operations of allied trade tools 28
1.1.16 i@ Workshop practice on filing and hacksawing A
| (QRCode Pg. No.32) * y 32
Module 2: Wires, Joints - Soldering - U.G. Cables
1217 z Prepare terminations of cable ends {QR Code Pg. No.37) ¥ : 37
1.218 "~ Practice on skinning, twisting and crimping A
. (QR Code Pg. No.39) * y 2 39
1.219 Identify various types of cables and measure conductor size using
SWG and micrometer 45
1.2.20 (" Make a simple twist, married, Tee and western union joints\
*
. (QR Code Pg. No.47) y 47
120 Make a britannia straight, britannia Tee and rat tail joints 51
1.2.22 Practice in soldering of joints/lugs (QR Code Pg. No.54) * 54
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Exercise No. Title of the Exercise Learning Page. No.
outcome

1223 Identify various parts, skinning and dressing of underground

cable a7
1.224 Make a straight joint of different types of underground cables 58
1208 Test insulation resistance of underground cable using megger 61
1.226 Test underground cable for faults and remove the fault 62

Module 3: Basic Electrical Practice
1327 Practice on measurement of parameters in combinational

electrical circuit by applying Ohm’s Law for different resistor

values and voltage sources and analyse by drawing graphs &) 64
1.3.28 Measure current and voltage in electrical circuits to verify

Kirchhoff's Law 3 66
1.3.29 Verify laws of series and parallel circuits with voltage

source in different combinations 68
1.3.30 Measue voltage and current against individual resistance

in electrical circuit 70
1.3.31 Measure currentand voltage and analyse the effects of

shorts and open in series circuits e
1.3.32 Measure current and voltage and analyse the effects of )

shorts and open in parallel circuits (QR Code Pg. No.73)*) 73
1.3.33 Measure resistance using voltage drop method 75
1.3.34 Measure resistance using wheatstone bridge 76
ilGhsks) Determine the thermal effect of electric current o
1.3.36 Determine the change in resistance due to temperature 78
1537 Verify the characteristics of series parallel combination of

resistors 80

Module 4: Magnetism and Capacitors
1.438 Determine the poles and plot the field of a magnet bar 3 81
1.4.39 Wind a solenoid and determine the magnetic effect of

electric current 83
1.4.40 Determine the direction of induced EMF and current 86
1.4.41 Practice on generation of mutually induced EMF 88
1.442 Measure the resistance, impedance and determine the

inductance of choke coils in different combinations 89
1.4.43 Identify various types of capacitors - charging/discharging

andtesting 91
1.4.44 Group the given capacitors to get the required capacity

and voltage rating 94

Module 5: AC Circuits
1.5.45 Measure the current, voltage and PF and determine the

characteristics of the R-L, R-C,R-L-C in AC series circuits 3 96
1.5.46 Measure the resonance frequency in AC series circuit and

determine its effect on the circuits 100
1.5.47 Measure current, voltage and PF and determine the

characteristics of R-L R-Cand R-L-C in AC parallel circuit 102
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Exercise No. Title of the Exercise Learning Page. No.
outcome

1.5.48 Measure the resonance frequency in AC parallel circuit

and determine its effects on the circuit 105
1.5.49 Measure power, energy for lagging and leading power

factors in single phase circuits and compare the

characteristics graphically 106
1.5.80 Measure current, voltage, power, energy and Power

Factor (PF) in 3 phase circuits 110
1.2.51 Practice improvement of PF by use of capacitor in three

phase circuit 112
1.5.82 Ascertain use of neutral by identifying wires of 3-phase

4 wire system and find the phase sequence using phase

sequence meter 3 114
1.2.03 Determine effect of broken neutral wire in three phase

four wire system 116
1.5.54 Determine the relationship between Line and Phase

values for star and delta connections 117
1.5.85 Measure the power of three phase circuit for balanced and

unbalanced loads 119
1.5.56 Measure current and voltage of two phases in case of one

phase is shortcircuited in three phase four wire system

and compare with healthy system 121

Module 6: Magnetism and Capacitors
1.6.57 Use of various types of cell 4 122
1.6.58 Practice on grouping of cells for specified voltage and

current under different conditions and care 124
1.6.89 Prepare and practice on battery charging and details of

charging circuit 126
1.6.60 Practice on routine, care / maintenance and testing of

batteries 129
1.6.61 Determine the number of solar cells in series / Parallel for

given power requirement 131

Module 7: Basic Wiring Practice
1.7.62 Identify various conduits and different electrical

accessories ) 133
1.7.63 Practice cutting, threading of different sizes of conduits

and laying installations 140
1.7.64 Prepare test boards/extension boards and mount

accessories like lamp holders, various switches, sockets,

fuses, relays, MCB, ELCB, MCCB Etc. 146
1.7.65 Draw layouts and practice in PVC casing - capping,

conduit wiring with minimum to more number of points of

minimum 15 metre length 148
1.7.66 Wire up PVC Conduit wiring to control one lamp from two

different places 180
1.7.67 Wire up PVC conduit wiring to control cne lamp from 3

different places 182
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Exercise No. Title of the Exercise Learning Page. No.
outcome

1.7.68 Wire up PVC Conduit wiring and practice control of

sockets and lamps in different combinations using

switching concepts 154

Module 8: Wiring Installation and earthing
1.8.69 Wire up the consumer's main board with MCB & DB'S

and switch and distribution fuse box 5 156
1.8.70 Prepare and mount the energy meter board 158
1.8.71 Estimate the cost/bill of material for wiring of hostel/

residential building and workshop 161
1872 Practice wiring of hostel and residential building as per IE

rules 5 167
1873 Practice wiring of Institute and workshop as per |E rules 169
1.8.74 Practice testing ffault detection of domestic and industrial

wiring installation and repair 171
1.8.75 fF’repare pipe earthing and measure earth resistance by

\ earth tester/megger (QR Code Pg. No.1 73)* Ny 6 173

1876 Prepare plate earthing and measure earth resistance by

earth tester / megger 175
1877 Test earth leakage by ELCB and relay 178

Module 9: lllumination
1.9.78 Install light fitting with reflectors for direct and indirect

lightings 7 180
1979 Group different wattage lamps in series for specified

voltage 181
1.9.80 Practice installation of various lamps eg. fluorescent tube,

HP mercury vapour, LP mercury vapour, HP Sodium

vapour, LP Sodium vapour, Metal halide etc. 184
1.9.81 Prepare a decorative lamp circuit to produce rotating light

effect/ running light effect 188
1.9.82 Install light fitting for show case lighting 190

Module 10: Measuring Instruments
1.10.83 Practice on various analog and digital measuring

instruments 8 191
1.10.84 Practice on measuring instrument in single and three

phase circuit eg. multimeter, wattmeter, energy meter,

phase sequence and frequency meter etc. 195
1.10.85 Measure the power in 3-phase circuit using two wattmeter

methods 197
1.10.86 Measure power factor in three phase circuit by using power

factor meter and verify the same with voltmeter, ammeter

and wattmeter readings 198
1.10.87 Measure electrical parameters using tong tester in three

phase circuit 201
1.10.88 Demonstrate smart meter, its physical components and

communication components 203
1.10.89 Perform meter readings, install and diagnose smartmeters 204
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Exercise No. Title of the Exercise Learning Page. No.
outcome
1.10.90 Practice for range extension and calibration of various
measuring instruments 9 205
1109 Determine errors in resistance measurement by voltage
drop method 209
1.10.92 Test single phase energy meter for its errors 210
Module 11: Domestic Appliances
1.11.93 Dismantle and assemble electrical parts of various
electrical appliance e.g cooking range, geyser, washing
machine and pump set 10 213
™~ ™y
1.11.94 Service and repair of electric iron, electric kettle,
cooking range and geyser (QR Code Pg. No.216)" y 216
A
1.11.95 Service and repair of induction heater and oven A
\(QR Code Pg. No.221)* y 221
1.11.96 Service and repair of mixer and grinder 224
1.11.97 (Service and repair of washing machine
k(QR Code Pg. No.228)* y 228
Module 12: Transformers
1.12.98 Verify terminals identify components and calculate
transformation ratio of single phase transformers 11 231
1.12.99 Perform open circuit and short circuit test to determine the
efficiency of single phase transformer 233
1.12.100 Determine voltage regulation of single phase transformer at
different loads and power factors 236
112101 Perform series and parallel operation of two single phase
transformers 238
1.12.102 Verify the terminals and accessories of three phase
transformer HT and LT side 240
1.12.103 Perform 3 phase operation (i) delta - delta (ii) delta - star
(iii) star-star (iv) star - delta by use of three single phase
transformers 242
1.12.104 CPerform testing of transformer oil (QR Code Pg. No.245)* 245
-~
1.12.105 yPractice on winding of small transformer ™
{QGR Code Pg. No.247)* 247
A 4
1.12.1086 Practice of general maintenance of transformer 263
G’roject Work (QR Code Pg. No.255)" 255
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[ LEARNING /ASSESSABLE OUTCOME ]
On completion of this book you shall be able to
Sl.No. Learning Outcome Exercise No.

1 Prepare profile with anappropriate accuracy as per drawing following

safety precautions. (NOS: PSS/N2001) 11.01-11.16
2 Prepare electrical wire joints, carry out soldering, crimping and measure

insulation resistance of underground cable. (NOS: PSS/N0108) 1217-1.2726
3 Verify characteristics of electrical and magnetic circuits.

(NOS: PSS/N6001,PSS/N6003) 1.3.27-1.556
4 Install, test and maintenance of batteries and solar cell (NOS: PSS/N6001) 1.6.57 -1.6.61
5 Estimate, Assemble, install and test wiring system. (NOS: PSS/N6001) 1762-18.74
6 Plan and prepare Earthing installation. (NOS: PSS/N6002) 1.8.75-18.77
7 Plan and execute electrical illumination system and test. (NOS: N/A) 1978-1982
8 Select and perform measurements using analog / digital instruments

and install/ diagnose smart meters. (NOS: PSS/N1707) 1.10.83-1.10.89
9 Performtesting, verify errors and calibrate instruments. (NOS: N/A) 1.10.90-1.10.92
10 Planand carry out installation, fault detection and repairing of domestic

appliances. (NOS: PSS/N6003) 1.11.93-1.11.97
1 Executetesting, evaluate performance and maintenance oftransformer.

(NOS: PSS/N2406, PSS/N2407) 1.12.98-1.12.106

NOTE :

» [Tl students can obtain certificate of competency (Trade license) from respective
Labour/ Industries department under State/ UT Gowt.

» Refer to notification available in public domain for concern states/ UT. Principal &
Trade Instructors to facilitate trainees.
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SYLLABUS

Duration

Reference
Learning
Qutcome

Professional Skills
{Trade Practical)
With Indicative Hours

-

Professional Knowledge (Trade
Theory)

Professional
Skill 40 Hrs.;

Professional
Knowledge 10
Hrs.

Prepare profile with
an appropriate
accuracy as per
drawing following
safety precautions.

{NOS: PSS/N2001)

1. Visit various sections of the institutes
and location of electrical installations.
{01hrs.)

2. |dentify safety symbols and hazards.
(02Hrs.)

3. Preventive measures for electrical ac-
cidents and practice steps to be taken
in such accidents. (03hrs.)

4. Practice safe methods of fire fighting
in case of electrical fire. (02hrs.)

5. Use of fire extinguishers. (03Hrs.)

Scope of the electrician trade.
Safety rules and safety signs.

Types and working of fire extinguish-
ers. (03 hrs.)

6. Practice elementary firstaid. (02hrs.)

7. Rescue a person and practice artificial
respiration. (01Hrs.)

8. Disposal procedure of waste materials.
(0O1Hrs.)

9. Use of personal protective equipment.
{01hrs.)

10. Practice on cleanliness and procedure
to maintain it. (02 hrs.)

First aid safety practice.
Hazard identification and prevention.
Personal safety and factory safety.

Response to emergencies e.g.
power failure, system failure and fire
etc. (03 hrs.)

11. Identify trade tools and machineries.
(O3Hrs.)

12. Practice safe methods of lifting and han-
dling of tools & equipment. (03Hrs.)

13. Select proper tools for operation and pre-
cautions in operation. (03Hrs.)

14.Care & maintenance of trade tools.
(O3Hrs.)

Concept of Standards and advan-
tages of BIS/ISI.

Trade tools specifications.

Introduction to National Electrical
Code-2011. (02 hrs.)

15. Operations of allied trade tools. (05 Hrs.)

16.Workshop practice on filing and
hacksawing. (05Hrs.)

Allied trades: Introduction to fitting
tools, safety precautions. Descrip-
tion of files, hammers, chisels hack-
saw frames, blades, their specifica-
tionand grades.

Types of drills, description & drilling
machines. (02 hrs.)

Professional
Skill 95 Hrs;

Professional
Knowledge 20
Hrs.

Prepare electrical
wire joints, carry out
soldering, crimping
and measure insula-
tion resistance of un-
derground cable.

{NOS: PSS/N0108)

17.Prepare terminations of cable ends (03
hrs.)

18.Practice on skinning, twisting and
crimping. (08 Hrs.)

19. Identify various types of cables and
measure conductor size using SWG
and micrometer. (06Hrs.)

Fundamentals of electricity, defini-
tions, units & effects of electric cur-
rent.

Conductors and insulators.

Conducting materials and their com-
parison. (06 hrs.)

20. Make simple twist, married, Tee and
western union joints. (15 Hrs.)

Joints in electrical conductors.

Techniques of soldering.
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21.Make britannia straight, britannia Tee
and rat tail joints. (15Hrs.)

22 Practice in Soldering of joints / lugs.
(12 Hrs.)

~

Types of solders and flux. (07 hrs.)

23. Identify various parts, skinning and
dressing of underground cable.
(10Hrs.)

24 Make straight joint of different types
of underground cable. (10Hrs.)

25.Test insulation resistance of under-
ground cable using megger. (06 hrs.)

26. Test underground cables for faults and
remove the fault. (10Hrs.)

Underground cables: Description,
types, various joints and testing pro-
cedure.

Cable insulation & voltage grades

Precautions in using various types
of cables. (07 hrs.)

Professional
Skill 160 Hrs.;

Professional
Knowledge
36 Hrs.

Verify characteristics
of electrical and mag-
netic circuits.

{NOS: PSS/N&001,
PSS/N6003)

27 Practice on measurement of param-
eters in combinational electrical circuit
by applying Ohm's Law for different
resistor values and voltage sources and
analyse by drawing graphs. (08 Hrs.)

28.Measure current and voltage in elec-
trical circuits to verify Kirchhoff's Law
(08Hrs.)

29 Verify laws of series and parallel cir-
cuits with voltage source in different
combinations. (05Hrs )

30. Measure voltage and current against
individual resistance in electrical cir-
cuit (05hrs.)

31.Measure current and voltage and
analyse the effects of shorts and opens
in series circuit. (05 Hrs.)

32.Measure current and voltage and
analyse the effects of shorts and opens
in parallel circuit. (05 Hrs.)

Ohm's Law; Simple electrical cir-
cuits and problems.

Kirchoff's Laws and applications.
Series and parallel circuits.

Open and short circuits in series
and parallel networks. (04 hrs.)

33.Measure resistance using voltage
drop method. (03Hrs.)

34 Measure resistance using wheatstone
bridge. (02 Hrs.)

35. Determine the thermal effect of elec-
tric current. (O3Hrs.)

36. Determine the change in resistance
due to temperature. (02Hrs.)

37 Verify the characteristics of series
parallel combination of resistors.
(O3Hrs)

Laws of Resistance and various
types of resistors.

Wheatstone bridge; principle and its
applications.

Effect of variation of temperature on
resistance.

Different methods of measuring the
values of resistance.

Series and parallel combinations of
resistors. (04 hrs.)

38. Determine the poles and plot the field
of a magnet bar. (05Hrs.)

39.Wind a solencid and determine the
magnetic effect of electric current.
(O5Hrs.)

Magnetic terms, magnetic materialg
and properties of magnet.

Principles and laws of electro-magH
netism.

Self and mutually induced EMFs.
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40. Determine direction of induced emf
and current. (O3hrs.)

41.Practice on generation of mutually
induced emf. (03hrs.)

42 Measure the resistance, impedance
and determine inductance of choke
coils in different combinations.
(05Hrs.)

43. |dentify various types of capacitors,
charging / discharging and testing.
(05 Hrs.)

44 Group the given capacitors to getthe

required capacity and voltage rating.
(05 Hrs.)

Electrostatics: Capacitor- Different
types, functions, grouping and
uses. (08 hrs.)

45 Measure current, voltage and PF and
determine the characteristics of RL,
RC and RLC in AC series circuits.
(06Hrs.)

46 Measure the resonance frequency in
AC series circuit and determine its
effect on the circuit. (05hrs.)

47 Measure current, voltage and PF and
determine the characteristics of RL,
RC and RLC in AC parallel circuits.
(06Hrs.)

48. Measure the resonance frequency in
AC parallel circuit and determine its
effects on the circuit. (05hrs.)

49 Measure power, energy for lagging and
leading power factors in single phase
circuits and compare characteristic
graphically. (06Hrs.)

90. Measure Current, voltage, power, en-
ergy and power factor in three phase
circuits. (05hrs.)

51. Practice improvement of PF by use of
capacitor in three phase
circuit.(O3Hrs.)

Inductive and capacitive reactance,
their effect on AC circuit and related
vector concepts.

Comparison and Advantages of DC
and AC systems.

Related terms frequency, Instanta-
neous value, R.M.S. value Average
value, Peak factor, form factor,
power factor and Impedance etc.

Sine wave, phase and phase differ-
ence.

Active and Reactive power.

Single Phase and three-phase sys-
tem.

Problems on A.C. circuits. (10 hrs.)

92. Ascertain use of neutral by identifying
wires of a 3-phase 4 wire system and
find the phase sequence using phase
sequence meter. (O7Hrs.)

53. Determine effect of broken neutral wire
inthree phase four wire system. (04hrs.)

54 Determine the relationship between
Line and Phase values for star and delta
connections. (07Hrs.)

95. Measure the Power of three phase cir-
cuit for balanced and unbalanced
loads. (10Hrs.)

96. Measure current and voltage of two
phases in case of one phase is short-
circuited inthree phase four wire sys-
tem and compare with healthy system.
(07hrs.)

Advantages of AC poly-phase sys-
tem.

Concept of three-phase Star and
Delta connection.

Line and phase voltage, current and
power in a 3 phase circuits with
balanced and unbalanced load.

Phase sequence meter. (10 hrs.)

(xv)




Professional
Skill 50 Hrs.;

Professional
Knowledge 10
Hrs.

Install, testand main
tenance of batteries
and solar cell.

{NOS: PSS/N6001)

57.Use of various types of cells. (08 Hrs.)

58. Practice on grouping cf cells for speci-
fied voltage and current under differ-
ent conditions and care. (12 Hrs.)

59. Prepare and practice on battery charg-
ing and details of charging circuit. (12
Hrs.)

60.Practice on routine, care/ mainte-
nance and testing of batteries. (08
Hrs.)

61.Determine the number of solar cells
in series / parallel for given power re-
quirement. (10 Hrs.)

Chemical effect of electric current
and Laws of electrolysis.

Explanation of Anodes and cath-
odes.

Types of cells, advantages / disad-
vantages and their applications.

Lead acid cell; Principle of opera-
tion and components.

Types of battery charging, Safety
precautions, test equipment and
maintenance.

Basic principles of Electro-plating
and cathodic protection

Grouping of cells for specified volt-
age and current.

Principle and operaticn of solar cell.
(10Hrs.)

Professional
Skill 200 Hrs.;

Professional
Knowledge 42
Hrs.

Estimate, Assembile,
install and test wiring
system.

{NOS: PSS/N6001)

62. Identify various conduits and different
electrical accessories. (8 Hrs.)

63. Practice cutting, threading of different
sizes & laying Installations. (17 Hrs.)

64 Prepare test boards / extension
boards and mount accessories like
lamp holders, various switches, sock-
ets, fuses, relays, MCB, ELCB,
MCCBetc. (25 Hrs.)

|.E. rules on electrical wiring.

Types of domestic and industrial
wirings.

Study of wiring accessories e.g.
switches, fuses, relays, MCB,
ELCB, MCCB etc.

Grading of cables and current rat-
ings.

Principle of laying out of domestic
wiring.

Voltage drop concept. (14 Hrs))

65.0Oraw layouts and practice in PVC
Casing-capping, Conduit wiring with
minimum to more number of points of
minimum 15 mtr length. (15 Hrs.)

66.Wire up PVC conduit wiring to con-
trol one lamp from two different places.
(15 Hrs.)

67 . Wire up PVC conduit wiring to con-
trol one lamp from three different
places. (15 Hrs.)

68.Wire up PVC conduit wiring and prac-
tice control of sockets and lamps in
different combinations using switch-
ing concepts. (15 Hrs.)

PVC conduit and Casing-capping
wiring system.

Different types of wiring -

Power, control, Communicationand
entertainment wiring.

Wiring circuits planning, permissible
load in sub-circuit and main circuit.
(14 Hrs))

69.Wire up the consumers main board
with MCB & DB's switch and distribu-
tion fuse box. (15 Hrs.)

70. Prepare and mount the energy meter
board. (15 Hrs.)

71. Estimate the cost/bill of material for
wiring of hostel/ residential building
and workshop. (15 Hrs.)

Estimation of lpad, cable size, bill
of material and cost.

Inspection and testing of wiring in-
stallations.

Special wiring circuit e.g. godown,
tunnel and workshop etc. (14 Hrs.)

(xvi)




72.Practice wiring of hostel and residen-
tial building as per IE rules. (15 Hrs.)

73. Practice wiring of institute and work-
shop as per IE rules. (15 Hrs.)

74 Practice testing / fault detection of
domestic and industrial wiring instal-
lationand repair. (15Hrs.)

Professional
Skill 25 Hrs.;

Professional
Knowledge
07 Hrs.

Plan and prepare
Earthing installa-
tion.

(NOS: PSS/N6002)

75.Prepare pipe earthing and measure
earth resistance by earth tester /
megger. (10 Hrs.)

76.Prepare plate earthing and measure
earth resistance by earth tester /
megger. (10 Hrs.)

77.Test earth leakage by ELCB and re-
lay. (5 Hrs.)

Importance of Earthing.

Plate earthing and pipe earthing
methods and IEE regulations.

Earth resistance and earth leakage
circuit breaker. (5 Hrs.)

Professional
Skill 45Hrs.;

Professional
Knowledge
10Hrs.

Plan and execute
electrical illumina-
tion system and
test.

(NOS: N/A)

78. Install light fitting with reflectors for di-
rect and indirect lighting. (10 Hrs.)

79.Group different wattage of lamps in
series for specified voltage. (S Hrs.)

80. Practice installation of various lamps
e.g. fluorescent tube, HP mercury
vapour, LP mercury vapour, HP sodium
vapour, LP sodium vapour, metal ha-
lide etc. (18 Hrs.)

81. Prepare decorative lamp circuit to pro-
duce rotating light effect/running light
effect. (6 Hrs.)

82.Install light fitting for show case light-
ing. (6 Hrs.)

Laws of llluminations.
Types of illumination system.

[lumination factors, intensity of
light.

Type of lamps, advantages/ disad-
vantages and their applications.

Calculations of lumens and effi-
ciency. (10 hrs.)

Professional
Skill 50 Hrs.;

Professional
Knowledge 08
Hrs.

Select and perform
measurements us-
ing analog / digital
instruments and in-
stall/ diagnose
smart meters.

(NOS: PSS/N1707)

83.Practice on various analog and digi-
tal measuring Instruments. (5 Hrs.)

84 Practice on measuring instruments
insingle and three phase circuits e.g.
multi-meter, Wattmeter, Energy
meter, Phase sequence meter and
Frequency meter etc. (12Hrs.)

85.Measure power in three phase cir-
cuit using two wattmeter methods.
(8Hrs.)

86. Measure power factor in three phase
circuit by using power factor meter
and verify the same with voltmeter,
ammeter and wattmeter readings.
(10Hrs.)

87.Measure electrical parameters using
tong tester in three phase circuits.
(08Hrs.)

88.0Demonstrate Smart Meter, its physi-
cal components and Communication
components. (03 Hrs.)

89.Perform meter readings, install and
diagnose smart meters. (04 Hrs.)

Classification of electrical instru-
ments and essential forces required
inindicating instruments.

PMMC and Moving iron instru-
ments.

Measurement of various electrical
parameters using different analog
and digital instruments.

Measurement of energy in three
phase circuit.

Automatic meter reading infrastruc-
tures and Smart meter.

Concept of Prosumer and distrib-
uted generation.

Electrical supply requirements of
smart meter, Detecting/clearing the
tamper notifications of meter. (08
hrs.)

{xvii)




[ Professional
Skill 25 Hrs.;

Professional
Knowledge
05Hrs.

Perform testing,
verify errors and
calibrate instru-
ments.

(NOS: N/A)

90.Practice for range extension and
calibration of various measuring in-
struments. (10 Hrs.)

91.Determine errors in resistance mea-
surement by voltage drop methed. (8
hrs)

92 Test single phase energy meter for
its errors. (7 Hrs.)

Errors and corrections in measure-
ment.

Loading effect of voltmeterand volt-
age drop effect of ammeter in cir-
cuits.

Extension of range and calibration
of measuring instruments. (05 hrs.)

Professional
Skill 75 Hrs.;

Professional
Knowledge 10
Hrs.

Plan and carry out
installation, fault de-
tection and repairing
of domestic appli-
ances.

(NOS: PSS/N6003)

93. Dismantle and assemble electrical
parts of various electrical appliances
e.g. cocking range, geyser, wash-
ing machine and pump set. (25 Hrs.)

94 Service and repair of electric iron,

electric kettle, cooking range and
geyser. (12 Hrs.)

95. Service and repair of induction heater
and oven. (10 Hrs.)

96.Service and repair of mixer and
grinder. (10Hrs.)

97.Service and repair of washing ma-
chine. (13Hrs.)

Working principles and circuits of
common domestic equipment and
appliances.

Concept of Neutral and Earth. (10
hrs.)

Professional
Skill 75 Hrs.;

Professional
Knowledge 12
Hrs.

Execute testing,
evaluate perfor-
mance and main-
tenance of trans-
former.

(NOS:  Pss/
N2406, PSS/
N2407)

98. Verify terminals, identify components
and calculate transformation ratio of
single-phase transformers. (8 Hrs.)

99 Perform OC and SC test to determine
and efficiency of single-phase trans-
former. (12Hrs.)

100 Determine voltage regulation of single-
phase transformer at different loads
and power factors. (12 Hrs.)

101 Perform series and parallel cperation
of two single phase transformers. (12
Hrs.)

102 Verify the terminals and accessories
of three phase transformer HT and LT
side. (BHrs.)

Working principle, construction and
classification of transformer.

Single phase and three phase
transformers.

Turn ratio and e.m.f. equation.

Series and parallel operation of
transformer.

Voltage Regulation and efficiency.

Auto Transformer and instrument
transformers (CT & PT). (12 Hrs.)

103Perform 3 phase operation (i) delta-
delta, (ii) delta-star, (iii) star-star,

(iv) star-delta by use of three single phase
transformers. (6 Hrs.)

104Perform testing of transformer cil. (6
Hrs.)

105Practice on winding of small trans-
former. (8 Hrs.)

106Practice of general maintenance of
transformer. (5 Hrs.)

Method of connecting three single
phase transformers for three phase
operation.

Types of Cooling, protective devices,
bushings and termination etc.

Testing of transformer oil.

Materials used for winding and wind-
ing wires in small transformer.

(08 Hrs.)

{xviii)




Power
Electrician - Safety practice and hand tools Exercise 1.1.01

Visit various sections of the institute and location of electrical installations

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

» visit the various sections/trade in your ITl and draw the layout of your ITI

» record the telephone numbers of the ITI office, hospitals, police station and fire station
* draw the layout of your section

» identify the locations that have electrical installations.

PROCEDURE

TASK 1: Visit various sections of the ITl and draw the layout of your ITI

Instructor will lead the new trainees to various sections of the ITI.

1 Visit the various sections in your ITI and identify the 4 Collect the telephone numbers of the ITl office, nearest
sections of the |TI. List the trades and record it in your hospitals, nearest police station and the nearest fire
note book. station and record.

2 Collect the information about the staff members in 5 Draw the layout of your [Tl showing various trades.
eachtrade.

Note :A Sample layout of the ITI (Fig 1) is given
for your reference. Now draw the new layout
of your ITI, with the trades/sections.

3 Identify the location of the ITI with details about the
railway and bus stations in the locality and note down
the list of bus route numbers which ply nearthe ITI.

Fig 1
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TASK 2: Draw the layout of your section in the ITI

1

Draw the plan of your section to a suitable scale in a
separate sheet of paper (Ad size).

Take the length and the breadth measurements of
machine foundations, work benches, panels, wiring
cubicles, doors, windows, furniture, etc.

Draw the layout of the machines, work benches, panels
and furniture.

The section plan should be in the same scale
as in step 1 as per the actual placement of the
machine foundations, panels, furniture, work
benches etc.

Note : The sample layout of a typical
electrician trade section is given for your
reference (Fig 2). You have to draw your
section's is layout using the sample as

reference.
Fig 2
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5
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= 3
ol | [ R Jsd [l B[
INSTRUCTOR TABLE E r%ﬂ g s % £ g E . 5 S g
i R — | LS : il 193 i
|_| |_| TOOL CUP o
MACHINE PANELS g
TASK 3: Identify the locations of Power installations
1 Identify the main switch and mark its position in the .
layout. (Fig 3) Figs SUB-MAIN DISTRIBUTION
2 |dentify each of the sub-main switches, the area of uiia iy
control in the section and mark them on the layout. Sm‘gH ! ! mﬁgﬂ;ﬁﬁmﬂ
3 Identify 3 or 4 spots invarious locations of the electrician
sections layout and identify the respective sub-main |T 2 AREA OF CONTROL —SHOF 1
switches. L VWORKBENCH
4 Practice switching 'off' the control switches, depending
upch the area of controlimagining that victim are . . WRNG cuBloLEs
etectrocuted in a specific location/spot.
AREADFCONTROL—SHOPS g
TABLE EXPERIMENTS g
2 Power : Electrician (NSQF - Revised 2022) - Exercise 1.1.01




Power
Electrician - Safety practice and hand tools Exzercise 1.1.02

Identify safety symbols and hazards

Objectives: 2t the end of thiz exerdss you shall be able to
= identify the safety symbols from the chart and their basic categories

= write their meaning and description mentioni ng where they are used Scanthe OR -:-de -:- Sl
= read and interpret different types of occupational hazards from the chart. the wdeo for this exercise

Requirements

Material s
* Basic safety signs chart -1Ma. = Occupational hazards chart -1 Mo,
= Roadsatety signs and traffic

signal chart -1 Mo,

FROCEDURE
TASK 1: ldentify safety symbols and interpret what they mean with the help of their colour and shape

nstructor may provide chantswith various safety 1 Identify the signzandtheir categories from the chatt.
?hmsmrﬁe_matdrfff:}trﬂgn_smtrﬂfﬁc_sgnalﬁ 2 Writethe name, categories meaning and descriptionof
£y ER ] GteHII S Iheaiiie] each signandits place of uze in Takle 1.

colour. Ask the trainees to identify the signs
and record it in Table 1.

Takle
Ho. Safety=signs Hame of the sign and c ategorny Place of use




No.

Safety signs Name of the sigh and category

Place of use

10

11

12

13

Power : Electrician (NSQF - Revised 2022) - Exercise 1.1.02




TASK 2 : Read and interpret the different types of personal protective equipment (PPE) from the chart

2 Complete the details and get it checked by your
Instructor may brief the various types of instructor.

occupational hazards and their causes.

1 Identify the occupational hazard matching it to the
corresponding situation with the given potential in

Table 2.
Table 2

Sl.No. Source or potential harm Type of occupational hazard

1 Noise

2 Explosive

3 Virus

4 Sickness

5 Smoking

6 Non-control device

7 MNo earthing

8 Poor housekeeping

Power : Electrician (NSQF - Revised 2022) - Exercise 1.1.02 5



Power
Electrician - Safety practice and hand tools Exercise 1.1.03

Preventive measures for electrical accidents and practice
steps to be taken in such accidents

Objectives: A the end ofthis exercize | you shall be ableto s ;

= practice and follow preventive safety nules to avoid electrical accidents Scan the OR Codeto wew
» rescuethe electric shock victim the wideo for this exercise
Requirements
Materials
= Heawyinsulated screwdriver200mm -1 Mo, = WWinoden stool -1 Mo,
= Eledncal zafety chart (or) display -1 Mo, = |Ladder -1 Mo,
= CGloves -1 M. = Safetybelt -1 Mo,
= Rubbermat -1 Mo,
PROCEDURE

T&ZK 1. Practice and follow preventive safety rules to avoid electric al accidents

1 Do notwork onlive circuits, If unasvoidable uze rubber T Replace (or) remove fuses only atter switching off the

gloves or rubber mats, circuit switches.
2 Do naottouch bare condudars, g Donat sretch your hands towards any moving part of
3 =tand on aswooden stool or an insulated [adder while U el g b A s B v b el
repaiting live Power circuitsfappliances or replacing 9 Do not conned earthing to the water supply Power
fused bulbs. lines.

4 Stand onrubber matzshile working, operating switch 10 Discharge static voltage in HY linesfequipm ent and
panels, contral gears, etc. capacitors befare working onthem.

5 Alwavzusze safetybeltswhile working on polesor high- 11 Keep the workshop foor clean and toolz in good
rige points. condition.

B Uze scresadtivers swith wooden o PYC insulated bandle
whien working on electrical circuits,

TASH 2 : Rescue the electic shotok victim

1 =witch OFF the poser or remoye the plug or wwench o Heep the victim warm and com fotable. (Fig 3)

HGEIE e Send someone to call the doctor, in caze of eledric

2 Movethesidim from contad with the live condudiar by bumsz.

Lzing dry non-condu ding materialz like wooden bars. the victimihas Powes burns chieto shiock: it
n L

(sl may be very painful and is dangerous. IF a
Avoiddirect contact withthe victim Wrapyour large area of the body is burnt do not give
handswith dry materialif ubber gloves are not treatment. Give first-aid as givenin step §
available. ¥you are uninsulated, do not touch : :
the uictim with your bare hands. T Coverthe burnt ares sith pure running seter.

T e 3 Cleanthe burnt areausing a dean clothicotton.

E nswrethat there is good air circulation Seek

In ¢ase of severe bl eeding

help to shift the patient to a safer place. Wthe 9 Laythe patient fist.
uu:i_lm E= alol ke SlE B RV T SR O I 10 Raize the injured part above the body level. (1f
falling. possible)

ke oosen dhie cln?hllng.near e nec ,.nzthesf[ and walst 11 Apply pres=ure on the swound, as long az necessary,
and place the victim in & relaxed position, ifthe victim to stop the bleeding. (Fig 4)

I LN Conscous.



Fig 1

ELN1103H1

INSULATE YOURSELF AND PULL
THE VICTIM AWAY FROM SUPPLY

UNPLUG THE
SUPPLY

ELN1103H2

Fig 4
DIRECTION OF
PRESSURE

ELN1103H4

12 cover the injured area with a clean pad and bandage
firmly, if it is a large wound. (Fig 5)

If bleeding is severe, use more than one
dressing.

13 initiate right methods of artificial respiration, if the
person is UNconscious

Fig 3

ELN1103H3

Fig5

~—— DRESSING CLOTH

ELN1103HS
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Power

Electrician - Safety practice and hand tools

Exercise 1.1.04

Practice safe methods of fire fighting in case of

electrical fire

Objectives: A the end ofthis exerdse you shall be ahble to
» demonstrate the ability of fire-fighting during electrical fire

* a5 a member of the firefighting team
* a5 a leader of the oy oup.

Requirements

Scan the OF Code to wew
the video for this exercize

E quipmentMachines

*  Fire edinguishers-C O, -1 Mo,

FROCEDURE

General procedure to be adopted during electrical fire

1

Faizeanalarm. Followthe methods given belowto
taize an alarmm signalz swhenthe fire breakes out.

— Raise your voice and showt Fire! Firel to drasw
sttention.

— Runtowards fire alarmbellto activate
— =awitch off the mainz (if possible)
When you hear the alarm signal:

— Stopwaorking

— Turnoffall machinery and power

— Swjtch off fansfair droulastorsiexhaud fans, (t's
good 1o switch offthe sub-main)

| fyouare not involvedin the fire fighting:

— Leavethe place uzing the em ergency ext.
— Ewacuatethepremizes

— Azzamble at a zafe place along with otherz
— Check, ifanyone has called the fire services

— Closethe doorzand swindowes bt donot lock orbalt

As a member of the fire-fighting team
4 | fyouareinyolvedinfire fighting:

— Takeinstructionsto exdinguish fire inan organised
WY,

[ftaking instrudions:

— Followthe ingructions, and obey, Be zafe and do
not get trapped.

— [Donatuse your own ideas.

Az a leader of the group

I wou are giving instructions:
— Locate and use oo fire exting uisher

— Seek for sufficient assistance and inform the fire
hrigacke

— Locate locally available sutable means to put out
the fire

— Judgethe magnitude ofthe fire, E naure that em er-
gency exit paths are dear with no obatructions and
then attempt to evacuste the place. (Remove
explozive materalz, substances that would easly
catch fire.

— Put off the fire with assistance idertifying people
with assigned responsibility for each adivty.

Feport the messures taken to put outthe fire, to the
authorties concerned.

Detailed reports on the fire accident=s, even if
they are small accidents, shall help in
identification of the causes of the fire. The
identified causesshall helpintaking preventive
measures to avoid similar occurences in the
future




Power
Electrician - Safety practice and hand tools Exzercise 1.1.05

Use of fire extinguishers

Objectives: 2t the end of thiz exerdse you shall be able to

= select fire extinguishers according to the type of the fire F_ " ; X
= operate the fire extinguisher Scan the OF Code 10 e
. Euilngush the fire. the video for this exercize
Requirements
E quipment Machines
* Fireextinguishers-CO_ -1 Mo, * Cellphone - 1Mo
= Soizzors100mm -1 Mo,
PROCEDURE

1 Alert peoplein the surrounding area by shouting fire, 4 Swdtch "OFF" all eledrical supply.

fire, firg when you s2e fire (Fig 1a &R,
Do not allow people to go near the fire.

2 Infonm ire s2rdce or arrange toinform them immedisely

(Fig 1c). 5 Analyze toidentify the type of fire.

2 Dpen the emergency ext and ask the people inside B fssumethatistypeD fire (slectrical fire)
the area to go away (Fig 1d). :

Agd

(&) )




Select CO, (carbon dioxide) fire extinguisher.

Locate and take the CO, fire extinguisher. Check for

its expiry date.
Break the seal. (Fig 2)

Fig 2

12 Slowly squeeze the handle lever to discharge the agent.

13 Sweep from side to side approximately 15 cmover the

fuel fire until the fire is put off. (Fig 5)

Fig 5

ELN1105H8

SWEEPING

BREACKING OF SEAL

EL1105H8

10 Pull the safety pin from the handle. (Fig 3) (the Pin i

wn

located at the top of the fire extinguisher.) (Fig 3)

Fig 3

ELN1105HT

PULLING THE SAFETY FIN

Fire extinguishers are manufactured for use
from a distance.

Caution

While putting off fire, the fire may flare up.
Do not panic so long as it is being put off promptly

If the fire does not respond well even after you have
used the fire extinguisher, move away from the fire
point.

Do not attempt to put out a fire when it emits toxic
smoke. Leave it to the professionals.

Remember that your life is more important than the
property. So do not take risks.

™

Aim the extinguisher nozzle or hose at the base of the
fire. (This will remove the source of the fuelfire.) (Fig 4)

Keep your self low.

AIMING THE NOZZLE AT THE
BASE OF THE FIRE

ELN1105H8

10

In order to remember the simple operation of
fire extinguisher, remember P.A.S.S.

This will help to use the fire extinguisher.
P for pull

A for aim

S for squeeze

S for sweep

Power : Electrician (NSQF - Revised 2022) - Exercise 1.1.05



Power

Electrician - Safety practice and hand tools

Exercise 1.1.06

Practice elementary first aid

Objective: A the endofthiz exerdss vou shall be ahle to

prepare the victim for elementary first aid.

Scan the OF Codeto wiew
the wvideo forthis exercise

Requirements

E quipmentMaterials

= pMumber ofPersons(Insthuctor can divdde the traineesinto suitable Mumber of groups )

=20 Mos.

PROCEDURE

Az=umption: For easy manageability, Instructor may dividethetraineesinto groups and ask each group

1o perform one method of resuscitation.

TAZHK 1: Prepare the victim before giving first-aid treatment

1

Loozen the tight clothing &z it may interfere with the
victim 'shresthing. (Fig 1)

M 1

Femowe any foreign m aterial or falze teeth from the
svictim's mouth and keep the sidim's mouth open.

(Fig 2]

safely bring the vWidim to the lesel ground, taking the
necessary safety measures, (Fig 3)

Do not waste too much time in loosening the
clothes or tryving to open the tighthr closed
mowh.

Avoidviolent operationsto preventinjury ofthe vidim 's
irternal parts.

TAZK 2 Prepare the victim for artifical respiration

if breathing ha s=stopped, torto provide artifical
respiration

Send word for professional assigdance. (If no other
perzon iz available, you say withithe vidim and help
azbest asyou can.)

Look far sisihle injury in the body and decide on the
aditable method of artificial respiration.

- Inthe cass ofinjuryhurnzonthe chest andforbelly
fallowythe mout b to m outh method.

- Inthe case of burn and injuey in the back, follow
Melzon'smethod,

FEET THE EEATHOPER

Flace the victim inthe cored position before giving
artificial respiration.

All actions should be taken immediately.
D elay by even afewseconds may bedangerous.

Coverthesidim with cost, sacks arimprovise with your
o method. Helpto keep the vidim's body warm .

Proceed to perform the zuitable artifical rezpiration
method,

11




Power

Electrician - Safety practice and hand tools

Exercise 1.1.07

Rescue a person and practice artificial respiration

Objective : A the end of this exercize vou shall be ableto

= rescuea victimfrom electric shock
« apply respiratory methods
- Hel=on's am - Lift back method
Schafer's method
- mouth to mouth method
- mouth to nose method
- revive I:reaﬂ'ling du'irg cardiac ammest.

Soan the OR Code to e
the wWdeo for this exercise

Requirements

E quipment Materials
= Cortrol panel arrangement -1 M, = Wooden sick - 1Mo,
= Motor -1 Ma. = 2personsfor demonstration purpoze
= Rubbermat -1 Mo,
FROCEDURE

TAZK 1: Rescue a person (mock victimy from live supply (simulated)

Rg1

iy

1 Ohssrvethepersonimock sictim) receiving aneledric

shock . Interpret the stustion guickly.

2

Safelymovethe Wctim seay fom the 'live” equipm ent
by dizconneding the supply o using any insulating
material. (Fig1)

Do not run to switch off the supphy that is far
away.

Do not touch the victim with bare hands untl
the circuitis made dead orthe victimis moved
away from the equipment.

Push or pull the victim away fromthe point of
comtact of the liveequipment, without causing
Sefious injury to the victim

Fhysically movethe victim 1o a neaty placs .

Take fepstorevive breathing ifthesidim izunconscious
and not breathing.

TA&ZK 2 Revive breathing in the victim by Helzon's amm-Lift back pressare method

Hel son's ammdift back pressure method must
not be usedwhen there areinjuriestothe chest

and belly.

P lacethe victim withhizarm s folded withthe palm zone
ovet the other and the head regting facing the ground
with his cheek overthe palms.

2 Kneel onone or both knees near the vidim's hand .

12

P lace yourhandsonthe svidim's back bevondthe line
ofthe amnpits, with your fingets spread outwards and
downsards, thumbs jus touching asinFig 2.

q

Gertly rock farward keeping your arms straight undil
theyvareneary verical, and geadilykeep pre szing the
svidim'sback asshowninFig 3to forcz the air out ofthe
vidim's lungs.

Synchronise the above movement of rocking back
wards with your hands sliding downeeards along the
vidim's arms, and grasp his upper arm just above the
elhoweasshowninFigd. Continuetarock back wards.

Az wou rock back, gently raize and pull the wWdim's
arms towards you a3 shownin Fig S until you feel the
tensionin hizshoulders. To completethe oyde | lower
the vidim's arm=and move yourhands uptothe initial
position.



Fig 2

HEAD RESTING ON
CHEEK OVER THE
PALMS

HANDS ON THE
BACK BEYOND LINE
OF ARM PIT

ARMS FOLDED

ELN110THZ

Fig 4

HANDS DOWNWARDS

GRASP THE UPPER ARMS
JUST ABOVE THE
ELBOWS.

ELN1107H4

Fig 3

ARMS STRAIGHT AND
NEARLY VERTICAL

BACK PRESSED

ELN1107H3

7 Continue artificial respiration till the victim starts to
breathe naturally. Please note, insome cases, it may
take hours.

8 When the victim revives, keep the victim warm with a
blanket, wrapped around himor with hot water bottles
orwarm bricks. Stimulate blood circulationtowards the
heart by stroking the insides of the arms and legs.

Fig 5

ARMS PULLED

ELN1107H5

Keep him in the lying position and do not let him exert
himself.

Do not give him any stimulant, until he is fully
conscious.

TASK 3 : Revive breathing in the victim by Schafer’s method

Do not use this method when the victim has
injuries on the chest and belly.

1 Lay the victim on his belly, one arm extended direct
forward, the other arm bent at the elbow and with the
face turned sidewardand resting cnthe handor forearm
as shown in Fig 6.

2 Kneelwhen thevictimis astride, sothat his thighs are
between your knees with your fingers and thumbs
positicned as in Fig 6.

3 With the arms held straight, slowly swing forward so
that the weight of your body is gradually broughtto bear
upcnthe lower ribs ofthe victimtoforce the air out ofthe
victim's lungs as shown in Fig 7.

4 Now immediately swing backwards removing all the
pressure from the victim’s body as shown in Fig 8, to
allow the lungs to fill with air.

Fig6

THUMB ALONG

FINGERS MOUTH AND

| NOSEOPEN

LITTLE FINGER
ALONG LOWEST

ELN1107H8

Aftertwo seconds, swing againforwardandrepeatthe
cycle twelve to fifteen times per minute.

Continue it till the victim begins to breathe naturally.
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Fig7

WEIGHT OF THE
BODY ON PALM
OF THE HAND

ELBOWS STRAIGHT
THIGHS AND ARMS
PERPENDICULAR TO
THE GROUND

ELN110THT

Fig8

ELN1107H8

TASK 4: Revive breathing in the victim by mouth-to-mouth method

1

Lay the victim flat on his back and place a cloth roll

under his shoulders to ensure that his head is thrown Fig 11
well back. (Fig 9) oAl il
Fig$ e
UPPER TEETH
] HEAD BACK E
-
2 Tilt the victim's head back so that the chin points Fig 12
straight upwards. (Fig 10) o anror
TWO MOUTHS
Fig 10 NOSE PINCHED
S
E
E
Blow into the victim's mouth (gently in the case of an
infant) until his chest rises. Remove your mouth and
& release the hold onthe nose, to let him exhale, turning
= your headto hear gushingthe outofair. Thefirst8to 10
o breathings should be as rapid as the victim responds.
3 Graspthe victim's jaw as shown in Fig 11, and raise it Thereafterthe rate should be slowed downto about 12

14

upwards untilthe lower teeth are higherthanthe upper
teeth you may also place your fingers on both sides of
the jaw near the victim's ear lobes and pull upward.
Maintain this jaw position throughout the duration to
revive respiration to prevent the tongue from blocking
the air passage.

Take a deep breath and place your mouth over the
victim's mouth as shown in Fig 12 making airtight
contact. Pinch the victim’s nose shut with the thumb
and forefinger. If you dislike direct contact, place a
porous cloth between your mouth and that of the
victim's. For an infant, place your mouth over the
infant's mouth and nose. (Fig 12)

times per victim's minute (20 times for an infant).

If air cannot be blown in, check the position of
the victim’s head and jaw and recheck the
mouth for obstructions. Then, try again more
forcefully. If the chest stilldoes notrise, turnthe
victim’s face down and strike his back sharply
todislodge obstructions.

Sometimes air enters the victim’s stomach as
evidenced is the swelling ofthe stomach. Expel
the air by gently pressing the stomach during
the exhalation period.
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Exercise 1.1.08

Disposal procedure of waste materials

Objectives: 2t the end of thiz exerds=e you shall be able to

= jdentify the different type of waste material

= seqregate the waste materials inthe respective bins

= zort non-saleable and saleable materials separately and maintain record.

Scan the I]H"D:l:le 1o wew
the video for this exerdse

Requirements

Materials

= Shiowel -1 Mo. = Trolly with wheels -3 Mo=.

= Plasticietal bins -d Moz, * Brushandgloves -1 P air
PROCEDURE
1 Colled all the waste matenalz inthe workshop. 3 Sortwastematerialzas zaleable non saleakle, organic

2 ldertity and s2gregate them like cotton waste, metal

and inorganicmaterials.

chipz, chemical waste and eledrical waze (Fig 1) 4 Recordthe sorted waste material and fill Takle-1.

separatelyand label them .,

Table-1

SLHo. Hame of the waste material Quantity Saleable or non Saleable

1

2

3

4

=

=

5 Artange stlesst 3trolleys with wheels for dispossl. B Putthecotton waste in the cofton trolly and similarly

Stick label on each trolly a5 "Cotton Waste”, "Metal put the m etal chips wadte and athersinthe respective
Chips" and "others". (Fig 2) trofleys.

15



METAL CHIPS

ELN1108J2

-

Keep 4 more bins to collect saleable scrap, non
saleable scrap, organicwaste and Inocrganicwasteand
label them. (Fig 3)

Fig 3

Non Saleable
Material

Saleable Material

Waste Material
{ Organic )

Waste Material
( Inorganic )

Skill Sequence

Separate the cotton waste and dispose it

Objectives: This shall help you to
+ separate and dispose cotton waste.

Collect the chips by hand shavel with the help of a
brush.

Cleanthe floor if oil has been spilt.

Do not handle the chip with bare hand.
Separate the chip according to the metal.

Separate the cotton waste and store itin the bin provided
for the purpose.

Store the each category in the assigned bins.

Each bin has respective label.

16

Collect all the saleable material and non salable one
seperately and put them in the respective bins.

Collect all the non-saleable materials like cotton waste,
paper waste, wooden pieces, etc., and keep them in
the respective bin as in Fig 3.

Check the non-saleable material (organic) and send it
for disposal by burning after getting approval.

Check the saleable material and segregate like
Aluminium, Copper, Iron, Screws, nuts and other items
separately and send it to the stores for disposal by
auction (or) as per recommended procedure.
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Electrician - Safety practice and hand tools

Exercise 1.1.09

Use of personal protective equipment

Objectives: At the end of this exercise you shall be able to
* read and interpret different types of Personal Protective Equipment (PPE) from the chart (or) real PPE
+ identify and name the PPEs corresponding to the type of protection and write their uses.

Requirements

Tools f Equipment

+ Chartshowingdifferenttypes
of PPEs -1 No.

Real PPEs(available in section)

- as required.

PROCEDURE

Instructor may arrange the available different
types of PPEs in the table or provide the chart
showing the PPEs. Instrcutor mayalso explain

Identify the different types of PPEs and write their
names with the help of the chart and write in Table 1.

: 2 Write the type of protection and uses in the space
the types of PPEs and their uses, and the ? i ;
hazarlfips for which each type is used. provided against each PPE inTable 1.
Table 1
Sl. No. Sketches Name of Type of Uses
PPE protection
1 Fig 1

5 Fig 2

3
g
A

Fig 4
4
)

3

17



Sl. No. Sketches Name of Type of Uses
PPE protection
3 Fig5
g
=
d
6 Flg &
:
7 -
Fig 7
g
8 Fig &
g
2
9 Fig9

ELN1108J2

3 Get it checked by your instructor.

18
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Electrician - Safety practice and hand tools

Exercise 1.1.10

Practice on cleanliness and procedure to maintain it

Objectives: 2t the end of this exerciss you shall be able to

= jdentify the places'machineny/equipment that are to be cleaned
= collect the cleaning materialsidevices required for cleaning
= clean the machines/equipment and devices indtalled in yvour section

Scan the OR Code to wiem
the wdeo for this exenciss

Requirements

Tools ! Equipment

= Portable wvacuum deanetblower -1 Mo,

Materals
Emeryshest- O grade -1 Mo.
Duzting cloth -as reguired,
Dzt hin -3 Mos .
[labelled)

FROCEDUEE

Switch OFF all the machinery and equipment
before starting the cleaning process. Use a
mask or cover the mouth and nose.

Do not remove lubrcantsinthe machine while
wiping/cleaning.

Instructor hastobrief the Japanese 55 concept
1o the trainees before starting the work.

Sort Ty

Set in order

Shine 5% - concept

-

Standardise

Sustain p.

=2 vacuum cleanersto suck dust from areaswhere a
brush or cloth cannot help.

Collectthe waste materials found inthe lab and put it
inthe spedfied dusthin, az shown in Fig 1.

Dusting and cleaning can be aranged by
dividing the trainees into groups under the
supemvisionoftheinstructor.

Clean places where water or 0il has been spilt on the
flcar

Hote down abnormmal things that you noticed
while cleaning and report it to the instructorto
take comective action

1 Iderntify the areasfequipmentinachine that needto be

cleaned.

Pt all the materals and equipm ent used for cleaning
in their respedive place s,

10 Inzped and enzure that all machine s are working ater

Keepthe movahble itemsin one place and group them .

Clean the dust carefully, withowt damading any pard
connection in the machine feguipment, using a cloth.

Uze wet dusting doth on areasthat are wired.

Femowe rust on parts ofthe equipment (or) devices
uzing an emery sheet.

11

cleaning inthe pressnce ofthe instructor .

Dizcuss abnormal things that you came across while
cleaning with the instructor. Prepare a repott if the
ingdructor asks for it

Instructormay assigniraineesthe responsibily
of cleaning in batches. Disposal of waste may
be organised as a routine actvity by
coordinating with the stores.

Fig 1

Organic
Wa ste

Inorganic
Waste

Metal=
Scrap
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Electrician - Safety practice and hand tools Exercise 1.1.11

Identify trade tools and machineries

Objectives : At the end of this exercise you shall be able to
+ identify tools and draw their sketches
» identify the machineries in the lab and note down their names.

Requirements

Tools/Instruments

+  Combination plier (150 mm) -1 No.
+ Longnose plier (200 mm) -1 No.
+  Screwdriver (150 mm) -1 No.
+ Firmer chisel (12 mm) -1 No.
» Ball pein hammer 125gm -1 No.
+ Flatfile bastard (250 mm) -1 No.
» Flatcold chisel15mm X 150mm -1 No.
+  Gimlet (4 mm x 150 mm) -1 No.
+  Centre punch -1 No.
+  Rawl jumper holder with bit No. 8 -1 No.

Equipment/Machines

« Electric bench grinder -1 No.
Materials

« Lubricatingoil -100ml

» Cottonwaste -as required.
+ Cotton cloth -0.50m

+ Grease -as required.
+  Emery sheet -1 sheet.

The instructor shall arrange for the necessary tool/equipment from other sections and also arrange for
the required materials from scrap for practising the use of tools.

PROCEDURE

TASK 1 : Identify tools with specification

Assumption - A set of trainees tool kit and
specified tools as given in this exercise are
displayed on the workbench. Trainees are
required to identify the tools from the
specifications given and drawthe sketch ofthe
tools in the space allotted for the purpose.

1 Identify the tools from the specification given.
2 Draw a neat sketch against each item.

In case the specifications are different write
the correct specification of the items given to
you.

3 Get your sketches checked by your instructor.

Table 1

Sketch of tools

Sl. No. Name of tool with specification

i Combination plier with pipe grip, side cutter and
insulated handle - size 150 mm,

i Long nose pliers 200 mm,

iii Screwdriver 150 mm

% Firmer chisel 12 mm

v Ball pein hammer 125 gms

v Flat file bastard 250 mm

Vil Flat cold chisel 15mm X 150mm

wiii Gimlet 4 mm x 150 mm

iX Centre punch

X Raw! jumper holder with bit No.8

20




TASK 2: Identify the machineries installed in the electrician section

Ifistiiet hall lain th f th 1 Write the name and other details of each machine
nstructor snhall expiain the names of e against their names in Table 2.
machineries installed in the electrician section
and their locations. Then ask the trainees to 2 Get it checked by your instructor.
write the name,and other details of each
machine in the section.
Table-2

Sl. No. Name of the machine Name and other details

1 Motor Generator set (A.C. motor with D.C

generator)

2 D.C. Series motor

3 D.C. Shunt motor

4 D.C. Compound motor

5 Motor generator set (D.C. motor with A C

generator)

6 A C.Squirrel cage induction motor

7 A C Slip ring induction motor

8 Universal motor

< Synchronous motor

10 Diesel generator set

Power : Electrician (NSQF - Revised 2022) - Exercise 1.1.11 21
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Electrician - Safety practice and hand tools Exercise 1.1.12

Practice safe methods of lifting and handling of toels and equipment

O bjectives: At the end ofthis exerciss vou shall be able to

 demonstrate howto It and handle heavy equipment during working ¢ ondiions
while

lifting from floor

during lift Hamk
EN Sean e R Code to visw
IPWHQ to bench the wdeo for this exercize
lifting from bench

lowering to floor.

Requirements

Tools and equipment

* Single phase one HP 240%/50Hz * DE.Spanner st Smmto20mm -setofd -1 Mo,
capacitor stan induction motor -1 Mo, = Work benchor table -1 Mo,
ERECEDHRE

Instructor has to demonstrate, how to it and handle heavy equipment and then ask the trainees to
practice.

4 Check for dear route tothe location where the motor
=] izto be placed. Remove obstades, ifany.

Fostion yourselfcloseto the equipmentto be lifted.

Rg1

Lift the equipment from the floor using the correct
posture.

£
Elga

7 Carrythe equipment tothe work bench safely, keep-

E ing the equipment cloze to your body.
@ g place the equipment carefully on the bench, and
adjug it to the correct position.

Assumethat the overhauling work is over and
the motor isto be placed in its orginal place.

Assume onesingle phase motor hastobe lifted

amnd lowered to be placed on the floor. Fig 1) 9 Liftthe equipment comedly wih & firm grip.

10 Carrythe equipmenrnt to its ariginal place.

1 Zwitch OFF the motor and remosve the fuse cariers.
11 zafely lower the equipment with your feet apad,

Enswre that the equipment i disconnected knees hent, back sraight and arms dose to your
from power supply andthatthebase plate nuts ko,
of the motor hav e been removed. 12 Safely place the equipment onthe foar.

2 Ensurethat youknowthe positionssherethe equipment If you feel the equipment is too heavy, take
iztobe placed. help fromothers.

3 As=zesswhetheryvouneedanyazsistancet ocarrythe
equipment.

Scan the QR Code to
TR iz the wideo forthis
B =crcise
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Power
Electrician - Safety practice and hand tools

Select proper tools for operation and precautions in

uEeratiun

Objectives : & the end of thiz exercize yvou shall be akle to

= zelect propertools for specific uses. Sean the OF Code o vew
= follow care and maintenance and proc edures with prec aution for each tool. the wideo o this exsrcise
Requirements
Toolks
= Combinationplier -1 50mm -1 Mo. = Firmerchizel 12mm -1 M.
= Flat nose plier 150 mm -1 Mo, = Tenonsse300 mm -1 Ma.
= Diagonal cutting plier 150 mm -1 M. * Plumbbok -1 Ma,
= Round noss plier130mm -1 Mo, = Centre punch SOmm -1 Mo
= Scresdriver 150 mm -1 Mo, = Cold chizel -1 Mo,
= Star-headed scresdriver100mm -1 Mo, *  Hacksawirame with hlade -1 Mo,
= Meontester -1 Mo, *  Portable electicdriling machine -1 Mo.
* Electidan'sknite100mm -1 Mo,
= Trysguare150mm -1 Mo,
PROCEDURE

TAZH 1: Select the proper tools for specific uses

1 Ic_ientif:.f proper tools for specific uses  from 2 Writetheuszesof each zeledted ool andthe precautions
Fig1ta 16 , to ke followe d while handlingin Takle 1 .
Takle 1
Tool Use=/0 peration! Care, Maintenance and
used for Precautions in operation

1 Com bination pliers Fig 1)

Fig 1

2 Pliers - flat mose

Fig2

23



Tool

Uses/Operation
used for

Care, Maintenance and
Precautions in operation

3 Pliers - diagonal cutting

Fig 3

ELN1113H4

4 Screwdriver

Fig 4

g
|
=

ELN1113H5

5 Electrician's knife

Fig5

ﬁ?a?

