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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 (ITIs) play a vital role in this process especially in terms of providing skilled manpower.
Keeping this in mind, and for providing the current industry relevant skill training to Trainees, ITI syllabus
has been recently updated with the help of Mentor Councils comprising various stakeholder's viz. Industries,
Entrepreneurs, Academicians and representatives from [Tls.

The National Instructional Media Institute (NIMI), Chennai, an autonomous body under the Directorate
General of Training (DGT), 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 Theory - NSQF Level - 4 {Revised 2022) in Power Sector under Annual Pattern. The
NSQF Level - 4 (Revised 2022) Trade Theory 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 | Tls, 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
far their contribution in bringing out this publication.

JaiHind

SHRI. ATUL KUMAR TIWARI., l.A.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 Directorate
General of Training, Ministry of Skill Development and Entrepreneurship) Government of India, with technical
assistance from the Govt. of the Federal Republic of Germany. The prime objective of this institute is to
develop and provide instructional materials for various trades as per the prescribed syllabi NSQF Level| - 4
(Revised 2022) 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 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
atrainee. The wall charts and transparencies are unique, as they not only help the instructor to effectively
present a topic but also help himto assess the trainee's understanding. The instructor guide enables the
instructor to plan his schedule of instruction, plan the raw material requirements, day to day lessons and
demonstrations.

IMPs also deals with the complex skills reguired 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 (IMF) 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 manualfortrade practical isintendedfor use inthe ITI workshop. Itconsists 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 assist the trainees in performing the exercise. The exercises are designed
to ensure that all the skills prescribed inthe syllabus are coveredincluding the allied trades. The syllabus forthe 1
Year Electrician Trade under Power Sector Trade Practical is divided into Twelve Modules. The allocation of time
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 - Magnetism and Capacitors 50Hrs
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 75 Hrs
Module12-Transformers 7o Hrs
Total Hrs " 840Hrs

Thesyllabus andthe contentinthe modules are interlinked. 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 properteachingand 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 5 working days 100 hours of
practical per month is available.

Contents of Trade Practical

The procedure for workingthroughthe 106 exercisesfor the 1 Yearwiththe specific objectives as the learning out
comes at the end of each exercise is given is this book

The skillobjectives andtools/instruments, equipment/machines and materials requiredto 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 support the related theory to make the trainees get hands ontrainning inthe Electrician
trade along with the relevant cognitive skills appropriate for the level. A minimum number of projects have been
included to make the training more effective and develop attitude toworkinateam. Pictorial, schematic, wiringand
circuitdiagrams have been included inthe exercises, wherever necessary, to assistthe trainees broadentheirviews.
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 procedures to be followed
for completing the exercisesis also given. Different forms of intermediate test questions have beenincludedinthe
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 ontrade practical forms part of the Written Instructional Material (WIM). Which includes manual on
trade theory and assignmentfest.
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CONTENTS

Lesson No. Title of the Lesson Learning Page. No.
outcome
Module 1: Safety practice and hand tools
1.1.01 Organization of ITI's and scope of the electriciantrade 1 1
1.1.0281.1.03 [ Safety rules - Safety signs - Hazards )
L (QR Code Pg. No.3) * y 3
1.1.04&1.1.05 i Fire - Types - Extinguishers )
| (QR Code Pg. No.6) * y 6
1.1.06 &1.1.07 " Rescue operations - First aid treatment - Artificial )
. respiration (QR Code Pg. No.9) * ) 9
s ™
1.1.08 L Disposal of waste material (QR Code Pg. No.12) * ) 12
1.1.09 ( Personal Protective Equipment (QR Code Pg. No.14) * j 14
1.1.10 ( Guidelines for cleanliness of workshop and F
L maintenance (QR Code Pg. No.18) * b 18
1.1.11-16 " Trade hand tools - specification - standards - F)
NEC code 2011 - lifting of heavy loads
| (QR Code Pg. No.20) * y 20
Module 2: Wires, Joints - Soldering - U.G. Cables
1.2.17-1.2.19 " Fundamental of electricity - conductors -insulators - h
wire size measurement-crimping (QR Code Pg. No.29) *, 2 29
12.20-1.222 [ Wire joints - Types - Soldering methods )
| (QR Code Pg. No.43) * y 43
1.223-1.226 Under ground (UG) cables - construction - materials - types
- joints - testing 48
Module 3: Basic Electrical Practice
1.3.27 ~ Ohm's law - simple electrical circuits and problems )
_(QR Code Pg. No.54) * y 3 54
1.3.28 Kirchhoff's law and its applications a7
1.3.29&1.3.30 DC series and parallel circuits o8
1.3.31&1.3.32 Open and short circuit in series and parallel network 61
1.3.33 Laws of resistance and various types of resistors 64
1.3.34 Wheatstone bridge - principle and its application 69
1.3.35&1.3.36 Effect of variation of temperature on resistance 70
1.3.37 Series and parallel combination circuit 72
Module 4: Magnetism and Capacitors
1.4.38 Magnetic terms, magnetic material and properties of magnet 3 73
1.4.39&1.4.40 Principles and laws of electro magnetism 76
1.4.41&1.442 The magnetic circuits - self and mutually induced emfs 77
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(" Lesson No. Title of the Lesson Learning Page. No. b
outcome
1.4.43&1.4.44 Capacitors - types -functions, grouping and uses h
[ (OR Code Pg. No.80) * ) 80
Module 5: AC Circuits
1.5.45 Alternating current-terms & definitions-vector diagrams 3 85
1.5.46 Series resonance circuit 9r
1.5.47 R-L, R-Cand R-L-C parallel circuits 9
1.5.48 Parallel resonance circuits 102
1.5.49 (" Power, energy and power factor in AC single
9 phase system - Problems (QR Code Pg. No.104) * r 104
1.5.50 &1.5.51 Powerfactor - Improvement of power factor 108
1.552-1.5.56 3-Phase ACfundamentals 110
Module 6: Cells and Batteries
1.6.57 ( Primary cells and secondary cells h
\_ (GR Code Pg. No.120)" ) 4 120
1.6.58 ( Grouping of cells (QR Code Pg. No.127)" ) 127
1.6.59 ( Battery charging method - Battery charger \
__(QR Code Pg. No.128)" | 128
1.6.60 (" Care and maintenance of batteries A
| (QRCodePg. No.130)* ) 130
1.6.61 Solar cells 131
Module 7: Basic wiring practice
1.7.62 B.1.S. Symbols used for electrical accessories ) 132
1763 Principle of laying out of domestic wiring 149
1.764&1.7.65 Test board, Extension board and colour code of cables 156
1.7.66-1.7.68 Special wiring circuits - Tunnel, corridor, godown and
hostel wiring 166
Module 8: Wiring Installation and Earthing
1.8.69 Main board with MCB DB Switch and fuse box 5 168
1.8.70 MNE code of practice and IE Rules for mounting energy
meter board 171
1.871-18.73 Estimation of load, cable size, bill of material and cost
for a wiring installation 172
1.8.74 é Testing a domestic wiring installation - location oP
L faults - Remedies (QR Code Pg. No.1 78)* P 178
1.875-18.77 Earthing - Types - Terms - Megger - Earth resistance 6
Tester 181
Module 9: lllumination
1.9.78 Numinationterms - Laws 7 188
1.9.79 Low voltage lamps - different wattage lamps in series 180
1.9.80 Construction details of various lamps 191
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4 Lesson No. Title of the Lesson Learning Page. No.
outcome
1.9.81 Lighting for decoration - Serial set design - Flasher 201
1.982 Show case lights and fittings - calculation of lumens
efficiency 203
Module 10: Measuring Instruments
1.10.83 Instruments - Scales - Classfication - Forces - MC
and M| meter 8 205
1.10.84 Wattmeters 215
1.10.85&1.10.86 3-phase Wattmeter 27
1.10.87 Tong - tester (clamp - on ammeter) 233
1.10.88&1.10.89 Smartmeters - Automaticmeter reading - supply
requirements 235
1.10.90-1.10.92 Extension of range of MC voltmeters - lcading effect 9
-voltage drop effect 236
Module 11: Domestic appliances
1.11.93,948 97 [ Concept of Neutral and Earth - Cooking range h
L (QR Code Pg. No.241) * b 10 24
1.11.95 Heating element, heater/immersion heater, electric stove
and hot plate 10 253
1.11.96 Food mixer 205
Module 12: Transformer
1.12.98 Transformer - Principle - Classification - EMF Equation 11 260
1.12.99 & 100 Transformer losses - OC and SC test - efficiency
-Voltage Regulation 271
112101 Parallel operation of two single phase transformers 275
1.12.102 & 103 Three Phasetransformer - Connections 278
1.12.104 (Cooling of transformer - Transformer oil and testing )
(QR Code Pg. No.283) * p 283
1.12.105 ”Small transformer winding - Winding machine
| (QR Code Pg. No.287) * ) 287
1.12.106 General maintenance of three-phase transformers 290
Project work 292
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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 an appropriate accuracy as per drawing following
safety precautions. (NOS: PSS/N2001) 1.1.01-1.1.16
2 Prepare electrical wire joints, carry out soldering, crimping and measure
insulation resistance of underground cable. (NOS: PSS/N0108) 1.217-1.2726
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
) Estimate, Assembile, install and test wiring system. (NOS: PSS/N6001) 1.762-1874
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) 1.978-1982
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 Plan and carry out installation, fault detection and repairing of domestic
appliances. (NOS: PSS/N6003) 1.11.93-1.11.97
il Executetesting, evaluate performance and maintenance oftransformer.
(NOS: PSS/N2406, PSS/N2407) 1.12.98-1.12.106
NOTE :

« ITI students can obtain certificate of competency (Trade license) from respective
Labour/ Industries department under State/ UT Govt.

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




SYLLABUS

Duration

Reference
Learning
Outcome

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.)

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

Types and working of fire extinguish-

2. Identify safety symbols and hazards. | ers. (03 hrs.)
(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.)
6. Practice elementary firstaid. (02hrs.) |First aid safety practice.
7. Rescue a person and practice artificial | Hazard identification and prevention.
TERplELen. (D1kS.) Personal safety and factory safety.
8. EC))|1SE|osaI procedure of waste materials. Response to emergencies e.g.
(e power failure, system failure and fire
9. Use of personal protective equipment. |etc. (03 hrs.)

(O1hrs.)

10. Practice on cleanliness and procedure
to maintain it. (02 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-
tion and 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/NO108)

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. (O6Hrs.)

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

Conductors and insulators.

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

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

Joints in electrical conductors.

Techniques of soldering.

(i)



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

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

~

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.)

28. 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/N6001,
PSS/N6003)

27 Practice on measurement of param-
eters in combinational electrical circuit
by applying Chm'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. (03Hrs.)

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

37 Verify the characteristics of series
parallel combination of resistors.
(03Hrs.)

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 plct the field
of a magnet bar. (05Hrs.)

39.Wind a solenoid and determine the
magnetic effect of electric current.
(OSHrs.)

Magnetic terms, magnetic materialg
and properties of magnet.

Principles and laws of electro-mag-
netism.

Self and mutually induced EMFs.
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40. Determine direction of induced emf
and current. (03hrs.)

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. Identify various types of capacitors,
charging / discharging and testing.
(05 Hrs.)

44 Groupthe 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.
(0BHrs.)

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. (O8Hrs.)

50. 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.)

52. Ascertain use of neutral by identifying
wires of a 3-phase 4 wire system and
find the phase sequence using phase
sequence meter. (07Hrs.)

53. Determine effect of broken neutral wire
in three phase four wire system.({04hrs.)

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

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

56. Measure current and voltage of two
phases in case of one phase is short-
circuited in three 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, currentand
power in a 3 phase circuits with
balanced and unbalanced load.

Phase sequence meter. (10 hrs.)
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Professional
Skill 50 Hrs.;

Professional
Knowledge 10
Hrs.

Install, test and main,
tenance of batteries
and solar cell.

{NOS: PSS/N6001)

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

58. Practice on grouping of 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 cof 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 operation of solar cell.
(10 Hrs))

-

Professional
Skill 200 Hrs.;

Professional
Knowledge 42
Hrs.

Estimate, Assemble,
install and test wiring
system.

{NOS: PSS/N6001)

62 |dentify 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. Draw layouts and practice in PVC
Casing-capping, Conduit wiring with
minimurm 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, Communication and
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-
tionfuse box. (15 Hrs.)

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

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

Estimation of load, 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.)
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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.)

78. 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. (5 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.

[llumination 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 circuitse.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. Demonstrate 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.)

(xv)




[ 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 method. (8
hrs)

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

Errors and corrections in measure-
ment.

Loading effect of voltmeter and 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. cooking range, geyser, wash-
ing machine and pump set. (25 Hrs.)

94 Service and repair of electric iron,

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

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

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

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 operation
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.

Turnratio 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, (i) delta-star, (iii) star-star,

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

104Perform testing of transformer oil. (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.

(06 Hrs.)

(evi)
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Related Theory for Exercise 1.1.01

Electrician - Safety Practice and Hand Tools

Organization of ITI’s and scope of the electrician trade

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

» state brief introduction about Industrial Training Institutes (ITI)

» state about the organized structure of the Institute.

Brief Introduction of Industrial Training Institute (ITls)

Industrial Training Institute plays a vital role in economy of
the country, especially interms of providing skilled
Manpower.

The Directorate General of Training (DGT) comes under
Ministry of Skill Development and Entrepreneurship
{MSDE) offers a range of vocational training trades in
different sectors based on economy flabour market. The
vocational training programs are delivered under the aegis
of National Council of Vocational Training (NCVT).
Craftsman Training scheme (CTS) and Apprenticeship
Training Scheme (ATS) and two pioneer programs of NCVT
for Propagatory Vocational Training.

They are giving training about 132 trades including
Engineering and Non-engineering with the duration of 1 or
2 years. The minimum eligibility for admission in ITls 8th,
10th and 12th pass with respect to the trades and admission
process will be held in every year.

At the end of each year, All India Trade Test (AITT) will be
conducted in multiple choice type questions. After passing,
National trade certificates (NTC), will be issued by DGT
which is authorized and recognized internationally. In 2017,
for some trades they have introduced and implemented

Scope of the electrician trade

National Skill Qualification Frame work (NSQF) with
Level 4and Level 5.

After finishing instructional training with 'NTC' certificate,
they have to undergo Apprenticeship training (AT S) for one
or two year in respective trades under the Apprentice ACT
1961, invarious government and private establishments
with stipend. Atthe end of the Apprenticeship training, All
India Apprentice Test will be conducted and apprentice
certificate will be issued. They can get job opportunities in
private or government establishment in India/Abroad or they
can start small scale industries in manufacturing or in
service sector with subsidiary government loan.

Organizational Structure of ITls : In most of the ITls,
the head of the institute is the principal under him one
vice-principal (VP). then Training Officers (TO)Group
Instructors (Gl) who are the management and supervisory
staff. Then Assistant Training Officers(ATO), Junior Training
Officer (JTO), and Vocational Instructors (V) are under
Training officers for each trade and for Workshop
calculations, Engineering Drawing, Employability skills etc.
Administrative staff, Hostel Superintendent (H.S.) physical
Education Trainer (PET), Library incharge, Pharmacist,
etc. will be under the head of the Institution.

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

« explain the duties of electrician general and electrical fitter and their NCO

» state the key skills and carrier pathway for electrician

* list out the job opportunities and self employment opportunities.

Welcome to the electrician trade : Electrician trade
under craftsman training scheme (CTS) is one of the most
popular trade delivered nationwide through the network of
[Tls. This trade is of two year duration.

It mainly consists of domainarea and core areas. In domain
area trade practical and trade theory and core area
workshop calculation and science, Engineering drawing
and employability skills which imparts soft and life skills.
There are two professional classification in electrician trade
based on Natiocnal Code of Occupation (NCO) as

i Electrician general (NCO - 2015 reference is 7411.0100)
i Electrical fitter (NCO - 2015 reference is 7412.0200)

Duties of Electrician - General and Electrical - Fitter,
Electrician - General installs, maintains and repairs
electrical machinery, equipment and fittings in factories,
workshops, power houses, business and residential
premises, etc. Studies drawings and other specifications

to determine electrical circuit, installation etc. Positions
and installs electrical motors, transformers, switchboards,
microphones, loud-speakers and other electrical
equipment, fittings and lighting fixtures. Makes connections
and solder terminals. Tests electrical installations and
equipment and locates faults using megger, test lamp etc.

Repairs or replaces defective wiring , burnt out fuses and
defective parts and keeps fittings and fixtures in working
order. may do armature winding, draw wires and cables
and do simple cable joining. May operate, attend and
maintain electrical motors, pumps etc. NCO - 2015
referenceis 7411.0100

Record class of work in which experienced such as factory,
power-house, ship etc., whether experienced in electrical
repairs or detecting faults, details of experience in electrical
equipment such as sound recording apparatus, air
purification plant, heating apparatus etc. whether used to
working do drawing, whether accustomed to high tension
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or low tension supply system and if in possession of
competency certificate issued under electricity act.

Electrical fitter fits and assembles electrical machinery
and equipment such as motors, transformers, generators,
switch gears, fans, etc., Studies drawings and wiring
diagrams of fittings, wiring and assembilies to be made.

Erects various equipment such as bus bars, panel board,
electrical post, fuse boxes switch gears, meters, relays
etc., using non-conductors, insulating and hoisting
equipment as necessary for receipt and distribution of
electrical current to feeder lines.

Record nature of work done; if specialized in repairing or
assembling any particular item such as generator, motor,
transformer, relays switchgear, domestic appliance etc. |
experience of working in power-house and distribution
centre and if in possession of electrician's competency
certificate

Key Skills of Electrician
After passing the electrician trade, they are able to

* Read andinterpret technical parameter documents, plan
and organic work process, identify necessary materials
and tools

+  Apply professional skill knowledge and employability
skills while performing jobs.

« Checking jobfassembly as per drawing for functioning,
identifying and rectifying errors in job/assembly.

+ Document the technical parameters related to the tasks
undertaken

Presently electrician syllabus again Revised and
sequentially structured by National Skill Qualification
Framework NSQF - level 5 and implemented from August
2017

Carrier Progress Pathways

After passing the electrician trade the trainee can appear
in 10+2 examination through National Institute of Open

Schooling (NIOS) for acquiring higher secondary certificate
and can go further for general Technical education.

+ Take admission in diploma course in notified branches
of engineering by lateral entry

+ Can jointhe apprenticeship training in different types
of industries and obtain National Apprenticeship
Certificate (NAC)

+ Eligible to obtain directly wireman 'B' license, which is
issued by the Electrical Licensing Board Authorities

Job Opportunities: There are good numbers of job
opportunities for an electrician

« Electrician in local electricity boards, railways,
Telephone department, airport and other government
and semi-government establishments

« Electrician in factories (Public/Private) Install, test and
maintain electrical equipment in auditorium and cinema
halls

+  Winder of electrical motors in winding shops
» Electrical appliances repairer in electrical shops.

+ Electrician to Install, service and maintain electrical
equipment and circuits in hotels, resorts hospitals and
flats

Self-employment opportunities

« Service centre for repairing electrical switch gearand
motors in rural and urban areas.

« Maintenance contractor of wiring installation in hotels/
resorts/hospitals/banks etc.

+ Manufacturer of sub-assembly for electrical panels
» Contractor for domestic wiring and industrial wiring
+ Service, maintain and repair of domestic appliances

+  Withanadded training inthe specified field can become
Audio/Radio/ TV Mechanic
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Power

Related Theory for Exercise 1.1.02803
Electrician - Safety Practice and Hand Tools

Safety rules - Safety signs - Hazards

Objectives: 2 the end of thiz les=on you shall be able to

= gxplain the necessity of adopting the safety rules

= liztthe safety rules to be followed by the electrician

Scanthe OR Codeto wiew
the wdeo for this exemise

= gxplain howto treat a person for el ectric shoc Kinjury.

H ecessity of safety nules: afety consciousnessizone
of the ezzential attitudes required for any job. & skilled
eledrician alvways should drive to form safe working
hahitz. Zafeworking habitzalways save men, money and
material. Unsafeworking hahitz always end upinloss of
productionandprofits, personal injury and evendesth. The
=3 fety hintz given belovwshould be followed by Eledrician
toawoid accidertz and electtical shockz azhizjobinwlves
& lot of occupational hazarnds.

The ligded satetyrules should be learnt, remembered and
pradized by every electrician. Here a electrician should
remember the famousz prover, “Electricily is a good
servant but a bad master™.

Safety nules
= Onlygualified persons should do electrical work.
= Do not work onlive circuits,

= |zewooden or P Y2 insulsted handle scresadrivers
shen working on eledrical drouits.

= When soldering, placethe hot solderng innnzintheir
dand.

= Replace or remove fusesonly ater switching offthe
circuit switches.

= zeextensioncordswithlampouardsto protectlamps
againzst breakage andto avoid com busible material
coming in contad with hot bulkbs.

=  |ze accessories like sockets, plugs, switches and
appliancesonly whenthey arein good condition andbe
auretheyhavethe mark of BIS (151, Necessity ofusing
BIZ(I= marked acce szofesizexplained under
gandardisation.

= Stand onrubber mats while working foperating zwitch
panelz, control gears et

= Position the ladder, on finn ground.

= Alasvsusesafety belswhile workingonpoles or high
Hze points.

= peserplaceyourhandzonany mosingpant of rotating
machine.

= Only aterident fringthe procedure ofoperst on, cperate
anymachine orapparatus.

= zealwayseathcornectionfor alleledr cal appliances
along st 3-pin sockets and plugs,

= While working ondead circuitzremove the fuse grips;
keepthem under safe custody andalsodizplay 'WMenon
line' board onthe switchboard.

= Do not connect earthing to the water pipe lines.

= Dizcharge gaticvoltage inHY linesfequipment and
capacitorsbetfore working onthem.

S afety practice - first aid
E lectric shock

We are awarethat the prime reasons for severity of shock
are the magnitude of current and duration of cortact. In
addition, te ather factors contribute tothe severity of shock
are;

= ageofperson

= hody resistance

= ot weaning insuaing foobaear or wearing wet totwear
= Weather condition

= et or dey floor

= Mainzvoltage etc.

| fazsigance is close at hand, send for medical aid, then
carty on with em ergency trestment.

| fyou are alone, proceed with thetreatment immediately.
i ake zure the sictim iz not in contad with the supply,
E ffects of electric shock

The effect of current at very low levels may only be an
unplessant tingling s=nsation, but this itzelf may be
sufficient to cause some perzons to lose their balance
and fall.

At higher levels of current the person receiving & shock
m &y be thrown off his feet and wil expedence zevere pain
and possibly minor burns at the point of contac,

At an excessive shock can alzo causs burning ofthe =kin
atthe point of contact .

Treatment of electric shock

Prompt treatment is essential.

Chedck forthe widim's natural breathing and corsdouzness.
Take stepsto apply respiratory resuscitation if the widim
iz unconacious and not bresthing.



In the case of burnsfinjury in the back, follow Nelson's
method

In case the mouth is closed tightly, use Schafer's or
Holgen-Nelson method.

Treatment for electrical burns

A person receiving an electric shock may also sustain
burns when the current passes through the body.

Do not waste time by rendering first aid to the
victim until breathing has been restored and
the patient can breathe normally unaided.

Burns are very painful. If a large area of the body is burnt,
do not give treatment, except to exclude the air, eg. by
covering with clean paper cr a clean cloth, soaked in clean
water. this relieves the pain.

Severe bleeding

Any wound which is bleeding profusely, especially in the
wrist, hand or fingers must be considered serious and
must receive professional attention.

Immediate action

Always in cases of severe bleeding

- make the patient to lie down and rest

- if possible, raise the injured part above the level of the
body (Fig 1)

- apply pressure to the wound

- call for medical assistance

To control severe bleeding

Sgueeze together the sides of the wound. Apply pressure
as long as it is necessary to stop the bleeding. When the
bleeding has stopped, put a dressing over the wound and
cover it with a pad of soft material. (Fig 2)

Safety practice - Safety signs

Fig 1

INJURED PARTS

ELN110211

Fig 2
DIRECTION OF
PRESSURE

ELN110212

For an abdominal wound which may be caused by falling
ona sharptool, keep the patient bending over the wound
to stop internal bleeding.

Large wound

Apply a clean pad and bandage firmly in place. If bleeding
is very severe apply more than one dressing. (Fig 3)

Fig 3
DRESSING CLOTH

ELN110213

Objectives: Atthe end of this lesson you shall be able to
» state the responsibilities of employer and employees

* state the safety attitude and list the four basic categories of safety signs.

Responsibilities

Safety doesn't just happen - it has to be organised and
achieved like the work-process of which it forms a part.
The law states that both an employer and his employees
have a responsibility in this behalf.

Employer's responsibilities

The effort a firm puts into planning and organising work,
training people, engaging skilled and competent workers,
maintaining plant and equipment, and checking, inspecting
and keeping records - all of this contributes to the safety
inthe workplace.

The employer will be responsible for the equipment
provided, the working conditions, what the employees are
askedto do, andthe training given.

Employee's responsibilities

Youwill be responsible for the way you use the equipment,
how you do your job, the use you make of your training,
and your general attitude to safety.

A great deal is done by employers and other people to
make your working life safer; but always remember you
are responsible for your own actions and the effect they
have on others. You must not take that responsibility lightly.

Rules and procedure at work

What you must do, by law, is often included in the various
rules and procedures laid down by your employer. They
may be written down, but more often than not, are just the
way a firm does things - you will learn these from other
workers as you do your job.

They may govern the issue and use of tools, protective
clothing and equipment, reporting procedures, emergency
drills, access to restricted areas, and many other matters.
Such rules are essential; they contribute to the efficiency
and safety of the job.

Safety signs

As you go about your work on a construction site you will
see a variety of signs and notices. Some of these will be
familiar to you - a 'no smoking' sign for example; others
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you may not have seen before. Itis uptoyou to learn what
they mean - and to take notice of them. They warn of the
possible danger, and must not be ignored.

Safety signs fall into four separate categories. These can
be recognised by their shape and colour. Sometimes they
may be just a symbol; other signs may include letters or
figures and provide extra information such as the clearance
height of an obstacle or the safe working load of a crane.

The four basic categories of signs are as follows:
+ prohibition signs (Fig 1 & Fig 5)

« mandatory signs (Fig 2 & Fig 6)

+ warning signs (Fig 3 & Fig 7)

« information signs (Fig 4)

Prohibition signs

SHAPE
COLOUR

Circular.

Red border
and cross bar.
Black symbol
onwhite
background.

MEANING Shows it must

not be done.

Example No smoking.

SHAPE
COLOUR

Circular.

White symbol
onblue
background

MEANING Shows what

must be done.

Wear hand
protection.

Example

Warning signs

SHAPE
COLOUR

Triangular.

Fig 3

M\

DANGER
418y

Yellow
background
with black
border and
symbol.

MEANING Warns of
hazard or

danger.

Example Caution, risk of

electric shock.

Prohibition sighs

SMOKING AND NAKED
FLAMES PROHIBITED

DO NOT EXTINGUISH
WITH WATER

PEDESTRIANS
PROHIBITED 5

Information signs

Fig 4

SHAPE Square or

oblong.

COLOUR White symbols
ongreen

background.

MEANING Indicates or
gives
information of
safety

provision.

Example First aid point.

Mandatory signs

Fig 6

WEAR HEAD
PROTECTION

WEAR FOOT
PROTECTION

WEAR HEARING
PROTECTION

WEAR HAND
PROTECTION

WEAR
RESPIRATOR

WEAR SAFETY USE ADJUSTABLE WASH HAND
HARNESS/BELT GUARD
MANDATORY SIGNS z
w
Warning signs
Fig7
RISK OF FIRE RISK OF ELECTRIC TOXIC HAZARD
SHOCK
= *
? . ...
- il -
CORROSIVE RISK OF IONIZING LASER BEAM
3SUBSTANCES RADIATION
/@\ /o\
RISK OF OVERHEAD GENERAL WARNING
EXPLOSION {FIXED) HAZARD RISK OF DANGER
OVERHEAD LOAD FRAGILE ROOF FORK LIFT TRUCK

WARNING SIGNS

ELN110237
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Power Related Theory for Exercise 1.1.04 805
Electrician - Safety Practice and Hand Tools

Fire - Types - Extinguishers

Ohjectives: A the end ofthis lesson vou shall be able to

» statethe effects of a fire break out and causes of fire ina workshop
= glistinguish the different types of fire extinoguishers en i
= gate the classification of fires and basic ways for extingushing the fire Sean the OF Code

» fletermmine the comect type of fire extinguisher to be used hased on the class of fire 0 wiew the vdeo
= describe the general procedure to be adopted in the event of fire for this exanciss

» statethe method of operation of fire Exﬁrlguimer ard E:-rﬁnguishing of fire.

Fire: |5 it possible to prevent fire? “es, fire can be Ooayen: Lsually exigs in sufficent guantityinairto keep
prevented by eliminating anvone afthe three factarsthat a fire burning.

caufsesfire. E xtinguishing offire: | 5ol ating or rem oving any ofthese
T hie foll oawing arethe thre e factorsthat must be present in factors from the com binatianwill extinguish thefire. There
combination for a fire to continue to bum . (Fig 1) are three basic ways of achieving this.

= Stamingthe fire of fuel remowves this element .

= Smothering - ie. isolate the fire from the supply of
oxygen by blanketing it with foam |, sand etc.

»  Cooling - use water ta lower the temperature.
FIRE
Remwoving amy one of these factors will

! extinguish the fire.
gf _§

Ag1

Classification of fires: Firesare dassifiedinto fourtypes
interms of the nature affuel.

Different types of fires Fig 2, Fig 3 Figd & Figa) hawve to
bie dealt with indifferent ways and with different extinguishing
agents.

Fuel: Any substance, liguid, solid or gaswill bum, ifthere
is oxvgen and high enough temperatures.

Heat Every fuelwill beginto bum ata certaintemperature.
Itvaresanddependsonthe fuel. Solids andliguids give off
vapaur when hested, and it isthiswvapour which ignites.

Fire Classification arnd Fuel Extincuishing Method

Flg2 LR

4@ Maost effective e, coaling with water . Jets of water
should be spraved onthe base ofthe fire andthen
CLOTH

gradually upnards.

Should be smothered - The aim is to cover the
entire surface of the burning liguid. This has the
effect of cutting offthe supply of oxvaento the fire.

Wiiater should newer be used on buming liguids.

Foam, dry powder or SO maybeused onthistype
offire.

LA10NE




Fire Classification and Fuel

Extinguishing Method

Fig4

CLASS 'C' FIRE

LIQUIFIED GAS

ELN110414

Extreme cautionis necessary indealingwith liquefied
gases. There is a risk of explosion and sudden
outbreak offire inthe entire vicinity. Ifanappliance
fed from a cylinder catchesfire - shut off the supply
of gas. The safest course is to raise an alarm and
leave thefire to be dealt with by trained personnel.

Dry powder extinguishers are used on this type of
fire.

Fig5

ELN110415

Special powders have now been developed which
are capable of controlling and/or extinguishing this
type of fire.

The standard range of fire extinguishing agents is
inadequate or dangerous when dealing with metal
fires.

Fire on electrical equipment.

Halon, Carbon dioxide, dry powder and vapourising
liquid (CTC) extinguishers can be used to deal with
fires in electrical equipment. Foam or liquid (eg.
water) extinguishers must not be used on electrical
equipment under any circumstances.

Types of Fire Extinguisher

Many types of fire extinguishers are available with different
extinguishing ‘agents’ to dealwith different classes offires.

(Fig6)

Fig
‘g D ﬁ
WATER FOAM FIRE POWDER CO, CcTC .g-
BLANKET g
w

Water-filled extinguishers: There are two methods of
operation. (Fig7)

«  Gas cartridge type
+ Stored pressure type

With both methods of operation the discharge can be
interruted as required, conserving the contents and
preventing unnecessary water damage.

Foam extinguishers (Fig 8) These may be of stored
pressure or gas cartridge types.

Most suitable for
+ flammabile liquidfires
* runningliquidfires

Must not be used on fires where electrical equipment is
involved.

Fig7

ELN110422

GAS CATRIDGE TYPE STORED PRESSURE TYPE

Fig 8

=

FOAM EXTINGUISHERES

ELN110423

Dry powder extinguishers (Fig 9): Extinguishers fitted
with dry powder may be of the gas cartridge or stored
pressuretype. Appearance and method of operaticnisthe
same asthat of the water-filled one. The maindistinguish-
ing feature isthe fork shaped nozzle. Powders have been
developed to deal with class D fires.

Power : Electrician (NSQF - Revised 2022} - Related Theory for Exercise 1.1.04805 7




Fig 9 + Anybody not involved in fighting the fire should leave
calmly using the emergency exits and go to the
designated assembly point.

+ Analyze and identify the type of fire. Refer Table.
Table 1
Class ‘A’ Wood, paper, cloth,
solid material
Class ‘B Qil basedfire (grease,

DRY POWDEER EXTINGLUSHERS

ELN110424

gasoline, oil) liquifiable

Carbon dioxide (CO,): This type is easily distinguished gases
by the distinctively shaped discharge horn. (Fig 10).

Class 'C Gas and liquifiable
. gases
Fig10
Class D Metals and electrical
equipment
Fire extinguishers are manufactured for use
from the distance.
Caution
¢ While putting off fire, the fire may flare up
* Donothepanickbelongas it putoff promptly.
g * [f the fire doesn’t respond well after you
CARBAN DICXIDE(CO ;) = have used up the fire extinguisher move
i away yourself away from the fire point.
Suitable forClass Bfires. Best suitedwhere contamination * Do not attempt to put out a fire where it is
by deposits must be avoided. Not generally effective in emitting toxic smoke leave it for the profes-
openair. sionals.
Always check the operating instructions on the container +« Remember that your life is more important
before use. Available with different gadgets of operation than property. So don’t place yourself or
such as - plunger, lever, trigger etc. others atrisk.
The general procedure inthe event of a fire; In order to remember the simple operation of
s Dasesnala the extinguisher. Rerpembe:r PJ-_\.S.S. This will
help you to use the fire extinguisher.
« Turnoffall machinery and power (gasand electricity). P for Pull
+ Close the doors and windows, but do not lock or bolt A for Ai
them. Thiswilllimit the oxygenfedtothefire and prevent orAlm
its spreading. S for Squeeze
« Tryto deal with the fire if you can do so safely. Do not S for Sweep
risk getting trapped.
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Power Related Theory for Exercise 1.1.06807
Electrician - Safety Practice and Hand Tools

Rescue operation - First aid treatment - Artificial respiration [E# 'EI_ar
O bjectives: Atthe end of thiz les=on you shall be ableto

= explain how to rescue a person who i3 in contact with a live wire.

= gtate the first aid and its key aims.
= gxplain ABC ofthe first aid
= brief howto give first aid treatment for a victim

Scan the OR Code to wiem
the wdeo for this exencise

= gxplain howto treat a person affected due to electric shockinjurys

Thezeverity ofan electd cshock will dependonthelevel of
current shich passesthrough the body andthe lenogth of
time ofcontact. Donotdelay, ad at once. Make surethat
the eledric current hazbeen disconnected. [fthe vidim is
il in contad with the supply - break the contact either by
awdtching offar by remosing the plug or pullingthe cable
free.

Ifnot, standon some insulstingmaterial such &z drysood
rubber ar plastic or newspaper and then pull his shid
deeves However youhavetoinsulate yourzelf and break
the contact by pushing or pulling the person free.
(Figsl & 2]

Inanycase avoiddired contad withthe vWdim Wrap vour
hands indey material it rubber glovesare not available.

I fyouremainun-insulated, do nottouch thesd dim swith your
bare hands until the drcult iz made dead or he iz moved

ey from the equipment .

| fthe victim izat a height, effortsmu s betak ento prevent
him from falling or to make him fall safe.

Eledric bums anthe vidim may not cover a hig area but
may be deep s2ated. All vou cando istocover the area

with & dean, sterle dressing and treat for shock, Get
expett help as quickly az possible.

| fthe cazsualtyvisunconzcious butishreathing, loozenthe
clothing abouttheneck  chestand waist (Fig 23 and place
the casualty inthe recovery position.

Figl

K.eep a constant check on the breathing and pulse rate.

Keep the casualty warm and comfortable inthe recover
postion. Send far help Fig 41

Donot giveanunconsciouspersonanythingto
eat or drink.

Do not leave an unconscious person
unattended.

Ifthe casualtyiznot breathing - Act at onceto resuscitate
the victim - do not waste time.

B a =sic first-aid treatmenit

First aid is defined asthe immediate care and support
givento anacutely injured orill person, prim arilyto save
life, prevent further deterioration ar injury, planto shitthe
victim to safer place, provide best possible comfot and
finally help them to reach the medical centrer hospital
through all available means. It iz animmediste life-saving
procedure using all rezources available within reach.



The key aims of first aid can be summarized in three key
points:

» Preserve life: If the patient was breathing, a first aider
would normally then place themin the recovery position,
with the patient leant over on their side, which also has
the effect of clearing the tongue from the pharynx. It
also avoids a common cause of death in unconscious
patients, which is choking on regurgitated stomach
contents.

* Prevent further harm: Also sometimes called prevent
the condition from warsening, or danger of further injury.

* Promote recovery: First aid also involves trying to
start the recovery process from the illness or injury,
and in some cases might involve completing a
treatment, such as in the case of applying a plaster to
asmall wound.

Training

Basic principles, such as knowing to use an adhesive
bandage or applying direct pressure on a bleed, are often
acquired passively through life experiences. However, to
provide effective, life-saving first aid interventions requires
instruction and practical training.

ABC of first aid
ABC stands for Airway, Breathing and Circulation.

* Airway: Attention must first be brought to the airway
to ensure it is clear. Obstruction (choking) is a life-
threatening emergency.

+ Breathing: Breathing if stops, the victim may die soon.
Hence means of providing support for breathing is an
important next steps. There are several methods
practiced in first aid.

» Circulation: Blood circulation is vital to keep person
alive. The first aiders now trained to go straight to chest
compressions through CPR methods.

Not to get panic

Panic is one emoction that can make the situation more
worse. People often make mistake because they get panic.

Call medical emergencies

If the situation demands, quickly call for medical
assistance. Prompt approach may save the life.

Surroundings play vital role

Different surroundings require different approach. Hence
first aider should study the surrounding carefully.

Do no harm

Most often over enthusiastically practiced first aid viz.
administering water when the victimis unconscious, wiping
clotted blood (which acts as plug to reduce bleeding),
correcting fractures, mishandling injured parts etc., would
leads to more complication.

Reassurance

Reassure the victim by speaking encouragingly with him.

Stop the bleeding

If the victim is bleeding, try to stop the bleeding by applying
pressure over the injured part.

Golden hours

India have best of technology made available in hospitals
to treat devastating medical problem viz. head injury,
multiple trauma, heart attack, strokes etc, but patients
often do poorly because they don't gain access to that
technology intime.

The risk of dying from these conditions, is greatest in the
first 30 minutes, often instantly. This period is referred to
as Golden period.

Maintain the hygiene

Most important, the first aider need to wash hands and
dry before giving any first aid treatment to the patient.

CPR {Cardio-Pulmonary Resuscitation) can be life-
sustaining

CPR can be life sustaining. If one is trained in PR and the
person is suffering from choking or finds difficulty in
breathing, immediately begin CPR.

Call emergency service

The emergency number varies - 100 for Police & Fire, 108
for Ambulance.

Report your location

The first thing the emergency dispatcher will ask is where
you are located, so the emergency services can get there
as quickly as possible. Give the exact street address, if
you're not sure of the exact address, give approximate
information.

Give the dispatcher your phone humber

This information is also imperative for the dispatcher to
have, so that he or she is able to call back if necessary.