ELN1113H7

6 Neontester

Fig B

\ SWITCH 'ON' AN

ELN1113H8

24
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Tool

Uses/Operation
used for

Care, Maintenance and
Precautions in operation

7 Portable electric drilling machine

Fig 7
JRILLING
MACHINE

DRILLING BIT \

ELN1113H8

8 Hacksaw

Fig &

ELM1113HA

9 Cold chisel

Fig9

COLD CHISEL

ELN1113HB

10 Tenon saw

Fig10

ELN1113HC

Power : Electrician (NSQF - Revised 2022) - Exercise 1.1.13
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Tool

Uses/Operation

Care, Maintenance and

11

Firmer chisel

Fig 11

ELN1113HE

12 Centre punch

Fig 12

ELN1113HF

4

Get it checked by your instructor.
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Care and maintenance of trade tools

Objective : At the end of this exercise you shall be able to
» perform care and maintenance of tools.

Requirements
Tools/Instruments Equipment/Machines
«  Combinationplier (150 mm) -1 Set. + Electric benchgrinder -1 No.
+ Longround nose plier (200mm) -1 No. .
+  Screwdriver (150 mm) -1 No. Materials
« Firmer chise_l (12 mm) -1 No. +  Lubricatingoil -100 mi
+  Wood raspfile (250 mm) -1 No. et _as reqd.
+ Flatfile bastard (250 mm) -1 No. « Coftoncloth .050m
+  Bradawl (6mm x 150 mm) -1 No. T . reqd.
+  Gimlet (4 mmx 150 mm) -1 No. - Emery sheet'00" M cheer
+ Ratchet brace (6 mm) -1 No.
*  Rawljumper holder with bitNo. 8 -1 No.
+ Triangularfile bastard (150mm) -1 No.
+  Saw tooth setter -1 No.
PROCEDURE
TASK 1: Perform care and maintenance of tools
Prevent rust formation Reshaping the screwdriver tip
T Inspect all the tools. Ifthe tools are rusted, use fine g Gheck the tips of the flat tipped screwdrivers. Ifthe tip

emery paper to remove the rust. is blunt or disfigured report to the instructor.

Whileremoving rust keep your hands safefrom
sharp edges. Do hot use emery paper onh steel
rule or tape.

Observe how the screwdriver tip is ground to
form a perfect cornered tip for effective use.

) ] Sharpen and set the saw-teeth
2 Apply athincoatof oil overthe surface ofthe rustedteol

and clean with a cotton cloth. 9 Checkthe teeth of the Tenon saw.

A hammer should not have any trace of oil on 10 If the saw-teeth are blunt, report to your instructor.
its striking surface.

Observe howthe saw-teeth is filed to make the

3 Check and lubricate tools for easy movement of the saw-teeth sharp.
jaws of the pliers, blades of knives, jaws of wrench,
pincers, gears of the hand drilling machine. 11 Check the saw-teeth setting.

4 Apply adrop of il onthe hinged/geared surface, ifthe
movementis hard.

The teeth of the Tenon saw should be set to be
able to alternately remove dust while sawing.

5 Activate the jaws and gears till the muck/grim in the

surfaces are cleaned 12 If the setting is not proper report to the instructor.

6 Apply a drop of oil again and clean the tools with a 13 Check how the teeth are set by a saw-setter.

cotton cloth.
Remove the mushroom

7 Checkthe cold chiselandthe hammer's striking face for
mushrooms. If you find mushrooms report to your
instructor to enable him to remove the mushroom
through grinding.
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Electrician - Safety practice and hand tools

Exercise 1.1.15

Operations of allied trade tools

Objectives : At the end of this exercise you shall be able to
+ identify fitting, carpenter and sheetmetal tools
» write the names, specifications and operations of each tool.

Requirements

Tools

+ Fitter, carpenter and sheetmetal tools - 1 set.

PROCEDURE

Instructor may display the fitter, carpenter and sheetmetal tools (allied trade) on the workbench in the
section and demonstrate how to identify the tools, their operation with specifications. Then ask the

trainees to record it in Table 1.

TASK 1: Identify fitter, carpenter and sheetmetal tools and mention their operationfuses

1 Identify fitter, carpenter and sheetmetaltools provided 3 Write the operations / uses of each trade tool.
ontheworkbenchand recognisethemwiththeirnames. ; .
g Fitter - Fig1toc 9
2 Wirite the name of the tool against the visual shown in Carpenter h Fig1to 9
Table 1 and mention the specifications.
Sheet metal Worker - Fig1to 4
Table 1
Fitter Tools
Sl. No. Visual of tool Name of the tool Operation/
with specifications uses
1 .
50 to 60
e o
ARG £
70" %
2
ap” jli-
z
:
[}
3
Z
£
d
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Sl. No.

Visual of tool

Name of the tool
with specifications

Operation/
uses

ELN1215HB

EYEHOLE

ELN1215H7

ELN1215H8

ELN1215H8

SRS T |

ELN1215HA

ELN1215HB
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Table 2

Carpentary tools

Sl. No. Visual of tools Name of the tool Operation/
with specifications uses
1 3
&
2
i
&
i e
e
//__- ’J
/ ™/
\\‘ 60" /63" // ‘3"
e 3
4
g
i
=
8
7 %_, T © 8
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Sl. No. Visual of tool Name of the tool Operation/
with specifications uses
8
3
9
e e e T
a
Table 3
Sheetmetal tools
Sl. No. Visual of tools Name of the tool Operation/
with specifications uses
1
B
2
3
4
§
4 Get it checked by the instructor.
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Workshop practice on filing and hacksawing

Objectives: Al the end ofthis exercize you shall be able to
= file a sarface flat and check it with straight edge and light gap

« filetwo adjacent sides to 90° and check it with Try square iy

= perform operations of marking a straight line
= file and finizh surfaces to an accuracy of 0.5mm

Scan the QR Code to vew
the wideo for thizs exercise

Requirements

Toolsinstnuments
= File, flat bastard, double cut - 300 mm -1 Mo,
= File, flat second cut, double cut 300mm -1 Mo,
= Trysguare - 150mm -1 Mo.
= Jenny caliper - 1350 mm -1 Mo,
= Ball peenhammer - 200 gm -1 Mo,
* Hacksawframe (200mm)

wiith blade (24 TP -1 Mo,
= Mild steel square bar 25x23m=50mm -1 Mo.

E quipment Machines

= Bench vics - S0 mm Jawsize -1 Mo,

Material s

" |[SAS555 Thickness -5mm
Lencth 150 mim.

FROCEDURE

T&ZK 1: Practice onfiling

1 Chedk the length and size ofthe given M S angleiron
az perthe sketch uzing & Seel ruler.

2 Fixatright angle swith one side surface'A &t least 15
m m abovethe jawns ofthe bench vice,

3 Filethereference side (zuface'A’ indicatedin Fig 1)
withthe bastard file.

4 Testthe flatness with the blade ofthe Try square.

Do nottouc hthe surface of the job while filing.
Use a vice clamp for protecting the finished

surfaces

S File the adjacent zurface "B' with a bastard file.

6 Testthe flatneszandalzochedk the rght angle withthe
Try aquare.

7T Filethe side'C' &t right angle to surfaces '8, 'B".

g Ewenly apply marking media (ump chalk) on the
surfaces'A'and 'B'.

9 Placesurface 'B' onthe levelling plate and scribe aline
patallel to 'B' on surface & at adigtance of 53 mm as
shown in Fig 1. Similarly on surface ‘A mark a line
patallel to'B' ata digance ofS3mm .

10 P lacesurface 'C'onthe levelling plate and zcribe aline
parallel to 'C' on surfaces '& & 'B' at a distance of
T46mm from surfsce T

11 Punch all the scribed lines.

12 File the side= 'D', 'E'"and 'F' with a bastard file.

13 Finishthejobwith azecond cut file Filewithinz 0.5mm
and checkthe right angleswith reference tozurfaces &
and'B'.

32
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15 Deburrall sham edges.

Do not overtightenthe vice.

Do not allow any pining of the file hande. Use
a file card for removing pining of the file.




Skill sequence

Types of filing

Objective: This shall help you to
» file a flat surface.

Filing method : The method offiling adopted depends on
the type of surface profile to be filed, the type of surface
texture required and the amount of materials to be re-
moved.

Diagonal filing: This type of filing is done when heavy
reduction of material is required. The strokes are at an
angle of 45°. Because the stroke directions cross, the
surface texture formed clearly indicates the high and low
spots. Frequent checking of the level is not necessary,
particularly, afterone has developeda steady movement of
the file. (Fig 1)

Fig 1

DIAGONAL FILING

ELN1218J1

Transverse filing: In this method the file strokes are at
rightanglestothelongerside of thework. Thisiscommonly
usedto reduce material fromthe edges. Using this method,
the size of the workpiece is brought close to the finishing
size, and then final finishing is done by longitudinal filing.

(Fig2)

Method of using Centre Punch

Fig 2

ELN1218J2

TRANSVERSE FILLING

Longitudinalfiling: Thefile is moved parallel to the longer
side ofthe work. Usually all surfaces are smooth—finished
by this method. Thefiled surface texture will show uniform
and parallel lines. (Fig 3)

Fig 3

ELN121BJ3

LONGITUDINAL FILING

Objectives: This shall help you to
* hold a centre punch over a scribed line
» punch by dot/centre punch.

Holdthe punch in a relaxed manner between your thumb
and your fingers. For centre/dot punching, place the
workpiece on a steel support plate. Place the punch in
position. Restyour hand onthe workpiece while doing so.

(Fig1)

Fig 1

ELN121621

CENTRE PUNCH OVER SCRIBED LINES

Placethe point ofthe centre punchonthe line of intersection.
(Fig2)

Fig 2

ELN121622

CENTRE PUNCH ON INTERSECTION

Bringthe punch in perpendicular positionto the surface of
the workpiece. (Fig 3)
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Fig 3 Fig 4

CENTRE PUNCH IN PERFENDICULAR

ELN1216Z3

ELN1216Z4

Tap the head of the punch with a light blow by a hammer. LIGHT BLOWEY HANMER
Aheavier blowis required for markingthe positionof drilling
ahole. (Fig4)
Sub Exercise (S. Ex.) 1.1.16 - 1
Practice in hacksawing
Objectives: At the end of this exercise you shall be able to
» file one face flat and check by straight edge and light gap
+ file angle to 90° within Try square accuracy
* mark straight lines
» mark parallel lines using a surface gauge
* mark parallel lines using a Try square
« file and finish surfaces flat and parallel within * 0.5mm
» file and finish radius
» saw M.S.flat along a straight line.
Requirements
Tools/Instrumentss
» File, flat bastard, double cut 300 mm -1 No. + Filecard - 1 No.
+ File, flat, second cut, double cut + Vice clamp -1 pair.
300 mm -1No. « Divider -1 No.
+ Trysquare -engineer's rule 150 mm -1No. « Straightedge -1 No.
+ Jenny caliper 150 mm -1 No. . .
+ Engineer ball peen hammer 200 gm -1 No. EquIpieititachines
+  Centre punch 100 mm -1 No. + Bench vice 50 mm jaw -1No.
: gtOt Fl)unfhsoo :]] HO' +  Surfaceplate -1 No.
* =iees 2o = + Angleplate -1 No.
+ Hacksaw blade 300 mm -1No. )
+ Surfacegauge -1 No. Materials
el gatge -1set . 60ISF 8 (Length- 350 mm.) -2 Nos,
PROCEDURE
1 Check the raw material size with the sketch using the 7 File adjacent edge or datum edge C (Fig 1) with a
steel ruler. bastardfile.
2 Securely fix the job in the bench vice. 8 Check the right angles to the datum edge B and
] } ] i reference surface A.
3 File the reference face A (Fig1) with a bastard file.
_ _ Evenly apply chalk on the surface A.
4 Check the flatness with the straight edge.
] ] ) ] 10 Placethe jobonthe levelling plate and scribe the lines
o E'letadé?_cl’ent edge or datum edge B (Fig 1) with a by the surface gauge, parallelto thedatumedge B (size
astardfile.

58 mm) and on datum edge C (size 350 mm).
6 Checkthe right angle with a Try square.
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11 Scribe the saw, cut parallel lines a, b, ¢ & d as per the
sketch. (Fig 1)

12 Scribe two arcs of radius 10 mmwith the divider atthe
datum edge C as in the Fig 1.

13 Punch all the scribed lines and also the arcs by a dot
punch.

14 File the edges D and E with a file.

15 Checkforthe right angle between edges D and E and
also with the surface A.

16 Checkthefinished piece forlength 350 mmand breadth
58 mmwith an outside caliper.

17 Saw the depth a, b, ¢, and finally saw part at 'd' in
Fig 1.

18 Fileandfinishthe saw-Cut surface of part 1 foralength
of 300 mm.

19 Saw the corners for removing the unwanted metal for
filing the radius.

20 File and finish two corners by radius filing on part 1.
21 Check the radius with a radius gauge.

22 File and finish the job with a second cut file within a
toleranceof £0.5 mm (use outside calipersforchecking).

Skill sequence

Fig 1

f HACK SAWING 44 DATUMC

\

L

)

R10

A \ DATUM B

7
~

250

PART 1

FILING-2

b PART 2

i((ﬂ

ELM1216LH

E——/ a5

Fixing of hacksaw blade on the frame and sawing

Objectives: This shall help youto
* fix the hacksaw blade on the frame
» practice sawing with dimensions.

The teeth of the blade should point from the
handle.

1 Fix the blade to the frame in good tension. (Fig 1)

Fig 1

/— FRAME

FLY NUT

HANDLE

/— PIN AND HOLE

e/

ELN1216W1

2 Setyourthumb nail vertically to the location of the cut,
andthislocation should be atleast 10 mmfromthe vice.

(Fig2)
3 Hold and press the hacksaw straight. (Fig 3)

Fig 2

BLADE

ELN1216v2

Do not use force when pulling back.
Occationally apply cutting compound while
cutting .

Use the full length of the hacksaw blade.

Make the last few cuts holding the piece to be cut in

your left hand. (Fig 4)
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ELN1216v3

Fig4

ELN1216v4

For this section use a fine grade blade. A
minimum of two to three teeth should be in
contact with the work. (Fig 5)
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Power

Electrician - Wires, Joints, Soldering - U.G. Cables

Exercise 1.2.1

7

Prepare terminations of cable ends

Objectives : & the end ofthiz exerdze vou zhall be ahle to

= jdentifir the connecting parts of the socket of an appliance and connect

= connect the appliance to the cable with earth contact
= identifir the comnecting parts of a 3-pole (plug) pin and connect the cable.

prepare a loop termination
prepare the cable end of fine multistranded wire

it to cable with earth contact

Scanthe OR Codeto view

the wdeo for this exemiss

Requirements
Toolzdnsmuments
= Steelmle 300mm -1 Mo, kultiztrand cahle 458/0.2 mm -2 Moz,
= Electtician'z knite 100mm -1 M. Zingle pole plug (double bananapiug)
= Wire gripper (manual) 150 mm -1 Mo, 4 mm screwtype connection -4 Moz,
= Combinationpliers 200 mm -1 M. Crocodile dipsinaulated 28 and BA,,
= Soresadriver 100M S0 mm = 4 mm -1 M. 250 -2 Mos,
= Sorewdiver1 00mm x2 mm -1 Mo Ted lamp with bulkh 400, 240% -1 M.
= Longround nose pliers 150 mm -1 M. P cable 3core copper 230.2mm
*  Side cutting pliers 150 mm -1 Mo, -am
Materials Socket 2-pale with earthing contact
B&, 250% grade - each ofdifferent

= Piecesof250t0 300 mm long rating and make -4 pairs

aluminium and copper -aErend. Flug 2-pale with earthing cortact -4 pairs
= Single conductor cable1 Ssgmm -asregd. mocket 2-pale with earthing contact 62 -5 Moz,
= Single conductor cable 2.5 s, mm -asregd.
» Bare copper wire o 1 0 SWE PYC Cable 3-core 4302 mm -35m

- amall pieces 300 mm long or as Plug 3-Paole B4, 250 % different

available. makes -2 Moz,

= hultistrand cablel 40 2 mm Plug 3-Pole16 & 250% different

- amall pieces 300mm long or as mak es -2 Moz,

availakle. -aErend. hetal clad plug 2-pin with eath 208 -2 Moz,

= Multistrand cable 2302 mm -asreqd.

PROCEDURE

TAZH 1: Preparation of loop termination (Solid conductor)

1

Collects single conducdtor cableof1 Ssq.mm (coppet)
about 25010 300 m m long from scrap.

Matk onthe insulationthe length 'L from the cableend.
Thelenogth 'L'is fivetimes the diameter oftheterminal
aorevyy (Fig 1)

Skinthe inaulation over the length 'L (Fig 1)

Zrip the bare conductor swith the round nose pliers as
shown in Fig 2.

Fig 1

The diameter of the jaw at the gripping point of
the round nose pliers is little more than the
terminal screw diameter.

Fig 2

Turnthe firmly g pped noze pliersto formthe reguired
loop. (Fig 3

Finally zet the loops withthe nose pliers as shown
in Fig 4.

The hook Joop) should go at lea=t about three
quarters of the way around the screw.

Check the inner diameter of the loop with
the terminal Screw.

3T




Fig 3

o0

MAKING A LOOP IN THE WIRE

ELN1324H7

Fig 4

3mm

ELN1324H8

MAKING A LOOP IN THE WIRE

Never make the hook long as the conductor
may overlap.

Keep the length of the exposed conductor to
the minimum, not more than 3 mm, to prevent
accidental contact with other wires. (Fig 4)

7 Repeatthetaskfor2.5sq. mmecoppersingle conductor
cable.

8 Repeatthe task for aluminium cable single conductor
of 1.5 sg. mmand 2.5 sq. mm.

9 Repeat the task for bare copper wire of 10 SWG and
other available sizes.

Preparing a fine multistrand cable end for termina-
tion to screw-on terminal of terminal blocks

10 Collect a piece of fine multistrand flexible coppercable,
of size 14/0.2 mm.

11 Markthe length'L' from the end of cable. Length'L'is
equal to five times the diameter of the terminal screw.

12 Remove the insulation to the length 'L’ (Fig 8) using a
pair of wire stripping pliers.

Fig 5

ELN1324H9

MULTI STRAND CABLE

13 Retwist the bared strands in the same direction with
yourfingers. (Fig6) Note, that the strands are twisted
in the wire in a certain direction.

Fig 6

DIREC'I;N_\

OF TWIST

ELN1324HA

TWISTING THE MULTHSTRAND CABLE CORE

14 Loop in fine multistrand conductor. (Fig 7)

L 57'441@% %

LOOP IN FINE MULTIHSTRAND CONDUCTOR

Fig 7

ELN1324H2

15 Make termination in screw on terminal. (Fig 8)

Fig 8

]
TERMINATION IN SCREW DN TERMINAL

ELN1324H3

16 Repeat the task for terminating flexible cable end on
crocodile clips. (Fig 9)

Fig9

ELN1324HB
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Electrician - Wires, Joints, Soldering - U.G. Cables

Exercise 1.2.18

Practice on skinning, twisting and crimping

Objectives : & the end ofthiz exerdze vou shall be ahle to
= gkinthe cable insulation using the el ecfrician's knife

= gkinthe cable insulation using manual stripper
= gkin the cableinsulation using auto-siripper
= practice on making a straight twi=t joint

= prepare termimation of cable Iugs using t:rirrping tool.

L .i » [
Scan the OF Code to wew
the video for this exencdize

Requirements
Materials
Todsh=stuments
o ; Aluminium cables ofthe following sizes;
= Flectican tool kit -1 Mo, = PYAC Sil'lglE! =trand cahle
= Electtician's knife 100 mm blade -1 Mo, 1M.4, 155 mm -3m
= Wire stiipper, manual 200 mm -1 Mo. = PYC single strand aluminium cable
= Wire stripper auto—eject 150 mm -1 hlo. 1M .8, 2550 mm SAm
= Combination pliers1:30 o 200 mm -1 Ma. Flexible cables with copper conductor of size;
= Stes| e 300 mim -1 Mo, = P cable 140 2 mm - 3m
= Diagonal cutter or side cutting pliers = PO cable 230 2mm 3m
130 mm -1 Ha. » PYC cable 48/0.2mm -3m
= P4 cable 8000 2mm -3m
= PO cable 12802 mm -3m
= P4 cable PV shesthed cable
— azzoed small pieces -azreqd
PROGEDLIEE
TAZH 1 : Skinning cable insulation using the electrician's knife
1 Matkthe length ofthe1 .5 2q. mm cable at 400 mm fiom
itz end. Fig2 -

Cutthe cable using combination pliers onthemark .

3 Matk the length ofinsulation to be skinned from either
end. (Fig1)

Fg1

Lo o

It
B b -0

4 Checkthe sharpnezzoftheknitebladeandre-sharnpen,
if necessary.

.]ﬁ. "

Use an oilstone to sharpen the knife's blade.

Visible thickness at the cutting edge of the
knife bladeindicates a blunt edge. Inthe case
of a sharp edge, the thickness or end will not
be visible.

¥ Zleanthe surface ofthe bare conductor and shoswit to
the instractor.

g Cut the cakble at 12 mm from ether end uzing a
combinationplier.

9 REepeat gepshloStoMo.S, untilthe cable izof 350 mm
lenoth

10 Marktheinsulation thatiztobe rem oved asin Fig3 and
repest depsSand 6.

Fg2

T

5 Remowvethe insulation ofthe cable for about 10mm at
the ends using aknife. (Fig 21 Keep the knife blade at
anangle lessthan 20° to the cable.

E Check for nickingoverthe conductor. 2l zo check ifthe
cable iz not shaved.

11 Eepeat the skinning of cableinsulation of 2.5 3. mim,
1402 mm , 230 2 mm, 4502 mm, S00.2 mm and
12802 mm fexible cables,

The length of the cable after skinning both the
ends shall be suitable for termination using
crimping and screw
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12 Thelengthofthe finished skinned cable should be 300,
500, 600, 800, 1000 mm.

These cable pieces are to be used for later
exercises.

Inthe case of flexible stranded cablesto ensure
that the strands are not cut is essental.

TASK 2: Skinning cable insulation using a manual stripper

1 Mark the length of the cable to be trimmed off.

2 Trim the cable at the mark using a combination plier
diagonal cutter.

3 Straighten the ends where the insulation is to be
skinned.

Mark the point where the insulation is to be skinned.

Adjust the jaws of the manual stripper and set themto
suit the cable conductor.

6 Set the jaws at the mark, press the handle of the
stripper and turn to cut the insulation.

Do not nick the conductor. For better practice
try on a small waste piece.

7 Pull the stripper to remove the insulation.

TASK 3 : Skinning cableinsulations using auto-stripper
1 Markthe lengthoftheinsulationto be removedfromthe
ends.
Straighten the cable ends.
Select a proper set of stripper.

Locate the jaws of the stripper exactly on the mark.

Skill sequence

Hand tools for skinning - knife

Partially cut insulation can be removed only
with more force. Excessive force, indicates

improper cutting of insulation.

8 Repeatthe skinningofinsulationfor 10 mmtodevelop

skill in the use of the wire stripper.

9 Removeinsulationtothe requiredextentattheends as

perFig 4.

Fig4
f CONDUCTOR 1.5 mm 2

ELN122584

10 Becareful with flexible cablestoensure that you do not
nick even a single strand.

5 Press the stripper.

Further pressing may damage the insulation from

the cable end, that is also to be removed.

Check that the cable conductor is not nicked.

Repeat steps No 1 to 7 for different sizes of cables.

Objectives : This shall help you to
+ identify the parts of the knife used for skinning
» perform care and maintenance in using the knife.

The most frequently used tool for skinning is the knife

A knife may have a single ordouble blade. Asingle blade
knife is the most commonly used cne. (Fig 1)

« back of the blade
+ hanger

o haft

+ hingepin

+ blade

ELN132581

Be careful while using the knife.

Always cut keeping the object to be cut away from your
body.

Slice the insulation at an angle of approximately 15° to
avoid cutting into the conductor. (Fig 2)
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Fig 2

ELN132582

Knives should hotbeusedto removeinsulation
on very fine single or stranded conductors.

Knives should not be used to cut conductors.

Hand tools for skinning - manual wire stripper

Obijectives: This shall help youto
* identify the parts of the manual wire stripper

+ perform care and maintenance of manual wire stripper.

Hand operated wire strippingtools can be usedtoremove
P.V.C. orrubberinsulationfromasingle core cable without
damaging the conductor. They are of two types manual
andauto-eject.

Manual wire stripper: The jaws have V shaped notches
to cut the insulation.

The adjuster screw allows to cut a wide range of wire
diameters. (Figs 1 and 2).

Fig 1
ADJUST THIS KNOB

ADJUST THIS KNOB

ELN1325C1

MANLAL STRIPPER

Fig 2

MANUAL STRIPPER

ELN1325C2

Oftenone cutter becomes sharperthanthe other, and cuts
more than halfway through the wires, damaging the con-
ductors. In such an event, the blunt cutter should be
sharpened.

Fig 3 shows manual wire stripper.

Fig3

MANUAL WIRE STRIPPER

ELN1325C3

Thistool has a series of sharpopenings inits scissor blade
to allow stripping of wire in gauge of different sizes or
diameters. The gauge size of the wire must matchwiththe
openinginthe wire stripperto prevent cutting into the wire
and weakening it.

Precautions:

* When using this tool, make sure that it is
correctly adjusted before trying to strip the
insulation from the cable so that it does not
damage the conductor.

+ Donotusethistoolto cutmetallic conductors.

Hand tools for skinning - auto-eject stripper

Objectives: This shall help you to
» identify an auto-eject stripper
+ take care while using an auto-eject stripper.

Auto-eject strippers are used to cut the insulation from
electrical wire without damaging the wire strands. They
remove the insulation automatically. (Fig1)

This stripper has two sets of jaws: one set grips the
insulation while the other set has cutting edges.

When the handles are apart, both sets of jaws are open.
(Fig2)
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Fig 1 Fig2

AUTO - STRIPPER

ELN1325D1

ELN132502

This stripper operates automatically when the correct HAWE OFANAUTCLSTRIFRER

position onthe blade matching the diameter of conductor

in mm is selected, and the handles are compressed Precautions: While using this stripper the
together. cable insulation should be put in the proper

slot to avoid damage to the conductor.

In an auto-eject stripper, we can select different blade

sizes to match different sizes of conductors.

Sub Exercise (S.Ex.) 1.2.18 - 1

Prepare termination of cable lugs by using crimping tool

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

* skin the cable end

» select the pressure terminal {compression connector) that suits the size of the wire and that of the terminal
select the pressure pliers that match the size of the pressure terminal

* use the crimping tool to crimp the lugs at the cable end.

* use an eyelet crimping plier for eyelet termination.

Requirements

Tools/Instruments

+  Pressure pliers 200 mm -1 No. Materials
+ Electrician's knife 100 mm -1 No.
*  Wire stripper (manual) 200 mm -1 No. +  Crimping eyelet, eye hole dia. 6 mm - 12 Nos.
+  Combination pliers 200 mm -1 No. +  Crimping ferrule 4 mm,10 mm long - 6 Nos.
»  Crimping pliers 150/200mm -1 No. +  Crimpingspade lug6A - 6 Nos.
«  Wire stripper auto-eject 200 mm -1 No. +  Crimping spade lug 10A - 6 Nos.
«  Steel rule 300 mm -1 No. »  Crimpingspade lug 16A - 2 Nos.
+ Side cutting pliers 150 mm -1 No. » Conducting paste - 1tube
» Eyelet closing pliers 200 mm with
eyelets having inner diameter
of 3,4,5,6,7 mm. -1 No.
PROCEDURE
TASK 1 : Crimping of lug connector
1 Collect the cable (fine multistrand copper conductor). Fig 1

2 Collect the spade connector suitable for the wire
thickness and terminal size of 6 mm diameter
(Fig1).

3 Selectthewire stripper blade size to match the wires
thickness (auto-gject) or adjust the jaws of the

stripper. (Fig 2)
_ _ _ _ o _;El£
4 Strip a length of insulation that suits the terminal size

(spade connector) (Fig3)

ELN132561

Be sure not to cut or damage the wire core. CRIMPED ON SFADE CONNEGTOR
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Fig 2

MOVABLE
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FIXED
BLADE

HANDLE

ELN132564

Fig 3

ELN1325G5

Q
et

5 Twist the strands of the wire lightly in the direction
strands. (Fig 4)

Fig 4

ELN132566

6 Select the crimping pliers that matches the terminal
size.

7 Clamp the spade connector with the crimping pliers
with the matching position of jaws.

8 Insertthewirefarenoughinthe compressionconnector.
(Fig9)

Fig5

CENTRALLY SITUATED

ELN1325GT

Fig6
NSULATION TRAPPED IN LUG \
e
wronevetHoD X | g O 8
e g
z
Fig7
=
wrone MeTHoD X [ C] g O

STRANDS STICKING OUT A

ELN1325C8

Do not strip too much insulation. {Fig 8)

Adjust the length of the wire so that it does not

interfere with the terminal hole. (Fig 9)
Fig 8

B O
METHOD b

L TOO MUCH GAP

ELN1325GA

Fig9

Vil

.

ELN1326GB

WRONG METHOD X

J

CONDUCTOR CLOSING THE TERMINAL HOLE

9 Apply light pressure to create a lightimpression on the
compression connector.

10 Checkwhetherthe press is locatedinthe middle of the
band of compression connector and, if necessary,
make final adjustment.

11 Apply sufficient pressure in the handle to press the
compression connector fully, as shown in Fig 10.

Fig 10

ELN1325GC

Do not clamp the insulation in the terminal.
(Fig 6)
Strands must not stick out of the connector.
(Fig 7)

12 Check whether the prepared compression/crimping
joint is firm by pulling the cable and compression
connector.

13 Repeatthe crimping of compressioninthe connectors
of various sizes of copperand aluminium conductors of
differentlengths.

Trim the appropriate length of the skinned
cableends to suitthe compression connectors.
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TASK 2: Crimping an eyelet
1 Collect the multistrand cable.

2 Split the number of strands into two equal parts and
twist them. (Fig 11a)

3 Collect the eyelet. (Fig11b)

4 Fix the eyelet by placing the eyelet between the
grouped strands close to the insulation and twist the
free ends of the strands as shown in Fig 11c¢.

Fig 11

(@) {b)

ELN1325GD

Fig12

ELN1325GE

The eyeletis then pressed on to the wire end by
the two formers of the eyelet closing pliers.
(Fig12)

TASK 3: Practice on twisting of single strand wires

1 Take 300 mmof 1/1.5 mm?aluminiumwire, or 1/1.2 mm
P.V.C copper cable.

Cut it into two pieces of 150 mm each.

Removetheinsulation of 50 mmineach piece by using
stripper and clean it with cotton cloth.

4 Crossthe bare wires at 45° and at a distance of 45 mm
from the cable end. (Fig 13)

Fig13

ELN1325H1

5 Twist the ends tightly at least 6-8 twists. (Fig 14)

Fig14

TR

ELN1325H2

While twisting 2 wires together avoid gaps
between the twists. If it twisted with gap, it will
trigger sparks and overheat as shown in
Fig 14.

5 Trim the excess length of the multi-strand wire after
closing the eyelet using side-cutting pliers.

6 Repeat the exercise with different sizes of eyelets for
cable endtermination.

7 Get it checked by your instructor.

Fig 15

ELN1325H3

Fig 16

ELN1325H4

Joining of wires by twisting using plier

8 Holdwires together near the plier. (Fig 17)

Fig17

ELN1325H5

Finish twisting the wires as shown in figure 15 & 16.

Get it checked by your instructor.

9 Grab both the copper ends with pliers.

10 Rotate your wrist while using pressure on pliers.

When joining three large wires, strip the
insulation more.
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Electrician - Wires, Joints, Soldering - U.G. Cables Exercise 1.2.19

Identify various types of cables and measure conductor size using SWG and micrometer

Objectives: At the end of this exercise you shall be able to
» identify types of wires and cables

» verify their specifications referring to the data book
* measure wire sizes using SWG

* measure wire size using micrometers.

Requirements
Tools/Instruments Materials
+ Standard Wire Gauge (SWG 0-36) -1 No. Wires (assorted size) - as required.
«  Micrometer (0-25) -1 No. Cables {undergroundarmoured
« Electrician's knife -1 No. and unarmoured cable) -asrequired.
«  Manualwire stripper 150 mm -1 No. Wire/ cable specification data book -1 No.
+ Combination pliers 150 mm -1 No.
PROCEDURE

TASK 1: Identify types of wires and cables

The instructor will arrange and provide the
various types of cable and wire pieces (assorted
sizes)onthetableand label themwith alphabets
and explain themto trainees on, howto identify
the types of insulation, conductors, size of
wires. Demonstrate howto measure the size of
wires using SWG and micrometer.

1 Takeanyonewire fromthetable, note downitsaplhabet
inTable1.

2 Identify thetype of insulation, type of conductor material
and size of wires. Note it down in Table 1.

3 Take at least five different types of wires and repeat
steps 1 and 2 Note down the details in Table 1.

4 Verify the specifications of the wires by referring with
the data book.

Take any one cable from the table, note down its
alphabet.

Identify the type of cable (unarmoured and armoured
cable) and note downin Table 1.

Identify the type of insulation, core and record in
Table1.

Verify the specifications of the cable by referring with
the data book.

Repeat steps 1 to 8forvarious wires and note the data
inTable 1.

Table1
Sl. | Alphabet | Type of | Type of Type of cable Type of core Core
No. insulation [conductor Armoured | Unarmoured single/3/3'2 size in
material mm
1 A
2 B
3 &
4 D
5 E
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TASK 2: Measuring the wire sizes by SWG in gauge number

1 Skin the insulation of the cable. —
'g

BLOT OF THE

Exercise care to prevent from nicking. WIRE GAUGE

2 Clean the surface of the wire with a cotton cloth.
Remove insulation particlesand any adhesive coating
from the surface of the conductor.

Do not use abrasives to clean the conductor.
Use of abrasive material, reduces the size of
the conductor.

3 Straightenthe end of the conductor to be measured.

Do not straighten conductors by directly using 4, BEG g s
hand tools on them.

ELN1328H1

4 Insert the conductor in the slot of the wire gauge and
determine its close fit. (Fig 1) Fig 2

5 Readthe markingattheslot, Fig2. ltgivesthewire size Do
inSWG. The other side will give youthe diameter. of the Tt HARELONDUCTEN
wire in mm.

)
6 Recordthe measured size in the notebook. )

DIAMETER

SWG GAUGE
IN mm

NUMBER
{a) {b)

ELN1326H2

TASK 3: Measuring the wire size, using micrometer

1 Repeatsteps 1-3 of TASK 2. 7 Refertothe conversiontable whichisavailable withthe

2 Check the micrometer for zero error by operating the instructor to get the size of the conductor in the
spindle. standardwire gauge.

8 Repeatthestepstofindthe measurementforthe given

Record the error value with the sign- +ve or—ve.
cables.

Place the cleaned, straight portion of the conductor
betweenthe jaws (anvil and spindle) of the micrometer. :
; Fig 3
(Fig3) CONDUCTOR

5 Close the spindle of the micrometer by turning the
thimble.

Use the ratchet drive to avoid overtightening. THIMBLE

6 Read and record the diameter in the notebook after
computing zero error.

EACH THIMBLE
DIVISION
EQUALS 0.01mm

DATUM LINE

ELN1326H3

HALF mm
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Electrician - Wires, Joints, Soldering - U.G. Cables

Exercise 1.2.20

Make simple twist, married, Tee and western union joints

Objectives : & the end ofthiz exerdse vou shall be ahle to

= mark the length of the insulation to be removed
= gkin theinsulation

= prepare simple twist joint

prepare mamied joint instranded conductor
prepare"T" joint in muiltistranded conductor
prepare western union joint in bare conductor.

Szanthe OR Codeto view
the wideo for this exemise

for cutting hard wires -1 Mo,
= Combination pliers 200 mm with

Requirements

Tooshstuments = YWoodenmallet 75 mm -1 Ko,

= Electician's knife with two falding ::'at;".a : bﬁaaﬁard £ : :'I m':"
steel bladesof 75mm and 100 mm -1 Mo. Mm‘f;al:m A S

= stainless geeal rule 200 mim, with
graduations on ether edge cmimm = PO insulated copper cable 1M 12 -2m.
andinches -1 Mo, = PO insulated sluminium cable 10 .40 -2m.

= Diagonal cutting pliers 150 mm swith = iCotton doth 30 cm square -1 Mo,
G600 volts grade insulated handle suitable Sandpaper " 00 (=mocth] -1 zhest

P insulated copper cable TO 91 4800% - 1 m.
PYCinsulated copper cable 30914250 -1 m.

GED voltz grade insulat ed handle = with Bare copper wire 4 mm 30 om -2 hos.,
pipe gip, side cutter and two joint Gl wire 4 mm 30 cm -2 Moz,
cutters -1 Mo, Zand Paper 'O grade -1 sheet
FPROCEDURE
TAZHK 1: Make simple (siraight) twist joint a5 shown inFig 1
Fig1 Mg -
i

1 Colled 2piecezof 1M1 12 PYC copper cable of 0.5m
lencth.

Straighten the cable s

2 Mark 80 mm length on one end of each piece ofthe
cahle.

4 Uzethe knifeat 20=az shown inFig 2.

Ag2

S Removethe insulation from eachconductor for alendgth
of 30 mm. (Fig 3)

Avoid nicksin the conductor.

Cleanthe ends with the help of 5 cotton doth.

U =e smooth sandpaper, if necessany, to clean
theconductor.

Place the condudtors together, about S0 mm- fom the
endsz. (Fig4)

Figd




8 Twist them tightly around each cther in the opposite
directions. (Fig 1)

Pliers can be used to just grip the crossed
conductors.

Each side should contain about 6 turns.

Each turn of the conductor should closelyfitto
the adjacent turn.

9 Cut the excess length of the conductor using side
cutters.

10 Pressthe sharpedgeofthe conductorendandsmoothen
it.

Fig 1

ELN1327J1

MARRIED JOINT

1 Collect2 pieces of PVC sheathed coppercable 7/0.914
0.5 metre in leagth.

2 Mark both the the cables at 120 mm from the cable
ends.

3 Removethe insulationfor 120 mm on both the cables.

Carefullyremovethe insulation. Do not nick or
shave the conductor.

4 Open the strands, clean the wires, and re-twist the
strands in the original direction up to 50 mm from the
cable insulation. (Fig 2)

Fig2

o r
A o - e

ELN1327J2

5 Cut the centre strand of both the cables close to the
twist (about 70 mm from the free end).

6 Bind on the twisted part of one cable end as shown in
Fig 3.

7 Interlace the strands keeping the centres butt. (Fig 4)

Soldering the joint and insulating it with tape
should be completed before putting the jointed
cable in use.

11 Show the joint to your instructor.

12 Cut the joint after leaving 30 mm cable from the joint.
(Fig5)

Fig 5

ELN1327H5

STRAIGHT TWIST JOINT

13 Repeatsteps3to9and make atleast 4 more joints for
practice, using the remaining cable.

ELN1327J3

Fig 4

ELN1327J4

8 Holdthe cable end (that is without the binding) in cne
hand and twist the strands of the other cable end over
it, one by cne, closely and tightly. Each strand has to
be twisted half a turn at a time.

The direction of twist to form the shoulder
should be the same as that of the cable twist .

9 Remove the binding made in step 6.

10 Repeatthe operationasinstep 8 onthe other side with
the 2" cable end.

11 Completethejointas showninFig1 by rounding offthe
twisted strands with a mallet or pliers, and cut the
EXCESS Wires,
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TASK 3: Prepare ‘T’ joint in multi-stranded conductor

Fig 1 shows a completed Tee joint in strandard
conductors.

Fig 5

Fig 1 &

50 mm

ELN1327X5

7 Untwist the “through cable' to provide opening at the
point of tap. (Fig 6)

TEE JOINT

ELN132Z7X1

1 Collect two pieces of PVC insulated stranded copper Fig8
cable 7/0.91. Indicate one piece as "throughcable'and
the other one as “tap cable'.

;

2 Markthe pointoftapinthe “throughcable' and mark 60 8
mm on either side of the tap point for the insulation to
be removed as shown in Fig 2.

Insertthe centre (middle) strand of the “tap cable'inthe
opening of the 'through cable' as shown in Fig 7.

Fig 7

Fig 2 H
B0 mm 60 mm

THRCUGH CABLE

TAP CABLE

ELN13Z7 22

3 Remove 60 mminsulationoneitherside ofthe "through
cable' from the point of tap. (Fig 3)

ELN13ZTX7

9 Wrap 3 strands of the “tap cable' around the “through
Fig3 cable' oneither side ofthetap pointtoformshoulderon
L “through cable'.

ELN13Z723

10 Wrap the strands up to 50 mm to leave a 10 mm gap
between insulation and shoulders (Fig 1) and trim the
excess length of strands.

Do not nick or shave the conductor while
removing insulation.

_ _ 11 Removethe bindingfromthe “tap cable', wrapthe centre
4 Remove t_he insulationfor 180 mmatthe end ofthe “tap strand ofthe “tap cable' around the “through cable' and
cable’. (Fig 4) wrap it in the place of the binding. (Fig 1)

Fia 4 12 Roundthe ends with the combination pliers or malletto
9 180 mm avoid sharp edges of the strands.

13 Collect two pieces of PVC stranded aluminium cable
19/1.12, or 19/1.63, 500 mm long and repeat working

ELN13Z7X4

5 Open the strands of the “tap cable' and clean it. Use steps 2 to 12.
smooth " 00' sandpaper, if necessary.

With 19/1.2, 19/1.63 mm cable, 9 strands of the
‘tap cable’ are to be wrapped on either side of
the "through cable'. Insulation that has to be
removed is 170 mm on the “through cable' and
250 mm on the “tap cable’.

6 Re-twist the strands in the original direction up to 50
mm frominsulation, and make a binding onthe twisted
part of the “tap cable' as shown in Fig 5.
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TASK 4: Prepare western union joint in bare conductor

(A completed western union joint is shown in Fig 1)

Fig 1

I ——=UF

ELN132TZ1

1 Collect two pieces of bare copper conductor of 4 mm
diameter. and 30 cm long.

Straighten the conductor with a mallet.

Mark the conductor as shown in Fig 2.

Fig 2
110 80 110

ELN1327Z2

4 Cleanboththe conductorswith "00' grade sandpaperto
a length of 250 mm from one end.

5 Bend boththe pieces of conductorsata distance of 110
mm from one end to 45° as shown in Fig 3.

Fig3

F 3
th
ELN1327Z3

& Holdthe conductors in the hand vice as shown in
Fig 4.

Fig4

e

- ]

“—HAND VICE JAW

ELN132724

7 Wrap one conductor over the other conductor using
combination pliers. Make atleast 5to 6 turns asshown
in Fig 5.

Fig 5

HAND VICE JAW

ELN132725

To avoid nicks onthe conductors whilegripping
in a hand vice, always use soft materials like
aluminium sheets between the jaws.

8 Repeat the same procedure in the other end of the
conductor, but wrap the conductor in the opposite
direction.

9 Cutthe surplus conductor ends with a diagonal cutter.

10 Use a mallet to mesh the ends with the straight
conductor.

11 Smoothen the ends of the conductors with a flat file to
avoid sharpedges.

12 Repeat the Western union joint with G.1. wire of diam-
eter 4 mm.
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Electrician - Wires, Joints, Soldering - U.G. Cables

Exercise 1.2.21

Make britannia straight, britannia ‘T’ (Tee) and rat tail joints

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

* make britannia straight joint in solid copper conductor
» make britannia ‘T’ (Tee) joint in solid copper conductor

* make rat tail joint.

Requirements

Tools/Instruments

Materials

« Steelrule 300 mm -1 No. « Hard drawn bare copper wire 4 mm
« Diagonal cutting plier 150 mm -1 No. diameter0.2 metre -4 Nos.
«  Combinaticn plier 200 mm -1 No. + Tinned copper wire of dia. 0.91 mm -4m.
« Handvice 50 mm jaw -1 No. « Sandpaper 00 - 1 sheet
+ Flatfile bastard 200 mm -1 No. + Cotton cloth 300 x 300 mm -1 No.
+  Wooden mallet 75 mm diameter. -1 No. + PVYC copper cable 1/1.2mm8.5m - 2 Nos.
PROCEDURE
TASK 1: Make britannia straight joint
(A completed brittannia T" joint is shown in Fig 1). b g
@ B A
Fig 1
g f >

ELN1328H1

BRITANNIA TEE JOINT

1 Collecttwo pieces of 4 mmdiameter Hard Drawn Bare
Copper (H.D.B.C) . wire, 0.2 mlong.

2 Straighten the conductors using a mallet and clean it
using fine sandpaper and cotton cloth.

ﬁﬂ =

ELN1328H3

7 Startbindingthe wire tightly overthe joint from position
“A' and continue till position "B'. (Fig 4)

Use the mallet to make the wires straight. The
two pieces should be free from twists over the
entire length of the joint.

3 Bendeach piece atone endforabout 20 mm length at
90° as shown in Fig 2.

Fig 2

I

U &

ELN1328H2

4 Collect the binding wire and straighten it without any
kink.

5 Hold the two ends of the bare copper wire to be joined
in the hand vice as shown in Fig 2.

6 Formaloopofbinding wire leaving one end about 250
mm at the right side of the joint. Place the binding wire
inthe groove formed inbetweenthe mainconductors as
shown in Fig 3.

Fig4
FREE END
PULL THIS WIRE
LooP —

4

8 Insertthe free end of the wire inside the loop as shown
in Fig 4.

9 Grip the 250 mm loose end of the wire with a pair of
pliers, and carefully pull it so that the loopand the free
end of the wire go inside the joint.

10 Wrapthefree end and the loose endoverthe conductors
as shown in Fig 1.

11 Press the ends of the binding wire to the conductors
with pliers .

12 Smooth the sharp edges of the protruding wire ends
with a flat file.

13 Repeatthe above stepsand make two or more jointsto
get more practice.
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After completion thejointmust be soldered
before putting it to use.

TASK 2. Make britannia straight joint

(A completed britannia “Tee' joint is shown in Fig1.)

ELN1328.1

BRITANNIA BTRAIGHT JOINT

1 Collect two pieces of 4 mm diameter Hard Drawn Bare
copper (HD.B.C)0.2 mlong.

2 Straighten the conductors using a mallet and clean it
with fine sandpaper and cotton cloth.

3 Bendandshape of one of the conductors according to
the size shown in Fig 2, with the help of combination
pliers.

Fig 2

WIRES TO BE JOINTED
‘ ‘ \ 20 mm
4 mm ¥ D

B H |

ya BINDING WIRE

ELN1328J2

4 Straightenthe (0.914 mm diameter.) binding wire.

5 Hold the two copper conductors to be joined with the
help of a hand vice as shown in Fig 2 .

6 Formaloop of binding wire leaving one end about 250
mm at the right side of the joint. Place the binding wire
inthe grooveformed betweenthe conductors as shown
inFig 3.

7 Startbindingthe wiretightly overthe jointfrom position
"A' and continue till the position "B'. (Fig 3)

Fig 3
B A

el
o)

I 20 TO 25 TIMES OF D

ELN132813

8 Insertthe free end of the wire inside the loop as shown
in Fig 4.

Fig 4

PULL THIS WIRE

ELN1328J4

9 Gripthe 250 mm loose end of the wire with a plier, and
carefully pull it so that the loop and the free end of the
wire go inside the joint.

10 Wrapthefree endandthe loocse end over the conductors
as shown in Fig 1.

11 Press the ends of the binding wire to the conductors
with plier.

12 Smooth the sharp edges of the binding wire ends with
a flat file.

13 Repeatthe above procedure to maketwoormore joints
to get more practice.

The joints need to be soldered before putting

them into use.
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TASK 3: Make rat-tail joint (Fig 1)

Fig 1

RAT TAIL JOINT

The twist on the wire should be uniform and
close.

7 Make at least 6 twists. (Fig 3)

ELN1328X1

Collect 2 pieces of 1/1.2 mm PVC copper cable of
0.5 m length.

Straighten the cables.
Skin both the cable ends for 50 mm.
Cleanthe conductor ends with the help of cotton cloth.

Cross the bare wires at of 45° and at a distance of 45
mm from the cable end.

Tightly twist the ends as shown in Fig 2.

Fig3

ELN1328X3

Fig 2

ELN1328X2

8 Foldthe remaining wire back on the twists. (Fig 1)

9 Pressthe ends of the wire with the help of combination
pliers (Fig 1) to avoid sharp ends, and cut the excess
wire.

10 Repeat the steps.3 to 8 of TASK 3 for at least 4 more
joints for practice, using the remaining cable.
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Electrician - Wires, Joints, Soldering - U.G. Cables

Practice in Soldering of joints/lugs

Objectives: A the end ofthis exercize vou shall be akle to

= zolder the copper conductor joints using a soldering iron and rosin solder
= znlder the Iug_ps in copper conductor with the help of a blow lamp.

Exercise 1.2.22

Scan the OF Codeto wew
the video for this exencdze

Requirements

Toolsinstnaments Materials
* Electrician tool kit -1 Mo. *  Finished simple twist joint -1 Ma.
= Combination piler 200 mm -1 ho. = Sandpaper'C O grade -9 Si.om
s Eledriczoldedingiron 125, 2500, *  Resin-coredsolder -2a0gms
SOHz -1 Mo, = "R or PYC copper cable T 06 mm
= Flat file bastard 250 mm -1 Mo ar 0914 - 250 mm long -2pieces
= Eledrician's knife 100 mm -1 b, *  Lug3lamperes -1 Mo,
* Steelnile 300mm -1 Ma. * Resinfux - 10 gms.
= [Diagonal cutting plier 150 mm -1 Mo, = Solder stick 50040 -100gm =,
= BHlowdamp i litre capacity -1 Mo, = hatchbox -1 Mo.
= Tongz300mm -1 Ma. »  Cottontape or cloth -asrequired,
= Sheet geeltray150x150 x20mm -1 Mo »  Sandpaper O'grade -9 =0 cm.
= Blowlamppin -1 Mo,
= herozene -1 litr.
FROCEDURE
TAZK 1: Solder the copper joints
(& finished soldered joint sl look like Fig 1) Fig 2
Fig1
i i
BOLDERED JOMT -

1 =elect a BOVY, 240% AT S0 Hz. soldering  iron and
checkthatthe iron hasz no physical damage, the body
izwellinzsulated from the elem ert and isofthe corred
voltage and power rating.

2 Chedk the hit (Fig 21 10 see whether the surface is
smooth and clean.

5 When the bit becom es sufficiently hot, apply & small
guantity ofrosin-cored solder, and tinthe bit. (Fig 4

Fig 2

Fig 4

3 |t found corroded, file the tip with a fat file, zothatthe
surface iz smocth and dean. (Fig 3)

4 Conned the soldering ironto the supply and swditch it
sl

G

if the bit iz not completely and evenly covered
with solder, clean and tin it again

Hever flick exces= solder off the bit. The hot
solder may cause burns to someone orfall on
the work and cause a short circuit.




6 Wipe the bit gently on the cleaning pad to remove

excess solder as shown in Fig 5.

Fig5

CLEANING FAD

ELN1329H6

7 Cleanthe jointto be solderedwiththe helpof sandpaper
"00, grade as shown in Fig 6, and wipe the dust with
a wire brush.

Fig 6

9 Keepthe rosin-cored solder onthe wire joint and allow
it to melt as shown in Fig 8.

Fig 8

ELN1329H8

SOLDERING A SMALL SIZED JOINT

10 Melt the solder with the heat of the bit and make sure
that the solder flows freely and evenly on the joint.

11 Removethe solderingiron. use cottoncloth to wipe off
the excess solder from the surface of the joint when it
is still hot as shown in Fig 9.

ELN1328H7

8 Keepthe soldering iron bit on the joint and heat it for
soldering as shown in Fig 7.

Fig7

ELN1329H8

SOLDERING A SMALL SIZED JOINT

TASK 2: Solder lug to a copper conductor

(A soldered lug should look as shown in Fig 1.)

g 1 O

SOLDERED LUG

Fig 1

ELN1329.1

1 Collecta 30 amps cable lug, copper cable 7/1.06 or 7/
0.914(6 sq.mm) of 250 mm length, blowlamp, match-
box, cotton cloth, solder stick, tray and flux.

2 Cleantheinnerandoutersurfacesofthe 30amps cable
lugusing "00' grade sandpaper.

3 Putthe cable lug toc one end of the cable and mark the
cable accordingtothe depth of the cable lug, as shown
in Fig 2.

4 Addabout 2 mmtothe marking, remove the insulation
fromthe cable (Fig 3) and clean the strands.

Fig9

ELN1329HA

12 Allow the joint to cool naturally. Do not blow air for
cooling.

A shining solder surface indicates good
soldering. Do not movethejoint until the solder
solidifies.

Fig 2

MEASURING CABLE FOR FIXING LUG

ELN132042

Fig3

CABLE WITH REMOVED INSULATION

ELN1328.3

Avoid damage to the strands of the cable while
skinning. Clean the tray thoroughly. The tray
should be free from dirt and water.

5 Wrapa cloth/cotton tape cnthe insulation of the cable

to a length of 30 mmas shown in Fig 4, and wet it with
water.
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Fig4

WRAPPED WITH WET CLOTH

ELN1320M4

Use minimum water to wet the cloth/tape. Do
not allow water to drip.

Light the blowlamp and let it emit a blue flame.
Apply a thin coat of flux to the cable end.

8 Tinthe cable end by monitoring the blowlamp on the
solderstickand allowing the molten soldertofallonthe
bare stranded cable end as shownin Fig 5.

Fig5

ELN1328J5

TINNING CABLE END

A thin coating of tin should be on the stranded
cable end.

9 Apply a small quantity of flux inside the lug socket. Tin
the lug by melting the solder stick to fill the socket and
pour the molten solder in the tray.

Pouring out the molten solder from the lug
socket a couple of times will make the tinning
perfect.

10 Apply some flux to the cable end and the interior of the
socket.

11 Fill the socket of the lug with molten solder. (Fig 6)

Fig 6

ELN1328J8

12 Monitor the blowlamp flame on the socket, insert the
cable in the socket and hold the cable vertically as
shown in Fig 7.

Fig 7

ELN1328JT

13 Remove the blowlamp and firmliy hold the cable and
socket without shaking.

14 Remove the extra solder from the lug and cable by

wiping it with a piece of cotton cloth while the solder is
still hot.

15 Keepon holdingthe cable andlugasinFig7 and allow
the solder to solidify.

Do not use water to cool the lug. This will

crystallize the solder and make it weak.

Scan the QR Code to
view the video for this
exercise
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Exercise 1.2.23

Identify various parts, skinning and dressing of underground cable

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

* identify the voltage grade of the cable
» skin the UG cable
» dress the UG cable.

Requirements

Tools/Instruments

* Insulated combinationpiler 200mm -1 No.
« DE Electrician's knife 100 mm -1 Ne.
+ Hacksaw adjustable 300 mm

with blade -1 No.
« Handvice 50 mmjaw -1 No.

Materials
+ UG cable multicore eufAl. 30 cm -1 piece
« Binding wire 16 SWG -asrequired.

PROCEDURE

Paper insulated 3, 31/2 core cable may be
taken. This instructor has to demonstrate the
stepsforskinning and dressing of cables in this
exetcise.

1 Collect the UG cable piece and examine it for physical
damage.

2 Bind the winding wire at 20 cm (20 cm at one side) of
the UG cable.

3 Mark18cmatone end near the binding wire knot from
the end where skinning is to be done, as shown in
Fig 1.

Fig 1 WINDING WIRE

KNOT
\ 20¢m

-

e T

-

ELN1330H1

UG CABLE 21 CORE

7 Repeat steps 2-6 to skin all other layers till it is visible
as shown in Fig 2.

Fig 2

OVERALL BELTED
SERVING BEDDING | paper

WIRE LEAD
ARMOURING SHEATH

ELN1330HZ

PAPER INSULATED 3 PHASE 3 ] CORE CABLE

4 Cutthe overall serving using the knife and remove the
overallserving.

5 Mark3cmfromthe cutting edge and cut the single wire
armouring using hacksaw.

6 Mark 3 cmfromcutting edge and cut the bedding using
knife/hacksaw.

Carefully examine the skinned portion for any
damage/excess cutting.

8 Dressthe protruding parts of the cable usinga knife for
a better finish.

9 Getyourworkapproved by your instructor.
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Electrician - Wires, Joints, Soldering - U.G. Cables Exercise 1.2.24

Make straight joint of different types of underground cable

Objectives: Atthe end of this exercise, you shall be able to

» cut the cable according to requirement

» prepare the cable as per measurement

* join the cables using split sleeves or ferrules and epoxy compound
* insulate the wires, cable joints.

Requirements
Tools/Instruments
+ Insulated combination plier200m - 1 No. * Leadandtinalloy 60/40 -asrequired
+  Screwdriver 200 mm - 1 No. * Keroseneoil - 2 litre.
+ D.E. Spanner 6mm to 25 mm - 1 set . Cpttontape 25 mm10mm long -1 roll
+ DE Electrician's knife 100cm - 1 No. * Bitimeneampoung |
- Melting pot with 1 set of ladles - 1 No. LepoxycorRoLne) e
+ Blow lamp 1/2 litre capacity - 1 No. * Jute thread 3 mm -100g.
+ Tongs 300mm - 1No. . Impregrjated Qottontape -as requ!red.
+ Triangular file smooth 200 mm - 1 No. ' Porcel_am barrier _ _ -as requ!red.
+ Hacksaw adjustable 300 mm with «  Coupling sleeve of swtr_:lble size -as requ!red.
39 TP| blade . Nl_etal connector_s of sw_table size -as requ!red.
«  Hammer ball pein 250 g - 1No. «  Slit slegve of suitable size -as requ!red.
« Plier round nose 150 mm - 1 No. » Insulating paste board oryarntape - as required.
+ Handvice 50 mm - 1 No. * Match box - 1No.
) + Asbestos thread -50g
Materials + Alca ‘P’ solder -1/2 kg.
+ UG cable multi-core copper/ - as required. + Soldering flux -100g.
aluminium « Bricks -as requ!red.
«  Binding wire 16 SWG -200g + Cotton cloth - as required.
+  Eyre flux -100g.
PROCEDURE
TASK 1 : Make straight joint using sleeves in U.G cable
1 Cut the given cable into two pieces asinFig 1. Fig 1

Fig 2 is given here for your guidance. Actual
measurement for the cable insulation removal
depends upon the type of cable joint box and
cable sealing compound. Conventional method
of cable jointing is done with bitumen com-
pound for sealing the joint , brass glands atthe
ends of the joint box for sealing the joint entry
and plumbing to finish the job. Modern joints
with epoxy compounds aredone by sealing the
joint entry either with special tapes or with
special compounds. According to the method
chosen, the measurement has to be made and
the insulation has to be removed at specified
points. For procedural convenience in this
sheet, L, is taken as 200 mm and so on. 3 Remove the armour and serving of the cables to a
length of 200 mmfrom the end of each cable as shown
in Fig 4.

ELN1331J1

2 Bind 16 SWG Gl binding wire on the serving (PILC
cable) of the cables at a distance of 210 mm fromone
endas shownin Fig 3to avoid loosening of the serving
and damaging ofthe armour.
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LEAD SHEATH

I

CONVENTIONAL JOINT USING FERRULE SLEEVE
ERASS GLAND FOR SEALING

ELN1331J2

Some prefer staggering of the joint position to
have maximum efficiency of the joint. In such
cases, the cable insulation should be removed
accordingly. Fig 8 shows such a joint.