Important guideline for first aiders
Evaluate the situation

Are there things that might put the first aider at risk. When
faced with accidents like fire, toxic smoke, gasses, an
unstable building, live electrical wires or other dangerous
scenario, the first aider should be very careful not to rush
into a situation, which may prove to be fatal.

Remember A-B-Cs

The ABCs of first aid refer to the three critical things the
first aiders need to look for.

* Airvay - Doesthe person have an uncbstructed ainway?
= Breathing - Is the person breathing?

» Circulation - Does the person show a pulse at major
pulse points (wrist, carctid artery, groin)

Call emergency services : Call for help ortell someone
else to call for help as soon as possible. If alone at the
accident scene, try to establish breathing before calling
for help, and do not leave the victim alone unattended.
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Determine responsiveness

If a person is unconscious, try to rouse them by gently
shaking and speaking to them.

If the person remains unresponsive, carefully
roll them on the side (recovery position) and

open his airway.

» Keep head and neck aligned.

= Carefully roll them onto their back while holding his
head.

*  Openthe airway by lifting the chin (Fig 1).

Fig 1

ELN110821

Look, listen and feel for sighs of breathing

Look forthe victim's chest to raise and fall, listen for sounds
of breathing.

» Treat shock: Shock may causes loss of blood flow
from the body, frequently follows physical and
occasionally psychological trauma.

» Choking victim: Choking can cause death or
permanent brain damage within minutes.

Stay with the victim until help arrives

Try to be a calming presence for the victim until assistance
can arrive.

Unconsciousness (COMA)

Unconscious also referred as Coma, is a serious life
threatening condition, when a person lie totally senseless
and do not respond to calls, external stimulus. But the
basic heart, breathing, blood circulation may be still intact,
or they may also be failing. If unattended it may lead to
death.

First aid
+ Call EMERGENCY number.

» Check the person's airway, breathing, and pulse
frequently. If necessary, begin rescue breathing and
CPR.

» |f the person is breathing and lying on the back and
after ruling out spinal injury, carefully roll the person
onto the side, preferably left side.

Bend the top leg so both hip and knee are at right
angles. Gently tilt the head back to keep the airway
open (Fig 2). If breathing or pulse stops at any time,
roll the person on to his back and begin CPR.

ELN110622

= [fthere is a spinal injury, the victims position may have
to be carefully assessed. If the person vomits, roll the
entire body at one time to the side. Support the neck
and back to keep the head and body in the same
position while you roll.

*  Keepthe personwarm until medical help arrives.

* If you see a person fainting, try to prevent a fall. Lay
the person flat on the floor and raise the level of feet
above and support.

First aid

Keep the patient warm and at mental rest. Assure of good
air circulation and comfort. Call for help to shift the patient
to safer place/ hospital.

*  Warmth: Keep the victim warm but do not allow them
to get overheated.

* Air: Maintain careful eye on the victim's airway.

» Rest: Keepthe victim still and preferably sitting or lying
down. If the victim is very giddy, lay them down with
there legs raised to ensure that maximum blood and
therefore maximum oxygen is sent to the brain.

Treatment of electric shock
Prompt treatment is essential

If assistance is close at hand, send for medical aid, then
carry onwith emergency treatment.

If you are alone, proceed with treatment at once.

Switch off the supply, if this can be done without undue
delay. Ctherwise, remove the victimfrom contact with the
live conductor, using dry non-conducting materials suchas
awoodenbar, rope, ascarf, the victim's coat-tails, any dry
article of clothing, a belt, rolled-upnewspaper, non-metallic
hose, PVC tubing, bakelised paper, tube etc. (Fig 3)

Fig 3

ELN110631

Avoiddirect contact withthe victim. Wrapyour handsindry
material if rubber gloves are not available.
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Power

Related Theory for Exercise1.1.08

Electrician - Safety Practice and Hand Tools

Disposal of waste material

Objectives: Atthe end of thiz lesson you shall be able to
» state abowt the waste material

» state the types of waste material and source of waste

= list out the waste material in workshop

= explain the methods of dizposal of waste material.

EEE

Sean the R Code to view
the wdeo for this exercise

Waste

Waste are unwanted or unusable materialz Waste iz any
subgance which iz dizcarded atter primary use, or it is
wothless, defective and of no use.

Waste can be broadly classified as follows

a Ruralwaste

b Urbanwaste
i =olid waste
I Liguidwase

a Rural waste

Fural waste isthe waste from agricultural and dairy forms.
b Urban waste

Iti=the waste from house hold ardicles ar from industhies
wdathiin municipal limit

It can be again dassified into two types.

i Solid waste

Solid wasteizthe material iz hard (from industries)such
as newspaper, cans, hottles, broken glass, plagics
container, polythene bags etc.

ii Liquid waste

It izthe water bazed waste which is produced by the main
activation sources of waste,

Sources of waste

i Indusirial waste

It contains solid az well a2 liguid waste and iz formed by
the processing of various materials.

ii Domestic waste
It indudes all rubbizh, garbage, dust, senage waste etc.
[t contains combuaible and non-combuaible materdals.

When these waste disposal off openly causze various
hiarmful effects.

iii Agricubtural waste

It indudesthe waste produced from the crops and cattle
etc. Open disposal ofthin waste create problem s for healtth
of man and other animalzs.

iv Azhproduced by irterval power plants.

v Hospital waste iz mod harmful waste off contains
micha organisms which cauze both communicskl e and
non-communicable deseazes,

List ot the waste material in workshop Fig1)
= Qily waste such az lubhcating oil, coolant ete.
*  Cottonwaste.

= Metal chips of different material=.

= Electrical wazste zuch as used and damaged
acocessories, wires, cables, pipes etc.

Methods of disposal of waste (Fig 2

Disposal process @ This is the final step of the waste
management. F rom thiz disposal point or site the materials
are selected steps as

= Recyding
= Composing
= Lardfil

»  |ncinerstion
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+  VWaste compaction
* Reuse

+  Animal Feed

» Fire Wood

Fig 2 /\

| WASTE MINIMISATION

L\

| RE USE |

|  RECYCLE/cOMPOST |

MOST SUSTAINABLE

ENERGY RECOVERY
LEAST SUSTAINABLE
DISPOSAL
™~
E
METHOD OF WASTE DISPOSAL g
o

Recycling

Recycling is one of the most well known method of
managing waste. It is not expensive and can be easily
done by you. If you carry out recycling, you will save a lot
of energy, resources and thereby reduce pollution.

Composting

This is a natural process that is completely free of any
hazardous by-products. This process involves breaking
down the material into organic compounds that can be
used as manure.

Landfill

In this process, the waste cannot be reused or recycled
separated out and spread as a thin layer in some low-
lying areas across the city.

Incineration (Fig 3)

It is the process of controlled combustion of garbage to
reduce it to incombustible matter, ash, waste gas and
heat. It is treated and released into the environment
(Fig 3). This reduced 90% volume of waste, some time
the heat generated used to produce electric power.

Figa l—”“gf’
=
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Combuslon
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w2 8T oo~ P
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INCINERATION PROCESS

ELN110813

Waste compaction

The waste materials such as cans and plastic bottles
compact into blocks and send for recycling. This process
need space, thus making transportation and positioning
difficult.

Reuse

The amount of waste disposal can be reduced by carefully
considering the exact throwing away. Before discarding
the item think for the possibility to wash and reuse them.

Animal Feed:

Vegetable peel and food scraps can be retained to feed
small animals such as lamsters rabbit etc. Large meat
bones will be greately reused by feeding dog.

Fire Wood:

Asmall amount of waste disposal can be reused when it
comes to refurnishing have or replacing furniture. before
dicarding the furniture, cut it into more meaningful process
and use as fire wood.
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Power

Related Theory for Exercise1.1.09

Electrician - Safety Practice and Hand Tools

Personal Protective Equipment (PPE)

Objectives: Atthe end of thiz lesson you shall be able to
= gtateabout Personal Protective E quipment (PP E) and its purpose

« gxplain the occupational health safety, hygien
= explain occupational hazards

Scan the OF Codeto wew
the wideo for this exerciza

= list the most common type of personal protective equipment for hazards

Personal Protective E quipment (PPE)

The Devices, equipm ent, or clothing used or worn by the
employees, as alad resort 1o protect againa hazardsin
the workplace. The primary approachin any zafety efford
iz that the hazardtothe workmen should be eliminated or
contralled by engineeting methods ratherthan protecting
the wotkmen through the use of personal protective
equipment (FPE).

In situstions where it iz not possible to irtroduce any
effedive endgineering methods for controlling hazards, the
workiman shall use appropriste tyoes of PPE .

The FadoresAd | 1948 and sveral dher labour legislations
1996 have provisions or effedive use of appropriste tywoes
of PPE. Us2 of PPE iz an im portant.

Way s to ensure workplace safety and use personal
protective equipment (PPE) effectively

= Workersto get updo-date safetyinformation from the
regulatary agendes that oversees workplace safety in
their spedfic area.

» Touseal availableted resourcesthat may bein work
ares and for applicable safety information on howeto
uz= PPE best.

= Whenit comestothe mod commontypesof perzonal
protectve equipment , ik e gogales, gloves o bodyauits,
these temsare much less effedive ifthey are not swom
at all time=, or whenever a specific danger exigzina
otk process. Using P PE consistently will help to awvoid
zome com mon kindzs ofindustial acddents.,

= Perzonal protective equipment iz not s lvayvs enough
to protedt worker = against workplace dangers. Knoswing
more about the overall context of your work adivity
can help to ully proted from anthing that might
threat en health and zafety onthe job.

= |ngpection of gearthoroughly to m ake surethat it has
the standard of guality and adeguately proted the user
should be continuously cariied aut.

14

Categoriesof PPEs

Depending uponthe nature ofhazard  the P PE izbroadly
divided into the foll owdng two categories;

1 Hon-respiratony: Those used for protection against
injury from outside the body, i e for praecting the head,
eve, face, hand, arm, foot, leg and other body parts

2 Respiratony: Thoss used for protection from hakm due
toinhalation of cortaminated air,

The guidelines on'Perzonal Protedive Equipment'iz issued
to fadlitate the plant management in maintaining an
effective programme with respec to protection of persons
agains hazards, which cannot be eliminated or contralled
by engineering methods ligtedin table .

Tabled

Ho Title
FPE1 Helmet
FFPEZ2 = afety fodtwear
FPE3 F eszpiratory protective

ecjuipm ent

FFE4 Ann=sand hands protedtion
ERES Eves and face protection
FPEG Protedive clothing and coverall
FPET E arz protedion
FPES Safety belt and harnesses




Personal protective equipments and their uses and hazards are as follows

Types of
protection

Hazards

PPE to be used

Head Protection
(Fig1)

N

. Falling objects
2. Striking against objects
3. Spatter

Fig1

o

A

)
il /
|

_________________ ]
3
Fig2
Foot protection | 1. Hot spatter e
(Fig2) 2. Falling objects
3. Working wet area
leather leg guards
Fig3
MNose 1. Dust particles * e rosmeva
{Fig3) 2. Fumes/ gases/ vapours ADJUSTABLE HOOD |2
d
Hand protecion 1. Heat burn due to direct Fga
contact
(Fig 4) 2. Blows sparks moderate
heat
3. Electric shock
8
i
Googgles
Eye protection 1. Flying dust particles Figs
(Fig 5) 2. UV rays, IR rays heat and
High amount of visible
radiation
e
H
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Types of
protection

Hazards

PPE to be used

Face Protection

1. Spark generated during

Face Shield
Head Shield with or without Ear Muff
Helmets with screen for welders

(Fig 6, Fig 7) Welding, grinding

2. Welding spatter striking e

3. Face protection from

UV rays
HAND SCREEN §
Ear protection 1. High noise level Head shield with Ear muff
(Flg 7) Flg?
]

ELN11ENZ

'WELDING HELMET

Body protection
(Fig 8, Fig 9)

1. Hot particles

Fig8

APRON

ELMI0WB

Bodyguard

Figs

ELN110818
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Proper use of PPEs

Having selected the proper type of PPE, it is essential
that the workman wears it. Often the workiman avoids using
PPE.

Occupational health hazard and safety
Safety

Safety means freedom or protection from harm, danger,
hazard, risk, accident, injury or damage.

Occupational health and safety

»  Occupational health and safety is concerned with
protecting the safety, health and welfare of people
engaged in work or employment.

« The goalisto provide a safe work environment and to
prevent hazards.

« It may also protect co-workers, family members,
employers, customers, suppliers, nearby communities,
and other members of the public who are affected by
the workplace environment.

Need of occupational health and safety

+ Health and safety of the employees is an important
aspect of a company's smooth and successful
functioning.

+ Improving employee morale
» Reducing absenteeism
+ Enhancing productivity

« Minimizing potential of work-related injuries and
illnesses

« Increasing the quality of manufactured products and/
or rendered services.

Occupational (Industrial) hygiene

« Occupational hygiene is anticipation, recognition,
evaluation and control of work place hazards (or)
envirocnmental factors (or) stresses

+  Which may cause sickness, impaired health and well
being (or) significant discomfort and inefficiency among
workers.

Evaluation (Measurement & Assessment): Measuring
or calculating the hazard by Instruments, Air sampling
and Analysis, comparison with standards and taking
judgement whether measured or calculated hazard is more
or less than the permissible standard.

Control of workplace hazards: Measures like
Engineering and Administrative controls, medical
examination, use of Personal Protective Equipment (PPE),
education, training and supervision

Types of occupational health hazards

+ Physical Hazards
+ Chemical Hazards
+ Biological Hazards

Physiological Hazards
Mechanical Hazards
Electrical Hazards
Ergonomic Hazards.
Physical hazards
Noise
Heat and cold stress
[lumination etc.,
Chemical hazards
Inflammable
Explosive
Biological hazards
Bacteria
Virus
Physiological
Old age
Sex
Il health
Sickness
Fatigue.
Psychological
Wrong attitude
Smoking
Alcoholism
Unskilled
Emotional disturbances
-voilence
- bullying
- sexual harassment
Mechanical
Unguarded machinery
No fencing
Electrical
No earthing
Short circuit
No fuse or cut off device etc,
Ergonomic
Poor manual handling technique
Wrong layout of machinery
Wrong design
Poor housekeeping

Safety Slogan

A Safety rule breaker, is an accident maker
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Related Theory for Exercise1.1.10

Electrician - Safety Practice and Hand Tools

Guidelines for cleanliness of workshop and maintenance

O bjectives: A the end of this lesson you zhall be able to

= gtatethenecessity of cleaning of workshop

= list the benefits of shop floor cleaning and maintenance
= gtate the common cleaning procedure in workshop

= ligt the different methods of cleaning process

» gtatetheconcept of 5= techniques and their description

= list thebenefits of 55 tex hniques.

Scan the QR Code to wew
the wdeo for this exerdse

Cleaning process

Cleaning isthe process of removal of unvarted matter,
contaminants or polutants fom the envdronment or the
presention of zoilingthus it should be - GREEM dean.

"Green-cleaning" meansthe needtoclean upthe deaning
processand proted them selves.

Cleaning iz about removing pollution, not

additing to it.

M ecessity of cleaning of workshop

& dean warkplaceensures safety andhealthofemployees
and injuriescan be prevented bytakingactionto ensurea
clean, safe work ensdronm ent.

Reasons for cleaning the workplace

* Cleaning of dry foors essentially to prevert dips and
fallzinthe workplace.,

* Disinfedants prevents the spread germs and iliness,
bhecause it will stop germs in their track z.

= Properair filteration reducesthe exposurezofhazardous
substances like dust and vapors.

*  Cleaning oflight fiduresimprove lighting eficiency.

= Us=ing green cleaning products which iz safer for bath
employeesandtheenvironment.

= Proper dispozal of waste and recyclable materials
keeps work areas clean.

B enefitz of a shop floor maintenance
*  Productivecanbe improved.
*  |mprovesoperator sefidendes.

* |mprovesthe suppod operations such asreplacement
movesand finizhedgoods,

* Redudionofscrap.
= M anutacturng process can be controlled effectively.

» Redudionofdowntime dusto better machine and tool
manitaring.

* Better control ofinventory process,

18

Comimon cleaning procedure

=  Beforestartingto clean, readthe product and equipment
labelz and usage instrudions.

= WWiegr recommended Personal Potective E quipm ent
[(PPEIlikerubber or surgical type gloves, gogoles, dust
mazk or respirator, eanplugs ete.

*  Zleaning mustbe performedtopresent or remove sails,
contaminantsar pollutants.

= Seled and use lesztoxic products and thiz sydem is
knownas“Standard Operating Procedures” (S0P 5.

= S0P sisthe part ofthe overalloperationandmsintenance
plan forbending.

Othet different method zofdeaning are
— Sprrkling
— Spraving
— Power washprocess
— Buoiling under prezsure
— Carbon dioxide deaning
— Precleaning
— Maindeaning
— Rir=ing
— Drying etc,

Farimproving the standardisingthe waytoclean Standard
Operating Procedures (SOPs) az a et of witten
guidelinesmus be providedtothe cleanerswhichindudes

1 Cleaningprocedures

2 Chemical handlingandtracking regquirements
3 Communication protocols

4 Training andinge dion programs

2 Reporting andrecord keeping procedures,

The above guidelines should be made availahle to all
cleaning personel and ocoupants.

Recommended activities for green cleaning

= Provide essily understood directionsto cleaning saffin
written with local language s,



+  Usetheappropriatetechnology (coarse spray, automatic
chemical dispensers etc).

+ Provide directory for the proper rinsing and disposal of
expended or empty solutioncontainers.

+ Reduce, minimize or eliminate the need for using
cleaning chemicals if possible.

5 Steps (5s) - Concept

5sis apeople-orientedand practice-oriented approach. 5s
expects every one to participate in it. It becomes a basic
forcontinuous improvementin the organisation.

The terms (os) 5 steps are

Step 1: SEIRI (Sorting out)

Step 2: SEITON (Systematic arrangement)
Step 3: SEISO (Shine cleanliness)

Step 4: SEIKTSU (Stanardization)

Step 5: SHITSURE (Self discipling)

Fig 1 shows the 5s concept wheel.

The list describes how to organize a work space for
efficiency and effectiveness by identifying and storingthe
items used, maintainingthe area and items and sustaining
the new order.

Benefits of 5s
*  Work place becomes clearer and better organised.

+  Working in working place becomes easier.

+ Reduction in cost.

« People tend to be more disciplined.

+ Delayisavoided.

+ Less absenteesism.

+ Better use of floor space.

+ Less accidents.

+ High productivity with guality etc.

Fig 1

STRAIGHTEN

KEEP NEEDED ITEMS
IN THE CORRECT PLACE
TO ALLOW FOR EASY AND
IMMEDIATE RETRIEVAL.

CLEARLY DISTINGLIEH
NEEDED ITEMS FROM

UNNEEDED AND ELIMINATE
THE LATTER.

THE METHOD BY WICH
"SORT,” " STRAIGHTEN" AND
"SHINE" ARE MADE HABITUAL.

KEEP THE WORKPLACE
NEAT AND CLEAN.

STANDARDIZE

S8 WHEEL

ELN111011
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Power Related Theory for Exercise 1.1.11-16
Electrician - Safety Practice and Hand Tools

Trade hand tools - specification - standards -
NEC code 2011 - lifting of heavy loads

Objectives: A the end ofthis lesson vou shall be able to

= list the tools necessany for an electrician
» snecify the tools and state the use of each tool.

ri-.'—qrn
[=] e o
Zzanthe OR Code to wiew
the wdeo for this exencise

izim pottant that the eledricdan uses proper tools forhis
work. The accuracy of sorkm anship and speed of work
depend upon the use of corred toals.

Ligted below are the most commonly uzed tools by
eledridan.

Pliers
The pliers used for electrical work wdl be ofinsulated grip.

1 Combination pli ers with pipe grip, side cutter and
insulated handle. BI= 3650 (Fig 1)

Zize 150 mm, 200 mm etc.

ELHHI

It iz made of forged zteel. iz used for cutting, twisting,
pulling  holding andgripping small jobsinwiingassambly
and repairing work

2 Flat mo=e pliers BIS 53552 (Fig 2)
Zize 100 mm, 150 mm, 200 mm etc,

Flat nose pliers are uzed for halding fat objeds like thin
plates etc.

FLAT EDE . E

3 Sidecutting pliers (Diagonal cutting pliers) BI= 4378
(Fig 31 Size 100 mm , 150mm etc.

It izu=ad for cutting copper and alum inium wirez ofzmaller
diameter (lessthan $mm dig).

20
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4 Screwdriver BIS §44 Fig 4)

The screwdrivers uzed for eledrical works generally have
plastic handles and the stem is covered with inzulating
zleeves. The size ofthe acrewe driver is specified by its
blade lendgth inmm and nominal scresdriver's point size
(thicknes=softip othlade) and bythe diameter ofthe stem.

Figd

eq. 150 mim x 06 mm x4 mm
200 mm =08 mm x S5mm etc.

The handle of screwdrivers iz ether made of wood or
celluloze acetate.

3 Heontester BIS 3579 - 1935 (Fig 3]

tizzpedfiedwithits working woltage range 10010250 wolts
but rated to 500 %,

It consists of a glass tube filled with neon gas, and
eledrodes at the ends. Ta limit the current within 300

micto-amps atthe maximum soltage, ahighvdueresigtance
iz connected in seties with one ofthe eledrodes.

E Electrician’zknife (Double blade) (FigB)

The size oftheknife iz specifiedby tzlargest blade lenogth
eg.s0mm FSmm.

It izuzedfor skinningthe insulation ofcables and cleaning
the wire surface . One oftheblades whichiz shampizused
for zkinning the cakble
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NEON TESTER
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ELECTRICIAN'S KNIFE

7 Hammer ball pein {Fig 7)

The size ofthe hammer is expressed inweight of the metal
head. Eg.125 gms, 250 gms etc.

The hammer is made out of special steel and the striking
face is tempered Used for nailing, straightening, and
bending work. The handle is made of hard wood.

Fig7 BALL

-

WOODEN HANDLE

\L FACE

BALL PEIN HAMMER

ELN111114

8 Try-square (Engineer’'s square) (Fig 8) BIS 2103
This is specified by its blade length.
Eg. 50 mm x 35 mm

100 mmx 70 mm

150 mm x 100 mm etc.

Do not use it as a hammer.

9 Firmer chisel (Fig 9)

It has a wooden handle and a cast steel blade of 150 mm
length. Its size is measured according to the width of the
blade eg. 6 mm, 12 mm, 18 mm, 25 mm. It is used for
chipping, scrapingand groovinginwood.

Fig9

FIRMER CHIBEL

ELN11111C

10 Tenon-saw (Fig 10) BIS 5123, BIS 5130, BIS 5031

Generally the length of atenon-saw willbe 250 or 300 mm.
and has 8 to 12 teeth per 25.4 mm and the blade width is
10 cm. ltis usedforcutting thin, wooden accessories like
wooden batten, casing capping, boards and round blocks.

Fig 10

| lo
BLADE
Ll Ay
Nl 5 @

HANDLE

TENON-SAW
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11 Files (Fig 11) BIS 1931
These are specified by their nominal length.
Eg.150 mm, 200 mm, 250 mm 300 mm etc.

Thesefiles have different numbers ofteeth designedto cut
only inthe forward stroke. They are available in different
lengths and sections (Eg.flat, half round, round, square,
triangular), grades like rough, bastard second cut and
smooth and cuts like single and double cut.
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These files are used to remove fine chips of material from
metals. The body of the file is made of cast steel and
hardened except the tang.

Fig 11
FILE LENGTH
' | SHOULDER
[J< / M
POINT LsipE TANG
| p— 2 I —
'S
ZEDGE SIDE VIEW £
FILE =

12 Bradawl square pointed (or poker) (Fig 12)
BIS10375-1982

It is specified by its length and diameter eg. 150 mm x 6
mm.

ltisa long sharptool usedfor making pilot holes onwooden
articles to fix screws.

Fig 12
N ' = X
BRADAWL
- - =
Y‘\‘c‘h};\ © =
POKER g
w

13 Centre punch (Fig 13) BIS 7177
The size is given by its length and diameter of the body.

Eg. 100 mmx 8 mm. The angle of thetipofthe centre punch
is 90°.
It is used for marking and punching pilot holes on metals.

It is made of tool steel and the ends are hardened and
tempered.

Fig13

ELN11111d

14 Mallet (Fig 14)

The malletis specified by the diameterofthe head or by the
weight.

Fig14

STOCK
WOODEN HANDLE

ELN11111K

MALLET

eg. 50 mmx 150 mm
75 mmx 150 mm or 500gms, 1 Kg.

Itis made out of hard wood ornylon. Itis usedfordrivingthe
firmer chisel, and for straightening and bending of thin
metallic sheets. Also it is used in motor assembly work.

15 Flat cold chisel (Fig 15) BIS 402

Its size is given by the nominal width and length.

Fig15

P
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SECTION 0
COLD CHISEL
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ie. 14 mmx 100 mm
15 mmx 150 mm
20 mmx 150 mm
The body shape of a cold chisel may be round or hexagon.

The coldchiselis made out of highcarbonsteel. Its cutting
edge angle varies from 35° to 45°. The cutting edge ofthe
chisel is hardened and tempered. This chisel is used for
making holes on wall etc.

16 Rawl plug tool and bit (Fig 16)

Its size depends upon the number. As the number in-
creases, the thickness of the bit as well as the plug also
decreases. Eg. Nos.8, 10, 12, 14 etc.

Fig 16
f TOOL HOLDER
/ \I TOOL BIT
| NOBRAWLJUMPER & | )
N\ 7 E
RAWL PLUG TOOL é
w

Arawl plugtool has two parts, namely the tool bit and tool
holder. The tool bit is made of tool steel and the holder is
made of mild steel. It is used for making holes in bricks,
concrete wall and ceiling. Rawl plugs are inserted inthem
to fix accessories.

17 Spanner: double ended (Fig 17) BIS 2028

The size of a spanner is indicated so as to fit on the nuts.
They are available in many sizes and shapes.

Fig17

Y

DOUBLE ENDED OPEN JAW SPANNER

=

ELN111110
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The sizes, indicated indouble-ended spanners are
10-11 mm
12-13mm
14-15mm
16-17 mm
18-19mm
20-22 mm.

For loosening and tightening of nuts and bolts, spanner
sets are used. It is made out of cast steel. They are
available in many sizes and may have single or double
ends.

18 Hacksaw frame and blade

The hand hacksawis usedalongwith a blade to cut metals
of different sections. It is also used to cut slots and
contours.

Types of hacksaw frames

Bold frame: Only a particularstandard length of blade can
be fitted.

Adjustable frame (flat): Different standard lengths of
blades can be fitted.

Adjustable frametubular type (Fig 18): This is the most
commonly usedtype. ltgivesa better gripandcontrolwhile
sawing.

Fig 18

WING NUT

FRAME LENGTH
ADJUSTMENT

HANDLE

/— RETAINING PIN

Ch

ADJUSTABLE BLADE HOLDER FIXED BLADE HOLDER

ELM121561

Hacksaw blades : The hacksaw blade is a thin, narrow,
steel band with teeth and two pin holes at the ends. Itis
usedalongwith a hacksaw frame. These blades are made
of eitherlow alloy steel (la) or highspeedsteel (hs) andare
available in standard lengths of 250mmand 300mm.

For properworking, itis necessary to have frames of rigid
construction.

Standard and standardisation

Types of hacksaw blades

All-hard blades: The width between the pin holes is
hardened all allong the length of the blade.

Flexible blades: Forthese types of blades only the teeth
are hardened. Because oftheirflexibility, these blades are
useful for cutting along curved lines (Fig 19).

Fig19

PIN HOLE

FLEXIBLE BLADE HARDENED
ALONG CUTTING EDGE

ELN121562

Saw blades for hacksaws are available with smallandlarge
cutting ofteeth, depending onthe type and size of material
they are to cut. The size of the teeth is directly related to
their pitch, which is specified by the number of teeth per
25mmofthe cuttingedge. Hacksaw bladesare avaialable
in pitches of: (Fig 20)

» 14teeth per 25 mm
« 24teeth per 25 mm

« 18 teeth per 25 mm
» 32 teeth per 25 mm.

Fig 20

(@) 14 testh

25 mm

O 18 feeth
25 mm

(O 24 testh
LZE mm 4.[

(6 =
|-—— 25 mm ——-I

ELN121567

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

» state what is meant by standardisation and standard

» state the names of various standard organisation

» read and interpret the basic concept of electrical code 2011
+ state the types of injury caused by the improper lifting method
» describe the procedure to be followed for moving heavy equipments.

Standardisation can be defined as the process of
formulating and applying rules for an orderly approach to
specific activity for the benefit of the user and the
manufacturer, andin particularforthe promotionof optimum
overall economy takingdue account of functional conditions
andsafety requirement.

Itis based onthe consolidated results of science, technigque
and experience. It determines not only the basis for the
present but also forfuture development, andto keep pace
with progress.

The materialsftools/equipment produced in any country
should be of certain standard. To meet this requirement,
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the international organisation for standarization(ISQO) is
started and specifiesthe units of measurement, technology
and symbols, products and processes, safety of persons
and goods through a number of booklets coded with ISO
number.

Standard can be defined as a formulation established
verbally, inwriting or by any other graphical method or by
means of a model, sample or other physical means of
representation to serve during a certain period of time for
defining designating orspecifyingcertain features of a unit
or basis of measurement, physical object, an action,
process, method, practice, capacity, function, duty, right
of responsibility, a behaviour, an attitude a concept or a
conception.

To sell Indian goods inthe local and international market
certain standardization methods are essential. The standard
is specified by the Bureau of Indian Standard BIS(1SI) for
various goods through their bocklets. The BIS only certifies
a good often the product meets the specification and
passes necessary tests. The manufacturer allows to use
the BIS(ISI) markonthe product only after BIS certification.

These are a number of organisation for standardisation
throughoutthe world indifferent countries.

The standardorganisationandthe respective countries are
givenbelow:

BIS - Bureauof Indian Standard (IS1) - India

ISO - Internationalstandard Crganisation

JIS - Japanese Industrial Standard - Japan

BS| - British Standards Institution BS(S) - Britain
DIN - Deutche Industrie Normen-Germany

GOST - Russian
ASA - American standards association - America
Advantages of BIS{I1S]) certification marks scheme:

A number of advantages accrue to different sectors of
economy from the BIS(ISI) certification marks scheme.

To manufacturers

+ Streamlining of production processes and introduction
of quality control system.

+ Independent audit of quality control system by BIS

+ Reaping of production economics accruing from
standardization

+ Better image of products in the market, both internal
andoverseas

« Winning for whole-salers, retailers and stockists
consumer confidence and goodwill

+ Preference for ISI-marked products by organised
purchasers, agencies of Central and State Governments,
local bodies, public and private sector undertakings
etc. Some organised purchasers offer even higher price
for1Sl-marked goods.

+ Financial incentives offeredby the Industrial Development
Bank of India (IDBI) and nationalised banks.

To consumers

«  Conformity with Indian Standards by an independent
technical, National Organisation

» Helpinchoosing a standard product

+ Free replacement of ISI-marked products in case of
their being found to be of substandard quality

« Protection from exploitation and deception
+ Assurance of safety against hazardsto life and property

Introduction to National Electrical Code - 2011

National Electrical Code - 2011

National electrical code describes severalindian standards
deciding with the various aspects relating to electrical
installation practice. It is there fore recommended that
individual parts/ sections of the code sheould be read in
conjunctionwith the relevant indian standards.

There are 8 parts and each part contains number of
sections. Eachsectionrefersthe descriptionofthe electrical
item/ devices, equipment etc.

Here, 20sections of the part - 1 are described whichaspect
it covers

Inpart1, 20 sections arethere. Each sections reference is
givenbelow.

Section 1 part 1/section 1 ofthe code describes the scope
of the NEC.

Section 2 covers definition of items with references.

Section 3 covers graphical symbols for diagrams, letter
symbols and signs which may be referred for further
details.

Section 4covers of guidelinesfor preparation of diagrams,
chart and tables in electro technology and for marking of
conductors.

Section 5 covers units and systems of measurement in
electro technology.

Section 6 covers standardvalues of ACand DCdistribution
voltage preferres values of current ratings and standard
systems frequency.

Section 7 enumerates the fundamental principles of design
and execution of electrical installation.

Section 8 coversguidelines forassesingthe characteristics
of buildings and the electrical installation there in.

Section 9 Coversthe essential designand constructional
requirement for electrical wiringinstallation.

Section 10 covers guidelines and general requirements
associated with circuit calculators.

Section 11 coversrequirements ofinstallationwork relating
to building services that use electrical power.

Section 12 covers general criteria for selection of
equipment.

Section 13 covers general principles of installation and
guide lines oninitial testing before commissioning.

24 Power : Electrician (NSQF - Revised 2022) - Related Theory for Exercise 1.1.11-16



Section 14 covers general requirements associated with
earthing in electrical installations. Specific requirements
forearthinginindividual installations are coveredinrespective
parts of the code.

Section 15 covers guidelines on the basic electrical
aspects of lightning protective systems for buildings and
the electrical installation forming part of the system.

Section 16 covers the protection reguirements in low
voltage electrical installation of buildings.

Section 17 covers causes for low power factor and
guidelines for use of capacitors to improve the same in
consumerinstallations.

Section 18 covers the aspects to be considered for
selection of equipment from energy conservation point of
view and guidence on energy audit.

Section 19 covers guidelines on safety procedures and
practices in electrical work.

Section 20 gives frequently referred tables in electrical
engineeringwork.

Theabove descriptionis part 1 only youcanrefer remaining
parts and section for other electrical installation, items
devicesand equipments.

Lifting and handling of loads

Many of the accidents reportedinvolve injuries caused by
lifting and carrying loads. A electrician may needto install
motors, lay heavy cables, dowiring, whichmay involvea lot
of liftingandcarrying of loads. Wrong liftingtechniques can
result in injury.

Aload need not necessarily be very heavy to cause injury.
The wrong way of lifting may cause injury to the muscles
and joints even though the load is not heavy.

Further injuries during lifting and carrying may be caused
by tripping over an object and falling or striking an object
with a load.

Crushing of feet or hands

Feet or hands should be so positioned that they will not be
trapped by the load. Timber wedges can be used when
raising and lowering heavy loads to ensure fingers and
hands are not caught and crushed.

Safety shoes with steel toe caps will protect the feet.
(Fig1)

Fig 1

STEEL
TOE CAP

INDUSTRIAL BOOTS
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Preparaing to lift : Load which seems light enough to
carry atfirstwill become progressively heavier, the farther
you have to carry it.

The personwho carries the load should always be able to
seeoveroraroundit.

The weight that a person can lift will vary according to:
- Age

- Physigue, and

- Condition

It will also depend on whether one is used to lifting and
handling heavy loads.

What makes an object difficult to lift and carry?

1 Weight is not the only factor which makes it difficult to
lift and carry.

2 The size and shape can make an object awkward to
handle.

3 Loads high require the arms to be extended in front of
the body, place more strain on the back and stomach.

4 The absence of hand holds or natural handling points
can make it difficult to raise and carry the object.

Correct manual lifting techniques

1 Approach the load squarely, facing the direction of
travel

2 Theliftshould start withthe lifterin a balanced squatting
position, with the legs slightly apart and the load to be
lifted held close to the body.

3 Ensurethatasafefirmhandgripis obtained. Before the
weight is taken, the back should be straightened and
held as near the vertical position as possible. (Fig 2)

4 Toraisethe load, first straighten the legs. This ensures
that the lifting strain is being correctly transmitted and
is being taken by the powerful thigh muscles and
bones.

5 Look directly ahead, not down at the load while
straightening up, and keep the back straight; this will
ensure asmooth, natural movementwithout jerking or
straining (Fig 3)

6 Tocomplete the lift, raise the upper part of the body to
the vertical position. Whenaloadisneartoanindividual's
maximum lifting capacity it will be necessary to lean
back on the hips slightly (to counter balance the load)
before straightening up. (Fig 4)

Keepingthe loadwell nearto the body, carry itto the place
where itis to be set down. When turning, avoidtwisting from
the waist - turn the whole body in one movement.
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Fig 2

ELN111124

Fig3
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Drills and drilling machines

Fig 4

ELN111126

Objectives : At the end of this lesson you shall be able to
» state the functions of drills

* name the parts of a drill

* name the drill bit holders

» state the uses of countersunking bits.

Drill: Drilling is a process of making holes on workpieces
by using a drill.

Parts of a drill (Fig 1)

Fig 1

(HELIKANGI.E

OF FLUTES

d

« Tang(1) +  Shank(2)
+ Body (3) + Flute (4)
« Land(b) + Pointangle (6)
+ Cutting lip (7) + Chiseledge (8)

Tang: Tang is the part that fits into the slot of the drilling
machine spindle.

Shank: This is the driving end of the drill which is fitted on
the machine. Shanks are of two types.

« Tapershank: forlarger diameter drills.

+ Straight shank: for smaller diameter drills.

The shank may be parallel or tapered.(Figs 2 & 3) Drills
with parallel or straight shanks are made insmall sizes, up
to 12mm (1/2 in) diameter and the shank has the same
diameter as the flutes.

Taper shank drills are made in sizes from 3mm (1/8 in)
diameter up to 50mm (2 in) diameter.

Fig 2

STRAIGHT
BHANK
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Fig 3

TAPER
SHANK
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Body: The body is the portion between the point and
shank.

Flutes: Flutes are the spiral grocves whichrunto the length
of the drill.

The flutes help:
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+ toform the cutting edges

» tocurl the chips and allow them to come out (Fig 4)

Fig 4

ELN122114

» the coolant to flow to the cutting edge.

Land/margin: Land/margin is the narrow strip which
extends to the entire length of the flutes. The diameter of
the drill is measured across the land/margin.

Body clearance: Body clearance is the part of the body
which is reduced in diameter to cut down the friction
between the drill and the hole being drilled.

Web: Webis the metalcolumnwhich separates the flutes.
It gradually increases in thickness towards the shank.

Drill bit holder

Drill chuck: Drill chuck isattached to the main spindlefor
straight shank basis. (Fig 5)

Fig5s
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Drilling machines

Sleeve: This is used to match bit tapers and the spindle
taper holes. (Fig 6)

Socket: This is used when the main spindle lengthis too
short, and the bit is changed frequently. (Fig 7)

Taper shank drills are held in taper sockets in the
machine. (Fig8)

Fig @ Fig7 Fig8
g g - [}

ELN122116

@)

Thetangonatapershankdrillenableseasy removal ofthe
drill from the socket at the end of the drilling work. Thisis
done using a drift. (Fig 9) The tang also serves to prevent
the drill from rotating in the socket.

Use of a coolant: A coclant is used to cool the cutting
tool and the job.

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

» state the types of hand drilling machines and their uses

» state the parts of bench and pillar drilling machine

+ explain the features of machine vice

Making holes in sheet metal by using solid punches is a
slow and inefficient process.

It is necessary to drill holes when working with heavy
material.

The holes can be drilled by hand or by machine. When
drilling by hand, a hand drilling machine (Fig 1) or the
electric hand drilling machine (Fig 2) is used.

Twistdrills are used as a cuttingtool for drilling holes. The
hand drillis used for drilling holes upto 6.5 mm diameter.

The portable electric hand drilling machine is a very popular
and useful power tool. It comes in different sizes and
capacities.

The handle shown in Fig 2 is called a pistol grip handle.

The parts of anelectric hand machine are showninFig2.

Precautions to be observed : Make sure the holes are
properly located and punched with a centre punch.

Be sure the drillis properly centred in the chuck by turning
(rotating).

Be sure the work is mounted properly in a holding device
such as a vice or "G’ clamp.

Check the centering of the drill after the point has just
started inthe metal. Relocate the hole with a centre punch,
if necessary. Feed the drill with a light, even pressure.