Twistthe bare conductorstightly andtinthe conductors.
(Fig6)

Fig 3

210

16 SWG

BINDING WIRE \

ELN1331J3

Fig 4

200

ELN1331J4

4 Removethe lead sheathtoalength of 150 mmfromthe
end of each cable as shown in Fig 5 and also remove
the impregnated paper.

Fig5

iy
VI
g N

ELN1331J5

Fig 6 _

(]

150

IMPREGNATED
COTTON TAPE

(=]
wn

16 SWG
BINDING WIRE

ELN1331J6

Wrap the end of the paper insulation near the
bare conductor with lightly wetted cotton tape
or asbestos tapeto protectagainstexcess heat.

Wrap the portion of the paper insulated cable with
impregnated cottontape to protect it frommoisture and
hot solder. (Fig 6)

Provide colour coding marks on cables at this
stage.

Clean the split copper sleeves and the brass glands
thoroughly and tin them.

Clean the joint box and keep the bottom cover onthe
floor.

10 Insert the brass glands inthe cables and position the

bare end of the cable and glandinside the joint box as
shown in Fig 2.

11 Insertthetinned portion of the cable ends into the split

sleeve with the help of the colour code of the cables.
(Fig2)

12 Insertbarriers (separators) betweenthethree individual

cables at both sides of the cable as shown in Fig 7.

Fig7

Avoid nicks or cuts on the core. Do notremove

the paper insulation of individual cables.

5 Removethe paperinsulationfromboththe cablestoa
length of 15 mm from the end.

CABLE BARRIER

ELN1331J7

13 Turn the split portion of the sleevves in the upward

position to facilitate pouring of the solder.
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14 Remove the bottom cover of the joint box and push the
brassglandsapartandkeepitinstaggered positionas
in Fig 8.

Bl

STAGGERED POSITION OF JOINT

Fig8

ELN1331.8

15 Apply soldering flux to the split sleeves and the bare
portion of the conductor.

16 See that the ladles are dry and then start alternately
scoopingthe molten solderwiththe ladles till the ladles
are sufficiently hot.

17 Keep one of the empty ladles underneath the split
sleeve that has to be soldered.

18 Pour the molten solder on the sleeve such that the
solder enters the joint through the split as shown in
Fig 9.

Fig9

A THROUGH - TYPE JOINT ON PAPER INSULATED
CABLES USING POT AND LADLE

ELN1331J9

19 Stop pouringthe solderwhenthe sleeve isfilled up, and
the colour of the solder is bright.

20 Repeatthis procedure to other joints one afteranocther.

Do not shake or disturb the position of the
cables during the soldering process as it will
result in dry joints.

21 After the joint is cold, wrap with at least 2 layers of
impregnated PVC tape over the joints.

22 Preheatthe joint box beforefilling the preheated sealing
compound.

23 Closethetopandbottomparts of the joint boxtogether
and, position the brass glands.

24 Use the solder lead to make proper plumbing joints
between the lead sheath and the brass gland.

25 Pourmolten sealing compound through the cover inlet

as shownin Fig10.
Fig 10 INSET FOR POURING
COMPOUND
PLUMBING

M @m

ELN1331JA

When the compoundis filled up to the mouth of
the inlet, stop pouring and allow it to cool.

After sufficient cooling, the compound will
shrink, and now fill the available space with

more molten compound.

After the joint is sufficiently heated, increase
the time between the pourings to allow the

solder to solidify inside the joint.

26 Fix the cover inlet of the joint box after the joint is
sufficiently cooled.

27 Cheek for cracks, melting due to heat or any other
mechanical damage.
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Electrician - Wires, Joints, Soldering - U.G. Cables Exercise 1.2.25

Test insulation resistance of underground cable using Megger

Objectives : At the end of this exercise, you shall be able to
* measure the insulation resistance between conductors of an armoured cable using Megger
» measure the insulation resistance between earth and conductors of an armoured cable.

Requirements
Tools/instruments Materials
+ Insulation resistance tester + Testingprods - 3 Nos.
(Megger) 500V -1 No. » Armoured cables of different sizes
andlength -2 Nos.
PROCEDURE
TASK 1: Measure the insulation resistance between conductors of an armoured cable
1 Connect the armoured cable as shown in Fig 1. Table 1
Measurement Insulation
Figt OUTER STEEL TAPE ARMOUR resistance

in megohms

Between conductors

Conductor 1 and conductor 2
Conductor 2 and conductor 3
Conductor 1 and conductor 3

Between earth and conductors
Conductor 1 and earth

Conductor 2 and earth

Conductor 3 and earth

Conductor 1, 2, 3 shorted and earth

Steadily rotate the insulation tester’s handle at
a constant speed (160 r.p.m) at least for one
Connect the guard terminal of the meter with minu_te duration before recording the meter
the armour (metal sheath) of the cable. reading.

ELN{332H1

2 Measure the insulation resistance between the
conductors and record the readings in Table 1.

TASK 2. Measure the insulation resistance between earth and conductors of an armoured cable

1 Connect the armoured cable as shown in Fig 2. Fig 2

OUTER STEEL TAPE ARMOUR

If the armoured cable is buried in the ground,
connect the Megger as shown in Fig 2.

2 Measure the insulation resistance between earth and
each conductor and record the readings in Table 1.

3 Measure the insulation resistance betweenearth and
allthe three conductors by shortingthemtogetherand
record the reading in Table 1.

Discusstherequiredinsulation resistancevalue
of the cable with your instructor

ELN1332H2

6
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Electrician - Wires, Joints, Soldering - U.G. Cables

Exercise 1.2.26

Test underground cables for faults, and remove the fault

Objectives: Atthe end of this exercise you shall be able to

* locate open circuit faults in the cable
* locate short circuit faults in the cable

* locate the ground fault in the cable and rectify the fault.

Requirements

Tools/Instruments

+  Combination plier 200 mm -1 No.
»  Connector Screw driver 100 mm -1 No.
+  Screw driver 200 mmwith

blade of 4 mm width -1 No.
» D.E electrician's knife 100 mm -1 No.
+  Megger 500V -1 No.

Equipments/Machine

+ Wheatstone bridge -1 No.
Materials
« Connecting Prod for Megger -1 set
« Connecting Prod for Wheatstone bridge - 1 set
+ Connecting Cables (flexible, uniform,
cross sectional area) - as reqd.

PROCEDURE

TASK 1: Locate open circuit faults in underground cable

This test is made to check whether the cable
insulation is in open condition and to identify
the exact location of the open circuit.

Switch 'OFF' the mains. Remove the fuse and the
neutral links in the main switch and keep themin safe
custody.

Select 500 V Megger and connect one terminal of the
Megger, say L, to the one end of cable as shown in
Fig 1.

Fig 1

CONDUIT OR LEAD
SHEATHING

ELN1333.1

3

Connect the other terminal of the Megger say 'E’ to
the other end of the cable.

Rotate the meggerat 160 r.p.m.

Observe the megger reading. If the megger shows
infinity, there is open circuit in the cable.

Open circuit may be due to open in the cable.

If the megger shows ‘0’ reading, it indicates no
open in the cable.

Connect the 'E' terminal near the middle of the cable
and repeat the above procedure for open circuit.

If it shows ‘0’ reading, there is no open in
between ‘L’ and the middle of the cable.

Repeat the above procedure, connecting the ‘E’
terminal to beyond the middle point of the cable at
varied distances.

When the megger shows infinity in a parhcilar
place, that is the point of open.

Locate the faulty portion and make fresh straight joint
to the UG cable.

TASK 2: Locate the short circuit fault in U.G cable

This testis madetolocatetheshortcircuitin the
cable by Murray loop test.
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Switch 'OFF' the main switch. Remove the fuse of the
main switch and keep it in safe custody.



Select a Wheatstone bridge and connect one end of
the cable to the meeting point of P and Galvanometer
and another cable end to the meeting point of Q and
Galvanometer as shown inFig 2.

Fig 2
P ‘\
SOUND CABLE
G _/
(I) LOW RESISTANCE =
/ CONNECTION
s
FAULTY CABLE
Q '3
T X J
SHORT CIRCUIT FAULT
—— | E
o
SHORT CIRCUIT TEST z
w

TASK 3: Locate the ground fault in U.G cable

This test is also done to locate ground fault in
the cable by Murray Loop test.

3 Measure the length of each cable.

4 Connect the other two ends of both the cables by
means of low resistance wire.

5 Take the battery terminal (negative) wire and place it
at any point of the cable and observe the deflection in
the Galvano meter.

The area of the cable where the Galvanometer
shows ‘0’ reading is the exact location of the short
circuit. It can be calculated with the formula given
below.

X*QOF X Q
p P R+X P+Q

(i.e)

where X is the length of the fault from the test end.
L is length of each cable.

6 Locate the fault while measuring the length of the
cable and clear the short circuit in the UG cable.

Connect the cables as shown in the Fig 3 and repeat
the steps explained in the short circuit test (TASK 2).

The area of the cable where the Galvanometer
shows ‘0’ reading is the exact location of the

ground fault.

Calculate and locate the place of the ground fault as
given below.

Q
= x 2L
X P+Q

Where ‘X is the length of the fault from the test end.

Fig3
P k
SOUND CABLE
fc] _/
Cl) LOW RESISTANCE "
CONNECTION
r/ 8 FAULTY GABLE
Q '3
— X | j
EARTH FAULT
== 5
- :
GROLIND TEST z
w

3 Locate the place where the ground fault is by measuring
the length from the test end and repair the fault.
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Power
Electrician - Basic Electrical Practice Exercise. 1.3.27

Practice on measurement of parameters in combinational Power circuit by
applying Ohm’s Law for different resistor values and voltage sources and
analyse by drawing graphs

Objectives: Atthe end of this exercise you shall be able to

» verify the relation between voltage and current when resistance is constant

= verify the relation between current and resistance when keeping voltage is constant

» plot the graph in both conditions illustrating the behaviour of current with respect to resistor.

Requirements

Tools/Instruments Materials

+  Screwdriver150mm -1 No. + & P.Switch, 6A, 250V -1 No.

+ MC Ammeter O to 500 mA -1 No. « Resistors 10, 20, 50 Ohms 5 watts -1 each.
+ Ml Ammeter Oto 1A -1 No. * Resistor 20 ohms,2W -1 No.

*+ MC Voltmeter015 V -1 No. « Connecting leads 14/0.2 mm -1 No.

- : + P.V.C insulated copper wires of
Equipment/Machines assortedlength - 8 Nos.
» 12 Volts battery 60 AH capacity OR -1 No. + Graphsheet -1 No.
+ DC variable powersupply

0-30V2amperes -1 No.
*+ Rheostat 20 ohms -3.7A -1 No.
PROCEDURE

TASK 1: Verify the relation between current and voltage when resistance is constant

Check the voltmeter from the dial marking V. 6 Close the switch keeping the variable rheostat at the

Check the ammeter from the dial marking ‘A’. gl s el

7 Apply different voltages by varyingthe rheostat arm of

Identify the fixed and variable terminals of the rheostat.
il the potential dividerinsuccession acrosstheresistance.

W N =

Connect the circuit elements as shown in Fig 1.
9 8 Measure the voltage and the corresponding current

from the instruments.

Fig 1
N 9 Recordthe measuredvaluesinTable1.
e &
S To avoid parallax error:
- 015V
B — gy Ry Ry (\D Position your eye in line with the pointer and
= 4a e also in front level of the instrument
MIN
Position your eye to coincide with the mirror
= image ofthe pointerin instruments having anti-
parallax mirror.
TABLE 1
No. VOLTAGE GURRENT RELATION BETWEEN 10 Refer the recorded value and plot a graph. Write your
(VOLTS) {AMP3) IANDV

conclusion considering the calculated R values.

VinY Axis; | in X axis as shown in Fig 2.

ELN1434H1

5 Check the value of each major division and minor
division of the scales of the meters.
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Fig2

— |-in AMFS

—= V-linVOLTS

ELN1434H2

Conclusion

Write your findings and conclusion by interpreting the
current andvoltage

TASK 2: Verify the relation between current and resistance: Voltage is constant and resistance is variable

1 Connect the circuit elements as shown in Fig 3 with
0 -1A ammeter. Adjust V at 10 volts keep it constant.

Fig 3
8
)
Ny
+1 +
B— 12V st | 4 R R
el ~ Q| (2o | 500
TABLE 2
No. | VOLTAGE |RESISTANGE | CURRENT FBEELATDEr:
| voLTS) | oHME) | {amPs) s

ELN1434H3

4 Openthe switch (OFF). Changethe ammeterto 0-500
mA and repeat steps 2 and 3 by replacing 10 - ohm
resistance by 20 and 50 ohms.

5 Refertherecordedvalue and plotthe graph. Write your
conclusion considering the calculated | values.

RinY Axis; V in X Axis as shown in Fig 4.

Fig4

—=— |- CURRENT In mA
| |
I

——= R-inOHMS

o
ELN1434H4

2 Close the switch ‘S’ and measure the current and

voltage.

3 Readand recordvalues inthe given Table 2.

Write your findings and conclusion by interpreting the
current and resistance.

Conclusion
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Exercise. 1.3.28

Measure current and voltage in Power circuits to verify Kirchhoff’s Law

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

« verify Kirchhoff’s current Law in two and three branch currents
» verify Kirchoff's voltage Law with one voltage and two voltage source.

Requirements

Tools/Instruments/Equipment Materials

+  Trainees kit -1 No. + Resistors 1K -4 Nos.

+ Variable DC power supply unit 0-30V/1A- 2 Nos. * Resistors 22K -1 No.

+  Milliammeters O - 500 mA - 3 Nos. . Res!stors 3.3K -1 No.

»  Milliammeters 0 - 30 mA -1 No. + Resistors 47K -1 Ne.

+  Power supply unit0 - 30 V -1 No. + Lugboard -1 No.
+ Toggle switch, SPST, 1amp. -2 Nos.
« Patch cords -asrequired.
+ SPST switch 6A, 250V -asrequired.

PROCEDURE

TASK 1: Verify the Kirchhoff’s current law with two branch currents

1 Connect the PSU, milliammeters, SPST switch and
resistors as illustrated inthe schematic circuit and the
layout diagram as shown in Fig 1.

Keep the SPST and PSU in the OFF position
while making circuit connections.

Switch ‘'ON’ PSU and set output to 12 volts.

Simplify the circuit inFig 1 and calculate the theoretical
total circuit current and branch currents of the circuit for
a set DC supply of 12 volts. RecordvaluesinTable 1.

Check ifthe connected ammeters can measure
the calculated current. Change the meter, if
necessary.

4 Getthe circuitconnections checked by your instructor.
Switch ON SPST.

Measure and record the total circuit current (I.) and
branch currents I81 and I82 inTable 1.

Switch OFF the SPST.
Set the output of the RPSU to 9 volts.

Calculate the theoretical circuit currents for the set
supply voltage of 9V.

10 RecordvaluesinTable 1.
11 Repeat steps 4 and 6.
12 Switch OFF SPST and PSU.

13 Write Kirchhoff's currentequationsforthe nodes Pand
Q.

14 Verify the equation substituting the measured current
values.
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15 Get the readings and equations checked by your
instructor.



Table1

Set Calculated values of circuit current Measured values of circuit currents
circuit
voltage Total circuit L, ks Total circuit ks I
current(l ) current(l )
T I
| =1 =*1 | =1 +1
T B1 B2 17 B1 B2
12V
oV

TASK 2: Verify the Kirchhoff’s voltage Law with one voltage source

1

Measure and recordinTable 2, values of resistors R |
R5 and RBSoIdered on the lug board. :

Make the circuit connections as shown in Fig 2.

Mark the polarity of the voltage drops across resistors
R R andR inthe copy of Fig 2.

4 5 6
Get the circuit connections and polarities marked and
checked by your instructor.

Switch ON PSU and set output to 12V. Switch ON
SPST. Following the voltage polarities marked across
the resistors, measure and record the drop in voltage
across resistors R4, R6 & R6 in Table 2.

Switch OFF SPST and PSU.

7 Write Kirchhoff's loopequationsfor the closed paths a-

c-d-b-a, a-e-f-b-a and c-e-f-d-c. Substitute the voltage
readings recorded in Table 2 in the equations for
verification.

8 Get your readings and eqguations checked by your
instructor.

Fig 2

L+

Rg

23K

sl
Rg| |33k
DC PSU |:|
—
-
b d

ELN1435H3

Table2

Set circuit Measured values

of

Voltage measured across

voltage R R,

Ry

Vv

R4

Vv

R6

v

R6
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Exercise 1.3.29

Verify law’s of series and parallel circuits with voltage source in different

combinations

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

» verify the laws of series circuits
» verify the laws of parallel circuits.

Requirements
Tools/Instruments Equipment! Machines
» Electrician tool kit -1 Set + DCsource, 0 - 6V/30AH (battery),
+  Ammeter MC 0-500 mA - 3 Nos. Battery 12V, 90AH - 1 No. OR DC 0-30V
» Rheostat - 100 ohms, 1A -1 No. variable voltage supply source with
+ Voltmeter MC 0-15V -1 No. current limiting facility 0-1 ampere -1 No.
+  Multimeter -1 No. Materials
+ Rheostat 0-25 ohm, 2A -2Nos. _
+ Potentiometer 60 ohm, 1A -1 No. * Switch SPT A 250V -1 No.
+ Rheostat 0 - 300 ohm, 2A -2Nos. * Resistor 10 chm 1 W - 2 Nos.
+ Rheostat 0 - 10 chm,5A -2Nos. » Resistor 20, 30, 40 & 60chm 1 W -1 No. each
+ Connectingcables - as required.
PROCEDURE
TASK 1: Verify the characteristics of series circuits
1 Construct/ assemble the circuit as shown in Fig 1. Fig 3
(R,=10Q R,=20Q R, =10Q)
Fig 1
a-Bv .
11 1
5 Ry
Ry Ry ” ! g
1 1 1 =
—(V)= 5
L = 6 Alsomeasurethecurrent(l,)andvoltage (V,) acrossR,.

2 Closethe switch'S’, measure the current (1) and voltage
(V).

3 Enterthe measuredvalue in Table 1.

4 Switch OFF the supply. Reconnect the ammeter and
voltmeter as showninFig 2 and measure voltage (V)
and current | throughR..

Fig 2
45V

i1l 1

= +
Vy

ELN1436H2Z

5 Switch OFF the supply. Reconnect the voltmeter and
ammeter as shown in Fig 3 and measure the voltage
(V,)andcurrent (1) inR.,

68
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Enter the measured valuesinTable 1.
8 Recordthe relationship between ., |, |, and |.

9 Write down the mathematical form of current law of a
series circuit.

10 Record the relationship between vV, V,, V,and V.

11 Write down the mathematical form of voltage law of a
series circuit.

No=
12 Calculate resistance fromthe measuredvalues, record
the results with the values indicated on the resistors.
13 Record the relationshipbetweenRandR,, R, R..



a series circuit.

14 Write downthe mathematical form of resistance law of

R =
15 Get it checked by the instructor
Table1
Values Total R=10 R,=20 R;=10
Current | = = L= L=
Voltage V= Vs M= e
Resistance R=____ R= = R.= = R =
TASK 2 : Verify the characteristics of parallel circuits
1 Use an Chm meter to set the values of a rheostat or ]
resistor R, = 40o0hms, R,=60chmsand R, =30ohms. e s .
i & 7 = =
2 Connect the resistors (Rheostats) in parallel with the - & 1
switch S, ammeter A, voltmeter V and battery Bas in + @) : " i
Fig 4 and measure the current |, and V.. Record the 12y = > G:r) @ @
. 3 & T Ry R Ry
valuesinTable 2. L L f
3 MeasurethevoltagesV,_, V,,V, &V, andrecordthem - - - %
in Table 3. PARALLEL CIRCUIT z
Table 2 Measured Value of R, = ----------Ohms
1
T Ve
Sl.No. R, R, Calculated R, = —+—+— | | V, R. =7

S

4 Calculate the current through each resistortaking into

consideration V., applying Ohm's law and enter the

valuesinTable 3.

resistance R,.

8 Compare the measured and calculated values of total

Conclusion
5 Measure the currents |, |, |, & |, and record them in CurrentCharacteristics |, =1 +1,+1,
Tables, _ Voltage Characteristics V_=V.=V,=V,
6 Compare the calculated values with the measured
values. Record your observation. 1
1 1
[ Sl —re—rt——
7 Calculate the value of total resistance R., from the TatalResisiance B R,] R2 R3
above measuredvalues.
Table3
Calculated Measured
V., | V,Measured | V,Measured |V,Measured
IS |1 |2 IS IS |1 |2 |3

Conclusion

9 Get the work checked by the instructor.

Power : Electrician (NSQF - Revised 2022) - Exercise 1.3.29

69



Power

Electrician - Basic Electrical Practice

Exercise 1.3.30

Measure the voltage and current against individual resistance in electrical

circuit

Objectives: At the end of this exercise you shall be able to
» connect individual resistor in series and measure current and voltage

» connect individual resistor in parallel and measure current and voltage

» compare the theoretical values with actuals in the circuit.

Requirements

Tools/Equipments Materials
+ Cutting plier 150 mm -1 No. » Connectingleads - asrequired.
+  Screw driver 150 mm -1 No. +  Lamp250V/ 40w -2 Nos.
+ Voltmeter M| 0-300V -1 No. +  Lamp 250V/ 60w -2 Nos.
+ Ammeter MIO-1A -1 No. +  Switch 240V/6A - 2 Nos.
+  Multimeter -1 No.
+  ACsource 240V/6A - asrequired.
PROCEDURE
TASK 1: Measure the voltage and current of resistors in series
1 Construct the circuit as shown in Fig 1.
Fig 1
Record the cold resistor value of lamps in Table 1. g i - L2
: ; : A) L A @ VA VE .
Connect two 40V lamps in series and switch ‘ON" AC 1‘ 5 g -
240V/6A. Measure and record the current and voltage 240V AC
V,andV, inTable 1 as per Fig 1A. * S
4 Switch 'OFF’ and replace One 40WWlamp and connect N
60W lampsinseriesand repeatthe step3 process after 1A L1 v
g t ] . = A0
switch ‘ON'’ (Fig 1B). S T_'; @ WS e E
5 Switch OFF and connect 2 lamps of 60Win seriesand
repeat step 4. (Fig 1C). el
0-200 MI
6 Get the work checked by the instructor B l
LA AV 'g:,w - n‘\s‘%w
) L T—O 2 B
= 0-1A
240V AC -
l 0-300 MI E
o z
Table 1
Cold resistor 40W - 40w 40WY - 60V 60VY - 60V
40WV | 60W In series In series In series
A Vi| V2| A V1| V2 A V1 V2
Value
Measured
Value
Calculated
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TASK 2: Measure the voltage and current of resistors in parallel

1 Connect the circuit as shown in Fig 2.

Fig 2 2 as per Fig 2A.
0-1A % 7
i B : 3 Switch 'OFF’ and replace one 40W Lamp with 60W
‘“’ mvf =t ‘”> ) v ) Lamp. Switch ‘ON’and repeat the step 2 (Fig 2B).
AlC g =™ : Caow 4 Switch OFF and use two 60W Lamps and repeat step
) | < 3 (Fig 2C).
Recordthe readingin Table - 2 and write the conclusion.
0-1A .
B Get the work checked by the instructor.
S ! =4 V1 vz
240v ° > L1 i
o L2
T § aw N a0V
N
%j{\
)
L I_‘ i & T vz
240V E L1 : L2
AC g 760w c0W
% :
Table 2
Cold resistor 40W - 400 40W - 60W 60VY - 60W
400/ | 60W In parallel In Parallel In Parallel
A Vi (V2 | A | V1| V2 A V1 V2
Value
measured
Value
calculated

2 Connecttwo 40Wlampsinparalleland switch‘ON’ AC
240V/I6A. Recordthe current, voltage V, andV, in Table

Power : Electrician (NSQF - Revised 2022) - Exercise 1.3.30
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Exercise 1.3.31

Measure current and voltage and analyse the effects of shorts and opens

in series circuits

Objectives: Atthe end of this exercise you shall be able to
+ examine the effects of short circuited resistors in series circuits
» analyse the effects of open circuited resistors in series circuits.

Requirements

Tools/Instruments

+  Screwdriver 150 mm -1 No.

+ Voltmeter MC 0-15V -1 No.
(Sensitivity 20K £MV)

*+ Voltmeter0- 15V MC -1 No.

« Ammeter O - 500mA -1 No.

*  Multimeter -1 No.

+ Rheostat 100/120 &, 300 2 1A -1 No.

1 amp or Battery lead acid 12V, 60AH -1 No.
Materials
+ Resistors 2K, 1 Watt - 3 Nos.
+ Connectingleads -asrequired
+  Switch 6A 250V - 2 Nos.

DCvoltage source variable 0-15V,

PROCEDURE

TASK 1: Examine the effects of short and open circuited resistors in series circuits

1 For the circuit in Fig 1, calculate the nominal values
for the voltages V,, V, and V. and record them in

|||—

Table1.
Flg 1
¢ 8 a-1A 1
——0 C
//,
-
o R | |2k
/
lf
e B
+ j‘r Fig —1
) e p o
= 7
L I,f Ra 2k
—_— if
|
| A
|
Ry 2k
It =
g
=
{17}

Note: All voltages are with respect to ground.

3

Enter the calculated values in the first column of
Table 1 under the heading *Fault conditions'.

Repeat steps 2 and 3 for each resistor inturn.

Consider now removing R, calculate and record the
resulting voltages at A, Band C.

Enter the calculated values in the fourth column of
Table 1 under the heading *Fault conditions'.

Repeat this for each resistor in turn.

Note: Only one fault is simulated.

Verify your calculations in steps 3and 6 by connecting
a piece of wire across each resisterin turn, simulating
a short circuit across that resistor, and then removing
each resistor, simulating an open at the location.

10 Measure voltage foreach fault conditionand be sureto

check consistency with the calculated values.

11 Record all measured data in the corresponding

columns of Table 1.

12 Analyse the readings in healthy condition (normal

Considering resistor R, as shorted, calculate and record
the resulting voltages at A, B and C, if this were to
OCCLUI.

condition)andfaulty (OC and SC) conditionand record
thefindings.

13 Get the work checked by your instructor.

Table1
Fault conditions
Voltages Nominal| R, SiC R, SIC - S/IC R, oIC R, | OC R, | OC
Value Cal Meas | Cal | Meas| Cal | Meas| Cal Meas | Cal | Meas | Cal | Meas
VA
VB
VC
Cal - Calculated S/C - Short circuited

Meas - Measured O/C - Open circuited
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Exercise1.3.32

Measure the current and voltage and analyse the effects
of shorts and open in parallel circuits

O bjectives: o the end of this exerciss you shall be able to
= gxamine the effects of short and open circuited resistors in parallel circuits
= analysethe effects of short and open circ uited resistor in parallel circuts

|

SZzanthe OR Code to wiew
the wdeo for this exenzise

Requirements

Tools! Instruments

= Sorewdriver 150 mm -1 Mo,

= MC Yolmeter 0-15% -1 Mo,
[Zenszitivity 200 207

= M Yoltmeter 0 -135% -1 Mo,

= M &nmeter O-S00m&, -1 Ma.

= hiultimeter -1 Ko,

= Rheostat 0-300 03 248 -1 Mo,

DCvoltage sourcevarable 0-15%,
1 amp or Battery lead acid 12%, 802H -1 Mo,

Materals
Connedingleads -&3 reguired
Swdtch B2 250 -2 Moz
Fezidors, cahoncompostion 62K -1 No.
1w £ 5%
= 33K0 -1 Mo,
LI ] -1 Mo,
Fezigtors, carbon compostion
w2200 -1 Mo,
L B TR S
= 35300 -1 Mo,
= 4700 -1 Mo,

FPROCEDLUEE

TAZH 1: Analy=e the effect of short and open circuited resistors in parallel circuits

1

Calculate the nominal walues for the currentsz
L1 andl 1 and|_forthe circuitin Fig 1 and recordthem
in Takhle 1.

Consrud the circuit (shown in Fig 1) and adiust R,
source soltage seriesresidor o avalue that produces
12wvoltz acrossthe parallel zet ofresistors.

4

Measure and recordthe valuesofcurrent= 11,1,
and 1) (Use Multimeter DC milliamperes range).

Record them inthe 'nominal’ columnin Takle 2.

Mowyconsider & shorted R E gimate and record the
rezulting currents if thiz were to ooccur. Enter the
calculated valuesinthe firs columnin T akle 1 underthe
heading ™ Shot resistor’

6 Repeat gep 5 for each residor inturn,

b ¥ Mowconsider removing R . Calculate and record the
[]'3. rezulting currents if thiz were to ooccur. Enter the
calculated valuesinthelag columnin T akle 1 underthe

heading ™ Open resistor’,

THEL RALLM DY M NOT REQURED EROALSE Y = M S0VEN ! g Repeat fep ¥ for eachresidorin turn.
3 Zetthecurrent limitto 1 00m &, ifthe DC power supply Ondy one fault is simulated
sith current limiting festure is used as V.. Omit the

- a 9 “erifythe calculations in geps S and B by conneding

series resistor B, Fia 2)

Fig2

S BB
z = ! I b
Tl ol

apiece of wire acroszeach resigor inturnto simulate
a short circuit acrossthat resistor . Measureand record
the current for each fault condition in Takble 2.

10 Checkthemeazuredvalue of current cons gency with

the calculated waluesin Takle 1.

11 Werifythe calculationinsteps T andd by removing each

rezigor in turn to simulate an open drout at that
location.

T3



12 Measure and recordthe current foreachfault condition
inTable 2 .

14 Analysethe readingsinhealthy condition (normal)and
faulty (OC & SC) condition and record the findings.

13 Checkfor the measuredvalue of currents consistency 15 Get it checked and approved by the instructor.

with the calculated values in Table 2.

Table1

Currents

Nominal

Calculated value of current

Shortresistor

Openresistor

R,

R,

R,

R,

Table2

Currents

Nominal

Measured value of current

Shortresistor

Openresistor

R,

R,

R,

R,
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Exercise 1.3.33

Measure resistance using voltage drop method

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

» determine unknown high resistance by voltage drop method

» test unknown low resistance by voltage drop method.

Requirements

Tools/Equipments

« Cutting plier 150 mm

+  Screwdriver 100 mm

+  Ammeter MC 0-500 mA
+  Multimeter

-1 No.
-1 No.
-1 No.
-1 No.

Materials
« Resistorhighvalue -2 Nos.
+ Resistorlowvalue -2 Nos.

+  DC power supply unit 0-30V (RFS) -1 No.

PROCEDURE

TASK 1. Measure the high value resistance by voltage drop method.

1 Construct the circuit as diagram. shown in
Fig 1 and connect the high value resistor.

4 Replace with ancther high value resistor and repeat

step 3.
Fig 1 g Sndmh The true value and the measured value of R
= , will be equal if we provide “00) resistance”
o ammeter and infinite voltmeter resistance.
080V 0C R(H) I:] Table 1
: § SINo.| V | _ Yreading
E m  Areading
2 Switch ON power supply andadjustthe DCvoltto 30V. ;
3 Notethe current and record itin Table 1. :
TASK 2: Measure low value resistance by voltage drop method
1 Costruct the circuit as per shown in Fig 2 and connect Table 2
the low value resistor.
V reading
Fig 2 0-500 mA SLNo. V | e
m  Areading
| 1
030V DC ]R(\I;wn 5
] ;
- % The true value and measured value of R will be
= equal if we provide “0() resistance” ammeter
2 Repeatstep2in TASK 1. and infinite voltmeter resistance.
3 Recordthe current andvoltage in Table 2. 4 Writeyourconclusion

Get the work approved by the instructor.
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Exercise 1.3.34

Measure resistance using wheatstone bridge

Objectives: Atthe end of this exercise you, shall be able to

* identify the terminals of a Wheatstone bridge
» complete the bridge with resistors

» operate a wheatstone bridge to get ‘Null’ deflection

» calculate the value of unknown resistance using the wheatstone bridge.

Requirements

Equipment/Machines

+ Wheatstone bridge -1 No. + Resistor 10 ohms W -1 No.
bl ! Resisor 30K ohyms 2w e
. + Resistor ohms -1 No.
* ResBIOn2 ohns 2wy L « Torchcells/battery for Wheatstone
+ Resistor 30 ohms 5W -1 No. bridge -as reqd.
PROCEDURE

TASK 1: Measuring an unknown resistance using Wheatstone bridge

1

Identify the ratio arm (PQ), variable resistance (8},
sensitivity control (SC), switch (51), galvanometer (G),
connectingterminal (x, xx)and battery compartment of
the Wheatstone bridge andcorrelateitwith the schematic
diagramin Fig1.

Fig 1

UNKNOWN
RESISTOR'R'

CIRCUIT DIAGRAM

VARIABLE GOMPARTMENT
RESISTANCE

WHEATSTONE BRIDGE

ELN1441H1

w

Check the battery for its condition.
Check the values of the ratic arm.

Check the minimum and maximum values of the vari-
able resistance.

Connect the unknown resistor across terminals x and
XX.

Set the ratio arm to the approximate value of the
unknownresistor,

9 Close the switch and watch the deflection of the
galvanometer.

10 Adjust the variable arm by closing the switch, to geta
minimum deflection inthe galvanometer. (In case the
galvanometer needle overshoots, resetthe ratioarm.)

11 Increase the sensitivity and repeat step 10.

12 When "Null' deflection isachieved inthe galvanometer,
notethevalue of the ratioarmand position ofthe variable
resistance. Enter the values in Table 1.

13 Apply the formula given below and calculate the
resistance.

Unknown resistance inohms =

Reading of ratio arm setting X value of variable
resistance

14 Enter the values in Table 1.

15 Repeatthe procedure for measuringatleastfour unknown
resistors and enter their respective valuesin Table 1.

16 Getthe work approved by the instructor.

7 Set the variable resistor knob in the middle.
8 Setthe sensitivity control to "Low'.
Table 1
Sl.No. Type of resistor Setting of ratio arm | Value of variable Resistor value in ohms
resistance = Ratio arm x value of

variable resistance
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Exercise 1.3.35

Determine the thermal effect of electric current

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

s connect the ammeter in circuit

s read the ammeter

connect the circuit element in series
test the Power continuity

» analyse the effects of electric current - thermal effect.

Requirements

Tools/Instruments

*  Ammeter 0-15AMC -1 No.
+ Battery lead acid 90 AH12 V -1 No.
+ Rheostat 10 chms, 2A -1 No.

Materials
» Connectingleads
48/0 2mm1m - 8 Nos.
80/0.2mm1m - 8 Nos.
128/0.2mm1m - 8 Nos.
* Resistancewire Nichrome/constantine
diameter. 0.2 to 0.3mm 250 to 500 mm.
+ S.P.T.Switch 16 A 250V -1 No.
+ Connectingterminal post 16 A -2 Nos.

PROCEDURE

1 Connectthe resistance wire tothe connectingterminal
post. (Fig 1)

Fig 1
CLURRENT THIN WIRE

/

ARRANGEMENT OF RESISTANCE WIRE

ELN1442H1

2 Form the circuit with the resistance wire, ammeter,
switch potential divider and battery. (Fig 2)

Fig2
15A

®

U ol

1 NICROME WIRE @0.2MM, 500MM LONG
2 POTENTIOMETER 10 ,20A

CIRCUIT DIAGRAM

I 4k
ally
L1

m
[eommie]

ELN1442H2

3 Keepthe potential divider point C at B.

4 Close the switch and adjust the potential divider for
current. (Approximately.1 ampere.)

Observetheammeterreading.
Touch the resistance wire and feel.
Conclusion

When the current flows in a resistive wire
isgenerated.

8 Graduallyincreasethe current by varyingthe potential
divider.

Note: For every change in current value -
switch OFF and allow the wire to cool down to
the room temperature.

For every change of current, the time duration
to feel the heat must be the same, say 5
minutes.

9 Observethevalueofthe currentthroughthe resistance
wire.

Note: Feel the heat at a distance without
touching the wire. Be cautious notto burn your
fingers.

10 Conclusion

When current increases
increases in the resistive wire.

11 When currentistoo high the resistance wire becomes
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Determine the change in resistance due to temperature

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

* measure cold resistance of the incandescent lamp using chmmeter

* measure hot resistance of the incandescent lamp with supply by voltmeter and ammeter
+ identify the colour of the filament with respect to the voltage variation

» determine the relation between resistance and changes in temperature.

Requirements

Tools/Instruments Materials

«  Connector screwdriver 100 mm -1 No + Double-pole switch 250V 6A -1 No.

+ Ml Voltmeter 0-300V -1 No. + Lamp15W, 250V -1 No.

+ MC Ammeter 0-1A -1 No. + Lamp-holderB.C.batten -1 No.

»  Ohmmeter (shunt type) -1 No. + Candle -1 No.

+ MC Voltmeter - 5 volts or « Potentiometer 500 ohms, 0.5A -1 No.

multimeter (digital) -1 No. e lronwire 0.2 mm diameter. -2.5m.
+ Connectingleads -11 Nos.
« Terminal post 16A -2 Nos.
+  Lamp 40W, 250V -1 No.
PROCEDURE

TASK 1: Measuring of cold and hot resistance of the incandescent lamp by using ohmmeter

1 Setthe ohmmeterto ‘zero’ andtouchthe two leads on 5 Get the circuit checked by the instructor. Keep the
the pins of the lamp. potential divider point C at B.
2 Measurethe resistance ofthegivenincandescentlamp 6 Fixtheincandescent lampinthe lamp-holderandclose
using chmmeter (Fig 1). the switch.
Fig 1 Note: Switch off the supply before fixing the
lamp.

7 Adjust the potentiometer at 50 volts.
(‘1) t >< 20V, Moku W 8 Closethe switch and read the voltmeter and ammeter.

9 RecordthevaluesinTable 1.

ELN1443H1

10 Observethe colourofthe filament andfeel the tempera-

_ ture on the lamp’s glass.
3 Recordthevalue inTable 1.

Table
4 Formthe circuitwiththe lamp-holder, voltmeter, amme-
ter, potentiometer, D.P.S.T. switch and supply as per Measurement R in Q | Colour of
the circuit diagram. (Fig 2) filament
] 1 Cold resistance of bulb
Fig2
s measured by ohmmeter
L O—HT\D— 0 - 500 mA
| N Vin volts lin mA
| i
I “‘ 2 50V
a0v.Ac | £ n[
SUPPLY | osAlle (V 0-280v L >< 250V, 16M40 W 3 100V
| B
| 4 150V
X pl
No— g 5 240V
PM - POTENTIOMETER z
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10 Repeat steps 6 to 8 for 100V, 150V and 240V.

11 Calculate the resistance using the formula R = T

forevery set of reading.

12 Recordthecalculatedvaluesof resistance inthe Table.

Conclusion

TASK 2: Determine the relation between resistance and changes in temperature using a candle

1

Make a coilof ironwire of length 0.5 manddiameter0.2
mm.

Fix the coil betweenthe two terminal posts mountedon
a piece of insulating board.

Build the circuit according to Fig 3.

Fig3

ELN1443H3

4

5
6

Increase the supply voltage tothe iron coil by adjusting
the potentiometersothatthe current (1) reaches avalue
of 450mA.

Measure the voltage drop V_ across the coiled wire.

Fromboththevalues (land V) calculate the resistance
of the coil.

7 Theresultis: | =_ A
V. = V.

o S
Vo
Therefore, R = T

8 Now, warmthe coil by heating it incandle flame record
andthe measurement for calculation of resistance. Do
notchange the potential divider movable arm position.

9 Thisnowresultsin: | A
Ve M
Vo
[HereloteliR =t e ohms
I

The result may vary considerably due to differ-
ent temperatures of the wire.

Conclusion

What is the relationship between resistance and
temperature?
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Verify the characteristics of series parallel combination of resistors

Objectives: At the end of this exercise you shall be able to
» form series parallel combination circuits
» verify characteristics of series and parallel circuits.

Requirements

Tools/Instruments

Electrician tool kit

MC Ammeter 0-500 mA
Rheostat - 100 ohms, 1A
MC Voltmeter 0-15V
Multimeter

Potentiometer 60 ohm 2A
Rheostat 25 ohms 2A
Rheostat - 40 chms 2A
Rheostat - 300 ohms, 2A

Equipment! Machines
-1 Set + DCsource,Battery
- 3 Nos. 12V,80AH or DC 0-60V -1 No.
-1 No. variable voltage supply source with
-1 No. current limiting facility 0-1 ampere -1 No.
-1 No.
-1 No. Materials
- 1No. +  Switch SPT 6A 250V -1 No.
-2 Nos. . Resistor 22 ohms 1 W -1 No.
-1No. . Resistor 10 ohms 1 W -1 No.
+ Connectingcables -as reqd.

PROCEDURE

TASK 1: Verify the characteristics of series parallel combination of resistors

1 Drawthe circuitdiagramand calculate the voltage and 2 Calculatethetotalresistance R, andtotal current |, for
currents for the series parallel circuit shown in Fig 1. V_ =50V and enter in Table 2.
Enterthe valuesin Table 1.

3 Setthe value of the rheostat resistances equal to the

Fig 1

L+

DCSUPPLY 80V

values giveninFig1 (i.e. R, =250hms, R,=3000hms,
R, = 40 ohms and R, = 60 ohms) by measuring the
resistance value betweenone endandthe variable point
of the rheostat.

4 Formthe circuit and measure the voltages and current.
Recordthemin Table 1.

5 Calculate the value of R, from V_and |, and enter in
Table 2. Compare with the value obtained instep 2.

Verification
L= o L 8 = Mt R =R (R o+ R,

ELN1444H1

80

Table 1
VR\ lS |2 VR2 |3 VRS R3+R4 RQ” (R3+R4)

V., =50V Calculated
R, = 258 Values
R, =300Q
R3 = 400 Measured
R, =608 Values

Table2

Calculated Values

R =R+ R, [ (R, +R,)} =

Measured Values
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Exercise 1.4.38

Determine the poles and plot the field of a magnet bar

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

» determine the polarity of a permanent magnet

» trace the magnetic field of the given magnetic bar

» trace the magnetic lines with the aid of a compass needle and iron filings.

Requirements
Tools/Instruments Thread (tensionless) -1m
+  Bar magnet 12 x 6 x 100 mm -2 Nos. Ironfilings - 25 gms
+  Compass needle 10 mmdiameter. -1 No. Ironnails - 25 gms.
Aluminiumwire - afew pieces
Materials Copperwire - a few pieces
Cottonthread sleeve - a few pieces
+ MSbar12x6x100m OI.- -1 No. Wood ChipS -asmall quantity.
(make a M.S. bar to the size Paper pins _as required.
ofthe bar magnet available)
PROCEDURE
TASK 1: Determine the pole of a permanent bar magnet
1 Suspend the magnet as shown in Fig 1 with a
tensionless thread. Fig1
2 Observe the direction of the poles of the suspended y, = *
magnet. ><
-« <
3 Mark the polarity N on the free end of the suspended
magnet that points (seeks) at the north direction of the
earth.
4 Reorient the position of the suspended magnet to "
cofirmthe polarity. g
5 Check the identified pole with a magnetic compass. 2
The compass needle must not be taken near
the poles of the bar magnet.
TASK 2: Trace the magnetic path of the given magnetic bar
1 Placethebar magnet's north pole underneaththe paper
as shown in Fig 2. Sprinkle some iron filings on the Fig 2 A B
paper. PAPER X2
N SN\ s
2 Tapthe paper gently on all the corners. Observe the Iy
random filings getting oriented into a definite pattern. _5_1%::\31\\)" wy
3 Gently draw lines along the orientation of the iron I:;;;jqﬂ? \7:-*5
filings with a pencil. Repeat the expriment for the TN
; . ZHA |
other pole as shown in Fig 3. Z2f ! '| \ \\
4 Place the bar magnet underneath athin cardboard as C

shown in Fig 4. Sprinkle some iron filings. Gently tap
the papertoorientthe ironfilings and tracethe magnetic
path with a pencil.

D
PAPER _\ —

ELEVATION

ELN1545H3

(=]
=4



Fig 3

Fig 4

C
N /
\\\\\.'/ Ny
_\\\\\\\\“IH > z /
2% 3
WA 3

L = =2
p ¢ TS °Z
SEAL/) TN Z =
/yﬁr;l AR 7 N ™~ DRAWN LINES
é///il\ ZrlaNs OF PREVIOUS
b EXPERIMENT
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i %
N z
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w
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PLAN
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ELN1545H5

5 Placeanotherthincard overthe bar magnetasshown
in Fig 5. Trace the magnetic lines using a compass
needle by positioningthe needle inthe required areas..

Fig5

For steps 4 and 5, the bar magnet should be
oriented in the geometrical north-south direc-

tion.

Do not use a strong bar magnet for mapping
the field with a compass.

82
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Exercise 1.4.39

Wind a solenoid and determine the magnetic effect of electric current

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

* prepare a bobbin
* select the suitable wire and make the winding for solenoid
* determine the pulling strength of a solenoid.

Requirements

Tools/Instruments

+ Combination pliers 150 mm -1 No.
«  Screwdriver 100 mm -1 No.
+  Screwdriver 150 mmwith 3 mmblade -1 No.

+  Magnetic compass 12 mmdiameter - 8 Nos.
+ Rheostat 10 Ohms, 20A -1 No.
«  MC Ammeter 0-10A -1 No.
+  MC Ammeter 0-30A -1 No.
+  MC Voltmeter0-15/0-25V -1 No.
Equipment/Machines
+ Battery 12V, 80 or 100AH or variable

voltage source DC 0-25V, 30A -1 No.
Materials
« lIronfilings -850 gms
+ Connectingleads -as reqd.
« DPST knife switch 16A/ 250V -1 No.
«  Enamelledcopper wire 16SWG -50cm
+  Paperpins -afew
+  Terminal post 16A -2 Nos
+  SPST knife switch 16A / 250V -1 No.

PVC insulated cable 4 sg.mm

250V grade -4m.
Barrator resistor 0.48 ohms 250W -1 No.
Cardboard A4 (R 48) size -1 No.
Bare copper wire 4 sg.mm -1m
Porcelain connectors 2-way 32A -2 Nos.
Transparent sheet of plastic,

Ad size, 3 mm thick -1 No.
FVC saddles 50mm - 2 Nos.
PVC pipe 25 mm 100 mm lehg -1 piece.
FVCwasher 25mm inner diameter.

50 mm outside dia. - 2 Nos.
PVCadhesivetape -as reqd.
Super-enamelled copper wire

22 SWG -50m.
4—way terminal pad -1 No.

T W plank 150 mm x 300 mm -1 No.
Soft iron piece 22 mmdia 75 mm long

with hook on one end -1 No.
SPST Knife switch 16A -1 No.
Adhesive paste forfixing washers -as reqd.
PVC/Empire sleeve 2 mm -as reqd.

PROCEDURE

TASK 1: Make the solenoid and determine its polarity for the given direction of current

1

Fix the PVC washers at both ends of the PVC pipe to
make the bobbin. (Fig 1)

Fix the bobbin suitably in a hand drilling machine.

Secure the lead-out wire to the bobbin by means of
an adhesive tape after inserting the lead wire with
sleeve throughthe hole in the side wall ofthe bobbin.

Findthe number ofturnswound over the bobbinforone
rotation of the drilling machine handle.

Calculate the number of handle rotations required for
winding 200, 400 and 600 turns.

Fig 1
Nl i
1 [ F ) g
215 o
= f—2
=13
o
sc:REw\ O )) )
LEAD WIRE v

ELN1548H1
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6 Complete the windings by taking tappingataninterval
of every 200 turns (200, 400 and 600) such that the
common andthreeterminals are taken out through the
holes provided in the side wall (PVC washer).

(Fig2)

Fig 2

TAPPING 1

ELN1546H2

7 Insulate thetop layer with anadhesive insulation tape.
(Fig 3)

Fig 3

600

ELN1548H3

8 Fixthesolenoidona 150 mmx 300 mmwoodenboard
using a plastic saddle. (Fig 4)

9 Connectthedrawnoutendswithsleevestothe 4-way
terminal pad, fixed on the board. (Fig 4)

ELN1546H4

Carefully removethe enamelinsulation without
damaging the conductor.

10 Check the continuity with an Ohmmeter.

11 Connect the ends of the solenoid to the 12V battery
through switch S, variable rheostat and ammeter O -
10A. (Figd)

Fig5
SPST L
KNIFE SWITCH R
s h
80 €1 0D-5A
ol 4.1A MC
™

——

ELN1548HS

12 Close the switch S and test the solenoid with a bar.

TASK 2. Determine the magnetic effect of electric current

1 Vertically mount the coil on a stand.

2 Suspendthe spring balance fromthe stand and hook
it vertically to the (plunger) soft iron piece. (Fig 6)

Check for the free movement of the plunger
inside the solenoid.

3 Taketheinitial reading of the spring balance.

4 Connect the solenoid to the first tapping, say 200
turns, through an ammeter, knife switch and rheostat
as shown in Fig 5. Get the circuit checked by the
instructor.

5 Closethe switchandadjustthe currentto Samperes.

6 Note the reading of the ammeter and spring balance
andrecordinTable 1.

7 Open the switch.

8 Repeatoperations 4to 7 fortappings 400 and 600 by
keeping the current constant at 5A, adjusting the
rheostat.

9 Calculate the pulling power for strength in all the 3
cases.

10 Ascertainthe relationship betweenthe number ofturns
and magnetic strength when the solencid carries the
same current, and record the conclusion accordingly.

11 Connect the coil to 600 turns tappings.

12 Close the switch.

13 Keepthe currentat1 ampere by adjusting the rheostat.
(Fig6)

14 Note and record the spring balance readings in
TableZ.

15 Repeat step 14 for different current values (in steps of
1 ampere up to 5 amperes).

16 Calculate the pulling power for strength in all the
5 cases.

17 Ascertainthe relationship betweenthe currentandthe
magnetic strength when the number of turns of the
solenoid is constant. Record the conclusion
accordingly.
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Fig6 18 Get it checked by the instructor.
Conclusion

¥

Z

Table1

Magnetic strength with respect to the number of turns {(Current kept constant)
Sl.No. No.of turns Current Initial reading of Spring balance Strength of pulling
balance W1 reading W2 power (W3 = W2 - WH1)

1 200 Samps
2 400 Samps
3 600 Samps

Table2

Magnetic strength with respect to the current
(Turns kept constant = 600 turns)
Sl.No. Current Initial reading of Spring balance Strength of pulling
the balance W1 reading W2 power (W3 = W2 - W1)

1 1amp
2 2amps
3 3 amps
4 4 amps
5 5 amps

Power : Electrician (NSQF - Revised 2022) - Exercise 1.4.39
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Determine direction of induced E.M.F and current

Objectives: Atthe end of this exercise you shall be able to
» determine the direction of e.m.f induced in the circuit
» determine the direction of the current by the induced e.m.f.

Requirements
Tools/Equipment Materials
+  Voltmeter (100 mv -0 - 100 mv) -1 No. * Connecting leads -asrequired.
« Bar magnet4’ -1 No. + PVCtransparent sheet with drilled -1 No.
+ Solenoid (Assembled) fitted on holes (4" x 3")
board -1 No.
(preparedin previous exercise)
+  Multimeter -1 No.
+ Magnetic compass -1 No.
PROCEDURE
1 Connect the centre zero voltmeter to the solenoidand 3 Extend one end of the coil wire and make 10 turns at
test the continuity of the coil as shown in Fig 1. equal distance in adrilled hole made onatransparent
] sheet on it as shown in Fig 3.
Fig 1
Fig 3
T
i 12v.DC
i TRANSPARANT "
SHEET i
T 20,100 W 3
- 4 Place the compass at one entry point of the conductor
i by pointing ‘N’ to the entry of the coil as shown in
d Fig 3. Record your findings in Table 1.
2 Checkwhethertheinducedvoltageis presentinthe coil 5 Insertthe magnetinto the coil and move the magnet to

by mounting bar magnet as shown in Fig 2. andfro asinthe earlierexercise. Note the deflectionin

the compass needle.

Fig 2
6 Change the polarity of the magnet and repeat
step 4. Note the deflection in the compass needle.

The current direction shown in Fig 4 is for your
reference.

The direction of the current in a conductor’s
cross-section is shown by the (+) plus symbol
inside a conductor ora(.) dot symbol outsidea
conductor. (Fig 4)

7 Interpret your findings and record the conclusion in
Table 2. (A sample resultis givenfor reference)

ELN1548H2
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Table 1
Fig4
CURRENT FLOW
Sl. No. [Compass N towards | Compass S
entry towards entry
1
2
3
:
INTO THE CONDUCTOR OUT OF THE CONDUCTOR %
Table2
{(POLARITY OF INDUCED EMF)
Case Operation Figure Polarity of induced voltage
—FOLE = FOLE _ "
1. | Magnet is moved inside the coll / / / D D
N =400 o
LS
[T = L] L]
2. | Magnet is moving away from the coil N =400
&
—PFOLE —PFOLE _ o
3. | Magnet with changed polarity is moved / / [ L]
inside the coil A
N =400
Q)
4. | Magnet with changed polarity is moving / I I [N ] L]
away from the coil A
N =400
O
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Exercise 1.4.41

Practice on generation of mutually induced E.M.F

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

* prepare a solenoid having two sets of winding

» wind the solenoid with both primary and secondary windings
* measure the induced voltage in the secondary wrinding.

Requirement

Tools/Equipments Materials
+ Voltmeter (100 MV -0-100 MV) -1 No. . Connectingwires - as reqd
S eumecieIodon = dike. . PVCtransparent sheet with drilled -1 No.
+  Solenoid (Assembled) fitted on Ho o180 %75 trim
Bodid : . : S »  SuperEnamelled copperwire 228WG  -20m
(preparedin previous exercise) . Supportingstand 51 Pair
+  Multimeter -1 No.
+ Magnetic compass -1 No.

PROCEDURE

Use the solenoid, used in exercise 1.4.39 and
1.4.40.

Take the two ends of the coil, solenoid and check its
continuity.

Wrap the tape cver the solenoid.

Windthe copperwire (22 SWG) overthe solenoidfrom
one endtothe halfthe length of the coiland wrapit with
the tape.

Takethetwoterminals of the copperwire andcheck its
continuity.

Fixthe solenocid, which already has twowindingsin the
board using clamps and screws as shown in Fig 1.
Connect 0 -10V MI voltmeter between two ends of
copperwire.

7 Apply AC 10V to the solencid (primary) and measure
voltage betweentwo ends of copper wire as shownin
Fig 1.

8 Note down the reading of the voltmeter intable 1.

9 Insert the soft iron core into the solenoid. Now the
voltage willincrease. Note downthe voltageinTable 1.

10 Switch OFF andinserta non-magnetic cylindrical core
inside the coil. Switch ON the 10V supply. Note down
the voltagein Table 1.

11 Switch OFF and tabulate all the readings.

12 Getthe work approved by the instructor.

13 Note down the result and conclusions.

Fig 1
PRIMARY SECONDARY
WINDING WINDING
] =
10V AC
T 1 /
u o
r‘tﬁ o1
- - o7 T7
i i ﬁ
:
Table
Primary Secondary Without soft iron core With soft iron core Any other core
Turn Turn Primary Secondary| Primary | Secondary Primary | Secondary
{Solenoid) |(Copper wire)] Voltage Voltage Voltage Voltage
10 10 10
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Exercise 1.4.42

Measure the resistance, impedance and determine the inductance of choke

coils in different combinations

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

+ measure the resistance of the coil

* measure the impedance in AC circuit using the voltmeter and ammeter

* determine the inductance of the coil.

Requirements

Tools/Instruments

« MC Voltmeter0-15V -1 No.
+ Ml Voltmeter 0-300V -1 No.
+ MCAmMmeter0-500mA -1 No.
+ M| Ammeter 0 500mA -1 No.
+ Ohmmeter0 -2 K ohms -1 No.
Equipment/Machines

« Potential divider 480 ohms 1A -1 No.

+ 12 volts DC source (RPS)
« 240 volts AC source

Materials
«  SPT switch 8A 250V -1 No.
+ Connectingleads - 7 Nos.
+  Woundchoke

(Solencid coil) - 2 Nos.
« Tube light choke 40V, 240V -2 Nos.

PROCEDURE

TASK 1. Measure the resistance of the coil

1 Connectthe elements and form a circuit as shownin

Fig 1.
Fig 1
5 0-500 mA
()
S
A
|0
e 480 © 2
= u[ S OL
B
4
(A) TWO COILS IN SERIES
]
2
3
4
(B) SINGLE COIL (C) TWO COILS IN
CONNECTION PARALLEL

ELN1550H1

Keep terminal "C’ at "B’ in the potentiometer/
voltage divider for minimum output voltage

1]

Show the connections to the instructor and get it
approved.

Close the switch *§' and adjust the potentiometer
for 100mA current. Record the value of | and V in
Table 1.

Adjust the potentiometer to obtain the current, 200
and 300mA. Record | andthe corresponding voltages.

Calculate the resistance of the coil applying Chm's
Law. Record the result in Table 1. Find the average
value of resistance in ohms ie. R = V/I

Disconnectone coili.e. terminals 3and 4. Repeatthe
experiment to get the resistance measured for single
coil with terminals 1 and 2. (Fig 1b)

Connectterminal 3at1and4at2. Readandrecordthe
VandlinTable 1. (Fig 1c)

Result: Resistance of the 2 choke coils in series =
......... ohm

Resistance of one choke coil =

Resistance of two coils chokes in parallel = ........
ohm

Verify the above results withthe help of anohmmeter.
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Table1

Sl.No. | DCvoltatge across coils current in mA Resistance R = V/ICoils connected
1 Two in series
2 One coil only
3 Twoinparallel

Average resistance of both coils =

Average resistance of the single coll
Average resistance of the parallel coils

ohms

ohms
ohms

TASK 2. Measure the impedance of the coil in AC supply

1 Replace the voltmeter and ammeter with M| of
type 0-300V and 0.5 ampere respectively. Connect
the circuit to AC 240V 50 Hz supply source as
shown in Fig 2.

Fig 2
MEASUREMENT OF Z
2 o~
A
w
33 .
o
g g 1A c 3
32
oW
B
=
B
of E
o

Keeptheterminal of the potentiometer C'at’™B’
for the minimum output voltage.

2 Show the connections to the instructor and get his
approval.

TASK 3. Determine the inductance of the choke

Calculate the inductance (L) inthe method shown below:

Average value of resistance (R) of the choke from
Table 1 = ohms.

Average value of impedance (Z) of the choke from

3 Closethe switchS' and adjust the potentiometer
to obtain a current of 100mA. Recordthe | and vV
in Table 2.

4 Adjust the potentiometer for a current of 200mA.
Record the corresponding voltage. Repeat it for
300mA.

5 Calculatethe value of R =V/lforeachcase. Recordthe
value under the column ~ impedance ' and find the
averagevalueofimpedance ohm

6 Disconnect one coil (i.e. terminals 3 and 4). Repeat
steps 2 to 4 to determine impedance of oche coil.

Conclusion

i) When both coils are in series the impedance is

iy Impedanceofonecoilis ohms.

where T = 3.142(22/7)
f = Freguency of supply inHz
L = Inductance inHenry

Table 2 = ohms. XL
Inductance of the choke coilisL= —— Henry (H
X = 2nfl 2nf y(H)
X L = Henry
L = S
27 e ————
Table2
Sl.No. | ACvoltage across coils AC current in mA Impedance Z = Vil Coils connected
1 Twoinseries
2
3 One coil only
4
Average value of impedance of both coils = ohms
Average value of impedance of single coil = ohms
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Exercise 1.4.43

Identify various types of capacitors, charging/discharging and testing

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

» identify the type of capacitor by visual inspection
» identify the capacitor's value and rating from the marking

» test the capacitor with DC supply for insulation and leakage
» test the capacitor for charge and discharge.

Requirements

Tools/Instruments

+  Ohmmeter (multimeter - ohms range) -1 No.

Materials

» Capacitors - paper, mica, electrolytic,

+ MC Voltmeter (0 -13V) -1 No. mylar, tantalum, variable aircore and
+ MC Ammeter (100mA - 0-100mA) -1 No. mica —assorted values and different
voltage ratings - as required.
Equipment/Machines + Potentrometer 100 k ohm -1 No.
+ DCsource 12 V or 0-30V variable - 1 No. 0o
16A 250V -1 No.
(R.P.S)
PROCEDURE

TASK 1: Identification of capacitors

1

LockatFigs1(a)to1(t). Identify the capacitors andread
the value of capacitance and working voltage fromthe
markings, if indicated, and record in
Table1.

From the capacitor provided by the instructor read the
value of the capacitor and identify its type.

ELN1551H1

Table 1

Fig.No. Name of component Symbol

Type

Capacitance value Voltage rating

91




TASK 2: Test the capacitor for charging and discharging

1 Initially touch both leads of the capacitor with the
voltmeter (suitable range).

If there is any deflection, contact both leads
through a resistance for sufficiently a long
time.

Do not touch the capacitor leads by hand.
High voltage retained by a charged capacitor
will give a severe shock.

2 Formthe 12V circuit for testing the capacitor circuit
elements as shown in Fig 2. Keep the switches open.

Fig 2 CURRENT JUMPS TC
MAXIMUM THE INSTANT

SWITCH IS CLOSED

THEN IT DECREASES

VOLTAGE IS

0 [)EE

INSTANT

1 ® R v SWITCHIS

[ e ey *c? CLOSED

THEN IT

( 2 W INCREASES
sh— +

L CHARGING CURRENT )

(A} CHARGING: CAPACITOR VOLTAGE INCREASES AS THE
CURRENT AND RESISTOR VOLTAGE DECREASE

OA Vg
1 =3 4 R @
] I Voo
2
+ 1 +
Ve = ¢

{B) FULLY CHARGED: CAPACITOR YOLTAGE EQUALS SOURCE
VOLTAGE. THE CURRENT IS ZERC

CURRENT JUMPS TO
MAXIMUM THE INSTANT
SWITCH IS CLOSED
THEN IT DECREASES

o0 O 100} 1| rvOLTAGE
\ DECREASES
i TR, i AS
— Vew | CAPACITOR

DISCHARGES

DISCHARGING CURRENT

{C) DISCHARGING: CAPACITOR VOLTAGE RESISTOR VOLTAGE AND THE
CURRENT DECREASES FROM INITIAL MAXIMUMS.
NOTE THAT THE DISCHARGE CURRENT IS OPPOSITE
TO THE CHARGE CURRENT.

ELN1551H2

3 Keepthe switch S connectedto the battery. Observe
the deflectioninthe ammeter and voltmeter.

4 Recordthe deflection inthe ammeterwhenthe switch
S is closed to position 1.

5 Observethe voltmeterreadingatequalintervals oftime.
(Atleast4readings fromzerotothe maximumdeflection.)

Record the time and voltage in Table 2.

Repeat steps 1 to 5 by changing the value of the series
resistor ‘R’ (increasing the value of R increases the
time).

@3]

Openthe switch 'S’ and cbserve the voltmeter reading
for 5 minutes.

9 Result

The voltage across the capacitor remains
because of condition of the capacitor.

10 Close the switch S to position 2 and observe the
voltmeterandammeter readings.

11 Observethe deflection of the voltmeter:
(@  Thevoltage of the capacitor gradually decreases.

b The current shoots to maximum at the instant
switch S is closed to position 2, then it decreases
gradually, indicating that the capacitor is losing
charge.

12 Repeatthetest for different values of capacitance rated
fordifferent voltages.

The testing voltage should be close to the
voltage rating of the capacitor.

Table?2
Sl Value of Time Voltage
No. | Capacitor | Resistor in volts
HF kW seconds
1 470 200
2
3
4
9 4370
6
7
8
= 470
10
11
12
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TASK 3. Testing of capacitor with ohmmeter

Discharge the givencapacitor.

Connectthe ohmmetertotestthe capacitor (Fig3) and

observe the deflection in the meter.

Set the chmmeter selector switch at a higher
range.

While testing with a polarised capacitor, the
positive terminal of the capacitor is to be
connected to the positive terminal of the
ohmmeter and the negative terminal to the
negative terminal of the ohmmeter.

While testing with non-polarised capacitor
(mica, ceramic, etc) the low values in fractions
of micro-farad will not show any deflection in
the ohmmeter.

Table3

Sl. Value of Meter Result
No. Capacitor reading

1

2

3

4

5

For electrolytic capacitor only.

3 Assessthe condition of the capacitor undertest, using
the informationavailable inFig 3and record the findings

in Table 3.

4 Discharge the capacitor.

5 Perform the test in different capacitors.

Fig 3

@
1 CAPACITOR
T BEING
TESTED
CONDITION OF
INDICATION OF TEST INSTRUMENT CAPACITOR UNDER TEST
METER INDICATES SOME RESISTANCE LEAKAGE

NO DEFLECTHON

OPEN

DEFLECTS AND RETURN BACK SLOWLY

GOOD CONDITION

CONTINUOUSBLY SHOWS ZERO READING

SHORT

TESTING OF CAPACITOR WITH OHMMETER

ELN1651H3
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Exercise 1.4.44

Group the given capacitors to get the required capacity and voltage rating

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

» determine the capacitive reactance

» select capacitors and connect in series

» select capacitors and connect in parallel
» test combinations of capacitors.

Requirements

Tools/Instruments Materials
+ Ml Voltmeter O to 300V -1 No. Switch SPT 8A 250V -1 No.
+ Ml Ammeter 0to 500mA -1 No. 2 MFD 240V/400V -2 Nos.
» Rheostat, about 300 ohms 2A -1 No. A MFED 240V/400V -1No.
] ) 8 MFD 240V/400V 50 Hz. -1 No.
Equipment/Machines Connecting leads -as required.
+ 240V AC source.
PROCEDURE
TASK 1: Measure capacitive reactance (Xc)
1 Form the circuit as shown in Fig 1 with a 2 - pF Table1
capacitor. (Fig 1) Vv
SLNo. Value of |Voltage | Current|X; = —

Fig 1

240V~ RN ¢ Cv) —

b

o
ELN1552H1

Discharge the capacitor before handling.

Close the switch § and adjust the potential divider for
the rated voltage of the capacitor (240 V).

MNotethe voltmeter and ammeterreadingsand record
in Table 1.

A%
Calculate the reactance X¢ = T andrecord the

result in Table 1

TASK 2: Connect capacitors in series

1

94

Formthe circuit with two capacitors inseries as shown
inFig2. (2 MFD, 2 MFD)

Determine the X. value for the series combination
performing steps 2 to 5 of TASK 1. Fill X values in
Table 2 underthe appropriate columns.

Capacitor

Compare the calculated value using the formula
_ 1
~ 2mfC

Find the capacitive reactance valuefor 4 JF repeating
steps 1to 5.

Xe

Conclusion

i When capacitance increases the capacitive
reactance

i Increased reactance means
capacitance.

Calculate the total capacitance C__ as
1 1 1

-

C E
total 1 2



A

o O

®

o
S
:E_J\
(v}

%-F._‘Y*’*Vz

2
\V,‘+V1

ELN1552H2

5 Measurethe voltage acrosseach capacitorandrecord
it in Table 2 under column 3.

6 Repeatsteps 1 to 5 for series grouping of capacitors.
a)2 &4 MFD
7 Get it checked by the instructor.

Conclusion

b) 4 &8 MFD

The voltage across the capacitor and the value of

4 Calculate the C__ fromthe X. Check for its capacitor in series.
confirmity.
Result
When capacitors are connected in series
i the total reactance
i the net capacitance value
Table 2
Sl. Value of | Value of Voltage Voltage | Currentin | Voltage Total Capacitive
No. | Capacitor | Capacitor across across mA vV reactance
j— 1
C, C, C, C, — —— YO 1
in pfd in pfd v, v, e, & =
1 2 2
2 2 4
3 4 8

TASK 3: Connect capacitors in parallel

1 Formthe circuitwith two capacitorsin parallel as shown
in Fig 3 (2 MFD, 2 MFD).

2 Determine the reactance X .of the parallel combina-

3 Calculate the total capacitance C

C __inTable3.

total

total

=C,+C,. Record

4 Calculate the C__, from X.. Check for its confirmity.

tion performing steps 2 to 5 of TASK 1. Fillup X Result
inTable 3. e .
In parallel combination of capacitance
, i thetotalreactance
Fig 3
o - a @ i thetotal capacitance
1 Discharge the capacitors at the end of each
AW R [ CV) = T . T% experiment / test
2
o b g 5 Repeatsteps 1to 5 for parallel grouping of capacitors.
Table3
Sl. | Value of | Value of Voltage | Voltage | Currentin | Voltage Total Total
No. |Capacitor | Capacitor | across across mA Vv C...=C,+C,| reactance
C, C, C, C, .
: : XC=
in mfd in mfd V, v, Nlfc

1 2 2

2 2 4

3 4 8
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Exercise 1.5.45

Measure current, voltage and PF and determine the characteristics of the
RL, R-C, R-L-C in AC series circuits

Objectives: Atthe end of this exercise, you shall be able to

* measure the current, voltage, power and P.F in R-L series circuits
* measure the current voltage, power and P.F in R-C, series circuits
* measure the current voltage, P.F in R-L-C series circuits

* measure the power and P.F. in R-L-C series circuits.

Requirements

Tools/Instruments Materials
*  Mlvoltmeter 0-300V - 3 Nos. - Connectingcables - as reqd.
+ Mlammeter0-1.5 A -1 No. « Choke (tube light) 40 W, 0.43 A,
+ Wattmeter 250 V, 2.5 amps -1 No. 250V -1 No.
+ Power factor meter (0.5 lagto + |.C.D.P. switch - 16 amps, 250 volts -1 No.
0.5 lead) 230 volts, 2.5 amps -1 No. +  Wire wound resistor 500€/0.5A -1 No.
; : *  Wire wound resistor 100€¥/1 5A -1 No.
Equipment/Machines
quIp »  Electrolytic capacitor 8uFd/400V -1 No.
+ Autotransformer0-270V/8A -1 No. + Electrolytic 1uFd, 2uFd, 4uFd/400vV -1 No.each
PROCEDURE

TASK 1: Measure the current, voltage, power and P.F in R-L series circuit

Fig 1
260V.25A 0.5 LAG TO 0.5 LEAD
(-]
N W 1 2s0vz2sa AR
L F 2.
R ~ e N Posa /D
| Mo /L \ N
| v .
|
» |
g | WIRE WOUND
2 ! oBa0V @ R| |so0o.05a
- | V.. ] 0800V
8 I T
= |
g |
5 | TUBE LIGHT,
' 0300V o L <|| croke 20w,
| 043A
£
o S ! :
Y z
i}
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Assemblethe circuit by connectinginstruments, resistor
R, inductor L as in Fig 1. Switch ON the supply.

Measure the voltage V,,, V|, supply voltage V_andthe
circuit current and record in Table 1.

Read power (W,) and power factor (cos ¢) andrecord
itin Table 1.

Calculatetheapparentandthe true power consumedin
the circuit and compare them.

Calculate the power factor and compare it with the
measured powerfactor.

Draw the vector diagramto addthe voltage drops across
RandL.

+  Keepcurrentas the reference vector.

+ Select a suitable scale for the voltage.

+ Drawthevoltage vector (V) in-phasewithcurrent (I).

+ Drawthe voltage vector V| leading-current | by
Q0°.

+ AddvectorV_and V, toget V.

Compare the above withthe measured supply voltage.

Calculate the power factor from the true power and
apparent power.

9 Comparethe calculated power factorwiththe measured
power factor.

10 Repeatthe steps changing two values forthe resistor
and inductorandrecordthemin Table 1incolumns 2
and 3.

11 Get it checked by the instructor.




Table 1

Measured value

Calculated value

Sl. | Circuit | Supply Power Voltage | Voltage| Power | Vector | Difference| Power Difference
MNo. | current | voltage | consumed | across | across | factor | addition| inVT, | consumed| between
(Wattmeter | resis- | induc- | (reading | of VR | and VT, | incircuit | measured
reading) tance | tance of PF. | andVL & calculated
meter) power factor
I Cosoy Cos 05
Conclusion

The difference between vector addition of V, and V, with

respect to V._ is due to

TASK 2: Measure the current voltage, power and P.F in R-C series circuit

1 Testthe capacitor with an ohmmeter for its condition. 5 Measure the circuitcurrent, voltage power consumed
and power factor and note the readings in Table 2.
Discharge the capacitor before testing.
Calculate cosgandimpedance.
2 Check the value of the given resistance with a digital Compare the calculated P.F with measured P.F.
multimeter for its value.
— Measure the voltages across R and C and note in
Check the suitability of the selected wattmeter Table3.
and P.F. meter with respect to the circuit _ _ _
specifications. 8 Compare the arithmetical sum of V_ and V_ with the
— - - supply voltageandobserve thatthis isa wrong procedure.
3 Construct the circuit as per diagram. (Fig 2) Keepthe
switch ‘S’ open. 10 Add V. and V. by the vector method (graphically)
selecting a suitable scale and compare with the
Set the auto-transformer output to zero measured supply voltage.
voltage.
_ _ 11 Adjust the output voltage to 200 V and repeat steps 5
4 Close switch 'S’ and adjustthe auto-transformer output to 10.
voltage to 100V, _ _
12 Get it checked by the instructor.
Fig 2 300V, 14, 0.5 LAG TO
0-1A 300 w 0.6 LEAD
MI
/_;\ /“\W - ‘:EI V. 1A
i ) 5 E—
f’J“ R
S VR) 1000 15A
r’
Ié i I; S L ——
r | —ry (V) 0300V
240v : T, i ]
50 Hz |
L "-L__ olit?fz%,v /’J i c
ﬁ 2= 5A \‘YC) = smrD250V
i x
e
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Table 2

Measured Calculated
W
Vsupply | I | W | PF PF:m Z=T
100V
200V

TASK 3: Measure the current voltage, P.F, in R-L-C series circuit

1

Assemble the circuit as per circuit diagram (Fig 3) with
the instruments and components collected.

Before forming the circuit, confirm that the
capacitor is discharged.

Switch 'ON' the supply and adjust the auto-transformer
until the voltmeter indicates 240 volts.

Conclusion
Table3
Vsupply | V Ve Vp + V. Vg + V.
(Arithmetic) (Vector)
100V
200V
Table 4
Supply V. v vV 1
[t c
240v

4

Measure the current and note the same in Table 4.

3 Measurethevoltageacrosseachelementandnoteitin St o the-citerlt
the Table 4.
Fig 3 TUBELIGHT
0-1.5A WIRE WOUND, CHOKE, 40W CAPACITOR
Ll R=500 Q 2 MFD
VYTV ||
i i 1 | —
[ g J I \
L - Lo - e \
Lo{vg—- Loy -4 Ly~
s S - o e
L
> T — 0300V
a ' = v M
5 | T
a |
g | OUTPUT
§' | 0270V
SA
“1 o o~ =T z
N
=
o Draw the vector diagram (say 1cm=350V and 1cm 8 Replace the capacitor with another value, say 8.0

= 0.1A) taking the current as the reference vector.

Determine the supply voltage fromthe vector diagram.

Supply voltage (vector sum) =

Assumption: The resistance of the choke is
negligible in this case.

Compare the value ofthe resultant vector voltage with
reading of the voltmeter across the mains.

If the vector sum of voltages V_ V_ V, is not
exactly equal to the measured supply voltage,
it may be due to---

observation error

drawing of the vector diagram incorrectly

assumptions made.
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9

10 Result: Tcotal measuredvoltage is

MFD and repeat the steps 2to 7.

Replace the capacitor with another value, say 1.0
MFD and repeat the steps 2to 7.

11 Get it checked by the instructor.

Conclusion

A

The voltage across individual component and total
supply voltage

The circuit current

The phase angle of current with supply voltage (from
voltage vector)
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TASK 4: Measure the power and P.F. in R-L-C series circuit

1 Form the circuit as shown in Fig 4.

Fig4
— 280V, 064 250V, 154 400 AOWTUBELIBHT 4 MFD
it I_ N R CHOKE c
A T G o L - S
N '
> L & — ?
E.I o ﬁ“ | —
% | ~ v 0-300 V
3 | T MI
& | DUfTPUT
g z
elo e o 0-270V, 5A g
N | =
3

Discharge the capacitor. With an ohmmeter
check the resistance for its value, the inductor
forits continuity and the capacitor for leakage.

Set the auto-transformer to have zero output. Switch
‘ON'’ the supply.

Gradually increase the output voltage until it is 100V.

Measure the corresponding current. Note down the
readings in Table 5. Also read the Wattmeter and the
power factor meterand recorditin Table 5.

Calculate the apparent power from voltmeter and
ammeter reading.

Apparent power =V x | in volt amp (VA)

Determine the power factor by using the formula
and recorditin Table 5.

True power

Cos ¢

Apparent power

Verify the measured power factor with the calculated
powerfactor.

Do not increase the voltage beyond 200V for

this circuit.

Reduce the output voltage back to zero and switch off
the supply.

10 Repeat the experiment (steps 2 to 9) with
)

iy a2 micro-farad capacitor connected

the capacitor removed

i) a8 micro-farad capacitor connected keeping the
voltage at 200 V.

11 Comparethe readings ofthe powerfactorinallthe four
cases. Record your cbservation.

12 Result

The change of the capacitorin the R-L-C series circuit
forgivenR-L (value)

13 Get it checked by the instructor.

8 Increasethe voltage to 200 voltsandrepeat steps 4
to 7.
TABLE S
Sl. V Volt | Amp. W AP=VxlinVA | cos¢= ﬂ P.F. Meter Capacitor
AP
No. True power| Apparent power reading value in MFD
1 100V 8
2 200V 4
3 200V 0
4 200V 2
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Exercise 1.5.46

Measure the resonance frequency in AC series circuit and determine its

effect on the circuit

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

» determine the resonance frequency of a given LC series circuit and circuit current

» plot a graph of frequency versus circuit current
» test the working of a series LC as a wave trap
» determine the effect of the resonance on the circuit.

Requirements

Materials/Components Tools/Equipments/Instruments

e General purpose Lugboard -1 No. +  Traineeskit -1 No.

+ Capacitor0.1 yF -1 No. « CRO, 20 MHz -1 No./batch

+ Inductor ceil, around 40mH (Use the -1 No. + Functiongenerator -1 No./batch
solenoid coil made in Ex. 1.5.46) *  MI Ammeter O - 30 mA -1 No.

» LEDwith holder -1 No.

+  Hook-upwires -asreqd.

PROCEDURE

TASK 1: Finding Resonance frequency and circuit current

1 Solder the components as shown Fig 1 to obtain a
simple series resonance circuit. Connect instruments
as shown in Fig 1.

LED may not be glow or may be very dim,
becausethe setfrequency of 1 KHz may not be
the resonance frequency of the circuit.

Gradually increase the frequency and record the
resonance frequency f at which the circuit current
becomes maximum (LED glows brightly).

This is the resonance frequency of the series
resonancecircuit because at series resonance,
current | through the LC circuit will be
maximum.

Fig 1 | | VT 5
N
C=0AKF L =40mH
LED
SINGAL
)
= €)
N
M.1 0-30 MA o
o :
S H =

The LEDinthecircuitis to getavisual indication
of the current through the circuit at different
frequencies. 7

3 Calculate and record the resonance frequency of the
series resonance circuit with knownvaluesof Land C

4 Set the output of the signal generator to 10V and

frequency to 1KHz. Record the current, | through the
circuit in Table 1.

100

Compare and record the difference in the resonance
frequency calculated in step 3 and that measured in
step 5.

Vary theinput frequency insteps of 500 Hz around the
resonance frequency and ineach steprecordthe value
of circuit current in Table 1.

Fromthe recorded readings of current in step 6, plot a
graph of frequency versus current and mark the
resonance frequency of the LC series circuit. (Fig 2)

It may appear asin Fig 2 working of the circuit, Record
readings and plot the graph and get it checked by the
instructor.



Table 1

Frequency +500HZ +1KHZ +1.5KHZ +2KHZ
Current
Fig 2
|_
=z
&
: 2
3}
E
E
g g
—= FREQUENCY INH, 2

TASK 2: To use series LC circuit as wave-trap to determine the effect on the circuit

1 Using known values of L and C, make the circuit

connections as in Fig 3.

Fig3

1

c 01pF

SIG
GEN 9

L = 40mH

OUTPUT TOCRO

ELN1654H3

2 Setthe output ofthe signal generatorto 3 volts, 50KHz,

sinewave.

3 Increasethe frequency till the output of the trap circuit
is minimum. Recordthisfrequency asthetrapfrequency
and its the effect on the circuit.

At trap frequency, which is the resonance
frequency of the Shunt connected LC circuit,
the impedance of the circuit will be minimum
and hence the voltage across the circuit will be
minimum. Ideally, this should be zero. But,
because of the internal resistance of the coil,
the output voltage will not be zero but, will be
minimum.

4 Get your work checked by the instructor.

LAB ASSIGNMENT: Change the value of the
capacitor used in the LC circuit to 0.01pF and
redo TASK 2 to find the new wave-trap
frequency.
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Power
Electrician - AC Circuits Exercise 1.5.47

Measure current, voltage and PF and determine the charactertics of R-L, R-
C and R-L-C in AC parallel circuits

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

* measure the current, voltage in R-L parallel circuit

* measure the current and voltage in each branch circuit of R-C parallel circuits
» determine the characteristics of R-L-C in parallel circuits.

Requirements

Tools/instruments + Rheostar 400Q/1A -1 No.
+ Digital multimeter -1 No. Materials
+ Ml Ammeter 0 to 2 ampere (0-3A) -2 Nos. _
« Ml Ammeter 0to 3 amperes (0-5A) -1 No. + Connectingcables -asreqd.
« M Voltmeter 0-250 -1 No. . |.Q.D.P switch 250V, 16 A -1 No.
«  Frequency meter50Hz/45 -1 No. + Wire Wound resistor - 200 ohms -1 No.
+ Choke coil of 40 watts, 240V
Equipment/Machines 50 Hz. tube light -1 No.
+ Auto-transformer - input 240 V + E.capacitor 8uFd/4uFd/400V -1 each.
-output 0 to 270 V, 8 amps -1 No. + E.capacitor2uFd/400V - 1 each.

PROCEDURE

TASK 1: Measure the current, voltage in R-L parallel circuit

coil and resistance. (Fig 1) Table 1. Repeat this step for different voltages say
100V, 125V, 150V, and 175V.
Fig 1
DEA " e Table 1
@ — | Measured Graphical
A At SlNo.| V |0 |1 | L I, Value
MI
L 1 0
w® o
N 2 100
0-250 v
3 125
INPUT 240 V.50 HZ 4 150
OUTPUT0-2TO V.6 A
5 175
5 Drawthevectordiagramwith suitable scale forcurrents
taking voltage as reference vector in your practical
record.
L N *
l-si’%\-j B 6 Determinethe total current graphically.

The calculated values of total current and the
2 Setthe auto-transformer output at zero position. actual measured value of current may vary due
to instrument error, observational error and
non-availability of pure inductance. Hence,
about 5% error is permissible.

3 Switch ‘ON' the supply and gradually increase the
output voltage to S0V.
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7 Comparethe total current measuredwith the calculated 8 Find the Impedance of the circuit from the supply
value entered intable 2.

voltage and measured current. Calculate Z = X

-
Conclusion

Total current in an AC parallel circuit is the vector
ofIrand| and not

addition.

TABLE 2
Sl.No.| Measured Calculated
value value
v I I = /2 2 Z= i
2 | T ¥ERAITL] It
1 50
2 100
3 125
4 150
5 175

TASK 2: Measure the current and voltage in each branch circuits of R-C parallel circuits

1 Testthe capacitor with an ohmmeter for its condition.

6 Calculate the impedance Z’ and record in Table 3.

Discharge the capacitor before testing.

7 Calculatethe capacitive reactance (X =V/|,)andrecord

2 Testthe resistor with an ohmmeter for its value.

your result in Table 3.

Fig 2
0-15A
s R=200 2, 500 W
2 ) '
I
Iy 2
015A
@ L /NK 8MFD,300 V
o € () |
| = - CVD 0300V Ga 4555 Hz
g l LfUTF’UT M v
2 % | D270V, 5 A
a|m | 5
e S Lo — §
" :
3 Buildthe circuitas perdiagram. (Fig2) Keepthe switch 8 Calculate the capacitance from the values recorded
open. Setthe auto-transformer to the minimum cutput inTable 3.
witage 9 Establish that the arithmetical sum of the branch
4 Switch ONthe supply. Adjust the auto-transformer for current is not equal to the main circuit current.
ahie Julie g e 10 Graphically addthe currents |, and |, and determinethe
5 Recordthe frequency, voltage and the three ammeter valueof |,. Comparethis value with the measured value.
readingsin Table 3.
Table3
v Vv 1
SlNo. | V f I, 1 I Z=— Xo=— C=——
I1 I3 2afX,
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11 Adjust the supply voltage to about 100 V and repeat
steps 5 to 10.

Discharge the capacitor after the experiment.

12 Repeattheexerciseforchangedvaluesof RandCinthe
circuit.

Conclusions

The calculated value and the indicated value of the
capacitor

The arithmetic sum of the branch current and the
measured value of total current.

iii The vectorial sum of the branch currents and the
measured value of the total current.

¥ Thedetermination of PF fromthevectordiagram

TASK 3. Determine the characteristics of R-L-C in parallel circuits

Form the circuit as shown in Fig 3.

Repeatsteps2to 120f TASK 2andrecordthereadings
inTable 4.

Compare the readings of the power factor in all the
cases. Record your observations.

Conclusion

i Effect of change of supply voltage in R-L-C parallel

circuit as regards power factor of circuit

ii Effectofchangein capacitance in RLC parallel circuit.

Figa
2BV 10 A 28OV, 1BA
/T o
TS 4
40w
My H 40 ; TUBELIGHT | 4MFD
MI ] CHOKE —_T &
L
Tahle 4
w .
Sl V Volt | Amp. w AP =V xl COS¢= E P.F. Meter Capacitor
No. True power| Apparent power reading value in uFD
in Watt in VA
1 100V 4
2 200V 4
3 200V 0
4 200V 2
5 200V 3
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Exercise 1.5.48

Measure the resonance frequency in AC parallel circuit and determine its

effects on the circuit

Objectives : At the end of this exercise you shall be able to
+ determine the resonance frequency of a given LC parallel circuit
» determine the circuit current for different frequencies

» plot a graph of frequency versus circuit current

» calculate the value of unknown C using LC parallel resonance

» determine the effect of LC parallel circuit on the circuit.

Requirements
Tools/Equipment/Instruments Materials/Components
+ Traineeskit « Generalpurpose Lugboard -1 No.
+ CRO, 20 MHz -1 No./batch +  Capacitor0.1 uF -1 No.
« Functiongenerator -1 No./batch » Inductorcoil, around 40mH -1 No.
+  MIAmmeter 0-50mA -1 No. (Use the solenoid coil made in unit 5) -1 No.
+ LEDwith holder -1 No.
*  Hook-upwires -asreqd.
PROCEDURE

TASK 1: Determine parallel resonance frequency and circuit current

1 Solder the components as shown Fig 1 to obtain a

o el e ¢ th 2 Calculate and record the resonance frequency of the
?’”Tt]p e patlra € hresorja'r;ce1 GIROHIE: SatRES . parallel resonance circuit fromthe value of Land C.
INStruments as shownn Fig 1. 3 Set the output of the signal generator to 4V, and

— frequency to 1KHz in Table 1. Record the current, |
4 m’f’ through the circuit.
\!’j Ensure that the current through the circuit is
around 10 to 12 mA and not more. If current
@ QARE flowing is more, reduce the output level of the
e c— L $40mH signal generator. LED will glow at all
frequencies except at the resonant frequency.
o S 4 Gradually increase the frequency and record the
ey g resonance frequency f at which the circuit current
= becomes minimum (LED does not glow or glows very
TheLED inthecircuitistogetavisual indication dimeter).
of the current through the circuit for different
frequencies.
Table 1
Frequency +500HZ +1KHZ +1.5KHZ +2KHZ
Current
This is the resonance frequency of the parallel 6 Varytheinputfrequency in steps of 500 Hz around the
resonance circuit because at parallel resonance frequency andineach steprecordthe value
resonance, current | through the parallel LC of circuit current in Table 1.
circuit will be minimum. 7 From the recorded readings of current instep 6, plota

5 Compare and record the difference in the resonance
frequency calculated in step 2 and that measured in
step 4.

graph of frequency versus current and mark the reso-
nance frequency of the LC parallel circuit.

Getthe working of the circuit, recordedreadings andthe
graph checked by the instructor.
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Exercise 1.5.49

Measure power, energy for lagging and leading power factors in single
phase circuits and compare the characteristics graphically

Objectives: At the end of this exercise you shall be able to
* measure power and energy for lagging P.F.

* measure power and energy for leading P.F.

» draw a graph to compare lagging and leading P.F.

Requirements
Tools and Instruments + Stopwatch -1 No.
. W AMmeter D-SAMOA -4 Mo, + Lampload 240 V/SA - TKW -1 No.
+  M.I'Voltmeter 0-300V -1 No. Materials
+  Wattmeter 260V/5A -1 No.
» P.F. meter 250V/ 2A -1 No. « Choke (T.L) 40W/230V - 2 Nos.
+ Variac0-270/5A -1 No. « Electrolytic capacitor, 2.5uFd/413V - 2 Nos.
+ ACsource 0-240V/5A -1 Nao. +  Connecting leads - as reqgd.
+ Energy meter 5A 250V -1 No.
PROCEDURE
TASK 1: Measure the power for lagging P.F
1 Assemble the circuit as shown in Fig 1.
Fig 1
o1 250V f24
L f =\'\= —— Ak E
ZAU‘IAC , Il g
i I
N & .o e ©
0- 270V /5A 5

2 Before giving supply disconnect one end of both the
chokes and set the variac ouput voltage at 250V.

3 Switch 'ON’ and note down the wattmeter and PF. meter
readings in Table 1.

4  Switch ‘'OFF" and connect one choke and record the

readings (Wand PF. ).

5 Switch ‘OFF and connect the second choke, record

the readings in Table 1.

Table 1
S.No. Voltage Current | W PF +/- No. of Chokes
{\) ()] {(w) |Lag/Lead
1 With one choke
2 With two chokes
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TASK 2: Measure the power for leading P.F.

1 Switch '‘OFF’ and modify the circuit as shown in Fig 2.

Fig 2

Mt

PF
cos

w
I_ 250V /1 5A l_rl)ZSD\HZA

== =]
0200V 25400V

Mt

0- 270V BA

ELN1657.2

2 Disconnect cne end of both the capacitor and switch
‘ON'’. Record the W and PF. reading in the Table 2.

3 Switch OFF and connect one capacitor and switch
‘ON'’. Record the W and PF. reading in the Table 2.

4 Switch ‘OFF and connect second capacitor and switch
‘ON’.
5 Record the Wand PF. reading inthe Table 2.

Table 2

S.No. | Voltage Current W
w

v I

PF +/- Condition

lead/lag

With one capacitor

With two capacitor

& Compile all the readings and plot a graph with volt to
current for both leading and lagging PF.

Note: A sample graph is shown for reference.
in Fig 3.

7 Get your work approved by the instructor.

Fig3a

CURRENT{l) ——

|

VOLT

i
T
~
ELN1657.3

TASK 3. Measurement of energy with lagging and leading P.F.

1 Identify theenergy meterterminals -lineand load, after
removing the terminal cover.

Always mount the meter vertically.

2 Associate the circuit diagram (inside) with the terminal
markings of the instrument.

3 Connectthe energy meter terminals (line and load) in
the circuit as shown in Fig 4.

4 Note the meter constant from the nameplate of the
energy meter. (Fig 5)

Record the initial meter readings.
Switch ON the circuit with load.

Record the reading after 30 minutes in Table 3.

Power : Electrician - (NSQF - Revised 2022) Exercise 1.5.49
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| ENERGY

i | METER
By |
s !
i i

el TERMINALS
8¢ -3 i i
I-;] LOAD

ELN1657.14
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Fig5

.

o

o 1]z]o]7]3]

—@

Klewertt hour E
altemeting ounentt meter
o TAA 3041 NrATTE3B/ [=]
240V 10(400A 50 Hz
B0 rav, 12

o

2

o

e

1 TERMINAL COVER 3 METAL SEAL g
2 DisC 4 NAME-PLATE E
g
Table 3
Sl. No. Volt Current Meter constant Time Energy
{\V) {1) {Secs) Wh Wh
{Measured) (Calculated)
8 Connectthe inductive load (Lagging power factor) and 9 Calculate the energy for lagging PF.

record the reading (Fig 6) in Table 4

Fig@ ENERGY METER
[ t———
ot Cosa I /—_I I
D HAS |
[ B g
(SR )
ZWXJ'gDHz & ‘ H
N- L
B
Table 4
Sl. No. Volt Current W Meter constant Time Energy
V) (1 (Secs) Wh Wh
(Calculated) (Measured)
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9 Switch Off the power and remove the inductive load. 10 Connect the capacitive, reactance (Fig 7) load and
record the readingin Table 5.

Fig7
Cos e
L 0-1A c | __I | 250V/2A
L r s —l —— A £ I |
i : - s : 1 - M T P T
ac ] ¥ e
i | P O-aeay. 2 Sptal/400v
[ N
N B o l 5
Table 5
Sl. No. Volt Current W Meter constant| Time Energy
| Secs Wh Wh
V) (
(Calculated) (Measured)
11 Calculate the energy for leading P.F. compile all the Space for Graph

values and record thefindings.

12 Plot the graph for lagging and leading P.F. for energy
with respect to load current in the space provided

13 Get it checked by the instructor.

Result:
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Exercise 1.5.50

Measure current, voltage, power, energy and power factor in 3 phase circuits

Objectives: At the end of this exercise, you shall be able to
» cohnect voltmeter, ammeter, wattmeter and power factor meter and 3 phase energy meter in 3 phase circuits
» measure the voltage, current, power and power factor and 3 energy in 3 phase circuits with lamp load

* measure the voltage, current, power and P.F and energy in 3 phase circuits with inductive lead (Induction

motor).

Requirements

Tools and Instruments

» |Insulatedscrewdriver 200 mm -1 No.
+ Insulated cutting plier 150 mm -1 No.
« M. Voltmeter 0-300V/600V -1 No.
« M.l Ammeter 0-5A/10A -1 No.
+  Wattmeter 250V/500V, SA/10A -1 No.
+  Power Factor meter 415V/20A -1 No.

+ 3 phase 4 wire energy meter 415V/20A -1 No.

Equipment/Machines

5 HP (3.75 KW) -1 No.
» 3-phase lampload 100 W -6 Nos.
Materials
+ PVCinsulated copper cable

2.5 mm? 650V grade TRPIC 16A/500V -20m.
« 200 Watt/250V, lamps -6 hrs.

3-phase induction moter 415V, 50 Hz,

PROCEDURE

TASK 1. Measure three phase current, voltage, power and power factor in 3 phase circuit with lamp load

1 Selectand oollectt_he properrange of metersandlamp 3 Switch'ON'the powersupply momentarily after getting
load for 3 phase circuit. the approval of the instructor and observe allthemeter
- deflections. Keep the switch closed if nothing is
The lamp load should have equal wattage in abnormal.
all three phases
Fig 1
r—— 1
34,4 WIRE,3 ELEMENT
| | ENERGY METER 415vi2nA
I AR AN TN :/
| [N s [RLA
WATT METER || S || S | —
15V - I — 71
] oAy | | @_ _(_4_ @_6_ _@l 9494 | | 3ELAMPLOAD
. NS Lo
. z) R S g O I S g} |
é 1 \
@ | Le |
: ! | I—@/\Q%
’ - | |
Ly __ _ I __i
CIRCUIT DIAGRAM FOR MEASURING OF VOLTAGE, CURRENT,POWER,ENERGY AND P.F IN é
3 PHASE CIRCUIT g
2 Makethe connections ofthe metersandload as perthe 4 Note down the initial reading of the energy meter.
circuit diagram (Fig 1).
9 (Fig1) 5 Note down the meter readings and enterinTable 1.
Connect the current coils of wattmeter, energy 6 Keep the load in ‘ON’ position for at least 10 minutes

meter and P.F meter in series with the load.
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Table 1

Load | Line Phase Line Phase | Power | Power | Initial Final Energy
Voltage| Voltage| Current | Current in factor reading reading consumption
\'A Vph I I Watt in energy| after 10 FR-ILR
meter min in in KWh
energy
meter F.R
Lamp
load
for
100w
Lamp
load
for
200w
3¢
Ind.
meter
load
7 Swtich ‘OFF’ the power supply. 11 Repeat steps 3 to 6 and record the readings in

Table1.
12 Get it checked by the instructor.

8 Replace the 100 Watt lamp with 200W lamp load.

9 Repeat steps 3 to 6 and record the readings in
Table1.

10 Switch 'OFF’ power supply and disconnect the lamp
load and connect 3 phase induction motor 3.75 KW/
4.5V/50 Hz to the circuit.
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Electrician - AC Circuits Exercise 1.5.51

Practice improvement of PF by use of capacitor in three phase circuit

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

» connect 3 phase balanced inductive load and measure the P.F.

» connect 3 phase capacitor bank to inductive load and measure the P.F.

» calculate and record the improvement of P.F, after connecting the capacitor bank.

Requirements

Tools and Instruments Equipment/Machines

+ Insulated combination pliers200mm -1 No. *  3-phase induction motor 415V,

+ Insulated screwdriver 200 mm -1 No. 2.25KW (with loading arrangement) -1 No.

306 P.F. meter 240V/440V ; -1 No. * 3-phase lamp load 0-3KW -1 No.

- Wattmeter 250/500 V, 5A/10A -2Nos.  Materials

+ M.l Ammeter 0-5A/10A -1 No. )

» M.IVoltmeter0-300V/600V -1 No. » PVCinsulated copper cable

+ Powerfactorimproving capacitor bank 2.5 Sq, MM, 650V grade =20 1,

3 phase 415V. 1.5 KVAR -1 No. « T.P.I.C.Switch 16A 500V -2 Nos.

PROCEDURE

TASK 1: Connect 3 phase unbalanced inductive load and measure the P.F.

1 Connect two Wattmeters PF meter, voltmeter and am-

meter to 3 phase motor as shown in Fig 1, 4 Switch OFF and connect the capacitor bank as shown

in Fig 2.
Fig 1 5 Switch ON and adjust 60% of the load and verify the
readings as in step 3. The readings will be same.

6 Switch ON the capacitor bank and record the readings
in Table 1 for the load conditions.

L Z 7 Calculate the PF. in each case using the following
formula.

AG 3-PHASE 415V 50Hz

a) PF calculated 1 =cos ¢ = =M

SEpy by
3 PHASE INDUCTION MOTOR WITHOUT
CAPACITOR BANK

ELN1858H1

2 Get the connection checked by the instructor. b) PF.calculaied 2=Cos @ where the angle 8is

L (N ; W, -W
3 SW|tch ON’ and load the_motqr to 60% of its load derived from the formula Tan 8 =\/§ 1 2
capacity and note the readings in Table 1. W, +W,
8 EnterthevaluesinTable 1. Determine the percentage
Fig2 oferror.
e (Calculated P.F. - Measured P.F.) x 100
H T_E'__‘_@% Y% error=
5 = } .!?ﬂ % Calculated P.F
= v T PE
; ‘-—]:J—El_) 341015000 Write your conclusion and reasons for if any.
N - = | = e
El | 9 Get it checked by your instructor.
=PF _cmnq:l?'ﬂr 2
3 PHASE INDUCTION MOTOR o f
WITH CAPACITOR BANK o
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Electrician - AC Circuits

Exercise 1.5.52

Ascertain use of neutral by identifying wires of a 3-phase 4 wire system and
find the phase sequence using phase sequence meter

Objectives: Atthe end of this exercise, you shall be able to

» test the phase wire and identify neutral with the use of test lamp

+ identify, check and confirm the neutral wire with a meter

» connect and verify the phase sequence with 3-phase sequence meter.

Requirements

Tools and Equipment Materials
+  Connector/Screw driver 100 mm -1 No. Connectingwires -as reqd.
»  Combination plier 150 mm -1 No.
+  Testlamp (40W/250V) -2 Nos.
»  Voltmeter 0-600V M. 1. -1 No.
+ Phase sequence meter -1 No.
PROCEDURE

TASK 1: Test the phase line and identify the neutral with the use of test lamp

1 Prepare a test lamp by connecting two lamps in se-
ries.

2 Mark the terminals as 1, 2, 3 and 4 and connect cne

5 Connectone lead, No:4 (Identified as N) and connect

the other lead of test lamp to 1, 2, 3. (Fig 2). Record
the glow condition of the lamp in Table 2.

lead of lamp to the marked 1 and other lead to the i
earth point provided in the frame as shown in Fig 1 and &
record the condition of lamp in Table 1.
Fia 1 ) 2 3 4 3 AND 4 WIRE
ig /o _ Lo -0 o] iy
e S BOARD
1 2 3 4 S
o} o o (o} L
SERIES TEST LAMP .
&—o—, | —®—
E i}
= Table 2
Table 1 SI.No.| Terminals Lamp condition
Terminals Glowing Not glowing Glowing Not glowing
1toE 1 4-1
2i0 E 2 A0
3toE 3 4.3
410 E 1-2
1-3
3 Repeat the above step for other terminals 2, 3 and 4
and record the conditions in Table 1. Lo

4 Mark the terminal where the lamp is not glowing as
neutral. (N)

The three terminals at which the test lamp
glows are the phase leads.
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6 Referto Table 2, mark the terminals where the lamp is

glowing dim as neutral. If the lamp glows bright in the
other three terminalsie. 1-2, 1-3, 2-3 are phase terminal



7 Repeat steps 1 to 5 by replacing lamps in series by Fig3
connecting the voltmeter (0-600v) and record the read-
ings in Table 3 as shown in Fig 3.
1 2 3 4 3 AND 4 WIRE
o o C |Termmar
/i s - BOARD
»4_ -
™)
N 5
Table 3
Sl.No. Test terminals Voltage
High Low
1 4-1
2 4-2
3 4-3
4 1-2
5 1-3
6 2-3

TASK 2: Identify the phase sequence in 3-phase 4 wire system by using phase sequence meter

1 Read and record the marking of the phase sequence
indicator direction: (Fig 4)

Fig4
PHASE SEQUECE
INDIACATOR/METER

© 00

MAIN SWITH FOWER

(a)
PHASE SEQUENGE

RYB Sequence
Arrow marking to be
indicated

RBY Sequence

Arrow in clockwise -

Arrow in anti-clockwise - £

Switch ‘OFF’ the supply and connect the corresponding
terminals (R, Y & B) to the phase sequence Indicator .

Mark leads as |, II, [ll. Connect them, such that | is
connectedto R, Il to Y, Il to B,

You can connect any lead {(phase) to any
terminal in the sequence indicator.

Switch ‘'ON’ and observe the rotation of the disc and
record the direction of rotation.

If the direction is anticlockwise switch ‘OFF’ the supply
and interchange the terminals 1 and 2. Switch ‘ON’
and see that the rotation is reversed.

Mark the leads corresponding to the letters onthe Phase
Seqguence Meter. (PSM)

INDIACTORMETER N 1 5

4] ¥

SO 4 3-PHASE

s ¥ SUPPLY

D) | rA 2 3
g

®) z
w

Rotation Remarks

Same as arrow of the disc

Opposite to the arrow of disc

If you connect any wire to any terminal, the
disc will rotate anticlockwise if the RYB
sequence is reversed, and it will be in the
clockwise direction when RYB is connected in
sequence.

Get it checked by your instructor.
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Power
Electrician - AC Circuits Exercise 1.5.53

Determine effect of broken neutral wire in three phase four wire system

Objectives: At the end of this exercise you shall be able to
» check the effect of broken neutral wire in 3-phase 4 wire system.

Requirements

Tools and Instruments + M.l Ammeter 0-5A -3 Nos.
+ Combination plier 150 mm -1 No. o BTERSHEHE =1 el
+  Connector screw driver 150 mm -3 Nos. Materials
+ Three phase test board with netural -1 No. : :
Pk + Connectingwires -asreqd.
. Lamp40/240V R NES +  ON-OFF switch - 4 Nos.
»  M.I'Voltmeter 0-600V -1 No.
PROCEDURE
1 Connect the circuit as shown in Fig 1. 5 Switch ‘ON' 3-phase supply. Switch ON'S,, S, S,
Fig 1 Switch ‘OFF’ §,. Check if the lamps are glowing.
Record all the readings inthe Table 1. (L, will not glow
G L,and L, will glow - Step 2)
- 6. Switch 'OFF’ 3-phase supply. Link ‘B-E’. Follow the
S step 3inTable - 1. Record the readings
surmLY
& 7. Repeat the above step while linking ‘C-E’ (step 4 in
Table 1). Record all the readings
G =
g It is evident that when neutral is broken the
o current does not flow So lamp will not glow,

2 Switch ‘OFF all the switches S, S,,S.,S, and switch even though supply is available.
ON the 3-phase supply.

3 Check whether the lamps are glowing. Lamps do not
glow

4 Switch ‘OFF’ 3-phase supply. Connect the terminal ‘B
toD’, ‘CtoD’ and ‘Ato E'

Table 1
S. No. Switch position A A | A V, V, V, Links Links
1 S8, 8, S, 0 0 0 0 0 0 - -
OFF
2 S,,8, ;0N 0 0 BtoD
S,0FF A-E CtoD
3 $,,8, S,ON 0 0 AtoD
S,0FF B-E CtoD
4 S8, S, ON 0 0 AtoD
S,OFF C-E BtoD
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Exercise 1.5.54

Determine the relationship between Line and Phase values for star and
delta connections

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

= verify the relationship between Line and Phase values in star connection
» verify the relationship between Line and Phase values in delta connection.

Requirements

Tools/Instruments

e Screwdriver 150 mm -1 No.
*  Combination plier 150 mm -1 No.
+ M.l Ammeter type 0-1 amp - 2 Nos.
« M. Voltmeter type 0-500V - 2 Nos.
+ ICTPN switch 16A 500V -1 No.

Materials
Connecting leads - as reqd.
Lamp BC - 40W 240V -6 Nos.
100W 240V - 6 Nos.
200w 240V - 6 Nos.

PROCEDURE

TASK 1: Verify the relationship between Line and Phase values in star connection of three phase system

1

Form the circuit as per the given circuit diagram.
(Fig 1)withone lampeach connectedtoallthe 3 phases
(40/100/200W).

Fig1
s ICTP SWITCH
Ly 5 1 AMP
o I | — | |
=
=l
T [ \
o
? || |
#
g L2 I l 1 AMP 1
>. * —1
e |1 |
qﬁj [ |
|| \
I
Ty 1. 1AMP | N
[~}
L__ _ | £
w

2

Identify the3-phase (L, L, L,)andneutral (N) of supply
terminals. '

Switch ‘ON'’ the 3-phase supply.

Measure the line voltage V ,, by placing the voltmeter
leads between the two lines and enter the reading in
Table1.

Repeat for the other line voltages V., V.-

Measure the phase voltages by placing the voltmeter
leads between one line and star point N, and enter the
readingsinTable 1.

W

7

Measure the Line and Phase current and enter the
readings in Table 1.

Switch ‘OFF’ supply before effecting any
change in load.

Repeat steps 3 to 7 for different loads.

Calculate the ratio betweenthe Line voltage and Phase
voltage.

VWN

10 Verify the ratio between Line current and Phase

current, i.e.

ILU _|LV _ ILW =

by ey lpw

11 Get it checked by the instructor.
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Table1

Sl. Load in watts Line voltage Phase voltage Line current Phase current
No. per phase Ve Mol M F ¥ Wl I, l, L e L [
1 40W
2 100W
3 200w

TASK 2: Verify the relationship between Line and Phase values in delta connection in three phase system

1

Formthe circuit as perthe givencircuitdiagram. (Fig 2)
Two lamp in series to be connected between two
phases of same voltage.

Fig2
9 ICTP SWITCH
P A
0-1A
L s 1A I
1 I \r._ — I /D Ly
5 | =
& |
o | I |
3 | : |
| |
L =
S. 2 | "‘l-._ — | IA\
A I e
o \./l
= | : | L
uf | |
4 | : |
a | |
L -
SR AL L o
—— i
| |~ =2
L — i L z
w

2

&

Switch ON the 3-phase supply. Measure the line
voltages by connecting the voltmeter leads between
two of the terminals U, V., W..

Measure the phase voltage by placing the voltmeter
leads across the lamps, ie. U, U,orV,, V orW, W,

4

Record the Line voltages and Phase voltages meas-
ured, under the appropriate columnin Table 2.

Measure the Line and Phase currents and enter the
readingsin Table 2.

An ammeter connected between supply and
load indicates Line current. An ammeter
conhnected in series withsingleload (two lamps
in series) indicates Phase current.

Repeat steps 2 to & for different loads.

Switch off the supply before effecting any
change in the load.

Verify the relationship between Line and Phase value of
current and voltage. Enterin Table 3.

Result

In star
whereas Line voltage =

: Line current and Phase current are
x Phase voltage.

Indelta Line voltage and Phase voltages are

whereas Line current =

x Phase current.

8 Get it checked by the instructor..

Table 2
Sl. | Load in watts Line voltage Phase voltage Line current Phase current
NO. per phase VU1V1 V\M\/\M VW1U1 VU1U2 VV1V2 VW1W2 IU lV IW IU1U2 |V1V2 I\/\MWQ
1 40wV
2 100w
3 200w
Table 3
V

Load ThY Vvw, Yiw,u, Ly Iy Loy

u,U, VV1V2 VW1W2 IPU ! PV 7 P
40w
100w
200wV
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Power
Electrician - AC Circuits

Exercise 1.5.55

Measure the power of 3-phase circuit for balanced and unbalanced loads

Objectives: At the end of this exercise, you shall be able to
identify and connect the terminals of a single-phase Wattmeter
connect single wattmeter in star, balanced load and measure the power
connect two wattmeters in the circuit as per the given diagram
connect two wattmeters in unbalanced, star-connected load and measure the power
identify and connect 3-phase wattmeter and measure the power in star.

Requirements

Tools/Instruments

+ Single-phase wattmeter 250V/5A -1 No.
+  Wattmeter 500V/0A -2Nos.
« PF meter, single phase 250V 5A -1 No.
* Voltmeter 0-500V M.I. -1 No.
+  Ammeter 0-5A M. 1. -1 No.

Equipment/Machines

+ 3-phase, 415V AC induction motor
3 HP coupled with DC generator -1 No.

Materials
200wV, 250V lamps - 3 Nos.
100W, 250V lamps - 3 Nos.
Capacitor 400V AC 4 MFD - 2 Nos.
Connecting leads - asreqd.
Pendent-holders6A 250V - 6 Nos.

PROCEDURE

TASK 1. Connect balanced load in star and measure the power with one single element Wattmeter

1

Formthe circuitas perthe givencircuit diagram. (Fig1)

Connect proper voltage and current ranges of

Wattmeters suitable to the given load.

Switch ONthe 3-phase supply and read the wattmeter
and record the wattmeter readings in Table 1.

Fig 1

>

w
250V EA 2BD0VEA

i

L/

- I
E |
3 I
3 Measure the power in the other two phases by i |
connecting the wattmeter in turns and record the Euo—e"] = |
redings. H | :
'
4 Total the readings of the wattmeters and check its S : I
5 x . 'R
confirmity with the calculated total power. ® |
u.ao—o\L — i
5 Repeat steps 1 to 4 for different load conditions. | T
NEUTRAL N _|
Table 1
Type of Wattmeter connected Calculated Total power = Total of three
Load in the line Total power wattmeter readings
W, | W, W, V, I PF | W= @ V1, Cos 8 W, +W, +W._ =W
1
2
&
4
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TASKZ2: Power measurement by two-wattmeter method in 3-phase unbalanced load

1 Formthe circuitas perthe givencircuitdiagram. (Fig 2)

Connect proper ranges of meters suitable for

the given load.

Fig2
W, 500V.5A
T AN
I N
I
|
|
. O
|
I
Lzo—-‘lk—E
|
|
W, 00 V,5A &
5 ~L — 2 !
? ¥

Switch ‘ON’ the 3-phase supply and check whetherthe
deflection of wattmeter is correct. If both wattmeters
deflect properly, go to step 4, otherwise continue from
step 3.

Switch ‘CFF’ the supply, if any one wattmeter deflects
inthe reverse direction. Change the connection of the
potential coil ofthe reverse deflectionwattmeter. Goto
step 5.

4

Readthe wattmeters W, andW, and recordin Table 2.
Addthe readings W, and W, andrecordthetotal power;
Go to step 6.

Switch onthe supply and read the wattmeters W, and
W,. Record the values in the Table. Record the
readings of the wattmeter with the changed potential
coil as negative quantity.

Measure the 3-phase power for different loadconditions
specified below:

L, =500 W bulb

L, =100 W bulb parallel 4 MFD capacitor

L, =200 W bulb

Water load to take a current maximum of 3 amps.
Induction motor 3 HF on no load

Induction moteor 3 HP with load

The instructor may connect the three-phase
motor to ensure it is running properly.

Calculate the power factor in all the above cases and
enterthemin Table 2.

8 Get it checked by the instructor.
Table 2
Type of | Wattmeter Wattmeter Total Calculated Power factor Cos 0
W, - W,
Load W, W, W, + W, Tan =43 W, W,
Determine Cos 9
1
2
3
4
5
Conclusion:
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Power
Electrician - AC Circuits

Exercise 1.5.56

Measure current and voltage of two phases in case of one phase is short-
circuited in three phase four wire system and compare with healthy system

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

+ connect and test the circuit

* measure the current and voltage in healthy conditions
» check the condition of the two phase, when one phase is overloaded/short-circuited
» record the current and voltage in both conditions.

Requirements

Tools/Instruments

+ M.I|Ammeter0-10A - 2 Nos.
M.I Ammeter 0-20A - 1No.
+  M.IVoltmeter 0-300V - 3 Nos.
o Load1500W/ 240V - 4 Nos.
+ 3 Phase supply board 3¢, 4 wire -1 No.

Materials
S.P. switch 240V/16A - 2 Nos.
Connectingwires - asreqd.
TRIC-415V/16A - 1 Neo.

PROCEDURE 2 Switch 'ON' the 3 Phase supply and ON the switch
SW,. Record the current and voltage the tabular col-
We cannot manually make a short circuit in umn.
the phase line as it is dangerous and it may & Buitch OFE e S Bh ; | d =W switeh
trip the circuit. In order to make a short circuit .ovl\ill.c © Bse In supply an 2 SWILG
condition load currentis doubled in one phase. '
4 Switch ‘ON’ the 3 Phase supply and record the
1 Connect the circuit as per the diagram shown in Fig 1. readings of the current and voltage in the tabular column.
5 Switch ‘OFF all the supply lines, and disconnect the
Fig 1 wiring and return all the materials and equipment.
o194, 6 Get it checked by the instructor.
L T Ay tsoow | 4
| 0-300V pepe i
i o-108 — & Conclusion :
e ne—— A TE00w |
] : o-auov
g ! [Te0W |~ N
& i ~ — i 0-300V i
3 [ — @
N
Table 1
Sl.No. SW, -ON SW, -ON & SW, ON
1 A i A i
2 A, v, A, v,
3 A, Vv, A, Vv,
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Power
Electrician - Cells and Batteries Exercise 1.6.57

Use of various types of cell

Objectives: At the end of this exercise you shall be able to
* read and interpret the different type of cells from the chart or physically available cells
* name the cells, parts and uses.

Requirements

Equipments Materials
- Different types of cells -1 each + Chartshowing different types of cells -1 No.
PROCEDURE

Instructor may arrange the available different types of cells on the table. Explain the types of cells and
their uses

1 Identify the type of cell and write their names to 2 Write the name of the parts against the number and
corresponding cell placed onthe table or by referring uses in the blank space provided against each cell in
from chart as in Table1 (Fig 1 to Fig 6) table 1.

Table 1
Sketches Name of Cell Parts of cell Uses
Fig 1 - 1
— = ENNE -
* EENNE i 3
= NN 4 g
2 4
Fig 2
! @ 1
] ] 2
2
a - B -
3
4
0
5
Fig 3
1
2
3
& 4
@
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Uses

Parts of cell

Name of Cell

Sketches

Fig 4

#HELZNTI

et W
=

W

Fig5

SHEdLZN13

Fig6

9HEILZNTS

3 Get it checked by your instructor.
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Power
Electrician - Cells and Batteries

Exercise 1.6.58

Practice on grouping of cells for specified voltage and current under
different conditions and care

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

make grouping of cells in series connection
make grouping of cells in parallel connection

* make grouping of cells in series and parallel connection.

Requirements

ToolsfInstruments

« MC Ammeter 0-1A -1 No.
« MC Voltmeter 0-15V -1 No.
+ MC Ammeter 500 mA -1 No.
+  Multimeter -1 No.
+ Rheostat 20 ohms 3.7A -1 No.

Materials

+ Cells 1.5V - 8 Nos.

+  SP Switch 6A, 250V - 4 Nos

+ Connectingleads - as reqd.
+ Resistor5 €, 10W -1 No.

« 4 Cell battery pack -2 Nos.

+ miniature lamp 8V / 9V, 300 mA -1 No.

+ Resistor10 £, 10W -1 No.

PROCEDURE

TASK 1 : Grouping of cells in series connection

1

Check the individual cells for their condition.

+  Select 500 mA DC current range in mulimeter or
500 mA DC ammeter.

+ Connect the cell across the meter in series with a
3 ohm resistor.

« Watch the deflection.

Full deflection shows good condition of cell.
Low deflection shows disharged condition of
the cell.

Cells having a higher internal resistance should
not be used for series connection.

Care should be taken for the cells polarity.

Connect the cells as shown in Fig 1.

Measure the voltage of one cell V,, twocells V,, three
cells V, and four cells V, connected in series.

Record your observations in the first and second
columnsof Table 1.

ELN2188H1

-

Table 1

Connectthe terminal ‘G'totheterminal Aandobserve
the ammeter reading and the glow conditicn of the
lamp.

Change the contact of termnal * G’ terminals B,C and
D in succession.

Record your observations under the columns 3 & 4 in
Table

Sl No.

No. of cells in series

Voltmeter reading

Ammeter reading Glow

1

2
&
4
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TASK 2: Grouping of cells in parallel connection

1 Checkthe voltage of each cell.

2 Form the circuit as shown in Fig 2.

Fig 2

PICTORIAL DIAGRAM

RSN .
| O

FTT T ¢

SCHEMATIC DIAGRAM

ELN2166HZ

3 ClosetheswitchS, andmeasure voltage and current.
Record the values in Table 2, under columns 2, 3
and 4.

Table 2

Sl. No. No. of Cells in Parallel Vv |

4 Checkandrecordthe readingsofV and I afterclosing
switch S, then S,, and S, in succession.

Unequal voltage cells cannot be connected in
parallel.

Conclusion

When cells of equal voltage are connected in parallel
the terminal voltage is equal to

Asthe load current is shared by the cells in parallel, the
terminal voltage acrosstheloadis _— when
compared to a single cell supplying current to the
same load.

The effect of a number of cellsin parallel to a given load.
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Electrician - Cells and Batteries

Exercise 1.6.59

Prepare and practice on battery charging and details of charging circuit

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

» connect and charge the battery by using a battery charger
» connect and charge the battery by the constant current method
» connect and charge the battery by the constant potential method

» prepare electrolyte.

Requirements

Tools/Instruments

+  Cutting plier 150 mm -1 No.
+  Screw driver 150 mm -1 No.
+ MC Voltmeter 0-15V -1 Neo.
+ MC Ammeter0-10A -1 No.
+  Hydrometer -1 No.
+ Highrate discharge tester -1 No.
Equipment/Machines
+ Battery chargerfor 12V -1 No.
+  Lowvoltage DC powersupply

0-30volts 10A. -1 No.
+ Variable resistor 10 ohms, 5A capacity -1 No.
+ Battery 12V |lead acid type -1 No.

Materials

« Distilledwater -1 bottle
(450ml)

« Petroleumjelly -asreqd.

»  Sandpaper -asreqd.

+ Test leads with crocodile clips -1 pair

+ Clips -1 pair

« concentrated sulphuric acid -100 ml

+ Clean jar for mixing 1 litre capacity -2 Nos.

+ Cotton Waste -as reqd.

» Sodabi-carbonate -asreqd.