Types of Electric Drilling Machines: Some oftheelectric
drilling machines are listed here.
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+ The sensitive bench dilling mchine
* The pillar drilling machine

+ The radial arm drilling machine. (Radial drilling ma-
chine)

(As you are not likely to use the column and radial type of
drilling machines now, only the sensitive and pillar type
machinesare explained here.)

Sensitive bench driling machine: The simplest type of
sensitive bench drilling machine is shown in the (figure 3)
with its various parts marked. This machineis usedforlight
duty work. (Fig 3)

Fig 1
FIXED HANDLE
SMALL HANDLE
CHUCK SHELL
JAWS
&
HAND DRILLING MACHINE é
Fig 2
GEARED KEY CHUCK

/— HANDLE

TRIGGER SWITCH

CHUCK KEY —

ELECTRIC - HAND DRILLING MACHINE

ELECTRIC CORD

ELN121832

Fig3
BELT
FEED HANDLE GlARD
DEFTH GAUGE
AND STOP
DRIVING
CHUCK MATOR
SPINDLE AXIS COLUMN
{PILLAR)
WORK TABLE
TABLE LOCK
BASE HANDLE
3
]
=
o

This machine is capable of drilling holes up to 12.5mm
diameter. The drills are fitted inthe chuck ordirectly inthe
tapered hole of the machine spindle.

The pillar drilling machine: This is an enlarged version
of the sensitive bench drilling machine. These drilling
machines are mounted onthe floor and are driven by more
powerful electric motors. They are used for heavy duty
work. Pillar drilling machines are available in different
sizes. Large machinesare providedwitharackand pinion
mechanism for moving the table for setting the work.
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Power

Related Theory for Exercise 1.2.17-18

Electrician - Wires - Joints - Suldering - UG cables

Fundamental of electricity -
- wire size measurement - crimping

Objectives: 2 the end of thiz lesson you shall be ahle to
= define electricity and atom
= explain about the atomic structure

= define the fundamental terms and definition of electricity

conductors - insulators

= gtatetheconductors, insulators, wires - size measurement methods.

Introduction: Electricityizone ofthe today's mod useful
sourcesofenergy. Eledricty izofutmost neceszsityvinthe
modern warld of sophi gicated equipment and machinery,

Eledricityinmuotion is called eledric current . \Whereasthe
eledricity that does not move is called atic eledricity.

Examples of static electricity
= Shock received from door knobs of a carpeted room .

= Afradtion oftiny paper bitzto the comb.

Structure of matter: Eledricity is related to zome ofthe
most basic building blocks of matter that are astoms
(electrons and protonz). &1 matter iz made of thess
eledrical building blocks, and therefore, all matter iz said
to be 'electrical'.

Atome Matter iz defined az ansthing that has mass and
ocoupies space. A matter is made of tiny, inssible
patticles called molecules. & molecule is the smallest
particle of a substance that has the propeties of the
aubstance. Each molecule can be divided into simpler
partzhy chemicalm eans. The simplest partz of amalecule
are called atoms.

Bazically, an atom contains three types of sub-atomic
patticles that are ofrelevanceto electricity. They arethe
electonz, protons and neutronz. The protonsand newutrons
are located inthe centre, or nud eus, ofthe atom, and the
eledronstravel around the nudeusinarbits.

Atomic structure

TheHucleus: The nucleuzizthe central part ofthe atom .
It cortains the protons and newtrons in egulal numbrs
showninFig1.

Protons: The proton has a positive eledrical charge.
[(Fig11tizalmost1540timesheasvierthantheeledronand
itizthepemmanent part ofthenudeus, protons do not take
an adive pat inthe flow or transfer ofelectrical energy.

Electron: It iz a =m all particle resolvinground the nud eus
of an atom (as shown in Fig 21. It has a negative electric
charge. Theelectronizthreetimeslargerin diameterthan
the praton. Inan atomthenumber of protonzizequal tothe
numberofelectrons.

Heulron: & neutron iz actually a padicle by itzelf, and is
electrically neutral, Since newtrons areeledrically neutral,
theyarenottoo important tothe eledrical nsture of atom s,

Fig1
Fg 2
9 HELITROH
(—I—) FROTCH
Sl |
E nergy shells

In an stom |, electrons are arranged in shells around the
nucieus. & shellizanorbiting lyer ar energylevel of one
ormore electrons. The major shelllaversare identifie dly
numbersar byletters garing with 'K' nearest the nucleus
andcontinuing alphabetically outwards. Therei zam axmum
number of eledronzthat can be contained in each shell.
Fig 3illustrate sthe relationzhip bet weenthe energy shell
level and the mazimum num berofeledrons it can contain.

| fthetotal number ofeledrons fora given atom izk nown,
the placement of electrons in each shell can be easily
determined. Each shell laver, beginning with the fird | is
filled sttt the maxmum number ofeledronzsinsequence.
Forexample, acopper atom shichhas 29 electronswould
have four shellswith anumber ofeledronsin each shellas
shown in Fig 4.
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Fig3

4 —=——— NUMBER DESIGNATION

NUCLEUS

MAX. 2 ELECTRONS

MAX. 8 ELECTRONS
MAX. 18 ELECTRONS

MAX. 32 ELECTRONS

LETTER DESIGNATION
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“N SHELL COMPLETE {18)

—/"— “N' SHELL INCOMPLETE (1)

COPPER ATOM
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Similarly an aluminium atom which has 13 electrons has
3 shells as shown in Fig 5.

Electron distribution: The chemical and electrical
behaviour of atoms depends onhow completely the various
shells and sub-shells are filled.

Atoms that are chemically active have one electron more
or one lessthan a completely filled shell. Atomsthat have
the outer shell exactly filled are chemically inactive. They

arecalledinertelements. Allinertelements are gases and
do not combine chemically with other elements.

Conductors, insulators and semiconductors

Conductors: A conductor is a material that has many
valance electrons permitting electrons to move through it
easily. Generally, conductors have many valence shells of
one, two or three electrons. Most metals are conductors.

Some common good conductors are Copper, Aluminium,
Zinc, Lead, Tin, Eureka, Nichrome, are conductors, where
as silverand gold are very good conductors

Insulators: Aninsulator is a material that has few, if any,
free electrons andresists the flow of electrons. Generally,
insulators have full valence shells of five, six or seven
electrons. Some commeninsulators are air, glass, rubber,
plastic, paper, porcelain, PVC, fibre, mica etc.

Semiconductors:Asemiconductoris a material that has
some of the characteristics of both the conductor and
insulator. Semiconductors have valence shells containing
fourelectrons.

Common examples of pure semiconductor materials are
siliconand germanium. Specially treated semiconductors
are usedto produce modern electronic components such
as diodes, transistors and integrated circuit chips.

Fig5
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ALUMINIUM ATOM

Simple electrical circuit and its elements

Objectives: Atthe end of this lesson you shall be able to
» describe a simple electric circuit

» explain the current, its units and method of measurement (ammeter)
» explain the emf, potential difference, their units and method of measurement (voltmeter)
» explain resistance and its unit, and quantity of electricity.

Simple electric circuit

Asimple electrical circuit is one in which the current flows
from the source to a load and reaches back the source to
complete the path.

A simple electrical circuit is shown in Fig 1
Electric current

Fig 2 shows a simple circuit which consists of a battery as
the energy source and a lamp as the resistance. In this
circuit, whenthe switch is closed, the lamp glows because
of the electric current flows from the +ve terminal of the

source (battery) via the lamp and reaches back the —ve
terminal of the source.

Flow of electric current is nothing but the flow of free
electrons. Actually the electrons flow is fromthe negative
terminal of the battery tothe lampandreaches back to the
positive terminal of the battery.

However direction of current flow is taken conventionally
from the +ve terminal of the battery to the lamp and back
tothe —ve terminal ofthe battery. Hence, we can conclude
that conventional flow of current is opposite to the direction
of the flow of electrons. Throughoutthe Trade Theory book,
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the currentflow istakenfromthe +ve terminal of source to
the load and then back to the —ve terminal of the source.

Fig 1 K
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Ampere

The unitofcurrent (abbreviated as |) is anampere (symbol
A). If 8.24 x 10" electrons pass through a conductor per
second having one chmresistance witha potential difference
of onevoltcauses oneampere current has passedthrough
the conductor.

Ammeter

We know the electrons cannot be seen and no human
being can count the electrons. As such an instrument
called ammeteris used to measurethe current ina circuit.

Asanammeter measuresthe flow of currentinamperes it
should be connected in series with the resistance (Load)
as shown in Fig 3.

deficit of electrons. The battery is said to have an
electromotive force (emf) which isavailabletodrivethefree
electrons in the closed path of the electrical circuit. The
difference inthe distribution of electrons between the two
terminals of the battery produces this emf.

Fig4 1
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Electro Motive Force (EMF)

In order to move the electrons in a circuit- that is to make
the currenttoflow, a source of electrical energy is required.
In a torch light, the battery is the source of electrical
energy.

Within the battery the negative terminal contains an
excess of electrons whereas the positive terminal has a

In Simple,

Electromotive force (EMF) is the electrical force, whichis
initially available inelecrical source, causeto move thefree
electrons in a conductor

Its unit is 'Volt
It is denoted by letter ‘E’

[t cannot be measured by any meter. It can be only
calculated by using the formula

E = Potential Difference (P.D) + V. drop
= p.d+ V.drop
E=V+IR

Electromotive force is essential to drive the electrons in
circuit

System International (SI) unit of electromotive force is
Volts (symbol ‘E")

Potential Difference {(PD)

The difference of volatge and pressure acrosstwo pointsin
a circuit is called a potential difference (p.d) and is
measured involts.

In a circuit, when a current flows, there will be a potential
difference across the terminals of the resistor/load. Inthe
circuitshowninFig 4, whenthe switchisinopen conidition,
the voltage across the terminals of the cell is called
electromotive force (E) whereas whenthe switch is inthe
closed position, the voltage across the cell is called
potential difference (p.d) which wil be lesserinvaluethan
the electromotive force earlier measured. Thisisduetothe
fact that the internal resistance of the cell drops a fer volts
when the cell supplies current to the load.

The force which causes current to flow in the circuit is
called emf. Its symbol is E and its unitis Volts (V). It can
be calculated as

EMF = voltage atthe terminal of source of supply +
voltage dropin the source of supply

oremf=VT+ IR
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Terminal voltage (p.d)

It is the voltage available at the terminal of the source of
supply. Its symbolis V.. Its unit is also the volt and is also
measured by a voltmeter. It is given by the emf minus the
voltage drop in the source of supply, i.e.

V= EMF - IR
Hence EMF is always greater than p.d [E.M.F>p.d]

Voltmeter : Electrical voltage is measured with a
voltmeter. The voltmeter connection is across or it is a
parallel connection (Fig 5).

Fig&
= SYMBOL

_®_

SWITCH CLOSED

+

= X Lamp

Resistance(R): The resistanceis the property of opposi-
tiontothe flow of the current offered by the circuit elements
like resistance of the conductor or load is limit the flow of
current.

In absenceof resistanceinacircuit, the current
will reach an abnormal high value endangering
the circuit itself.

Ohm : The unit of electrical resistance (abbreviatedas R)
is ohm {symbol £2).

Meter to measure resistance

Ohmic value of a medium resistance is measured by an
ohmmeter or a Wheatstone bridge.

International Ohm: ltis definedasthatresistance offered
toanunvaryingcurrent (DC) by a column of mercury atthe
temperature of meltingice (i.e. 0°C), 14.4521 ginmass, of

Types of electrical supply

constant cross-sectional area (1 sg. mm)and 106.3 cmin
length.

International ampere

One internatiocnal ampere may be definedasthatunvarying
current (DCYwhich when passed through a solution of silver
nitrate inwater, deposits silver at the rate of 1.118 mg per
second at the cathode.

Internation volt

Itis defined asthat potential difference whichwhenapplied
to a conductor whose resistance is one international ohm
producesa currentof one internationalampere. ltsvalueis
equal to 1.00049V.

Conductance

The property of a conductor which conducts the flow of
current through it is called conductance. In other words,
conductance is the reciprocal of resistance. Its symbol is
G (G = 1/R) and its unit is mho represented by ¢j. Good
conductors have large conductances and insulators have
small conductances. Thus if a wire has a resistance of R
Q its conductance will be 1/R

Quantity of electricity

As the current is measured in terms of the rate of flow of
electricity, ancther unit is necessary to denote the quantity
of electricity (Q) passing through any part of the circuit in
a certain time. This unit is called the coulomb (C). It is
denoted by the letter Q. Thus

Quantity of electricity = current in amperes (1)
x time in seconds (1)

or Q=Ixt
Coulomb

Itis the quantity of electricity transferred by a current of one
ampere inone second. Another nameforthe above unitis
theampere-second. Alargerunit of the quantity of electricity
isthe ampere-hour (A.h)

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

» explain the difference types of electrical supply

» differentiate between alternating current and direct current
+ explain the method of identification of polarity in DC source

» state the effect of electric current

Type of electrical supply (\Voltage)

There are two types of electrical supply in use for various
technical requirements. The alternating current supply
(AC) and the direct current supply (DC).

DC is represented by this symbol.
~ AC is represented by this symbol.

DC Supply

The most common sources of DC supply are the cells/
batteries (Figs 1a and 1b)and DC generators (dynamos).
(Fig1C)

Direct voltage is of constant magnitude (amplitude). It
remains at the same amplitude from the moment of
switching onto the moment of switching off. The polarity of
the voltage source does not change. (Fig 2)
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The polarity of direct voltage (commonly known as DC
voltage) is positive (+ve) and negative (—ve). The direction
of conventionalflow of current istakenasfromthe positive
to the negative terminal outside the source. (Fig 3)
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Thus direct current remains at the same value from the
moment of switching on to the moment of switching off.
(Directcurrentincommon usage isknownasDC current.)

AC Supply

The source of AC supply is AC generators (alternators).
(Fig 4a) The supply fromatransformer (Fig4b)is also AC.

Alternating voltage

AC supply sources change their polarity constantly, and
consequently the direction of voltage also magnitude. The
voltage suppliedto our homes by power plantsis alternating.
Fig 5 shows a sinusoidal alternating voltage over time
(wave-form).

Fig 4
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Fig 5
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AC supply is expressed by the effective value ofthevoltage,
andthe numberoftimes it changesinone secondis known
asfrequency. Frequency is represented by 'F' and its unit
is in Hertz(Hz).

AC supply terminals are marked as phase/line(L) and
neutral(N).

ELN132138

Current is caused in an electric circuit due to the applica-
tion of voltage. If an alternating voltage is applied to an
electrical circuit, analternating current (commonly known
as AC current) will flow. (Fig 6)

Fig6
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Polarity test in DC
Polarity

The polarity of a DC supply source should be identified as
positive or negative. We can also use the termto indicate
how anelectricdevice isto be connectedtothesupply. For
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example, when putting new cells in atransistor radio we
must put the cells correctly such that the positive terminal
of one cell connectstothe positive terminal of the radic and
the negative terminal of the other cell connects to the
negative terminal of the radio as shown inFig 7.

Fig7
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Importance of the polarity

Direct current supply has fixed polarity, positive and
negative marked as + and — Electric devices which have
positive and negative identifications cntheirterminalsare
said to be polarised. When connecting such devices to a
source of voltage (such as a battery or DC supply)

We mustobserve the correct polarity markings. That isthe
positive terminal of the device must be connected to the
positive terminal of the source, and the negative to the
negative. If the polarity is not observed correctly (that is,
if +ve is connected to —ve) the device will not functionand
may be damaged.

Effects of electric current

When an electric current flows through a circuit, is judged
by its effects, which are given below.

1 Chemical effect

When an electric current is passed through a conducting
liquid (i.e. acidulated water) called an electrolyte, it is

decomposed into its constituents due to chemical action.
The practical application of this effect is utilized in
electroplating, block making, battery charging, metal
refinery, etc.

2 Heating effect

When an electric potential is applied to a conductor, the
flow of electrons is opposed by the resistance of the
conductor and thus some heat is produced. The heat
produced may be greater or lesser according to the
circumstances, but some heat is always produced. The
application of this effect is in the use of electric presses,
heaters, electric lamps, etc.

3 Magnetic effect

When a magnetic compass is placed under a current
carrying wire, it is deflected. It shows that there is some
relation between the current and magnetism. The wire
carrying current does not become magnet but produces a
magnetic field inthe space. Ifthiswireiswound onaniron
core (i.e. bar), itbecomes anelectro-magnet. This effect of
electric current is applied in electric bills, motors, fans,
electric instruments, etc.

4 Gas ionization effect

When electrons pass through a certain gase sealed ina
glass tube, it becomes ionised and starts emitting light
rays, suchasinfluorescenttubes, mercury vapourlamps,
sodium vapour lamps, nech lamps, etc.

5 Special rays effect

Special rays like X-rays and laser rays can also be
developed by means of an electric current.

6 Shockeffect

The flow of current through the human body may cause a
severe shock or evendeath in many cases. If this current
is controlled to a specific value, this effect of current can be
used to give light shocks to the brain for the treatment of
mental patients.

Conducting materials and their comparison

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

» differentiate between conducting and insulating materials

» state the electrical properties of conducting materials

» state the characteristics of copper and aluminium conductors

» state the types and propertites of insulating materials.

» describe the method of measurement of wire size using SWG
» explain the method of measure wire size by outside micrometer

Conductors andinsulators

Material with high electron mobility (many free electrons)
are called conductor.

Materialsthat contain many free electrons and are capable
of carrying an electric current are known as conductors.

Examples - silver, copper, aluminium and most other
metals.

Materials with low electron mobility (few (or) no free
electron) are called insulators

Materialsthat have only afew electrons andare incapable
of allowingthe current to pass through them are knownas
insulators.

Examples -wood, rubber, PVC, porcelain, mica, dry paper
andfibreglass.
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Copper and aluminium

Inelectrical work, mostly copper andaluminium are used
for conductors. Though silver is a better conductor than
copper, it is not used for general work due to higher cost.

Copper used in electrical work is made with a very high
degree of purity, say 99.9 percent.

Characteristics of copper
1 It has the best conductivity next to silver.

2 Ithasthelargestcurrent density per unitarea compared
to other metals. Hence the volume required to carry a
given current is less for a given length.

It can be drawn into thin wires and sheets.

It has a high resistance to atmospheric corrosion:
hence, it can serve fora long time.

5 ltcanbejoinedwithoutany special provisionto prevent
electrolytic action.

6 Itis durable and has a high scrap value.

Next to copper, aluminium is the metal used for electrical
conductors.

Characteristics of aluminium

1 Ithas goodconductivity, nextto copper. Whencompared
to copper, it has 60.6 percent conductivity. Hence, for
the same current capacity, the cross-section for the
aluminiumwire shouldbe largerthanthat for the copper
wire.

It is lighter in weight.

Itcan be drawn into thinwires and sheets. But loses its
tensile strength on reduction of the cross-secticnal
area.

4 Alot of precautions needs to be followed while joining
aluminiumconductors.

5 Themelting point of aluminiumis low, hence it may get
damaged at points of loose connection due to heat
developed.

6 Itis cheaperthan copper.
Table 1 shows the properties of copper compared with
those of aluminium.

Table 1

Chararacteristics of conductor materials

Sl. Properties Copper |Aluminium
No. (Cu) (Al)
1 Colour Reddish | White
brown
2 | Electrical conductivity 56 33
in MHO/metre
3 | Resistivity at 20°Cin 0.01786 | 0.0287
ohm/metre (Cross-
sectionalareain
b
1 mm’)

Melting point 1083°C 6860°C
Density in kgformn® 8.93 2.7
Temperature coefficient | 0.00393 | 0.00403
of resistance at 20°C
per°C

7 | coefficientofiinear | 17x10°®| 23x10®
expansionat20°C
per°C

8 Tensilezstrength in 220 70
Nw/mm

Properties of insulating materials

Two fundamental properties of insulation materials are
insulation resistance and dielectric strength. They are
entirely differentfromeach otherand measured in different
ways.

Insulationresistance

Megohmmeter (Megger) is the instrument used to mea-
sure insulation resistance. It measures high resistance
values inmegohms without causingdamagetothe insula-
tion. The measurement serves as a guide to evaluate the
condition of the insulation.

Dielectric strength

It is the measure of how much potential difference the
insulation layer can withstand without breaking down. The
potential difference that causes a breakdown is called the
breakdownvoltage of the insulation.

Every electrical device is protected by some kind of
insulation. The desirable characteristics of insulation ma-
terials are:

+ highdielectric strength

+ resistance totemperature

flexibility
« mechanical strength.

No single material has all the characteristics required for
every application. Therefore, many kinds of insulating
materials have beendeveloped.

Measurement of wire sizes - standard wire gauge -
outside micrometer

Necessity of measuring the wire sizes

A proper estimate involves determination of current in
different loads, correct selection of the type of cable, size
ofthe cable and the required quantity. Any error will result
indefective wiring, fire accidents and bring unhappinessto
both the house owner and the electrician.

A sound knowledge about the area of the cross-section of
the core, the diameter of the single strand of the conductor
andthe numberof conductors ineach core of the stranded
conductoris essential for awiremanto be successful in his
carreer,
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Table 1 - Conversion table SWG to mm/inch

SWG No. mm inch
0] 8.23 0.324
1 7.62 0.300
2 7.01 0.276
3 6.40 0.252
4 5.89 0.234
5 5.38 0.212
6 4.88 0192
7 4.47 0176
8 4.06 0.160
2] 3.66 0.144
10 3.25 0.128
11 2.95 01186
12 2.64 0.104
13 2.34 0.092
14 2.03 0.080
15 1.83 0.072
16 1.63 0.064
17 1.42 0.056
18 192 0.048
19 1.02 0.040
20 0.91 0.036
21 0.81 0.032
22 0.71 0.028
23 0.61 0.024
24 0.56 0.022
25 0.51 0.020
26 0.46 0.018

27 0.42 0.0164
28 0.38 0.0148
29 0.34 0.0136
30 0.31 0.0124
31 0.29 0.0116
32 0.27 0.0108
23 Bk2is 0.0100
34 @23 0.0092
25 @21 0.0084
36 019 0.0076

To measure the size of conductors, a electrician can use
normally a standard wire gauge or an outside micrometer
for more accurate results.

Standard Wire Gauge (SWG)

The size of the conductor is given by the standard wire
gauge number. According to the standards each number
has an assigned diameter in inch or mm. This is given in
Table 1. The standard wire gauge, showninFigure 1 could
measure the wire size in SWG numbers from 0 to 36. It
should be noted that the higher the number of wire gauge
the smaller is the diameter of the wire.

For example, SWG No. 0 (zero) is equal to 0.324 inch or
8.23 mm in diameter whereas SWG No.36 is equal to
0.0076 inch or 0.19 mmin diameter.

While measuringthe wire, the wire should be cleanedand
then inserted into the slot of the wire gauge to determine the
SWG number,

Fig 1
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STANDARD WIRE GAUGE

Measurement of wire size by outside mirometers : A
micrometer is a precision instrument used to measure a
job, generally within an accuracy of 0.01 mm.

Micrometers used to take the outsice measurements are
known as outside micrometers. (Fig 2)

Fig 2

SPINDLE

ANVIL
THIMBLE

BARREL/SLEEVE

SPINDLE LOCK

FRAME

OUTSIDE MICROMETER - PARTS

ELN1321T1

Principle of the micrometer : The micrometer works on
the principle of screw and nut. The longitudinal movement
ofthe spindle during one rotation is equal tothe pitch of the
screw. The movement of the spindle to the distance of the
pitch or its fractions can be accurately measured on the
barrel andthimble.

Graduations : [n metric micrometers the pitch of the
spindle thread is 0.5 mm.
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Thereby, inone rotationcfthethimble, the spindle advances
by 0.5 mm.

Ina 0-25 mm outside micrometer, on the barrel a 25 mm
long datum line is marked. (Fig 3) This line is further
graduated in millimetres and half millimetres (ie. 1 mm &
0.5mm). The graduatichsare numberedas 0, 5, 10, 15, 20
& 25 mm on the barrel.

Fig 3
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GRADUATIONS MARKINGS ON DUTSIDE DIAMETER

The circumference of the bevel edge of the thimble is
graduatedinto 50 divisions and marked 0-5-10-15... 45-50
in a clockwise direction.

The distance moved by the spindle during one rotation of
the thimble is 0.5 mm.

Movement of one division of the thimble
=05x1/50=0.01 mm.

This value is called the least count of the micrometer.

The accuracy orleast count of a metric outside
micrometer is 0.01 mm.

Outside micrometers are available inranges of 0to 25 mm,
25 to 50 mm, and so on. For electrician, to read the size
of the wire 0 to 25 mm is only suitable.

Reading micrometer measurements
How to read a measurement with an outside micrometer?

a Readonthebarrelscale, the numberof whole millimetres
that are completely visible from the bevel edge of the
thimble. It reads 4 mm. (Fig 4)

Fig 4

EACH MAJOR DIVISION ON BARREL = 1 mm.

LocK READING IS 4 =4 mm.
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READING MICROMETER MEASUREMENT
b Addtothisany half millimetre thatis completely visible

from the bevel edge of the thimble and away from the
whole millimetre reading.

Thefigure readsonedivision(Fig5) mmafterthe 4 mm
mark. Hence 0.5 mm to be added to the previous
reading.

Fig 5

PLUS ADDITIONAL MINOR DIVISIONS.
READING IS 1= 0.5 mm.

i
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¢ Addthe thimble reading to the two earlier readings.

The figure showsthe Sthdivisionof thethimble is coinciding
with the datumline of the barrel. Therefore, the reading of
the thimble is 5 x 0.01 mm = 0.05 mm. (Fig &)

The total reading of the micrometer.

a 400mm
b 0.50mm
¢ 0.05mm.
Total reading = 4.55 mm (Fig 6)

Fig 6
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Precautions to be followed while using a micrometer

Before using the micrometer for measurement, it is
necessary to ascertain that there is no error in the
micrometer. To find the error, close the jaws of the
measuringsurfaces usingthe ratchet. Readthe micrometer.
If the thimble zero is coincident with the datum line of the
barrel, erroriszero. Ifitreads highervalue, the erroris +ve;
if it reads lesser value the difference betweenzeroandthe
readvalueis-veerror.

Ifthere is minus error it should be added to the total reading
andifthere is plus errorthevalueshould be subtracted from
the total reading.

The faces of the anvil and spindle must be free from dust,
dirtand grease.

While reading the micrometer, the spindle must be locked
with the reading.

Do not drop or handle the micrometer roughly.
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Skinning of cables

Objective: Atthe end of this lesson you shall be able to

» state the method of skinning of cable.

While, using aluminiumcables proper care isto be taken
regardingthefollowing.

+  Handling
« Skinning of the cables
+ Connecting the cable ends

Handling: Remember that aluminium conductors when
comparedto copperconductors have lesstensile strength
andless resistance tofatigue. Assuch, bending ortwisting
of aluminiumconductors while laying the cables should be
avoided as far as possible.

Skinning of cables: While skinning the insulation from
the cables, knicks and scratches should be avoided. As
showninFig1,the insulation should notbe ringedas there
is a danger of nicking the aluminium conductor while
ringing the insulation with a knife.

Using the knife as shownin Fig 2 at an angle of 20°to the
axis of the core will avoid knicking of the conductor.

Cable end termination - crimping tool

Fig 1

W

WRONG METHOD
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Fig 2

RIGHT METHOD

ELN132182

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

» state the necessity of proper termination
» list the different types of terminations

» describe the parts and their functions of crimping tool

» state the advantages of crimping termination

Necessity of termination

Cablesareterminated at electrical appliances, accessories
and equipmentetc. for providing electrical connections. All
terminations must be made to provide good electrical
continuity, and made in such a manner as to prevent
contact with other metallic parts and other cables.

Looseterminationswillleadtooverheating of cables, plugs
and other connecting points due to higher resistance at
those terminations. Fires may also be started due to the
excess heat. Wrong termination like excess or extended
conductor touching metallic part of the equipment may
lead to giving shock to the person who comes in contact
with the equipment.

Toconclude, we can state that wrong termination will lead
to overheating of terminating points and cables, short
circuits and earth leakage.

Types of termination

Crimp connection: Inthistype of connectionthe conductor
is inserted into a crimp terminal and is then crimped with
a crimping tool (Fig 1).

Itis importantto choose a crimpterminal that matchesthe
conductor diameter andthe dimensions ofthe connecting
screw terminal. (Figs 2 & 3)

Fig 1
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Fig 2
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Insert screwsetting: The conductorisinserted between
the terminal block and the special form of washer (Fig 4),
and then the screw is tightened.
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Fig 4
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INSERT AND SCREW SETTING

Screw on terminals with loop/ring conductor: A locp
is formed clockwise inthe bare portion of the conductor to
match the size of the screw diameter. Then the loop is
inserted to the screw andtightened. (Fig 5) Inthe case of
a stranded conductor, soldering of the loop is essential to
prevent strands gettingfray.

-5

RING MAKE-IP SCREW SETTING

Fig 5
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While connecting the plug and socket for extension of the
cable, Line (L), the Neutral (N) and Earth (E) terminals must
be properly identified by markings on them .(Fig 6)

Figé
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Crimping and crimping tool

The ends of cables can be prepared for termination with
lugs by the soldering process or by mechanical means -
compression or crimp fitting.

Incrimpcompressionfitting, a ring-tongued terminal (lug)
isto be compressedto the baredend of aninsulated multi-
strand cable. The process is called crimping and the tool
used is called crimping pliers or crimping tool.

The principal purpose of the pressure is to establish and
maintain suitable low contact resistance between the
contact surfaces of the conductor. Improper crimping will

create increased contact resistance and will cause
overheatingwhile carrying electrical load.

Crimping tools

The crimping pliers illustrated in Fig 7 is of a type which
crimps from 0.5 to 6 mm cables.

Fig7

HAND CRIMPING PLIERS
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The tool is operated by squeezing the handles. The jaws
move together, grip and then crimp the fitting. Using the
crimping tool that matches the specific crimp lug will give
the correct crimping force for a properly executed crimp.
Properly executed crimp will indent the top of the lug and
the indentation will hold the conductor securely as shown
in Fig 8.

Fig &

INDENTATION
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CORRECT EXECUTED CRIMPING

Iftheterminal hastoo deepacrimp, the strength ofthe joint
isreduced. Withtoo shallow a crimp, the electrical contact
has a high resistance. Selection of the correct crimping
tool is essential. A properly crimped terminal is shown in
Fig 9.

Fig9

NO INSULATION
INSIDE THE BARREL

CRIMP IN THE
CENTRE OF THE
BARREL

1mm OF WIRE
PROTRUDING

gl

CRIMP LUG

TONGUE
A PROPERLY CRIMPED TERMINAL

ELN1321A3

Fig 10 shows another type of crimping tocl which crimps
from 26 to 10 SWG.

The head and jaws, may be removed, by unscrewing the
screws S, and S,. A head with different shaped jaws may
then be secured to the tocl. The shape of the jaws
determines the shape of the crimp (indent). Some crimp
sections are shown in Fig 11.
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Fig 10

JAWS MOVE
TOGETHER

DIFFERENT HEAD

JAWS ARE
DIFFERENT.

HOLES FOR
585,

SQUEEZE HANDLES
TO CRIMP.

=

AFTER CRIMPING
SQUEEZE HANDLE
FURTHER TO RELEASE
THE TOOL.
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PARTS OF CRIMPING TOOLS

Safety

When using this type of crimping tool care must be taken
not to trap the finger.

Fig 11
APPROX. 1 ~ 2 mm.

8 D

INDENT

PLACE JAWS OF
CRIMPING PLIERS.

INDENT
INDENT

CRIMPED SECTION
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Terminal types

It is important to consider both the mechanical and
electrical requirements when selecting a lug connector.

Thefactorsare:
« the type of tongue, i.e. rectangular, ring, spade, etc.

+ the mechanical size, i.e. tongue size and thickness,
hole size etc. for the cable selected

+ theelectrical considerationssuchasthe current carrying
capacity, that may also determine some of the
mechanical dimensions.

The electrical and mechanical requirementsforthe lugand
the base material of the lug are decided by the cable

Cable insulation - voltage grading

material, and the place of connection will determine the
minimum tongue size and the barrel size. The most
commonly used base materials are copper and brass.
Nickel, aluminium and steel are also used, but less
frequently.

Fig 12 shows some lug connectors normally used in
practice terminals. They are ring, rectangular, spade,
flanged spade etc.

Fig12

RECTANGULAR RING
SPADE FLANGED SPADE 2

#

LUG CONNECTORS a

Precautions for crimping tool application

Do not handle the job/tocl roughly e.g. drop, hammer, etc.
which may harm the tool.

Do netalterthe crimpingtool, e.g. alterthe shape of the die
etc.

Do notletmetal chips adhere to the working position of the
tool, particularly onthe lower surface of replaceable die on
the crimping part.

If a pin, spring, etc. is found damaged inthe crimping tool,
repair it immediately.

Apply oxide inhibiting grease to the aluminium conductor
end just before crimping.

Advantages of crimping terminations

1 Aproperly made crimpis better inelectrical conductivity
and mechanical strength.

Less costly.

3 When the same size cables are to be terminated
through lug connectors, the crimping process is faster
thansoldering.

Objectives: Atthe end of this lesson you shall be able to
* list out the factors for selection of cables
» state voltage grading.

Selection of cables

The current carrying capacity ofa particular area of cross-
section cable depends upon the following factors.

» Type of conductors (metal)

+  Typeofinsulation

« Cable runin conduit or in open surface
+ Single or three phase circuit

»  Type of protection - coarse or close excess current
protection

+  Ambienttemperature
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+  Number of cables in bunches

« Lengthof circuit (permissible voltage drop) - this will be
discussed at a later stage.

Depending upon the above factors the current rating of
cables may vary to a great extent.

Classification of voltage grading

Voltage is classified as

1 Lowwvoltage (L.V): Normally not exceeding 250V (i.e.)
from O to 250 volts.

2 Medium voltage (M.V): Exceeding 250V but not ex-
ceeding 650V from 250 to 650 volts

3 Highvoltage (H.V): Exceeding 650V but not exceeding
33000V, (650-33000volts)

4 Extra highvoltage: All voltages above 33000V comes
under this category.

TABLE
Various types of electrical cables
Type of code Voltage grade Range of Application B.L.S.
cross applicable
section
in (mm?)
A Wiring cable
1 PVCinsulated 250/440,650/ 1.51t0 50 Domestic/industrial 694 part 1l
a)non-sheathedsingle core 1100 wiring in conduits.
Domestic/industrial
wiring in batten.
b) PVC sheathed
i) single core -do- -do- -do-
i) flat twin-core -do- 1.5t016 Domestic wiring for
power plug.
iii) flat twin-core 250/440 1.51t0 50 Domestic/industrial
ECC and 3-core wiring on batten.
iv) circular 2,3 or 4 core 650/1100V 1.51t0 300 Sub-mainfindustrial.
c)non-sheathed single 250/400 4t0 5 Temporary wiring 694 part |
core and twisted 630/1100 interconnections,
twin flexible copper household 694 part &l
applicances.
dYPVC sheathed circular -do- -do-
twin, 3 and 4 core flexible
copper
e)Single extrusion -do- 1.51t0 50 Domesticwiring 694 part 1,11
on batten
2 Polythene insulated and PVC
sheathed withaluminium
conductor
a) single core flat & 250/440 1.51t0 50 Domesticwiring 1596
circular twin core on batten
b) flat twin with ECC & -do- 1.5t010 -do- 1596
circular
3 Leadalloy sheathed Aluminium Copper
i) single core 1.5t0 50 1.5t0 50
i) 2,3 and 4-core circular 250/440 70t0 625 64.5t0 645
iii) twin & 3 core flat (ECC) 650/1100 15t016 1.5t0 16 Industrialwiringindamp | 434 partl,ll
250/440 corrosive atmosphere.
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Type of code Voltage grade Range of Application B.l.S.
CTosS applicable
section
in {mm?)

4 TRS sheathed
i) single core
i) 2,3 and 4-core circular -do- 1.5t0 50 0.51o0 50 Wiring residential on 434 part | ||
batten,industrial wiring
iy Twin & 3 core flat (ECC) -do- 1.5t0625,64.5-645 Residential batten -do-
e) TRS sheathedflexible 15t0161.51t0 16
f) Fire resisting asbestos 250/440 Welding cables infire -do-
sheathed 6501100 hazards.
g) Poly Phropene -do- Training cable for lifts -do-
sheathed flexible -clo- and other mobile
equipments
5 Weather-procf cables 250/440 1.50t0 50
a)VIR insulated cotton, 650/1100

braided and treated with

weather resistance

compound

b)PVC insulated PVC -do- -do- Serviceconnectionand | 434 part| ||
sheathed otheroutdoor application.| 3035 part |

c)Polythene insulated, taped -do- -do- 3035 part |
braided and compounded

6 Power cables heavy duty

1.1kV grade

PVC insulated PVC

sheathedcable

a)Unarmoured/armoured

i) Single core 650/1100 1.5t0 1000 Armoured cablein 1554

i) Twin core 650/1100 1.5 to 500 singlecore notavailable. | Part1/76

iy Three-core -do- 1.5 to 400 Unarmoured power

iv) Three and a half core -do- 16 to 400 cables are used only in

v) Four core -do- 1.51t0 50 protected places. Use of

copperis banned for
such applications
7 Paperinsulated, lead, 1.1kV 6 10 625 610 625 Dry places, heavy duty, | 692-73
covered, single core, -do- -do- -do- hazardous applications
unarmoured. underground.
a) Twin-core, armoured -do- -do- -do-
b) Three andthree and -do- -do- -do- Dry places for cotton 693-1965
half, armoured. braided, otherwise metal
sheathed.
8 Varnished cambricinsulated -do-

N.B.

2 ECC - Earth continuity conductor.

1 Where material of core is not mentioned, it is aluminium.
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Related Theory for Exercise 1.2.20-22

Electrician - Wires - Joints - Suldering - UG cables

Wire joints - Types - Soldering methods

Objective: 2 the end of thiz leszon you =hall be able to

= state the different types of wire joints and their uses
= gtatethenecessity of soldering and types of soldering

= gtate the purpose and types of fluxes

= gxplain the different method of soldering and techniques of soldering

ik e
Szanthe OF Code to wien
the wdeo for this exercize

= gxplain the type of solder and flux used for suldering aluminium conductor.

Definition of joint: A joint in an electrical conductor
means connedingtying or irterlaying together of two ar
more condudtors such thatthe unionjundion becomes
secured both electrically and me chanically.

Typesofjoints: In eledrical work | different types ofjoints
are uzed, based onthe requirement. The service to be
performed by ajoint determinesthetypeto be uzsd.
Som e ofthe commonly used joints are listed b elow:

= Pig-tail ar rat-tail

= twigtedjoints

= Maried joint

= Teejoint

= Britannia graight joint

= Britanniates joint

= Westem union joint

= Scarfedjoint

= Tapjointin single stranded condud or
Pig-tail/Rat-tail/Twisted joint: (Fig 1) Thiz joint s
auitable for pieces where thereiznomechanical Aresson
the conductors, a3 found inthe jundion box o conduit

accessorieshox However, thejoint should m airtsingood
eledrical condudtivity.

Married joint (Fig 2) A married joint iz used in places
where appreciable g edrical conductivtyisredquired, along
with compadness.

Azthe mechanical strengthizless thisjoint could be used
gt places where the tensile dressis not too great.

Tee joint (Fig 302 Thiz joirt could be usedin overhead
diztiibutionlines wherethe eledricalenergyistobetapped
far service connections,

Britanniajoint: (Fig 41 Thizjoint isusedin overheadlines
whete considerable ten sile grengthisreguired.