PROCEDURE

TASK 1 : Charging a battery using a battery charger

1 Cleanthebattery terminals, if corroded, with sandpaper :
if sulphated, clean with wet cotton waste or with soda
bicarbonate.

Do notdamagethe batteryterminal by scraping
with any metal strip.

2 Unscrew all the vent plugs and check the level of the
electrolyte.

Do not clean the battery top surface keeping
the vent plugs open. The accumulated dirt may
fall inside the cells and form sediments.

READING 1250
NORMAL

S &5y =
READING 1.150
LOW
BATTERY

ELN2167H1

3 Topupthe electrolyteto the markedlevelinallthe cells
with distilled water.

No electrolyte to be used to top up battery.

4 Check the initial specific gravity of the electrolyte of
each cell using a hydrometer (Fig 1) and record in
Table1.

5 Measure the cell voltage and the battery voltage with
avoltmeter and record inthe Table 1.

Do not use a high rate discharge tester for
measuring voltage.

126

& Connect the battery charger's +ve |lead to the +ve
terminal of the battery and the -ve lead of the charger
to the -ve terminal of the battery. (Fig 2)

7 Adjust the battery charger output voltage equal to or
a little higher than the voltage of the battery to be
charged.

8 Setthechargervoltageto produce the determinedvalue
of initial charging current.

Follow the manufacturer's recommendation
for current setting for charging as well as
discharging.




_ 11 Check the battery for its working voltage under load
i< [ —— — —— — — — — . using a high rate discharge tester for a short period.
L RECTIFIER UNIT/BATTERY CHARGER Fig3
o— " | (Fig3)
I I : } Do not keep a high rate discharge tester for
suﬁﬁw : | | along period, say more than five seconds.
o I
| i+ @ - Flg= POSITIVE CELL FILLER CAP
| I RPOST Y ORVENT PLUGS
| { ‘ HANDLE VOLTMETER \
| I [ | 2 E
I I
I A I
| |.+() DC SUPPLY . I @
b e [ i
=TT E
BATTERY GHARGER ] q\

CONNECTOR STRAP NEGATIVE POST k

9 Checkthe voltage of eachcell of the battery and specific

gravity of the electrolyte at regular intervals (say ONE THREE 2 ¥ GELLS CONNEGTED IN BERIES HIGH RATE
hOUr). DISCHARGE TESTER CONNECTED ACROS3 A CELL

ELN2167H3

Remove the vent plug to enable the gas to
escape.

10 Disconnect the battery whenfully charged. Fit the vent
plugs, clean the outer surface with wet cloth. Apply
petroleum jelly to the terminals.

Table1
Initial condition Charged condition after
tell Na: - _ 1Hr 2 Hrs 3 Hrs 4 Hrs 5 Hrs
Specific gravity Voltage

SP| V| SP| V | SP| V| SP | V | SP | V
1
2
8
4
5
6

TASK 2 : Charge a battery by constant current method

1 Form the circuit as shown in Fig 4. 7 Setthe lamp bankto produce the determined value of

2 Clean the battery terminals and unscrew all the vent M IhitSAeEIng CUIENTE

plugs. Don't touch the battery terminals since the
Check the level of the electrolyte and top up. circuitis connected to 220V DC.

Proper protective devices should be provided

4 Checkthe specific gravity and voltage of each cell and
in the circuit.

recordand prepare a blanktable (as showninTable).

5 Connectthe given batteriesin serieswith the lamp bank 8 Read the voltage and specific gravity of each cell at

as per Fig 4.
Adjust the current rating through the lamp bank.

Power : Electrician (NSQF - Revised 2022) - Exercise 1.6.59

regularintervals and recordin Table 1.

Repeat the steps 10 and 11 of Task 1.
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Fig 4

0-10A MC
L L
T f A
8 I _/
> |
S . X
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L—

11
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—
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11
o

LAMP BANK ><

ELN2167H4

TASK 3 : Charge a battery by constant potential method

1 Form the circuit as shown in Fig 5.

Fig5
Repeat the steps 2 to 4 of Task 2. 0-10A,MC
L+ F m ROW1 ROW2
3 Adjust the voltage by adjusting the rheostat to the — )

requiredvalue.

4 Read and record the voltage, current and specific

LOW VOLTAGE
DC SUPPLY
0-30V
|+

gravity at regula_r intervals inTable 3. (Prepare a blank L Msv@) e o=
table as shown in Table 1) L- N e — —

5 Repeatthe steps 10 and 11 of Task 1. wal [P

5A

ELN2187H5

TASK 4 : Preparation of electrolyte

1 Prepare the necessary materials for electrolyte 4 Allow the mixture to cool sufficiently to the ambient

preparation.

2 Fill distilled water of the required quantity in the glass
jar.

3 Add concentrated sulphuric acid little by little to the
water and stir with a glass rod simultaneously.

Don't pour excess acid at a time to the water to
avoid excess generation of heat.

temperature.

Read the specific gravity (Fig 1). If the specific gravity
is below 1250, add a little more acid to bring to the
correct specific gravity.

Take care not to sprinkle the electrolyte.
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Electrician - Cells and Batteries

Exercise 1.6.60

Practice on routine, care / maintenance and testing of batteries

Objectives: At the end of this exercise you shall be able to
* prepare and follow the routine care/maintenance schedule chart for batteries
* carry out the general procedure and maintenance for batteries.

Requirements

Tools/Instruments

Equipment/Machines

+ Ringspanner (6 mm - 25 mm) -1 Set + Lead acid battery 12V / 60 AH
«  Combination pliers 150mm -1 No. Materials

+ Insulatedscrew driver 200mm -1 No.

«  Hydrometer -1 No. + Baniancloth

« Highrate dischargertester -1 No. + Distilled water

»  Sodium bicarbonate solution

-1 No.

- as reqd.
-asreqd.
- as reqd.

PROCEDURE

TASK 1: Prepare and follow the routine care/maintenance schedule chart for batteries

1 Collectthe care/maintenance activities required for lead

acid batteries.

battery by referring the following chart 1.

2 Make a care/maintenance chart for daily, weekly,
monthly, six monthly maintenance schedule as in
chart-1.

Routine Caref/ Maintenance Schedule Chart-1

3 Perform the routine care/maintenance activities of

Sl.No.

Routine

Activities to be done

Remarks

Daily

Inspect the batteries visually.

If it is found abnormal, report and do necessary action.

Weekly

Inspect all batteries visually
Clean surface, check tightness of connectors and vent plugs

Check supporting clamps

Monthly

Check level of electrolyte

Do charging of battery, if not been automatically charged
Cleanterminals, reconnect, apply protection jelly.
Cleantop surface by sodium bi carbonate solution in water.
Wipe surface for dryness.

Check that other materials surface should not have contact with
batteries and top surface of battery

Six Monthly

Check level and specific gravity, charging rate, charging hours,
voltage cell

(Life of well maintained lead acid battery can be about five to six years)
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TASK 2 : Carry out the general preventive maintenance of lead acid battery

1 Perform the following steps for the preventive

maintenance of battery.

Steps to be followed for preventive maintenance of

battery

Maintain the level of the electrolyte 10 to 15
mm above the plates (or) as per manufacturer's
manual.

Add the distilled water to the acid; and do not
add acid to water.

Connect the positive terminal of the battery to
the positive terminal of the supply, and connect
the negative terminal of the battery to the
negative terminal of the supply while charging
the battery.

Keep the vent plug open for the liberation of
gases during charging.

Cleanthe vent plugs holes for proper discharging
of gas.

Keep the battery terminals always cleaned.

Apply a thin layer of Vaseline (or) petroleum
jelly over them to prevent corrosion.

Do not charge or discharge the battery in higher
rate continuously.

Remove the lead sulphate which is formed due
to over charge after four months.

Maintain well-ventilated room for battery
charging.

Use high rate discharge tester only for charged
battery not for discharged battery.

Check the specific gravity of the electrolyte
before charging and discharging.
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Power
Electrician - Cells and Batteries

Exercise 1.6.61

Determine the number of solar cells in series / Parallel for given power

requirement

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

+ determine the number of solar cells required for a series group for a given voltage requirement
» determine the humber of group of solar cells in parallel for a given ampere hour capacity

» calculate the total humber of solar cells required for a given power requirement

» connect the given cells in series and parallel groups to charge the battery.

Requirements

Tools/Instruments

«  Cutting pliers 200 mm -1 No.
+  Screwdriver 250 mm -1 No.
«  Connector screw driver 100 mm -1 No.
+  Voltmeter MC type 0 - 15V -1 No.
+  Ammeter 0-500 mA - MC -1 No.
« Soldering Iron 35W 240V 50 Hz -1 No.

Materials/Components
- Solar cells 125 mW/cm?, 0.45 V, 57 mA - 87 cells

« Conhnecting wires 3/0.91mm PVC -20m
insulated cable

+ Insulation tape 30 cm long -1 No.

«  Miniature bulb B.C Type 3W 12 V -1 No.
with holder

+ 'On’ and ‘'Off’ flush mounting - 2 Nos.
switch 6A 240 Volts -2 Nos

* Resincore solder60:40 - asreqd.

PROCEDURE

TASK 1 : Determine the number of cells required for a series group

up the solar cells accordingly.

A village panchayat office requires a light of 12V 3\Watts for display purpose for four hours which has
to be energized through a battery. The battery is to be charged through an array of solar cells having
125 mw/cm? capacity. The light from sun expected to be available for 8 hours a day. Calculate the
number of solar cells in series group and the number of groups in parallel to charge the battery and wire

1 Determine the number of solar cells in series group.

Total required voltage
Volt per cell

No. of cells in series group =

Assuming charging voltage is
equal to battery voltage + 1 volt =12+1 =13V

: : 13
No. of cells inseries group =575~ 29cells

Calculate the ampere hour requirement

_ Power 3watts 1

. - = ——amps
The current required Voltage 12volts 4 P

say 250 mA

The charge taken from the batteries at the rate of 250
mA for 4 hours

250
1000

=1 AH

=4

Hence ampere hour requirement =

ampere hourlostinactual usage
No.of possible charginghours

Chargingcurrentrating =

1AH
3 =0.125 amperes

_ Output current

Total No. of cells in parallel group CEllEIment

_0125amp
- 57TmA

=125 sy

57

= say 3 cells/group
Hence total number of cells required = 29 x 3

= 87 cells
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TASK 2 : Connect the given 87 cells in series parallel groups to charge the 12 v battery

1 Connect 29 cells in a series group and solder the
points.

Make 3 groups of 29 cell series groups.

Connectthethree series groups in parallel and solder
the connections ends.

4 Connect the series parallel group of cells with a
voltmeter, an ammeter, battery and a 6A Switch as
shown in the Fig 1.

5 Measurethe voltage across the groups withthe help of
0-15 V M.C. voltmeter and enter the values in Table 1.

6 Closetheswitchand measure the chargingcurrentand
enter the values in Table 1.

MC

Fig1 0-500mA
s MC
THREE GROU F‘S PARALLEL
! \&/ i

od T

- |
29CELLS | \D % g | &
IN SERIES e £

3] g il

&L

BATTERY

ELN2168H1

Table 1

Open circuit voltage of coils Load voltage

Charging current
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Power
Electrician - Basic Wiring Practice

Exercise 1.7.62

Identify various conduits and different electrical accessories

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

» identify and name the conduits and conduit accessories and write their specification and uses.
» identify and name the electrical accessories
» write the specification and uses of the electrical accessories

» draw the electrical accessories IE symbols.

Requirements

Tools/Instruments

Insulated screw driver Ammx150mm - 1 No.

Insulated connector screw driver

4 mm x100 mm -1 No.
+  Tray 60x30x4cm -1 No.
+ |.S. books on graphic symbols -1 No.

(B.1.S 2032 all parts)
Materials
+  PVC conduit pipe - 19 mm and

25 mm- 3M long -1 No. each
+ Gl conduit pipe - 19 mm and

25mm - 3 mlong -1 No. each
+  PVC Channel - 20mm and 25mm

-1M long -1 No. each
+  PVC pipe coupling - 19mm & 25mm - 1 No. each
+ PVC junction box - 1,2,3 and

4 way -19mm & 25mm -1 No. each
+ PVCbend-19 mm & 25mm -1 No. each
+ PVCElbow - 19 mm & 25 mm -1 No. each
+ PVCTee-19mm & 25mm -1 No. each
+ Gl conduit coupler & Inspection

Coupler-19mm & 25mm -1 No. each
+ Gl Elbow & Inspection Elbow -

19mm & 25mm -1 No. each
+ Tees&Inspection Tee -

19mm & 25mm -1 No. each
+  Gljunction box -1,2,3 & 4 way

square type 19mm & 25mm -1 No. each
+ S P. switch 6A 250V flush type,

single way -1 No.
+ S P switch 6A 250V flush type

two way -1 No.
+  S.P. switch 6A 250V

mounting type single way -1 No.
+  S.P. switch 6A 250V

mountingtype two-way -1 No.

Tube light starter holder 6A
Combined tube and starter holder 6A
Tube light holder - 6A

Brass batten-holder 8A 250V
Bakelite batten-holder 6A 250V
Brass pendent-holder 6A 250V
Bakelite pendent-holder 6A 250V
3-pin 6A wall socket, mounting type
3-pin 16 A wall socket, mounting type
3-pin 6A wall socket, flush type
3-pin 16A wall socket, flush type
2-pin 6A wall socket, flush type
2-pin 6A mounting type

Ceiling rose 6A 250V 2 plate
Ceiling rose 6A 250V 3 plate
Fanregulator

Kit-kat fuse 16A 250V

Intermediate switch 6A 250V

3-pin 6A 250 V plug

3-pin 16A 250 V plug

Terminal plate 16A 250 V 3- way
[.C.D.P. switch 16A 250V

[.C.T.P. switch 16A 400V

Neutral link 16 amps

[.C. cutouts 16A 250V

Distribution box 4-way
Bell-Push/switch 6A, 250V flush type
Bell-Push/switch 6A, 250V
mountingtype

HRC Fuse - 16A

I[ron connector - 5A

Toggle switch 6A

MCB 1,2 &3 Pole

-1 No.
-1 No.
-1 No.
-1 No.
-1 No.
-1 No.
-1 No.
-1 No.
-1 No.
-1 No.
-1 No.
-1 No.
-1 No.
-1 No.
-1 No.
-1 No.
-1 No.
-1 No.
-1 No.
-1 No.
-1 No.
-1 No.
-1 No.
-1 No.
-1 No.
-1 No.
-1 No.

-1 No.
-1 No.
-1 No.
-1 No.
-1 No. each

PROCEDURE

TASK 1 : Identify various conduit and conduit accessories

1 Identify each items and write the name in the table.

(Fig 1 to Fig 10)

2

Write the specification and use of each conduit &

conduit accessory inthe column given.
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Conduit Pipe & Conduit accessories

Sketch Name

Specification

Use

Fig 1

ELNZ270H1

Fig2

ELNZZTOHZ2

Fig3

ELNZZTOH3

Fig4

ELN2270H4

Fig5

ELN2Z70H5
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Sketch Name Specification Use

Fig 6

ELN2270H6

Fig7

ELN2270HT

Fig 8

ELN2270HB

Fig9

ELN227T0HA

Fig10

ELN2270HB
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TASK 2 : Identify electrical accessories and write their names

1 lIdentify each accessory and write the name in the 2 Writethe specification of eachaccessory inthe column
table 2 (Fig 11 to 28) given by the side of each (accessory) figure.
Different manufacturers design the outline of Most of the specifications can be collected from
accessories differentlyto suitvarious conditions. the markings on the accessoryitself. Otherwise
accessories remain the same. As such there approach the instructor for guidance.
should not be much difficulty in identifying the
accessories. 3 ldentify the | E symbols used for the accessory fromthe

related theory or B.|.S.books and sketch the symbols

On the other hand, single way and two-way inthe columns/spaces provided.

switches as well as two and three plate ceiling

roses lookalike. A careful look atthe rear ofthe 4 Show the completed sheets of specifications,
accessory will make the identifying process identification and symbols to the instructor and get his
much easier. approval.

Table 2 - Electrical accessories

Sketch Name Specification Use |IE Symbol
Fig 11
2
B
g
ol
Fig 12
g2
B
g
d
Fig13
f
Fig14
:
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Name

Specification

Use

IE Symbol

Fig 15 é
[LELEETEL E
2
Fig 16
T
B
=
Fig 17
ECE)
N S L
Y
§
o
Fig 18
£
E
3
Fig19

ELNZZ70HL

Fig 20

ELN2270HM
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Sketch

Name

Specification

Use

IE Symbol

Fig 21

ELN2270HN

fial
1=}

— & O

| @

¢
2
2]
2
w
Fig 23
E
2
]
2
w
Fig 24
g
£
3
Fig 25 _
f_'_l_\
— )
& —
=
e E
g
d
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IE Symbol

Use

Specification

Name

Sketch

SHOLZZNTA

=)

Fig 26

Fig 27

AHOLZZNT

Fig 28

NHOLZENTS
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Power
Electrician - Basic Wiring Practice

Exercise 1.7.63

Practice cutting, threading of different sizes of conduits and laying installations

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

» cut metal conduit pipes of heavy gauge to the required dimensions
» fasten the conduit pipe in the pipe vice and prepare the conduit ends for threading
» cut the threads on heavy gauge metal conduit,according to requirements using a conduit die set

» fix the conduit accessories to the pipes according to the pipe size using the threaded method

» fix the conduit with the necessary clamps and spacers on surface installation in accordance with the

B.l.S.recommendations
draw cables in the metallic conduit pipes
bond the conduit pipes at joints and junctions

» test the wiring.

earth the conduit as per B.l.S. recommendations
prepare metal boxes and fix Power accessories
terminate the cable ends at the accessories according to the wiring diagrm

Requirements

Tools/Instruments

+  Screwdriver 200mmwith Smm blade -1 No.
«  Connector screwdriver 100mmwith

3mmblade -1 No.
+ Pipe vice 50 mm -1 No.
«  Steel rule 300 mm -1 No.
» Hacksaw with a blade of 24 teeth

per 25 mm (25 TPI) -1 No.
« Flatfile bastard 250 mm -1 No.
« Half roundfile 2nd cut 200 mm -1 No.
+ Reamer16 mm -1 No.
e QOilcan250ml -1 No
» Conduit stock and dies for 19 mm &

25 mm conduit -1 Set
+  Wire brush 50 mm -1 No.
¢ Plumb bob withthread -1 No.
« Electrician's knife DB 100 mm -1 No.
« Poker 200 mm -1 No.
+ Ball peen hammer 500 grams -1 No.
+  Hand drilling machine 6 mm capcity

with 4 mm drill bit -1 Set
«  Scriber 200 mm -1 No.
+  Combination pliers 200 mm -1 No.
Materials

+  Conduit pipe, heavy gauge 19 mmdia. -6m
+  Conduit pipe, heavy gauge 25 mmdia -3m

Metal Box 90 mm Sqguare of
hexagonal type with top cover
Condulit pipe inspection Tee 19 mm
Conduit elbow 19 mm

Conduit bend 19 mm

Conduit junction box 3-way 19 mm
T.W. spacers 60mm long 19 mm
width and 12mm thick

Tinned copper wire 14 SWG

Earth clamps, tinned copper suitable for
19 mm pipe with bolt, nut and washers
G.l. saddles 19 mm

Wood screws and machine screws
assorted

P.V.C. aluminium cable 1.5 sgmm
250V grade

S.P.T. switch 6A 250V

Two-way Flush type switch 6A 250V
Ceiling rose 2-way 6A 250V
Pendent-holder, bakelite 6A 250V

B.C. bulbs 40w, 230V

Colourchalk

Terminal plate 16 amps 3-way

G.1. wire as fish wire 14 SWG

P.V.C. bushes suitable for 19 mm pipe
Conduit check-nut 19 mm

Lubricant coconut oil

Cotton Waste

- 4 Nos.
- 3 Nos.
- 4 Nos.
-1 No.

- 4 Nos.

- 25 Nos.
- 12 mts.

- 3 doz.
- 25 Nos.
-as reqd.

- 18 mts.
-1 No.

- 3 Nos.
- 4 Nos.
- 4 Nos.
- 4 Nos.
-1 piece
-1 No.
-6 mts.
- 40 Nos.
- 8 Nos.
-100 gm
-as reqd.

PROCEDURE

TASK 1: Preparation of conduit pipe for cutting

Assume the job needs a 300 mm long conduit
drop but a standard length pipe of 3000 mm is
only available. Normally both the ends of a
standard length pipe will have threads. To

make the required conduit drop, the standard
length 3000 mm pipe is to be cut for a length of
300 mm and threaded again at one end.

140




Cutting could be done either by pipe cutters or
with hacksaws. In practice, cutting with a
hacksaw is popular, and the method is
explained below.

1 Measure 300mm from the threaded end of the 19 mm
pipe and mark it with chalk as shown in Fig 1.

Fig 1

2 4 6 81012141818202224262830323}

S \— CHALK MARK

MEASURE THE PIPE LENGTH

Fig4

HACK SAWING - POSITION OF SAWING

ELN2271H4

ELMN2271H1

2 Openthe jaw of the vice and insert the pipe so that it is
horizontal and parallel to the jaw serrations.

3 Keepthe chalk mark of the pipe within 100 mm of the
vice as shown in Fig 2.

Fig 2
GHALK MARK
KEEP OVERHANG |
) UNDER 100 mm |
| =

VICE

ELNZ2T1H2

GRIP THE PIPE IN THE YICE FOR SAWING OPERATION

4 Close andtightenthe vice jaw.

5 Select a hacksaw with a blade having 24 teeth per
25mm (25 TPI), as shown in Fig 3.

Fig5

USE THUMB AS A GUIDE INITIALLY

ELN2271HS

9 Whentheinitial cuthas been made, move theleft hand
to the front end of the hacksaw frame and use both
hands for the cutting operation as shown in Fig 8.

10 Whensawing, use the full length of the blade, increasing
gradually the pressure on the forward stroke, and
releasing the pressure as the blade is drawn back.

(Fig6)

Fig3
o 24 TEETH
1" (25.4 mm) ;!i
HACK SAW BLADE %
Ensure that the hacksaw blade is firmly
tightened in the frame and that the teeth point
in the forward direction.

Figé

HOLDING SAW WHILE SAWING

ELNZ2T1HG

6 Take upthe hacksaw and position yourself, as shown
inFig4, with your left shoulder pointing in the direction
of the cut.

7 Grip the hacksaw handle with the right hand and
position the hacksaw blade on top of the cutting line.

8 Prepare to cut by guiding the blade with the thumb of
your left handexactly onthe cutting line againstthe saw
blade as shown in Fig 5.

11 Saw with steady, even strokes, keeping the blade
upright and square to the cut as shown in Fig 7.

Fig 7

ELN22T1HT

HOLD THE STRAIGHT
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12 When getting near to the end of the cut, the conduit
must be supported with your left hand as shown in
Fig 8. Finish the cut.

Fig8

END OF 3AWING

ELN227T1HB

Fig9

REMOVAL OF BURRS

ELN2271Hg

Support the free end of the conduit to prevent
the blade of the hacksawfrom being damaged.

13 Useareamerorhalf roundfileto removethe inside burrs
as shown in Fig 9.

14 Usetheflat portion ofthe half roundfile to smoothenthe
sharpedges. (Fig 10)

15 Again follow the steps 2 to 14 for cut the 300 mm long
from the threaded end of 25 mm dia. 3 m long pipe.

TASK 2 : Preparation of conduit pipe for threading

1 Openthe jaw of the vice and insertthe 19 mm dia pipe
sothatit is horizontal and parallel to the jaw serrations.

Keep the end of the tube within 150 mm of the vice.

Close and tighten the vice as shown in Fig 11.

Fig 11

i KEEP OVERHANG
l L UNDER 150mm

VICE

)

HOLD THE PIPE IN THE PIPE VICE FOR THREADING OPERATION

ELN2271HB

4 Filetheendofthetube flat and chamferthe outer edge
to an angle of about 20°as shown in Fig 12.

Make the depth of the chamfer equal to the
pitch of the thread (1.5 mm for conduit).

5 Choosethecorrect dies and stock suitable forthe pipe
to be threaded. (Fig 13 shows the conduit stock and
dies set)

Fig 10

ELN2271HA

REMOVAL OF SHARP EDGES

16 Clean the hacksaw and vice after the end of the work
and keep them in their respective places.

Fig 12

ABOUT 20:7\&

CHAMFER DEPTH J
EQUAL TO PITCH

BEFORE THREADING, CHAMFER THE EDGE OF THE PIPE

ELNZ2T1HC

Assembly drawing for the quick cut stock and
dies isgiven in Fig 13. The die sizeis engraved
on thedieitself. Checkthe size with that of the
pipe. Thehandle of the stockis notshown inthe
picture for clarity.

6 Insert each half of the die in the cap(stock) with the

chamferred threads (leading faces) being adjacent to
the guide.

Screw the guide into position.

Adjust each adjusting screw equally to make the die
halves centralized to the pipe axis.

9 Slide the stock guide over the end of pipe, adjust the

adjusting screws such that the dies just grip the pipe
evenly on both sides.

142 Power : Electrician (NSQF - Revised 2022) - Exercise 1.7.863



Fig13

GUIDE
LEADING FACES

ADJUSTABLE DIES

ADJUSTABLE
SCREW 2 OFF

STOCK CAP OR COLLET

12 Apply the lubricant to the part to be threaded after the
thread has been started.

The lubricant allows the die to cool off the heat
developed and thereby helps the edges to stay
sharp and to produce a better thread finish.

13 Make oneortwo complete turnsina clockwise direction.

Check whetherthe stock is at right angle to the

pipe axis.

14 As indicated by the increased resistance of rotation,
easethe handle asfrequently as necessary, backinan
anticlockwise direction for half a turn.

Reverse turning is necessary to break off long
cuttings and to clear the cutting edges of the
die.

15 Apply the lubricant at frequent intervals.

ELNZZ71HD

DIE SET (HANDLE NOT SHOWN)

10 Apply pressure to the stock and keep the handles at
right angles to the pipe as shown in Fig 14.

Use a brush to remove the metal burrs fromthe
die.

Fig 14

PRESS IN AS YOU ROTATE HANDLES CLOCKWISE
MOLNTING THE DIE S8ET IN THE CONDUIT

16 Remove the stock Checkthelengthandfitofthe thread
by screwing on the female fittings (coupling etc.).

The length of the thread should be sufficient to
fit half way into the couplings and fully into the

otherfittings.

ELNZ271HE

11 Rotatethe handles clockwise ina plane atrightangles
to the pipe axis as shown in Fig 15.

Fig 15

TURN CLOCKWISE
TOCUT

SHORT REVERSE
TURN TO BREAK CHIPS

THREADING PROCESS

ELN2271HF

17 Ifthe threadis notsmooth (i.e tight inthe fittings) mount
the stock and tighten the adjusting screws by half turn
evenly and repeat working steps 10toc 16.

18 Remove any burrs or sharp edges frominside the end
of the pipe with a reamer or half round file as shown in
Fig 16, and file off the sharp edges, if any.

19 Again follow the steps from 2 to 18 in the task-2 for
thread the 25 mm dia conduit pipe.

20 Clean the die stock and vice. Keep them in their
respective places.

Fig 16

ELN2271HG
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TASK 3 : Install and wire up in metal conduit in the lighting circuit for godown

1 Formthecircuit withthe required wiringaccessories as
per circuit diagram (Fig 17) on the workbench.

: e, L&

L

Fig 17

8 S S 8y
CIRCUIT DIAGRAM

ELN2271HH

2 Getthe circuit approved by the instructor.

Knock out the holes in the square/hexagonal
metal boxes for conduit pipe terminations as
shown in Fig 19.

If it is incorrect, trace the circuit and correct it.

3 Markthelayouton|.P.C. (Installation Practice Cubicle)
as per the layout given in Fig 18

Fig 18

150

©m
W
(7]
N

. 300

3
- e
7

E T Fd
=] L 23
I

125

50

-

SIDE WALL

360 50 300 300 1860

ELNZZT1HI

LAYOUT DIAGRAM

Select the required conduit fittings as per the layout.

Measure the length of the conduit pipes required for
each run as per the layout.

Fig 19

ELN2271H

11 Measure and cutthe cables as perthe cable route given
inthe wiring diagram. (Fig 20)

Fig 20
@ @ @ @
r— r— r— r—
| | | | | | | |
) o} =] i
®
N
Lhe
Je= @ ] [ i) V'_L
rL ) I ) I W
® @ @ @ £
WIRING DIAGRAM E

Make an allowance in cable lengths for
terminations.

Take into consideration the length of
accessories to be used in various places along
with the conduit threads while taking conduit
measurements.

6 Cut the length of the conduit as per markings and
remove the burrs.

While marking on the conduit pipe for cutting,
consider the economical way to utilize the
pipes without much wastage in the lengths.

Cutthreads inthe pipes and remove the burrs.

Preparethe T.W. spacers with through holes for fixing
onthe |.P.C. and pilct holes to fix the saddles.

9 Fixthe T.W. spacers as per the layout.

10 Fix the conduit pipe and conduitaccessories as perthe
layout by means of saddles.

12 Provide bushes inthe conduit ends.

13 Insert the given fish wire in the pipe run for drawing
cables.

Drawing of cables should be done stage by
stage, taking each run one by one, and
consolidating the number of cables in each
run.

14 Skin the cables and mark each cable legibly at both
ends.

15 Groupthe cables as percable route and cable runs and
fasten them to the fish wire as shown in Fig 21.

Checkthe continuity of cables before fastening
the cables to the fish wire.

16 Pull the cables by means of the fish wire, and, at the
sametime pushthe cablesfromthe other end as shown
in Fig 22.
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Fig 21

ELNZ2T1HL

It is necessary to follow the looping system to
avoid joints in the earth wire runs.

As an alternate to the looping method, the
bonding system could be used. Wherever
accessories areused, bonding by earth clamps
and earth wire as shown in Fig 23 is
recommended.

Remove the painton the surface of the conduit,
the copper wire and the clamps before fixing.

Fig 22

CT
JUNCTION BOX

ELN2271HM

You mayrequireahelper whiledrawing cables.
There should not be any kink or twist in the
cables while drawing the cables through the
conduit pipe. Forlong conduit runs, itis better,
the drawing of the cables is done in stages,
firstly from one end to the inspection type
accessory, and then from the inspection type

accessoryto the end of the conduit,and soon.

17 Prepare topcoversofthe square metal boxesforfixing
the accessories by drillingthrough holesfor cable entry
and accessory fixing.

18 Fix the ceiling roses on the one-way junction boxes.

REMOVE PAINT
FROM THE
ConNDUIT

BONDED
EARTH WIRE

MAIN EARTH
CONTINUITY
(a) CONDUCTOR

BRANCH E.CC

QUTLET - BOX

TWO LOCKNUTS

INSULATIVE BUSHING

BONDED EARTH WIRE EARTH TERMINAL

ELN22T1HN

e

Ceiling roses can be fitted directly on the
one-way junction boxes, using the machine

screws provided for fixing the cover.

19 Prepare the cable ends and terminate them in the
accessories as per Fig 17 and 20, and cable markings
done as per step 14.

20 Fix the accessories with machine screws.
21 Close the top covers of the metal boxes.

22 Close the inspection windows of the inspection type
accessories.

23 Run the given earth wire along the conduit pipe by
means of earth clamps and terminate at the junction
boxes and metal boxes. (Fig 24)

24 Preparethe pendent-holders and connectthe cablesto
the ceiling roses.

25 Fix the bulbs.

A completed installation looks as shown in Fig 24.
26 Get the wiring checked by the instructor.
27 Connect the supply and test the wiring.

Fig 24

=
=
B
|
>
]
=
:
ELNZ271HO
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Power
Electrician - Basic Wiring Practice Exercise 1.7.64

Prepare test boards/extension boards and mount accessories like lamp
holders, various switches, sockets, fuses, relays, MCB, ELCB, MCCB Etc.

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

+ identify and use Power accessories like double-pole switch and indicating neon lamp
» select the correct size of board to mount specified accessories

» position the accessories and mount them on the T.WW. board

* wire up and test the test board. / Extension Board.

Requirements
Tools/Instruments + Flush mounting 250V 6A 3-pin socket - 3 Nos.
N : + Flush mounting 250V 6A
+  Combination pliers 200 mm -1 No. i
+  Screwdriver 200 mmwith 5 mmblade -1 No. . g\ch S 280\{3,/23 4 g e
+  Screwdriver 150 mm with 3 mmblade -1 No. iimedn Fe M
:  Peker200 -1 No. + 14SWG G.|. wire -1m
« it chise 2 -4 Ko * 12 mm No.5 wood screws -asreqd.
.« Trvsauare 150 mm 1 No. + 20 mm No.6 wood screws -asreqd.
. T;ynocrl-saw 300 mm -1 No. « 25 mm No.6 wood screws -asreqd.
v et s o dis B8 -1 No. +  Neonlampflush-mounting 250V
' ' with holder 6A -1 No.

: Eﬂrﬁe;ﬂlhgtmmer 230 gms i 1 Hg - BC bulb 60W, 250V -1 No.
+ Connector screwdriver 100 mm -1 No. ’ g't'ﬁa: fusi’gzgg\vy el 1N
+ Hand drilling machine 6 mmcapacity -1 No. i < I_g%et il - O
- Mallet 75mm dia. head with handle -1 No. e e e b
¢ Stud Bule 30 o -1 No detachable 4 mm plug entry - 3 Nos.
. ) ' »  Flush mounting type D.P. switch

ey lEis s B i 1he 250V 20A with neon indicator -1 No.
Materials + Twin twisted flexible wire 23 /0.2mm -5 metre
+ T.W hinged box 375x250x80 mm -1 No.
+ B.C. battenlamp-holder 6A 250V - 2 Nos.

PROCEDURE

TASK 1 : Prepare the test board / Extension board

1 Identifythe D.P. switch, its incoming/outgoingterminals

. : ; : : If incorrect, make necessary changes.
anditsoperation. ldentify a neonlampandits connection. ’ Y g

2 Form the circuit as per the schematic diagram Fig 1, 4 Effect supply and test the cirouit.
using a flexible wire for the testing circuit. 5 Place the accessories on a cardboard to suit the
technical and aesthetic aspects and draw a layout.
Fig 1 Select the size of the T.W. board accordingly.
HE— T‘ ; 6 Comparethelayout drawn by youwiththe layoutgiven
i | [P P | Pa T in Fig 2 and discuss with your co-trainees about their
] | ! _i{ Lr(‘ —rTl—o merits and de-merits.
i i i Qi ) O & @Jﬁ;(?_g 7 Mark the positi_on of the double-pole switch and
: ! : 2 F( >'<L of[her accessories on the T.W. poard as per the
Lol L é ! rg—[ TSZ b 9 g|venlayout(F_|g 2)and the supplied drawing of the
A e B iR _ front panel. (Fig 3)
Eo—D) g 8 Cut profilesforfixingthe accessoriestothe T.W. board
SCHEMATIC DIAGRAM = anddrill holes for cable entries, insulatedterminals and

— ] fixingscrews, and make pilot holes wherever necessary.
3 Get the formed circuit checked by the instructor.
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Use the B.l.S. recommended colour code for
cable connections within the test board.

12 Route the connecting cables between accessories
neatly, harness (strap - bunch) the cables.

13 Connect the accessories and the insulated terminals
after identifying phase and neutral.

14 Connectthe earth wire with earthing terminals of socket
outlets, one of insulated terminals andthe double pole
switch. A completed test board will look as shown in
Fig 4.

Fig2
/ ,L"z ,LF’a
L
S X J\"1 or
2 L
—
Fa
=
SIS
Ny s
o
N L E
TEST BOARD-LAYOUT DIAGRAM E
Fig3
28, & , &5 . 80| 40
B | I \ \
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IR i
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TEST BOARD FRONT PANEL DRAWING SHOWING THE PROFILE é

Fig4
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bl

FRONT PANEL VIEW OF THE TEST BOARD

ELN2272H4

9 Fix the Power accessories onthe T.W. board.
10 Fix three numbers of insulated terminals.

11 Measure and cut cables for harnessing, according to
the circuit diagram. (Fig 1)

15 Provide bulbs inthe lamp-holders.

186 Get the approval fromyour instructor and test the test
board.
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Power
Electrician - Basic Wiring Practice Exercise 1.7.65

Draw layouts and practice in PVC casing - capping, conduit wiring with
minimum to more number of points of minimum 15 metre length

Objectives: Atthe end of this exercise you shall be able to

* mark the layout on the work station/location

» prepare PVC channel as per the marked layout

» fix the PVC channel and other PVC accessories

* run the cable as per the circuit diagram

» fix the top cover on the casing

» prepare & fix the PVC boxes

* mount the switches, fan regulator, socket on the switch board

» connect the end terminals to load as per the circuit diagram & test it.

Requirements

Tools and Instruments + Single pole one way switch-6A 230V
+ Electrician tool kit ~1No. FliSh bipe ~iftes
) + Electronic fan regulator - sockettype -1 No.
+ Hacksaw frame with blade -1 No. .
: + 3 Pin socket - 6A 250V Flush type -1 No.
+ RawljumperNo.14 -1 No.
: + Batten lamp holder - 6A, 250V -2 Nos.
»  Screwdriver100mm -1 No. e
+  Cellling rose 6A, 250V -1 No.
+ Steeltapebm -1 No. i Byoirsilatedal bl
- SteelRule 300mm -1 No. Mopaew e llot
+ Electric/Hand drilling machine B0 i = 190 i
(capacity 6rmm) _1No + Wood Screw No. 6 X12 mm - 20 Nos.
. Twizt dr?(l Bt S 4 Ko, * Wood Screw No.6 X 20 mm -7 Nos.
' + PVC Casing and capping Elbow -25 mm - 1 No.
Material required + PVC casing and capping Tee
: : 3way) -2 Nos.
+ PVCcasingand capping ( : :
25mmx 10 mm - 20mtrs ’ PYC C?smg:l':md CapRig 3N
+ PVC round block - 90 mmx 40 mm -3 Nos. el a "o oS,
« T.W. box 250 mm x 100 mm with » Colour chalk /pencil -1MNo.
Slriicaraust -1 No. +  PVC insulationtape roll 20mm -1Raoll
+ Terminal plate 16 Amps - 3 way -1 No.
PROCEDURE
1 Analyzethe layoutdiagram Fig 1 showingthe location
e . hy N Fig 1
of fittings, accessories and their distances. X oo e
2 Drawthewiring diagram for the givencircuitas per 250 250 -
layout plan. Check the correctness of the wiring BERING
diagram with the help of Fig 1 (supplied by the B (e -
instructor). & P P>
] ) ; L ) a0, 2s0 “| 250
3 Listoutthe materials requiredforthis wiring along with v 7, w7,
complete specifications and quantity required for this 300 300 300
wiring .
8
4 Check your material list with that of supplied list. ALL MEASUREMENTS ARE IN MM "500
Hand overthelisttotheinstructorfor checking
and get the approval. / 3
Collect the materials as per the list. bt %
6 Mark the layout as per the work station/location. Cut 7 Drill holes inthe PVC channel for fixing with a gap of
and prepare the casing as per the installation plan 60cm using drilling machine.

diagram.
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8 Place the PVC channel in the route mark coinciding
with the jumper holes for fixing.

9 Prepare the joints on PYC channel (refer layout).

10 Fix the PVC channel on the work station as per the
layout.

11 Run the cable into the PVC channel as per wiring
diagrams (Fig 2)

Fig 2

0
]
X

1

ELN2273H2

12 Fix the cover on the channel.
13 Mark and cut the PVC boxes for the channel entries.

14 Drill holes for cable entry and take out cables as per
installation plan.

15 Terminate the cable in accessories and mount the
switches, regulator & socket over the switch box.

16 Test the circuit for insulation resistance, continuity
test & polarity.

Only after obtaining satisfactoryresults ofthe
above test, circuitto be energised.

17 Connect the circuit with supply and test it.

18 Repeat the wiring steps using PVC condulit pipe for a
15 meter length.
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Power
Electrician - Basic Wiring Practice

Exercise 1.7.66

Wire up PVC Conduit wiring to control one lamp from two different places

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

» form the circuit using two-way switches to control one lamp from two different places
» cut the profiles in a wooden board according to marking for flush-type accessories
* wire up a circuit in PVC conduit pipe to control one lamp from two different places.

Requirements

Toolsfinstruments «  PVC terminal box -1 No.
+ Wood screws No.6x12 mm - 3 Nos.
SRl ham”’?er g . 1Ng. *  Wood screws No.6x20 mm - 4 Nos.
+ Insulated screwdriver 200 mmwidth e
+  PVC--Insulated aluminiumcable
5 mm blade -1 No.
: . 1.5 sg mm. 250V grade -6m
+ Insulated screwdriver 150 mmwidth : .
« Flush mounting two-way switch 6A,
5 mm blade -1 No.
L . 250V -2 Nos.
+ Electrician's knife (100 mm) -1 No.
. + Batten lamp-holder, 6A, 250V -1 No.
+  Connectorscrewdriver 100mm -1 No. :
- Mallet 5 cm dia. -500 gram 1No o e el s - 1o,
. N g ' « Bulb40W, 250V, BC type -1 No.
+ Gimlet 5 mm dia. 200 mm long -1 No.
o : . «  PVC round block (90mm x 40 mm) -1 No.
+  Handdrilling machine 6 mm capacity -1 No.
e PVC box 100 mm x 100 mm - 2 No.
+ Drill bit 3 mmto 5 mm -1 each ) .
PVC 'Tee’ 19 mm -2 Nos.
»  Trysquare 190 mm -1 No. . .
+ Marking Pen/Pencil/Chalk - as reqd.
+  Bradawl! 150 mm -1 No. ;
N . « Markingthread - as reqd.
+ Insulated combination pliers 200 mm -1 No. .
, + PVC Insulationtape -1 Roll
» Hacksaw frame with blade (24 TPI) -1 No. .
. Steel rule (300 mm) 1 No + Selftapping screw (20 mm) - as reqd.
« PVCbend19mm -2 mtrs
Materials
+  PVC conduit pipe -19 mm dia. - 2 mtrs
PROCEDURE

1 Estimate the tools and materials required for the job
accordingtothe layout (Fig 1) and the wiring diagram.
(Fig 3) Compare the list withthe givenlist. Discuss with
yourco-trainees/finstructoraboutthe variations between
the two lists.

Fig 1 ¢
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LAYOUT DIAGRAM 3

5 Form the circuit as perthe schematic diagram shown
in Fig 2.
Fi
ig2 e
VAN
N©
240V, ~
LG
Smmne g
SCHEMATIC DIAGRAM g

Collect materials as per the list.

Identify and confirm the switches received are two-way
switches only.

4 |dentify the terminal points, cable entry holesandfixing
holes of the switches and batten lamp-holders.

150

Gettheapproval ofthe instructor. If necessary,
make alterations in the connections.

Connect the supply, check the function of the circuit

and note the results in Table 1.



TABLE1

5,,8, position up

§,.8, position down

S,upand S, down

§,downand S, up

Fig3

WIRING DIAGRAM

9 Markthe posistion of the saddles on the building and
fix them locsely on one side only.

Observethe N.E. Codeforthe distance between
saddles. In the case of brick/concrete walls,
the wooden plugs (gutties) are to be fixed flush

with the walls, cemented and cured.

ELNZ274H3

7 Mark the layout points on the building as per the
installation plan (Fig 4)

Fig 4

—mZ
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INSTALLATION PLAN

8 Cutthe required length of PVC pipes as perthe layout
marking.

Take into consideration the length of bends,
tees and corners in appropriate placestoreduce
the measured length of the P V C conduits.

10 Fix the PVC pipe and accessories in the saddle and
tightenthe saddle screws. Cutthe cables accordingto
the wiring diagram (Fig 2)

Keep an extra 200 to 300 mm for termination

11 Insert the cables in the pipes and fittings and push /
draw the cablestothe other end ofthe pipes according
to the wiring diagram (Fig 3)

For longer lengths of PVC conduit runs, use
fish wire/curtain spring to pull the cables
throughtheconduits.

12 Markthe entry profile of the conduit inthe round block
and boxes. Based on the conduit entry position,
positionthe accessories onthe round block, markthe
through holes for cable entry, and the pilot holes for
fixing the accessories.

13 Prepare the conduit entry profile, drill/make through
and pilot holes in the round block and boxes.

14 Insert the cables throughthe cable entry holes of the
round blocks and boxes and fix the round block and
boxes onthe building.

15 Connectthe cable ends to the accessories according
tothewiringdiagramandfix the accessories on round
blocks and boxes.

The completed installation should look as per
the installation plan shown in Fig 4

16 Testthe circuit after gettingthe approval of the instructor.
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Power
Electrician - Basic Wiring Practice

Exercise 1.7.67

Wire up PVC conduit wiring to control one lamp from 3 different places

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

» verify and draw the intermediate switch connections in alternate positions of the knob
» drawaschematic diagramto showone lamp being controlled from 3 different places based on the .M. switch

cohnections
» form the given circuit with the intermediate switch

» cutand lay the PVC pipes as per dimensions with the required number of bends, elbows and different types

of junction boxes in the ceiling and the wall

» draw the cables through pipe according to the wiring diagram
 fix the accessories on boards and terminate the cables in accessories

 test the circuit.

Requirements
Tools/Instruments
+ Hacksaw frame 300mm with 24 TP Materials
blade -1 No. «  PVC pipe 20mm dia. - 4 mtrs
+ Steeltaperoll 5 Meter -1 No. . PVC bend20mm dia. -2 Nos.
+ Insulated Screwdriver 250mmwith « PVCelbow 20mmdia. -1 No.
4mm blade width -1 No. «  PVC Tee 20mm dia. - 3 Nos.
+ |nsulated Screwdriver 150mmwith ¢ Saddles 20mmdia. hea\/y gauge -10 Nos.
3mm blade width =1 hlo. +  Wood screws No.6 12mm - 40 Nos.
+ Insulated Connector screwdriver . Wood screws No.6 18mm - 8 Nos.
100mmwith 3mm blade width -1 No. « PVC cable 1.5 sq.mm 250V grade -15m
+  Plumb bob withthread -1 No. ¢«  T.W. round blocks with box
+  Trysquare250mm -1 No. 90 x 40mm - 4 Nos.
+ Ball peen hammer 250 grams -1 No. +  Terminal plate 3-way -1 No.
+  Poker 4mm dia. 200mm -1 No. ¢ 8 P.switch 2_Way Flush type
+ Gimlet 4 mmdia. 200mm -1 No. 6A 250V -2 Nos.
+ Electrician's D.B knife 100 mm -1 No. . |ntermediate switch 8A 250V -1 No.
+ Cutting pliers, insulated 200mm -1 No. « BRakelite batten-holderof B.C.
+ Hand drilling machine, 6mm capacity -1 No. type BA 250V -1 No.
+ 5.8 drill bit 3mm and 4mm -1 each « B.C. lamp 40W 250V -1 No.
+ Side cutting pliers 150mm -1 No.
+  Firmer chisel 12 mm -1 No.
PROCEDURE
TASK 1 . Ascertain the connections of an intermediate switch
1 Collectthe accessories and materials forthe exercise. 3 Keeping the above connections as the base, draw a

2 |dentify the mode of connections to the terminals with
respect to the position of the knob and draw the
connection diagram in your record book.

schematic diagram to control one lamp from three

different places, in your record book.
4  Show the connections to your instructor and get his

approval.
TASK 2 . Form the circuit on the workbenchftrainer board
1 Formthecircuitaccordingtothe approved diagramon Position of Position of Position Condition
the workbench/trainer board. S, knob S, knob of S_ knob of lamp
ON/OFF

Show the circuit to the instructor and get his approval.

Operate the switches as given in Table and note down
the results in Table.

e e
S e —
| o S S S
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TASK 3 : Execute PVC conduit wiring

1 Markthe layout onthe installation practice cubicle as
per the layout givenin Fig 1.

Fig 1
2
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v
4
2 300
3 3
ya
rd
300 | 8
I ]
| S a g 348
g
/ X
J 800 400 o
n
LAYOUT DIAGRAM §
(1T}

2 Cutthereguiredlengthof PV C pipes as perthe layout
marking.

Keep an extra 200 to 300mm for termination.

Take into consideration the length of bends,
tees and corners in appropriate placestoreduce
the measured length of the P V C conduits.

6 Insertthecablesinthe pipes andfittings and push/draw
the cables tothe other end ofthe pipes accordingtothe
wiring diagram. (Fig2)

For longer lengths of P VV C conduit runs, use
fish wirefcurtain spring to pull the cables
through the conduits.

7 Markthe entry profile of the conduit in the round block.

& Based on the conduit entry position, positicn the
accessories onthe round block, mark the through holes
for cable entry, and the pilot holes for fixing the
accessories.

9 Preparethe conduitentry profile, drill/make throughand
pilot holes in the round block.

10 Insert the cables through the cable entry holes of the
round blocks and fix the round block on boards.

11 Connect the cable ends to the accessories according
to the wiring diagram and fix the accessories on the
T.W. round blocks.

3 Mark the position of the saddles in the |.LP.C. and fix
them loosely on one side only.

Observethe N.E. Codefor thedistance between
saddles.Inthecaseofbrick/concretewalls, the
wooden plugs (gutties) are to be fixed flush
with the walls, cemented and cured.

4 Fix the PVYC pipe and accessories in the saddle and
tighten the saddle screws.

5 Cutthe cables accordingto the wiring diagram. (Fig 2)

Fig 2 =
e el
ey Ep |

&
WIRING DIAGRAM g

The completed installation should look as per
the installation plan shown in Fig 3.

12 Testthe circuit after gettingthe approval of the instructor.

Fig 3

CEILING

INSTALLATION PLAN

ELNZ2T5H4
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Power

Electrician - Basic Wiring Practice Exercise 1.7.68

Wire up PVC Conduit wiring and practice control of sockets and lamps in
different combinations using switching concepts

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

» determine the size of the cable for power wiring

» cut hon-metallic conduit pipes

» fix the accessories to the pipes according to the pipe size with the tight grip method

» fix conduit with the necessary clamps and spacers on surface installation in accordance with LS.
recommendations

» draw wires with non-metallic conduit pipes

* wire up the power circuits in P.V.C. conduit

» test the circuit.

Requirements

Tools/Instruments

Materials
+ Insulated combination pliers 200mm -1 No. + PVC pipe 20 mm dia. -11 mts
+ Insulated screwdriver 200mmwidth . 3-way junction box 25 mm - 3 Nos.
4mm blade _ _ -1No. + 20mm sadles - 19 Nos.
+ Insulated side cutting pliers 150mm -1 No. «  TW Box 200 x 150 x 40mm - 4 Nos.
+ Electrician's knife 100 mm -1 No. «  PVC sheathed aluminium cable
+ Bradawl150mm -1 No. 4 sq mm. 250 V -52 mts
+ Ball peen hammer 250 grams -1 No. +  Copperwire 14 SWG -13 mts
+ Hacksaw with 24 TPI blade -1 No. « SPT switch 168A 250V -2 Nos.
+ Firmer chisel 6mm x 200mm -1 No. - 3-pin socket 16A 250V -2 Nos.
+ Filerasp half round 200 mm + 3-pinsocket with switch 16A 250V -2 Nos.
basted with handle. =N +  T.W.wooden spacers - 20 Nos.
+ Flatfile rasp 200mm -1 No. + Terminal plate 16 A 6-way -1 No.
* Neontester 500V -1No. + Wood screws No. 6 X 25 mm - 20 Nos.
+ Drill bits 6mm, 3mm =1 No. + Wood screws No. 6 x 12 mm - 40 Nos.
- _ _ each - PVC elbow 20 mm -1 No.
+ Handdrilling machine 6mmcapacity -1 No. «  Surface-mounting type Kit-kat
fuse 16A, 250V - 2 Nos.

PROCEDURE

TASK 1: Determine the size of cable for power wiring

1 Ascertainthe load particulars of each socket, assuming

each socket is feeding ocne room air-conditioner of
1.5 ton capacity.

Determine the number of circuits, the size of cables for
the circuit and branch circuits.

TASK 2 : Form the circuit and test it

1

Formthe circuit onthe workbenchftrainer boardwiththe
requiredaccessoriesas perschematicdiagram. (Fig1)

2 Gettheapproval fromyour instructor.

3 Effect supply and test the circuit.

154

Refer to L.E. regulations, NE code and I.S.
recommendations regarding socket
connections, loading and maximum number
of sockets per circuit.

Fig 1
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TASK 3 : Wire the power circuit with P V C conduit

1 P{I:?H;;[he layout on |.P.C. as per the layout diagram. Keep an extra length of 200 to 300 mm in each
g cable run.
Fig 2
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LAYOUT DIAGRAM
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Fix the PVC conduits and accessories in the saddles
and tighten the saddles by means of wood screws.

2 Cutthe PVC conduitaccording to the layout by taking o _
the length of the fittings into consideration. 7 Insert the cables and the earth wire in the pipe and

_ : fittings, and pushthe wiresto the other end ofthe pipe.
3 Fix the wooden spacer on the layout marking as per

installation plan shown in Fig 3, with the help of 25mm Prepare wooden boxes for conduit terminations, for
wood screws. fixing accessories and for taking cable terminations.

Co

9 Fixthebaseofthe boxesonthe|.P.C. andfixthe cover

Fig 3 onthe boxesafterinsertingthe cables inthe respective
N[E holes.
E|c
: : Expansion of the acronym|.P.C. is Installation
= Practice Cubicle/MViring cabin/Wiring booth.

10 Connect the cable ends to the accessories and fix the
accessories to the boxes with screws.

11 Connect the earth wire. (The completed installation
should look as shown in Fig 3.)

The minimum size of earth wire, 14 SWG,

E tinned copper must be used.
INALARoN PLAY o 12 Getthe approval of the instructor.
4 Fix the saddles on one side only on the wooden 13 Testthe oitolit,

spacers.

5 Cut the cable length according to the route length
takinginto consideration the layoutdiagram, Fig2and
the wiring diagram, Fig 4.
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Power

Electrician - Wiring Installation and earthing Exercise 1.8.69

Wire up the consumer's main board with MCB & DB’S and switch and
distribution fuse box

Objectives: At the end of this exercise you shall be able to
» place the MCB switch and distribution fuse box on the board as per the given layout observing the standard

code of practice
mark on the board to drill holes for the purpose of drawing wires and for fixing the accessories
drill suitable holes to fix accessories and for cable entry

fixthe accessories

identify and earth the metal parts
identify the cable to be connected for phase and neutral according to the colour of insulation
select and confirm the size of the cables according to the capacity of the main switch and D.B.

Requirements
Tools/instruments « Firmerchisel 12mm -1 No.
. Steel rule 300mm N Wood rasp file 200mm flat -1 No.
+ |nsulated Side cutter 150mm -1 No. Material
+ Combinationpliers 200mm -1 No. + 2 pole MCB 16A g
o hialdniling rechiie 8 Distribution fuse box 4-way 16A250V -1 No.
capacity with 3mm,Bmm bits -1 Set Vot aerewe Ne OB 0 s -4 Nos
= eler 200 . _ = e + Wood screws No. 20 x 6 mm -4 Nos.
» Insulated Screwdriver 200mm with Mo e Tl 5 5 B i -2 Nos
4mm blade ! ! s +  PVC aluminium cable 2.5 sg mm -1.5m
» Insulated Screwdriver 150mmwith i redareba ek oaleur Sanh
3mm blade _ -1 Nes « Tinned copper wire 14 SWG -3m
+ Connectorscrewdriver 100mm -1 No. + T.W. hinged box 300 x 250 x 80 mm -1No
S hestieseiallBe - + 3mmdia. 25 mm long full-threaded G |
+ Wooden mallet 7.5cm dia.500 g -1 No. bol Bt En asker -10 Nos
+ Electrician's knife DB 100 mm -1 No. , PVé Cable clips 10 mm wide 2 mm '
» Tenon-saw 300mm -1 No. i -300 mm
»  Gimlet 200mm with 4mm dia. stem -1 No.
PROCEDURE
1 Markthe positionofthe given MCBand DB on the top Fig 2
surface of the T.W. board as shown in Figs 1 and 2. |
Fig 1 | 149 ®
TC CONSUMER'S CIRCUIT i
|
8 | ~— DISTRIBUTION | 8
BOARD i -
|~— ICDP SWITCH ! §
7 |
i 8
} E | 120
FROM EB CUTOUT ANDN LINK 8 | 2
LAYOUT DIAGRAM § i
200
2 Markthe position of through holes for cable runs and INETALLATION PLAN E
earthconductor. =
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Crill suitable holes (either pilot or through) in the T.W.
board to fix MCB and DB.

Drill holes for cable entry.

Provide holes in the top and bottom of the base T.W.
board for the supply and outgoing cables.

Fix MCB and DB using wood screws/other fasteners.

Select and confirm the size of the cables according to
the ratings of the main switch and DB.

Connectthe supply leadstothe MCBthroughthe T.W.
board. Mark the end of the phase cable.

While using connecting cables observe the
colour code. Phase:red, Neutral:black.

10 Locate the earth connecting points onthe OB and drill

suitable holesfor the earthing leads inthe T.W. board.

11 Connectthe earthwiretothe DBandthenconnectthe

E.C.C. to the meter board earth plate.

12 Fix the fuses in the DB and main switch according to

the circuit/main loads.

While connecting the incoming and outgoing
cables to the MCB and D.B. they should pass
through the holes in the top board and then
through the holes provided in the top and
bottom sides of the base board.

In both cases sufficient allowance of length
should be given in the cables such that the
hinged top board could be opened at an angle
of 120° fromthe base board. Harnessing of the
cables inside the board should be done with
the P.V.C. cable clips, and the cables should
pass in or out from the MCB and D.B. through

Individual circuit loads have to be indicated in
amperes by fixing labels on the D.B

the P.V.C. bushed holes.

Interconnect the MCB and DB as shown in Fig 4.
Provide 4 pairs of outgoing cables fromthe D.B. for
four branch circuits. Compare the wiring diagram
(Fig 4) with the Circuit diagram (Fig 3).

Fig 3
DISTRIBUTION BOARD

240V, AC I—||-

CIRCUIT DIAGRAM
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Power
Electrician - Wiring Installation and earthing Exercise 1.8.70

Prepare and mount the energy meter board

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

* make holes on the wall according to requirement with a rawl jumper and hammer

» fill the holes with filling material

* make recess holes for fixing wooden gutties

fix wooden gutties (wooden plugs) in the wall

* use a pipe jumper for making holes through the masonry wall

* mount the given energy meter, iron-clad cut out and the neutral links on the meter board
* connect the meter, iron-clad cut out and the neutral link as per regulations

* mount the meter board on the wall.

Requirements
Tools/Instruments Equipment Machines
+ Insulated Steel rule 300mm -1 No. + Single phase energy meter 10/15A 250V
+ Insulated Side cutter 150mm -1 No. Materials
+  Combination pliers 200mm -1 No.
+ Hand drilling machine with 3mmand + PVCinsulated copper cable
6mm drills -1 No. 2.5 square mm -3m
+ Insulated Screwdriver 200mmwith + Tinned copperwire 14 SWG -1m
4mm blade -1 No. + [lron-clad cut out 16A -1 No.
» Insulated Connectorscrewdriver100mm -1 No. « Neutral link 16A -1 No.
+  Poker 200mm long with 4mm dia. stem -1 No. +  T.W. board 250x250x40mm -1 No.
+ Electrician's knife DB 100 mm -1 No. + Porcelainspacers -4 Nos.
» Firmer chisel 12mm wooden handle -1 No. « Teakwoodgutties (wooden plugs)
+  Rawljumper No.8 with holder and bit -1 No. 40mm square x 60mm long x 30mm
+ Cold chisel 200mm long with 12mm sguare -4 Nos.
edge -1 No. + Wood screws No.4 x 25 mm -3 Nos.
+ Ball peen hammer 500 gm. -1 No. + Cement - 1/2 kg.
»  Tenon-saw 250mm -1 No. + Riversand -2 kgs
» Mallet with 7.5cm dia. head 500 gm -1 No. + RawlplugNo.8 - 4 Nos
+ Neontester500V -1 No. +  Rawlplug Compound -25gms.
+ Scriber 200mm with 3mm dia. stem -1 No. » Chalk piece (colour) -1 No.
+ Mason's trowel -1 No. + G.l pipe 20mm - 400 mm.
+  Trayforcement mortar -1 No. + Wood screws No. 50 x 8 mm -4 Nos.