It iz alzo used both for inside and outside wiring where
zingle conductors ofdiameter 4 mm ar more are uzed.

e

Emce

B rita nnia teejoint: Thizjoint (shown inFig ) iz used for
overhead lines for tapping the electrical energy
pempendicular tothe service lines,

Fgs

Westernunion joint (F ig 6= Thisjoirt izusedin overhead
lines for exdending the length of wire where the joint is
subjeded to conziderabletensile sress.

Scarfed joint (Fig 7 Thiz joirt is used in large single
condudorswhere good appearanceand compadnessare
the main conziderations, and where the joint iz naot sub-
jectedto apprecishletensile gressazin earth conductors
uzedinindoor widng.




Figé

===

WESTERN UNION JOINT
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Fig7
8

i

{a) SCARFED JOINT

ey

{b) SCARFED JOINT
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Tap joints in single stranded conductors of diameter
2mmorless : By definition, atapisthe connection of the
end of one wiretosome pointalong the runof another wire.

The following types of taps are commonly used.
— Plain

Aerial

Knotted

Cross - Double - Duplex

Plain tap joint: (Fig 8) This joint is the most frequently
used, andisquickly made. Soldering makesthe joint more
reliable.

Fig 8

ELN132518

PLAIN TAP JOINT

Aerial tap joint : (Fig 9) This joint is intended for wires
subjected to considerable movement, and itis left without
soldering for this purpose. This joint is suitable for low
current circuits only. It is similar to the plain tap joint
except that it has a long or easy twist to permit the
movement of the tap wire over the mainwire.

Figa

—— ([

H

AERIAL TAP JOINT

ELN132519

Knotted tapjoint : (Fig 10) A knottedtapjointis designed
to take considerable tensile stress.

Soldering - types of solders, flux and methods of
soldering

Soldering: Soldering is the process of joining two metal

plates or conductors without melting them, with an alloy
called solder whose melting point is lower than that of the

Fig 10

ELN13251A

KNOTTED TAP JOINT

metals to be soldered. The molten solder is added to the
two surfaces to be joined so that they are linked by a thin
film of the solder which has penetrated into the surfaces.

Necessity of soldering: VWire andcable jointsshould have
the same electrical conductivity and mechanical strength
asthat ofthe parent conductor. This cannot be achieved by
amere mechanical joint. As such cable joints are soldered
to have good mechanical strength, electrical conductivity
and also to avoid corrosion.

Solders : The following are the general proportions of tin
and lead used in the solders.

Designation | Compo- Working Uses
sition temp.
Electrician's Tin-60% 185°C. Tinningand
solder or soldering
Lead-40% | 365°F. electrical
joints etc.

Solder used for copper: The metal alloy used as a
bonding agentin solderingis called a solder. The solders
used for soft soldering consist of an alloy {mixture) of
mostly tin and lead.

Factors influencing the choice of a solder

The factors that influence the choice of a solder are:
+  melting point

» solidificationrange

« strength

+ hardness

» sealability

s [price.

Flux: Flux is a substance usedto dissolve oxides onthe
surface of conductors andto protect against de-oxidisation
during the soldering process.

General properties of flux : The purpose of the flux is to

+ dissolve oxides, sulphides etc. thereby making the
soldering surface free of oxides and dirt

« prevent re-oxidation during the soldering operation
thereby making the solder adhere to the surface to be
soldered.

+ facilitate the flow of the solder through surface tensicn
s0 as to make the solder flow into the surface to be
soldered.
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The type of solder often determines the flux to be usedfor

soldering.

The following table lists the fluxes used for soldering.

Table
Sl. Suitable flux Metals/job - used for Type of solder
No.
1 Sal ammonia rosin Copper, brass, tin plate, gun-metal: Coarsesolder

(Not fully acid-free)

for cleanandfiner soldering work.

Rosin

Joining electrical conductors

Electrician's solder

Tallow - (turpentine,
acidfree)

For joining electrical conductors, for soldering.

Electrician's fine solder

Soldering methods

Soldering with a soldering iron: The most common
method of soldering is with a soldering iron as shown in
Fig 1. This is widely used for most kinds of soft soldering
work.

SOLDERING IRON

This tool is simple and inexpensive. Soldering irons are
available in a wide range of sizes and models.

ELN132521

Temperature controlled soldering

For soldering miniature components on printed circuit
boards, atemperature-controlled solderingironis usedas
showninFig2. Theelectrical supply givento the soldering
iron is of low voltage, and is completely isclated fromthe
mainsupply. Low voltage does notendangerthe life of the
user and will also not spoil the sensitive electronic
components. Controlled temperature makes the jobeasy
for the user.

Fig 2

TEMPERATURE CONTROL
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TEMPERATURE CONTROLLED SOLDERING IRON

Soldering with a soldering gun: This method, shownin
Fig3, isusedforindividual soldering, e.g. forservicingand
repairwork.

The principle of this method is that an electric current flows
throughawire coil heatingit. The temperature isdifficult to
check, and overheating can easily occur. This is the
disadvantage.

Fig3

ELN132523

SOLDERING WITH A SOLDERING GUN

Soldering with a flame: Soldering with a flame is used
when the heat capacity of a soldering iron is insufficient.

This method, shown in Fig 4, permits rapid heating and is
used primarily for larger jobs, such as piping and cable
work, vehicle body repairs and some applications in the
buildingtrade.

Fig4

BOLDERING WITH BLOWLAMP

ELN132524

This method requires skilful management of the flame.

Dip soldering: This method, shown in Fig 5, is used for
quantity productionandfortinningwork similartocomponent
soldering on Printed Circuit Boards (P.C.B.). Components
to be soldered or tinned are dipped into a bath of molten
solder, which is heated electrically.

The temperature can be controlled very accurately.

Machine soldering: This method is used for quantity
production, and is based onthe principle that molten solder
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or a mixture of oil and molten solder is set in rapid motion,
thus breaking up the oxide film. The solder comes into
direct contact with the component ends to be soldered.

Fig5

COMPONENT
SIDE OF THE
BOARD

ELN132525

DIP SOLDERING

Techniques of soldering : Solderinginvolvesthe following
mainoperations.

« Tinningthe solderingiron

« Cleaning the parts to be soldered

*  Applyingthe solder

Tinning the soldering iron: To make the solder adhere
to the tip of the soldering iron, the surface of the tip must

be coated with the solder, and this cperation is known as
tinning.

First the tip is cleaned with a cloth and heated either
directly or indirectly. The tip is then filed to remove the
scales, and is wiped again with a cloth.

The right temperature for tinning could be judged by the
change of colourofthe tipwhen heated. Ifthe surface of the
copper tiptarnishes immediately, the temperature is high
and needs to be cooled slightly by withdrawing the source
of heattemporarily. Acorrectly heatedtiptarnishes slowly.

Afterthe solderingirontip attains the correcttemperature,
place a small quantity of solder and the flux on a tin plate
and rub the bit on the mixture. The solder should stick to
the surface of the tip evenly. Wipe out the superfluous
solder with a clean damp cloth.

The whole process of tinning is shown in Figures 6a and

TIN SHEET

FLUX AND
SOLDER

(b}

ELN132538

TINNING PROCESS

The surface should present a bright silvery appearance
when properly tinned.

Cleaning the surface to be soldered: The parts to be
soldered should be well cleanedfor perfectsoldering. The
scales, dirt, oiland grease should be completely removed
either by wiping or by rubbingwith a sandpaper. Immediately
after cleaning, the flux should be applied onthe surfaceto
avoid oxidization.

Applying the flux: The rosin which is recommended as
aflux may be sprinkled cver the surface to be scldered or
may be applied with a brush as shown in the Fig 7.

Fig 7

ELN132537

APPLYING SOLDERING FLUX

Applying the solder: The guantity of the solder to be
applied depends uponthesize ofthe job. Forsmall jobs like
printed circuitboards solderingorsoldering joints inwires
of diameter 2mmorlower, anelectric solderingiron is used
whereas for soldering joints of large sized cables, potand
ladle are used.

Soldering precautions: Removetheironassoonasthe
solder hasflowed over the surfaces.

Excessive heating may damage:
« the wire and its insulation

+ thecomponent being soldered
+ the adjoining components.

Soldering with pot and ladle (Fig 8): For larger sized
jobslike undergroundcabile jointing, a melting potand ladle
are used. The solder is kept inthe pot and heated either
by a blowlamp or by charcoal. Initially the surface to be
soldered is cleaned and a coat of flux is given.

Fig 8

ELN132538

POT AND LADLE METHOD OF SOLDERING

Then the surface to be scldered is heated by pouring
molten solder over it in quick succession. The dripping
solder is collected in a cleantray. After several pourings,
the surface attains the same temperature as that of the
molten solder. The flux is again applied and the solder is
slowly poured on the surface as it forms an even layer.
Superfluous soldercollected inthe tray is re-melted inthe
pot.

46 Power : Electrician (NSQF - Revised 2022) - Related Theory for Exercise 1.2.20-22



Soldering of aluminium cables: Soldering aluminium
conductors is more difficult thansolderingcopper conductors
owingtothe highly tenacious, refractory and stable nature
of the oxidefilmwhichforms immediately cnany aluminium
exposed toair.

This oxide film does notallow the solder towetthe surface
to be soldered, and alsc prevents the solderfromentering
the interior surface by capillary action. Hence special
solders and fluxes are used for aluminium soldering.

Solder: A special soft solder having a small percentage
of zinc is used for joining aluminium conductors. (Soft
solders are alloys which have a melting point below 300°C.)
IS 5479-1985 gives details of the chemical composition of
soft solders and their grades used forsoldering aluminium
conductors. Details are givenin Table 1.

The object of this small zinc content which is a common
feature of aluminium solders is to fecilitate the alloying of
the solderwithanaluminiumsurface. Atypical composition
of solder with 51% lead, 31% tin, @ % zinc and 9%
cadmiumwiththe brand name "ALCAF solderis available
in the market for soldering aluminium conductors. In
addition a special solder by name Ker-al-lite is also
available for soldering aluminium conductors.

Flux: Insolderingaluminium conductors, organicfluxes of
reaction type, free from chlorides and suitable for soft
soldering are used.

The composition of the organic fluxes decomposes at
approximately 250°Cto effectthe removal of the oxide film
and also to assist in the spreading of the molten solder to
enable tinning the de-oxidised surface immediately.

The major disadvantage of crganic flux is that it tends to
charatatemp. above 360°C. The charring, thus caused,
renders the flux ineffective and gives rise to the danger of
creating voids inthe joint due to charredflux residues. For
this reason, it is essential that the temp. of this solder
during the operation is maintained well within 360°C. The
commercial name of fluxes used for joining aluminium
conductors are Kynal Flux and Eyre No.7.

Procedure of soldering aluminium cables : The
procedure of soldering aluminium cables to standard

copper lugs employing Kynal's flux and Ker-al-lite special
solder is explained below.

Strip the cable in preparation for jointing in the usual
manner.

Spread out the strands so as to effect a general locsening
andslight displacement of the wires, and cleanthe surface
preferably with awire brush.

Apply a small quantity of flux by brushing well into the
fanned-out ends of the conductor and baste (moisten) the
fluxed conductor with a full ladle of molten solder.

Apply more flux and baste again with the molten solder.
Continue to make repeated alternate applications of flux
and solder until the wires exhibit a brightly tinned surface
free from dull spots.

After the final basting, wipe off the surplus metal from the
strands with a clean and dry piece of cloth.

Flux the lug inner surface and fill it with the molten solder.

Insert the tinned end of the cable inside the lug and hold
both the cable and the lug firmly without shaking.

Allowthe lugto cool and baste the surface quickly with the
molten solder to remove the excess solder.

Wipe the lug surface with a clean cloth.

Apply a coating of graphite conducting grease on the lug
beforeusing.

Precautions to befollowed while soldering aluminium
All surfaces must be scrupulously clean.

Whenajointis being made between stranded conductors,
the strands must be "stepped'toincrease the surface area.

The surface must be fluxed before the heat is applied.
Safety

During the jointing operation copious fumes are given off
when the flux is heated. These fumes contain small
guantities of fluorine, and it is, therefore, advisable not to
inhale them.

As smoking during the jointing operation results in the
inhaling of toxic fumes, smoking duringsolderingshould be
avoided.

Table 1
Grade % of alloying elements Melting temp. | Flux type Applications
Zinc Lead Tin in “C
SnPb537n 170225 52-54 | 45.71-45.21 170-215 Organic Conductorsofelectri-
cal cables
SnPb587Zn 1765225 57-69 | 40.66—-40.6 175220 -do-
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Related Theory for Exercise 1.2.23-26

Electrician - Wires - Joints - Soldering - UG cables

Under ground (UG) cables - construction - materials - types - joints - testing

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

» define UG cable
» explain the construction of UG cables

list and state the insulating materials used in cables

list out and state the types of UG cables used for 3 phase service
state the types of cable joints and laying methods

expalin the faults and testing procedures of cables.

Under Ground (UG) cables

“A cable so prepared that it can withstand pressure and
can be installed below the ground level and normally two
or more conductors are placed in an UG cablewith sepa-
rate insulation on each conductor”

Electric power canbetransmitted (or) distributed either by
over-headlines systemor by underground cable system.
The underground cable system have severaladvantage,
such

Advantages

+ Less chance to damage through storms or lightning.
+  Low maintenance cost.

« Less chances of fault.

Disadvantages

However, their major draw back / disadvantages are

« Initial cost of UG cable system is heavy.

+ The cost of joints are more.

+ Introduce insulation problems at high voltages
compared with O.H lines.

For these reasons UG cables are employed where it is
impracticable to use O.H lines like (i) thickly populated
areas, where municipal authorities prohibit O.H lines for
the reason of safety.

i Aroundplants
i InSubstations,

i Where maintenance conditions do not permitthe use
of O.H construction.

General construction of UG cables

Anunderground cable essentially consists of one ormore
conductors coveredwith suitable insulationand surrounded
by a protecting cover.

Necessity requirements for cables

In general, a cable must fulfill the following necessary
requirements.

i Theconductor used incables should be tinnedstranded
copper or aluminum of high conductivity. (Strands of
cable gives flexibility and carry more current).
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i Thesize ofthe conductor should be selected, sothatthe
cablecarriesthe desiredload currentwithoutoverheating
and limits the voltage drop to a permissible value.

i The cable must have proper thickness of insulation to
ensure the safety and reliability for the designed voltage.

i The cable must be provided with suitable mechanical
protection so that it may withstand the rough use in
laying it.

v The materials used in cables should be with complete
chemical and physical stability throughout.

Construction of Cables

Fig 1 shows the general construction of a 3-core cable.
The various parts are:

Fig1

PAPER
INSULATION

CONDUCTOR BEDDING SERVING
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CONSTRUCTION OF CORE CABLE

i Cores or conductors: Acable may have one or more
than one core (conductor) depending upon the type of
service for which it is intended. For instance, the 3-
conductor cable shown in Fig 1 is used for 3-phase
service. The conductors are made of tinned copper or
aluminium and are usually stranded in order to provide
flexibility to the cable and having high conductivity.

ii Insulation: Each core or conductor is provided with a
suitable thickness of insulation, the thickness of layer
depending upon the voltage to be withstood by the cable.
The commonly used materials for insulation are
impregnated paper, varnished cambric or rubber mineral
compound. Petrolium jelly is applied to the layers of
the cambric to prevent damage.

iii Metallic sheath: In order to protect the cable from
moisture, gases or other damaging liquids (acids or
alkalies) in the soil and atmosphere, a metallic sheath
of lead or aluminium is provided over the insulation as



shown in Fig 1. The metallic sheath is usually a lead
or lead alloy.

iv Paper Belt: Layer of imprignated paper tape is wound
round the grouped insulated cores. The gap inthe cores
is filled with fibrous insulating material (jute etc.)

v Bedding: Over the metallic sheath is applied a layer of
bedding which consists of a fibrous material like jute
or hessiantape. The purpose of bedding is to protect
the metallic sheath against corresion and from
mechanical injury due to armouring.

vi Armouring: Over the bedding, armouring is provided
which consists of one or two layers of galvanized steel
wire or steel tape. Its purpose is to protect the cable
from mechanical injury while laying it and during the
course of handling. Armouring may not be done inthe
case of some cables.

vii Serving: In order to protect armouring from atmospheric
conditions, a layer of fibrous material (like jute) similar
to bedding is provided overthe armouring. This is known
as serving.

It may not be out of place to mention here that bedding,
armouring and serving are only applied to the cables for
the protection of conductor insulation and to protect the
metallic sheath from mechanical injury.

The principal insulating materials used in cables are
i Rubber

i Vulcanized India rubber

i Impregnated paper

v Varnished cambric and

v Polyvinyl chloride.

Classification of cables

Cables for underground service may be classified in two
ways according to (i) the type of insulating material used
in their manufacture (ii) the voltage for which they are
manufactured. However, the later method of classification
is generally preferred as

i Low-tension (L.T) cables —upto 1100 V

i High-tension (H.T) cables —upto 11,000 V

i Super-tension (S.T cables —from 22 KV to 33 KV

i Extra high-tension (E.H.T) cables — from 33 to 66 KV
v Extra super voltage cables — beyond 132 KV

A cable may have one or more than one core depending
uponthe type of service for which it is intended. It may be
(i) single-core (ii) two-core (iii) three-core (iv) four-core etc.
For a 3-phase service, either 3-single core cables or three-
core cable can be used depending upon the operating
voltage and load demand.

Single core low tension cable: Fig 2 shows the
constructional details of a single-core low tension cable.
The cable has ordinary construction because the stresses
developed in the cable for low voltages (upto 6600 V) are

generally small. It consists of one circular core of tinned
stranded copper (or aluminium) insulated by layers of
impregnated paper.

Fig 2 SERVING

LEAD SHEATH

STRANDED IMPREGNATED

COPPER
CONDUCTOR

SINGLE CORE L.T. CABLE
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Cables for 3-Phase Service

In practice, underground cables are generally required to
deliver 3-phase power. Forthe purpose, either three-core
cables or three single core cables may be used. For
voltages upto 66 KV, 3-core cable (i.e. multi-core
construction) is preferred due to economic reasons. The
following types of cables are generally used for 3-phase
sernvice.

1 Belted cables — upto 11 KV

2 Screened cables —from 22 KV 10 66 KV
3 Pressure cables — beyond 66 KV
1

Belted cables : These cables are used for voltages
upto 11 KV but in extraordinary cases their use
extended upto 22KV. (Fig 3)

Fig 3
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2 Screened cable

These cables are meant for use upto 33 KV butin particular
cases their use may be extended to operating voltages
upto 86 KV. Two principal types of screened cables are
H-type cable and S.L. type cables.

i H-type cables : This type of cable was first designed
by H. Horchstadter and hence the name. Fig 4 shows
the constructional details of a typical 3-core, H-type
cable. Each core is insulated by layers of impregnated
paper. The insulation on each core is covered with a
metallic screen which usually consists of a perforated
aluminium foil.
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Advantages:

+ The posibility of air pockets or volds inthe dielectric is
eleminated

« The metalic screen increase the heat dissipating power
ofthe cable

(il S.L. type cables Fig 5 shows the constructional
details of 3-core S.L (separate lead) type cable. Itis
basically H-type cable but the screen round each core
insulation is covered by its own lead sheath. There is no
overall lead sheath but only armouring and serving are
provided.

The S.L type cables have two main advantages over H-
type cables.

a The separate sheaths minimize the possibility of core-
to-core breakdown.

b Bendingof cables become easy due to the elimination
of overall lead sheath.

The disadvantage is that the three lead sheaths of S.L.
cable are much thinner than the single sheath of H-cable

Fig &
CONDUCTOR LEAD
COVERING
ARMOURING

COTTON TAPE
'3
H
SERVING 8
SL TYPE CABLE z
W

3 Pressurecables

For voltages beyond 66 KV, solid type cables are unreliable
because there is a danger of breakdown of insulation due
to the presence of voids. When the operating voltages are
greater than 66 KV, pressure cables are used. Two types
of pressure cables viz oil filled cables and gas pressure
cables are commonly used.

i Oilfilled cables. Insuchtype of cables, channels of
ducts are provided in the cable for oil circulation. The
oil under pressure (it is the same oil used for
impregnation) is kept constantly supplied to the channel

by means of external reservoirs placed at suitable
distances (say 500 m) along the route of the cable.

Qil under pressure compresses the layers of paper
insulation and is forced into any voids that may have formed
between the layers. Due to the elimination of voids, oil-
filled cables can be used for higher voltages, the range
being from 66 KV uptc 230 KV.

Qil-filled cables are of three types viz.
i Single-core conductor channel

i Single-core sheath channel and

i Three-core filler-space channels.

i Single-core Conductor channel

Fig 6 shows the constructional details of a single-core
conductor channel, cil-filled cable.

Fig 6
OIL DUeT

PAPER
INSULATION
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SINGLE -CORE CONDUCTOR CHANNEL OIL - FILLED CABLE

ii Single-core sheath channel (Fig 7}

In this type of cable, the conductor is solid similar to that
of solid cable and is paper insulated. However, oil ducts
are provided in the metallic sheath.

Fig 7 OIL CHANNELS
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iii 3-core oil-filled cable (Fig 8): The oil ducts are located
in the filler space. These channels are composed of
perforated metal-ribbon tubing and are at earth potential.

Fig 8

LEAD SHEATH

CONDUTOR

PAPER
INSULATION

ELN130718

THREE CORE OIL FILLED CABLES

50 Power : Electrician (NSQF - Revised 2022) - Related Theory for Exercise 1.2.23-26



Advantages
a Formation of voids and ionization are avoided.

b Allowable temperature range and dielectric strength are
increased.

¢ Ifthere is leakage, the defect in the lead sheath is at
once indicated and the possibility of earth faults is
decreased.

Disadvantages
a Highinitial cost and complicated system of laying

i Gas pressure cables. The voltage required to set up
ionization inside a void increases as the pressure is
increased. Therefore, if ordinary cable is subjected to
a sufficiently high pressure, the ionization can be
altogether eliminated. At the same time, the increased
pressure produces radial compression which tends to
close any voids. This is the underlying principle of gas
pressure cables.

Fig 9 shows the section of external pressure cable designed
by Hockstadter, Vogal and Bowden. The construction of
the cable is similar to that an ordinary solid type except
that it is of triangular shape and thickness of lead sheath
is 75% that of sclid cable. The triangular section reduces
the weight and gives low thermal resistance but the main
reason for triangular shape is that the lead sheath acts as
a pressure membrane. The sheath is protected by a thin
metal tape. The cable is laid is a gas-tight steel pipe.

Figa

EXTERNAL PRESSURE CABLE
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The pipe is filled with dry nitrogen gas at a pressure of 12
to 15 atmospheres. The gas pressure produces radial
compression and closes the voids that may have formed
between the layers of paper insulation.

Advantages:
a Cables can carry more load current
b Operate at higher voltages than a normal cable.

¢ Maintenance cost is small and the nitrogen gas helps
in guenching any flame.

Disadvantages:
The overall cost is very high.

Further the cables are also classified according to their
insulation system as under:

PVCinsulated cables  (Poly vinyl chloride)
M| cables

PILC cables

(Mineral insulation)

(Paper insulated lead covered)

XLPE cables

PILCDTAcables (Paperinsulated lead covered
double tape armoured)

(Cross linked poly ethylene)

UG cables laying method

The reliability of the underground cable (UG) installation
depends uponthe proper laying and attachment of fittings
(i.e) cable and boxes, joints, branch connectors etc.

Methods of laying of UG cables

The following are the methods of laying underground cables
Laying direct in ground

Laying in ducts

Laying on racks in air.

Laying on racks inside a cable tunnel.

a h W N =

Laying along buildings or structures.
Precautions while handling cables

1 Preventthe cable from dragging on the floor.
2 Prevent kinking of the cable.

3 After laying the cable in the ducts it should be
immediately covered or suspended.

Cable jointing methods: This process consists of the
following steps.

a Exact measurementofthe cableforinsulationremoval.
b Removalofinsulation.

¢ Replacing of the original insulation with high grade
tapesand sleeves.

d Dressingthe cable ends and conductor joints through
sleeves/splitsleeves.

e Providingseparators betweencables.

f Fixing a cast iron or any other protective shell around
the joint andfilling the joint boxes with molten bitumen
compound.

g Plumbing metallic sleeves or brass glands to the lead
sheath of the cable to prevent moisture from entering
the joint in case of cast iron joint boxes or tape
insulation in case of cast resin kit joint boxes.

Straight through joints

The emphasis should be laid on quality and selection of
proper cable, cable accessories, proper jointing technigues.

For PILC cable: For paper insulated lead sheathed
cables, straight joints are made either by using sleeve
joints or crimping joints upto voltage grade 11 KV. Above
11KV, compoundfilled copperor brass sleeves, alongwith
cast iron, fibre glass protection boxes are used.

Fig 10 shows such a joint.
Tee joint: These joints are to be restricted up to 11 KV.

These joints are made either using cast resin kits or C.1.
boxes with or without sleeves for PILC cables and cast
resin kits for PVC and XLPE cables. (Fig 11)
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STRAIGHT THROUGH JOINTS FOR CABLES 3.3 KV GRADE

Fig 11
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Tri-furcating end connections: |n order tc connect UG
cablestothe air break switchesete. tri-furcating boxes are
used. They can be either cast resin type upto 1.1 KV or
cast iron type for 11 KV and above. This type of box is
shown in Fig 12.

Fig12

TRIFURCATING
CAST IRON BOX

TERMINATION FOR PVC CABLE
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Method of preparing and filling compounds
— Hotpouring
— Cold pouring

Hot pouring compounds: A bituminous compound of
meltingtemperature 90°C and pouring temperature 180°C
-190°C is used for hot pouring.

Cold pouring compound: Cold pouring is used by using
cast resin system for PVC cable jointing. This has been
developed for application uptc 11 KV grade cables. The
compound consists of a resin base and a polyamino
hardener. The two component liquids are mixed atthe site
inaccordance withthe recommendation ofthe manufacturer.

Types of cable faults and testing procedure

The common faults which are likely to occur in cables
are:

1 Ground fault. The insulation of the cable may
breakdown causing a flow of current from the core of
the cable to the lead sheath or to the earth. This is
called “Ground Fault”,

2 Short circuit fault. [f the insulation between two
conductors is faulty, a current flows between them.
This is called a “short circuit fault”.

Methods for locating ground and short circuit faults.

The methods used localizing the ground and short circuit
faults differ from those used for localizing open circuit faults.

In the case of multi core cables it is advisable, first of all,
to measure the insulation resistance of each core to earth
and also between cores. This enables us to sort out the
core that is earthed in-case of ground fault; and to sort out
the cores that are shorted in case of a short circuit fault.
Loop tests are used for location of ground short circuit
faults. These tests can only be used if a sound cable
runs along with the faulty cable or cables.

The loop tests work onthe principle of a Wheatstone bridge.
The advantage of these tests is that their setup is such
that the resistance of fault is connected in the battery
circuit and therefore does not effect the result. However, if
the fault resistance is high, the sensitivity is adversely
affected. Inthis section only two types of tests viz., Murray
and Varley loop tests are being described.

Murray Loop Test. The connection for this test are shown
in Fig 13a relates to the ground fault and Fig 13b relates
to the short circuit fault.

In both cases, the loop circuit formed by the cable
conductors is essentially a wheatstone bridge consisting
of resistances P, Q, R and X. G is a galvanometer for
indication of balance,

The resistors P, Q forming the ratio arms may be decade
resistance boxes or slide wires.

Under balance conditions :

x e X Q

R P R+X P+Q

axe 2 (R +X)
P+Q

Where (R+X) is total loop resistance formed by the sound
cable and the faulty cable. When the conductors have
the same cross-sectional area and the same resistivity,
the resistance are proportional to lengths. If|, represents
the length of the fault fromthe test end and I’ is the length
of each cable. Then
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The above relation shows that the position of the fault may
be located when the length of the cable is known. Also,
the fault resistance does not alter the balance condition
because its resistance enter the battery circuit hence
effects only the sensitivity of the bridge circuit. However,
if the magnitude of the fault resistance is high, difficulty
may be experienced in obtaining the balance condition on
account of decrease in sensitivity and hence accurate
determination of the position of the fault may not be
possible.

Insuch a case, the resistance of the fault may be reduced
by applying a high direct or alternating voltage, in
consistence with the insulation rating of the cable, on the
line so as to carbonize the insulation at the point of the
fault.

Varley loop test. In this test we can determine
experimentally the total loop resistance instead of
calculating it from the known lengths of the cable and its
resistance per unit length. The necessary connections
for the ground fault are shown in Fig 14a and for the short
circuit fault in Fig 14b. The treatment of the problem, in
both cases, is identical.

Asingle pole double throw switch A is used in this circuit.
Switch K is first thrown to position ‘I’ and the resistance
‘S’ is varied and balance obtained.

Measurement of resistance

Let the value of & for balance be S. The four arms of the
Wheatstone bridge are F, @ R + X, §, at balance:

R+X P

S Q
1

This determines R + X i.e. the total loop resistance as P,
Qand S, are known.

Fig 14
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The switch K is then thrown to position 2’ and the bridge
is rebalanced. Let the new value of S for balance be S,
The four arms of the bridge now are B Q, R, X+ &,

At balance
R P

X+8_
A 9 Q

R+X+S_ p.q (R+X)Q-S_P
= 0

rx-=

X-~-S2 Q P+Q

Hence, X is known from the known value of P, Q, S, from
this equation and R+X (the total resistance of 2 cables) as
determined from Egn. knowing the value of X, the position
of the fault is determined.

Now

|
=Lgrl = 2]
R+X 2 1 R+X

Where
|, = length of fault from the test end and
| = total length of conductor.

Equations for murrary loop test and varley loop test are
valid only when the cable sections are uniform throughout
the loop. Corrections must be applied in case the cross-
sections of faulty and sound cables are different or when
the cross-section of the faulty cable is not uniform over its
entire length.

Since temperature affects the value of resistance,
corrections must be applied on this account if the
temperatures of the two cables are different. Corrections
may also have to be applied in case the cables have a
large number of joints.
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Power

Electrician - Basic Electrical Practice

Related Theory for Exercise 1.3.27

Ohm’'s law - simple electrical circuits and problems

O bjectives: Al the end of this lesson you zhall be able to
» tate Ohm's law
= apply Ohmis law in an electric circuit.

= define electrical power and ENETOY and calculate related problems.

Scan the OF Code to wiew
the wdeo for this exercise

Simple electric circurt

In the simple eledric circut showan in Fig 1, the current
completesits path from the positive terminal ofthebattery
viatheswitchand the load back tothe negative terminal of
the hattery.

The circuit shown in Fig 1 is & dosad drcuit. In order to
make a circuit to fundion normally the following three
factars are essential .

i |
| I |

FOTENTIAL NFTERENCE Y

+

pl
e |
ELIRAENT (1)

wesesrmcs o ]

=  Eledromotive oroe(EMF todrivethe electronsthrough
the drouit.

= Current (1), the floweofeledrons.

* Resistance (R) - the opposition to limit the flow of
eledrons.

Ohm's law

O hm'slaw states that in any electrical closed circuit,
the current (1) is directly proportional to the voltage
(W}, and it is inversely proportional to the resistance
'R" at con=tant temperature.

W
|l —

R

It meanz| = ¥R

W o= Yaoltage applied to the drouit in "ol

| = Current flovding through the Grouit in 'Amp'
F = Resistance ofthe droult in Ohm (L)

The above relationship can be referredtoin atriangleas
shownin Fig2. Inthistriangle swhateverthe value yousant
to find out, place the thumb on itthen the position of the
other factors wdll give youthe required value.
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Raz2
L
1 R
R Lunw Triwrgln !

Forexamplefor inding ™" close thevalue Yihen, readable

e b

=
valuesare IR =0,V =R
R ="
| =%k
E xample 1
Howemuch current (1 o inthe circuit shoswn in Fig 3.
Fig LG
1+
-
d
i
Giverc
Yaoltage %) = 1.5 Yaolts
Feziganc=(R) =1 kOhm
=10000khms
v
o
E
S olution:
[i= s o nonis
1000 Ohms o F

E lectrical Power (P) & Energy (E ): The product ofvaltage
(%1 and current (1) iz called eledrical power. Electical
power (P1=oltage x Current P=Y% x|

The unit of Eledrical power is Watt' It iz denoted by the
letter 'P' It iz messured by Watt meter. The following
fommulae can alzobe derived from formula of pover (P las

i P =Xl
= IR x|
P =IR



ii P =VXI

Electrical Energy (E)

The product of power (P)andtime (t) is calledas electrical
energy (E)

Electrical Energy (E) = Power x time

E =Pxt
=(Vxl)xt
E =VxIxt

The unit of electrical energy is “Watt hour” (Wh)

The commercial unit of Electrical energy is “Kilo watt hour”
(KWH) or unit

B.O.T (Board of Trade) unit / KWH/Unit

One B.O.T (Board of Trade) unit is defined as that one
thousandwattlampis usedforone hourtime, it consumes
energy of one kilowatt hour (1kVWWH). It is also called as
“unit!!

Energy = 1000W x 1Hr = 1000WH (or) 1kWH
Example - 1

How muchelectrical energy is consumedinanelectriciron
rated as 7o0W/250V used for 90 Minutes

Given:

Power (P) = 750w

Voltage (V) = 260V

Time =90min (or) 1.5Hr
Find:

Electrical Energy (E) =7
Solution:
Electrical Energy (E) =P xt
=750 w x 1.5Hr
——P =1125WH(on)
E =1.125 kWH
Work, Power and Energy

Workis said to be done, when aforce (F) displaces a body
from one distance (s) to another (or)

Workdone =Force x distance moved
w.d =Fx$S
It is generally denoted as “W”

The unitof work done is

i InFootPound Second (F.P.S) Systemis “Foot Pound
(Ib.ft)’

i InCentimetre Gram Second (C.G.S) System “Gram
Centimetre (gm.cm)”

or
1 gm.cm =1dyne
1dyne =107 ergs

The smallest unit of work done is “Erg”

i In Metre - Kilogram - Second (M.K.S.) System is
“Kilogram Metre (Kg-M)'

1 Kilogram = 9.81Newton

v Insystem of international unit (S.1. Unit) is ‘Joule’
1 Joule =1 Newton Metre (Nw-M)

Power (P)

The rate of doing work is called as Power (P)

Power (P) = work done / time taken

7FxS
ot

P

It's unit is Lb.ft/sec in FPS system
gm-cm/sec is in C.G.S. System
(or)
Dynefsec
(or)
Kg-Mfsec in M.K.S System (or) NV - M/ sec
(1kg =9.81 Newton)
Joulefsecin(S.1)
=1 watt
= VI Watt

The unit of Mechanical power is “Horse Power” (H.P)

1 Joule/Sec

Electrical Power

Horse Power (HP) further classified into two:
Theyare:-

Indicated Horse Power - (IHP)

Brake Horse Power - (BHP)

Indicated Horse Power (IHP)

The power developedinside the engine (or) pump (or) motor
is called Indicated Horse Power (IHP)

Brake Horse Power (BHP)

The useful Horse Powerwhich is available atthe shaft of the
engine/motor/pump is called Brake Horse Power (BHP)

So, IHP is always greater than
BHP due to friction losses
IHP = BHP

The relation between Mechanical and Electrical Power
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(ie)1 HP (British) = 746 Waltt
1 HP (Metric) = 735.5 Watt
One HP (Metric)

The amount of Mechanical Power requiredto move/displace
a body/substance by force of 75 Kgto one metre distance
in one second is called as one HP (metric)

HP (Metric) = 75kg - M/Sec
One HP (British)

The amountof Mechanical power requiredto move/displace
a body/substance of force 5501bto one foot (ft) distancein
one second is called as one HP (British)

1 HP (British) = 550 Ib.ft/sec
Energy

The capacity for doing work is called as electrical
Energy

(or)

The product of power and time is known as Electrical
energy

= Power x time
=VIixt

(ie) Energy

S | unit of energy is “Joule”

(ie) Energy = (Joulefsec) x sec

Joulle .
= x Sec = joule

Sec

(ie) The 8.1 of unitof work done and energy is same (Joule)
The energy can be divided into two main categories (ie)

(iy Potential Energy (eg. Loaded gun, energy (stored in
spring etc)

(i Kinetic Energy (eg. Moving of car, raining etc).
Example

In a house, the following electrical loads are daily used:-
(i) 5 Nos of 40W Tube Lights used for & hours/day

(i 4 Nos of 80W fans used for 8 hours/day

(i) 1 No of 120W T V. receiver used for 5 hours/day

(iv) 4 No of 60W lamps used for 4 hours/day

Calculate the total energy consumedinunit’s per day and
also the cost of electric bill for the month of January If the
cost of energy is 1.50/unit

Given

Load details per day

ElectricDevice Power  Numbers  Timeinhours
() Tubelight - 40W - 5 - 5hr/day
(i) Fans - 80W - 4 - 8 hr/day

(i T.V. - 120W - 1 - B hr/day

(iv) Lamps - BOW - 4 - 4hriday
cost of energy - Rs.1.50/unit

Find:

(iy Energy consumption in unit per day =7
(iy Cost of energy for the month of January = ?
Solution

Energy consumption/day

1. Tubelight = 40W x 5 x 5 hr /day
1000 wh
=——— = 1Kwh/day
1000
2 Fans = 80W x 4x8 hr/day
2560
=—— = 2.56Kwh/day
1000
TN = 120W x 1x6 hr/day
720wh
= =0.72Kwh/day
1000
4 Lamp = 60W x 4x4 hr/day
_ 960 e 0.96kwh/day
1000  5.24kwh/day
(i) Total energy consumption in unit per day
= 5.24 unit
(i) Totalenergy consumptionforthe
month of January (i.e 31 days)
=524 x31
=162.44 units
Cost of energy = Rs. 1.50/unit
Total electric bill for the month of
January =162.44x1.50
=Rs.243.66
Electricity Bill for the month = Rs. 244/-
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Electrician - Basic Electrical Practice

Related Theory for Exercise 1.3.28

Kirchhoff's law and its applications

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

» state Kirchhoff's first law

» apply Kirchhoff's first law to find the circuit current

» state Kirchhoff's second law and apply the same to find the voltage drop in branches

* solve problems by applying Kirchhoff's laws.

Kirchoff's laws are used in determinig the equivalent
resistance of acomplex networkandthe current flowingin
the various conductors.

Kirchhoff's laws

Kirchhoff's first law: Ateachjunction of currents, the sum
ofthe incoming currents isequal to the sumof the outgoing
currents. (Fig1) (or) Thealgebric sum of all branch currents
meeting at a point/node is zero

Fig 1

ELM143311

CURRENT DIRECTION

Ifallinflowing currents have positive signsand all cutflowing
currents have negative signs, then we can state that
Lkl i Bl
Hlt L =l = ==l
Inthe above example the sum of all the currents flowing at
the junction (node) is equal to zero.
Zl=0
[El U Al [ e
Example: Apply Kirchhoff's First Law to find the current
shown in circuit.. (Fig 2)
Find current

1 s Taa g

Fig 2
v=z20v L Ry
R4=1000 =————F
R=5502
Ry=400) 1, Rz
R,=200 0 . e,
. I
I Re
+ - - §
' ]
Solution
V 220V
|1 =—=————=22A
R, 100 ohms
L= v _ 220V _
> R, 550hms

V 220V
Iy S=—= =55A
R3 40 ohms
vV 220V
Ge——=r———=11A
R, 200ohms
(= A P A

=22A+4A +55A +1.1A = 128A
Checking the calculation

1 1 1 1

_—

100 55 40 200

_22+40+55+11 128 16
2200 2200 275

1 16
Rior =17.19 ohms
|= R =12.798 A

RTOT 17.19 ohms

Kirchhoff's second law : |n closed circuits, the applied
terminal voltage V is equal to the sum of the voltage drops
V. +V, and so forth. (Fig 3)

If all the generated voltages are taken as positive, and all
the consumed voltages are taken as negative, thenit can
be stated that:

in each closed circuit the sum of all voltages is equal to
Zero.

V=0
Fig3
I Ry I Ra I Ry
I 1 I 1 1
L J L J L J
Vi = IxRy | Vo =IxR; | Va= IRy
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Related Theory for Exercise 1.3.29&30
Electrician - Basic Electrical Practice

DC series and parallel circuits

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

» state the characteristics of series circuit and determine the current and voltage across each resistors

» determine the total voltage sources in series circuit

» state the relation between EMF potential difference and terminal voltage.

The series circuit

If more than one resistors are connected one by onelike a
chainandifthe currenthas only one pathiscalled as series
circuit. Itis possibleto connecttwoincandescent lampsin
the way showninFig 1. This connectionis called a series
connection, in which the same current flows in the two
lamps.

Fig 1
ig i

—_—

A
5
/

INCANDESCENT LAMPS

Nt
VAN
X

o0 v o——

+ =

SERIES CIRCUIT WITH LAMPS
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The lamps are replaced by resistors in Fig 2. Fig 2 (a)
showstwo resistors are connected in series between point
AandpointB. Fig2(b) shows four resistors are in series.
Of course, there can be any number of resistors inaseries
connection. Suchconnection provides only one pathforthe
current to flow.

Fig2
q R4 Ra
AD —1 —1 o B
o ©
(@
R4 Ry R3 Ry
AO0—] =0 B

®)

SERIES CIRCUIT WITH RESISTORS
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Currentin series circuits

The current will be the same at any point of the series
circuit. This can be verified by measuringthe currentinany
two points of a givencircuitas shownin Figs 3aand 3b. The
ammeters will show the same reading.

The current relationship in a series circuit is
==, = 1 (REfeR Pl 2 &30 )

R1 R2
We can conclude thatthere isonly one pathforthe current
to flow in a series circuit. Hence, the current is the same
throughout the circuit.
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Fig 3

Ry=60

-l- V=12V
T +
(»)
Ry=20Q
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The total resistance in a series circuit is equal to the sum
ofthe individual resistances aroundthe series circuit. This
statement can be written as

where R is the total resistance
R, R, Ry, R are the resistors connected in series.

When a circuit has more than one resistor of the same
value in series, the total resistance is R=rx N

where 'r' is the value of each resistor and N is the number
of resistors in series.



Voltage in series circuits

In DC circuit voltage divides up across the load resistors,
depending uponthe value of the resistor so that the sum of
the individual load voltages equals the source voltage.

As the source voltage divides/drops across the series
resistance depending upon the value of the resistances

the total voltage of a series circuit must be measured
across the voltage source, as shown inFig 4.

Fig 4
Ry=36 0

Rp=24 Q Thy

MEASURIING THE TOTAL VOLTAGE OF SERIES CIRCUIT
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When Ohm’s law is applied to the complete circuit having
an applied voltage V, and total resistance R, we have the
current in the circuit as

R

Application of Ohm'’s law to DC series circuits

Applying to Ohm's law to the series circuit, the relation
between various currents could be stated as below

===

R2 R3

VR1 VRZ VR3
This could be statedas — = = =
R R, R, Rs

DC parallel circuit

Youcanuseany ofthe aboveformulae to calculate current
in a series circuit.

Vo= Moo+ VetV
iglRes Rl +R 1, +& |
and Total resistance R = R, + R, + R, .
Use of series connection
1 Cells in torch light, car batteries, etc.
Cluster of mini-lamps used for decoration purposes.
Fuse in circuit.

Overload coil in motor starters.

g kW M

Multiplier resistance of a voltmeter.

Definitions
Electromotive force (emf)

We have seenthat the electromotive force (emf) ofacellis
the open circuit voltage, and the potential difference (PD)
is the voltage across the cellwhenitdeliversa current. The
potential difference is always less thanthe emf.

Potential difference
PD = emf — voltage drop in the cell

Potential difference canalso be called by anotherterm, the
terminal voltage, as explained below.

Terminal voltage

It is the voltage available at the terminal of the source of
supply. Its symbolis V.. Its unitis also the volt. Itisgiven
by the emf minus the voltage drop inthe source of supply,

i.e. VT =emf—IR
where | is the current and R the resistance of the source.
Voltage drop (IR drop)

The voltage lost by resistance in a circuit is called the
Voltage dropor IR drop.

Objectives: At the end of this lesson you shall be able to
+ explain a parallel circuit

» determine the voltages in a parallel circuit

» determine the current in a parallel circuit

» determine the total resistances in a parallel circuit
» state the application of a parallel circuit.

In an electrical circuit, if the current has more than one
paths and equal voltage in each branch is called parallel
circuit.

It is possible to connect three incandescent lamps as
showninFig 1. This connectioniscalled parallel connection
inwhich, the same source voltage isapplied across allthe
three lamps.

Voltage in parallel circuit

ThelampsinFig1 arereplaced by resistors inFig 2. Again
the voltage applied across the resistors is the same and
also equal to the supply voltage.

We canconclude thatthe voltage acrossthe parallel circuit
is the same as the supply voltage.
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Mathematically it could be expressedas V=V, =V, =V,
Current in parallel circuit

Again referring to Fig 2 and applying Ohm's law, the
individual branch currents in the parallel circuit could be
determined.

. ) A \Y)
Current inresistor Ry =l = —=—
Ry Ry
) : V, V
Current inresistor Ry, =1, =—%=—
R, R,
. i Vs
Currentinresistor Ry =13 = —=—
R; Rj
as e =W =1V

Refer to Fig 2 inwhich the branch currents |, |,and |, are
shown to flow into resistance branches R, R, and R,
respectively.

The total current | in the parallel circuit is the sum of the
individual branch currents.

Mathematically it could be expressed as | = | + |, +I, +

Resistance in parallel circuit

In a parallel circuit, individual branch resistances offer
oppositiontothe currentflowthoughthe voltage across the
branches will be same.

Let the total resistance in the parallel circuit be R ohms.
By the application of Ohm'’s law

we can write

\ A%
R=— ohmsor|=—amps.
I

where

R is the total resistance of the parallel circuit in ohms
Vis the applied source voltage involts, and

l'is the total current in the parallel circuit in amperes.
We have also seen

I=1,+1+1,
o VoV
R R RagH

As Visthe same throughout the equation and dividing the
above equation by V, we can write

1 1 1

g 1
R Ry R; R,

The above equation reveals that in a parallel circuit, the
reciprocal of the total resistance is equal to the sum ofthe
reciprocals of the individual branch resistances.

Applications of parallel circuits

The electric system used in homes consists of many
parallel circuits.

An automobile electric system uses parallel circuits for
lights, horn, motor, radio etc. Each of these devices
operates independent of the others.

Individual television circuits are quite complex. However,
the complex circuits are connected in parallel to the main
power source. That is why the audio section of television
receivers can still workwhenthe video (picture) is inopera-
tive.
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Power Related Theory for Exercise 1.3.31&32
Electrician - Basic Electrical Practice

Open and short circuit in series and parallel network

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

» state about short circuit in series circuit and its effect in series circuit
» state the effect of an open circuit in series circuit and its causes

» state the effect of shorts and open in parallel circuit.

Shortcircuits Detecting short circuit
A short circuit is a path of zero or very low resistance When the ammeter in the circuit indicates excessive
compared to the normal circuit resistance. current then it indicates a short circuit in the circuit. The

locationofshortina circuit can be detected by connecting
a voltmeter across each of the elements (resistors) and
circuit source. If the voltmeter indicates zero volts or

Ina series circuit, short circuits may be partial or full (dead
short) as shown in Fig 1 and Fig 2 respectively.

Fig 1 reducedvoltage acrossthe element, itis shortcircuitedas
SHORT CIRCUIT in Fi
shown in Fig 3.
AMMETER INDICATES T D oiSTANCE
240 mA WHEN R {SHORT 1 Fias
i
CIRCUITED. g S ETTIEIER
- m - Ry=101} INDICATES ZERO
! A | SHORT CIRCUIT
\_/ {(ZERO RESISTANCE)
[

: h
— Q
—\A)
.
e Rp=20()
8
| 12V
—l—
.
= | Rg=20£1
I 1 L
| I | | 12V
Ry =300 = . i
g -I—
PARTIAL SHORT ATR 4 g e
= |
1

Fig 2 R4=30Q o

HUGE CURRENT FLOW 2

THROUGH AMMETER. SHORT CIRCUIT IN DNE RESISTANCE E

% = Ry=1002 " . - " "
— ] Open circuit in series circuit

IS @ | S |
An open circuit results whenever a circuit is broken or is
=]
-
——

incomplete, and there is no continuity in the circuit.

Ina series circuit, open circuit means thatthere is no path

Rz=2082 .
| forthe current, and no current flows through the circuit. Any
12V , , " . . .

ammeter in the circuit will indicate no current as shown in

= '|' Fig 4.

1
7 T Fig 4
Z Rg=3082 AMMETER INDICATES
DEAD SHORT g ZERO
DEAD SHORT ACROSS CIRCUIT E OB

Short circuits cause an increase in current that may or
damage the series circuit.

Effects dueto short circuit Ry =1k02

1

Excess current due to short circuit can damage the circuit

components, power sources, or burn the insulation of e
connectingwires. Fireis also caused due to intense heat
generated inthe conductors.
Protection against dangers of short circuit

VOLTMETER INDICATES -
Dangers of short circuit can be prevented by means of LIESUREUE N The= ) $
fuses and circuit breakers in series with the circuit. OFENCIRCHITIN SERES CREIAT d

an
-



Causes for open circuit in series circuit

Opencircuits, normally, happen due to improper contacts
of switches, burnt out fuses, breakage in connectionwires
and burnt out resistors etc.

Effect of open in series circuit
a No current flows inthe circuit.
b No device in the circuit will function.

¢ Totalsupply voltage/source voltage appearacross the
open.

Determination the location of break in the circuit has
occurred

Use a voltmeter on a range that can accommodate the
supply voltage; connect it across each connectingwire in
turn. If one of the wires is open as shown in Fig 4, the full
supply voltage isindicated onthe voltmeter. Inthe absence
of a current, there is no voltage drop across any of the
resistors. Therefore, the voltmeter must be reading full
supply voltage across the open. part of the circuit

Voltmeter reading
=18V -V N -V,
=18V-0OV-0CV-0V=18V.

Ifthe circuit was open due to a defective resistor, as shown
in Fig & (resistors usually open when they burn out), the
voltmeterwould indicate 18 Vwhen connectedacross this
resistor, R.,

Fig 5

J_ A Y —

—— [
| ey OPEN —— R,
__I__ RESISTOR I_J

=3

+
VOLTMETER
INDICATES 18 V.

| |
| I

Ra
OPEN CIRCUIT DUE TO OPEN RESISTOR R 2

S—Cr
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Alternatively, the open circuit may be found using an
ohmmeter. With the voltage removed, the ochmmeter will
show no continuity (infinite resistance), when connected
across the broken wire or open resistor. (Fig 6)

Fig
- /A\ 2 Rq
T
REsiSTOR | |
=
OHMMETER
INDICATES -
I } INFINITE =
I
= RESISTANCE. 3
3 5
w

Shorts and opens in parallel circuits

The two possible defects that can occur in an electrical
circuit they are:

+ short circuit

* opencircuit

Shorts in parallel circuit:

Fig 7 shows a parallel circuit with short between points ‘a’
and ‘b’.

This causes reduction of circuit resistance almost to zero.

Therefore, the voltage dropacross ‘ab’ will be almost zero
(by Ohms law).

Fig 7

a\\

SUFPPLY
—1

I

SHORT IN PARALLEL

-2
ELN143821

Thus current through the resistors R, R,, R, will be
negligible and not their normal current.

The result isthat a very high current inthe order of hundred
times of the normal current will flow through the short
circuit.

A short circuit exists when current can flow from the
positive terminal of the power source through connecting
wires andbackto the negative terminal of the power source
without goingthrough any load. (Fig 8)

Fig s

IF THIS HAPPENS

THIS CIRCUT

—_—

WOULD BECOME
LIKE THIS.

ELN143822

Short circuit may cause burning of the circuit
elements like cables, switches etc.

Toavoid burning of circuit components safety deviceslike
‘fuse’, circuit breakers etc. are used to open the circuit.
(Figs 9a & 9b).

For a fuse to protect a parallel circuit, it should be placed
in the circuit where the total current flows or else each
branch must have a fuse. (Fig 10(a&b))
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Opens in parallel circuit

Anopeninthe commonline at point A as shown in Fig 11
causes no currentflowinthatcircuitwhereasanopeninthe
branch at point B causes no current flow only in that
branch. (Fig12)

However, the currentinbranches R, and R, willcontinueto
flow so long as they are connected to the voltage source.

Full voltage of the source will be available at
open circuitterminals. Itis dangerousto meddle
with the terminals which are open.

Fig 9
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b
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[
MCB
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Power

Electrician - Basic Electrical Practice

Related Theory for Exercise 1.3.33

Laws of resistance and various types of resistors

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

» state the laws of resistance, compare resistances of different materials
» state the relationship between the resistance and diameter of a conductor
= calculate the resistance and diameter of a conductor from the given data (i.e. dimensions etc.)

+ explain various types of resistors.

Laws of resistance: The resistance R offered by a conduc-
tor depends on the following factors.

+ Theresistance of the conductor varies directly with its
length.

« Theresistance of the conductorisinversely proportional
to its cross-sectional area.

+ Theresistance ofthe conductordepends onthe material
with which it is made of.

+ It also depends onthe temperature of the conductor.

Ignering the last factor for the time being,we can say that

where ‘p’ (rho - Greek alphabet) - is a constant depending
onthe nature ofthe material of the conductor, and is known
as its specific resistance or resistivity.

If the length is one metre and the area, 'a' = 1 m?
thenR=r.

Hence, specific resistance of a material may be definedas
“the resistance betweenthe opposite faces of ametre cube
of that material'. (or, sometimes, the unit cube is takenin
centimetre cube of that material) (Fig 1).

Fig 1
!
|
‘ -
\
—w -
/___ —
Ve
-
i & =
g
We have p = ?

In the Sl system of units

_ametre? x Rohm
L metre

= ?ohm —metre
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Hence the unit of specific resistance is ohm metre
(€2m).

Comparison of the resistance of different materials:
Fig 2 gives some relative idea of the more important
materials as conductors of electricity. All the conductors
shown have the same cross-sectional area and the same
amount of resistance. The silver wire is the longest while
that of copper is slightly short and that of aluminium is
shorterstill. The silverwire is morethanStimes longerthan
the steel wire.

Fig 2
¢ | |

SILVER

COPPER

ALUMINUM

1

STEEL
THE CONDUCTANCE OF DIFFERENT MATERIALS
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Since different metals have different conductance ratings,
they must also have different resistance ratings. The
resistance ratings of the different metals can be found by
experimenting with a standard piece of each metal in an
electric circuit. If you cut a piece of each of the more
common metals to a standard size, and then connect the
pieces to a battery, one at a time, you would find that
different amounts of currentwould flow. (Fig 3)

Fig 3

3 S

R,

. 2

SPECIFIC RESISTANCE CIRCUIT

=

ELN143813

The bar graph (Fig 4) shows the resistance of some
common metals as compared to copper. Silveris a better
conductor than copper because it has less resistance.
Nichrome has 60 times more resistancethan copper, and
copperwillconduct 60times as much currentas Nichrome,
ifthey were connected to the same battery, one atatime.
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Ingeneral, we may, say thattheresistance of a givenlength
of a conductor is inversely proportional to its cross-
sectional area (Fig 5)

Fig 5
w
Q
z
]
a
4
CROSS-SECTIONAL AREA OF WIRE "
INCREASING THE CROSS-SECTIONAL AREA OF AWIRE 5
DECREASES ITS RESISTANCE §
w
Resistors

The otherfactorthat influencesthe resistance isthe nature
ofthe material. Hence, we may now say that resistance of
awire

_length
area

* (a constant) p given material

L {metres)

R(ohms)= 5 X

ametre

Sothat p = Ra ~ L ohm/ meter

where p (greek letter, pronounced 'rho') represents the
constant.

L is the length of the wire in metres
a is the area in square metres.

We can reduce all this into a simple statement: the larger
the wire, the lower its resistacne; the smaller cross
sectional area of the wire, the higher its resistance.

We can summarize with the universal rule: the electrical
resistance ofany metallicconductoris inversely proportional
to its cross-sectional area.

Objective: At the end of this lesson you shall be able to

» explain the construction and characteristics of various types of resistors

Resistors : These arethe mostcommon passive componert
used in electrical and electronic circuits. A resistor is
manufactured with a specific value of ohms (resistance).
The purpose of using a resistorin circuit is eitherto limit the
current to a specific value or to provide a desired voltage
drop (IR). The power rating of resistors may be from
fractional walts to hundreds of Watts.

There are five types of resistors
Wire-woundresistors
Carboncomposition resistors
Metal film resistors
Carbonfilmresistors

Special resistors

= kW N -

Wire-wound resistors

Wire-wound resistors are manufactured by using resist-
ance wire (nickel-chrome alloy called Nichrome) wrapped
around an insulating core, such as ceramic porcelain,
bakelite pressed paper etc. Fig 1, shows this type of
resistor. Wire wound resistors are used for high current
application. They areavailableinwattage ratingsfromone
walt to 100 watts or more.

Fig 1

ﬂ\\ i
LA 2/

WIRE-WOUND FIXED RESISTOR
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2 Carboncomposition resistors

These are made of fine carbon or graphite mixed with
powdered insulating material as a binder in the proportion
needed forthe desired resistance value. Fig2 showsthe
construction of carbon composition resistor.

Fig2

MOULDED
RESISTANCE ELEMENT

TINNED LEADS
CARBON COMPOSITION RESISTOR

ELN143822

Carbon resistor are available in values of 1 ohm to 22
megohms.
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3 Metal film resistors (Fig 3)

Metal film resistors are manufactured by two processes.
Thick film resistors are pasted with metal compound and
powdered glasswhicharespreadonthe ceramic base and
then backed (Fig 3).

Fig3

=)

METAL FILM RESISTOR
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Metal filmresistorsare available from 1 ohmto 10 M, upto
TW.

Fixed resistors : Thefixed resistors is one inwhichthe is
nominal value of resistance is fixed. These resistors are
provided with pair of leads. (Fig1to 4)

Variable resistors (Fig 5) : Variable resistors are those
whosevalues canbe changed. Variable resistorsincludes
those components inwhichthe resistance value can be set
at the different levels with the help of sliding contacts.
These are known as potentio meter resistors or simply as
a potentio meters.

Resistance depends upon temperature, voltage,
light : Special resistors are also produced whose resist-
ance varies with temperature, voltage, and light.

4 Carbonfilmresistors (Fig 4) Flg5
Inthis type, a thin layer of carbon filmis deposited on the FLAT KEYWAY
ceramic baseftube. Aspiral groove is cut overthe surface SHAFT
to increase the length of the foil by a specialised process. e
g {a) LD TERMINALS
F|g4 GROOVED CARBON FILM Z
i knon
- RESISTOR ELEMENT
END CAP CERAMIC CORE (b} gg:l_:_\lfc\{_wPER
{a) CONSTRUCTION {b) A CARBON-FILM RESISTOR g
CARBON — FILM RESISTOR =
] ROTATINGABM
Carbon film resistors are available from 1 ohm to 10 meg
ohm and up to 1 W and can work from 85°C to 155°C. il
The resistors can also be classified with respect to their 02020, -
function as VARIABLE CARBON-RESISTANCE  (a) EXTERNAL VIEW
{b} INTERNAL VIEW OF CIRCULAR RESISTANCE ELEMENT 2
1 Fixed resistors =
2 Variableresistors
Marking codes for resistors
Objectives: At the end of this lesson you shall be able to
+ interpret the coded marking of colours on the resistors
« interpret the letter and digit codes for resistance values
» state the tolerance value for resistors.
Res_lstance and tolt_arance value of col_our coded Gold . . 101 +5 9%
resistors : Commercially, the value of resistance and
tolerance value are marked over the resistors by colour Black — 0 1 —
codes (or) letter and digital codes. Brown 1 1 10 +1 %
The colourcodesforindicating the values to two significant Red ) 2 10° + 2 0
fi dtol ivenin Table 1 IS 8186.
igure and tolerances are givenin Table 1 as per e 3 3 100 L
Table 1 Yellow | 4 4 |10 =
Values to two significant figures and tolerances Green 5 3 100 —
corresponding to colours Blije 6 5 10P .
Colour First Second| Third Fourth Violet 7 7 107 _
Band/ Band/ | Band/ Band/ .
Dot Dot | Dot Dot Crey 8 8 (10 —
First | Second|Multiplier| Tolerance White 9 ° 1o —
Figure | Figure None — — — +20 %
Siher — — 1072 10 %
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The two significant figures and tolerances colour coded
resistors have 4 bands of colours coated onthe body asin
Fig.1.

The first band shall be the one nearest to one end of the
component resistor. The second, third and four colour
bands are shown in Fig 1.

Fig 1

—_—

18T BAND

2ND BAND 3RD BAND
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The firsttwo colour bands indicate the firsttwo digits inthe
numericvalue of resistance. Thethirdcolour bandindicates
the multiplier. The first two digits are multiplied by the
multiplier to obtain the actual resistance value. The forth
colour band indicates the tolerance in percentage.

Example

Resistance value : If the colour band on a resistorare in
the order- Red, Green, Orange and Gold, then

First Second Third Fourth

colour colour colour colour

Red Violet Crange Gold
2) 7 1000(10%) +5%

the value of the resistor is 27,000 ohms with +5% toler-
ance.

Tolerance value : The fourth band (tolerance) indicates
the resistance range within which is the actual value falls.
Inthe above example, thetolerance is £5%. £5% of 27000
is 1350 ohms. Therefore, the value of the resistor is any
value between 25650 ohms and 28350 ohms. The resistors
with lower value of tolerance (precision) are costlier than
normal value of resistors.

Methods of measuring low and medium resistance

Objectives: At the end of this lesson you shall be able to
» state the different methods of measuring resistance

* describe the ammeter & voltmeter method.

Methods of measuring low resistance: The following
three methods are used to measure low resistance.

+  Voltmeter and ammeter method.

»  Comparison of unknown with standard using potentio-
meter.

« Kelvinbridge
+  Shunttype Chmmeter

Ammeterand voltmeter method: This method, whichis
the simplest of all, is very commonly used for the
measurement of low resistance.

InFig1, R isthe resistance to be measuredandVisahigh
resistance voltmeter of resistance R . A current from a
steady direct currentsupply is passed through R in series
with a suitable ammeter. Then assuming the current
through the unknown resistance to be the same as that
measured by the ammeter A, the formula is given as

_ Voltmeter reading
Ammeter reading

m

Ohmmeter

Fig 1 R,

32T

B W
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R.,=Measuredvalue

Medium resistance: The following three methods are
used to measure medium resistance.

«  Series type Ohmmeter
+  Voltmeter and ammeter method

+  Wheatstone bridge method

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

» explain the principle, construction and use of a series type chmmeter
» explain the principle, construction and use of a shunt type chmmeter.

Measurementofresistances

Medium resistances could be measured by instruments
like Kelvin's bridge, Wheatstone bridge, Slide wire bridge,
Post Office box and Ohmmeter.

However, for measuring high resistances, instruments like
megohmmeter or megger are used.

Ohmmeter

The ohmmeteris aninstrumentthatis usedfor measuring
resistance. There aretwo types of ochmmeters: the series
ohmmeteris usedfor measuring mediumresistancesand
the shunt type ohmmeter is used for measuring low and
medium resistances. The ohmmeter in it basic form
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consists of aninternal dry cell, aPMMC meter movement
and a current limiting resistance.

Before using an ohmmeter in a circuit, for resistance
measurement, the current in the circuit must be switched
off and also any electrolytic capacitor in the circuit should
be discharged. Rememberthatthe chmmeter has its own
source of supply.

Series type ohmmeter: construction

A series type ohmmeter shown in Fig 1 essentially
consists of a PMMC (Permanent magnet moving coil) (‘d’
Arsonval) movement ‘M’, a limiting resistance R, and a
battery ‘E’' and a pair of terminals A and B to which the
unknown resistance ‘R’ is to be connected. The shunt
resistance R, connectedin parallelto meter ‘M is used for
adjusting the zero positicn of the pointer.

Fig 1 LIMITING RESISTOR

o) |
1

R4

ble]

ADJUSTMENT RESISTOR
RESISTOR

w()n =

ZERO OHM 5 |:| UNKNOWN
X

E

Qm
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SERIES TYPE OHMMETER

Working

Whentheterminals Aand Bare shorted (unknown resistor
R, = zero), maximumcurrentflows inthe circuit. The meter
is madetoreadfull scale current (1, )by adjustingthe shunt
resistance R.,. The full scale current position of the pointer
is marked zero(0) ohm on the scale.

Whenthe ochmmeter leads (A & Bterminals) are open, no
current flows through the meter movement. Therefore, the
meter does not deflect and the pointer remains in the left
hand side of the dial. The left side of the dial is marked as
infinity (oc ) resistance which means that there is infinite
resistance (open circuit) between the test leads.

Intermediate marking may be placed inthe dial (scale) by
connecting different knownvaluesof R, tothe instrument
terminals A and B.

The accuracy of the ohmmeter depends greatly upon the
condition of the battery. The voltage of the internal battery
may decrease gradually due to usage or storage time. As
such the full scale current drops and the meter does not
read zero when the terminals A and B are shorted.

Thevariable shuntresistor R, inFig1 providesanadjustment
to counteract the effect of reduced battery voltage within
certain limits. If the battery voltage falls below a certain
value, adjusting R, may not bring the pointer to zero
position, and hence, the battery should be replaced witha
good one.

As shown in Fig 2, the meter scale will be marked zero
ohms at the right end and infinity chms at the left end.

Fig 2

SERIES TYPE OHMMETER SCALE
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This ohmmeter has a non-linear scale because of the
inverse relationship betweenresistance and current. This
results in an expanded scale near the zero end and a
crowded scale at the infinity end.

Shunt type ohmmeter

Fig3 shows the circuit diagram of a shunttype ohmmeter.
Inthis meter the battery ‘E’ is in series with the zero ohm,
adjustment resistor R, and the PMMC meter movement.
The unknownresistance R whichis connectedacrossthe
terminals AandBformsa parallel circuit withthe meter. To
avoiddraining of the battery during storage, the switch Sis
of a spring-loaded, push-buttontype.

Fig 3 A
E= M (/) Rm H Ry
£ B
SHUNT TYPE OHMMETER g
Working

When the terminals A and B are shorted (the unknown
resistance R, = zero ohm), the meter current is zero. On
the other hand ifthe unknown resistanceR = « = (keeping
AandBopen) the current flows only through the meter, and
by proper selectionofthe value R, the pointer canbe made
to read its full scale.

The shunttype ohmmeter, therefore, hasthe zeromarkat
the left hand side of the scale (no current) and the infinite
mark at right hand side of the scale (full scale deflection
current) as shownin Fig 4. When measuring the resistance
ofthe intermediate valuesthe currentflow dividesinaratio
inversely proporticnal to the meter resistance and the
unknown resistance. Accordingly the pointer takes an
intermediate position.

Use

Thistype of ohmmeteris particularly suitable for measuring
low value resistors.

Fig4
2 &
& %
0 OHMS o OHMS

SHUNT TYPE OHMMETER SCALE

ELN143855
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Electrician - Basic Electrical Practice

Related Theory for Exercise 1.3.34

Wheatstone bridge - principle and its application

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

+ state wheatstone bridge circuit, construction, function and us es.
+ determine the unknown resistance hy the wheatstone hridge.

For determining the unknown resistance by
Wheatstone Bridge

*» The current flowing through the bridge connection
shouldbe zero.

= Thewvalues of the other three resistances should be
precisely known,

How to find no current flows through the bridge
connection?: An instrument, that canindicate the flowof
evenafew micro amperas imillionth of an ampere), called
galvanometer isused There aregakanometersthatgive
full scale deflection for 25 microamperes.

Inthe professionalWheatstone bridges the galianometer
isprovidedwith ap arallel resistance and switch. The bridge
connection iz made anly by pressing & push button. T his
enables the user to check a momentary deflection of the
meter. Inthe case of excessive deflection, adjustment of
thevariableresistoris done. Finaland precise adjustment
of the variable resistance is made keeping the shunt
resistorofthe galvanometerapen.

The three arms of the bridge are made of standard/
precision resistors. The contact resistance is kept very
wery |ow to increase the accuracy of the measure ment
made bytheWheatstone bridge.

In short, the use of the galvanometer isto ensure thatthe
current through the bridge connection is zero, i.e. bath
patallelbranches have equipotentialpoints connected by
the bridge connector.

This arrangementisnamed afteritsinventorand is called
theVwheatstone Bridge.

The ¥Wheatstone Bridge is used for measurementsin the
range of about 1.0 ohmto 1.0 megohm. In Fig 1, resistors
P Cand S areinternal to the instrurment. R isthe resistor
ofunknownvalueto be measured.

|2
| A

The instrument is adjusted until the ratio

Thizisindicated by a zeroreading onthe gal anamete rwith
its switch in the closed position.

The resistors P and O are called ratio arms. F and Cl are
variedinstepstogive arange of values andthe resistance
value of 'S' issetbythe decade resistance 3. (Fig 2

Fig 1

Fig2

a
]

o @ |.

[
) n
= C—m o

BB Y

R= E multiplied by 5.
FI'

The ratio E isarrangedtobe1 10,100 0r 1 000 for easze
P

of calculation,

S isthevariableresistance. Four decaderesistances are
connected in series. Thevalue of 5 can be setin steps of
oneochmfrom1 .0ahmto8993 ohms by suitably setting the
fourdecade resistance units.

Farexample P =10 0hm, @ =100 ohm, 3 =7 ohm.

S¥Q  7X100
Then, Ry = === = 22 =700
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Power Related Theory for Exercise 1.3.35&36
Electrician - Basic Electrical Practice

Effect of variation of temperature on resistance

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

» explain on what factors electrical resistance of a conductor depends

» state the temperature co-efficient of resistance.

The resistance of material largely depends cntemperature
and varies according to the material.

When resistance ris a constant depending on the nature
of the material of the conductor and known as its specific
resistance or resistivity. Dependency of resistance on
temperature is explained in detail below:-

Effect of temperature on resistance: Actually, the
relativevalues of resistance thatwere givenearlierapply to
the metals when they are at about room temperature. At
higherorlowertemperatures, the resistances of all materials
change.

Inmostcases, whenthe temperature of a material goes up,
its resistance goes up too. Butwith some other materials,
increased temperature causesthe resistance to godown.

The amount by which the resistance is affected by each
degree of temperature change is called the temperature
coefficient. Andthe words positive and negative are used
to show whether the resistance goes up or down with the
temperature.

Whentheresistance ofthe material goes upastemperature
is increased, it has a positive temperature coefficient. Itis
appropriate in the case of pure metals such as silver,
copper, aluminium, brass etc. (Fig 1)

Fig 1
POSITIVE TEMPERATURE
COEFFICIENT

/

TEMPERATURE ——»=
RESISTANCE INCREASES WITH TEMPERATURE

RESISTANCE —

ELN144011

In the case of certain alloys such as eureka, manganin,
etc. increase inresistance due to increase intemperature
is relatively less and irregular.

Whenamaterial'sresistance goes downasthetemperature
is increased, it has a negative temperature coefficient.

(Fig2)

Thisapplies inthe case of electrolytes, insulators such as
paper, rubber, glass, mica etc. and partial conductors such
as carbon.
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Fig 2
NEGATIVE TEMPERATURE
CO-EFFICIENT

T

TEMPERATURE ——
RESISTANCE DECREASES WITH TEMPERATURE

RESISTANGE —==

ELN144012

Temperature coefficient of resistance (o) of
conductor: Leta metallic conductor, having aresistance
of R,at 0°C, be heated to t°C and let its resistance at this
temperature be R . Then, considering normal ranges of
temperature, it is found that the increase in resistance
depends:

o

« directly on its initial resistance

+ directly on the rise intemperature

« onthe nature of the material of the conductor
Hence R- R)=R tee .. )]

where o (alpha) is constant and isknownas the temperature
coefficient of resistance of the conductor.

Rearranging Eq.(i), we get

L _Ri-Rg _ R
Roxt Roxt

IfR.=1Q, t=1°C then &= AR=R-R,_

Hence, the temperature-coefficient of a material may be
defined as: the change in resistance inohm per “Crisein
temperature.

From Eq.(i), we find that R.= R (1+ot) ... i)

Inview of the dependence of wonthe initial temperature, we
may define the temperature coefficient of resistance ata
giventemperatureasthe changeinresistance perohmper
degree centigrade change in temperature from the given
temperature.

Incase R_isnotgiven, the relationship betweenthe known
resistance R1 att1 “Candthe unknownresistance R2 at t;’C
can be found as follows:



R,=R_(1 +o, t,) and

2

R,=R.(1+at,).

1

Therefore R—1 e agts

Resistivities and temperature coefficients

Material Resistivityin | Temperature
Metals-Alloys ohm-metre | coefficient
at 20°C at 20°C
x 108 x 10+
Aluminimum 2.8 40.3
Brass 6—8 20
Carbon 3000 -7000 —(5)
Constant or Eureka 49 (+0.160 -0.4)
Copper (annealed) 172 393
Germansilver 202 27
[ron 98 65
Manganin 44 - 48 015
{84% Cu; 25% Mn;
4% Ni)
Mercury 958 89
Nichrome 108.5 15
(60% Cu;25% Fe;
15% Cr)
Nickel 7.8 54
Platinum 9=18.6 36.7
Silver 1.64 38
Tungsten 5135) 47

Insulators
Resistivityin | Temperature
Insulators ohm-metre coefficient
at20°C at 20°C

Amber 5x10™

Bakelite 101

Glass 101°-1012 102
Mica 10%°

Rubber 10"

Shellac 10"

Sulphur 10"

Example: Theresistance of afield coil measures 55 chms
at 25°C and 65 ohms at 75°C. Find the temperature-
coefficient of the conductor at 0°C.

R=R(1+a&l)

R,=55=R(1+25¢) ... Egn.1

R, = 6o =K (14 fou S Eqn.2
Dividing Egn.2 by Eqn.1 we get

R75 _ 65 r 1+750:0

R25 Gle 1+25C(0
13 _1+75a,
11 1+ 250,

Cross multipling we get
13[1 + 280, ] = 11[1 + 750, )
13 + 3250, =11 + 8250,

13 —11 = 8250, — 3250,
2 = 500c,
. N ;
a3, 300 = 0.004 per °C.
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Electrician - Basic Electrical Practice

Related Theory for Exercise 1.3.37

Series and parallel combination circuit

Objective: At the end of this lesson you shall be able to
» solve series-parallel circuit problems.

Formation of series parallel circuit

Apart fromthe series circuit and parallel circuits, the third
typeof circuit arrangement isthe series-parallel circuit. In
this circuit, there is at least one resistance connected in
series and two connected in parallel. The two basic
arrangements of the series-parallel circuitare shown here.
Inone, resistorR, and R, are connectedinparallel and this
parallel connection, in turn, is connected in series with
resistance R,. (Fig 1)

Fig 1

[ PARALLEL BRANCHES OF cIRcUT |

R4=100

5Q 100
— |
EQUIVALENT CIRGUIT
| sEriES BRANCH OF cIRCUIT |
R1 x R
Ry = ¢ 2l — 5+10=150
{Rq + Ry

ELN144211

Thus, R, and R, form the parallel component, and R, the
series component of a series-parallel circuit. The total
resistance of any series-parallel circuit can be found by
merely reducing itinto a simple series circuit. Forexample,
the parallel portion of R, and R, can be reduced to an
equivalent5-chmresistor(two 10-chmresistors inparallel).

Thenithasanequivalent circuit of a 5-ohmresistor inseries
withthe 10-ohmresistor(R, ), giving a total resistance of 15
ohms for the series-parallel combination.

A second basic series-parallel arrangement is shown in
Fig 2 where basically it has two branches of a parallel
circuit. However, in one of the branches it has two
resistances inseries R, andR,. Tofindthetotal resistance
of this series -parallel circuit, first combine R, and R, into
an equivalent 20-ohm resistance. The total resistance is
then 20 ohms in parallel with 10 ohms, or 6.67 ohms.

Combination circuits
Aseries-parallel combination appearsto be very complex.

However, a simple solutionis to break downthe circuitinto
series/or parallel groups, and while solving problems, each
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may be dealtwithindividually. Each group may bereplaced
by one resistance, having the value equalto the sumof all
resistances.

Each parallel group may be replaced by cne resistance
value equivalenttothe combined resistance ofthatgroup.
Equivalent circuits are to be prepared for determiningthe
current, voltage and resistance for each component.

Fig 2

| PARALLEL BRANCHES OF CIRCUIT

Ry=10Q EQUIVALENT CIRCUIT
7 100

Rz=100 R3=10Q

| sEriEs BRANCH OF ciRcUIT |

R, X (R + R
= 2R 3 — = 667G
Rq+(Rz + Ry)

ELN144212

Application

Series-parallel circuits can be usedto forma non-standard
resistance value which is not available in the marketand
can be used in the voltage divider circuits.

Assignment

Determinethe combinedresistance ofthe circuit shownin
Fig 3.

Fig 3
A B c D
- T L 1
Ry=30 Rg=10
Ry=30 Rg=20
- anm I I
Rg=30Q Rp=40
Rg=502 ]
8 2
4, = R
L ¥
H G E =
o
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Related Theory for Exercise 1.4.38

Electrician - Magnetism and Capacitors

Magnetic terms, magnetic material and properties of magnet

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

» state the different kinds of magnets and state the classification of magnetic material

» state the classifications of magnets.

Magnetism and magnets: Magnetismisaforce thatacts
on some materials and not on other materials. Physical
devices which possess this force are called magnets.
Magnets attract iron and steel, and when free to rotate,
they will move to a fixed position relative to the north pole.

Classification of magnets

Magnets are classified into two groups.
+ Natural magnets

« Artificial magnets

Lodestone (aniron compound) is a natural magnet which
was discovered centuries ago. (Fig 1)

Fig 1

ELN154311

LODESTONE

There are two types of artificial magnets. Temporary and
permanent magnets.

Temporary magnhets or electromagnets: If a piece of
magnetic material, say, soft iron is placed in a strong
magnetic field of a solenoid it becomes magnetised by
induction. The soft iron itself becomes a temporary
magnet as long as the current continues to flow in the
solenoid. As scon as the source producing the magnetic
fieldis removed, the soft iron piece will loose its magnetism.

Permanent magnets: If steel is substituted for soft ironin
the sameinducingfieldas inthe previous case, duetothe
residual magnetism, the steel will become a permanent
magnet even afterthe magnetising field is removed. This
property of retention is termed retentiveness. Thus,
permanent magnets are made from steel, nickel, alnico,
tungsten all of which have higher retentiveness.

Classification of magnetic substances
Materials can be classified into three groups as follows.

Ferromagnetic substances: Those substances which
are strongly attracted by a magnet are known as
ferromagnetic substances. Some examples are iron, nickel,
cobalt, steel and their alloys.

Paramagnetic substances: Those substanceswhichare
slightly attracted by a magnet of common strength are
called paramagnetic substances. Their attraction can
easily be observed with a powerful magnet. In short,
paramagnetic substances are similar in behaviour to
ferromagnetic materials. Some examples arealuminium,
manganese, platinum, copper etc.