TASK 1 : Prepare wall for mounting meter board

2 Removethe plasterandthe brick atthe marked surfaces
to a depth of 70 mm fromthe wall surface with the help
1 Mark 30mm square around the marking as shown in of a cold chisel and hammer.
Fig 1.

If the wall is not too rigid, follow this method.

3 Prepare cement and sand mortar inthe ratio of 1:4.

Fig 1 Let the mortar be in a semi-solid condition.

with the help of a mason's trowel.

8 6 Insertthe wooden gutties inside the hole pit such that
the broad portion is inside and the narrow portion is
outside and is just flush with the surface of the wall.

I B (Fig2)
7 Apply the cement on all sides of the gutty such that the

MARKING ON WALL gutty remains in the centre of the square hole.

4 Sprinkle water in all the pits.
IJ)_?I‘ -
I__I 5 Insert a small quantity of cement mortar inside the pit
3

ELN23TEH2
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Fig 2
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MOUNTING GUTTY IN THE RECEBS GUTTY

ELN2378H3

Smoothenthe surface ofthe wallwitha mason'strowel.

Allowthe cementto dryfor 4 hours andsprinkle
water on the cement every one hourso that the
cement settles. The gutties become rigid after
approximately 24 hours. Then only the boards
could be fixed on to the gutties.

Now the wall is ready for fixing the T.VW. board.

Fix the T.W. board with the help of 46mm long wood
SCrews.

Trainees arerequired to identify therelationship
between the stem thickness of 45mm long
wood screws and the respective designation
numbers.

TASK 2: Preparation of wall for drawing the service connection

Sometimes the service connection wires need
to betaken through the wall using a G.I. pipe.
There is then the necessity of making a hole
through the wall with the help of a pipe jumper.
The method to do it is as explained below. The
diameter of the pipe jumper depends on the
diameter of the service connection pipe and
thelength of the pipe jumper depends upon the
wall thickness.

1 Takea20mmdia. G.I. pipe of 400mm length.

2 Make serrations by cutting at one end of the pipe as
shown in Fig 3 using a hacksaw.

Fig3
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PIPE JUMPER
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This type of pipe jumper is also called crown

jumper, due to its very look.

3 Inspectthe walland marka place onthe wall considering
the nearest point to the electric service pole.

The marking should be close to the meter
terminals. ltshould notbeontheR.C..beamor
granite stone embedded in the wall.

In the case of an old building check whether
any concealed wiring is running through the
wall at the place of marking. In such cases the
marking should be done at a different place.
However, in buildings, where wiring exists,
switch “off the mains, remove the fuse-carrier

and keep it under your custody.

4
5]

Keepthe pipe jumper onthe markand hammerit lightly.

Rotate the pipe jumper for every stroke of hammer.

This process removes the broken masonory
and allows free movement of the pipe jumper.
Take care to keep the pipe jumper
perpendicular to the wall surface.

Slow downthe hammer strokes when the pipe jumper
reaches near to the other end of the wall.

Hitting hard on the hammer atthe end of a hole
will make a larger sized plaster tofall out at the
other end of wall.

Clearthe hole.

Insertthe G.|. pipeforthe service cable inthe holeand
plaster around the pipe with cement.

Wiring up a meter board

Confirm the capacity of the energy meter.

Selectand confirmthesize ofthe cable as perthe meter
rating.

Followthe standard colour code for phase and
neutral.

Position the meter, |.C. cut-out and earth-plate as per
layout (Fig 4) and mark their position as per layout on
the T.W. board.

Mark the cable entry positions and mounting screw
positions.

Select the drill bit according to the cable size.

Drillthrough holes inthe T.W. boardfor cable entry and
pilot holes forfixingthe meter, |.C. cutoutandthe earth
plate.

Fix the meter, |.C. cut out and the earth plate.

Determine the length of the cables according to the
layout and cut them with reference to Figs 4 and 5.
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Fig 4
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9 Connectthe supply leads andthe outgoing phase wire
tothe |.C. cut—out. Pass the neutral directly as per the
wiring diagram. (Figs 6 and 7)

10 Earththe casing of the meterandthe |.C. cut out body
to the earth plate.

11 Keeping the meter board in a vertical position, test the
circuit after getting the approval of the instructor.

12 Mountthe meterboard onthe previously prepared wall
with the help of 45mm wood screws.

The completed work should look as shownin Fig 8.
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Power

Electrician - Wiring Installation and earthing

Exercise 1.8.71

Estimate the cost/bill of material for wiring of hostel/residential building and

workshop

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

» calculate the total load in sub-circuit

» select the size of cable in the sub circuits
» estimate the quantity of materials

» estimate the cost of wiring.

Requirements

Tools/Instruments

+  Measuring tape 0-25m -1 No.
- SWG -1 No.
+  Steel rule 300 mm -1 No.
*  Micrometer 0-25 mm -1 No.

Materials

*  A-4Paper - asreqd
+  Pencil/HP -1 No.

» FEraser -1 No.

PROCEDURE

TASK 1 : Estimate the cost/bill of material for wiring of hostel / residential building

1 Obtain the building plan as shown in Fig. 1

Fig 1
. am ‘ 3m . 4m .
I | ] -
DRAWING E
BEDROOCM 1 BEDROOM 1 ROOM 5
VERANDAH KITCHEN E
g
— 9
o

2 Collect the requirements of lights, fans, lighting and
power sockets etc.

3 Markthe location of switch board, Power loads and DB

The type and quantity of loads depend upon
the customer's requirement. Hence, complete
data are to be collected before starting estima-
tion. A sample requirements is given for the
trainee’s reference.

The wall thickness -40 cm
The height of rocf from ground -35m
Height of conduit run -3m
Height of main board -25m
Height of switch -1.5m
Height of light brackets -3m
Height of main board -3m

The details of standard requirement of Power loads are
giveninTable-1

inthe plan.
Table -1
Location Light (60 W) Fan (80 W) 6A Plug Point 16A Power
(80W) Plug (1000 W)

Verandah 1 1 1 1
Kitchen 1 1 Nil 1
Bedroom 242 1+1 1+1 Nil
DrawingRoom 2 1 1 Nil
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4 Calculate the number of sub circuits required for the

above load as per |E rules.

Indian electricity rule states that there should
be separate sub circuits for light/fan loads and
power loads. Therefore 6A plug points
(Sockets) are considered as light / fan load
points as they are meant for connecting table
fan /table lamp etc. 16A power plug are
considered as power points as they are used
forconnecting heavyloads like heaters, kettles
etc.

Total wattage of light points =8x60=480W
Total wattage of fan points =5 x80=400W
Total wattage of (6A) sockets =4x80=320W

Total 17 Nos = 1200 W

As there are 17 points, we need two sub - circuits. The
division of outlets on each sub circuit is made more or

less uniform, ie., 8 & 9. Refer Fig 2

Fig 2

= SUB CIRCUIT - 1 L y,Laubg.lssls.FiF28482
= SUB CIRCUIT - 2 L gLy.Lg,F3.F4.F5.8:.54
= SUB CIRCUIT-3 P ,P,

DISTRIBUTION
BOARD

ELNZ3TSH2

5 Drawthe layoutof conduit, switch board, loadsand DB

as shown in Fig 3.

Fig 3
@ / 0.4m f 0.4m
am 3m il 4m
H I
e} E
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R
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: X SY |
i Vs
-
- -
¢ 8 r S | N Q- s V|
,/ Al
OF 7 U
SB-1A 5 o S 2
\|/ N\ P2 5
by rFa
DB 52| 2Py _ SB-6

6 Calculate the size of each cable as shown below.

i currentthrough subcircuit-1

_ (5x60)+(2x80) +(2x80) _
- 230 =2.696 A
i Currentthrough subcircuit -2
_ (3x60) +(3x80) +(2x80) L
- 230 -
2000
ii Current through sub circuit 3 = ———=28.696A
230
162 Power

Total current = 2 .696+2.522+8 696 =13.9 A

16A, 250V flush type DP main switch is sufficient

7 Calculate the length of PVC conduit and cable as
shown below.

19mm conduit can be used up to ABC length
and for remaining length, 12mm conduit is
sufficient.

Horizontal runs

19mm conduit for length ABC =24m
19mm conduit for length at

C (wall thickness) =04m

Total =28m
12 mm Conduit
LengthCDEHI (4 + 3 +1.5) =8om
Length EG =20m
Length HJ =20m
Length CMNQSVW (3+3+4+2) =12.0m
Length MS3 =15m
Length NP =20m
LengthQR =20m
LengthST =20m
Length SV =1.0m
Length BK =30m
Length AXYZ (6+1) =70m
Length (wall thickness) at
C,H M Q S&Y (6x0.4) =24m

Total =454 m

Vertical down drops (horizontal runto SB's) ¢

19 mm conduit

Length B to roof =05m
Length E to roof =05m
Length N to roof =05m
Length S to roof =05m
Total =20M
Total 19 mm conduit required =2.8+1.5+0.5=48m
Wastage 10% =048 m
Total =528m
(Take 6m)
Total 12Zmm conduit required 45.4+10.50 =55.9 M
Wastage 10% =559 m
Total =61.49m
(Take 62m)

Cable for (power) sub circuit -3 (1/1.8m Al)
=3Xx(6+1+1.5+1.5)=30m
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Cable for subcircuit 1 & 2 { 1.0 mm? copper)
= 3x(6+62-10)=174m

Trainee shall select the cable size by refering
the table given in related theory

8 Calculate the labour cost.

Labourcost/pointshould betaken byreferring
the local rate list.

For example, take the labour cost is Rs.100/point
Then, total labour cost is 23 x 100 = Rs. 2300/-

9 Prepare a list of "material of schedule and cost" as

Meter board = 2 Points SFowninTabe 2.
Distribution board = 2 Points
Light /fan =17 Points
Power = 2 Points
Total points =23 Points
Table?2
Material of schedule and cost
Sl.No. Material Specification Rate Cost
Qty. |Rs.Ps. | Per Rs.Ps Remarks
1 D.P Main switch 10A, 240V flush type 1No | ... slen o | e For M.B For
powerload
2 [.C cut out 16A, 240V TNo | ... each | ...
3 Flush type fuse unit 16 A TNe: | o each™ | e
4 Flush type fuse unit 6A 2 Nas | each | ...
5 PVC conduit 19 mm (heavy guage) Barn| || length | ... 1 length
=3m
6 PVC conduit 12 mm (heavy guage) 62m | ... length | ... 1length=3m
7 1.0mm? multistrand copper, VIR cable 174m | ... 100m | ...
8 1/1.8 mm aluminium VIR cable &10) | [ 100m | ...
9 1/1.8mcopper VIR cable 2w (| 100m | ... FromM.B
to D.B
10 Switches B6A, 240V one way flush type 17Nos | ... each | ...
11 2-pin sockets B6A, 240V 4Nos | ... each | ...
12 3 -pin sockets 16A, 240V with switch andneon | 2Nos | ... eachy | ce
13 Ceiling rose 2 - plate 6A 240V SMNes | each. [0 s
14 Lamp holders brass batten type 8Nos | ... each | ...
15 PVC junction boxes 25 mm 4 - way 1No | ... each | ...
12 mm 3-way 7Nos | ... each | ...
12 mm 2-way SNos | ... each | ...
16 PVC bends 12 mm 4Nos | ... each | ...
17 PVC reducers (25 mm to 12 mm ATEE D each. [0 s
18 Saddles 25 mm 24Nos Doz | ...
12 mm 144No 144Nos | ...
19 Woodenboards (a) 30 x 30 Cm 2Nos | ....... each | ... For M.B &
D.BForSD's
(b)18x10Cm 7iNes || e each | ...
20 Round blocks SNos | ... each | ...
2 Wooden gutties/plugs 9cm2 x 4 cm? x50 mm 3doz doz | ... Forboards
2 Nails 25 mm 1 kg kg Per conduit
o5 Wooden screw 60 mm 25Nos 100 Forboards
Wooden screw 12 mm 25Nos 100 Forholders
24 Copperwire (16SWG) for earth 1Kg kg | ...
(GIWIRE 14 SWG) 1Kg kg
25 Earth set (Pipe, salt, coal) 1 set R
26 Cement 2 kg kg
27 Labourcost 2kg [ | For 4 gutties
Total 0 | | | .
Contingency10% (| .
Grand Total
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The rate of each material shall be obtained
from the price list of the branded items

TASK 2 : Estimate the cost/ bill of materials for wiring of workshop

1 Obtainthe floor plan of the workshop.

2 Markthe positions of motors on the floor planwith the
consultation of the customer.

Asample requirementis given below fortrainee's reference
1 One 5HP, 415V 3 phase motor

2 One 3HP, 415V 3 phase motor

3 One % HP, 240V 1 phase motor

4 One1HP, 415V 3 phase motor

The motors are to be arranged as shown in Fig.4

Fig 4
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The main switch, motor switch and starters are
assumed to be mounted at a height of 1.5m
from the ground level.

Height of horizontal run from ground level will
be 2.5 m

The cost of motors and starters are not to be
included in the estimate.

3 Calculate the size of cable

Assuming the motor efficiency to be 85% powerfactorto
be 0.8 and supply voltage is 400 V for all the motors.

5x7355
FL current of SHP motor = 75 x 400 x0.85x0.8 =7.806A
B r35 5
FL current of 3HP motor= 754000 65x08 =4.68 A
0.5%x735.5

FL current of ¥ HP motor = A0 %0 85%0.8 225 A

=1.96 A

1 x735.5
FLcurrentof 1HP motor= ng 400%0.85%0.8

The main switchandthe cable from meter to main switch
should be capable of handling starting current of cne motor
of high rating plus full load current of the all other motors.

i.e, 15.6+4.68+2.25+1.56 = 24.9A

4 Prepare a table showing cable size of each motors to
be installed as shown in Table 3.

Table3
FL current Starting
Sl. No. Motor | (A) current Recommended cable size
L
I,=21 (A)
1 SHP motor 75 15.0 2.0mm? copper conductor cable (17 A) or
2.5mm? aluminium conductor cable (16A)
2 3HP motor 468 9.36 2.0mm? copper conductor cable (17 A)
3 1/2 HP motor 2.2 45 1.0mm? copper conductor cable (11A)
minimumrecommended cable
4 1HP motor 1.56 32 1.0mm? copper conductor cable (11A)
minimumrecommended cable
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The type and gauge of cable shall be selected
by referring the table given in related theory

5 Select the suitable switches and distribution board

o 32A, 415V ICTP switch with fuses can be used as
main switch.

« 16A, 415V, ICTP switches with fuses can be used
for SHP, 3HP, & 1HP motors.

+ 16A, 240V, ICDP switchwith fuses canbe usedfor
¥ HP motor.

+ 415V, 4way, 16A perway IC distribution board with
neutral link can be used for power distribution.

6 Drawthe single line diagramof powerwiringsasshown
in Fig 5.

7 Calculate the size and length of conduit.

Figs #
’ﬂ
r.a
Eid
(G4 WAY i i i i i i i i
— DISTRIBU s || YA e || s o || Dok oa |l pox
METER TION icTp || STAR ictp || STAR icop || STAR icte ||ETAR
BOARD .TER TER JTER JER
I
[ [ [ [
2 | LT T F 5
SWITCH

SINGLE LINE DIAGRAM OF POWER WIRING IN WORKSHOP

ELN2379H5

19mm heavy gauge conduit should be used for 3 cable
runs and 25 mm heavy gauge conduits should be usedfor
6 cable runs.

+ 19 mm heavy gauge condulit

Length from main board of SHP motor starter
=1+1+3+1 = 6.0m

Length from main board to 3HP motor starter
=1+1+5.5+1 =8.5m

Length from main board to % HP motor base
=1+1+8+1+1.5+1.5=14.0m

Length from main board to 1HP motor base
=1+1+10.5+1+1.5+1.5=16.5m

Total =450m
10% wastages =4.5m
Totallength =49.5m, say 50.0m

+ 254 mm heavy gauge conduit.

Length from meter to main switch =0.75 m
Length from SHP motor starter to 5HP motor base
(1.5+15)3.0m

Length from 3HP motor starter to motor base = 3.0 m

Total =675m

10% wastage =067m

Total =7.42m, Say 8.0m

+  2ommflexible conduit for 5HP &3 HP motor (0.75+0.75)
=1.5, Say 2.0m

8 Calcualte the length of cables.

2.0mm?copper conductor from main board to 5HP motor
terminals = 3(1+1+3+1) + 6(1.5+1.5+0.75) = 40.5m

15% wastages & end connections = 7.2 m
Total = 55.2m , Say = 56.0m

1.0mm? copper conducter from main board te 1/2 HP
motorterminals = 2(1+1+8+1+1.5+1.5+0.75) =29.5 m

15% wastages & end connections = 7.76m
Total = 59.51m, Say 60.0m

9 Calculate the labour costas perthe local rate and rules
for calcualting number of points.

10 Prepare "Schedule of material and cost as shown in
Table 4.
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Table4

Material of schedule and cost

Sl.No. Specification of material Rate Cost
Qty. Rs.Ps. Per Rs.Ps LT
1 32A, 415V- Iron -clad triple - pole (ICTPN)
switch with fuses 1 No. each
2 16A, 415V, Iron- clad triple -pole switch
with fuses 3 Nos. each
3 16A, 240V, Iron -clad double - pole
switch with fuses 1 No. each
4-Way distribution box, 415V, 16A 1 No. each
5 Conduit heavy gauge .................... 19mm | 50m m
25mm 8 m m
5} Flexible conduits .......................... 19mm | 2m m
25m 2m m
2.0 mm? copper cenductor single core (17A) | 47 m 100m
1.0mm? copper conductor single core (11A) 56m 100m
1.0mm? copper conductor single core (11A) 34m 100m
10 1.0mm? copper conductor single core (11A) 60m 100m
il Angle iron frame 50 x 30 m 5 Nos each For MB&D.B
12 Conduit bends s 19mm 10 Nos each
25mm | 2No. each
13 Saddlesi e 19mm | 150 Nos 100
25mm | 25No 100
14 Corduit eallpless 19mm 6 No. each
25mm | 1No. each
15 Wooden gutties 120No doz
16 Earth wire, Gl, 8 SWG 40m kg. 1kg. ~ 10m
17 Lugs for connecting leads to motors 17 No. each (6+6+2+3)
18 Earthing pipe perforated 25. 4dmmdia 25m m Twoearths
19 Coal 40 kg kg.
20 Salt 40 kg kg.
2 Funnel with wire mesh 1 No. each
2 Labour charges forearthing (Civil work) 2 Nos pit
23 Cautionplate 1 No. each
24 MNails 25.4 mm 2 kg.
% Shock treatment chart 1 each
26 Labour cost - point
Total | ..
Contingency10% | ...
Grandtotal | ...
Say | .
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Power
Electrician - Wiring Installation and earthing Exercise 1.8.72

Practice wiring of hostel and residential building as per IE rules

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

* read and interpret the circuit diagram of a bank/ hostel/ jail
» mark the layout of the wiring scheme

* prepare and install a conduit frame as per layout

» draw the cables through the conduit

» connect the accessories as per circuit

* testthecircuits.

Requirements
Tools fiInstruments Materials
«  Combination pliers 200 mm -1 No. « 2 way switch 6A 200V -4 Nos.
«  Screw driver 200 mm with 4 mm « Batten holder 6A 250V -4 Nos.
blade -1 No. +  PVC switch box 100 X 100 X 40 mm -4 Nos.
+ Side cutting pliers 150 mm -1 No. + PVC Cable 1.5 sq mm, 660 V -asreqd.
« Electrician’s knife 100 mm -1 No. + Saddle 19 mm - 20 Nos.
« Bradawl 150 mm -1 No. +  Wooden gutties - 20 Nos.
+ Ball peenhammer 250g -1 No. +  Conduitbend 19mm - 20 Nos.
+ Hacksaw with 24 TPI blade -1 No. « Fishwire -asreqd.
« Firmer Chisel 6 mm -1 No. + PVC Conduit 19 mm -50 m
+ Flat rasp file 200 mm -1 No. + Flexible conduit 19 mm -2m
+ Neontester500V -1 No. « Conduitcoupler 19 mm -6 Nos.
« Electirc drilling machine 6 mm capacity + FEarth wire G1, 8 SWG -20m
with Smm drill bit. -1 No. + Wood Screw 25 X 6 mm - 1 box
+ Wood Screw 12 x 6 mm -1 box
PROCEDURE
1 Readandinterpretthe schematic diagram (Fig 1)and ]
the layout diagram (Fig 2). Fig2
7
Fig 1
L Ly L
1
240V, 50Hz
r{
- A A / 2
Ms 8 8 N
SCHEMATIC DIAGRAM OF A HOSTEL WIRING E

2 Draw the wiring diagram based on Figs 1 and 2 and
compare with the given wiring diagram. (Fig 3).

LAYOUT DIAGRAM

ELNZ2380H2

Draw your own wiring diagramaccording to the layout.

Estimate the material required for wiring installation & Fixiveconduitpipeantne [RCwininehslpar sasgics.

referring to the layout as well as the wiring diagrams. 9 Insert the fish wire into the conduit pipe.
5 Markthe layout on the Installation Practice Cubicle 10 Draw the cable as per the wiring diagram. (Fig 3)
(IPC).

Leave an excess length of 200 to 300mm in
Prepare the PVC conduitframe as perthe layoutplan. each cable for termination

7 Markthe saddles position and fix them loosely as per

11 Fix the batten holders as per the Fig 2 and terminate
the layout plan.

the cable ends.
167



fa 12 Fix the switches on the PVC switch boxes.
ig
| Ly 13 Preparethe endterminationof cables and connectthe

sl (el
accessories as per the circuit.

C—

14 Test the circuit after getting the approval of the
instructor.

_[r*
L

Al
I [ (R | Ly
[ e L L
Ms 8,
WIRING DIAGRAM OF A HOSTEL

||

ELNZIBOHI
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Power
Electrician - Wiring Installation and earthing Exercise 1.8.73

Practice wiring of Institute and workshop as per IE rules

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

* read and interpret the floor plan of a workshop

* mark the single line diagram of power wiring in workshop
» prepare and install a conduit frame as per line diagram

» draw the cables through the conduit

» connectthe accessories as per circuit

+ testthecircuits.

Requirements

Tools/instruments Material

+ Power drilling machine 6mm « Metal conduit pipe 20 mm -10m
with & mm drill bit -1 No. +  Conduit junction box - 20 Nos.

«  Combination pliers 200 mm -1 No. «  TWhox 200 X 150 X 40 mm -3 Nos

+ Side cutting pliers 150 mm -1 No. +  TW box 300 x 200 x 40 mm - 4 Nos.

« Electrician’s knife -1 No. « TPRPIC16A-415V - 2 Nos.

« Bradawl150mm -1 No. « DPIC 16A, 250V -2 Nos.

+ Ballpeen Hammer250gm -1 No. + Saddles 19 mm - 50 Nos.

« Hacksaw with 24 TPI blade -1 No. +  Wooden gutties - 50 Nos.

» Firmer Chisel 6 mm -1 No. +  Conduit bend 19 mm - 10 Nos.

+ NeonTester 500V -1 No. » Angle Ironframe 50 x 30mm -5 Nos.

« 3¢ Energy meter 30A, 440V -1 No. + Fishwire - as reqd.

Equipment / Machines

+ PVC sheathed aluminium cable

4 8g mm 250 V -80 m
« S HP 3¢ 440V AC motor -1 No. +  Copperwire 14 SWG - 15 meter
« 3 HP 3¢ 440V AC motor -1 No. + Metal conduit Elbow 20 mm - 25 Nos.
« 12 HP 1¢ 240V AC motor -1 No. « Distribution box 4 ways 200x150x40mm - 1 No.
« 1THP 1¢ 240V AC motor -1 No. «  TWwoodenspacer - 30 Nos.
« Star Delta starter 4, 5V 50 Hz -2 Nos + Wood screws 25 x 6 mm -1 Box
+ DOL starter 19, 10A, 250V - 2 Nos. « Wood screws 12 x 6 mm - 1 Box
+ Surface mounted kit kat fuse
16A 250V -4 No.
PROCEDURE
1 Obtain the floor plan of the work shop (Fig 1). 1  OnebHP, 415V 3 phase motor.
i 1 2 One3HP, 415V 3 phase motor.
ig
e { 3  One 1/2 HP; 240V, 1 Phase moor
i i i im 4  One1HP, 240V, 1 Phase motor
-
E il e 3HP tHE T The motors are to be arranged as shownin Fig1.
p ] ! The mainswitch, motor switch and starter are
3 i assumed to be mounted at a height of 1.5 m
i from the ground level.
Height of horizotal run from ground level will
= be 2.5 m
FLOOR PLAN g

2 Markthe position of motors on the floor plan with the

consultation of the customer.

A Sample requirement is given below for trainees
reference.

Draw the wiring diagram based on Fig 1.
Mark the layout based on Fig 2.

Prepare the PVC coduit frame as per layout.
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Power

Electrician - Wiring Installation and earthing

Exercise 1.8.74

Practice testing /fault detection of domestic and industrial wiring installation

and repair

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

+ detect and repair open circuit fault in domestic and industrial wiring

» detect and repair shortcircuit fault in wiring
» detect and repair earth fault in wiring

= prepare the flow chart for location rectification of fault in domestic wiring installation.

Requirements

Tools/Instruments

« Connecting screw driver 100 mm -1 No.
« Cutting plier 150 mm -1 No.
«  Screwdriver 200 mm -1 No.
+ Neontester500V -1 No.
« D.E. Electrician knife100 mm -1 No.
«  Multimeter -1 No.
+  Megger500V -1 No.

Materials

+ Testlamp 100V, 240V -1 No.
«  Crocodile clip 15A - 2 sets
+ PVC flexible cable 1.5sq.mm, 660 V -10m

PROCEDURE

Open Circuit Fault

1 Consider the circuit as shown in Fig 1 in a domestic

installation.
Fig 1
BRANCH NEUTRAL BRANCH
CABLES ARE CIRCUIT
' REMOVED AND FUSES
FAN IN THE SEPARATED. REMOVED
CIRCUIT
a_n/ LINK
LINK P&N LAMP IN
P&N
-
I+

|
L

ﬂ
ixa

FUSE AND
LINK OUT

OPEN CIRCUIT FAULT TESTING

=
'l
ELN2382H1

4 Check one circuit at a time and then proceed step by
step.

5 Checkthecircuits having2way switches, the concerned
switches may be operated alternately to ensure the
correct test result.

6 Checkthe defective fan, regulators or lamps by shorting
the suspected appliance if necessary and then retest
it.

Short circuit fault

1 Make the circuit as shown in Fig 2 and connect the
megger, if it shows continuity in both ON and OFF
positions of the switch, this indicates short in circuit.

For open circuit fault removal of fuses, etc
are to be done before doing the test by using

Fig2

P
G er
LAMP
REMOVED Q ‘@r‘[‘ REMOVED
-
I 4 F I 1= I
= e T L
|

SWITCHES 'ON'

FUSE AND
NEUTRAL LINK OUT

=] MAIN SWITCH ‘OFF

2 WAY
SWITCHES 'ON'

ELN23a2H2

SHORT CIRCUIT FAULT

megger.

2 Checkwhetherthe cables usedinaninstallation have
proper continuity or not using megger.

3 Check circuit fuses whether in order or not, if not,
rewire the fuses.

2 Checkinsulationresistance betweenthecables ofthe
installation and earth.

3 Connectthe meggerterminal ‘E’ to the live wireand L
to the corresponding neutral wire, the megger will
read zero or very low value of insulation resistance
and confirms the short circuit.
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4 Repeat the test procedures in each and every circuit
and locate the shorting point of the live and neutral
wire by inspection and remove it by insulating the
bare conductors.

Earth fault

1 As perthecircuit as shown in Fig 3 keep all the fuses,
switches bulbs etc in closed position as indicated in
thefigure.

Fig 3
CONDUCTORS TO
OTHER BRANCH
CIRCUITS
ALL FUSES IV _iﬂji_
LAMP IN
POSITION
INSTALLATION
SIDE SHORTING
e LINK BETWEEN
SWITCH ON AFY
E ==if% “—FUSE AND
‘, NEUTRAL LINK
REMOVED
MAIN SWITCH 'OFF
CONSUMER'S MAIN EARTH —/ _L
EARTH FAULT TEST g
u

Isolatethelive conductor from neutral, remove
all other lamps and other equipments
connected with wiring.

Switch 'ON’ all the switches.

Using Insulation resistance Tester, terminal ‘E’ of the
megger connect to the earth point of the system
provided at the Meter Board and Terminal ‘L’ of the
megger with each conductor inturn at the main board
cut-out terminal and rotate the handle of the megger
tosendcurrentthrough closed circuit formed between
conductorandearth.

MNote downthe reading ofthe meter which gives directly
the insulation resistance between the conductor and
earth.

Repeatthe step 3 and 4for other circuits, subcircuits,
live conductors and main switch board etc.
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Power

Exercise1.8.75

Electrician - Wiring Installation and earthing_

Prepare pipe earthing and measure earth resistance by

earth tester/m egger

O bjectives: ot the end ofthiz exercize vou shall be ahle to

= prepare the pipe for earthing
= dig the pit in the ground
= install the earth pipe and test it

Scanthe OF Code to wiem
the wdeo for this exenzize

Requirements
Toolsinstruments Materials
= 5. die stock with 12.7 mm , 19mm = Glopipe12mm dia. -5m
and 35mm dies -1 Set = 3. bend127mm dia. -2 Moz,
= [DE.spanners Smim to 20mm of six -1 Set = ClcoverhingedtoC . fame 300 mm
= Blowdamp,1 litre with kerosene -1 Mo, IjLEre -1 Mo,
= Crowdar, hexagonal 1800mm long -1 Mo, = G pipe19mm dia. -1m
= Powdahispade) -1 Ma. = G pipe 38mmdia. having
= Pick axe -1 Mo, 12mm dia. hales -2.5m
= Cement mortartray -2 Mos, * Reducer 38 =19 mm -1 Mo,
= Tangs300mm -1 Mo, =  Funnel with 19mm dia. deeve &
= Meazuringtape Sm -1 Mo, wire mesh -1 Mo,
= Ladle -2 Moz, = 3| nutfor 13mm dia. sleeve & wire
= Combination pliers 200mm -1 Mo, mesh -1 Mo,
= PipewwenchS0mm -1 Mo, * Gl.ochecknutzfor19mmdia. G lpipe -4 Mos,
= Hacksawwith32 TP 1. hlade -1 Mo, = 3| aasherd0mm with 19mm hole -1 Mo,
= Woodenbox 150N 1500k x = Gowire MoS SWG -10m
S00CkImm -1 Mo, = Copperlug 2005mps with 19 mm
= Soldering pot Cmetting) -1 Mo, dia. hole -1 Mo.
= ZledgeHammer 2Hg. -1 Ma. = SolderB0/40 -100gmes.
_ . = Matchbox -1 Mo,
EquipmentMachines = Soldeting paste - 10 gms.
= Earthtester with connecting leads = Cement - 10 kgs.
and spikes - 4 Moz, -1 ho. = Blue metal chips Bmm size - 40 kgs,
= Riversand -80 ko=
= Zalt{common) -3 hags
* Cokeorcharcoal -3 hags
PHOGEDUEE

1 Colled .| pipes and the accessaries.

2 Make aslant ot of 30700 the 38mm dia. | pipe to
have sha eddge as showninFig 1.

3 Makethreadzinthedtherend of 38mm dia .G | pipeto
alencth of 25mm.

4  Make threads in both endz of 19mm dia. G| pipetoa
length of 25mm on one side and FSmm on the other
gide

S Fabticate the 38mm and 19mm dia. G 1. pipes as
showninFig 1.

£ Seled an earth pit site atleast 1.5 metres away from
the building foundsation.

An earth electrode should not be installed in
proXimity to a metal fence to avoid the
possibility of the fence becoming live. If the
metal fence is unavoidable, it should be
earthed.

Dig an earth pit of dimensions 1 m wickh = 1 m
hreadth = 3.75 m depth.

Flace the fabricated pipe in an upright postion as
zhowan in Fig 1 and postion the pipe with the help of
batm boo sticks,

Flace the wooden box around the pipe and fill itto a
height of about 15cm sdith charcoal, and fill the
sorrounding outer space ofthe box with =oil.
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Itis difficultto dig a pit 150mm square. A pit of
dimension 1 metre square is therefore
suggested to be dug. The area sufficient to be
filled with salt and charcoal is about 150mm
square. Hence fill the surrounding extra area
with the soil which was taken out earlier.

14 Fix the G.I. cover also.

Atleast allow one day for curing the concrete
structure. Pour water every 2 hours. (A wetted
gunny sack will hold the moisture for several

hours.)

10 Liftand place thewooden box above the coke layer. Fill
up with salt to a height of about 15¢cm and to an area
of 150 x 150mm area around the pipe.

15 Insertthe G.|.wire No.8 SWGthroughthe 12 7mmdia.
G.|.pipe.

The size of the earth wire depends upon the
incoming supply cable size.

Fill up the surrounding area with soil.

11 Repeatthe above steps10and 11 up to 2. 5 metresas
showninFig 1.

12 Placethe G.|.pipe 12.7 mmdia. meter with G.1. bends
in proper position for E.C.C. connection.

13 Prepare the concrete mixture and build the structure
as showninFig 1.

Fig 1
©6.2 mm MS ROD
CEMENT % Gl COVER HINGED
CONCRETE TO Gl FRAME
{1:4:8) !
GL.
_ _ - _
SN 300 =q. E‘ s
FUNNEL G | WIRE MESH A 2
75 | 125 [ G..CHECK < 53
. § NUT p——3.1.NUTS
o r)
T =L 7. \ . :EG ‘
3 T e 1 :
E ‘4:.4;4:4 . e : 18 E
£ R - =
= s v 8
2 La :’ teneed |||l B| <
-]
200 0o GIWASHER
T 219 mm G.LPIPE
B12.7 mm G.LPIPE "
i 38X 19 mm REDUCING
/ BOCKET
s
T 4 CHARCOAL
| LAYER
B ]l @38 mm GLPPE
5 1 5
= 44 T ———BALT LAYER
) [ ] B
] | Py
J 1 LF .
- F FEA S ¥
g ] i|& y 1
E : Flhy e
= BARABRSE NPt = ALTERNATE LAYER
g ... el [ B = - OF CHARGOAL OR
& i COKE AND SALT
1
T 1m0 ;5 i é; 1sg ;] HOLE. 212 mm
e : ¢ S ——— g ;
] SECTION "XX'

16 Use the ladle and the blowlamp and melt the solder.
17 Solder the lug in the G.1. wire.

18 Insert the lug in the 19mm dia. G.| pipe and tighten it
with the G.|.nut and check-nut.

19 Pourthree or four buckets of waterthrough the funnel.

Allow an hour for the water to be absorbed in
the earth.

20 Test the earth electrode resistance with an earth
Megger.

The earth continuity conductor (E.C.C.)should
not be connected to the earth electrode while
measuring the earth electrode resistance.)

21 Enter the value of the earth electrode resistance in
Column5 of Table 1. Fill up the other particulars also.
The acceptable value of the earth electrode resistance
has been given earlier. Check the value if it.

22 Checkthevalue ofthe earth resistance is found higher
thanthe acceptable value, make one more pipe earth
electrode atadistance of 8 metres fromthe earlierone
and connect both of them in parallel.

23 Measure the earth electrode value and enter it in
Column 6 of Table 1.

The second reading with two electrodes will
be approximately half the first reading which
was taken with one electrode. The measured
value should be within the recommended
value.

24 Get it checked with your instructor.

NOTE: DIMENSIONS ARE IN mm UNLESS C;';HERWISE SPECIFIED. E
PIPE EARTHING g
Table 1
Sl.No. Date Climate Earth electrode Earth resistance in ochms Remarks
Location Single Double
1 2 3 4 5 6 7
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Power

Electrician - Wiring Installation and earthing

Exercise 1.8.76

Prepare plate earthing and measure earth resistance by earth tester / megger

Objectives: At the end of this exercise you shall be able to
» prepare the plate for earthing according to 1Sl standard

» prepare the earthing pit in ground according to required standard
+ install the plate in earthing pit
» test the earthing and measure the earth resistance using earth tester / Megger.

Requirements

Tools/Instruments
+ .| die stockwith 12.7 mm, 12mm

and 38mm die -1 Set
+ D.E. spanner set 6mm to 25mm -1 Set
+ Blowlamp, 1 Pint -1 No.
«  Crowbar38mmx 1800mmlong -1 No.
+  Spade 300mmx150mm -1 No.
+  Cement mortartray -1 No.
+ Tongs300mm -1 No.
+ Hacksaw frame with 24 TPI blade -1 No.
+  Pipewrench50mm -1 No.
« Soldering potwith ladle -1 No.
+  Combinationpliers 200mm -1 No.
+ Measuring tape 5m -1 No.
+ Sledge Hammer 2 Kg. -1 No.
Equipment/Machines
« Earth tester with spikes and

connectinglead -1 Set

Materials

G.I. plate 500MMx600MMx63mm -1 No.
G.I. pipe 12.7mmdia. -om.
G.|. pipe 19mm dia. -1m.
C.l.cover hinged to C.1. frame 300mm

square -1 No.
Funnel with 19mm dia. sleeve &

wire mesh -1 No.

G.l.nut for 19mm dia. sleeve & wire mesh - 2 Nos.

G.I. check-nuts for 19mmdia. G.l.pipe -2 Nos.
G.l.washer 40mm with 19mm hole -2 No.
G| wire No.8 SWG -10m
Copper lug 200 amps with 19mm

dia. hole -1m
Solder60x40 - 100gms.
Soldering paste -10 gms.
Matchbox -1 No.
Cement - 10 kgs.
Blue metal chips 6mm size - 40 kgs.
River sand - 80 kgs.
Charcoal or coke - 5 kgs.
CommonSalt - 5 kgs.

PROCEDURE

TASK 1: Prepare the plate for earthing according to I1SI standard

1
2

Collect G | plate and accessories for earthing

Mark thread on one side of 19mm dia Gl pipes to a
length of 25mm

Fabricate Gl plate as shown in Fig 1 600mmx800mm
square plate with a thickness of 63mm

Fabricate 19mm dia G| pipe as shown in Fig 2

Fig 1 B0J0 mm

==— 6.3 mm thick

@00 mm

PLATE EARTHING

ELNZAB4H1

TASK 2 : Prepare the earthing pit in ground as per standard

1 Select an earth pit site atleast 1.5meters away from

the building foundation

An earth electrode should not be installed is
proximity to a metal fence to avoid the
possibility of the fence becoming live.
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Dig an earth pit of dimensions 1m width x 1m breadth
x2 5m depth

The depth given here is the minimum
recommended. However the depth may be
increased till moist soil is reached

Fabricate G.| pipe 12.7mm diameter with Gl bonds in
proper position and insert the G| wire missing through
Gl pipe by soldering lug at external and fix Gl plate
with bolt and nut as shown in (Fig 2)

Fig 2
6.30 mm MS ROD Gl COVER HINGED
20 TO Gl FRAME
GL.
= a0 £
o ¢ “ of [+ WIRE MESH
L=}
11"‘ i
o T GEMENT CONCRETE
- i Bl {1:4:8)
[™— FUNNEL
— T
zF Lmz.? mm Gl PIPE
)
[ =]
M3
80X60cmX6.3mm G
PLATE OR 60X60cmX3.15mm @18mm Gl PIPE
GOPPER PLATE
/— GHARGOAL
PR SN
pfad -
L e
<] 15 ko
e <] 8l 8
L) A
b e
NOTE= PP B PN I T
AP IR P.Y NN T ] "
DIMENSIONS ARE IN cm
UNLESS OTHERWISE SPECIFIED. .
212 ¥mm Gl
PIPE i
COPPER i
OR GIWIRE [
11
BOLT.NUT,CHECK 1l
NUT AND WASHER 37
TO BE OF COPPER i
FOR COPPER FLATE _Q}
AND GI FOR GI PLATE M
Ly

ENLARGED DETAIL "A'
PLATE EARTHING

ELN2384H2

TASK 3 : Install the plate in earthing pit already prepared

1

Place the fabricated 19mm Gl plate in an upright
position as shown in fig 2 and position the pipe with
the helps bamboo sticks

Place the wooden box around the plate and fill it to a
height of about 15cm with charcoal and fill the
surrounding outer space of the box with soil.

Fill up the surrounding area with soil.

as shown infigure 2.

5 Fix the Gl core with the plates

Prepare the concrete mixture and build the strcuture

It is difficult to dig a pit 150mm square .A pit of
dimension 1 meter square is therefore
suggested to be dig. The area sufficient to be
filled with salt and charcoal is about 150mm
square. Hence fill the surrounding area with
the soil which was taken out earlier

At least allow one day for curing the concrete
structure. Pour water every 2 hours (A wetted
gunny is a act will hold the moisture for several
times.

to the earth pit

Pour three or four buckets of water through the funne
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Lift and place the wooden box above the coke layer
and fill up with salt to a height of about 15cmand to
an area of 150x 150mm area around the pipe.

Allow an hour for the water to be obsorbed in
the earth.
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TASK 4 : Test the earthing and measure the earth resistance using earth tester

1 Test the earth electrode resistance with an earth tester.
The second reading with two electrodes will

be approximately half the first reading which
was taken with one electrode. The measured
value should be with in the recommended
value. If not have an another earth electrode
may be distance of 8 meters from the other
electrodes.

2 Record the earth electrode resistance.

If the earth resistance is found higher than the
acceptable value, make one more plate earth
electrode at a distance of 8 meters from the
earth in one and connect both of them in
parallel

3 Measure the resistance of earth electrode value and
record
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Electrician - Wiring Installation and earthing Exercise 1.8.77

Test earth leakage by ELCB and relay

Objectives: At the end of this exercise you shall be able to
+ identify the terminals of ELCB

» connect the ELCB in an Power circuit and test its functioning

* measure the leakage current at which ELCB trips off.

Requirements

ToolsfInstruments Materials
+  Cuttingplier 1550mm -1 No. 10KW 1W wire wound variable resistor -1 No.
» Screwdriver 150mm -1 No. SKW 1W fixed resistor -1 No.
+ Electrician's knife 100 mm -1 No. Pushbutton switch 250V, BA -1 No.
+  Wire stripper 150 mm -1 No. Water rheostat -1 No.
+  Ammeter MI (0 - 10A) -1 No.
+  Ammeter MI {0 - 100mA) -1 No.
+  Philips star screw driver 100 mm -1 No.
Equipments
+ ELCB 240V, 25A, 2 pole with
Tripping leakage current30mA -1 No.
+ MCB 240V, 10A, 2 pole -1 No.
PROCEDURE
TASK 1 : Identify the terminals of ELCB
1 Collect the ELCB from your instructor and read the -
specification given on it. Fle] LOAD TERMINALS

Identify the supplyterminals and load terminals
referring the marking on the unit as given in
Figure 1.

TASK 2 : Connect and test the operation of ELCB

1 Wire up the circuit as shown in the circuit diagram.
(Fig2)

2 Switch on the main supply keeping the MCB and
ELCB in ON position.

3 Close switch S, and operate the water rheostat till the
ammeter ‘A’ reads about 5 A current.

Keep variable resistancein full cutin position.
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=&
o 8+
el &H
=| &
o]

=

E)
HS) [
HO |
HS |
HS =

ELCB

ELNZ385H1

SUPPLY TERMINALS

Pressthe test switch and vary the variable resistance
and note the leakage current and record

Recordthe leakage currentat which the ELCBt{rips off

Open the external test switch and reset the ELCB.




7 Test ELCB for ‘Trip function’ by operating the ‘Test

button’. In this case the ELCB must trip off when the Fingc
button is pressed. 240y
S0Hz
NO

{ELCB)

WATER RHEOSTAT

|
1 |
ELNZAB5H2
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Power
Electrician - lllumination Exercise 1.9.78

Install light fitting with reflectors for direct and indirect lightings

Objectives: At the end of this exercise you shall be able to
» design the light reflectors to a given room according to working situation
«_install and check the effect of light reflection.

Requirements
Tools/Instruments Materials
« Cutting plier 200mm -1 No. + Incandescent lamp 100W 240V
«  Screwdriver 150mm -1 No. with lamp shades of similar design -2 No.
+ Drilling machine electric 6 mm + Reflector lamp 100W 240V -2 No.
capacity with drill bit - 5 mm -1 No. + Silvered bowl lamp 100W 240 -2 No.
+ Wiring materials - as reqd.
PRCCEDURE
1 Identify the loaction and working situation, for light )
reflectors. Fig1
2 Carry outthe markingforfixing the two ceiling roses at -
close proximity. FLEXIBLE TWIN
o o /TWISTEDPVC
Carry out the wiring as per the circuit. CABLE 2402

4 Check the wiring with a series test board.

Hang one lamp shade to face down, and cne lamp
shade up side down as shown in Fig 1 with suitable

strings. |I v
6 Fix similar type (incandescent) bulbs in both the A ‘

[
shades. SHADE HANGING DOWNWARD £
7 Keep some display articles just beneath the lamp PIRECTHERT SHADE M.:,[.,:RTE%::E:PWARD §
shades on a table. =
8 Give the supply and check the lighting emitted by
direct and indirect lights one by one. Conclusion:

9 Checktheillumination of the lighting emitted by direct
and indirect lights one by one.

10 Change the bulbs of similarvariety (say reflectortype)
of same wattage inthe shades and repeat the steps 8
and9.

11 Write the conclusion based on the illumination level
and suitability of directand indirect lighting of displaying
mercantize.
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Electrician - lllumination

Exercise 1.9.79

Group different wattage lamps in series for specified voltage

Objectives: At the end of this exercise you shall be able to
» read and interpret the data stamped on a given lamp

* measure the voltage drop across the lamp when unequal wattage lamps are connected in series to the supply
» state the reasons for the behaviour/condition of glow of unequal wattage lamps in series.

Requirements

Tools/Instruments

+  Multimeter -1 No.
+  Voltmeter MC 0-15V -3 Nos.
«  Ammeter MC 0-500 mA -1 No.

Equipment/Machines

+ DCvariable source 0-24 volts,
5 amps with output current &
voltage indicator -1 No.

Materials

« Bulbs screw cap - 6V 100 mA - 10 Nos.
+ Bulbs screw cap - 6V 150 mA -6 Nos.

+ Bulbs screw cap - 6V 300 mA -4 Nos.

+ Bulb-holders - 20 Nos.
+ Connecting leads -as reqd.
+  Knife switch DPST 16 A -1 No.

PROCEDURE

TASK 1 : Connect 3 lamps of 6 volts in series across 18 volts supply {unequal wattage) and test it

1 Connect the three lamps with ammeter A in series
to the variable voltage DC supply source Fig 1a.

Fig 1(a)
g 0500mA Ly

o N
ot—-o A
DC \{\_O ZS
SUPPLY I
0-24v <L D15V

o

Ly Ly
N N
T P

Ly=6V 100mA L,=6V 150mA  Lg=6V 300mA

ELNZ4BTH1{s)

Keep the output of DC sourceat minimum, say
Ovolts.

6 Opentheswitch S andresetthe supply voltage to OV,
Replace the bulb L.
7 Form the circuit Fig 1(b) with 3 voltmeters 0-15 volts
connected across each lamp.
Fig 1(b) VOLTMETER 0-15V
ol
e ] l @ Ly Lo Ly
SUPPLY : D-16mA :
0-24v £
o i g
9

Ly=6V 100mA  Lo=6V150mA  Lg=6V S00mA

2 Connect a MC voltmeter (0-15 V) across L, (i.e low
current rating/low wattage bulb). Close the switch S.

3 Gradually increase the supply voltage from O volts,
observingammeter, voltmeterandlamplL..

4 Increase the voltage upto 18 volts. Record your
observations.

5 Does the lamp L, fuse? If yes, give your reasons,
stating the observation made just before fusing.

8 Close the switch S and increase the supply voltage

untilthe current reaches 100 mA | (i.e. rated current of
low wattage bulb in the series circuit).

9 Readthe voltages V,, V, &V, and recordinTable 1.

Table1

Supply Voltage vV V, LA

1

10 Give yourreasons forthe unequal distribution of supply

voltage.

11 Connect each lamp L, L, & L, independently in the

circuit Fig 2 andrecordthe value of currentand voltage
when the supply voltage is 6 V in Table 2.
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Table 2
Lamp in Supply Vv | v/l
circuit voltage
L, 6V 100 mA 6V
L, 6V 150 mA 6V
L, 6V 300mA 6V
Fig 2
S }i(%m.& L
= (AH——X
SUPPLY ;
0-24v |
o ,

INDICATED BY L

NOTE: USE L4 Lo& L 4N THE PLACE

ELN2487H2

Conclusion

The voltage across each of the lamps connected in
series varied because of

The stamped value of voltage and current onthe lamp
means that the specified when
applied will cause a to flow.

Resistance of lamp varies because of different
of lamp.

TASK 2 : Connect two low wattage L, lamps in parallel as in Task 1 and test it

1 Form the circuit as per the diagram, Fig 3.

Figa : 015V
s Ly L
o \T“‘ N N N/
Dc : /L} N N
SBUPPLY |
I N
0-24v [ 7N
o o Ly
(i
pad 0-500 mA
Ly MINIATURE LAMP 6Y,100mA 2
La MINIATURE LAMP 8Y,150mA 1
La MINIATURE LAMP 8V,300mA i

ELN2487H3

2 Observetheeffectofincreasingthe supply voltage from
0 to a value that causes 6 volts across low wattage

lamps L.
= VOLTMETER D-15 ¥
Fig4
s
N/ N N/
iy © T“ R 7 (R T
Ly Lz Ly
SUPPLY : W
D-24Y
A
o e L,
2y
A E
%-soo mA S
NOTE: WATTAGE OF LAMPS AS IN FIG.3 1
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S,

Does the lamp L, fuse? If yes, give your reasons
statingobservations made just atthe time of L, fusing.

Opentheswitch S, connect the 3voltmeters asshown
in Fig 4.

Replace the lamp L, and reset the DC source at OV.
Close the switch S. Increase the supply voltage until
a current of 150 mA flows in the circuit.

Read and record the voltages V4, Vo & V3 inTable 3.

Table3

Supply Voltage V

1 2 3

Conclusion

The voltage is V, is greater than V.. Also V, > V,,
because
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TASK 3 : Connect two (L, lamps) in parallel as in task 1 and test it

1 Form the circuit as shown in Fig 5.

Fig 5 VOLTMETER 0-16 V

NS
o s
Ly

Dc
SUPPLY
0-24v

Aol

2 L

2
3

Lq MINIATURE LAMP
La MINIATURE LAMP
La MINIATURE LAMP

2

[

g

L
ELN2487HG

2 Gradually increase the supply voltage upto 18V after
closing the switch S. Observe the voltage V., current
and glow of lamp L.

3 Doesthelampl, fuse again”?What are the conditions
at the time of fusing”?

V4

DC supply voltage

current

4 |sthereany difference inthe values as compared with

the one in Task 17 Give your response.

5 OpentheswitchS. Replacethefusedlampl,. Reset

the supply voltage to 0V. Close the switch S and
increase the current through the circuit to 100 mA.
Record the voltages V, V, & V5 inTable 4.

Table4

Supply Voltage vV vV V,

1 2

Conclusion

TASK 4 : Connect three L, lamps connected in parallel and the whole in series with one lamp L; two L, lamps

in parallel as in task 1

1 Form the circuit as shown in Fig 6.

Fig6
s
= ~ , NS ] N ya
oC ! AN AN VAN
1 Ly Ly LS
SUPPLY | .
o2V ~L ZAN ZaN
o L. L
2
N
<
Ly
{2)
A
Ly MINIATURE LAMP 6Y,100mA
Lz | MINIATURE LAMP 8V.150mA 2 .¥
Ly | MINIATURE LAMP 6V, 300mA 1 g
-
w

2 Close the switch S. Increase the supply voltage
gradually to 18 V. Observe the lamps, ammeter and

measure the voltage across the lamp group L, lamp
group L, andL,.

3 Now all the lamps glow with their normal brightness.
No lamp fused. Why?

Conclusion
Inaserial setoflamps, whilereplacing a fused lampthe
lamps voltage and also or
should also

wattage lamp, replacement should be
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Exercise 1.9.80

Practice installation of wvarious lamps eg. fluorescent tube, HP mercury
vapour, LP mercury vapour, HP Sodium vapour, LP Sodium wvapour, Metal
halide etc.

Objectives: A the end ofthis exerdss you shall be able to

» connect a flourescent tube with accessories, install and test it
connecta H.P. MV lamp with acccessonies, install and test it
connect a H.P.5.V lamp with accessones install and test it
connect a LP.5S.WIlamp with accessories install and test it
connect a metal halide lamp with accessories install and test it.

¥ 3 el
Scan the OFR Code to wem
the video for this exerdse

Requirements
Toolsinstruments = Choke 40w, 250% -1 Mo,
* |nzulated combination plier - 150 mm -1 Mo, ' PEE :_lgﬁtﬂﬁta?&ter _|4!:|w,25w ':I? m':"
*  |nzulated scresdriver - 200 mm x s i s Sl
s S *  Starter holder _ -2 Mos.
T 5 M‘-.-’Iamph.nlderﬂ.utablefar2401.-“-!,250‘-.-’
100 mm _4 Mo, lamp (Goliath screwtype) -2 Moz
2 2 z single patti -1 Mo,
L ong IR ss pliet, =1k iy TNe. o Myiamp choke - 240 Watts. 250 v 1Mo,
* [ B Electtician's knife 100 mm -1 Mo, :
s Testlamp 100, 250 Y Gy » Capacitor 4 FD 2350 U -1 Mo,
: : = LPMNlamp 400y, 250 % -1 Mo,
Materals = b lamp 24000 2500 -1 Mo,
= Tubelight fitting 1200 mm -
single patti -1 M.
PROGCERLURE
TA=K 1. Assembling of a fluorescent lamp (LP MY lamp) with itsaccessones
1 Chedckthe choke for tz shotandopenwithatestlamp
azshowninFig 1. 2,
ETRATER
P
o N
.2 THUT LA 1 DIAERSH ‘gf
3 OHOVE W v
v 50 HE
aHx
" | X =
1 TEET Lk < W, 70 ¥
2 Chedkthe starter with a seriestest lampasz shown in TR OF STARTER: ﬂ

Fig 2. Obssrvethe fickering ofthe lam phich indicates
good condition of the starder.

Azzemblethe following luore scenttub e accessories
inthe fitting baze. Refer tothe sketch. (Fig 3)

1IHolders fortube 21 Stader-holder 31 Choke.

Connect the acceszonies as shown in Fig 4 (for &
gingle tube light). Alzo indall the tested Sader.
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Testthefilament on bathsidesofthe fuorescent tube
for itz continuity as shown in Fig 5. Discard the
fluorescent tube with open or fuzed filament ineither
gide.

Fixthe bulk in the holder.

Firstly, you have to make sure that the slot in
the inner parts of the holder is tumed to the
proper position.




Fig 3

STARTER HOLDER {2) FITTING BASE
/ {PATTI)

. B P P

4 t:% O
CHOKE (3)
LAMP HOLDER (1}

ASSEMBLY OF ACCESEQRIES

ELN2488H3

Fig 4
Vs GLOW SWITCH COMPLETE
WITH 0.006 mfd CAPACITOR
(STARTER}

fl
L| CAPACITOR

— FLUORESCENT TUBE [

|~ —
CHOKE Nl J, i 5
{SERIES REACTOR) 240V AC LINE E
w

Fig5
TEST LAMP 40 W, 250 V
L

240V
40 Hz

N

ELNZ4BBHS

TESTING THE TUBE

7 Test the tube light assembly for its working.

TASK 2 : Installation of tube light fitting

1 Follow the recommended method and procedure
depending on the type of wiring.

The fixing of the tube to the wall, ceiling or
tubular postshould bestrongenoughto support
the weight of the fitting.

The installed fitting must be belowthe level of
the ceiling fan to avoid the flickering effect of
the shadow.

Check the supply at the ceiling rose. Switch off
the supply before making any connection.

2 Connect the tube light fitting to the ceiling rose.

Fix the flucrescent tube in the fitting.

Use a stable ladder and a helper to hold the
ladder while you are working on the ladder.

Switch "ON' the supply and cbserve the glow of the
tube. If the tube is not glowing, check for proper
housing of starter and tube.

TASK 3 : Install and test the H.P.M.V (High Pressure Mercury Vapour) lamp with accessories

1 Readthe specification ofthe mercury vapourlampand
the choke from the markings. (Fig 6)

2 Connect the HP.M.V. lamp in series with the 60W
240V bulbandtestin 240V AC supply. Checkwhether
the series test lamp glows.

3 Testthe choke for its working condition.

4 Assemblethe accessories (choke, holderandcapacitor)in
thefitting, followingthe manufacturer's instructions.

5 Connectthe accessories as per circuitdiagram, Fig 7
(Pictorial diagramFig 8) usingthe recommendedtype
oftermination.

Choosethetapping of the choke suitable to the
rated supply system voltage.

6 Fix the bulb in the holder and test the working of the
lamp with the supply voltage.

Ensure the fitting is properly earthed at the
earthing terminal provided, before testing.

A modern M.V. lamp with a built-in resistor needs no
external accessories to be connected as discussed
above. It can be connected aswe do anincandescent
lamp.

Installation of the M V lamp fitting

8

Assemble, connectandtestthe M.V. lampfittingonatable,
forits working. Thenremovethe coverandbulb.

Mount at the location

9

Observetherecommended methodandprocedurespecified
by the manufacturer in the installation leaflet.

Do not alter the specifications recommended by
the manufacturer because it should be strong
enough to support the weight of the fitting.
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10 Connect the M.V. lamp fitting to the supply. The
method depends on the system of wiring, location of
fitting etc.

Ensure that the supply line is dead (not live},
before making the connections.

11 Fix the bulb in the holder securely and refit the cover.

12 Switch on the supply and wait until the high pressure
mercury vapour lamp glows with its full brightness.
then switch off the supply.

Mape |yt
a
]
BULB 2
w
Fig7
S ———
I GHOKE
|
|
|
| sEs
¥ I I
LAMP | >< —— CAPACITOR I 2;?}:;:?_';"
| |
I N
| |
| | ]
L————— - ——— +——-DPE §
CIRCUIT DIAGRAM OF HPMV LAMP 5
w

Fig8
240V, AC

—
" CHOKE
RESISTOR \ﬂl

LA
STARTING —
ELECTRODE \
MAIN
ELECTRODES

g
=

PICTORIAL DIAGRAM OF A HPMY LAMP

ELN2488HD

TASK 4 : Install and test H.P.S.V. (High Pressure Sodium Vapour) and LPS lamp with accessories

1

Read the specification from the markings on the leak
transformer, choke and bulb.

Check the transformer and choke with a test lamp for
shorts and open.

Assemble the accessories (choke, leak transformer
and lamp-holder) in the fitting.

Follow strictly the manufacturer's instructions.
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Give connections as per diagram shown in Fig 9.

Use the recommended type of termination
only.

Choosethe appropriate voltage tapping suitable to the
supply voltage. (Fig 9)

Fix the bulb in the holder.
Ensure the fitting is properly earthed.

Test the working of the assembledfitting by connecting
it to the mains.

MNotethe time takenfor the bulb to give full illumination.

Repeatthe above steps for a high pressure sodium
vapour lamp. Connect as per the diagram shown in
Fig10.

Fig9
240V, 50Hz

Il
1
CAPACITOR

&
6 b
IGNITOR

HARD GLASS
OUTER BULB

TRANSLUCENT
POLYCRYSTALLINE
SINTERED ALUMINIUM
OXIDE DISCHARGE
TUBE

HIGH PRESSURE SODIUM VAPOUR LAMP

ELN2468HE
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240V, 50Hz

LEAK
TRANSFORMER

OUTERTUBE — =

INNER
DISCHARGE TUBE

ELN24B3HF

TASK 5 : Testing of High prssure metal Halide

1 Read the specifications of the given Halide lamp as
Fig 11 collect the required accessories.

Fig 11
0w 24

R—F———"——o

250V

ELN24B8HG

2 Connect the HPMH lamp in sries with a 60W. 250V
incandescent amp as shown in fig. 11 and test with
240V AC supply. Check whether the series test lamp
glows. If the test lamp flows it means that HPMV lamp
in good codition.