Diamagnetic substances: Those substances whichare
slightly repelled by a magnet of powerful strength only are
known as diamagnetic substances. Some examples are
bismuth, sulphur, graphite, glass, paper, wood, etc.
Bismuth is the strongest of the diamagnetic substances.

There is no substance which can be properly
called non-magnetic. It may also be noted that
water is a diamagnetic material, and air is a
paramagnetic substance.

Magnetic terms and properties of magnet

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

» define the terms magnetic field, magnetic line, magnetic axis, magnetic neutral axis and unit pole

+ explain the properties of a magnet

+ state the application, care and maintenance of a permanent magnet.

Magneticfields: The force of magnetismisreferredtoas
a magnetic field. Thisfield extends out from the magnet in
alldirections, as illustrated in Fig 1. Inthis figure, the lines
extending from the magnet represent the magnetic field.

The space arcund a magnet in which the influence of the
magnet can be detected is called the magnetic field.

Magneticlines: Magneticlines of force (flux) areassumed
to be continuousloops, the flux lines continuing onthrough
the magnet. They do not stop at the poles.

The magnetic lines around a bar magnet are shown in
Fig 1.
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Fig 1

MAGNETIC LINES MAGNETIC AXIS

MAGNETIC FIELD OF A MAGNET. THE FLUX IS MOBT DENSE AT THE POLES.

ELN154321

Magnetic axis: The imaginary line joining the two poles
of a magnetare called the magnetic axis. Itis also known
as the magnetic equator.

Magnetic neutral axis (Fig2): The imaginary lines which
are perpendicular to the magnetic axis and pass through
the centre of the magnet are called the magnetic neutral
axis.

Fig 2 .
I MAGNETIC NEUTRAL AXIS
@ LINE
&E\ -

NORTH POLE —— F—— SOUTHPOLE
e e
()

MAGNETIC AXIS
- =

Unit pole: A unit pole may be defined as that pole which,
when placed one metre apart from an equal and similar
pole, repels it with a force of 10 newtons.

Properties of a magnet
The following are the properties of magnets.

Attractive property : A magnet has the property of
attracting magnetic substances (such as iron, nickel and
cobalt) and its power of attraction is greatest at its poles.

(Fig3)

Fig3a

BAR MAGNET

ELN154323

Directive property: If a magnet is freely suspended, its
poles will always tend to set themselvesin the direction of
north and south. (Fig 4)

Induction property: Amagnethasthe property of producing
magnetism ina nearby magnetic substance by induction.

(Fig5)
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SOFT IRON PROVIDES A PATH FOR MAGNETIC LINES OF FORCE.

Demagnetising property: Ifa magnetis handled roughly
by heating, hammering, etc. it will lose its magnetism.

Property of strength: Every magnet has two poles. The
two poles of a magnet have equal pole strength.

Saturation property: If a magnet of higher strength is
further subjected to magnetization, it will never acquire
more magnetization due to its being already saturated.

Property of attraction and repulsion: Unlike poles (i.e.
north and south) attract each other, (Fig6) while like poles
(north/north and south/south) repel each other. (Fig 7)

Fig 6
FORCE

ELN154327

ATTRACTION

Fig7
ORCE

\s@ %/

REPLULSION
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Shapes of magnets: Magnets are available in various
shapes, with the magnetism concentrated at their ends
known as poles. The common shapes are listed here.

— Barmagnet
— Horseshoe magnet

— Ringmagnet

- Related Theory for Exercise 1.4.38



— Cylindrical type magnet
— Specially shaped magnets

Methods of magnetizing: There are three principal
methods of magnetizing a material.

+  Touchmethod

« By means of electric current

+  Induction method.

Touch method: This method can be further divided into:
+ single touch method

» double touch method, and

Single touch method: In the single touch method, the
steel barto be magnetizedis rubbedwitheither ofthe poles
of a magnet, keeping the other pole away fromit. Rubbing
isdone only incone directionas showninFig8. The process
should be repeated many times forinducing magnetization
of the bar.

Figs e

STEEL BAR

ELN154320

Double touch method: In this method the steel bar to be
magnetizedis placed overthe two opposite poleendsof a
magnet, andthe rubbing magnets are placedtogether over
the centre ofthe barwithasmall woodenpiece inbetween,
asshowninFig9. They are never litted offthe surface ofthe
steel bar, but rubbed again and again from end to end,
finally ending atthe centre where the rubbing was started.

Fig9

ELN15432E

DOUBLE-TOUCH METHOD

Divided touch method: Here the two different poles ofthe
rubbing magnets are placed as inthe previouscase. They
are then moved along the surface of the steel bar to the
opposite ends. The rubbing magnets arethenlifted offthe
surface of the steel barand placed backinthe centre of the
bar. The whole process is repeated again and again as
shown in Fig10.

The steel bar thus magnetized becomes a permanent
magnet but the degree of magnetization is very low.

Fig10

ELN15432F

DIVIDED-TOUCH METHOD

By electric current: The bar to be magnetized is wound
with an insulated copper wire, and then a strong electric
current (DC) from a battery is passed through the wire for
sometime. The steelbarthen becomes highly magnetized.
The magnet made by such an arrangement is called an
electromagnet and is generally used in laboratories.
(Fig11)

Fig 11

ELN15432G

o
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Induction method: This is a commercial method
making permanent magnets. Inthis methoda pole charger
is used which has a coil of many turns and an iron core
inside it as shown in Fig 12. The direct current supply is
fedto the coil through a push-button switch.

The steelpieceto be magnetized is placed onthe iron core
kept inside the coil, and direct current is passed through
the coil. The iron core now becomes a powerful magnet.

Fig12

STEELPIECETO
BE MAGNETISED

[+ ——
DC SUPPLY

ELN15432H
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Related Theory for Exercise 1.4.39840

Electrician - Magnetism and Capacitors

Principles and laws of electro magnetism

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

» explain what is meant by electromagnetism

» state right Hand Grip rule, Corkscrew rule and Right Hand palm rule.

Electromagnetism: On passing a currentthrough a coil of
wire, a magneticfield is set up aroundthe coil. Ifasoftiron
baris placed inthe coil of wire carryingthe current, the iron
bar becomes magnetized. This process is known as
“electromagnetism’. The softiron barremains asa magnet
as long as the current is flowing in the circuit. It loses its
magnetism whenthe current is switched off from the coil.

The polarity of this electromagnet depends upon the
direction of the current flowing through it. If the direction
of the current is altered, the polarity of the magnetic field
will also be changed as shown in Fig 1.

gl ELECTRON

CURRENT 4 - _ ”
Dc Dc
ELONY SUPPLY SUPPLY
N S
[Ny [y
5 N

POLARITY OF A FOLE CHANGES WITH
CHANGE OF CURRENT IN THE COIL

ELN154412

The right hand grip rule can be used to determine the
direction of the magnetic field. If you wrap your fingers
around the wire with your thumb pointing in the direction
of current flow, yourfingers will point inthe directionofthe
magnetic field as shown in Fig 2.

Fig 2

MAGNETIC LINE oF

RIGHT HAND GRIP RULE SHOWING THE DIRECTION OF CURRENT AND
DIRECTION OF MAGNETIC LINES

ELN{54414

Assume a right handed corkscrew tc be along the wire
soastoadvanceinthe directionofthe current. The mation
ofthe handle gives the direction of magnetic lines of force
around the conductor (Fig 3)

The direction of the magnetic field can be found fromright
hand palmrule (Fig 4)

The Right Hand Palm Rule : Hold the right hand palm
over the solencid in such a way the fingers point in the
direction of current in the solenoid conductors then the
thumbindicates the direction of magnetic field (North Pole)
of the solenoid.
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Fig HANDLE OF THE
CORKSCREW
DIRECTION OF THE
LINES OF FORCE ﬂ CURRENT DIRECTION
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CONDUCTOR
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Fig 4

J CURRENT DIRECTION

RIGHT HAND PALM RULE
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DIRECTION
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Magnetic materials for temporary magnets:
Electromagnetsaregenerally knownastemporary magnets.
The magnetic strength of such magnets can be varied by
varyingthe current passingthroughthem. Scftironis used
inelectromagnetsas a magnetic core. Siliconsteelisvery
much used in bigger magnets (steel with 2.4% silicon).
Nowadays other metals like permalloy, mumetal are also
used for some applications.

Permalloy is an alloy of iron and nickel which can be
magnetized by a very weak magneticfield andis useful for
telephones.

Mumetal is analloy of nickel, copper, chromiumand iron.
It has very high permeability and resistivity. Eddy current
loss is very low. It is used in instrument transformers and
for screening magneticfields.
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Related Theory for Exercise 1.4.41&42

Electrician - Magnetism and Capacitors

The magnetic circuits - self and mutually induced emfs

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

» define the magnetic terms in a magnetic circuit (like M.IVLF., reluctance, flux, field strength, flux density,

permeability, relative permeability)
» state hysterisis.

MagnetoMotive Force (MMF): The amount of flux density
set up in the core is dependent upon five factors - the
current, number of turns, material of the magnetic core,
length of core and the cross-sectional area of the core.
More current and the more turns of wire we use, the
greaterwill be the magnetising effect. VWe call this product
of the turns and current the magnetomotive force {(mmf),
similarto the electromative force (emf).

MMF = Nlampere-turns

wheremmf - isthe magnetomotive forceinampere
turns

N - isthe number of turns wrapped on
the core

- is the current in the coil, in amperes,
A

Ifone ampere current is flowing through a coil having 200
turns then the mmf is 200 ampere turns.

Reluctance: |n the magnetic circuit there is something
analogous to electrical resistance, and is called reluc-
tance, (symbol 8). The total flux is inversely proportional
to the reluctance and so if we denote mmf by ampere
turns. we can write

NI
¢ = g Where ¢ is flux and reluctances g = d

H-H, @
where S - reluctance

| - length of the magnetic path in metres
M, - permeability of free space
M, -relative permeability

a - cross-sectional area of the magnetic path in
sg.mm.

The unit of reluctance is ampere turns/AWb.

Magnetic flux The magnetic flux in a magnetic circuit is
equal to the total number of lines existing on the
cross-section of the magnetic core at right angle to the
direction of the flux. Its symbol is & and the S| unit is
weber,

Nlap p,
R,
where
o - total flux

N -numberofturns

I - current in amperes
S -reluctance

H, -permeability of free space
M. -relative permeability

a - magnetic path cross-sectional area in m?
¢ -length of magnetic path in metres.

Flux density (B): The total number of lines of force per
square metre of the cross- sectional area of the magnetic
core is called flux density, and is represented by the
symbol B. Its SI unit (in the MKS system) is tesla (weber
per metre square).

B - i Weber/ m?

A
where ¢ - total flux in webers
A - area of the core in square metres
B - flux density in weber/metre square.

Permeability: The permeability of a magnetic material is
defined asthe ratio of flux created inthat material to the flux
created in air, provided that mmf and dimensions of the
magnetic circuit remain the same. It's symbol is p and

M =B/H
where B is the flux density
H is the magnetising force.

Being a ratio it has no unitand it is expressed as a mere
number. The permeability of air p air= unity. The relative
permeability ur of iron and steel ranges from 50 to 2000.
The permeability of a given material varies with its flux
density.

Hysteresis: Consider the graphical relation between B
and H for a magnetic material. Since p = B/H, the
graphical relationship shows how the permeability of a
material varies with the magnetizing intensity H.

77



Assume that the magnetic core is initially completely

demagnetised. As we increase the current, sz

!
increases and there will be anincrease in the flux density,
B. Since the number of turns and the length of core of a
coil are fixed, H is directly proportional to the current or
ammeter reading. The flux density can be measured by
inserting the probe of a flux meter into a small hole drilled
in the core.

A plot of the values of B and H gives the normal
magnetization curve, as showninFig 1. There is evidently
a linear portion where Bisrelatively proportional to H. But
then a condition of saturation occurs when a very large
increase in H is required to significantly increase B. This
point in the curve is called as saturation point.

If the current is now gradually reduced towards zero, H
returns to zero, but B does not. The core exhibits
retentiveness and retains some residual magnetism. The
retentiveness is represented by the distance OR.

Fig 1
a=t
A
POINT OF
SATURATION
R
NORMAL
MAGNETISM MAseTcATIH
CURVE
< Fa
L
—H O +H
COERCIVITY
POINT OF
SATURATION
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HYSTERESIS LOOP FOR MATERIAL USED IN AN AC CIRCUIT

Ifthe connectionsto the coil are reversed, andthe current
isagainincreased, itisfoundthata certainamountof His
required to bring the magnetism in the core down to zero.
This is called the coercivity and is represented by the
distance OC.

Further, any increaseinthe cumrentinthe opposite direction
increases the magnetism in the core as before in the
opposite direction, until once again saturation occurs.

Electromagnet applications - Electromagnetic induction

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

« compare the magnetic circuit and electric circuit

» state the applications of an electromagnet (Bell & Buzzer tubelight choke)
« state the principle and laws of electromagnetic induction
« explain about the counter EMF-induced reactance-time constant.

Comparison between magnetic and electric circuits
Similarities (Fig 1a & 1b)

Magnetic Current

Electrical Current

5 Flux=

reluctance
2 M.M.F. (Ampere-turns)
3 Flux ¢ (Webers)
4 Flux density B (Wh/m?)

5 Reluctance § =ior S =
Ha HgHra
6 Permeance = (1/reluctance)

Z Reluctivity u p A
8 Permeability (=1/reluctivity)

f

Current = L - R
resistance —
| I

E M.F. (Volts) 3

Current| (amperes) I

]

Current density (A/m?) lE
Fig1b

Resistance R:p—L

Conductance (= 1/resistance)
Resistivity
Conductivity(=1/resistivity)

Practical applications of electromagnets:
Electromagnets are usedinthe manufacture of all types of
electrical machines, such as motors, generators,
transformers, convertors, some electrical measuring
instruments, protective relays, for medical purposes (like
removingiron piecesfromeyes)and inmany otherelectrical
devices like bells, buzzers, circuit-breakers, relays,
telegraphic circuits, lifts and other industrial uses.

a Bells

b Buzzers

¢ Circuit-breakers

d Relays

e Telegraphiccircuits
f Lifts

g Industrial uses
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Principles and laws of electromagnetic induction

Faraday's Laws of Electromagnetic Induction are also
applicablefor conductors carrying alternating current.

Faradays’ Laws of Electromagnetic Induction

Faraday’s First Law states that whenever the magnetic
flux is linked with a circuit changes, an emf is always
induced in it.

The Second Law states that the magnitude of the
induced emf is equal to the rate of change of flux linkage.

Dyanamically Induced EMF

Accordingly induced emf can be produced either by moving
the conductorina stationery magnetic field or by changing
magneticflux overa stationery conductor. Whenconductor
moves and produces emf, the emfiscalled as dynamically
inducedemf Ex. generators.

Statically Induced EMF

When changing flux produces emf the emf is called as
statically induced emf as explained below.
Ex: Transformer.

Staticallyinduced emf: Whenthe inducedemfis produced
in a stationery conductor due to changing magnetic field,
obeying Faraday's laws of electro magnetism, the induced
emf is called as statically induced emf.

There are two types of statically induced emf as stated
below -

1 Self induced emf produced with in the same cail

2 mutually induced emf produced inthe neighbouring
coil

Self-induction: The productionof anelectromotive forcein
a circuit, when the magnetic flux linked with the circuit

Counter emf - inductive reactance

changes as a result of the change in a current inducing in
the same circuit.

According to Faraday’s Laws, an emf is induced in the
conductor. Similarly, when the magnetic field collapses,
the flux lines cut through the conductor again, and anemf
is induced once again. This is called self-induction.

Mutual Inductance: When two or more coils one
magnetically linked together by a common magnetic flux,
they are saidto have the property of mutual inductance. It
is the basic operating principal of the transformer, motor
generatersandany otherelectricalcomponentthatinteracts
withanother magneticfield. It candefine mutual induction
on the current flowing in one coil that induces a voltage in
an adjacement coil.

Inductance: Inductance (L) is the electrical property of an
electrical circuit or device to oppose any change in the
magnitude of current flow in a circuit.

Devices which are used to provide inductance in a circuit
are calledinductors. Inductors are also known as chokes,
coils, and reactors. Inductors are usually coils of wire.

Factors determining inductance: The inductance of an
inductoris primarily determined by four factors.

+ Type of core permeability of the core m.

+  Number of turns of wire in the coil ‘N’.

+ Spacing between turns of wire (Spacing factor).

+ Cross-sectional area (diameter of the coil core) ‘a’or'd’.

Henry: Aconductor or coil has aninductance of one henry
if a current that changes at the rate of one ampere per
second produces a induced voltage (cemf) of 1 volt.

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

+ explain the term Counter EMF (CEMF)
» explain about the inductive reactance

» state the reasons for the difference between ohmic resistance and impedance of a coil.

Counter EMF and LENZ’s law: The voltage inducedina
conductor or coil by its own magnetic field is called a
counter electromotive force (cemf). Sincetheinduced emf
(voltage) is always opposing, or countering, the action of
the source voltage, it is known as cemf. Counter
electromotive force is sometimes referred to as back
electromotive force (bemf).

In any type of inductive circuit there is an important
relationship between the direction of the current change
and the induced voltage. Lenz’s law states that a cemf
always has a polarity which opposesthe force that created
it.

The inductance rating of an inductor refers to its ability to
generatea countervoltage to achange incurrentflow. One
henry (1H - the SI unit) represents the inductance of a ¢coil

inwhichacurrent change of one ampere persecond (1 A/
s) will produce a cemf of one volt (1V).

Inductive reactance: The opposition offered to an AC
current flow by the inductive effect is called inductive
reactance. Inductive reactance isthe result of the cemf of
the inductor.

Eddy currents are caused by voltages induced into the
conductors and other surrounding metal parts. They are
directly proportional to the frequency of the supply. The
heat produced by these currents tends to increase the
effective resistance of the circuit.

Effectofinductance presentinaAC circuit: Coils have
various uses in electrical engineering such as

+ excitation coils in electric machines or magnets

+ relay coils in switching devices

+ choke coils for limiting current etc.
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Related Theeory for Exercise 1.4 43844

Electrician - Magnetism and Capacitors

Capacitors - types - functions, grouping and uses

O bjectives: A the end of this lesson you zhall be able to

= deseribe capacitor its construction and charging
« gxplain capacitance and the factors determining

= state the different types and application of capacitors.

the wdeo for this exercize

Capacitor

Capacitar iz a pazsive two terminal eledrical/electronic
component that stores potential energy in the form of
eledrogtatic field

Theeffed ofcapaditoriz called as capacitance .t consigs
of two conduding plates separated by an insulating
matetial called as dielectic. In simple, capacitor iz &
device designed to store electic charge.

Congtruction: A capacitor iz an electrical device
consging oftwo parallel conductive plates  zeparated by
an insulating material called the dieledric. Connecting
leads are attached tothe parallel plate s, (Fig 1)

Fa1

—

o
B FLESAFLETOR. THL FLATEE G A A ADITON AN AL !
I LELATTT DS FACH TR

Function: Ina capactor theeledric charge iz goredinthe
form ofan electrostat o field betweenthetwo condudtars ar
plates, duetot heability of dieledricm aterial to distortand
store energywhile it iz charmed and keep that charge fora
longperiadar tillitis dizcharge dthrough a resistor orwire,
Theunitofcharge iz coulomb anditis denoted bythe | etter
e

Capacitance: The ahility or capacitytostore enenyvinthe
form of eledric charge iz called capacitance. The symbal
uzedto represent capacitance is C.

Unitof capacitanc e The baze unit of capact ance isthe
Farad. The abbrevistion for Farad i=F . One faradisthat
amountofcapacitance which fores 1 coulomb of charge
when the capacitor iz changed to 1 5. In other words, &
Farad iz a coulomb per walt (25

Farad

A farad isthe unitof capadtance (2, and a coulomb isthe
unit of charge(@), and & wolt is the unit of voltage™.
Theretfore, capacitance can bem athematically expressad

as C:E
W

Capacitive reactanc e

Similarto resistors and inductors, & capacitor alzo o ffers
opposition to the flow of AC current. This opposition
offered to the flowe of current by a capactor iz called
capaciive reactance sbbreviated as X _.

Capacitive reactance, X_ can be mathemsatically repre-
zented as,

1
B, e
S -
Factorsdetermining capacitance: Thecapactanceofa
capacitar isdetermined by four fadors.

— Aregofthe plates (T @A)

= Distance between the plates (C o« d)
= Type ofdieledricmateral

— Temperature

— Resigdance ofthe plates

Types of capacitors: Capacitors are manufadured in a
wide varety oftypes, sizes and walues, Some are fixedin
value, in others the value is variable,

Fixed capacitors

Ceramic capacitors: Ceramic dieledrics provide very
high dielectic congtants (1200 is typical). &4z a result,
comparatively high capactance values can be achieved
ina small physical size.

Ceramic capacitors are illustrated in Figs 2a) and (k).
Thesze dizcs are made by using ceramic as an insulator
with a silver deposit on each side ofthe plates . These are
uzed far small valueszof capactance andanordinary T Yaet
might contain several dozensin its drouitry.

Ceramiccapacitorsare typically available in capactance
valuesranging from 1uF to2 2u F withvoltage ratingsupto
B K.

Micacapacitors: Therearetwotypesofmica capadtors,
stacked foil a2 showan inFig 202). It consigs of altemate
lavers ofmetal foil andthin sheetsafmica. The metal fail
forns the plate, with aternaste foil sheetz connected
together to increase the plate area, thus incressing the
capactance.



The mica foil-stack is encapsulated in an insulating
material such as bakelite, as showninFig 2dofthe figure.

Fig2 ENCAPSULATION

DIELECTRIC

PLATE

LEADS

S 2
e /)
c=—""1 )

{d) LAYERS PRESSED TOGETHER
AND ENCAPSULATED

T—

FOIL (ALUMINUM OR
TANTALUM)

{c) STACKED ARRANGEMENT

;(

PAPER OR GAUZE
SATURATED WITH
ELECTROLYTE

OXIDE DIELECTRIC

(a) BASIC CONSTRUCTION

ELN154874

{f} ELECTROLYTIC CAPACITOR AND SYMBOL

Mica capacitors are available with capacitance values
ranging from 1 pFto 0.1 pF andvoltgage ratings from 100
to 2500 vV DC.

Electrolytic capacitors: Electrolytic capacitors are
polarised so that one plate is positive and the other
negative.

These capacitors are used for high capacitance values up
to over 200,000 F, butthey have relatively low breakdown
voltages (350 V is a typical maximum) and high amounts
of leakage.

Electrolyticcapacitors are availableintwotypes: aluminium
and tantalum. The basic construction of an electrolytic
capacitor is shown in Figs 2(e) and (f).
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Fig 3

{a} MOLDED PAPER CAPACITORS SHOWN WITH SYMBOL FOR FIXED CAPACITORS

LEAD CONNECTED
TOINNER FOIL

LEAD CONNECTED
TO OUTER FOIL

INNER FOIL

PLASTIC FILM
{OR PAPER)

OUTER FOIL.
{b} BASIC CONSTRUCTION OF PAPER CAPACITOR

ELN154816

Paper/plastic capacitors: There are several types of
plastic-film capacitors and the older paper dielectric
capacitors. Polycarbonate, parylene, polyester,
polystyrene, polypropylene, mylar, and paper are some of
the more common dielectric materials used. Some of
these types have capacitance values up to 100pF.

Fig 3a show a common basic construction used in many
plastic-film and paper capacitors. Fig 3b shows a
construction view for one type of plastic-film capacitor.

Variable capacitors

Variable capacitors are used in a circuit when there is a
need to adjust the capacitance value either manually or
automatically. For example, in radio or TV tuners. The
major types of variable or adjustable capacitors are now
discussed.

Air capacitor: Variable capacitors with air dielectrics,
suchasthe one showninFig4(b), are sometimes usedas
tuning capacitors in applications requiring frequency
selection. This type of capapcitor is constructed with
several plates that mesh together. One set of plates can
be moved relative to the other, thus changing the effective
plate area and the capacitance. The movable plates are
linked together mechanically so that they move when a
shaft is rotated.

The schematic symbol foravariable capacitoris shown in
Fig4(a).

{a) SCHEMATIC SYMBOL FOR A VARIABLE CAPACITOR

ELN15481T

{b} SINGLE AND TWOD-GANG VARIABLE CAPACITORS WITH AIR DIELECTRIC

—



Application of capacitors with type and ratings - Chart |

Type Capacitance Voltage WVDC Applications
(Working voltage DC)
Disc and tube ceramics 1pF - 1uF 20-500 General, VHF.
Paper 0.001-1pF 200-1600 Motors, power supplies.
Polyester 0.001-1pF 100-600 Enetertainment- electronics.
Electrolytic-aluminum 1-500,000uF 5-500 Power supplies, filters.
Electrolytic-tantalum 0.1-1000pF 3125 Small space requirement, high relia-
bility, low leakage.

Mica 330pF-0.05uF 50-100 Highfrequency.
Silver-mica 9-820pF 20-500 Highfrequency.
Variable-ceramic 1-5t0 16-100pF 200 Radio, TV, communications.
Air 10-365pF a0 Broadcast receivers.

Grouping of capacitors

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

» state the necessity of grouping capacitors and method of connection

» state the conditions for connecting capacitors in parallel and in series

= explain the values of capacitance and voltage in parallel and series combination

Necessity of grouping of capacitors: In certain in-
stances, we may not be able to get a required value of
capacitance and a required voltage rating. In such in-
stances, to get the required capacitances from the avail-
able capacitors and to give only the safe voltage across
capacitor, the capacitors have to be grouped in different
fashions. Such grouping of capacitors is very essential.

ey — . _

v,
& Gy Ca Gy Gy
~ J— — —— J—

CAPACITORS IN PARALLEL

Methods of grouping: There are two methods of grouping.

+ Parallelgrouping

ELN154841

* Seriesgrouping General formula for parallel capacitance: The total
capacitance of parallel capacitors is found by adding the

individual capacitances.
@ —HE TS O + G

T il 2 3 n

Parallel grouping
Conditions for parallel grouping

+ Voltage rating of capacitors should be higher than the
supply voltage Vs.
« Polarity should be maintained in the case of polarised C,,C,,C,etc. are the parallel capacitors.

capacitors (electrolytic capacitors). The voltage applied to a parallel group must not exceed
the lowest breakdown voltage for all the capacitors in the
parallel group.

where C_ is the total capacitance,

Necessity of parallel grouping: Capacitors are con-
nected in parallel to achieve a higher capacitance than

what is available in one unit.

Connection of parallel grouping: Parallel grouping of
capacitors is shown in Fig 1 and is analogous to the
connection of resistance in parallel or cells in parallel.

Total capacitance: When capacitors are connected in
parallel, the total capacitance is the sum of the individual
capacitances, because the effective plate area increases.
The calculation of total parallel capacitance is analogous
to the calculation of total resistance of a series circuit.

Example: Suppose three capacitors are connected in
parallel, where two have a breakdown voltage of 250 V
and one has a breakdown voltage of 200 V, then the
maximum voltage that can be applied to the parallel
group without damaging any capacitor is 200 volts.

The voltage across each capacitor will be equal to the
appliedvoltage.
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Charge stored in parallel grouping: Since the voltage
across parallel-grouped capacitors isthe same, the larger
capacitor stores more charge. If the capacitors are equal
in value, they store an equal amount of charge. The
charge stored by the capacitors together equals the total
charge that was delivered from the source.

QS0+ Qb A
where Q. is the total charge

Q,,Q,Q,.....etc. arethe individual charges of the capaci-
tors in parallel.

Using the equation Q= CV,

the total charge Q,=C.V,

where V_is the supply voltage.

CV,= CV.+ CV + CV,

Because all the V_terms are equal, they can be
cancelled.

Therefore, C.= C.+C,+C,

Again

Question 1: Calculate the total capacitance, individual
charges and the total charge of the circuit given in Fig 2.

Fig 2
|

0 25 BF 50 LF 75 BF 100 BF

'g | 1oov _ | 180V | 200v _ | 1sv

> — A — —

8 c, G, C, G,
g

| =
a
Solution

Total capacitance = C,

C. = C,+C,+C,+C,

T

C, = 250 micro farads.
Individual charge =Q=CV
Q =CV
=25%100x%x10°
=2500x 10"
= 2.5x 10 coulombs.
Q =CV
=50x 100 x 107
=5000x10°
=5x 107 coulombs.
Q3=C,V
=75x100x 107
=7500x10°

= 7.5 x10%coulombs.

Q

. =gy

=100 x 100 x 10°

=10000 x 10°

= 10 x 10*coulombs.

Totalcharge = Q= Q.+ Q,+ Q.+ Q,
= (2.5x10°) + (5x1079)

+(7.5x10%) + (10x10%)

(2.545+7 . 5+10) x 102

25 x 10 coulombs.
C,V
250 x 10-%% 100

or Q

25 x 10-* coulombs.
Series grouping

Necessity of grouping of capacitors in series: The
necessity of grouping capacitors in series is to reduce the
total capacitance inthe circuit. Ancther reasonis thattwo
or more capacitors in series can withstand a higher
potential difference than anindividual capacitor.

Conditions for series grouping

- If different voltage rating capacitors have to be con-
nected in series, take care to see that the voltage drop
across each capacitor is less than its voltage rating.

- Polarity should be maintained in the case of polarised
capacitors.

Connection in series grouping: Series grouping of

capacitors, as shown in Fig 3 is analogous to the
connection of resistances in series or cells in series.

Fig3

Vs
- *
100

SERIES CONNECTION OF CAPACITORS

ELN154944

Total capacitance:VWhen capacitors are connected in
series, the total capacitance is less than the smallest
capacitance value, because

+ theeffective plate separation thickness increases

+ andthe effective plate area is limited by the smaller
plate.

The calcualtion oftotal series capacitance is analogousto
the calculation of total resistance of parallel resistors.

General formula for series capacitance: The total
capacitance of the series capacitors can be calculated by
using the formula
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If there are two capacitors in series

C,C
Co N
Ci+GC,
If there are three capacitors in series
Ci1C,Cy
(CiCo)+(CuCy)+(C4C)

CT:

If there are "n' equal capacitors in series

Maximum voltage across each capacitor: In series
grouping, the division of the applied voltage among the
capacitors depends on the individual capacitance value
accordingto the formula

The largest value capacitor will have the smallest voltage
because of the reciprocal relationship.

Likewise, the smallest capacitance value will have the
largestvoltage.

The voltage across any individual capacitor in a series
connection can be determined using the following for-
mula.

Cr
X

where V - individual voltage of each capacitor
C, - individual capacitance of each capacitor
V, - supply voltage.

The potential difference does not divide equally if the
capacitancesare unequal. Ifthe capacitances are unequal
you must be careful notto exceed the breakdown voltage
of any capacitor.
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Question 2. Find the voltage across each capacitor in

Fig 4.
Fig 4 ¢, ¢ ey
|| || |1
| I I
0.1 BF 0.5 UF 0.2 BF
+ 15V 15V 10V
Vg =—
b1} —
Total capacitance: C.,
1 1 1 1
B e e
C; ¢ C, C4
1 1 1 1
— =—+—+ —— macro farad
C; 01 05
1 10 2 5
— =
Cy 1 1 1

1 17
C— = T and CT = 0.0588 micro farad

-
c
V= —T % Vg
Cy
V,= 1471V,
Cc
Vo =1 xVg
Cp
0.0588
5 = x 25
0.5
V,=294volts
Cc
Vg =1 xVg
Cs
0.0588
5 = x 25
0.2
V,=7.35volts
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Power
Electrician - AC Circuits

Related Theory for Exercise 1.5.45

Alternating current - terms & definitions - vector diagrams

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

» state the features of direct current
list out the advantages of DC over AC
* compare the features of DC and AC

» explain the generation of alternating current and terms used

» state the advantages of AC over DC.

Directcurrent (CC): Electriccurrent can be definedasthe
flow of electrons ina circuit. Based onthe electrontheory,
electrons flow fromthe negative (—) polarity to the positive
(+) polarity of a voltage source.

Direct current (DC) is the current that flows only in one
direction in a circuit. (Fig 1) The current in this type of
circuit is supplied from a DC voltage source. Since the
polarity of a DC source remainsfixed, the current produced
by it flows in one direction only.

Advantages of DC over AC

1

DC needs only two wires of transmission, while a
3 phase AC may need upto 4 wires.

The corona loss associated with DC is negligible while
for AC it increases with its frequency.

The skin effect is also observed in AC leading to
problems in transmission conductor designs.

\ CURRENT FLOW

DIRECT CURRENT CIRCUIT

CURRENT

GRAPHIC REPRESENTATION

+

OfbD—= TIME

ELN160111

Comparison of AC and DC

No inductive and capacitive losses.

Amount of energy that
can be carried

Alternating current

Direct current

Safe to transfer over longer city
distances and can provide more
power.

Voltage of DC cannottravel very far
until it begins to lose energy.

Cause of the direction
of flow of electrons

Rotating magnet along the wire.

Steady magnetism along the wire.

Frequency The frequency of alternating The frequency of direct current is zero.
current is 50Hz or 60Hz
depending upon the country.

Direction It reverse its direction while It flows in one direction in the circuit.
flowing in a circuit.

Current It is the current of magnitude It is the current of constant magnitude.

varying withtime.

Flow of electrons

Electrons keep switching
directions - forward and
backward.

Electrons move steadily in one direction
or forward’.

Obtained from

AC generator and mains.

Cell or battery.

Passive parameters Impedence. Resistance only.
Power factor Lies betweenOtc 1. Nil
Types Sinusoidal, trapezoidal, Pure

triangular, square
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Alternating current (AC): An alternating current (AC)
circuit is one in which the direction and amplitude of the
current flow change at regular intervals. The current in
this type of circuit is supplied from an AC voltage source.
The polarity of an AC source changes at regular intervals
resulting in a reversal of the circuit current flow.

Alternating current usually changes in both value and
direction. The current increases from zero to some
maximum value, and then drops back to zero as it flows
in one direction. This same pattern is thenrepeated as it
flows in the opposite direction. The wave-form or the
exact manner in which the current increases and
decreases is determined by the type of AC voltage
source used. (Fig 2)

Fig 2 DD
"~ CURRENT CURRENT CURRENT
+ + +
a 0 0
TIME TIME TIME
= - E 2
SINE WAVE SQUARE WAVE SAWTOOTH WAVE 5
AC WAVE FORMS %

Alternating current generation: Alternating current is
used wherever a large amount of electrical power is
required. Almost all of the electrical energy supplied for
domestic and commercial purposesisalternating current.

ACvoltage is used because itis mucheasierand cheaper
to generate, and whentransmitted overlongdistances, the
power loss is low.

Alternating current can be generated at higher voltages
than DC. Some standard values of voltages are 1.1KV,
22 KV, 3.3KVforlow capacity . The values are increased
to 66000, 110000, 220000, 400 000voltsfortransmission
over long distances. At the load area, the voltage is
decreased to working values of 240V and 415V.

Agenerator is a machine that uses magnetismto convert
mechanical energy into electrical energy. The generator
principle, simply stated, is that a voltage is induced in a
conductor whenever the conductor is moved through a
magnetic field so as to cut the lines of magnetic force.

AnAC generator produces an ACvoltage by causingaloop
of wire to turn withina magnetic field. This relative motion
between the wire and the magnetic field causes a voltage
to be induced between the ends of the wire. This voltage
changes in magnitude and polarity as the loop is rotated
within the magnetic field. (Fig 3)

Fig3
| EXTERNAL
| GIRCUIT

MAGNET

ELN160115

SIMPLIFIED AC GENERATOR

The force required to turn the loop can be obtained from
various sources. For example, very large AC generators
areturned by steamturbines or by the movement of water.

The AC voltage induced inthe armature coils is connected
toasetof slipringsfromwhichthe external circuitreceives
the voltage through a set of brushes. Anelectromagnet is
used to produce a stronger magnetic field.

The sine wave: The shape of the voltage wave-form
generated by a coil rotating in a magnetic field is called a
sine wave. The generated sine wave voltage varies in
bothvoltage value and polarity.

If the coil is rotated at a constant speed, the number of
magnetic lines of force cut per second varies with the
position of the coil. When the ceil is moving parallel to the
magnetic field, it cuts no lines of force.

Therefore, novoltage is generated at thisinstant. Whenthe
coil is moving at right angles to the magnetic field, it cuts
the maximum number of lines of force.

Therefore, maximum or peak voltage is generated at this
instant. Between these two points the voltage varies in
accordance with the sine ofthe angle at which the coil cuts
the lines of force.

The coil is shown in five specific positions in Fig 4. These
are intermediate positions which occur during one complete
revolution of the coil position. The graph shows how the
voltage increases and decreases in amount during cne
rotation of the loop.

Notethatthe direction ofthe voltage reverses eachhalf-cycle.
This is because, foreach revolution of the coil, each side
must first move down and then up through the field.

The sine wave is the most basic and widely used AC
wave-form. The standard AC generator (alternator) produces
avoltage of sine wave-form. Some ofthe important electrical
characteristics and terms used when referring to AC sine
wave voltage or currentare as follows.

Cycle: One cycle is one complete wave of alternating
voltage or current. During the generation of one cycle of
outputvoltage, there are two changes inthe polarity ofthe
voltage.

These equal but opposite halves of a complete cycle are
referredto as alternations. The terms positive and negative
are used to distinguish one alternation from the other.
(Fig5)

Period: The time requiredto produce one complete cycle
is called the period of the wave-form. InFig 6, ittakes 0.25
seconds to complete one cycle. Therefore, the period (T)
of thatwave-formis 0.25 seconds.

Frequency: The frequency of an AC sine wave is the
number ofcycles produced per second. (Fig 6) The unit of
frequency is the hertz (Hz). For example, the 240V AC at
your home has a frequency of 50 Hz.
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Fig 4

GENERATION OF AN ALTERNATING VOLTAGE:
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£ - - occur during one cycle.
i
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3 =4 = = =4 Peak-to-peak value: The peak-to-peak value of a sine
2 wave refersto its total overall value from one peak to the
k- 08 075 other. (Fig 8) It is equal to two times the peak value.
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PERIOD OF 0.25 SECONDS AND FOUR CYCLES PER SECOND. z current is that value which will produce the same heating
w

Instantaneous value: The value of analternating quantity
atany particularinstantis called instantaneous value. The
instantanecus values of a sine wave voltage is shown in
Fig 7 Itis 3.1 volts at 1us, 7.07 V at 2.5us, 10V at Sus,
OV at 10us, - 3.1 volt at 11 ps and so on.

Peak value or maximum value: Each alternation of the
sinewaveis made up of a number ofinstantaneous values.
These values are plotted at various heights above and
below the horizontal line to form a continuous wave-form.

(Fig8)

effect as a specificvalue of a steady directcurrent. Inother
words, an alternating current has an effective value of 1
ampere, if it produces heat at the same rate as the heat
producedby 1 ampere of directcurrent, bothflowinginthe
same value of resistance.

Ancther name for the effective value of an alternating
current or voltage is the root mean square (rms) value.
This termwas derivedfroma method usedto compute the
value. The rms is calculated as follows.
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Fig 8
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The instantaneous values for one cycle are selected for
equal pericds of time. Each value is squared, and the
average of the squares is calculated (values are squared
because the heating effect varies as square of the current
or voltage). The square root of this is the rms value.

(Fig9)

Fig 9

o

CURRENT

:

AVERAGE OF
SQUARE OF
INSTANTANIOUS
VALUES

.2 b -2 -2 ] 2
s T T e T e
20

ELN18011B

By using this method it can be proved that the effective
value of a sine wave of current is always equal to 0.707
times its peak value. A simple eguation for calculating the
effective value of sinewave is:

forvoltage, V=0.707 V_
forcurrent, |=0.707 | _

where subscript m refers to the maximum value.