3 Connect as the circuit diagram and test with 240V
supply.
4 Measure the current and test with 240V supply.

Measure the current and voltage. Calculate the power
and verify with the rated values.

Voltage : Volt
Current : Amp
FPower ! Watt

Power : Electrician (NSQF - Revised 2022) - Exercise 1.9.80 187



Power
Electrician - lllumination Exercise 1.9.81

Prepare a decorative lamp circuit to produce rotating light effect/ running light
effect

Objectives: Atthe end of this exercise you shall be able to

» select lamps/sequential control for light decoration

» design lighting layout for running light

» design layout for rotating light

connect the motor for 3-point running light (sequential control motor)
» connect lamp circuits in the electronic sequential controller.

Requirements

Tools/Instruments Materials
+  Multimeter -1 No. + Cams -3Nos.
. . * Brushes - 3 Nos.
EquipmentivAChines + Connectionleadsflexible - as reqd.
* Single phase motor FHP with + Camdrive arrangementwith shaft -1 No.
reductiongear -1 No. + Lamps 240V, 15W, BC - 54 Nos.
+ 240V operation output load 5 to 10 A = Batlen BampNORer 6 iy cenlGe
with speed and intensity control -2 Nos. * DPST kn_|fe switch _1 -y e
» Electronic sequential controller -1 No.
PROCEDURE
TASK 1 : Prepare a rotating
1 Connect the lamps, switches and the flasher motor. Fig 1
(Flg 1 ) SUFPLY, 240V 50Hz

Keepthe D.P.S.T switches §, & S, Open.

Closethe D.P.S.Tswitch S, andstartthe flasher motor
(sequential lightcontroller.

4 Closethe D.P.8.TSwitch §,and observe the make and

breakcontacts1,2,3and“CN” “OFF" operations ofthe |
3 lamp banks. K K K Xiw
Do not touch live wires O R e
Sz *Lm Kz XLz Xia
N S —
6 OpentheD.P.ST. switchS and S 200V, S0Hz. _|
1 2 - Sl —
X X X X X X
L4 Ly Lz L1 Ls La
KLz L X
X3 LeX
XL LaX
X Lp L1 X
X La LaX
XLy L2 X =
Lz Ls Lt Lz Lg L1 ]
X X X X X X 5
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TASK 2 : Prepare a running light effect

1 Prepare the lighting design as shown in Fig 2. Fig 2
ClosetheD.P.ST. switchS, andobserve the lighting.
Increase the speed of operation by operating the speed
control.
4 Adjust the intensity of light-adjusting the knob on the
electric sequential controller. SEQUENTIAL
CONTROLLER
Reducethe speed andintensity of the lighting system. s e
: L—r—o
Open the D.P.S.T. switch S, i '"5"&“%
N3
@ NO b
3

Power : Electrician (NSQF - Revised 2022) - Exercise 1.9.81 189



Power
Electrician - lllumination

Exercise 1.9.82

Install light fitting for show case lighting

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

» install and wire up the show case window lighting for tie rack
* wireup a show case window lighting to display clothes.

Requirements

Tools and Instruments

Materials

» Insulated cutting pliers 150 mm -1 No. + Complete set of circline tube light
+  Screwdriverset of five -1 Set 30 cm 32 watts 250V 50 Hz with
+ Linetester 500V -1 No. suitable shade and stand -1 No.
+ Electric hand drilling machine + Complete set of 1200 mm fluorescent
6 mm capacity -1 No. lamp fitting 40 watts 250V 50 Hz - 4 Nos.
+  Wiring materials - as reqd.
PROCEDURE

TASK 1 : Install and wire up the show case window lighting for tie rack

1

Place a suitable sized plywood boardinthe base of the
window with spacers.

Locate the circline tube fitting with its stand in proper
position in the show case so that complete stand is
visible fromthe window. ReferFig.1.

Wire up in such a way that a 3 pin 5 amps socket is
fitted in the inner side of the window.

Mark the position of stand base and drill a hole in the
marked centre to allow the circline tube cable to pass.

Draw the cable through the hole and connect a 3 pin
plug at the cable ends.

Check the connections and connect the plug to the
socket.

Give supply and check the lighting for the tie rack.

Fig 1

c

ELN2491H1

SHOWCASE WINDOW LIGHTING FOR TIE RACK

TASK 2 : Wire up the show case window lighting for a mannequin {dummy figure used for to display clothes)

The show case needs four (400mm) tube light
fittings to be wired in parallel and the tubes are
hidden behind the frame. Refer Fig 2. Draw
the connection diagram and wire up the
fluorescent tubes in concealed wiring.

180

Prepare suitable frame for 4tube lightfittingswhich are
to be hidden behind the frame (Fig 2)

Draw the connection diagram and wireup the 4 tube
Ights in parallel.

Place the dummy figure at the centre used to display
the clothes

Get the supply and check for its functioning.

Fig 2

1,2,3 AND 4 TUBELIGHTS
TUBES AND WIRING ARE CONCEALED IN THE FRAME

INDIRECT LIGHTING OF SHCAWCASE WINDOW

ELN2491H2




Power
Electrician - Measuring Instruments Exercise 1.10.83

Practice on various analog and digital measuring instruments

Objectives: At the end of this exercise you shall be able to
* connect various analog measuring instruments and measure electrical parameters
» connect various digital measuring instruments and measure electrical parameters.

Requirement

Tools / Instruments Equipment / Machines

« Ml voltmeter0 - 500V {(analog) -1 No. » Squirrel cage Induction motor

« Digital voltmeter O - 500V -1 No. 3 phase, 440V, 5 HP -1 No.

+  Mlammeter0 - 30A (analog) -1 No. Materials

+ Digital ammeter O - 30A -1 No.

« Power factor meter0.5lag-1-0.5lead » Connecting leads -asreqd.
{Analog) -1 No. + TPIC switch 16A, 500V -1 No.

« Digital power factor meter -1 No.

* Analogwattmeter 0-1500WV -1 No.

+ Digital wattmeter 0-1500WW -1 No.

« Analog frequncy meter 45-55HZ -1 No.

« Digital frequncy meter 45-55HZ -1 No.

PROCEDURE

TASK 1. Measure the value of current, voltage, power factor, power and frequency by connecting respective
analog meters in the circuit

1 Identify the analog type of voltmeter, ammeter | 4 Close the switch
wattmeter power factor meter and frequency meter from

the given Figure Nos. 310 13, Measure the corresponding values from the

instruments and record the values in Table 1.
2 Verify the range of analog voltmeter, ammeter

wattmeter, powerfactor meter and frequency meter. G Swlichn off i ol SUpDlY it diseeimeet Ths

connection.
3 Connect the power supply with switch, fuse, analog
meters and load as shown in Fig 1

Fig 1
0-30A
o A s
4 T — \QJ W ) MQ’"" -
v v
|
AC |
S-PHASE =\|= —_ M
415VOLTS 2 [ =

S0Hz

CIRCUIT DIAGRAM WITH ANALOG METERS

ELN2592H1
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Table 1

Sl. No. Meter Reading
1 Voltmeter
2 Ammeter
3 Watt meter
4 Power factor meter
) Frequency meter

TASK 2 . Measure the value of current, voltage, power factor, power and frequency by connecting respecitve

digital meters in the circuit

Identify the digital type of voltmeter, ammeter, wattmeter,
power factor meter and frequency meter from the given
figure nos. 3to 13.

Verify the range of digital voltmeter, ammeter, wattmeter,
power factor meter and frequency meter.

Connect the power supply with switch, fuse, digital
meters and load as shown in Fig 2

Close the switch.

Measure the corresponding values from the instruments
and record the values inTable - 2

Switch off the power supply and disconnect the
connection.

Fig 2
. - —s 7
r——————- C G
L | \h — —: m w Cosd
c T\ 2b 5 i i
|
- |
AC | |
3-PHASE | \lc — | M
215 VOLTS | : — | 3%
el | I 0500V PE
: : I CX;) MI Hz
I |
M —
Lo
1.
CIRCUIT DIAGRAM WITH DIGITAL METERS ]
Table 2
Figd =
Sl. No. Meter Reading f )
1 Voltmeter
2 Ammeter
3 Watt meter
4 Power factor meter
5 Frequency meter
A I i
z
ANALOG VOLT METER %
o
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ELN2552HC

ELNZ592HD

Fig 10 Fig 12 /’r
[ POWER FACTOR METER | H z
E [ ] E E 65
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=]l[==l!
LEAD LAG 55
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Fig 11
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o
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Power
Electrician - Measuring Instruments Exercise 1.10.84

Practice on measuring instrument in single and three phase circuit eg.
multimeter, wattmeter, energy meter, phase sequence and frequency meter
etc.

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

» connect voltmeter, ammeter, wattmeter, energy meter, frequency meter and power factor meter in single
phase load

* connhect voltmeter, ammeter, wattmeter, energy meter, frequency meter, power factor meter and phase
sequence indicator in 3 phase balance load

* measure voltage, current, power, energy, frequency, power factor and record the values

» connect phase sequence meter to find the phase sequence.

Requirement

Tools/Instruments Equipment / Machines

+ Electrician Tool kit- 1 Set +  Lamp load 1000W -1 No.

+  Mlvolmeter 0-300 v -1 No. :

+ MIAmmeter 0-5A ANg  eterils

+  wattmeter AC 0- 1500 W -1 No. » Fusecarrier - 5A -1 No.

» Energy meter3¢ 415V -1 No. + DPIC Switch 16A, 250v -1 No.

+ power factor meter 0 -5 leg-1 -1 No. + 14 SWG copper wire -0.5kg.

» Frequence of meter 0 - 50 Hz led -1 No. » Insulation tape 25 mmofom -1 roll
+ 1.5 mm? pvc copper wire -om
+ TPRICswitch 16A -1 No.

PROCEDURE

TASK 1 : Connect voltmeter, ammeter, wattmeter single phase energy meter, power factor meter and frequence
meter in single phase circuit

1 Collect the required materials, meters and load. 2 Make necessary connections with meters and load as
per circuit diagram (Fig 1)
Fig 1
G c
a0 1 1‘ w ) [ -' Kwh } M {cos g I
B M oyt o
MI 054 bt v v

AC 230V

& E

MI 0-300V

240V A\C BUPPLY

L ‘r = (L)
|
|
|
|
|

No——o‘L:—o:c

ELN25G3H1

The current coil of the wattmeter, energy meter If the wattmeter shows reverse direction
and P.F meter must be connected in series with interchange the connection of current coil

load. Provide 5 Amps fuse in the fuse carrier.

5 Note down the meter readings and enter in Table 1.

Get the circuit approved by the instructor. _ _
6 Switch “OFF” the power supply and disconnect the

4 Switch 'ON’ the power supply and cbserve deflections connection.
of the meters.
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Table 1

Sl. Ammeter Voltmeter
No. reading reading
(Amps) (volts)

Wattmeter
reading
(watts)

Frequency
meter

(Hz)

Power factor
meter

(Cos0)

Energy
meter

(kwh)

TASK 2 :Connect voltmeter, ammeter, wattmeter, energy meter, frequency meter, power factor meter and
phase sequence indicator in 3 phase circuit

1 Collect the required materials, meters and load.

2. Make necessary connections with meters and load as

per circuit diagram (Fig - 2)

4 Switch 'ON’ the power supply and observe deflections

of the meters.

The current coil of the watthnmeter, energy
meter and P.F. meter must be connected in
series with load. Provide 5 amps fuse in the
fuse carrier.

If the wattmeter shows reverse direction
interchange the connection of current coil.

3 Getthe circuit approved by the instructor.

Find out the phase sequence of the 3 phase supply.
MNote down the meter reading and enter in Table - 2.

Switch ‘OFF’ the power supply and disconnect the

connection.
Fig 2
PHASE SEQUENCE
INDICATOR
3-PHASE
[ & LAMP LOAD
M\“{L u\{n_
e
Table 2
Sl. | Ammeter Voltmeter Wattmeter Frequency | Power factor Energy Phase
No. | reading reading reading meter meter meter sequence
{Amps) {volts) {watts) (Hz) (Cos0) (kwh) RY B/RBY
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Power

Electrician - Measuring Instruments

Exercise 1.10.85

Measure the power in 3-phase circuit using two wattmeter methods

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

= connect two wattmeters in the circuit as per the given diagram
» measure the power and calculate the power factor.

Requirements

Tools / Instruments

- Wattmeter S00V/SA, 3 KW N Doerdls
+ M.l Voltmeter 0-500 V -1 No. s 200W, 250V lamps -3 Nos.
«  M.l. Ammeter 0-5A -1 No. . 100\/\/, 250 Iarnps -3 Nos.
Equipment / Machines » Connecting leads - as reqd.
* 3-phase, 415V AC induction motor * Pendent-holders 6A 250V -6 Nos.
3HP -1 No.
PROCEDURE
TASK 1 : Measure the power in 3 phase circuit using two wattmeter method and calculate power factor
1 Form the circuit as per the given circuit diagaram. 4 Read wattmeters W, & W, and record in Table 1. Add
(Fig 1) the readings VW, and W, and record the total power; go
Connect proper ranges of meters suitable for to setp 6.
the given load. 3 Switch on the supply and read the wattmeters W, &
W,. Record the values in the Tables. Record the
Fig1 readings of the wattmeter with the changed potential
. s van coil as negative quantity.
b —'T’—E’—@ (N 6 Measure the 3-phase powerfor different load conditions
| specified below
o a L, =500Whbulb
: : L,= 300 W bulb
S N S |_C>"'mm . L,= 200 W bulb
g b L, L, L, waterloadtotake acurrent of max. 3 amps
= ¢ Induction motor 3 HF on no load
Switch ‘ON’ the 3-phase supply and observe for the d Induction motor 3-HP with load
proper deflection of wattmeters. If both wattmeters :
deflect properly, go to step 4, otherwise continue from The Insteactor personally to cgnnect e
St : ’ three-phase motor for prgper running.
N : : 7 Calculate the power factor in all the above cases and
Switch ‘OFF’ the supply, if any one wattmeter deflects enterthemiin Table 1.
inthe reverse direction. Change the connection of the S Gty s ok e
potential coil of the reverse deflection wattmeter. Go to '
step 5.
Table 1
Calculated Power factor Cos 0
Type of Wattmeter Wattmeter Total
Load W, W, W, + W, Cos 0
1
2
3
4
5
Conclusion:

197



Power

Electrician - Measuring Instruments

Exercise 1.10.86

Measure power factor in three phase circuit by using power factor meter and
verify the same with voltmeter, ammeter and wattmeter readings

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

» connect a single phase P.F. meter in 3-phase balanced load and read the P.F
« verify the P.F. by voltmeter, ammeter and wattmeter readings and determine the error
« connect the capacitor bank in the 3-phase circuit and measure the P.F.

Requirements

Tools / Instruments
+ Single phase PF. meter 250V/ 500V,

S5A/10A -1 Set
+  Wattmeter 250/500V, 5A/10A1500W -1 Nos.
« M.l Ammeter 0-5 A/ 10A -1 No.
+  M.| Voltmeter 0-300V/ 600V -1 No.
+ Insulated combination plier 200mm -1 No.
» |nsulated screwdriver 200mm -1 No.

Equipment / Machines

{with loading arrangement) -1 No.
» Power factor improving capacitor bank

single phase 250V, 50 Hz 1kvar -1 Set
+ 3 Phase lamp load 3 KW 415 V 50 Hz -1 No.
Materials
+ PVC insulated copper cable 2.5 sq. mm

650V - grade -20m
+ TPRILC. switch 16A, 500V -2 Nos.

3-phase induction motor 415V 2.25 KW

PROCEDURE

1 Collectthe meters and the 3-phase lamp load.

The lamp load should have equal wattage in
all the three phases.

2 Make necessary connections of the meters and load

as per circuit diagram - Fig 1.

Connect the current coils of wattmeter and P.F.
meter in series with load.

Get the circuit approved by the instructor.

4 Switch 'ON’ the power supply momentarily observe de-

flections of all the meters. Keep the switch closed if
nothing is abnormal.

Equally load all the three phases and note down the
meter readings and enter in Table 1.

Switch ‘OFF’ the power supply.

Fig 1
08A
Pl B[
|:’\: _1 I m w Cos¢
T T\~ N R
. l v v 3-PHASE
l | | LAMP LOAD
, N |
|
3PHASE —
415voLTS 2 =°\|= =
EOHz | | |
l | | 0-300V
| | | ML
: | |
| |
| |
|

ELN2585H1
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Table 1

Load
condition

Ammeter
reading
in Amps.

(i)

Volt-
meter
reading

in Volts

{E

ph)

3-phase
apparent
power
in watts
3xE_ xl

ph™" "ph

Wattmeter
reading in
Watts W

3-phase
power
Wx3

P.F.
measured
value

Calculated
value of P.F.
W3

PF=——«—
3xE ppxl

Remarks

Resistive
load

Motor without
load

Motor without
load but
with capacitor

Motor with
load

Motor with
loadand
with capactior

If P.F. meter shows leading P.F. for inductive
load, switch ‘off’ the supply and interchange

current coil connections of the P.F. meter.

Determine the power factor by using the formula,
W <3

PF.

Where W- Wattmeter reading (power in one phase)

3xE Ph leh

E,- Phase voltage

|, -Phase current (Also equal to line current)

Observation

8 Compare the calculated power factor and power factor
meter reading and write your observation.

9 Show the readings to your instructor for approval.

10 Disconnect the lamp load and connect the 3 phase

in Fig 2.

11 Ensure that the range of current coil in wattmeter and
PF. meter are well higher than the load current of the
connected load.

induction motor with P.F. improving capacitor as shown

Fig 2 o
S MI . .
= (A 7’\W 7‘\&,,,,
: i —— I v M\v L M\ V/L
| I
AC : : :
3-PHASE — M
415voLTs 2 I :h: =" 3n
50Hz ] |
[ I v ) o-s00v
: I | M
I
Ly } J\‘ | —
| I
| I
v ———a o :
s n |
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12 Keep the capacitor switch in OFF condition. Switch 16 Observe the PF. each load condition and write your
ON the power supply and observe the deflection of the observations.

iz, Observation

13 Record the meter readings in Table 1 for the load
conditions shown in Table 1.

14 Switch ‘OFF’ the power supply and disconnect the
connection. 17 Show the readings and observation to your instructor

15 Calculate the power factor in each case and compare forapproval.

with the measured P.F.

Consider the multiplying factor of the wattmeter
which depends on the range of watt meter with
respect to current and voltage ranges and C.C.
and P.C. range selected. The reading of the
wattmeter should be multiplied with the
multiplying factor to get the actual power.
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Power

Electrician - Measuring Instruments Exercise 1.10.87

Measure electrical parameters using tong tester in three phase circuit

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

» select a sutiable range in tong testers to measure the different electrical parameters
* measure the AC volt, DC volt and frequency

*» measure the AC current

» measure kw, KVA, PF and phase angle in AC circuit

* measure resistance

* measure capacitance

* measure AC and DC micro ampere.

Requirement

Tools / Instruments Equipment / Machines

« Tong - tester -1 No. « Single phase lamp load -1 Set
+  Welding Transformer -1 No.

+ 3 phase Induction motor 3 HP
440V, with suitable load -1 Set

PROCEDURE

TASK 1 : Measure the AC and DC voltage and frequency

The operating instruction given below is for 4 The meter will automatically switch to ACV or DCV

one particular tong Tester. Some other model dispiak
Tong Testers are also be available in market. 5 The meter will automatically select the appropriate
Followthe operating instructions accordingly range.

1 Set the rotary switch to the V' Position. 6 Read the voltage and frequrency values displayed on

2 Insertthe test leads into the input Jack (Black to COM inel SRt naepwiin Table (e )

and Red to V)

3 Connect the test leads in parallel to the measured
circuit.

TASK 2 : Measure current in AC circuit

1 Set the rotary switch to the ‘A’ position. 3 The clamp will automatically select the appropriate

2 Press the trigger to open the jaw and fully enclose the fange
conductor to be measured. 4 Readthe current values displayed onthe LCD and note

down in Table (Fig 1).

No gap is allowed between the two half Jaws

TASK 3 : Measure AC kW, KVA, PF and < (phase angle)

1 Set the rotary switch to the KW / KVA Position 6 Read the watt and HP values displayed on the LCD
2 Insertthe test leads into the input Jack. (Black to COM clgalietste Lol Cl,
and Red to V) 7 Pressrange button to display required parameters.
Connect the Black lead COM to the neutral line. KW
PF:M = Cosb

4 Connect the Red lead 'V’ to power line and clamp the

same connductor where V (red) terminal is connected.

The power clamp will automatically select the
appropriate range.

For 3 phase 3 wire balanced load system, insert 3
plug inadapter interminals * COM” and *V". Connect
three crocodile clips to appropriate phase (R, Y and B)
3 phase power = 3 x meter indication (Fig 1).
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TASK 4 : Measurement of Resistance

1 Before taking resistance measurement, make sure the
circuit is not live and discharge any capacitor present
in the circuit.

Set the rotory switch to the Q or M £ range.

Insert the test leads into the input jack.
(Black to com and red to £2)

Connect the test leads to the circuit being measured
and read the displayed value.

MNote down the reading in Table.

TASK 5 : Measurement of capacitance

1 Insert the test leads into the input Jacks (Black to
COM and Redto

2 8et the rotary switch to the “H" Positon.

Connect the rotary test lead to the anode side and
black test lead to the cathode side of the capacitor
being tested

Read capacitance value on LCD and note itin Table.

TASK 6 : AC + DC Micro Ampere measurement

1 Set the rotary switch is “ = uA” position.

Insert the test leads into the input Jack (Black to COM
and Red to/uA) (Fig 1)

Connect the meter in series the with the circuit being
measured and read the displayed value and note down
the reading in Table.

v
UBEWTH DE10PHY

Fa1

3510PHWY TRMS
PO R M R

Table
sl. Measurement Reading Reading
No. 1 2
1 AC voltage
2 DC voltage
3 Frequency
4 KW
5 KVA
6 PF
7 Phase angle
8 Resistance
9 Capacitance
10 AC Micro Ampere
1 DC mircro Ampere
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Power
Electrician - Measuring Instruments Exercise 1.10.88

Demonstrate smart meter, its physical components and communication
components

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

* read and interpret the name plate details of smart electrical meter
+ identify physical components

» identify communication components.

Requirements
Tools / Instruments Materials
» Electrician tool kit -1 Set + Connecting leads -1 No.
«  Smartenergy meter -1 No. +  Penail -1 No.
* Drawing sheet -1 No.
PROCEDURE
1 Take one smart meter (Fig 1) and note down the name 2 Inspect physical compnents and study the application
plate details in Table 1. and note down.
Fig Physical components Application
Sl.No. Name
1
2
3
4
5

3 Find out the communication components and read its
application and note down.

Communication components
S| No. T Application
1
2
3
Table 1 4
Name 5
SI.No. 4 Discuss your findings with your instructor and verify
Voltage the doubts.
Current
Frequency
Type
Model
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Exercise 1.10.89

Perform meter readings, install and diagnose smart meters

Objectives: Atthe end of this exercise you shall be able to

* connect a smart energy meter in the supply
» take readings of smart energy meter
» operate communication components.

Requirements

Tools / Instruments

» Electrician tool kit -1 Set Watt meter 5A 1500W -1 No.
+  Smart energy meter with communication Materials
components -1 No.
» Resistive load -1 No. Connecting leads - as reqd.
+  Volt meter 0-300v M. | -1 No. « |CDP main switch -1 No.
+  Ammeter 0-5A -1 No.
PROCEDURE

1 Read and note down the name plate details of smart

energy meter in Table 1.
Table 1

Terminals screws of energy meter should be
tightened gently.

Name

Sl.No.

Voltage

Current

Frequency

Type

Model

2 Connect the smart meter as for the circuit diagram.

(Fig1)

Switch on the power supply and resistive load.

MNote down the initial readings in Table 2.

5 Wait for half-an-hour and note down the final reading in

Table 2.

Use communication components and note down the
readings for the same time with same load and enter
intable 2.

Compare both readings.

Show the readings to your instructor and clarify your
doubts.

Fig 1

Table 2
: Mode Initial Final |Consumption
No. reading| reading
Direct
2 Through

Communication
Components
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Exercise 1.10.90

Practice for range extension and calibration of various measuring instruments

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

extend MC 0-15V voltmeter range to MC 0-30V voltmeter

extend MC 500 milli ammeter range to MC 2.5 ampere
extend MC 500 milli ammeter range to MC5 ampere
extend MC 100 milli ammeter range to MC1 ampere

calibrate MC 0-50V voltmeter
calibrate Ml 0-300V voltmeter
calibrate MC 0-500 m.A. ammeter
calibrate Ml 0-1 A ammeter.

Requirements

Tools / Instruments Equipment/Machines

+ Electrician’s Tool Kit - 1 Set « Variable D.C. power supply 0-50V -1 No.

« Combination pliers 150mm - 1No. + Standard resistors for multipliers

+  Wire stripper 150 mm - 1No. (Decade reistance box in & decades

« Electric soldering iron 230V 35W - 1No. 1,10, 100, 1000, 10000) OR - 3 Nos.

«  MC milli voltmeter 0-50mV - 2Nos. Variable tubular wire wounded

+  MC milliammeter 0-10mA - 1No. resistors

+ M C Voltmeter 0-15V - 1No. + Battery 12V 100 AH -1 No.

¢ MCAmmeter 0-500 m.A - 1No. + Variac 0-300V/SA -1 No.

+  MC Voltmeter 0-100 mV - 1No. Materials

«  MC Voltmeter 0-1V - 1No.

e Ohmmeter or multimeter - 1 No. + Potentiometer 10k 2W -1 No.

+  MC Voltmeter 0-50V - 1No. * Resistor 1K 2W -1 No.

« Digital Voltmeter - 1No. * Resin core solder -asreqd.

« M.l Voltmeter 0-300V - 1 No. + Connecting leads -asreqd.

« MIAmmeter 0-1A - 1No. «  Copperwire 18 SWG -asreqd.

« Rheostat 100Q/5W - 1No. * Nichrome wire 18 SWG -1/2m
PROCEDURE

TASK 1 : Extension MC 0-15V voltmeter range to MC 0-30V voltmeter

1

Remove the cover of the MC 0-15V Voltmeter,
examine and disconnect the series resistance, ifany.

Connect the moving coil ends to the meter terminals
and close the cover.

Form the circuit as shown in Fig 1.

Fig 1

@

-
o

M2 My
oy i
Dy V)

VARIABLE
o DCSUPPLY
A
o

-
I
ELN258TH1

4 Close the switch; gradually increase the DC voltage
until full scale deflection is acheved in M, (voltmeter
under test).

5 Record the reading of M, and then the voltage drop
across M, at full scale deflection in Table 1.

Open the switch and disconnect the circuit.

Calculate the M C resistance of M, using Ohm'’s Law
and recordin Table 1.

Table 1

Reading of M, at| Voltage drops. |Resistance of
f.s.d.of M, across M, atf.s.d.| MCofM

1 2 3

Keep the switch open and the variable DC
supply at minimum level.

8 Calculate the resistance of the multiplier for the
proposed range (say 0-30V) using the formula
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hultiplier resistance =

Proposed range of voltage-‘Yoltage drop across MC at F=D

MC current at FSD
89 Calculate the multiplying factor (M.F.) by the formula

_ Proposed voltmeter range
" Voltage drop across MC atFSD

10 Select the standard resistance suitable for the value
of the multiplier reistance calculated in step 5 and
connecttherm all in series with meter M1.

11 Formthe circuit as ahown in Fig 2, keeping the switch
open.

Keep the variable D C Supply at minimum
level.

16 Calculated the errorusing the formula given below and
recard in Table 2.

Error= standard meter- calculated voltage fram the
reading of M,

In case of non-availability of wire-wound
resistors of different values of suitable
wattage to form the multiplier resistance, you
may make us e of wire-wound tubular variable
resistance for laboratorny use and verify the
working of the instrument in the extended
range.

Set the value of variable wire-wound
resistance exactly equal to the multiplier
resistance using the Wheatstone bridge.

12 Close the switch and increase the voltage gradually to
get exact divisionsin standard v oltmeter b,

13 Record the readings of M, and Myin Table 2 for each
setting (in My until M, reaches the full scale
deflection.

14 Open the switch and disconnect the circuit,

Ap2

L+ -

YARWMILE
DuCBUPPLY
=
&)

3

-
s

15 Calculate the actualvoltage using "M, reading ' and the b, = RANGE EXTENDED VOLT METER
Multiplying factor' of the multiplier connected. MEEHEVEREL LTI R
Table 2
51 Reading of Reading of Mulbtiplying Voltage Emor
Mo M, M, factor =M =MF {Col.2}-(Col5)
M.F.
1 2 3 4 5 6

TASK 2 Extension of M.C 500 milliammeter range to 2.5 amperes

1 Connect the 0-500mA range milliammeter as shawn
in Fig 3tothe variable DC power supply. Ifa variable
DC power supplyisnot available, make connections
to a battery as shown in the circuit Fig 4.

2 Set the output voltage to the circuit atthe minimum
and close the switch 5.

3 Gradually increase the voltage until the milliammeter
reads full scale deflection.

4 Observe and the record the reading of the voltmeter
and ammeter in Table 3. The measuring element
indicates full scale deflection atV=_ W

| = L
b Cpentheswitch S anddisconnectthe circuit ele ments,

b Calculate the shunt resistance R,

Fliga
O30 DG LR
VARIABLE +f;’\-
FOMNR: BLIPFLY L
L= L+
[}
@
00 ek
HIAK
R
108 CHAA
15 ALPE §
V-
R5r= -
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Fig4
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i POTENTIAL
= DIVIDER
T S0WA4.1A z
z
o
Table -3
Voltmeter Ammeter

reading in Volts reading in Amps.

The voltage across the shunt resistance is then
equal to V.. The current I in the shunt
resistance is the difference between the end
value of the measuring range | = 2.5A and the
current in the measuring element 1.

ie. I_=1-1.

7 Measure the exact length of the Manganin wire that
has a resistance equal to R as shown in Fig 3, using
an ohmmeter and go to step 9.

Fig5
RESISTANCE WIRE

(@)

OHMMETER

ELN2597H5

TASK 3 . Calibrate a 0-50V MC type voltmeter

1 Check and set the pointer of the meter under
calibrationto read zero (mechanical zero setting).

2 Connect the 0-50V meter to be calibrated and a
standard digital voltmeter across a regulated DC power
supply as shown in the Fig 8.

3 Withthe output of the adjustable DC PSU set to zero
Volt, get the connections checked by your instructor.

Fig8 V, = METER TO BE CALIBRATED
V, = STANDARD VOLTMETER
+

fT( REGULATED O O
_'|'

CONNECTION DIAGRAM OF VOLTMETER CALIBRATION

ELN2537H8

9 Cutthe wire 1 cm greater in length than measured.

10 Coil the wire with eye formation at both ends. Exercise
care to see the excess length of 1 cmis used foreye
formation at the ends. (Fig 6)

Fig 6 \i\TURNS ARE SEPARATED

FORMED SHUNT RESISTANCE

ELN2597H8

11 Connect the coiled wire as shunt across the
terminals of the milliammeter.

12 Set up the circuit accroding to the circuit diagram.
(Fig7)

Fig7

Rsh

o —
(na)
I

T POTENTIAL
- 05A 1002

o DIVIDER
500,41 A MC g4

ELNZSETHT

13 Adjust the variable load resistance R to 4 ohms.

14 Switch on the power and adjust the ouptut voltage to
circuit, equal to 10V. Observe the ammeter
deflection.

15 Read the value of current ‘I'.

16 Verify that the readings shown are in in amperes by
inserting a SA ammeter in series.

4 Increase the output voltage of the DC PSU such that
the standard meter (V) reads 5V (1/10th of the range
of the meter under calibration.).

5 Recordthe corresponding voltage reading of the meter
under calibration (V,) in Table 4

6 From the readings of the standard meter and the
reading shown by the meter under calibration, find the
% of error in the meter under calibration as given in
Table 4

7 Repeat steps 4,5 and 6 to find the % error at different
readings of the meter under calibration as given in
Table 4

8 Fromthe % error found at different readings, calculate
and record the average % error of the meter under
calibration.

9 Get your work checked by the instructor.
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Table 4

Type of meter;

Range
Yoltmeter readings in volts
PsU error % of error
Sl No. output Standard undercalibration (V,-V) Vs =V 100
volts W, W Vs
1 ] 5
2 10 10
3 20 X
4 30 3
a] 40 40
B 50 =0

AwerageS error =

1

Total % error
Mo. of reading

TASK 4 ¢ Calibrate a 0-500mA MC type ammeter

Checkand setthe pointer of the meterunder calibration
toread zero{mechanical zero setting).

Caonnect the given 0-500mA DC meter to be
calibrated and a standard digital D C Ammeter for some
range acrossthe output of & requlated DC power supply
wia a rheostatas shown in the Fig9.

Fing Ay = BT T B AL INRATIED
AHEDSTAT ﬁ,-nmnﬁrﬁn
- 1A
-;'t'.z O—‘

3 Setthe Rheostat to its half resistance position and

setthe output of DC PSU to zero volts, Get the wired
circuit checked by your instructor,

Increase the output of the PSU slowly till the standard
ammeter {A,) read 500 mA (full scale value of the
ammetar under calibration (A, ).

6 Adjustthe rheostat suchthat the standard ammeter(s,)
reads 450mA (decrease in current equivalentto 110
ofthe full range of the meterunder calibration).

& Record the correspanding reading on the ammeter (A1)
under calibrationin Table 5.

7 From the readings of the standard meter and the
reading shown by the meter under calibration, find the
% of error in the meter under calibration using the
formula givenin Table &.

o Fepeatstepb b and? forthevaluesgiven in Table 3
to cover the complete range of the ammeter under
calibration.

9 Fromthe % errorfound at different reading s, calculate
and record the average % error of the meter under
calibration,

10 et your work checked by the instructor,

11 Paste a slip onthe calibrated meter indicating date of
calibration and average % errar.

Table &

SLNo Ammeter reading in mA Error % of error

Standard Undercalibration i, -1) {lz—1)

——x100
! Iz

a0
140
240
340
450
&00

o M k= 0 b —

Awerage error =

208 Power : Electrician (NSQF
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Exercise 1.10.91

Determine errors in resistance measurement by voltage drop method

Objectives: Atthe end of this exercise you shallbe able to

+ determine errors in resistance meas urement by voltage drop method
+ connect suitahly the voltmeter and ammeter to minimize measurement errors.

Reguirement
Tools/Ins truments Histartr
Insulated cutting pliers 150 mm 1 Mo AR
Seraved fiver 150 mm 1 Ma. OPST knife switch 16 A -1 Mo
Connector screwdriver 100 mm 1 No. - SPOT k””_re switch 1BA -1 Na.
o [0-30%mC panel type voltrmeter -1 Mo oh fuse wire -1 Mo,
muktirmeter 1Mo = PY%C. cable 480 2mm - 10 m
0-5 amps ammeter, P.W.M.C type 1 Na. Glass catridge fuse with
Ohrmeter, Shunttype 0-100 ohms 1 Mo halder 100 A - as regd.
Equipment / Machines
24% DC power supply unit -1 Mo
Fheostat 10 ohms, 20 ahms
and 50 ohms4A capacity each -1 Mo
FROCEDLRE

1

Farm the circuit as shown in Fig 1. (Use only high
sensitivity voltmeter)

Measure the value of resistar B and enter the
measuredvalua inTable?,

=witch on the supply keeping switch 5; at position?,
actoss the resistor only. Head the valtmeter and am-
meter and record the readings in Table 1 switch off the

4 Calculate the resistance value from the measured
guantities using the formula B = %1, and enter the
valuesin Table 1.

5 Change switch 5 to position 2, across the resistor and
ammeter. Head and recard the woltage and the current.

Fepeat step 4 forthesevalues
Calculate and enter the error occurred in the
measurement of resistance by using the formula

< — _Rocal ~Romes 12100

RE mes

o Hepeatthe same proceducefor differentvalues of R as
given in Table 1.

circuit. Tahle 1
Resistance value Voltmeter Calculated % error=
connected Voltage Current value of
Sl | Marked | Measured across resistance (R 2ca ~R 2me; ) x100
Ho. Rmr HM“ R =%1 Rzmes
ohms
1 10 R only
B &A
5 0 R only
R & A
3 0 R only
B & A
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Exercise 1.10.92

Test single phase energy meter for its errors

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

+ identify the creeping in energy meter
» test the energy meter for starting current error
* select suitable loading arrangements for determining errors in energy meters

» determine the percentage error in an energy meter.

Requirements

Tools/Instruments

Equipment/Machines

* Electrician’s Tool Kit -1 No. e Single phase capacitor motor with
. Single phase energy meter 5A brake load 240V 50 Hz AC 1/2 kW -1 No.
250V 50HZ -1 Neo. ¢ lLamploadsingle phase
* Voltmeter M| 0 - 300V -1 No. 250 V 30 Hz 1.25 kW -1 No.
e Ammeter MIO-5A -1 No. * Auto-transformer 0to 270V 8A 50 Hz -1 No.
* Powerfactor meter 240 V 5 A50 Hz -1 No. Materials
L i »  Eleotric bulb 5 W 240 V with holder -1 No.
¢ PVC insulated cable 1.5 sq. mm
250V grade -10m
PROCEDURE

Adjustment of errors inside the energy meter is beyond the scope of this course as it requires costly
equipment like rotating sub-standard meter etc. Hence the simplified method of finding errors only is
included here.

TASK 1 : Check the energy meter at no load (to find the creeping error)

1 Connect the energy meter through an auto-transformer

as shown in Fig 1.

2 Vary the input voltage to the energy meter between
80% and 110% of the rated voltage of the energy meter.

Fig 1
g kWh METER
. W 1
| |
| |
| |
| |
: |
] 1
L1 !
R ; L9-3===2h
Lt~ 3 )
| |
aa ! I3
v || L3
50Hz } | : 0-300v
|| I
Nu—t-\—o:c J'
I ,,,,,

ELN2529H1

For an energy meter rating of 240 Volts the input
voltage is between 192 V to 264 V. Observe, if
the meter disc is rotating or not. The load should
not be connected or the load switch should

be ‘off’ during the observation period.

3 Write your observations correlating your findings from
the above experiments with the recommendation given
inls 722

OBSERVATION

As per IS 722 (Part 1) 1977 the meter shall not
make a complete revolution at any voltage
between 80% and 110% of the reference

TASK 2: Task for starting current error in energy meter

voltage.

1 Connect low load (5 W lamp) as shown in Fig 2.

2 Switch on the load and observe the meter rotation.

210

3 Write your observations, correlating your finding from
the above experiment with the recommendation given
in1s 722 (Part IIl).



Fig2

kvh METER

OBSERVATION

0-50mA

|
ELMN2585H2

As per IS 722 (Part Il) 1977 the starting current
shall be 0.5% of the rated basic current across
=1 for dial and pointer type register whereas
for drum type register it will be 0.75%. For
meters provided with reverse stop the values
will be 1% and 1.5% respectively.

TASK 3 . Task for percentage error in single phase energy meter

1 Make the connections as shown in Fig 3 with the lamp 5
load.
Fig 3
&)
———_ 0&A
AE "_| _‘ 0 M v
240y i ! ioaow
) 12000 § 7
250V §

2 Switch 'ON’ the lamps so that 25% of the rated current 8
of energy meter flows in the circuit.

3 Tabulate the voltmeter, ammeter and P.F. meter
readings in Table 1.

4 Keeping the load constant, count the number of
revolutions of the energy meter disc for 2 minutes (120
seconds) and record the same in Table 1.

Calculate the true energy by using the formula

ExIxCos¢xt
1000 = 3600

True energy = KWh

where 't is the time in seconds.

Calculate the energy registered (recorded ) by the meter
using the formula

Recorded energy = No.of revolutions KWh :E:kWh
Meter constant K

Find the error using the formula
Error= Recorded energy - True energy.

Calculate the percentage error, using the formula

R-A

Percentage error = x100

where R = Energy registered by the meter

A = True energy.
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Table 1

Sl.
No.

Load
reading

Voltmeter
reading

Ammeter
reading

P.F. meter
reading

Time
in Sec

True energy

Revolution
counted
N

Meter
constant
K

Recorded
energy

%
error

AW N

B oW N 2

Resistive

25%
S0%

75%
100%

Incluctive
25%
50%
75%
100%

Repeat the working steps from 2 to 8 for 50%, 75%,
100% resistive and inductive lpads and enter in

Table 1.

For inductive load, make the connection as

shown in Fig 4.

For checking the proper registraion of energy,
verify the readings through initial and final
reading differences recorded in the energy
meter. As per |.S. 722 (Part Ill) 1977, the
percentage error shall not exceed 2%, both
at unity power factor and at 0.5 lagging.

If the above errors are beyond the limitation
prescribed in 1.S., take action for calibration
of the energy meter at the meter testing
department attached to the electricity board.

Fig4
kWh METER
——— 0-5A
L =1®
S
240V | I | 0-300V
&0Hz | I |
N
b
F4
o
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Power
Electrician - Domestic Appliances

Exercise 1.11.93

Dismantle and assemble electrical parts of various electrical appliance e.g
cooking range, geyser, washing machine and pump set

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

+ dismantle the cooking range, geyser, washing machine and pump set

» assemble the dismantled electical appliances
» test them for their working

» replace the faulty parts with good ones where ever necessary.

Requirements

Tools/Instruments

+ Electrician Tool Kit -1 Set
« Spanner set 6 to 22 mm ( 6 Nos) -1 Set
+ Megger500V -1 No.
«  Multimeter -1 No.
+ Testlamp60w /240 V -1 No.
+ Pulley puller 3 leg 150 mm -1 No.
Equipment / Machines

+ Cooking range 1500 W /240 V -1 No.
«  Geyser 1500W/240 V - 15 liters -1 No.

+  Washing machine ordinary or

semi automatic types 240 V /50 Hz -1 No.
»  Pump set coupled with single phase

motor 240V /50Hz -1 No.
Materials
+  Servicemanual -1 No.
+ Cleaning brush - 2.5 cm dia -1 No.
+ Cottonwaste - as reqd.
+ Kerosine -asreqd.
+ (rease - 200 gms

PROCEDURE

TASK 1 : Dismantle and assemble the cooking range

1 Note the name plate details of the electric cooking
range in Table 1.

Disconnect the power supply from the cocking range

Open the terminal connection box (Refer Fig 1)

Fig 1
SELECTOR SELECTOR SWITGH
SWITGH INDICATOR LAMP
RANGE TIMER SCREENED ON CREST
THERMOSTAT

OVEN INDICATOR — K@
LIGHT \
PEDESTAL

LAMP —

SWITCH

TIMED OUTLET
OVEN LIGHT SWITCH

[~~— 16-3/4" DOOR HANDLE

t—— UNTIMED OUTLET
OVEN RACKS ——
WITH FRONT TRIM

PORCELAIN —— = FOVEN LIGHT AND WINDOW

END PANELS
\C':’//:j\"zgw ROLLFORM

BLACK 240V
RED

é’%

(@ {b} {c)

ELN26100H2

8 Checkthe condition of the ovenracks (Fig1)

9 Measure the insulation value between the all terminals
to body of the cooking range.

10 Assemble and connect the electric cooking range to
the supply (Fig 3)

ELN2E100H1

4 Checkthe proper tightness of the screw at selector
switch, indicator lamp, range timmer and thermostat.

5 Remove the cooking range and check the continuity
of the surface heating unit element one by one.

& Checkthe correct shape, wattage and voltage of the
element (Refer Fig 2)

7 Open the porcelein end panel which is at bottom of
the cooking range.

Fig 3
TIMER
OVEN TEMPERATURE
SURFAGE {THERMOSTAT)
HEATING UNIT OVEN SWITCH
;EE@SSTAT SURFACE COOKING
SWITCH
. NEUTRAL
INSULATION
‘;'EAUNES
BROIL UNIT ‘YCONNECTION BLOCK
POWER SUPPLY
BACK UNIT 5
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TASK 2 : Dismantle and assemble the geyser

1 Note down the name plate details of the geyserin a -
separate Table simlar to table 1 B EIE T
VENT PIPE 1Zmm
Disconnect the power supply from the geyser
Open the inspection cover for Power terminals
connection and thermostat installation. (Refer Fig 4)
4 Qheck proper tightr_‘less of the screw at thermostat, [~ HEATING
pilot lamp, and heating element 4 ELEMENT (W)
)
5 Conduct visual examination of the power cord pin 3 N
terminals and termination of applicance. ); ;; /Gmss WObL
6 Conduct insulation test between the |leads, lead and 7) ))’
earth and record in a separate Table ;; s
7 Measure the insulation resistance between element >: ;)
and body and record in a separate Table )) ;
8 Assemble and connect the geyser to the supply. orron ke
COVER il
OUTLET INLET L e L
{a) GEYSER
PILOT LAMP
THERMOSTAT
L RED
No—BLACK
EO GREEN
¥
g
{b) SCHEMATIC DIAGRAM OF A GEYSER E
TASK 3 : Dismantle and assemble washing machine
1 Note the name plate details of the washing machine in 3 Open the terminal connection panel and check the
a separate Table (Fig 5) proper tightness of the screws
o5 4 Remove the washing drum from the washing machine.
g
P IR 5 Checkthe inlet pipe and out let pipe
— — PIP pIp
o 6 Checkthe outgoing valve
7 Check the tightness of shaft pulley / drum belt
‘@ 8 Check the rubber bushings that are used is the machine
for absorbing mechanical vibration
% 9 Conduct insulation test to the motor by usinga megger.

L

WASHING MACHINE

10 If every thing is ok, place the drum and close the
inspection hatch/cover.

ELN26100H5

11 Connect the machine to the supply for its working
2 Disconnect the power supply from the washing
machine.
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TASK 4 : Dismantle and assemble pumpset

1 Note the name plate details of the pumpset in separate
Table.
Disconnect the supply from the pumpset
Dismantle the pumpset (Fig 6)

4 Check the shaft for smooth running, carbon seal, motor
adaptor, Drive collar, impeller, casing gasket, bearings
(refer Fig6)

It every thing is satisfactory, assemble the pumpset

Connect the pumpset to the supply for its working .
(Fig 7)

Figé

Fig 7 Optional Seal Flush  Clamp
f Carbon Seal T fi ¢
X X X /
e OVERHEAD DELIVERY
m TANK ™ PIPE
=
— (=
=
! I ] SUCTION [
[ — PIPE g
CONDUIT LAYOUT DIAGRAM OF PUMP BET §
Drive collar
Casing g
Commeon Parts of a Centrifugal Pump g
b
Table 1
Name oftheappliance © ... Serial NO &
Voltage Current
Supply Wattage .
(@rorTalla R [ S P e PR e SN
Cord Insulation Between line Between line/body Date of servicing
............. Megohm e Megohm
Element insulation Between terminal and Recommended Repair
body / thermostat Replacement if any
Cold
Hot
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Power
Electrician - Domestic Appliances Exercise 1.11.94

Service and repair of electric iron, electric kettle, cooking range and
geyser

ﬂl:ua:hues At the end ofthiz exencize you shall be ableto

* connect and test the given awtomatic iron for its working
dizmantie the automatic iron and rea ssemble it

trace and identify (or) locate the faults in an automatic iron
replac e the faulty parts with good one .
test the electric keltle element and identify the defect Sean the DR Code to wew
replace the old element with a new one the wideo #r this exercize
as=emble the kettle and test for its working

dizmantle the suspected parts of the cooking range

test the continuity of heating element

replace the bum out heating element and worn out selector switch

reassemibl e, connect and test the cooking range

test the line cord for continuity

dizmantle a geyser

* trace identify and locate faults in a geyser

* replac e faulty parts with good ones

* assemble the geyser and test for its m:rrking.

Requirements

Toolsnstruments
= Screwdriver 1 S0mm -1 Mo, = Megger S00% -1 Mo,
= Spanner =t 6o 22mm (6 Nos) -1 =et Materials
: mjﬁigr:;f;w :: Ez - Kettle E lement SO0AT250Y -1 Mo,
. Eledirdian tool kit iy = Ashestossheet and fibre washers -azregd.
- Cutting plier 150mm e . Testlarnm.DDWEamV . -1 Mo,
*  Element suitabl e for availakle

" Tester 300V -1 Mo. Cooking range 1500 250 -1 Mo,
* Moszepiler 130 mm -1 Mo. «  Geyeet hesting elemert 15000 240 - 1 Mo,
E quipment/Machines »  Geymmrithemnostat -1 Ma.
= Auytomatic electriciron box = 3-core flexble cord

TEOW 250 % -1 Mo. (480 2with 154, 3 pin plug) -1 Mo,
*  kettle (sauce pantype) SO0 230% -1 Mo, * |nzaulating matetial such as ashestos
= Eledric cooking rance! SO0 250 4 -1 Mo and mica sheets Suitable for electric
»  Geyser 1500y 2504 25 liters -1 Mo, Irar - aE regd.

FROCEDURE

TA&ZK 1 . Service and repair of electric iron

1 Condud a.visual e:_-:arninatin:un ofthe poraer cord and Disconnect theindicator bulb if any beforethe
plug, aterinterpreting the name plate details short, open and IR test

2 Condud preliminary test for

- shott circult, cortinuity & insulation Always disconnect the iron from supply while

testing with insulation tester / Megoger.

- earth fault
- defective element circuit 5 Check for insulstion resigtance between the neutral
3 Replacethe cord, ifnecessary terminal and earth.
4 Check for the insulstion resistance between line & Connectthe electric iron to the mains and check for
terminal ofthe inon andthe body ofthe ivon (Fig 1) and it= working

record in Takle 1.
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Fig 1

THERMOSTAT SWITCH —

MEGGER

MEASLREMENT OF INSULATION RESISTANCE BETWEEN
THE BODY AND THE TERMINALS

ELN26102H1

Table -1

Terminals Value in Megohms

L & Body

N & Body

E & Body

Plug pin L & Body

Plug pin N & Body

Plug pin E & Body

7

Check the presence of dangerous voltage existing be-
tween the body and earth of the supply with a necn
tester or voltmeter.

In case of earth fault

8

9

Disconnect the electric iron from the supply, dismantle
it. Visually inspect and test with a multi-meter/megger
for any contact of live wire with the body

- insulation failure

- broken parts

- damaged thermostat/actuating leaf porcelain

- switch actuator.

- Check for continuity of thermostat and heating
element.

Rectify the fault by replacing the defective part

(element, thermostat etc.) Fig 2 (A & B).

In case of open in element circuit
10 Remove the cover to check the thermostat, indicator

bulb circuit and element

- Connectthe series test lamp to the element circuit
shorting the contacts of the thermostat indicated
by 1 in Fig 3. If the test lamp glows the thermostat
is defective.

- Connect the terminals of the indicating bulb by a
piece of insulating wire, shown by 2 in Fig 3. If the
test lamp glows the trouble is in this section.

- Short the terminals of the element shown by 3 in
Fig 3. If the lamp glows the element is open. Replace
the element.

Failure of temperature setting controller
11 Check the adjusting knob for proper fixing and

actuation of shaft. (Fig 4)

12 Open the contacts of the thermostat and inspect them

visually.

13 Clean the pitted or burnt ocut contacts.
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Fig 2
]
5
{B) TESTING THE HEATING ELEMENT FOR CONTINUITY g
{17}
Fig 3
DETATCHED
PLUG  POWERCORD
:%:p: INSULATED WIRE
A%
THERMOSTAT SWITCH ———1=
TESTLAMP 250V
L o—"
240 V AC SUPPLY Eill—
No
LOW VOLTAGE BULB

HEATING ELEMENT

ELN26102H3

14 Check for the actuating mechanism. (Heat the

thermostat by a suitable external heating device.)
186 Assemble the iron and test for good working.

Fig 4
H MOVES UP AND DOWN ON KNOB ADJUSTMENT

INSULATED BLOCK

BIMETALLIC
STRIP

a) A SIMPLIFIED SKETCH OF ADJUSTABLE THERMOSTST

TEMPERATURE SETTING

CONTROL
CONTROL KNOB SHAFT
MICA CONTROL KNOB STO
INSULATION SLVER
f 428 CONTACTS
X ®
[ 4
1
SCREW TERMINALS \ BIMETAL STRIP i
INSULATED BLOCK:

b} OPEN FRAME BIMETALLIC ADJUSTABLE THERMOSTAT

ELN26102H4
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TASK 2 : Service and repair of a Kettle

1 Record the name-plate details of the appliance.

Name-plate Details

2 Disconnectthe power cord and check the power cord
for continuity of the cable, soundness of the terminal
connection and insulation resistance betweenthe line,
neutral and earth terminals.

If found defective, either repair or replace
the power cord.

3 Check the continuity of the kettle heating element ei-
ther by using a test lamp or a Megger without opening
the kettle.

If there is no continuity, the element is as
sumed to be open and it has to be replaced

4 Checkthe insulation resistance between the appliance
socket terminals and the body of the kettle.

If the insulation resistance is less than one
Megohm, the kettle element needs to be
replaced.

5 Read the assembly diagram in the instruction book of
the kettle and dismantle the parts in the sequence rec-
ommended by the manufacturer.

6 In the absence of the manufacturer's recommended
sequence diagram of the assembly, the following parts
may be removed observing the correct procedure as
shown in the exploded Fig 5.

- Bottomcover

- Pressure plate

- Sole-plate with asbestos insulation
- Element

7 Obtain a suitable element of the right shape, wattage
and voltage and necessary mica and asbestos sheets
of the same type and quality.

TASK 3 : Service and repair of a cooking range

1 Note the name plate details of the electric cocking
range.

Disconnect the power supply fromthe appliance.

Study the connection diagram, given by the
manufacturer or trace the connections of the cocking
range (Fig 6).

4 Check the continuity of the surface unit element cne
by one.

Fig5

TOP COVER

HANDLE

KETTLE

CENTRE BOLT

HEATING ELEMENT
ENCLOSED IN MICA
INSULATION

HEATING ELEMENT
END BRASS STRIPS

ABBESTOS SHEET

SOLE - PLATE

SCREWS

PRESSURE PLATE

NUT 2 OFF

BOTTOM COVER

OUTLET SOCKET TERMINAL

EBONITE FEET
(Ey—a—— WASHER

é‘i BOTTOM COVER SCREW

DISMANTLED VIEW OF A KETTLE

ELN26102H5

8 Check the element for its continuity and ohmic value.
9 Replace the new element in position.

10 Assemble the parts in proper order and connect the
appliance.

Take care to fit the asbhestos sheet and the sole
plate at the sole plate housing in the correct
order.

11 Measure the insulation resistance between the body
of the appliance and its terminals before and after
connecting the power cord.

Switch ‘ON’ the kettle only after filling water
in it.

12 Test the appliance with supply for its working.

5 Replace the burnt out surface unit element as shown
in Fig 7.

Before replace the coil check the correctshape,
wattage and voltage of the element. Do not
attempt to open parts whcih are not notified
as defective.

6 Assemble and connect the electric cooking range.
7 Measure the insulation value between the terminal to

body of the appliance at various positions of all the
switches.
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Fig &
SELECTOR
SWITCH

RANGE TIMER

SELECTOR BWITCH
INDICATOR LAMP

THERMCETAT D
OVEN INDICATCR LIGiTj P ;i TIMED OUTLET
PEDESTAL = | OVENLIGHT SWITGH
LAMP SWITCH = :
[~~——186-3/4" DOOR HANDLE
SN
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EENR&ESLAIN END ——1» —— h....""—OVEN LIGHT AND WINDOW
\%\“M" ravm g
&
g
w

Insulation resistance value should be more
than one Megohm.

Fig7

COMMON

ELN26102H7

8 Check the appliance with the supply for its working
condition.

TASK 4 : Replace the wornout selector switch of cooking range

1 Openthe cover of the defective switch, trace the con-
nections and note down the position and column of
cables.

2 Open the connections of the switch from the termi-
nals.

3 Checkthe continuity of input and output of the selector
switch.

4  Confirmthe condition of the contacts. If found wornout,
then remove the switch fromthe appliance. (as shown
in Fig 8).

Take care to fix the screws, washers at the
complete housing of the selector switch.

Replace the new selector switch in position.
Connect the cables as per made in step 1.

Measure the insulation resistance between line
terminals and the body of the cooking range at various
positions of all the switches. Measured insulation
resistance should be above ohe megohms.

TASK 5 : Service and repair of a geyser

1 Record the details of the appliances in Table 2

2 Openthe inspection cover for Power terrminals con-
nection and thermostat installation in the geyser
after removing the power plug. (Fig 9)

Check and ensure that the switch is off before
removing the power plug.

3 Connect a visual examination of the i) power cord ii)
plug pin termination and iii) termination at appliance.

4 Check for proper tightness and good Power contact at
terminations. Replace the plug pin if found pitted.

8 Test the assembled switch with the supply for its
working.

Fig 8

ELNZE102H8

5 Conduct the insulation test on the cord - between the

leads, lead and earth. Enter in Table 1

6 Measure the insulation resistance between the element

and the earth/body and record in Table 1. The
minimum value of the insulation resistance should be
one megohm. If it is less than one megohm, send the
geyser for repair and rectification.

7 Connect the geyser to the supply and switch on the

appliance, keeping the inspection/bottom cover of the
Power connections open.
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The geyser should be switched on only with Fig 9

water in the container. ELSBEEELHG

VENT PIPE 12mm

8 Observe that the heating process is cut off by the
actuation of the thermostat. (The time depends on the

capcity of the geyser and the thermostat setting).

9 Switch off the supply. Remove the plug. Measure the [ —HEATING
insulation resistance value between the terminals and FLERENTG
the body of the heater/thermostat while it is hot and
record the value in Table 1

/—GLASSWOOL

10 Replace the thermostat if unit in the insulation value is
less than one megohm.

11 Refit the inspection cover. If the insulation value is
normal (i.e. above one megohm) apply grease over the
screw before fitting.

THERMOSTAT
e ¥TY
OUTLET INLET g

12mm 12mm

(a) GEYBER

Eo— HEATING
ELEMENT

(b) SCHEMATIC DIAGRAM OF A GEYSER

ELN28102H8

Table 2
Name ef the@ppliance & wm e Seflal NOw & o e
Voltage S CUrent
Supply s Wattage
Capacity PR . Make e
Cord Insulation Between lines Between line/body Date of servicing
............. Megohm i Megohm
Element insulation Between terminal and Recommended Repair
body / thermostat Replacement if any
Cold
Hot
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Power
Electrician - Domestic Appliances Exercise 1.11.95

Service and repair of induction heater and oven

Objectives: 2t the end ofthiz exercize you shall be ableto
= dismantle the induction heater and identifiy or locate the faults

= replace the faully parts with good ones T o ek
= dismantle the oven and identify or loc ate the faults o A
* replace the faully parts with good ones Scan_the 0F I:n:_u:letn:- 1-1'_ELu
» assemble the induction heater and oven and test for its working. iR s
Requirements
Tools/ Instruments E quipment ! Machines
s Electrcian Taol Kit -1 Set = |nduction heater 1 KW, 250% -1 Mo
T Elre s -1 Mo = Eledricoven 1 KW, 2500 -1 Mo.
*  Connedor sorewdiver 150mm -1 Mo, Materials
" ElE-":tnDlarlHrl|fE-'15|:|mm -1 N':l. n Cnﬂnnmste _agreqd.
= Metal brush -1 Mo. = Thinner -azreqd.
= Soldering iron GOV 2300 -1 No. = Resincore solder -asreg.
* Tilecutter -1 Mo,
* hultimeter -1 Mo,
FRAOCEDHEE
TAZHK 1. Perform service and repair of induction heater
1 Motethe name plate details ofthe induction heater Fig 1
and record them inthe Takle,
Hame Plate Details
LMo, F ot R
Make 107 3¢
Yoltage ki
iCurrert P

Dizconned the power supply fom the indudion hester.

2 Check the power cord for continuity ofthe cable

If found defective, replace the power cord

4 Openthe induction heater,
Do athorough deaning of FCB and other parts.

E Removethe mainboard for sisual inspedion and touble )

7 Chedk whether PCBizcovered by vamish.
. ) . 10 Check whether any capacditor cracked in the PCB
8 Applythinnerand ruk with m etal brush and scrap wih (Fig 2).1f0 remaove it from the P CB with the help oftile
a knife and exposs the dry zolder paints. (Fig 1) cutter (Fig 41

9  Retouch all the pointz with fresh solder.

EL2E 103§

11 Check the elecrolytic capactors on the board and
replace with & nevw one ifthey are found atthe brim .
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12 Press the switches on the control board and if they

show resistance, it may be due to improper contact.

13 Replace all the Press-to-on button switches.

If buttons are slightly longer than the one on
the board, nip the extra length with tile cutter
tool

14 Defective switch is shown below (Fig 5)

Fig 2

ELN26103H2

Fig 3

ELN26103H3

TASK 2 : Service and repair of oven

1

Identify the oven model number or part number on the
element

The package (Fig 8b) of the new element will
list the manfacturers, model numbers and part
numbers for which it serves as a replacement

222

Turn off the power to the oven at the breaker box and
unplug the oven

15 After completing the work put the PCB and other parts

back into the cabinet, (Fig 3). Fig 6 shows the cook
top of induction heater.

16 Test the appliances with supply for its working.

Fig 4

ELN2E103H4

TILE CUTTER

Fig 5

s §E

DEFECTIVE SWITCH

ELNZ26103HS

Fig 6

<5

INDUCTION COOK TOP

ELN2B103H8

Remove the screws that secure the element to the
oven

Pull the element 10 to 12.5 cms away from the back
wall of the oven (Fig 7)

Remove the screws that hold the wires of element

Install the new cven element attaching the wires as
they were before
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Fig7 Fig 8
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(Charge)
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g / oo

EDDY CURRENT DUETO
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AG SUPPLY BY
HIGH

¥y | O f

i
1 b ~h
[} {l v 2
ALTERRNATING FLUX 5\ /7 X e

g

INDUCTION COOKER

ELN2B103H7

7  Secure the new element to the back wall of the oven
(Fig 8a) shows element.

8 Plug the oven back in and return the breaker back to
the “ON” position

9 Testthe oven with supply for its working.

There may be little smoke when the new
element heats up it’s likely just the factory

coating burning off.

ELNZ6103H8
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Power
Electrician - Domestic Appliances Exercise 1.11.96

Service and repair of mixer and grinder

Objectives: At the end of this exercise you shall be able to
* read and interpret the data of the given mixer

* identify the area of problem in the mixer by visual inspection and tests
* dismantle the mixer

trace, identify and locate faults in the mixer

» replace faulty parts with good ones

» clean and lubricate the bearings

* assmble mixer and test for its working

* read and interpret data of wet grinder

test the line cord for continuity

* measure insulation resistance between the terminals
* trace, identify and locate faults in a wet grinder

* replace faculty parts with good ones.

Requirements

Tools and Instruments Equipment / Machines

* Electrician Tool kit -18et o Mixer 250 V 50 Hz. 400 watts -1 No.

¢ Testlamp 100 W, 240 V -1 No. «  Grinder 250 V 50 Hz 0.25 HP -1 No.

* D.E. spanner set of six 6 mmto 22 mm -1 Set « AC Ceiling Fan 60 W, 250V -1 No.

¢ Plastic spanner for opening the jar screw -1 No. Materials

¢ Box spanner set of 6mm to 22 mm -1 No.

e  Multimeter -1 No. *  Grease/lubricating oil - as reqd.

« Megger 500V -1 No. *  Kerosene - as reqd.

¢ Philips screwdriver 4 mm blade dia -1 No. * Cleaning brush -1 No.

* Pulley puller 3leg 200 mm -1 No. * Sandpaper smooth - as reqd.
»  Soldering lead, 40.60, soldering flux - as reqd.
»  Service manual (if available ) -1 No.

PROCEDURE

TASK 1 : Service a mixer
1 Note down the name-plate details in the maintenance - good condition of switches
cards. (Table 1)

2 Enterthe details of the complaint from the customer
inthe maintenance card.

- proper mounting of the motor.

Check whether the nyon/rubber coupling of the jar and
motar are properly seated, if not replace.

Switch on the mixer and check for its functioning. - — -

_ Sometimes the retaining spring and washer
Isolate the mixer from the supply. might have got spoiled and need to be
Open the bottom cover and conduct visual inspection replaced.
for:

- damages in the supply cord and loose terminal
connections
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Table 1

Maintenance Card

Name of the customer Address

Name of the appliance Serial No

Wattage Current

Supply Make

Date of Consumer’s Defects noticed Details of repair and
servicing complaint by visual inspection replacement

Enter the mixer details in the maintenace card (Table 1)

6 Conduct an insulation test of the motor and record in

the maintenance card (Table 2). The schematic digaram
of a mixer circuit is givenin Fig 1.

Fig 1

ARMATURE

b 4’,‘9 SPEED CONTROL
b PUSH - BUTTONS

- Qo
o [ | LR

RELAY

L
SCHEMATIC DIAGRAM OF A TYPICAL PORTABLE 3 - SPEED FODD MIXER

ELN26104H1

The insulation resistance value should not be
less than one megohm.

-

8

9

Improve the insulation value by heating or varnishing, if
the insulation value is less than cne megohm and enter
the test results in the maintenance card. (Table 2)

If the motor is opened for varnishing, clean thoroughly
the stator and armature and bush bearings. (Fig 2)

Conduct the insulation test after varnishing and enter
the results in the maintenance card (Table 2).

Remember that the nuts at the blades and the
centre shaft holding nut are to be loosened by
clockwise movement and tightened by anti-
clockwise movement in most of the mixers.

10 Lubricate the bearing as recommended by the manu-

facturer before assembly.

Most of the bearings need no lubrication. If
required,a drop of light oil like 3-in-1 oil could
be used.

11 Clean the commutator surface. A black carbon deposit
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Fig 2

HANDLE

BLADES

BUSH
WASHER

NYLON/RUBBER
COUPLING

BUSH

FIELD COIL
STATOR

ARMATURE
COMMUTATOR

SPEED CONTROL SWITCH

PARTS OF A FOOD MIXER

ELN25104H2

could be removed by CTC. Seat the bushes properly
over the commutator. Check for adeqguate length of
brushes to exert spring pressure.

If the brush length is shorter by 1/3 of its original
length it is better to replace with the brushes
of the same grade and size. The new brush
has to be bedded on the commutator properly.

12 Assemble the motor and tighten the terminal screws.

13 Assemble the blade with the jar and nylon coupling at

the bottom.

14 Connect the motor to the supply and start the mixer.

15 Observe the working of the mixer for smocth running.
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Table 2

Insulation resistance before
varnishing/heating

Insulation resistance after
varnishing/heating

Date of Details for
servicing | Between terminal Between Armature | Between terminal|Between Armature| repair and
and body and field and body and field replacment

TASK 2 : Repairing of mixer

1 Listento the complaints of the customer/user and enter
inthe maintenance card (Table 1).

Common complaints are listed in the troubleshooting chart
along with reasons for the possible cause andthe corrective
action to be taken.

2 Inspect visually the following parts for trouble.

Power cord and plug

Terminal connections at the switch (back cover to)

Couplings

Freeness of the shaft

Burnt smell or discolouring of windings.

TASK 3 : Service a grinder
1 Switch on the grinder and check for its functioning.
Isclate the grinder from the supply.

Openthe inspection cover. Note down the name-plate
details in Table 3.

5 Conduct an insulation test of the motor and record in
Table 4. If the insulation value is above 1 megohm,
switch on the grinder and cbserve its function.

6 |If the insulation resistance is less than 0.5 megohm,
improve the insulation value by heating or varnishing,

Table 3 provided the motor is opened for varnishing.
Name of appliance____ | r.p.m Table 4
Serial No. Volt Insulation resistance | Between Between
: terminals winding
c ty H.P C t
apacity urren andibisdy
Ph F
ase requency Date of servicing

4 Conduct visual inspection:

- forsupply cord

Recommended repair

Replacement if any

- for good condition of switches

7 Clean thoroughly the motor and the bearing of the

grinder.

Lubricate the bearing as recommended by the
manufacturer before assembly.

Assemble the motor and tighten the terminal screws,
pulley screws, flywheel nuts, motor fixing bolts etc.
(After adjusting belt tension)

10 Connect the motor to the supply and start the grinder.

Observe the working of the motor and the grinder for
smooth running.

- for proper mounting of motor and drive alignment
(Fig 3) 8
Fig 3
ADRJUSTABLE DIVERTER 9
GRINDING BEARING
STONE
+=—— VERTICAL STAND
[~~~ CHAIN
GRINDER STONE
STAND
3 PIN PLUG
MOTOR
PULLEY e
DRIVE 2
WHEEL 3
' BELT {A38 OR A39) E
w
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TASK 4 : Repairing of grinder

1 Listen to the complaints of the customer/user com-
plaints may be:

iy Grinder not working

iy fails to start, but runs in either direction, when
started manually

i) starts but heats rapidly
M reduction in speed - motor gets too hot
V) grinder is noisy
vi) grinder gives shock.
Grinder not working

Check whether there is open connection in line. Rectify
the fault if observed.

Check for any open circuit in motor winding (starting and
running winding). Send it for repairs, if open circuited.
(Fig4)

Fig 4
SPLIT PHASE
SUPPLY RUN
- VY START
Y Up
Z
%0
L] L]
s
o o
og0 :
(o]
:

Checktightness of the belt. Adjust the belt for propertension
as recommended by the manufaturer. (Fig 3)

Check whether it is due to tight bearings. Test by turning
the shaft by hand. If lubrication does not help, the bearing
must be replaced.

Fails to start, but runs in either direction when
started manually.

Check the contact of the centrifugal switch. If the contact
of the centrifugal switch is not closed, repair it or replace
it. (Fig 5)

Fig 5

THE CENTRIFUGAL SPEED-CONTROL MECHANISM USED
ON SOME ELECTRIC MOTORS.

ELMN26104H5

Check the capacitor. Replace it if defective.
Starts but heats rapidly.

Check the cetrifugal switch. If it is not opening, rectify or
replace.

Reduction in speed - motor gets too hot.

Check the winding for its short circuiting and grounding
(earthing).

Check the bearing to know whether it is sticky. Repair or
replace, if found defective

Grinder is noisy

Check for worn out bearings - replace the bearings and
inspect the shaft for scoring.

Check the end play, add additional end for preventing
wahers, if the play is too much.

Checkthe loose parts (that is loose hold-down bolts, loose
fan, pulleys etc). Tighten them.

Check whether there is misalignment. Align the pulleys
correctly. (Fig 3)

Check the belt. Replace if it is worn out. (Fig 3)

Check the shaft of the motor. Replace or send the motor
for repair, if found bent.

Grinder gives shock

Open the inspection cover and check for any line contact
with the metallic body. Also ensure earthing is proper.

Rectify the accidental contact, if any, and insulate them
properly.
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Power
Electrician - Domestic Appliances

Exercise 1.11.97

Service and repair of washing machine

Objectives A the end of this exercize you shall be akle to
* recod the rame plate details of the wahing machine
= listen to the complaint of the customer and identify the type of fault

» rectify the fault inthe washing machine

service the washing machinethrough general checks and visual inspection _
conduct insulation resistanc etest on a wahing machine =can the OR Code to wew
record the details of maintenance in the service card

the wideo for this exercise

Requirements

Tools and Instruments

E quipmentMachines

. Megoer SO0 % -1 Mo = Wigzhing machine ordinary or
= Testlamp B0V 240% -1 Ma. semi automatic type 240%, S0Hz -1 Mo,
. Com bination plier 150 mim -1 Mo. i
»  DEspannetset6of22mm st ofs -1 St Matenials
x ghilips mm“;“dzril‘f'r'ter 130 mm '11 SET * Wiashing machine spares - aE regd .
. rease gun 1.2 litre cap -1 Mo, s -
Ol cane 172 litre cap -1 MNo. Ciligrease p= et
»  Geal pulley puller 3 leg 150 mm -1 Mo. " Oiligrease - &3 regd.
. huttimeter -1 Mo. = Wygter proofing kit -1 Mo,
= Teflontapein s=al -a3regd .
FROCEDURE
T&ZK 1 : Repair washing mac hine
1 Record the detailz of the swashing machine (Fig 111in Takle 1
Table-1. Hame-plate details
g1 b anufacturer
SN Phaze
Capacty . FE.P.M
HPWW  Moltage _HZF
Maxseight ___________ Current
of daothes/
i drum capacity

2 Ligen to the complaints of the customeriuzer. The
complaints may be anyore ligted inthe left zide column
ofthe table 2 The cauzes and rem edies are given in

the right side column of the takle 2
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Table -2

Troubleshooting chart for washing machine

Sl.No. Complaints Causes and remedies

1 Machine not Swiching “ON”

Check for open connection and rectify the same
Check the incoming supply
Il Check the fuse on the machine

IV Check the motor windings and repair of minor repairs can be
carried out, if needed send it for repairs/rewinding for internal
open circuit.

V Check the speed governing starting switch, repair or replace
with a new switch.

2 Water not filling up in the washing drum | | The inlet pipe is chocked. Open the inlet valve, clean it and
reconnect it using water proofing teflon tape
I Check incoming water supply and replace the same.
3 Water does not drain out of the | Check the outgoing valve, clean and reconnect it with proper
wash drum water proofing
II' Check the outgoing pipe for any kinks - repair or replace the
same.
4 Machine becomes 'ON only for a very | The timer setting may be incorrect;set the timer properly.

short duration and then switches off

The speed governor switch may be faulty; dismantle the motor
and repair the same, If possible, orreplace the starting speed
governor swivel mechanism.

The running winding impedance could have increased due to
open circuit and insulation failure. Check the running winding
impedance and rewind the motor, if necessary.

) The machine is noisy Check the balancing of the drum and correct the same if found

off balance.

The motor shaft pulley/drum driver pulley may be locse tighten
the same.

Il The belt of the machine drive might have loosened thus giving
play.

IV Checkthe bearings of the motor, replace the worn out or grease
the same using the recommended grease.

V Check all rubber bushings that are used in the machine for
absorbing mechanical vibration, and replace, if found spoilt or
missing.

6 When power is swiched ‘ON' motor is Check if the motor shaft is rotating; the pulley to the hum is
not working heard but the wash agitator does motor shaft may be lcose,
tighten the same.

Check the belt tension. If the belt has become loose tighten
the same by the tension adjustor or replace the belt with a
new one.

Check if the agitator of the machine is sufficiently loose,i.e.

the bearing if free and not tight; carry out lubrication of the
bearing if necessary.

7 When the machine control switch is Isclate the machine fromthe supply, isolate the motor terminals
switched 'ON' the fuse blows and check if there is an insulation failure/short circuit in the
motor or in the wiring of the machine.

If short circuit/insulation failure in the motor, rewind the motor.

If short circuit/insulation failure is present in the rest of the
machine, trace the same and remove the short circuit.
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TASK 2 : Servicing of washing machine

1 Readthe instruction manual of the washing machine. 6

2 Connect the machine to the supply and switch on the
machine in steps as indicated by the operating/
instruction manual. 7

3 Check the water flow at the inlet to the machine. If
found incorrect cleanthe inlet and reconnect the water
supply using proper waterproofing method. If leakage a
is present at the connecting point between the machine
and the water pipe, use teflon tape between the
couplings to prevent leakage.

4 Check the water flow at the outlet and check whether
all the water is drained out of the wash drum. I it does
not, disconnect the machine from the supply then level
the machine on the floor and let the water is drained 9
out.

5 lIsolate the machine from the supply. Open the
inspection cover of the machine and carry out visual
inspection of :

Lubricate the bearings of the motor with a suitable
grease as recommended by the manufacturer with the
help of the grease pump.

and especially where maximum vibration of the
machines is felt, use a dot of grease or oil in the
threads.

Conduct an insulation test of the motor and record it
in Table 3, usinga 500V Megger. Insulation resistance
should be around 1 megohm; if found less then check
the wiring and internal accessories and all Powerly live
parts for moisture and weak insulation. Remove the
moisture and prevent any water leakage near the Power
parts suitably. Reconduct the insulation test.

Close the inspection hatch/cover and connect the
machine to the supply and load the machine with the
number of clothes recommended by the manufacturer
for the smooth running of the washig machine.

Table 3

- the supply cord and its terminations i.e. between
plug and machine terminals

Insulation resistance between
terminal & body windings

- condition of the motor pulley-belt and drive alignment

Date of servicing

- allinternal connections between the control panel
and the machine motors, timer and switches, shown

Recommended repair

in Fig 2. Replacement of parts
Flg 2
g YELLOW
GRAY V-NA-200T
GRAY
sF
| SWITCH
WASH PINK SELECT SPIN
TIMER SWITCH TIMER B
< z
2 | BLUE " = YELLOW /BLACK g
w :
“ @ 2 BLUE / WHITE a
3 w
2 <
RED o REDMHITE 3
WASH y -
MOTOR g
ey =
BLUE g

240V, 5A
‘\_{ I YELLOW

NOTE: THE COLOUR CODE GIVEN IN THIS FIGURE IS SUBJECT TO CHANGE.

CONNECTION DIAGRAM OF SEMI AUTOMATIC WASHING MACHINE

ELN28105H2
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Power
Electrician - Transformers

Exercise 1.12.98

Verify terminals identify components and calculate transformation ratio of

single phase transformers

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

* read and interpret the details of the name-plate of single phase transformer

* identify H.T & L.T. winding

» determine transformation ratio (turns ratio) by the

- voltmeter method
- ammeter method.

Requirements
Tools/Instruments Materials
« VoltmeterM.|. 0 - 250/300V - 2 Nos. +  Knife switch DPST 16A 250V -1 No.
+  Ohmmeter (0 - 500 ohms) -1 No. * Push-button 6A, 250V -1 No.
¢ Ammeter M.I. type (0 - 10 Amp) -1 No. + Connectingcables - as reqd.
+  Ameter M.|. 100 mA -1 No.
+ Voltmeter M.C. 0-15V -1 No.
Equipment/Machines
+ D.C supply 12 volts -1 No.
+ Single phasetransformer115/230volts,
TKVA -1 No.
+ Auto-transformer (IP-240V)
OP0-270V, A -1 No.
PROCEDURE

TASK 1 : Identify terminals

1 Find out the corresponding terminals of two windings
(HT & L.T) with ohmmeter as shown in Fig 1, by

checking the continuity.

Flo1 Try  Z30VMISV,1KVA

® ¥

CIRCUIT FOR IDENTIFICATION OF TERMINALS OF
SINGLE PHASE TRANSFORMER

~
: —
e
2

-
-~

/
N

-——— B

ELN27108H1

Fig 2 84

NOTE:
INSTEAD OF THE BATTERY DC STABILIZED POWER SUPPLY CAN BE USED

HT LT

+
B 012V

o
(!) 0-1A
/ o15v

2 a2

ELN27106H2

CIRCUIT FOR IDENTIFICATION OF POLARITY OF TRANSFORMER

resistances with the chmmeter.

2 Determine HT and LT winding by measuring

of step down transformer.

L.T. windings will have low resistance in the cas

Record resistance of both pairs.
1st pair
2nd pair

ohms. This is HT/LT winding.
ohms Thisis HT/LT winding.

3 Connect DC supply to HT through push-button swithch

and connect the voltmeter to LT as shown in Fig 2.

4

5

.

Mark HT terminals as A1 and Az. Mark at LT terminals
asa anda,

Press the push-button switch. Observe the deflection
of the pointer of the voltmeter. If the pointer deflects in
the right direction, retain the markings made on
terminals.

Change the voltmeter connections made to LT
terminals and change the marking made on the LT
terminals if the deflection is in the reverse direction.
Now press the push-button switch once again and
observe that the voltmeter deflects in right direction.
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TASK 2 : Verification of transformation ratio (by voltmeter method)

1 Connect the auto-transformer and the voltmeters to 4 Calculate the transformation ratio from the measured
the transformer as shown in Fig 3. Check and setthe V1 & V2 values.
auto-transformer at zero volt output position. .
Applying the formula -
Figa o _ v,
L o—n\l‘- = L) Bl Transformation ratio = V.
Ny | al [ 1
g I
5 g i . GD wr e oo @ Table 1
25 : 7 Sl. V, v, Transformation
N S, am Ay 2 g No. ratio K=V,
CIRCUIT FOR VERIFICATION OF TRANSFORMATION RATIO g 1 100 Volts
2 Switch on 'S, and adjust the autotransformer to get ) 125 Volts
the output voltage V, = 100 volts and read V, record
the value in Table 1. " Bt el
The output voltage of the auto-transformer 4 200 Volts
should be adjusted to about 50% of the rating 5 225 Volts
of the H.T. side.

5 Compare the calculated transformation ratio with the
3 Setthe V, value for the values indicated in Table 1 and marking of name plate.

record the corresponding readings of V_in Table 1. 6 Transformation ratio calculated

from measurements =

from markings =

TASK 3 : Verification of transformation ratio (by ammeter method)

1 Connect the auto-ransformer output to the transformer 3 Increase the voltage to give the required currentin H.T.
H.T. winding through a milliammeter in the line as winding.
SR EG Readthe L. T. current. Record in Table 2.
Fig 4 85 . Change the H.T. current to different values and record
Lo R o the corresponding L. T. current.
ST i Table 2
T
2 g i Trz o Sl. I L Transformation
Q|3 } No. ratio K=1/1,
| o
NLo— —a 2 : 1
CIRCUIT FOR RATIO MEASURMENT USING E )
AMMETER FOR HIGH RATED TRANSFORMER E
3
The current in the H.T. winding should be kept
low, but should be large enough to be 4
measured accurately with a milliammeter. 6 Verify the transformation ratio with the markings on

2 Connectthe L.T winding to the ammeter. The ammeter the name-plate and record your findings.
should carry the rated current of L. T. side.

Use the current transformer and ammeter if the
secondary rating is very high.
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Power
Electrician - Transformers

Exercise 1.12.99

Perform open circuit and short circuit test to determine the efficiency of single
phase transformer

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

* conduct open circuit test to determine iron or core loss
» conduct short circuit test to determine full load copper loss
» determine effiiciency of the transformer at different loads.

Requirements

ToolsfInstruments

Equipment/Machines

+ Voltmeter M.1. 100V -1 No. + Transformer 100/250V 1 kKVAS0 Hz -1 No.

+  Voltmeter M.|. 150V -1 No. + Auto-transformer input 240V

+  Wattmeter 250V, 5A - 1250W -1 No. Voutput 0 to 270V, 5A -1 No.

+  Ammeter M.I. 5A -1 No. Matatials

+  Ammeter M.|. 15A -1 No.

+ Frequency meter 45 to 55Hz. -1 No. * Knife switch DPST 16A, 240V -1 No.

+ Powerfactor meter 0.51ag-1-0.5 + Connecting cables -asreqd.
lead 250V rating -1 No.

PROCEDURE

TASK 1 : Conduct open circuit test to determine iron or core loss

1
2

Identify the LT and HT windings of the given transformer.

Connect the Auto-transformer, frequency meter,
ammeter, wattmeter. Voltmeter to the LT side of the
transformer as shown in Fig 1.

Fig 1

240V, 50Hz

MI - z50v,1A Tr
[T |
o0—1a
|
o |
g | \
% | | HT |
as OUTPUT |
« | BA d I
PR
L __1
115240V, 1KVA
OPEN CIRCLIT TEST FOR DETERMINATION OF IRON LOSS OF A

ELN27107H1

SINGLE PHASE TRANSFORMER

Increase the voltage slowly up to (100%) of the
rated value of the transformer L.T.

Check for the supply frequency is at rated value.
Observe the meters and record the readings in Table.

Repeat the above steps for 110% rated value of
transformer voltage and record the readings in Table.

TABLE
Sl.No. | Rated | Voltage | Current Total Iron
Vv A loss W
1 100%
2 110%

Ensure that the auto-transformer is initially set

at zero volt output position.

Close the switch ‘S,

From the above data the No load loss is equal
toiron loss. Since the copper loss is negligible.

TASK 2 : Conduct shot circuit test to determine full load copper loss of a transformer

Short circuit test

1

Connect the auto-transformer, ammeters, voltmeter
and wattmeter in the HT side of the transformer as
shown in Fig 2.

The secondary is short circuited by the
ammeter.

Ensure the auto-transformer is initially set at

zero volt output position.

Close the switch ‘&’

Increase the voltage gradually to obtain full load current
inthe secondary winding of the transformer.

Observe the wattmeter and record the readings.

W = Copper loss (full load).
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©

N
=
=

240V 50HZ

Try

AC SUPPLY I

OuUTPUT

— |

L____1
115240V, 1kVA

SHORT CIRCUIT TEST FOR DETERMINATION OF COPPER LOSS OF
A BINGLE PHASE TRANSFORMER

ELNZ7107H2

TASK 3 : Determine efficiency of transformer or different loads

1

Prepare and draw the circuit diagram for the said task
and get approved by your instructor.

Collect the equipments and materials and check their
condition.

Connect the circuit as per the approved circuit diagram
(Fig 3).

4 Close switch S, and gradually increase the output of

the auto-transformer to reach the rated voltage.

Keep all the switches in the lamp bank in ‘off’
position.

Keep the switches s, and s, open. Set the auto
transformer for zero volt output.

Close switch S2 and switch ‘on’ the incandescent
lamps one by one till ammeter A, reads 25% of the
load.

Adjust the auto-transformer Tr, if necessary to keep
the primary voltage constant.

Fig 3 0.5LAGTO
54
Lo \:\ }
|
S |
|
% I U INPUT 240
I OUTPUT
§ D-270V BA
L |
|
N oo oo

L - LAMP BANK 240V, 1kVA

CIRCUIT DIAGRAM FOR DETERMINING OF EFFICIENCY OF TRANSFORMER

10 NOS SINGLE
FLUORESENT LAMP
WITH FITTING 40w

ELN27107H3

Record the readings of the instruments in Table 1.

Increase the incandescent lamp load to 50% of the
full load 75% of the full load and 100% of the full load
and record the reading in each case.

Reapeat the above steps by switching on the tube
lights to get a power factor of about 0.9, 0.8 and 0.7
and record the readings in Table 2.

10 Switch ‘OFF’ supply after bringing the knob of the auto

234

transformer to minimum (zero) postition.

11 Calculate the efficiency using the formula

Qutput

Percentage efficiency meo OR

Output

Percentage efficiency = mx

ER
W+ W,

where W.= Iron loss + copper loss.
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Table -1

{Unity P.F)
% Efficiency
S5LHo. Load Y, A PF(Cosq) v, A, W a W 2t
V. A, cosg =
1 Moload
2 1Mth load
3 1/2 load
4 344 load
5 Full load
Tahble -2
(Different P.Fs)
% Efficiency
SLMNo. Load W, A, P.F (Cos ¢} W, A, w w —
= V,A.cosp X
1 Mo load
2 1/4th load
3 1/2 lnad
4 344 load
] Full load
12 Complete the tasks and get approved by your instructor Conclusion

and disconnect the circuit.

1 The relationship betweenload and efficiency

2 Therelationship between power factar and efficiency

3 The efficiency will be maximumwhen

Power : Electrician (NSOF - Revis ed 2022) - Exercise 1.12.99

235



Power

Electrician - Transformmers

Exercise 1.12.100

Determine voltage regulation of single phase transformer at different loads

and power factors

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

+ connect the transformer with s uitable instruments to measure load and power factor
+ calcutlate the requlation of single phase transformer from the readings of instruments in primary and
secondary side.

Requirements
ToolsAnstruments Materials
= Armrmeter M-0to 54, Oto 104 each -1 Mo, Connecting cable - as regd.
= “aoltmeter.|.-0to 300%, 0to150% -1 Mo, A0 watts-tube light fitting -0 Mos.
gach DPST switch 250% 164 -2Mos
= P.F.meter05lag-1-05 lead SPT switch B A -2Mos
250 % rating -1 Mo,
Equipment/Machines
* Induciton matorwith starter & loading
= atrangement240%50Hz 1 HF -1 Mo,
= Auto-transformer Input 40
Cutput0to 270 %, 5 amps -1 Ma.
» Single phase transfarmer1 15£230%
1 kA, 50 cycle air cooled -1 Mo.
= Lamp banks A, 250% -1 Mo,
FROCEDURE
Fig1 A LAGTD
. . i 0.5 LEAD . .
e —
: IR
I |
T INPUT 280V
| DUTPUT A I
E : TV, G (bm l L L -
| |
No— e = J
L - LAMP BANK EA, ST i
Lg- LAKF BANK DF T0W ow. 307 TUBE LIFHTE AND THP MOUGTION METOR i

1 Formthe circuit as shown in Fig 1.

2 Mote down the name-plate details of the transformer.

Check the auto-transformer T, is set at zero
volts output position.

(Table 2
Table 1

51 Load Secondary| Change| Regulation
No. {Lamp) Terminal | ofvolts

Voltage V.| WV Y,
1| Moload Y,
2 |14 FL
3 |FEEL,
4 | 34 FL
S |EL
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switch on 'S and adjust the voltage of primary to
rated secondary voltage (] of transformer.

Close the load switch =,

Adjustthe larmp load asindicated inTable 1 and record
the secondary voltages at each load. (V)

Calculate 5% of regulation at different resistive loads.

; 3
i % of regulation= Vo Vs 100 i

5 o A

Fut the inductive load with lamp bank (mixed load) so
thatthe load power factor islagging.



Table - 2
Fig2
o o}
[[] PHASE TRANSFORMER SiNo. [ ]
stavoaro [ FRequeNcY ke [

wa [ rweorcoome [
vorsar ] veemRaor ]
NO LOAD
[ wassoror  te [
i roramass e [
AMPERES
IMPEDVOLT % [ | DATE OFMFG. —1
CUSTOMER I |
ORDER NUMBER | |
3| |
o] O

ELN27108H2

8 Gradually increase the mixed load and measure the
terminal voltage, power factor and record in Table 3.
Calculate the % of regulation at different loads and
power factors.

9 Describe the relationship between p.f. and % of
regulation when P.F. changes. Switch off ‘S.’and ‘'S,".

Power : Electrician {(NSQF - Revised 2022} - Exercise 1.12.100

Table 3
Sl. Load Change | Regulation
No. | (Mixed)A, PF | ofvolts
1
2
3
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Power
Electrician - Transformers Exercise 1.12.101

Perform series and parallel operation of two single phase transformers

Objectives: At the end of this exercise you shall be able to
» cohnect two single phase transformers in parallel
* connect two single phase transformers secondary in series.

Requirements

Tools/Instruments Materials
+ Voltmeter MI, 150V -1 No. + |ICDP switch 16A 250V 50Hz - 4 Nos.
+  Voltmeter M|, 300V -2 Nos. + Connecting cables - as reqd.

Equipment/Machines

» Single phasetransformer 230/115,

1 KVA 50 H1. -2 Nos.
«  DC supply 12V/Battery 12V -1 No.
PROCEDURE

TASK 1 : Connect the transformer secondary in series

1]

1 Connect the transformer as per diagaram. (Fig1) Close the switches S, S,and S,

Measure the primary voltage V, and secondary voltage

Fig1 V, andrecord in Table 1
S F 2
gEI'—’ P Table 1
B | - :
@ Transformer in series
Primary Secondary
V1 V2
r,
r,
Tryi (0,
S :A1 4 Disconnect the transformers by opening $3, 82 and
15V | S1.
1KVA |
| %
{ S
8 g
5
Table 2
S.No. [ ] Typeofcooling ]
KA [ ] Frequency [ ]
Date of MFG [_]
AT NO LOAD VOLTS H ]
W e
ATNOLOADCURRENT HI [ ]
) I
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TASK 2 : Connect the transformer in parallel

1

Read and record the name-plate details of both the
transformers, Tr, & Tr,intable 2.

Determine the polarity of the two given tranformers.

Connect the switches, transformers and meters as
per diagram. (Fig 2)

250V 50Hz

Fig 2

AC SUPPLY
R

ELN2B108H2

Table 3
Transformer in parallel
Primary Secondary
V1 V2
T,
Tr

2

Check the secondary voltage of Tr, and record it
table 2.

Close the switch 8, and check the secondary voltage
of the transformer Tr,and record. (Table 2)

Close the switch §, and S, and measure the secondary
bus bar voltage and record intable 3.

10 Switch off all the switches and disconnect both the

transformers.

CONCLUSICNS

11 The effect on secondary voltage of transformers when

connected in series is

Keep all the switches open.

Ensure that the transformers are identical for parallel
connections.

Connect trasformer Tr, to the bus bar closing the
switches S, & §,. Measure the primary voltage V, and
record in Table 3

12 The effect on the secondary voltage of transfomers

when connected in parallel is
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Power
Electrician - Transformers Exercise 1.12.102

Verify the terminals and accessories of three phase transformer HT and LT
side

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

* read and interpret the name plate details of a three phase transformer
» verify the terminals of HT and LT winding

* |dentify the accessories of a three phase transformer.

Requirements
Tools/Instruments Equipment/Machines
+ DE Spanner Set 5mmtc 20mm -1 Set *  3-Phasetransformer 415/240V,
+ Insulated cutting pliers 200mm -1 No. 3 KVA -1 No.
+  Screwdriver 200mm -1 No. « 3-Phase transformer Input 415V
+ M.l voltmeter 0-500V -1 No. Output 0-500 V, 3 kVA -1 No.
*  Multimeter -1 No. Materials
« Testlamp 40 W, 230 Volts -2 Nos.
« Connecting leads -asreqd.
PROCEDURE

TASK 1 : Verify the terminals of three phase transformer

1 Note down the name plate details and enter in Table 1

Table 1
Name plate details

SINo : Type of cooling
KVA : Mass of Coil
Volts HT Total mass

LT Date of MFG
Amps HT Volume of ol

LT

Freguency :

2 Check the continuity test using a multimeter to find
out the two groups of terminals. (Fig 1)

3 Apply 15V 3¢ supply to U,, V, and W, by switching on
switch 'S’.

4 Measure the voltage between V, and W, and between
V, and U,. If the voltmeter shows less than 15 volts
then those windings are LT winding. If the voltmeter
shows more than 15 Volts then those windings are HT
winding. (Fig 2)

ELM27110H1
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Fig 2

3-PH 16V, 50Hz SUPFLY

Wi,

ELN27110H2

TASK 2 : Identify the accessories of 3 phase tranformer

1 Get permission to enter the 11 KV transformer
substation yard from the appropriate authority

2 |dentify the following accessories of a 100KVA three
phase transformer. (Fig 3 and 4)

a HV &LV Bushing
b Buchholz relay

¢ Conservator

(D

O

Breather

Cooling pipes

Explosion vent with oil gauge
Earthing terminals

Oil level indicator.

Fig 3

?

@
=il
LJ

ELEVATION

EARTHING TERMINALS ON BOTH SIDES

FILTER VALVE

DRAIN VALVE

TERMINAL MARKING AND DIAGRAM PLATE

BUCHHOLZ RELAY

L.V TERMINALS IN BUS DUCT

HV.CABLE BOX

ACCESSORIES

END ELEVATION

14 | LV.BUSHING

18 [ FILLING HOLE WITH CAP

12 | OlL LEVEL INDICATOR

11 | EXPLOSION VENT WITH DIL GAUGE

10 | COOLING PIPES

9 | DEHYDRATING SILICA-GEL BREATHER

8 | OlL CONSERVATOR

No. ACCESSORIES

ACCESSORIES OF 3@ TRANSFORMER

ELN27110H3
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Power
Electrician - Transformers

Exercise 1.12.103

Perform 3 phase operation (i) delta - delta (ii) delta - star (iii) star-star (iv) star
- delta by use of three single phase transformes

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

» connect three single phase transformers to 3-phase supply with different types of primary and

secondary connection

» measure the primary and secondary line voltages in each type of connection
» determine the line volage ratio and compare with the theoretical ratio values.

Requirements

Tools/Instruments

+ Electrician tool kit -1 No.
+ Voltmeter M.1. - 0 to 500V -1 No.
+ Voltmeter M.1. - 0 to 300V -1 No.
Equipment/Machines
+ Single phasetransformer

1 kVA 415/230 V 50Hz - 3 Nos.

Materials

« Connecting cables - as reqd.
« ICTP switch 500V, 16A, - 2 Nos.

+ HRCfuses, 2 Amp - 3 Nos.

PROCEDURE

1

Connect the three single phase transformers and per
form polarity test and voltage ratio test.

Note down the voltage ratio of each
transformer in the table.

Mark the termials of the primary (HT) and secondary
(LT) of each single phase transformer as follows.

All the three transformers should have the
same voltage ratio and same primary and
secondary voltages.

The Terminal Marking are as per Standards

Terminals Transformer Transformer Transformer
1 2 3
Primary (HT) U Vv W
Starting Ending Starting Ending Starting Ending
1.1 1.2 1.1 1.2 1.1 1.2
Secondary(LT) 2U 2V 20V
Starting Ending Starting Ending Starting Ending
2.1 22 2.1 2.2 2.1 2.2

TASK 1 : Connect the transformers as three phase delta-delta transformer

1

Connect the dissimilar ends of the primary together.
i.e. (Fig1)

Connect 1.1. of Tr1 with 1.2 of tr3and markitas 1 U
Connect1.2. of Tr.1with 1.1 of tr2 and markitas 1V

Connect1.2. of Tr1with 1.1 of tr3and markitas 1 W

Connect the dissimilar ends of the secondary
windings. i.e.

Connect2.1. of Tr1with 2.2 of tr3and markitas 2 U

242

3 G AW

Connect2.2. of Tr.1 with 2.1 of tr2 and markitas 2 V
Connect2.2. of Tr.2 with 2.1 of tr.3 and markitas 2 W
Connect 1U, 1V, 1W to ICTP switch S1.

Connect a volmeter 0-500V across 1U and 1V.
Connect a voltmeter 0-300V across 2U and 2V.

Close the switch S1 and Note down the primary line
voltage and secondary line voltage intabular column
under Delta-Delta connection.



7 Calculate the ratic of secondary line voltage and
primary line voltage. Compare the values with
Theoretical values.

TASK 2 : Connect in star-star connection

1 Connect any three similar ends of primary winding
together. Say connect 1.2 of Tr1, 1.2 of Tr.2, 1.2 of
Tr.3 together and mark the junction as 1N. (Fig 2)

2 Mark1.1of Tr1 as 1U,1.10of Tr2 as 1V and 1.1 of
Tr3as 1W

3 Connectany three similar ends of secondary winding
together. Say connect 2.2 of Tr.1, 2.2 of Tr. 2, 2.2 of
Tr.3together and mark the junction as 2N as shown in
circuit 2.

4 Mark21ofTr1as2U, 21ifTr2as2Vand2.10ofTr.3
as 2W.

5 Repeatthe steps 3,4,5,6,7 of Task 1.

TASK 3 : Connect in star-delta connection

1 Connect three similar terminals of the primary
windings together. Say connect 1.2 of Tr.1, 1.2 of Tr.2,
1.2 of Tr.3 and mark the junction as 1N. As shown in
Fig 3.

Mark 1.1 of Tr1 as 1U1.1 of Tr2 as 1V and 1.1 of
Tr3 as 1W

Connect the dissimilar terminals of the secondary
windings.

Connect 2.1. of Tr.1 with 2.2 of tr3 and mark it as 2 U

Connect 2.2. of Tr.1 with 2.1 of tr2 and markitas 2 V

Connect 2.2. of Tr.2 with 2.1 of tr3 and mark it as 2 W
4 Repeatsteps 3, 4, 5, 6, 7 of Task 1.
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TASK 4 : To connect in deltastar connection

1

Connect the dissimilar terminals of the primary
windings as follows. (Fig 4)

Connect1.1. of Tr.1 with 1.2 of tr3 and markit as 1 L
Connect1.2. of Te1 with 1.1 aftr2 and mark itas 1%

Connect 1.2, of Tr2 with 1.1 of tt.3 and mark it as
1 W

Connect the three similar terminals of secondary
windingstogether. Sayconnect 2.2 of Tr.1 2.2 0f Tr2,
2.2 af Tr3 and mark the junction as 2M as shown in
Fig4.

hark2 1 of Tr.1 ag2U 21 of Tr2 as 2% and 2.1 of Tr.3
as 2V

Fepeat steps3 455 7 of Task1.

Voltage ratio of each transformer K =.......

I.‘I"“Iﬂt‘l """"'""ll.t LR TnmaaaF 1
nu. LY oW mr:-h'_nUh
2 ~eovf
”'-—-uwg!
onEl

Tabular Column

Line Voltage Ration

Line Voltage Ration

Type of Connection|  Primary Secondary {Theoretical)
Line Line
Vo Itage "Jultage =Secundar:,r Line Voltage

Primary Line Voltage
(Practical)

Delta-Delta

otar- Star

otar- Star

Delta- Star '

If a3 single phase transformer is available with six secondary terminals brought out then follow the
same procedure as given in above tasks with the following given terminal markings.

Transformer Windings 1 Transformer Windings2 Transformer Windings 3
Starting Ending Starting Ending =tarting Ending
Primary (HT) 1.1 1.2U 1.1% 12% 1.1 1.2y
Secondary (LT) 21U 22U 21 22 2.1 22V
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Power

Electrician - Transformers

Exercise 1.12.104

Perform testing of transformer oil

O bjectives: o the end ofthis exercize you shall be ableto

= conduct field test on the transformer oil
= conduct crac kletest on transformer oil

= connect diel ectric test on thetransformer oil usirg standard test set.

(=] 2 =]

LS
Scan the OF Code to wem
the wWdeo for this exercise

Requirements

Toolshstuments E quipmentsMachines

= Glasstumbler -1 M. = Standard transfonmer oil te g kit with

* Pipete -1 Mo, it's accesories -1 Mo,

= 200mm dia. metal tub e with one = Electic heater 1 000 watt=250% -1 Mo,

side closing -1 Mo. Material

= Insulsted piler 1 Mo, Ll _

= 100mm connedaor screvvdriver -1 Ma. = =Emplestransfamer ail

*  Double end electrician knife -1 Mo, (differert samples) - as reqo.
= Digtilled water - azregd.

PROCEDURE

TaASK 1 Conduct field test

1

Colled & glasstumbler, pipette, cil zample and distilled
water onthe work bench.

Fill the glasstumbler with the digilled water to Z/4th
lesae].

Take a zample drop oftransform et oil through 5 pipette
and drop a single droponthe didilled water.

Ohzerve, the field of the oil surface and record the
field diameter and shape.

a The shape oftheoil drop ..
b The diafarthe field ...

c Condtion ofail ..goodbad .

If the shape of drops retained, the oil is good
if the shape isflattened and the drop occupies
the area of diameter less than 18mim, the oil
may be used. If it is more, it iz not suitable
and it hasto be reconditioned

Ta=K 2 Conduct Crackie test

1

TAZH 3 To conduct dielectric test with oil testing kit

1

Colled, steeltube, heater and a sample of ransformet
il

Hest the doss end of steel tube,
Four the oil sample intothe tube.

Takethe open end ofthe tubetothe ear and hear the
ound.

Examine the oil testing =&t and read the instrudions
given bythe manutadurer. (Fig 1)

Take a sample of the transformer oil in a clean,
tranzparent and dry glass bottle. 1f there is & drain
valvetak ethe sample from the drain valwe.

Ifit iz not possible to take the zam ple from the drain
valve thenthe sample may be drawvn by syphoning off
friam the conse reator tank .

5 Eecordthe sound heard.
a soundheard ...
b The condition ofthe il iz .
Iif the oil contains moisture, a sharp crackle
sound will be heard. Dy oil will only =sizAde.
3 Take stlead three samples in three bottle s from the

tranztormer to conduct atleast three tests,

Clean the gandard test cup by washing it with dean

oiland adjust the gap ofthe eledrodes in such & way
that it should be of 4 mm.

Measure the gap by the calibrated gauge,
whi ch isusually supplied with the equipment.
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Fig 1
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11 Raise the voltage until the final breakdown of the oil.
The circuit breaker will get tripped. Simultaneously
watch the voltmeter and note the readings of the
breakdown voltage. (Fig 2)

Fig2

230V
SUPPLY

D

ELNZT112H2

After sparking the oil nearthe electrode will turn black
in colour.

12 Repeatthe steps 5 to 11 with oil in the second sample.

Note that the breakdown voltage of the first
and second samples should be approximately

equal.

13 Prepare the test for the third sample.

14 Conduct the test by increasing the test voltage up 40
KV.

15 Apply the test voltage for about one minute and ocbserve
that there is no sparking.

Mote that good oil should withstand 40 k¥ for one
minute.

Conclusion

5 Fill the cup with a sample of cil to be tested 1 cm
above the electrodes or the marked level on the cup.

6 Close the cup with a clean cover and allow 5 minutes
for the oil to settle so that all air bubbles may disappear.

7 Make sure that the test area is clear of all the other
persons.

8 Setvoltage regulation at zero position.
9 Switch 'ON’ the supply.

10 Raise the voltage gradually from zero so that the full
voltage is reached within 20 to 30 seconds.

It is quite possible that a spark may occurat a
very early stage i.e even 20 kV due to some
extraneous matter like microscopic strands of
cotton, dust etc. which have a tendency to get
aligned along the strong electrostatic field in
the spark gap. It may burn out and may not
affect the test.

Since the water is heavier than oil, it settles
down at the bottom of the tank.

16 If the tested oil is in good condition, fill this oil in the
transformer tank up to the oil level marked onthe body
of the transformer tank.
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Power
Electrician - Transformers Exercise 1.12.105

Practice on winding of small transfermer

Objectives: 2t the end ofthiz exercize you shall be ableto
» dismantle the ransfonmer ¢ ores
= measure and determine the size of winding wire for primary and secondany winding

= take the dimensions of a bobbin and prepare the bobbin from suitable materials A
= wind the primarny and secondary windings layer by layer ol ek
= stack the cores and fasten them Sesrthie DR Do t'; S
» terminate the winding end in a terminal board T T R
= test the transformer for insulation, transformation ratio and performanc e
= de&ign a transformer when power and uuﬂ:age natings are known.
Requirements
Toosinstrument s Materals
= Soissorsi1S0mm -1 Mo. = Super-snamelled coppersires - &3 regd.
= Steel rule 300 mm -1 Mo, = Empiresleeves 1 mm, 2mm -1 m each
= Firmer chizel 20 mm -1 Mo. = Ajr-dryvarnish -100ml.
= Hammerballpein 0.5ky -1 Mo. = Reszin-core solder 16 SV -10G
= |ron soldering 2500, 2408 -1 Mo. = Solderingpaste -5
= [DE szpanner & mm to 25 mm -1 Mo, = Smodthemery paper -1 piece
= Mallet hardwood 0.5 kg -1 Mo, =  Fabrichazed fibre sheet
= Mylonmallet S om dia. -1 Mo, and & mim thick -3mm
= DB Knife 100mm -1 Mo. = Cotton cloth for cleaning - 500zo.cm
= |maulation papers - a3 regd.
PROCEDURE
TAZHK 1 : Dismantling the transfommer for rewinding
1 Motedownthe name plate details in Table 1. 2 Remowe the clam pz attached tothe core,
2 Drawthe end connection terminal marking of the 6 Gentlytapthe transformer core with a ndon mallet so
transformer in your record. that the core gets loosened.
3 De-zolderthe leads and removethe terminal ghps if 7 REemovethe stampings garting from the centre of the
they are sttached to the core. core using Hylam Mkre knife
4 Loosenthe nutzofthe core aszemblyand rem ove the In the case of hard stacked stamping,
screwe it any. occasionally use a thinner to loosen the
stamping.
Tahle

Transformer raring plate

Moof Phazes ... SlMa.

WA rating ... Freguency ...
Primaryvoltage............ volt Secondary soltage........ vl
Primary current. .......... amp secondary currert.......... amp
= T =T = e
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11 Strip off the winding carefully. During the stripping

i a metal Knife Is lised fo femove the tight process record all the particulars in Table 4.

and sticky stampings, care should be taken not
to damage the stampings.While stripping the
core see that the stampings are taken out
straight without bends.

12 Draw the schematic diagram of the primary and
secondary sides of the transformer from the above
findings in your record.

8 Remove all the stampings and record the following in 13 Cleanthe bobbin, write down the bobbin particulars in

Table 2.
Table 2

Core details

Table 5 for your guidance.

The same bobbin can be used if it is not
damaged.

TYPE: BF BOME: v e s

No.of stampings of shape............. NG Fig 1

No. of . stamping of shape............. NG

9 Wipe the bobbin and winding with a cloth.

10 Record the dimensions of the coil in Table 3 with and
without insulation and prepare a template to check

the winding's height and length.
Table 3
Size of the coil > <
Bescrptien inqu:tiitgn invsvliltll:t)il:)tn Remarks ! I
Coilheight | ... GIm | e cm. %
Coil height | ......... cm. | ... cm.
Table 4
Winding details
Total No. of winding/fturns .....................
Motellayers
No. of turns/layer ....................
Layer insulation Type ............... Thickness ... mm.
With Without Wt.of
Insulation Insulation thecoil
Primary winding
1 stTapping, No. of turns ... diameterofwire | ... mm. | mm [ g
2ndTapping, No. of turns .. diameter of wire | ... mm. | mm [ . g
3rd Tapping, No. of turns ... diameter of wire | ... REFAS N [ mm [ g
Secondary winding
Winding 1, No. of turns ... .diameter of wire | ... mm. | mm [ g
Winding 2, No. of turns .. diameter of wire | ... mm. | mm [ g
Winding 3, No. of turns ... diameter of wire | ... mm. | mm [ g
Coil insulation - type .......... thickness .......... mm.
Connecting lead ................ size
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Table 5

Bobbin details

1 Typeofbobbin.. ... Injection moulded/Built up

2 Bobbin material ............. Thickness ....... mm.

3 Length of the bobbinL....mm, L....mm, L, ...

4 Width of the bobbin W....... mm, W........ mm, W,.........
5 Height of the bobbin H ... mm, H,....... mm, H, ...

TASK 2 : Preparation of bobbin

1 Referring to the data taken in Table 5 and as per Fig 1,
prepare the bobbin parts from a hylam/fibre sheet of
the same thinckness. (Fig 2)

Bobbin parts of standard sizes are also
available in the market which can be
assembled to form the bobbin.

2 Assemble the parts of the bobbin as shown in Fig 2
which is given for your guidance.

3 Checkthe size of the assembled bobbin and verify it
with the data taken and recorded in Table 5.

In the case of an injuction moulded bobbin it
can be purchased from the market assuming
itis of standard size.

TASK 3 . Rewinding of transformer

1 Prepare/select a suitable mandrel for the prepared
bobbin as shown in Fig 3 depending upon the design
of the winding machines.

Fig 3

ELN27113H3
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Clamp the mandrel/wooden block in the winding
machine.

See to it that while clamping the mandrel
under no circumstances the work becomes
loose during winding.

Fit the bobbin tightly to the mandrel of the winding
machine with the help of fasteners as the bobbin must
turn along with the mandrel without play. (Fig 4).

Adjust the feed of the winding machine to suit the
selected winding wire size by friction drive or by
changing the gear as shown in number 1 of Figs 5 and
6.

Adjust the transverse feed of the winding machine
guides such that the length of the inner side of the
bobbin so as to maintain the length of the coil as in
the original. Refer to number 2 of Figs 5 and 6. You
may need several trials before final setting.

Place one layer of paper or cloth as core insulation on
the bobbin smoothly without crease.
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Fig 4

ELN2T113H5

8 Start and continue the winding layer by layer providing

the necessary in-between insulation and specified
number of turms in each layer as per data taken in
Table 4.

9 Afterthe designated number of turns are wound, solder

the end lead and take it out through the bobbin flange
outlet.

If a coil has a number of taps of winding, never
cut the wire. Instead fold the length into a long
loop and carry the wire to continue the
winding. The looped wire can then be bared

and connected outside the coil.

ELN27113H8

ELM27113H7

10 After inspecting the primary winding, wrap the winding
as shown in Fig 7 with sufficient insulation according
to the data taken in Table 4.

11 Select a suitable secondary winding wire as shownin
the data taken in Table 4 and proceed as in steps 4
to 7.

12 Atthe end of the winding, wrap and bind the insulation
on the winding tightly.

13 Inspect the coil for proper termination of lead and
check the size by using a template and data taken in
Table 3.

14 Test the windings for continuity and short circuit.

If winding data is not available or a new transformer
has to be designed and wound.

If the winding wire thickness is sufficiently
large, soldering of connecting lead wire is not
necessary.

7 Start the winding and complete atleast one layer to
check whether the coil length is well within the bobbin
as in the original. If not, readjust the transverse feed.

Fig7

ELN2T113H9

Adjacent turns of the winding wire should not
overlap or have a gap in between them. if

incorrect, readjust the feed.

TASK 4 : Stacking of transformer cores (E & I)

1 Insertan ‘E’ lamination into the bobbin from both sides
as shown in Fig 8a.

2 Place the right hand side (R.H.S.) laminations below
the one inserted from the left hand side (L. H.S.).

3 Place an'l’ lamination to the free end of the L. H.S. ‘E’
piece as in Fig 8b.

Ensure thatthe slotinthe 'I' is above the corresponding
slot inthe R.H.8. ‘E’ lamination.
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ELN27113HA

Fig10

ELN27113HC

The laminated assembly should be flush and
lying flat.

Insert the second ‘E’ shaped laminations from the
opposite side.

Ensure that it fits snugly against the bobbin.

Place an ‘I’ shaped lamination in position.

Ensure that it lies flat on the first “E”
lamination.

8 Push the fixing bolts through the clamp plates.
9 Use the specified fasteners and tighten the assembly.

10 Varnish the transformer by dipping inan air-dry varnish
and drain it.

11 Fit the specified insulating sleeves over the lead-out
wires.

12 Obtain the specified terminal board and pass each
lead-out through the specified hole.

Ensure that all the sleeved leads are correclty
positioned.

Check that all the sleeved leads terminate at
each hole i.e. no bare leads should be visible

in the terminal board.

Likewise insert the laminations alternately without any
gap as shown in Fig 9.

Fig9

ELM27113HB

Ensre that when all of the specified quantity
of laminations are inserted, the assembly has
the right dimension, from loose laminations
and correct interpolated laminations.

Fit both top and bottom clamp plates on the assembly
as inthe original. (Fig 10)

Pay particular attention to align the core slots
in the laminations.

Ensure that the fixing bolts can be easily
inserted.

13 Place the terminal board in position as shown in
Fig 11.

14 Secure the terminal board with the specified studs.

15 Check that no leads have been trapped between the
terminal board and the core.

16 Make the specified mechanical joint between each lead-
out wire and its soldering tag.

17 Solder each joint and cut off the surplus wire ends as
seenin Fig 11.

Fig 11
SOLDERING TAG

ELN27113HD
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TASK 5 : Testing of transformer after winding

1

Test the primary and secondary windings for continuity
with a megger.

Measure and record the primary and secondary
winding resistance in Table 6.

Table 6
Transformer winding resistance
Primary resistance ................. ohm
Secondary 1 resistance ................ ohm
Secondary 2 resistance ................. ohm
Secondary 3 resistance ... ohm

Measure and record the insulation resistance, between
windings and frame in Table?.

Table 7

Insulation resistance between

Primary & secondary windings ................ megohm
Secondary windings ... megohm

{in case of seperate windings)

Windings and frame ... megohm

252

Connect the primary winding of the transformer with
the rated voltage. Keeping the secondary open, test
the primary and the secondary voltage. Record the
finding in Table 8.

Table 8
No-load measurement
Primary voltage ............... volt
Secondary voltage
1 volt
2 R — volt
L RRRRETR S volt

Observe for vibration sound of the core. Ifitis abnormal,
tighten the stampings, also check for tightness of the
coil.

Connect the transformer with suitable load so that full
load current passes through the secondary, and record
the voltage and current at load in Table 9.

Table @

Load measurement

Primary voltage .............. volt
Primary current................ amp
Secondaryvoltage ........... volt
Primary current................ amp

Keep the transformer on full load for eight hours
continously. Observe the change intemperature of the
winding and core by touching. If the temperature raise
is within the class of insulation, the transformer is O.K.
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Power
Electrician - Transformers

Exercise 1.12.106

Practice of general maintenance of transformer

Objectives: At the end of this exercise you shall be able to
» carry out hourly maintenance of transformer
» carry out daily maintenance of trasformer.

Requirements
Tools/Instruments Materials
+ Electrician tool kit -1 No. + ltems requiredfor reactivating silica gel.

Spare relief diaphragm.

procedures.

Note: The instructor may take the trainess to the transformer yard and demonstrate the maintenance

PROCEDURE
TASK 1 : Carry hourly maintenance

1 Note down the secondary load current of the transformer
read by the ammeter provided.

2 Check this value with the rated value as per name

plate details. 4

3 If the load current is more than the rated value then
reduce the load on transformer by the following

sequence. 5

a Trip off the circuit breaker

b Switch off the load feeders which are not very
essential

¢ Againcharge and switch on the circuit breaker.

Record the values of primary line voltage and line
current and secondary line voltage and line current
and PF inTable 1.

Note down the oil temperature which is indicated by
thermostat dial or thermometer in Table 1.

Table1
Maintenance chart for hourly maintenance of 3¢ transfomer
Primary Secondary Secondary
sl. | Date & Line Voltage Line Voltage Current Power il Remarks
He.. | Time Phases | Voltage PHasas Voltage Phasas Current Factor Jemp
{\) {\) in Amps

1 -1V 2U-2V 20U

2 IV-1W 2V - 2W 2V

3 IW-1U 2W-2U 2W

TASK 2 : Carry out daily maintenance of transformer

1 Inspect the dehydrating breather, by following
sequence.

a Check whether the air passages are clear, if not
clean it

b Check the colour of the active agent i.e. silicagel

¢ |If the silicagel is pink in colour, reactivate it in
following sequence.

2 Collect the sillica gel crystals in a shallow tray and

brake them at 200°C.

3 When the crystals become blue in colour, fill the

breather with reactivated blue crystals.
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Inspect the oil level in the transformer.

Observe the conservator sight glass and check the
oil level of the transformer.

If the oil level is low, top up the level through drain
value by filling clean transformer oil.

If the cil level drops appreciably over a short period,
then check the tank for any oil leakage.

8 Ifthereis aleakinthe transformer tank, take suitable
actions to prevent leakage by consulting the instructor.

9 Inspect the relief diaphragm.

10 Observe the explosion vent of the transformer and
check the condition of relief diaphragm and record the

observations in Table 2.

11 If it is cracked or broken replace it after isolating the
primary supply to the transformer.

Table 2

Maintenance chart for daily maintenance of 3¢ oil cooled transfomer

Date

Time

Qil level Colour of
Silicagel

Condition of
relief diaphragm

Remarks
action taken
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Fruje-:t Work

Objectives: The TraineesP aticipants shall be ahleto
= seect a project work of their choice

= prepare the list of materials required and collect them

= |ist out the tools required
= prepare a brief note on the project

= complete the project and submit the project report with all the details.

Hote: Instructor has to explain in detail
regarding the project works to be camied out
in the section. The trainees may be divided in
groups according to the strength available in
section and give all details howto prepareand
finish the work with complete workmanship
and accuracy.

= Sieptostad and followthe projed work

= potivate the group by emphasising the technical work

involved and its future influences.

= Divide the work egually and make sure in yvoke

participating with fullinterest,

= Start the project work, test it stage by stage and

complete i.

= Ted the completed project job for its fundionality and

it uility.

= Prepare a project report containing itz technical
paraneters, specification, matetial requirement and its
cod, operational procedure, maintenance | utility and

marketing ete.

= |ndicate the scope of fulure exjmans on, essy consversion

toather project for advanced version inthe repott.

et it checked with vour ingtructor,

The projedt should complete with all operational
ingdructions and carry necessary procedure swith
andtches, controls, labels, symbals etc,

Saktydeviceshasto beplaced according to the project
and it functions.

Mairtenance and repair instructions should be
indicated deary.

Hote: Instructor has to evaluatethe project work
with all records and reports. Marks to be
awarded for the project working, accuracy,
workmmanship, safety features and its work
performmance related to the viva questions.

Project work

1

&
3
4
3

CweHoad protection of eledrical equipment.
Automatic contral of street lightinight lamp.
Fuze and power faillre indicator using relays.
Door alarm Andicator.

D ecorative light with eledrical lasher.

Scan the OF Code to wean
the wdeo for this exercize
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