When an alternating current or voltage is specified, it is
always the effective value OR RMS valve that is meant,
unless otherwise stated. Standard AC meters indicate
effective valuesonly.

Average value: It is sometimes useful to know the
average value for one half cycle. Ifthe current is changed
atthe same rate over the entire half cycle as inFig 10, the
average value would be one half of the maximumvalue.

Neutral and earth conductors

Fig 10
= MAXIMUM VALUE
-

Im
CURRENT

AVERAGE VALUE = =

TIME t —=

ELN16M1E

It has been determined that the average value is equal to
0.637 times the maximum value for sine wave-formi.e.

forvoltage, V_ =0.637 V_
forcurrent, | =0.6371

where subscriptavreferstothe average value and subscript
m refers to the maximum value.

Form factor (k). Form factor is defined as the ratio of
effectivevaluetoaverage value ofhalf cycle.

For sinusoidal AC

07071,

= =1 A1
0.6637 |,

f

where the subscript m refers to the maximum value.
Advantages of AC over DC:

1 AC voltages can be raised or lowered with ease. This
makes it ideal for transmission purposes.

2 Large amounts of power can be transmitted at high
voltage and low currents with minimum loss.

3 Becausethecurrentislow, smallertransmissionwires
can be used to reduce installation and maintenance
costs.

4 AC s easy to generate than DC.
AC generators take higher efficiency than DC.

6 Thelossofenergy duringtransmission innegligible for
AC in long distance.

7 The AC can be easily converted to DC.

It can easily stepup or stepdown using transformer.

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

* describe the purpose of earthing
» describe the two types of earthing
« differentiate between "neutral’ and "earth wire’'.

Earthing: The importance of earthing lies inthe fact thatit
deals with safety. One of the most important, but least
understood, considerations in the design of electrical
systemsisthatofearthing (grounding). The word earthing'
comes from the fact that the technigue itself involves
making a low-resistance connection to the earth or to the

ground. The earth canbe consideredto be a large conductor
which is at zero potential.

Purpose ofearthing: The purpose of earthingisto provide
protection to personnel, equipment and circuits by
eliminatingthe possibility of dangerousor excessive voltage.
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There are two distinct considerations inthe earthing of an
electrical system: earthing of one of the conductors of the
wiring system, and earthing of all metal enclosures which
contain electrical wires or equipment. The two types of
earthingare:

+ Systemearthing
« Equipmentearthing.

System earthing: This consists of earthing one of the
wires of the electrical system, such as the neutral, to limit
the maximum voltage to earth under normal operating
conditions.

Equipment earthing: Thisisa permanent and continuous
bondingtogether (i.e. connectingtogether) of all non-current
carrying metal parts of the electrical equipment to the
system earthing electrode.

What is an earthing electrode?: A metal plate, pipe or
other conductors electrically connected to the general
mass of the earth is knownas anearthingelectrode. Earth
electrodes shall be provided at generating stations,

Use of vector diagram

substations and consumer premises (in accordance with
the requirements of IS : 3043-1966).

The neutralusedinsingle phase systemisto provide return
path for load current to the source. Various method of
neutral earthing is providedto serve neutral insingle phase
distribution at substation according to the requirements.

What is an “earth wire'?: A conductor connected to
earth and usually situated in proximity to the associated
line conductors which is used for equipment earthing is
calledanearthwire.

The purpose of equipmentearthing: By connectingthe
metal work not intended to carry currentto earth, a pathis
providedforleakage currentwhich can be detected, and, if
necessary, interrupted by the following devices.

— Fuses — Circuitbreakers.

Objective: At the end of this lesson you shall be able to
+ distinguish between scalar and vector quantity.

Definition of scalar and vector quantity and phasor

Scalar quantity:A scalar quantity is a quantity which is
determined by the magnitude alone, for example energy,
volume, temperature etc.

Vector quantity: A vector quantity is a quantity which is
represented by straightline withan arrow head to represent
the magnitude and direction of it. For example, - force,
velocity, weight.

Phasor: Phasor is a vector that is rotating at a constant
angularvelocity. Astraightlinewithanarrow headis used
to represent graphically the magnitude and phase of a

sinusoidal alternating quantity (i.e. current, voltage and
power) is called phasor.

Use of vector diagrams: The change whichoccurs inthe
value of analternating voltage andf/or currentduring acycle
can also be shown by using vector diagrams.

A vector is a line segment that has a define length and
direction. A vector diagram is two or more vectors joined
together to convey information. Vector diagrams drawnto
scale can be used to determine instantaneous values of
current and/or voltage.

Scalar quantity

Vector quantity

1. Scalar quantity can be presented by magnitude only,
for example - energy, volume ete.

2. Addition and substraction of scalar quantities can
be done algebraically

Vectorquantity must represent magnitude anddirection
also, for example - force velocity etc.

Additionand subtraction of vectorquantities cannot be
done algebracially but by vector summation.

AC simple circuit

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

» state phase relationship between voltage, current & power in pure resistance circuit
» state phase relationship between voltage, current & power in pure inductance circuit
» state phase relationship between voltage, current & power in pure capacitance circuit.

Pure resistance circuit : A pure resistance circuit is one
possessing neither inductance nor capacitance. Hence, if
a current passes through the circuit. No back emf will be
setup by any change in current. The applied voltage is
requiredto overcome the ohmic droponly asinadc circuit.
So, we have, using effective values.

R

Since the current is proportional to the voltage, the wave
formof currentis exactly the same as that of voltage. When
the voltage is zero the current is also zero. The two
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guantities are in phase with each other. Fig 1 shows a
currentwave, |, inphasewith avoltagewave, E to obtainthe
powerateachinstantthe currentand voltage are multiplied
together. With these products a new curve p, may be
plotted. The power curve is positive during the first-half
cycle because both the current and voltage are positive.
Duringthe second half-cycle both current and voltage are
negative, hence their product will again be positive.

Fig 1

E3122641

The power in a pure resistance circuit is given by the
product of the effective voltage and current. le P=E.I.

Circuit with pure inductance only

Acircuit with pure inductance alone can never be formed,
because the source, the connecting wires, and the inductor
all have some resistance. However, if these resistances
are very smalland have a muchsmallereffect onthe circuit
current than does the inductance, the circuit can be
considered as containing only inductance. (Fig 2)

Fig 2

CIRCUIT DIAGRAM

ELN18D141

Phase difference: If two alternating quantities aftain
maximumyvalue inthe same directionafter passingthrough
zerovalue atdifferenttimes, they are saidto have a phase
difference.

Phase difference canbe expressedinfractions of a cycle.
For more accuracy, phase difference is givenin degrees.
Theterms lead and’lag' are usedto describe the relative
positions intime of two voltages or currents that are notin
phase. The one thatis ahead intime is said to lead, while
the one behind lags. (Fig 3)

When maximum and minimum points of one voltage or
current occur before the corresponding points of another
voltage or current, the two are out of phase. When sucha
phase difference exists, one of the voltages or currents
leads, and the other lags.

Phase relationship between current and voltagein a
circuit with inductance only : When AC voltage is
appliedtoan inductive circuit, the current lags behind the
applied voltage by a quarter cycle or by 90°. (Fig 4)

Fig 3
= Iy I
1, LEADS LBY 80° OR
- I, LAGS 1,BY 90°
Fa
8 ) \X/ =
———
PHASE DIFFERENCE a
Fig 4
APPLIED VOLTAGE
|
CURRENT :
o 270° =350-
B0° 180°| i
I I
|
|
I
- 8
8
CURRENT LAGS VOLTAGE BY 507 b

In a purely inductive circuit, the current lags behind the
applied voltage by 90°. This is illustrated in the Fig 9 as
wave-form. This also can be stated as voltage leads
current. The vector diagramforboth expressionsis givenin
Figs 5 and 6.

Fig5

I
1 LAGS BEHIND V BY 80°

ELN16534A

FigB

80"

ELN'16534B

V LEADS 1 BY 80°

Inductive reactance:The cemfacts just like a resistance
to limit the current flow. But cemf is discussed in terms of
volts, so it cannot be used in Ohm's Law to compute the
current. However, the effect of cemf can be giveninterms
of ohms. This effect is called inductive reactance, and is
abbreviatedas X . Since the cemf generated by aninductor
is determined by the inductance (L) of the inductor, andthe
frequency (f) of the current, the inductive reactance must
alsodepend onthese things. The inductive reactance can
be calculated by the equation

=Pl

where X is the inductive reactance in ohms; f is the
frequency ofthe current in cycles per second; and L isthe
inductance in henrys. The quantity 2x together actually
represents the rate of change of the current, usually
denoted by the Greek letter @' (Omega).

Since 2r = 2(3.14) = 6.28, the Egn. becomes similarly
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6.28L

Ina circuit containing only inductance, Ohm's Law can be
usedtofindthe current andvoltage by substituting X, forR.

(Fig 7)

negative andthe charge inthe capacitoris reversed, so, the
currentthe remains inthe negative direction. This continues
until the emf reaches its maximum value in the negative
direction. At the instant N, the current reverse and again
becomes positive charging and discharging of capacitor
continue as long as the alternating emfis present across
its plate.

Fig 9showsthatthe alternatingemf appliedto a capacitor
causesthecurrentinthe capacitorto lead the appliedemf
by 90°. This is shown by phasors in Fig 10.

Fig7 Fig9
) > L
E
X I
v @ Y V=LVL 0 L < N
E
NS
CIRCUIT WITH ONLY X | E E
[ = L Fig10 .
p=
XL m.
V
X = =0 ©
=R ! §
3
V=1 X Capacitivereactance: The opposition offered to the flow

where | = current through the inductance,inamperes
V = voltage across the inductance, in volts
X = inductive reactance in ochms
Pure capacitance circuit

Fig 8 shows an alternating emf E applied to the plates of a
capacitor. When the voltage starts from zero value at 0.

Fig&

o =

E8122844

Fig 9 and increases positively, current flows into the
capacitor and this current is also positive. As long as the
emf across the capacitor plates increases, current flows
into the capacitor.

When the instant L is reached, the increase of emf stops
and current decreases to zero. Between L and M the emf
decreases and current flows out of the capacitor so the
capacitor discharges and as the current reverses its
direction, the sign of the current become negative. This
reversal of current is shown by the current wave linFig
after the voltage wave E goesthrough zero at M theemfis

of current by a capacitoris called capacitive reactance and
is abbreviated Xc. Capacitive reactance canbe calculated

by:

1 1
X T — T —
c 24c oC
Where 2r is approximately 6.28
F is the frequency in Hz
C is the capacitance is farad and © = 2xf

Like its incluctive counterpart -inductive reactance, capacitive
reactanceisexpressedinohms. Ohm'slawcanbealsc be
applied to a circuit containing capacitive reactance only.

Example 1

A 10 uF capacitor is connected across a 250 V, 50 Hz
supply. Calculate (a) the resistance ofthe capacitor and (b)
the current.

Solution:

Reactance

2%314%50x10x10°°
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250
Current= ——— =0.785A
318.3

Theaverage powerinacircuit containing only a capacitance
iszero. This may be shown by plottingthe power curve from
the current and voltage curves (Fig 11) as was donefora
circuit with the inductance only.

Fig 11 power curve for a purely capacitive circuit.

A.C. circuit with R & L in series

Fig 11 APFLIED
VOLTAGE

¥ + POWER

CURRENT

E8122847

Objectives: Atthe end of this lesson you shall be able to

* state the voltage and current relationship

» determine impedance of a series circuit with RL in series

» calculate power in a series circuit (with RL in series)

» calculate the power factor in RL series circuit.

Whenresistance and inductance are connectedinseries,
orinthe case of a coil with resistance, the rms current |
is limited by both X , and R however the current listhe same
inX andRsincetheyare inseries, the voltage dropacross
Ris V.= IRandthe voltage dropacross X isV, =1X . The
current | through X, mustlag V by 90° because thisis the
phase angle between currentthroughan inductance and
its self-inducedvoltage. Thecurrent | through R, andits IR
voltage drop,are in phase and so the phase angle is 0°.

Now let us apply the principle of phasor representationto
a series circuit containing pure resistance and pure
inductance. (Fig 1)

Fig 1

ELN185351

CIRCUIT WITH R & L IN SERIES

Since we are considering a series circuit, it is convenient
if we draw the current phasor in the horizontal reference
position because it is "common' to both the resistor and
inductor. Superimposed upon this phasor is the voltage
phasor acrossthe resistor V. This is because the current
and voltage are always in phase with each otherina pure
resistor. (Fig 2)

Fig 2

I

YECTOR DIAGRAM OF R & L SERIES CIRCUIT

ELN165352

Similarly, the voltage phasor across the inductor V_is
drawn90°aheadofthe current | inotherwords leading the
current phasor. This is because, as we know, the current
always lagsthe inductorvoltage by 90° ina pure inductance.

However, these two voltages are 90° outof phase witheach
other. This means that the total voltage across the series
combinationcannot be obtained simply by addingV_to V|
algebraically. WWe must take intoaccount the angle between
them.

Theappliedvoltage Visthe (phasor) sumofV_andV, with
the phase angle added.

This phasor addition can be carried out simply by
constructing a parallelogram (a square in this case) and
drawing the diagonal. This is shown in Fig 3. Clearly, the
phasor sum Vs less than the algebraic sumof V, and V,,.
Also, because V is the hypotenuse of a right-angled
triangle, V is given by

Fig 3 v,
'
PHASOR DIAGRAM OF R & L SERIES CIRCUIT £
[T}
2 = 2 2
V2=V 2+,

Impedance of aseries RL circuit: Thetotal oppositionto
current in a series, RL circuit, is called the impedance 7.
It is the ratio of the total applied voltage V to the current .
Impedance is measured in chms as are resistance and
inductive reactance. But, as shown by the following,
impedance isthe vector sumofresistance andreactance.

Consider the “voltage triangle' for a series, RL circuit, as
shown in Fig 4.

Given V2=V 2+V and V,=IRandV = IX
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W

//rl Power factor = ﬁ = Cos ¢
Y
o

I

VR power factor must also be equal to Vr and to B
(a) VOLTAGE TRIANGLE vV

v
then V =y(IR)? +(IX, )? Powerfaotor(PF):\\;iz\;*:FZ{

Whatshould bethe power factorforacircuitcontaining
pure resistance only?. As the phase angle & between
current and voltagesis ¢ = 0.

J|2 R2+XL2 Cos¢=1and PF=1.

Similarly the power factor for circuit containing pure
inductance or pure capacitance only is zero as

v
=1,/R? +XL2 and o =.JR? + XL2 Cos ¢ = Cos 90° = zero.

Example: Aninductive circuit has a resistance of 2 ochms

vV inseries with aninductance of 0.015 henry. Find (i) current

But — isthe impedance Z. and (ii) power factor when connected across 200 volt 50
| cycles per second supply mains.

Fig 4

R)™ +{IX.)
2R2 +(I2X|_ 2
( )

Solution

Therefore, Z = RE+ XL2 ohms K =2nafl = 2%3.142x30x0.015 = 4.71 ohms
where 7 is the impedance in ohms 7 JR2 +)(LZ _ (2)2 +(4.71)2
R is the resistance in ohms
X is the inductive reactance in ohms = \/4 +17.39 = \/ 26.19

v 200

and | = — amperes (A). i |=—— =3913 amps

£ 511
Power factor: The ratio of the true power deliveredtoan R
AC circuitcomparedto the apparent power thatthe source i Powerfactor= — = =0.39
must supply is called the power factor of the load. Z 511

If we examine any powertriangle, we see that the ratio of
the true powertothe apparent poweris cosine ofthe angle
.

Power and power factor in AC single phase circuit

Obijective: At the end of this lesson you shall be able to
» calculate power and power factor of a single phase AC circuit from the given relevant values.

Power in pureresistance circuit: Powercanbe calculated
by using the following formulae. Fig 1

1) P =Vl watts
2) P=1, Rwatts

i=04A

H R=E25Q)
S5 LAMP
E? 1 §
3) P=-— watts
R d
Example1: Calculate the powertaken by anincandescent =250x04
lamp rated 250V when it carries a current of 0.4A if the =100 watts.
resistance is 625 ohms. (Fig 1)
P= W x|
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Alternately
P= IR
=0.4x04x8625
=100 watts
E? 2502
arP=—=——
R 625
250 x 250
P=—
625
= 100 watts.

Sincethe currentandvoltage are inphase, the phase angle
is zero and the powerfactor is unity. Therefore, the power
can be calculated with voltage and current itself.

Power in pure inductance: If an AC circuit contains only
inductance, the voltage and current are 90° out of phase,
and the circuit of the instantaneous values of voltage and
current gives with positive and negative power. Net result
is the power consumed in a pure inductive circuit is zero.

Power in pure capacitance: If an AC circuit contains
only capacitor, the voltage and current are 90°. Out of
phase and the product of instantaneous values of voltage
and current gives both positive and negative power. Net
resultisthe powerconsumedina pure capacitive circuitis
Zero.

R - C Series circuit

Most industrial installations have a lagging PF because of
the large number of AC induction motorsthat are inherently
inductive.

Effect of a low power factor

For agiven quantity of true power if the power factor ofthe
load isless than unity it requires a highercurrentto deliver.
This higher current means that more energy is wasted in
the feeder wires serving the motor. Infact, if an industrial
installationhas a power factorlessthan 85% (0.85) overall,
a power factor penalty' is assessed by the electric utility
company. Itis for this reason that power factor correction
is necessary in large installations.

Power factor correction: In order to make the most
efficient use of the current delivered to a load we desire a
high PF or a PF that approaches unity.

A low PF is generally due to the large induction loads such
as discharge lamps, induction motors, transformers etc.
which take a lagging current and produce heat which
returns to the generating station without doing any useful
workassuchit is essential to improve orcorrectthe low PF
so as to bring the current as closely in phase with the
voltage as possible. That is the phase angle 8 is made as
small as possible. This is usually done by placing a
capacitor load which produces a leading current.

The capacitor is to be connected in parallel with the
inductive load.

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

» state the effect of frequency on capacitive reactance in R-C series circuit

» calculate power factor
» determine the power factor and phase angle

» state the R-C time constant while charging and discharging.

In a circuit with capacitance, when the supply frequency
(f) increses the capacitive reactance (X} decreases

K c—
€y

When the capacitive reactance X increases the circuit
current decreases.

loc——

Xe

Therefore the increase in frequency (f) results in the
increase of the circuit current in the capacitive circuit. Vwhen
resistance (R), capacitance (C) and frequency f are known
in a circuit, the power factor cos 6 can be determined as
follows. (Fig 1)

1
2afC

7= R &%
C

Xe

Fig 1

EL113012

R.C. SERIES CIRCUIT

R
Powerfactor, cos 8 = E

Capacitive reactance X in a capacitive circuit can be
determined with the formula

1

2xfC
where X = capacitive reactance in chm
&

Xe =

f =frequency in Hz

C = Capacitance in farad
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Power consumed ina R-C series circuit can be determined

using the formula
P=Vlcos 8 where P = powerin watts

I = currentin ampere

cos @ = power factor.

Vector diagram of voltages and their use to determine
pf angle 0. (Fig 2)

Fig 2

V,
R R
o
= 1 <] A
v Ve z Xg
B

b} IMPEDENCE TRIANGLE

ELN185334

a) VOLTAGE TRIANGLE

Vg = Ig drop across R (in phase with [)
Vs = [X drop across capacitor (lagging | by 907)

V= VB evE = RY o) - 1{REx2

7= ‘JR2 + X é where 7 is the impedance of the circuit.

Power factor, cos 8 = R/Z.

From pf cos 0 the angle © can be known referring to the
Trignometric table.

Example 2: In RC series circuit shown in the diagram
(Fig 3) obtain the following.

* Impedance inohms

R.L.C Series circuit

Fig3
R=30 ) =
— | Em
200V, 60 Hz
o o] £
R.C. SERIES CIRCUIT e

+ Currentinamps

* True powerinwatts

+ Reactive powerinvar

« Apparent powerin voltamp.
+  Powerfactor

Solution

1 Impedence (Z)

— [R2+ X 2 =302 +402 = Y2500 =500

vV 200
2 Curent l= — ===k
Z 50

3 True power W= 'R = 4° x 30 = 480W
(Power consumed by capacitoir = zero)
Vo = IXs=4x40=160V

4 Reactive power VAR = V| = 160 x 4 = 640 VAR
5 Apparent power VI =200 x 4 = 800 VA

R 3
6 PFO cose=E=—=0.6

Objectives: At the end of this lesson you shall be able to
» draw the vector diagram of the voltage

* determine impedance

* solve problem.

Resistance, Inductance and capacitance in series
(Fig 1a) shows resistance R, inductive reactance XL and
capacitive reactance Xc, are connected in series. The
voltage across the circuit is E, the frequency is f and the
currentis |.

As this is a series circuit, the current is the same in all
parts of the circuit, and for convenience the current phasor
| is laid off horizontally in the circuit phasor diagram. The
voltage E - IR across the resistance is in phase with the
current afid drawn to scale along the current phasor. The
voltage E - IX across the inductance is drawn at right
angles to'the current and leading. The voltage E = IX
across the capacitor is drawn at right angles to the current
and lagging.

The voltage across the inductance and that across the
capacitance are in opposition Fig 1 (b) so that the resultant
voltage of these two is their arithmetical difference. In
Fig(1b) X is shown greaterthan IX therefore, is subtracted
directly form X . The line voltage Fnust be phasor sum of
three voltages and is the hypotenuse of a right - angled
triangle and is the hypotenuse of a right - angled triangle
of which IR and IXL - IX arethe sides. Therefore,

E= J(|R)2 +0><L = |xC) i

2

_ |\/(R)2 +x %)
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Fig 1 %6
X
(e) — ~ I
1 | 1|
I
Er E, [
©,
IX =E
®) L=EL
_________ E=1Iz
I
|
X -1Xs i
b i
TR- En - -
1= Ec ;
=z
2

E
Andl= =
7

The phase angle is found by

X -X
tang L

Example: A series circuit consist of a resistance of 20
ohms. An inductance of 0.2 Henry and a capacitance of
100 MFD is connected to 220 volts 50 HZ supply. Calculate

a the impedance of the circuit

b the current flowing in the circuit
power factor of the circuit

d powerconsumed in the circuit

e voltage dropin each element (Fig 2)

Fig 2
20 09H 100MFD
14
220V, 50Hz o

]
B

Solution:

R =20 ohms

L=0.2 Henry

C =100 MFD

V=220V
F=50Hz
Inductive reactance XL =2xx 50x 0.2 =62.8 chms

Capacitance reactance Xc.

e 10
Co4C 22 x50x100

a impedance Z= JRZ +iXL = XC )_2

= \/202 +(62.8-32)7 = 36.7 ohms

b current in the circuit | = V/Z = 220/36.7 = 5.99 amps
¢ Powerfactor = cos = RfZ = 20/36.7 = 0.54 (lag)

d Power P= V| Cos=220x5.99 x 0.54 watts
P=711.61 watts

E Voltage dropin R=1R=5.99x20=119.8V

Voltage dropinL=I1XL=599x 8628 =376.17V
Voltage dropin C=I[XC =599 %32 =191.68V.

Resonance circuit: When the value of X and X are equal,
the voltage drop across them will be eqlﬁal andhence they
cancel each other. The value of voltage drops V and V
may be much higher than the applied voltabe. Thé
impedance of the circuit will be equal to the resistance
value. Full value of applied voltage appears across R and
the current in the circuit is limited by the value of resistance
only. Such circuits are used in electronic circuits like radio/
TV turning circuits. When X = X the circuit is said to be
in resonance. As current will be maximum in series
resonant circuits it is also called acceptor circuits. Fora
known value of L and C the frequency at which this occurs
is called as resonant frequency. This value can be
calculated as follows when XC = XL.

— 32o0hms

1
24l = ——

1
Hence resonance frequency fr =
SNV o i

Note: Power factor angle is commonly denoted
by Theta. In some pages of this text it is
denoted by Phi. As such these terms are used
alternatively in this text.
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Related Theory for Exercise 1.5.46

Series resonance circuit

Objectives: At the end of this lesson you shall be able to
» explain the impedance of series resonance circuit
» state the condition for series resonance and its expression

» state the resonance frequency and its formula.

Series resonance circuit
Impedance of series resonance circuit

A simple series LC circuit showninFig 1. Inthis series LC
circuit,

) c

||
11

= K=Xg--Xp =50 )

-] -

Al =40{)
e
o
Ly
V=00V

EQUIVALENT CIRCUIT
WITH NET REACTANCE X

Xc
Xg =00t}

ELN165411

— resistance R is the total resistance of the series
circuit(internal resistance) in ohms,

— X isthe inductive reactance in ohms, and
— X.lis the total capacitive reactance in ohms.

Inthe circuitat Fig 1a, since the capacitive reactance(20€2)
is larger thaninductive reactance(60€2), the netreactance
of the circuit will be capacitive. This is shown in Fig 1b.

Note: If the capacitive reactance was smaller
than inductive reactance the net reactance of
the circuit would have been inductive.

Allthoughthe unitof measure of reactance andresistance
is the same(ohms), the impedance, Z of the circuit is not
given by the simple addition of R, X and X.. This is
because, X is +80° out of phase withR and X_.is-90° out
of phase with R.

Hencethe impedance Z ofthe circuit isthe phasor addition
of the resistive and reactive components as shown by
dottedlines inFig1c. Therefore, Impedance Z of the circuit
is given by,

Z 4R 10t - X

If X were greater than X_, then the absolute value of
impedance Z is will be,

Z =R +0¢ —Xe P

For the circuit in Fig 2(a), total impedance Z is,

i
i
V7 = 100V

<
=1
1
ELN165412

Z=JR? + X=X, P

Z =40? +30°
Z =506, Capacitive (because X_> X )
Current | through the circuit is given by,
Vo 100
== i A
Z 500

Therefore, the voltage drop across the components will
be

V,, = voltage drop across R = |.R = 2x40 = 80 volts
V, = voltage drop across L= |.X = 2x60 = 120 volts
V. = voltage drop across C = |.X. = 2x80 = 180 volts.

Since V|, and V. are of opposite polarity, the net reactive
voltage V, is =180 - 120 = 60V as shown in Fig 2.

Note that the applied voltage is not equal to the sum of
voltage drops across reactive component X and resistive
component. This is again because the voltage drops are
not in phase. But the phasor sum of V_ and V, will be
equal to the applied voltage as given below,

I 2 2
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2 2

_ /802 + 602 =100 volts(appliedvoltage).
Phase angle 8 of the circuit is given by,

G =k
e:tan_107"

Condition at which current through the RLC Series
circuit is maximum

Fromthe formula,

2

L \/RZ +(Xo =X )° itis clear that the total imped-

ance Z of the circuit will become purely resistive when,
reactance X =X_

In this condition, the impedance Z of the circuit will not
only be purely resistive but also minimum.

Since the reactance of L and C are frequency dependent,
at some particular frequency say f, the inductive reactance
X becomes equal to the capacitive reactance X... Insuch
a case, since the impedance of the circuit will be purely
resistive and minimum, current through the circuit will be
maximum and will be equal to the applied voltage divided
by the resistance R.

Series resonance

From the above discussions it is found that in a series
RLC circuit,

Impedance 7 - \/RZ +(X - Xq )2

Current | = 1
zZ

and

Phase angle 8 — tan~ A =%

If the frequency of the signal fed to such a series LC circuit
is increased from O Hz, as the frequency is increased, the
inductive reactance(X = 2xfl) increases linearly and the
capacitive reactance (X = 1/2rflL) decreases exponentially.

At a particular frequency called the resonance freguency;,
f, the sumof X and X_ becomes zero( X —X_.=0).

From above, at resonant frequency ,
— Netreactance, X=0(i.e, X_=X)

— Impedance of the circuit is minimum, purely resistive
and is equal to R

— Current | through the circuit is maximum and equal to
VIR

— Circuit current, | is in-phase with the applied voltage V
(i.e. Phase angle = 0).

Atthis particular frequency f_called resonance frequency,
the series RLC is said to in a condition of series resonance.

Resonance occurs at that frequency when,
X =X, or2zfL=1/2xfC

Therefore, Resonance frequency, f is given by,

1
f. = Hz ol
o 0]
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Related Theory for Exercise 1.5.47

R-L, R-C and R-L-C parallel circuits

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

» explain the admittance triangle and the relationship between conductance, susceptance and admittance
» explain susceptance, conductance and admittance by symbols.

R-L Parallel circuit : Whena number ofimpedancesare
connected in parallel across an AC voltage, the total
current taken by the circuit isthe phasor sumofthe branch
currents (Fig 1).

There are two methods for finding the total current.
« Admittance method
« Phasocrmethod

Admittance method

E
The current in any branch |=—
z

=Ex

1
z
is called the admittance of the circuit i.e. admittance is

the reciprocal of impedance. Admittance is denoted by
Y (Fig 2).

1
— where
yd

= Ex

1 I
—| =EY or Y =—
Vi E

total current

.. Total admittance (YT )=
common applied voltage

_ phasor sum of branch currents

common applied voltage

= phase sum of separate admittance

Note: Supply voltage is referred as V or E
interchangeably.

Fig 1

> - H o

EL113321

R.L. PARALLEL CIRCUIT
Anadmittance may beresolved into two components.

+ Acomponent in phase with the applied voltage called
the conductance denoted by g.

+ A component in quadrature (at right angle) with the
appliedvoltage called susceptance, denoted by b.

Fig 2

¥ z

ELN165512

a) ADMITTANCE TRIANGLE b} IMPEDANCE TRIANGLE

g=YCos ¢ L
= =
Z Z

R _ R

72 Robre

b=Ysing N

= | = —=—
z2 7z 72

X

R? + X?

The unit of admittance, conductance and susceptance
is called the mho symbol O.

Relationship between branch current and supply
voltage : In a R-L parallel circuit, the voltage across
resistor (Ep) and inductor (E| ) are the same and equal to
the supply voltage E. Hence E is the reference vector. The
current through resistor (Iz) in phase with E is E. (Fig 3)
The current through inductor (I ) is laggingthe E| isE by
90°. In short the current through resistor I, is in phase
and the current through inductor ||, lags with applied
voltage (E) by 90° . The power factor of R-L parallel cir-
cuit is cos ¢ where ¢ is the angle in between the total
current and applied voltage.

Fig 3

EL113322

R.L. PARALLEL CIRCUIT VECTOR

Assignment : Acoil of resistance 15 ohms and inductance
0.05 H is connected in parallel with a non-inductive resistor
of 40 chms. Findthe total current when a voltage of 200 V
at 50 Hz. is applied. Give the phasor diagram.
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AC Parallel circuit (R and C)

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

» state the relationship between branch current, voltage in a parallel circuit
* solve problems in RC parallel circuit by admittance method
» compare the charecteristics of A.C series and parallel circuits

» state the R-L-C parallel circuit vector diagram

Parallel RC circuits: In a parallel RC circuit, one or more
resistive loads and one or more capacitive loads are con-
nected in parallel across a voltage source. Therefare,
resistive branches, containing only resistance and
capacitive branches, containing only capacitance. (Fig 1)
The current that leaves the voltage source divides among
the branches; so there are different currents in different
branches. The current is, therefore, not a common quan-
tity, as it is in the series RC circulits.

Fig 1

THE EQUIVALENT OF THIS CIRCUIT IS THIS CIRCUIT

Ry _IG1 _|%2 (~> Rror_| STOT
3 2pF | apF 20 5 uF

Eapp \ / Eapp
- Y
Ryor= 1 __2 C1or= C1t B2
Rq* Ry
e -
8 x2 a2t
s *3 = 5pF
=20

EL113411

R.C. PARALLEL CIRCUITS

Voltage: In a parallel RC circuit, as in any other parallel
circuit, the applied voltage is directly across each branch.
The branchvoltages are, therefore, equalto each other. So,
if you know any one of the circuit voltages, you know any
one of the circuit voltages, you know all of them.

Branch current: The current in each branch cf a parallel
RC circuit is independent of the current in the other
branches. The current withina branch depends only onthe
voltage acrossthe branch, andthe resistance or capacitive
reactance contained in it. (Fig 2)

The current in the resistive branch is calculated from the
equation: Ip = Eppp/R.

The current in the capacitive branch is found with the equa-
tion: lC = EAPPD(C :

The current in the resistive branch is in phase with the
branch voltage, while the current in the capacitive branch
leads the branch voltage by 20 degrees. Since the two
branch voltages are the same, the current in the capaci-
tive branch (l~) must lead the current in the resistive branch
(Ip) by 90 degrees. (Fig 3)

Impedance: The impedance of a parallel RC circuit rep-
resents the total opposition to the current flow offered by
the resistance of the resistive branch and the capacitive
reactance of the capacitive branch. Like the impedance of
a parallel RL circuit, it can be calculated with an equation
that is similar to the one used for finding the total resist-
ance of two parallel resistances.

Fig 2
Eapp
R=8 K = Xg=1m0
300V
1g
Ig
" a0°
= Earp
Eapp
CURRENT AND CURRENTS LEADS
VOLTAGE ARE IN PHASE VOLTAGE BY 80"
Ig
a0°
Ir Eapp
GURRENT IN CAPAGITIVE 8
BRANCH LEADS CURRENT IN 8
RESISTIVE BRANCH BY 90° 3
Fig 3 CIRCUIT CALCULATICN
— = vz
Iine ILne™ VIp* Ig
z ]
w® [l e
. = 1.1 AMPERE
R Ie
1A D5A Tanf@= I5/1g
= D&M
=05
8= 266°
VECTOR REPRESENTATION
Eapp g
o

However, just as you learned for parallel RL circuits, two
vector quantities cannot be added directly, vector addition
must be used. Therfore, the equation for calculating the
impedance of a parallel RC circuit is

RXC
JRZ + X2

where ,ARZ + XCZ is the vector addition of the resistance

and capacitive reactance.

Incaseswhere youknow the applied voltage and the circuit
line current, the impedance can be found simply by using
Ohm’s law in the form:

Z=

e Eapp
e
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The impedance of a parallel RC circuitis always less than
the resistance or capacitive reactance of the individual
branches.

Therelative values of X_and R determine how capacitive or
resistive the circuit line current is. The one that is the
smallest, andtherefore, allows more branch currenttoflow,
is the determining factor.

Thus, if X is smaller than R, the current inthe capacitive
branchis largerthanthecurrentinthe resistive branch, and
the line current tends to be more capacitive.

The opposite is true if R is smaller than X.. When X_orR
is 10 or more times greater than the other, the circuit will
operate for all practical purposes as ifthe branch with the
larger of the two did not exist.

R, L and C Parallel circuit - Vector diagram

Parallel connection of R, X _and X_: X and X_.oppose
each other, that is to say, |, and |. are in oppaosition, and
partly oppose one another (Fig 4).

Fig 4

Vo

EL113511

R, L & C PARALLEL CIRCUIT

| =1_-1 orl -1, depending onwhether the capacitive or
inductive current dominates.
Graphic solution: when| >1_
1 Vascommon value
2 |, inphase with V
3 |_leads by 90°
4 IL lags by 90°
B ==l
6 |asresultant

¢ in this case inductive, | lags (Fig 5)
Particular case: X and X_are equally large - | and |_
cancel each other. Z = R; parallel resonance oceours.

Currents in the reactances may be greater than the total
current.

The calculation of the resonant frequency is the same as
for the series connection.

Example: Calculate the value of |, Z and power factor
for the circuit in Fig 6.

Given
V.o =10V
R =1000Q
X =1570Q
Ka= B3T0

Fig 5
Ig
IX= [L- IC
i
|
I
Ig|
I
e i
! 3
Fig6
1 X, =1670 O
L~
R=1000 2
L R —
| I |
Xe=637 0
lo [
[
b
10 VA g
Known: Ohm's Law
2 2
IT =ylle -1 +lg
Solution
10V
le = =0.0157 A =15.7 mA
637 0
10V
I = =0.0064 A=6.4 mA
15700
10V
R = =0.01 =10 mA
1000 O

I =4(0.0157 —0.0064)2 +(0.01)2
= 0.0137A = 13.7 mA
10V

Z=——=F300
0.0137 A
Z 1 1

P.F= Y=— and g=—

R Z R
730

= =0.73
1000
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Related Theory for Exercise 1.5.48

Parallel resonance circuits

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

» state the characteristics of R-L-C parallel circuits at resonance

» explain the term band-width in parallel LC circuits

explain the storage action in parallel LC circuits
* list a few applications of parallel LC circuits

» compare the properties of series and parallel resonance circuits.

Parallel resonance

The circuit at Fig 1, having an inductor and a capacitor
connectedin parallelis called parallel LC circuit or parallel
resonance circuit. The resistor R, shown in dotted lines
indicate the internal DC resistance ofthe coil L. The value
of R will be so small compared to the inductive reactance,
that it can be neglected.

From Fig 1a, it can be seen that the voltage across L and
C is same and is equal to the input voltage V_ .

Flg 1
(&) ]

Vg @ pm—t ‘/:uu o

Vi

L-C PARALLEL CIRCUIT

ELN1B5611

By Kirchhoff's law, at junction A,

=2l
The currentthroughthe inductance |, (neglecting resistance
R). lags V. by 90°. The current through the capacitor |,
leads the voltage V_by 90°. Thus, ascan be seenfromthe
phasordiagramatFig 1b, the two currents are out of phase

with each other. Depending on their magnitudes, they
cancel each other either completely or partially.

If X. <X, then|. >, andthe circuit acts capacitively.
If X <X, thenl >l and the circuit acts inductively.

IFX =X, thenl =1_ andhence, the circuitacts as a purely
resistive.

Zerocurrentinthe circuit meansthatthe impedance ofthe
parallel LC is infinite. This condition at which, for a
particularfrequency, f, the value of X_= X , the parallel LC
circuit is said to be in parallel resonance.

Summarizing, fora parallel resonantcircuit, at resonance,

X=X
Z =

102

Ina parallel resonance circuit, with a pure L{no resistance)
anda pure C(loss-less), at resonance the impedance will
beinfinite. |n practical circuits, howeversmall, theinductor
will have some resistance. Because of this, at resonance,
the phasor sum ofthe branch currents will not be zero but
will have a small value |.

Thissmallcurrent |will beinphasewiththe applied voltage
andthe impedance of the circuit will be very high although
notinfinite.

Summarizing, the three main characteristics of parallel
resonance circuit at resonance are,

— phase difference between the circuit current and the
applied voltage is zero

— maximumimpedance
— minimum line current.

The variation ofimpedance of a parallel resonance circuit
with frequency is shown in Fig 2.

In Fig 2, when the input signal frequency to the parallel
resonance circuitis moved away fromresonant frequency
f., the impedance of the circuit decreases. At resonance
the impedance Zp is given by,

Fig 2
9t LA
L

gkt
F=tn

V'

0 T

FREQUENCY VERRESR IMPEDENGE OF A PARALLEL RERONANT CIRCUT

ELN165612




L

T =
" CRr

At resonance, although the circuitcurrentis minimum, the

magnitudes of | & |_ will be much greater than the line

current. Hence, a parallel resonance circuit is also called

current magnification circuit.

Application of parallel resonant circuits

Parallel resonance circuits or tank circuits are commaonly
used inalmost all highfrequency circuits. Tankcircuitsare
used as collector load in class-C amplifiers instead of a
resistor load as shown in Fig 3.

Fig3 Voo

—K

TANK CIRCUIT

ELN165614

Table below gives a comparison between series resonant and parallel resonant circuit atfrequencies above and below their

resonant frequency f.
Series circuit Parallel circuit
Property
At resonant frequency
Resonantfrequency, f - .
B 274LC 274LGC
Reactance X =X RE=
Impedance Minimum (Z.= R) Maximum (Z. = L/CR)
Current Maximum Minimum
X X
Quality factor L —
R R
X X
Bandwidth -+ -+
R R
Aboveresonant frequency
Reactance K2 Ko Ko 2R,
Impedance Increases Decreases
Phasedifference The current lags behind The current leads the applied
the appliedvoltage. voltage.
Type of reactance Inductive Capacitive
Below resonant frequency
Reactance X2 X, X =X,
Impedance Increases Decreases
Phasedifference The current leads the The currentlags behind the
appliedvoltage. applied voltage.
Type of reactance Capacitive Inductive
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Related Theory for Exercise 1.5.49

Power, energy and power factor in AC single

phase system - Problems

Objectives: A the end ofthiz lesson you shall be able to

= state the relationship between power and power factor in single phase circuits
» gtate the c onnection diagram for measwring power factor using a direct reading

meter

= calculate the problem related to P.F and power in A.C circuits.

Scanthe OF Code to wiew
the wdeo for this exercise

Thepowerina DC droult can be calculate d by uzing the
farmulze.

= P = E x| wattz
= P = E¥R watts
The use ofthe above formulaein A2 drouits will givetiue

powwer only ifthe circuit contains pure rezistance. Mote
that the effect of readance iz present in AT circuits,

Power in AC circuit: There are three type s of poseer in
A circuits.

— Adive power [True powet)
— Readive powner
= Apparent power

Active power (True powverl: The calculation of adive
poveer inan AC circuit differsfrom that ina dired current
circuit. The adive power to be measured is the produd of
YWl xCos A where Coz 8 isthe power factor (cozine of
the phase angle between current and voltage) This
indicatesthat with a load which is not purely resigive and
wherethe current and woltage are not inphase, only that
patt ofthe current which izin phass with the voltage will
produce pover, Thizcan be measurad with & wattim eter,

Reactive power (P k With the reactive power (wattless
pioweer

F.=% xlx Sina

onlythat part ofthe curent which i=90° out of phass (30°
phaze shit) withthe voltage iz usedinthis case. Capad-
torz and inductors, on the other hand, altematively stare
energy and retum itto the source, Suchtransfered power
iz calledreactive power m easured in voltfam perereadive
orwvars . Unliketrie power, reactve power can do nouseiul
Wtk

Apparent power: The apparent power, P = Yl

The measurement can be made inthe zam e way as far
direct current with a woltmeterand ammeter.

It iz zimplythe product ofthetotal applied voltage and the
total circuit current and itz unit is volt-ampere (WA

The power friangle: & power triangle idertifies three
different types of power in AC circuits.

= Truepowerin wettz(P)
— Readive powerinvars(F
—  Apparert power WaALR )
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The relationship among the three types of power can be
obtained by referringtothe power triangle . (Fig 1)

Fig1

T hetefore
F 2= P2+ P 2volt-am peres [WA)
where P ' isthe apparent power invol-amperes (W)
P oizthe true power in watts 04
F‘u iz the reactive power in wolt-am pere s
reactive. (VAR

P oweer factor: The ratio ofthetrue power deliveredto an
A7 circuit compared to the apparent power that the
zource mud supplvizcalledthe power fador of the load.
[fwe examine any powerttiangle (Fig 2, vou may seethe
ratio ofthe true powertothe apparent powerizsthe cosine
of the angle 4.

P
P ower factor —— - Cosd
PE.

From the equation, wou can observe that the three
powers are related and can be represerted in & Hght-
angled power tiangle, from which the power fador can
be obtained asthe ratio oftrue pover to apparent power .
For inductive loads, the power factor iz called agging to
diginguish it from the leading power facor in & capadtive
load. (Fig 2

Fg2 .
» A
R
\\LI" //I
[
b FOMVEN TMAWOLLFOR A SN PO TRIBARIL MO & PR
(- TITHE_R K- K.} O PARLLEE. PO I, '
i
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A circuit's power factor determines how much current is
necessary from the source to deliver a given true power.
A circuit with a low power factor requires a higher current
than a unity power factor circuit.

Single phase energy
The product of true power and time is known as energy.
(ie) Energy = T.Power x time

= Voltage x current x power factor x time

= V| Cos 6 x t (time is in hour)

The unit of energy is watt hour and commercial unit is
represented in '"KWH' (or) unit. (Board of trade unit.
B.O.T)

The energy depends upon the following factors:
- Voltage

- Current

- Power factor (load)

- Time

Single phase energy can be measured by energy meter.
It contains 4 terminals (Incoming 2 and outgcing 2
common neutral)

The connection is shown in Fig 3.

Fig 3
I
N
_\.1 \
&
1
|
o8 T"}E | ENERGY
! | METER
|

o I ey
8
(=]
ELN1B5713

AC Parallel circuit problem

Inpractice all industrial and domestic electrical circuits are
connected in parallel as we follow the constant voltage
system. Ina parallel circuit, the voltage across any branch
circuit is the same as the supply voltage. However, the
arithmetical sumofthe branch currents does not necessar-
ily equal the total current. This is true because the branch
current values may be out-of-phase duetothe factthatthe
loads connected may be resistive, inductive, (V lead ) or
capacitive (| lead V).

Therefore, the total current must be obtained by adding or
subtracting vectors of the branch currents either math-
ematically (admittance method) or graphically (vector
method).

Example 1
Parallel circuit with R and X in branches

Now consider a parallel circuit having one branch consist-
ing of a pure resistance and the other branch having pure
inductance.

Determine the following for the circuit shown in Fig 4.

Fig 4
FUSE 1
e e e
J : 5A 14 1a
| (2 ()
[=] |
o I
= |
(=]
= | H1 L
: 600 0.0955 Hz
|
-l 8
H
w

AC CIRCUIT R AND L IN PARALLEL

i The branch currents.

ii  Draw the vector diagram.

i The total current.

v The power factor angle andthe power factor.
v Thecombined impedance.

vi  The power in the circuit.

SOLUTION

vV
i Thebranchcurrent|.= R_
1

_ 240

— =4 amps
60 .

Pure resistive, hence, in phase with the voltage.

To calculate the branch current I, first find out the induc-
tive reactance XL.

22
X =2rFL=2x —x50x 0.0955
7

= 30 ohms.

Vo 240
So the branch current [ = —=——=8amps.
X

30
L

Pure inductive, hence, lags the applied voltage
by 90°.

i Draw the vector diagram by following the rules: Scale
1 cm =2 amps. (Fig 5)

Complete the parallelogram to find the total current
1

=
Measure the angle @ and the length of OL.

Power : Electrician (NSQF Revised - 2022) - Related Theory for Exercise 1.5.49 105



Fig5

B AMPE

IT
VECTOR DIAGRAM - R AND L IN PARALLEL

ELN1B5734

i Measured angle is 63° 26’
Powerfactor= Cos 63° 26’
=0.447 lagging.
v Lengthof Ol =447 cm.
Hence, [_=4.47 x 2 = 8.94 amps.
The combined impedance of the circuit = Z.
v Power taken by the circuit
P=VIicose=1"°R
=240 x 8.94 x 0.447 = 42 x 60
= 959 watts approx. 960 watts.
Example 2
In Fig 6, Parallel circuit with R, X and X,
Find the following.
i Conductance and susceptance of each branch.
i Total G, Band'.
i Branchcurrents.
¥ PF and PF angle.

v Power taken by the circuit.

Fig6
L FUSE /‘\\
ﬁ; —— AT
T } 10A N A
: Q,
2 |
> |
$ R[] w3 % |
| aon 240 480 T
|
e
N

ELN16573B

i  Conductance in branch circuits

' z? 307 30

=0.0333 siemens

106

Up=—rp—m U
22 24
Rs

G e e

3 232 482

T OB
1 Z12 302
X, 24 A
by=—%=_5=,,
z," 24 24

=0.04167 siemens

Xy -48

b3:’£F7’-482"'ZE
= - 0.02083 siemens

i Total conductance G=g, +g, + g,
=00333+0+0
= 0.0333 Siemens.

Total susceptance B=b, + b, + b,
=0+0.04167 + (—0.02083)

=0.02084 Siemens.

Y= VGZ +B?

= J0.333% | 0.02084°
=0.03928 Siemens.

vV

iii The branch current| = Z—
1

1

V240
= E = E =g amps in phase with V
V
The branch current| = —
2 7
2
V 240 10 | e wit
s amps laggin Wi
XL o ps lagging

V
The branch current | = X—

&

[£%]
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240 0.0333 8
=~ =5amps lagging 90° with V =

48 003929 943
Totalcurrent =0.848.
] 5 5 v Power factorangle = 32° lagging.
S F (|2 B |3) Power taken by the circuit = Vicos @
=240 x 9.43 x 0.848
= 82+ (10-5)2 - {89 = 1919 wats.
= 9.43 amps 1

Total impedance=72= _

Alternatively Y
I, =VY=240X0.03928
1
= 9.43 amps. ————— =2550hms
0.03929 -
! G lR Check these answers with the answers obtained by the
v Powerfactor —= — = &~
Yo vector method.

T
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Related Theory for Exercise 1.5.508&51

Power factor - improvement of power factor

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

» define power factor - explain the causes of low power factor
* list out disadvantage of low power factor and advantage of higher power factor in a circuit

explain the methods to improve the power factor in an AC circuit

» illustrate the importance of power factor improvement in industries

» distinguish between leading, lagging and zero PF

» state the recommended power factor as per ISI 7752 (Part 1) 1975 for electrical equipment.

Power Factor (P.F.)

The power factor is defined as the ratio of true power to
apparent power and it is denoted by Cos 6.

_ True Power (Wr)
1.e. Power Factor = = Cos B
Apparent Power (W,)
e ol
or Cos 0 = ——~

Where W._ is the real power (true power) and is measured
in watts or some times in kilowatts (KW). Similarly the
product VI is known as the apparent power measured in
volt amperes or sometimes in kilo-volt amperes written as
KVA.

The principal cause of a low power factor is due to the
reactive power flowing in the circuit. The reactive power
mostly due to inductive load rather than capacitive load.

Variation in power factor and the type of circuits

The following are the different conditions of the power factor
in different circuits.

Unity power factor

A circuit with a unity power factor will have equal real and
apparent power, so that the current remains in phase with
the voltage, and hence, some useful work can be done.
(Fig1a)

Leading power factor

A circuit will have a leading power factor if the current
leads voltage by an angle of @ electrical degrees and the
true power will be less than the apparent power. Mostly
capacitive circuits and synchronous motors operated at
over excitation contribute for leading power factor.
(Fig 1b)

Lagging power factor

In such a circuit the true power is less than the apparent
power and current lags behind the voltage by anangle, in
electrical degrees. Mostly inductive loads like induction
motors and induction furnaces account for lagging power
factor. (Fig1c)

Zero power factor

Whenthere is a phase difference of 90° betweenthe current
and voltage, the circuit will have zero power factorand no
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useful work can be done. Pure inductive or pure capacitive
circuits account for zero power factor. (Fig 1d)
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The power factor can be one or less than one
but can never be greater than one.

Table 1 shows the most common electrical appliances
used, the power inwatts and the average power factor.

Causes of low power factor
The following are the reascns.

i Inindustrial and domestic fields, the induction motors
are widely used. The induction motors always take lag-
ging current which results in low power factor.

i The industrial induction furnaces have low power fac-
tor.

i The transformers at substations have lagging power
factor because of inductive load and magnetising cur-
rents.

v Inductive load in houses like fluorescent tubes, mix-
ers, fans etc.

The disadvantages of low power factor are as follows.

a Fora giventrue power, a low power factor causes in-
creased current, thereby, overloading of the cables, gen-
erators, transmission and distribution lines and trans-
formers.

b Decreased line voltage at the point of application (volt-
age drop at consumer end) due to voltage drop and
power losses in the supply system.



¢ Penal power rates (increased electricity bills).
The advantages of high power factor are as follows.

As the higher PF for a given load, reduces the current,
there will be:

a a possibility of connecting extra load on existing gen-
erators and transmit additional power through the same
lines

b lesserlosses and voltage dropinlines; thereby, trans-
mission efficiency is high and the voltage at the point
of application will be normal without much drop

¢ normal voltage improves the efficiency of operation of
plants and machinery

d reduction in electricity bills for the given load during
the giventime.

Method of improving the power factor

To improve the power factor of a circuit, two methods are
used:

i toruna lightly loaded synchronous motor with over-
excitation on that line in which the PF is to be im-
proved

i to connect capacitors in parallel with the load.

Usually the capacitor method is used in Indian factories.

Synchronous condenser method

The synchronous motor is used in certain industries as
well as inreceiving end substations to drive a mechanical
load and also to correct the power factor. An over-excited
synchronous motor draws leading current to compensate
the lagging current taken by the other loads.

The leading volt-ampere reactive power taken by a syn-
chronous motor, when over- excited will be opposite in
nature to the lagging voltage pure reactive due to inductive
loads, and, thereby, reduces the volt-ampere reactive com-
ponent to improve the power factor.

Condenser method

Capacitors when used for PF improvement are connected
in parallel to the supply. In three-phase circuits the ca-
pacitors are connected in delta across the load lines. Now
automatic devices are available which can be connected
tothe supply lines to detect low power factor and to switch
on the required capacity of capacitors in the line to im-
prove the power factor.

Normally these capacitors are provided with discharge
resistances to discharge the stored energy. However, no
capacitor terminal should be touched to avoid shock.

TABLE 1

Power factor for single phase electrical appliances and equipment (Reference IS 7752 (Part I} - 1975)

Sl.No. Appliance/Equipment Power output Average natural
Min.(W) Max.(W) power factor

1 Neon sign 500 5000 0.5t00.55

2 Window type air- conditioners 750 2000* 0.75t00.85
0.68t00.82
0.62t00.65

3 Mixer 150 450 08

4 Coffee grinder 200 400 075

) Refrigerator 200 800 0.65

6 Freezer 600 1000 0.7

Assignment i The true power inwatt, apparent power in volt- ampere

A factory is having a load of 100 kW working at 0.6 PF
lagging. A synchronous motor is connected in the factory
and is made to run over-excited to improve the power fac-
tor. The synchronous motor is of 30 kW and is working at
0.8 PF leading. Calculate the following:

i thetrue power in watt, aspperent power in VAR for the
factory load at 0.6p.flagging.

and leading reactive power in VAR for the synchoronous
motor at 0.8PF lagging.

iii The true power inwatt, reactive power in VAR and ap-
parent power in Volt - ampere and PF supplied by the
feeder lines.
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Power
Electrician - A.C.Circuit

Related Theory for Exercise 1.5.52-56

3-Phase AC fundamentals

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

» state and describe the generation of 3-phase system with single loops
» state the advantages of the 3-phase system over a single phase system
» state and explain the 3-phase, 3-wire, and 4-wire system

» state and explain the relation between phase and line voltage.

Athree-phase power consumer is provided with the termi-
nals of three phases. (Fig1)

Fig 1
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One great advantage of a three-phase AC supply is that it
can produce a rotating magnetic field when a set of sta-
tionary three-phase coils is energized from the supply.
This is the basic operating principle for most modern ro-
tating machines and, in particular, the three-phase induc-
tion motor.

Further, lighting loads can be connected between any one
of the three phases and neutral.

Review: Further to the above two advantages the follow-
ing are the advantages of polyphase system over single
phase system.

+ 3-phase motors develop uniform torque whereas single
phase motors produce pulsating torque only

+ Most of the 3-phase motors are self starting whereas
single phase motors are not

» Power factor of 3-phase motors are reasonably high
when compared to single phase motors

« Fora given size the power out put is high in 3-phase
motors whereas in single phase motors the power out-
put is low.

«  Copper required for 3-phase transmission for a given
power and distance is low when compared to single
phase system.

+ 3-phase motor like squirrel cage induction motor is
robust in construction and more are less mainte-
nance free.

Three-phase generation: To generate three-phase volt-
ages, a similar method to that used for generating single-
phase voltages is employed but with the difference that,
this time, three wire loops U, U, V., V, and W,k W,
rotate at a constant angular speed about the same axis in
the uniform magnetic field. U, U, V., V,and W, A W,
are displaced 120° in position with respect to each other,
permanently. (Fig 2)
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SIMPLIFIED THREE — PHASE ALTERNATOR

For each wire loop, the same result is obtained as for the
alternating voltage generator. This means that an alter-
nating voltage is induced in each wire loop. However, since
the wire loops are displaced by 120° from each other, and
a complete revolution (360°), takes cne period, the three
induced alternating voltages are delayed in time by a third
of a period with respect to each other.

Because of the spatial displacement of the three wire loops
by 120°, three alternating phase voltages result, which are
displaced by one third of a period, T, with respect to each
other. (Fig 3)
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To distinguish between the three phases, it is a common
practice in (heavy current) electrical engineering to desig-
nate them by the capital letters U,V and W or by a colour
code red, yellow and blue. At a time 0, U is passing
through zero volts with positively increasing voltage.
(Fig 3a) V follows with its zero crossing 1/3 of the period
later (Fig 3b), and the same applies to W with respect to
V. (Fig 3¢)

In three-phase networks, the following statements can be
made about the three-phase voltages.

+ The three-phase voltages have the same frequency.
« The three-phase voltages have the same peak value.

+ The three-phase voltages are displaced by cne third of
a period in time with respect to each other.

* Ateveryinstantintime, the instantanecus sum of the
three voltages

VitV +V, =0
The fact that the sum of the instantaneous voltages is
zero. Attime t,, U hasthe instantaneous value V. Atthe
same time, V, = 0, and the instantaneous value for Wis —

v, Because V  and V, have the same value but are
opposite in sign, it follows that

V,, +V, +V, =0

U1

The three voltages of the same amplitude and frequency
are shown together in Fig 4.
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COMBINED WAVE - FORMS OF THREE PHASE SUPPLY

Three-phase network: A three-phase network consists
of three lines or phases. InFig5, these are indicated by
the capital letters U, V and W

The return lead of the individual phases consists of a com-
mon neutral conductor N, which is described later in more
detail. Voltmeters are connected between each of the
lines U, V and W, and the neutral line N. They indicate
the RMS (effective) values of the voltages between each of
the three phases and neutral.

These voltages are designated as phase

voltages V ,, V  and V-

The individual, phase voltages all have the same magnitude.
They are simply displaced from each cther by one third of
a period in time. (Fig 6)

The individual instantaneous, peak and RMS values are
the same as for a single-phase alternating voltage.

Fig5
u

v L, PHASES

w by
( i ) Va
N NEUTRAL

E<
ELN166018

Fig 6

Vuv=Vun i)

ELN188019

Line and phase voltage:If a voltmeter is connected
directly betweenline U andline V (Fig7), the RMS value
of the voltage V , is measured, and this is different from
any of the three phase voltages.

Its magnitude is directly proportional to the phase voltage.
The relationship is shown in Fig 6, where the time-variation
wave-forms of V  andthe phase voltages V| and V, are
drawn.

Vv, has a sinusoidal wave-form and the same frequency
as the phase voltages. However, V has a higher peak
value since it is computed from the phase voltages V,
and V., . The varying positive and negative instantaneous
values of V,, and V  at a particular time produce the
instantaneous value of V.V, is the phasor sum of the
two phase voltages V, and V, ..

This combination of phase-displaced alternating voltages
is called phasor addition.

The voltage across phase-to-phase is called
the line voltage.
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Relationship between line and phase voltage: The
possibility of combining pairs of phases ina generatoris a
basic property of three-phase electricity. The
understanding of this relationship will be enhanced by
studying the following illustrative example which explains
the concept of phase difference in a very simple way.

The phase voltages V,  and V, are separated in phase
by one third of a period, or 120° between the two phasors.

(Fig 7)

Fig 7
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The phasor sum of the two phase voltages V  and V,  can
be obtained geometrically, and the resultant phasor so
obtained is the line voltage V , through the relation V =
VUN + VNV'

Note that to obtain the line voltage V,, the measurement
is made from the U terminal through the common point N
to the V terminal, for a star connection.

Systems of connection in 3-phase AC

This fact is illustrated in Fig 8. Starting with the phasors
vV, and Vv, (Fig 7), the phasor — V,, =V, is produced
fromthe point N. The diagonal of the parallelogram with
sides V,, andV,, is the phasor representing the resulting
line voltage V.

It can be concluded, therefore, that in a generator the line
voltage V| is related to the phase voltage V_ by amultiplying

factor. This factor can be shown to be /3, so that
V. =3 xV,

In a three-phase generating system, the line voltage is
always 4/3 times the phase-to-neutral voltage. The factor
relating the line voltage to the phase voltage is /3.

It was shown that the line voltage is greater than the phase
voltage. Here is a numerical example.

The RMS phase voltage in athree-phase system is 240V.
Since the ratio of line voltage to phase voltage is /3 the
RMS line voltage is

V, =4axV, =43 x240
= 415.68V
or rounded down, V, = 415V,

Fig 8

ELN1EB01B

Objectives: Atthe end of this lesson you shall be able to

» explain the star and delta systems of connection

» state phase relationship between line and phase voltages and current in a star connection delta connection
» state the relationship between phase and the voltage and current in star and delta connection

Methods of 3-phase connection: [fathree-phaselcadis
connected to a three-phase network, there are two basic
possible configurations. Oneis “star connection' (symbol
Y) and the other is “delta connection' (symbol A ).

Star connection: In Fig 1 the three-phase load is shown
as three equal magnitude resistances. Fromeach phase,
at any given time, there is a path to the terminal points U,
V. W of the equipment, and then through the individual
elements of the load resistance. All the elements are
connected to one point N: the “star point'. This star point
is connected to the neutral conductor N. The phase
currents i, i,, andi,, flow through the individual elements,
and the same current flows through the supply lines, i.e.
in a star connected system, the supply line current (1 ) =
phase current (1.).

The potential difference for each phase, i.e. fromalineto
the star point, is called the phase voltage and designated
as V.. The potential difference across any two lines is
called the line voltage V . Therefore, the voltage across
each impedance of a star connection is the phase voltage
V.. The line voltage V, appears across the load terminals
U-V, V-Wand W-U and designated as V , V., and V,, in
the Fig 1. The line voltage in a star-connected system
will be equal to the phasor sum of the positive value of one
phase voltage and the negative value of the other phase
voltage that exist across the two lines (Fig 2).

Thus
vV =V

L uy

= (phasor V ) — (phasor V,, )

=iphasor M+ %,
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The voltage and current relationship in a star connection
is shown in the phasor diagrams. (Fig 4) The phase
voltages are displaced 120° in phase with respect to each
other.

Fig4
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PHASOR DIAGRAM OF STAR CONNECTION
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Derived from these are the corresponding line voltages.
The line voltages are displaced 120° in phase with respect
to each other. Since the loads in our example are provided
by purely resistive impedances, the phase currents |, (I,
l,, l,,) are in phase with the phase voltages V_ (V. V.,
and V. ). In a star connection, each phase current is
determined by the ratio of the phase voltage to the load

resistance R.

Deltaconnection: There is a second possible arrangement
forconnecting athree-phase loadinathree-phase network.
This is the delta or mesh connection (A). (Fig 5)
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In a three-phase star connection, the line

voltageis always V3 timesthe phase-to-neutral
voltage. The factor relating the line voltage

to the phase voltage is V3 {Fig 3).
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The load impedances form the sides of a triangle. The
terminals U, V and VW are connected to the supply lines of
trie L. L andl.,.

In contrast to a star connection, in a delta
connection the line voltage appears across
each of the load phases.

The voltages, with symbols V
fore, the line voltages.

u Ven@nd V are, there-

The phase currents through the elements in a delta ar-
rangement are composed of |, |, andl, . The currents
fromthe supply lines are |, |, and |, and one line current
divides at the point of connection to produce two phase
currents.
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The voltage and current relationships of the delta connec-
tion can be explained with the aid of an illustration. The
line voltages V .. V,,, and V,  are directly across the
load resistors, and in this case, the phase voltage is the
same as the line voltage. The phasors V., V., .and vV,
are the line voltages. This arrangement has already been
seen in relation to the delta connection.

Because of the purely resistive load, the corresponding
phase currents are in phase with the line voltages. (Fig 6)

Fig 6
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Their magnitudes are determined by the ratio of the line
voltage to the resistance R.

On the other hand, the line currents |, |,,and |, are now
compounded from the phase currents. A line current is
always given by the phasor sum of the appropriate phase
currents. ThisisshowninFig 7. Theline current | ,is the
phasor sum of the phase currents | ,and | . (See also
Fig7)

Hence, I,

I, Cos30°+ I, Cos30°

REY
2

But Cos 30°

Neutral in 3-phase system

Fig7
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Thus I = 43Iph

Thus, fora balanced delta connection, the ratioc of the line
current to the phase current is /3.

Thus, line current = \/5 X phase current.

Application of star and delta connection with bal-
anced loads

An important application is the “star-delta change over
switch' or star-delta starter.

Application of star connection: Alternators and
secondoary of distributiontransformers, have theirthree,
single-phase coils interconnected in star.

Assignment : Three identical coils, each of resistance 10
ohms and inductance 20mH is delta connected across a
400-V, 50Hz, three-phase supply. Calculate the line
current.

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

+ explain the current in neutral of a 3-phase star connection

 state the earthing the neutral.

Neutral: |n a three-phase star connection, the star point
is known as neutral point, and the conductor connected
to the neutral point is referred as neutral conductor

(Fig1).
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Current in the neutral conductor: In a star-connected,
four-wire system, the neutral conductor N must carry the
sum of the currents |, |, and 1. One may, therefore, get
the impressicn that the conductor must have sufficient
area to carry a particularly high current. However, this is

not the case, because this conductor is reguired to carry
only the phasor sum of the three currents.

l,,= phasorsumofl , I, and |,

Fig 2 shows this phasor addition for a situation where the
loads are balanced and the currents are equal. The result
is that the current in the neutral line |, is zero.

Therefore, for a balanced load the neutral conductor carries
no current.

Earthing of neutral conductor: Supply of electrical
energy to commercial and domestic consumers is an
important application of three-phase electricity. For “low
voltage distribution' - in the simplest case, i.e. supply of
light and power to buildings - there are two requirements.

1 Itisdesirable to use conductors operating at the highest
possible voltage but with low current in order to save
on expensive conductor material.

2 Forsafety reasons, the voltage between the conductor
and earth must not exceed 250V,
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A voltage distribution system according to criterion 2, only
possible with a low line voltage below 250 V. However,
this is contrary to criterion 1. On the other hand, with a
star connection, a line voltage of 415V is available. In this

Power in star and delta connections

case, there is only 240V between the supply line and the
neutral conductor. Criterion 1 is satisfied and, to comply
with 2, the neutral conductor is earthed.

Indian Electricity Rules: | E Rules insist that the neutral
conductor must be earthed by two separate and distinct
connections to earth. Rule No.61(1)(a), Rule No.67(1)(a)
and Rule No.32 insist on the identification of neutral at
the point of commencement of supply at the consumer's
premises, and also prevent the use of cut outs or links in
the neutral conductor. BIS stipulate the method of earthing
the neutral. (Code No.17.4 of IS 3043-1966)

Cross-sectional area of neutral conductor: The neutral
conductor in a 3-phase, 4-wire system should have a
smaller cross-section. (half of the cross-section of the
supply lines).

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

» explain active, appparent and reactive power in AC 3 phase ¢

» explain behaviour of unbalanced and balance load

» state the earthing the neutral.

» determine the power in 3-phase star and delta connected balanced load.

Fig 1 shows the load of three resistances in a star
connection. So the power must be three times as great
as the single phase power.

B= 3Vl
If the quantities V_and lin the individual phases are

replaced by the corresponding line quantities V, and I,
respectively, we obtain:

L

oL

(Because V.=V, , yzandl =1)

P=3

Since 3= 3 x 4/3, this equation can be simplified to
theform

P=y3 VI

Note that power factor in resistance circuit is
unity. Hence power factor is not taken into
account.

The power in this purely resistive load{¢=0°,
cos¢= 1) is entirely active power which is converted into
heat. The unit of active power is the watt (W).

As the last formula shows, three-phase power in a
star-connectedloadcircuitcan be calculated fromthe line
guantities, and there is no need to measure the phase
guantities.

P=,3xVx | (Formula holds good for pure resistive load)

It is always possible, in practice, to measure the line
guantities but the accessibility of the star point cannct
always be guaranteed, and so it is not always possible to
measure the phase voltages.

Three-phase power with a delta-connected load:
Fig 2 shows the load of three resistances connected in
delta. Three times the phase power will be dissipated.

Fig 1
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P=3P.= 3V,
Ifthe quantities V.and|

line quantities V, and ﬁ

are replacedby the corresponding
, we obtain:
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Since, V, =V

P
| = 3l and 'Lg

butsince 3= 3 x ,f3, this equation can be simplified
to the form:

P= J§ VL|L.(FormuIa holds good for pure resistive
load)

If we compare the two power formulae for the
star and delta connections, we see that the
same formula applies to both. In other words,
the way in which the load is connected has no
effect on the formulato be used, assuming that
the load is balanced.

Active,reactive and apparent power: As you already
know from AC circuit theory, load circuits which contain
both resistance and inductance, or both resistance and
capacitance, take both active andreactive power because
of the phase difference existing between the voltage and
current in them. If these two components of power are
added geometrically, we obtain the apparent power. Pre-
ciselythe same happens ineach phase ofthe three-phase
systems. Here we have toconsider the phase difference f
between the voltage and current in each phase.

Applying the factor /3, the components of powerinathree-
phase systemfollow fromthe formulae derived for single-
phase, AC circuits, namely:

Apparent power $=VI S =yaVv |, VA

Active power P=VICos¢ P =3V lcos@ W

ReactivepowerQ=VIsing Q=y3V lsin@ var

Finally, the well known relationships found in single-phase
AC circuits apply also to three-phase circuits.

aclivepower P
Cosp=———"—""=—

apparentpower E:
reactivepower Q

Sinp=————=—
apparentpower S

This can also be seen from Fig 3.

Fig3

@
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Cos ¢ is called the power factor, while sin ¢ is sometimes
called the reactive power factor.

Unbalanced load: The most convenient distribution sys-
temforelectricalenergy supply is the 415/240 V four-wire,
three-phase AC system.

This offersthe possibility of supplyingthree-phase, as well
as single-phase current, to users simultaneously. Supply
to buildings can be arranged as in the given example.

(Fig4)
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Theindividual houses Utilize one ofthe phase voltages. L,
L,andL,to N are distributed in sequence (light current).
However, large loads (eg.three-phase AC motors) may be
fed with the line voltage (heavy current).

However, certain equipment which needs single or two
phase supply canbeconnectedtothe individual phases
so that the phases will be differently loaded, and this means
thatthere will be unbalanced loading of the phases of
the four-wire, three-phase network.

Balanced load in a star connection: In a star connec-
tion, each phase current is determined by the ratio of
phase voltage and load impedance "Z'.

This fact will now be confirmed by a numerical example.

A star-connected load consisting of impedances " Z'
each of 10 chms, is connected to a three-phase network
with line voltage V = 415V. (Fig 9)

Fig5
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BALANCED STAR CONNECTED LOAD
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Because of the arrangements of a star connection, the
phase voltage is 240V (415/ /3).

The three load currents taken froms supply havethe same
magnitude sincethe star-connected load is balanced, and
they are given by

== =

Themeasurement of power: The numberofwattmeters
usedto obtain powerinathree-phase systemdepends on
whetherthe load is balancedcrnot, andwhether the neutral
point, if there is one, is accessible.

«  Measurementof powerina a star-connected balanced
loadwith neutral pointis possible by a single wattmeter.

+  Measurement of power in a star or delta-connected,
balanced or unbalanced load (with orwithout neutral) is
possible with two wattmeter method.

Single wattmeter method: Fig 6 shows the circuit
diagram to measure the three-phase power of a star-
connected, balanced load withthe neutral pointaccessible
the current coil of the wattmeter being connected to one
line, andthe voltage coil betweenthatline and neutral point.
The wattmeter reading givesthe power per phase. Sothe
total is three times the wattmeter reading.

Power/phase = 3V, | Cos 8= 3P = 3W.

Fig 8

Ly

POWER MEASUREMENT - SINGLE WATTMETER

EL114018

The two-wattmeter method of measuring power

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

* measure 3-phase power using two single phase wattmeter

» calculate power factor from meter reading

» explain the "two-wattmeter’ method of measuring power in a three-phase, three-wire system.

Power in a three-phase, three-wire system is normally
measured by the "two-wattmeter' method. It may be used
with balanced or unbalancedloads, and separate connec-
tions to the phases are not required. This method is not,
however, used in four-wire systems because current may
flow in the fourth wire, if the load is unbalanced and the
assumptionthat T + I, + I, =0 will not be valid.

Thetwowattmeters are connectedto the supply systemas
showninFig1. Thecurrentcoils of the twowattmetersare
connected in two of the lines, and the voltage coils are
connected from the same two lines to the third line. The
total power is then obtained by adding the two readings:
=R+

T

Fig 1
Y Y
1/ L/
L1
SUPPLY L2 LOAD
L3 'E_
TWO WATTMETER - POWER MEASUREMENT i

Consider the total instantaneous power in the system
P=P+PF+Pwhere P, PandP,are the instantaneous
values of the power in each of the three phases.

PT = VUN iU+ VVN I V+ V\NN lW

Since there is no fourth wire, i +H +i, = 0,1 =—( +1,).

= Ml MotV

W vy
Iy Vi Vi + eV Vi)
iV + iV

WY

Now i,V . is the instantaneous power in the first wattme-
ter, and i, V., is the instantaneous power in the second
wattmeter. Therefore, the total mean power is the sum of
the mean powers read by the two wattmeters.

Itis possible that with the wattmeters connected correctly,
one of themwill attempt to read a negative value because
of the large phase angle between the voltage and current
for that instrument. The current coil or voltage coil must
then be reversed and the reading given a negative sign
when combined with the other wattmeter readings to
obtain the total power.

At unity power factor, the readings of two wattmeter will
be equal. Total power = 2 x one wattmeter reading.

When the power factor = 0.5, one of the wattmeter's read-
ing is zero and the other reads total power.

When the power factor is less than 0.5, one of the watt-
meters will give negative indication. In order to read the
wattmeter, reverse the pressure coil or current coil con-
nection. The wattmeter will then give a positive reading
but this must be taken as negative for calculating the total
power.

When the power factor is zero, the readings of the two
wattmeters are equal but of opposite signs.
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Power factor calculation in the two-watmeter
method of measuring power

As you have learnt in the previous lesson, the total power
P.=P, + P, in the two-wattmeter method of measuring
power ina 3-phase, 3-wire system.

From the readings obtained from the two wattmeters, the
tan ¢ can be calculated fromthe given formula

V3, -P,) V3 W, -w,)

B+Py) W+ wy)

from which ¢ and power factor of the load may be found.

tan ¢ =

Example 1. Two wattmeters connected to measure the
power input to a balanced three-phase circuit indicate
4.5 KW and 3 KW respectively. Find the power factor of
the circuit.

Phase-sequence indicator (Meter)

Solution
V3(P — Py)
ane= " (P + Py)
P.= 45 KW
P,= 3 KW

P+P,=45+3=75KW
P-P,=45-3 =15KW

Bx15 3 _
tang= ~—=5— = 5 - 03464

9 =tan—'0.3464 = 19%'
Power factor Cos 19%'=0.95

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

» describe the method of finding the phase sequence of a 3-phase supply using a phase-sequence indicator
» explain the methods of finding phase sequence using lamps.

Phase sequence

A three-phase alternator contains three sets of coils
positioned 120° apart and its output is a three-phase
voltage as showninFig 1. Athree-phase voltage consists
ofthree voltage waves, 120 electrical degrees apart.

At a time 0, phase U is passing through zero volts with
positively increasingvoltage. (Fig1) Vfollowswithits zero
crossing 1/3 of the period later and the same appliesto W
with respect to V. The order in which the three-phases
attain their maximum or minimum values is called the
phase sequence. Inthe illustration given here the phase
sequence is U,V W.

Fig 1

v s N

EL113711

3 - PHASE OUTPUT VOLTAGE

Importance of correct phase sequence: Correctphase
sequence is important in the construction and connection
of various three-phase systems. For example, correct
phase sequence is important when the outputs of three-

phase alternators must be paralleled into a common
voltage system. The phase "U' of one alternator must be
connectedto phase™U' ofanotheraltemator. The phase™V'
to phase "V' and phase "W to phase "W must be similarly
connected to each other.

Inthe case of aninduction motor, reversal ofthe sequence
results in the reversal of the direction of motor rotation
which will drive the machinery the wrong way.

Phase-sequence indicator(meter): A phase-sequence
indicator (meter) provides a means of ensuring the correct
phase-sequence of a three-phase system. The phase-
sequence indicator consists of 3 terminals "UVW' to
whichthree-phases ofthe supply are connected. VWhenthe
supply is fed to the indicator a disc in the indicator moves
either in the clockwise direction or in the anticlockwise
direction. The direction ofthe disc movement is markedwith
anarrowheadonthe indicator. Below the arrowhead the
correct sequence is marked. (Fig 2)

Fig 2
PHASE SEQUENGCE MAIN SWITCH
INDICATOR POWER

ELN1 65082
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The phase seguence of the three-phase system may be
reversed by interchanging the connections of any two ofthe
three phases.

Phase-sequence indicator using choke and lamps:
The phase-sequence indicator consists of four lamps and
an inductor connected in a star formation (Y). A test lead
isconnectedtoeachleg ofthe™Y'. One lampis labelled U-
V-W, and the other is labelled U-W-V. When the three
leads are connected to a three-phase line, the brighter
lamp indicates the phase sequence. (Fig 3)

Fig 3
FEEDER LINE
Wt L

V¥ La

=i

LAMPs

0203

Q]

D =

PHASE SEQUENCE INDICATOR USING CHOKE & LANMPS

w

EL113713

Phase-sequence indicator using capacitor & lamps:
The phase-seguenceindicator consists of four lamps and
a capacitor connected in a star formation (Y). A test lead
is connected to each leg of the ™Y'. One pair of lamps are
labelled U-V-W and the cther pair are labelled U-W-V.
Whenthethree leads are connectedtoa 3-phaseling, the
brighter lamp indicates the phase sequence. (Fig 4)

Fig 4
FEEDER LINE

u LAMP=

0303

T A
e aw CAPACITOR

w

EL113714

PHASE SEQUENCE INDICATOR LUSING CAPACITOR & LAMPS
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Power
Electrician - Cells and Batteries

Related Theory for Exercise 1.6.57

Primary cells and secondary cells

Objectives: Atthe end of thiz lesson you shall be able to

« gtate the chemical effect of electric current
« statethelaws of electrolysis
= gtatethe basic principlesof electroplating

= gtate the principle and construction of primary cells

i
[=]

Scanthe QR D:u.:let-:- wielw
the wideo forthis exencize

= gtate the principle and construction of secondary cells (lead acid, nicksl iron and nic kel cadmium)

» compare the primary cells and secondary cells.

Chemical effects of electric cument

There are some liguids in which a passage of electric
current is accompanied by chemical changes! Thizeffed
iz known a3 chemical effect of eledric current.

The applications of chemical effect of eledtic curent may
he observed indaily life; e.g., nickel or copper plating on
metallic atides, production ofE M F by a cell, etc. [ftwo
leads taken from the positive and negative terminalz ofa
battery are immerzed in & zatted water, then the produdion
of bubbles can be zeen at the lead ends; iz all dueto
chemical effed ofeledriccurrent

Electrolysis

The process of chemical changes due to the passage of
an eledric current through a liquid or & solution iz called
eledrolysis,

Electrohyte

'The liguid ar solution which undergoes a chemical change
in it on account ofthe paszage of an eledric curent, is
called an electrolyte’;, e.g., sated water, acidic or & basic
zolution etc.

Electrodes (Anode and cathode)

Two condudtor plates are im metsad inthe liguidto orm a
pazzage of current through it, they are known as
eledrodes’. The dectrode through which the current enters
the liguid, is called a positive eledrode or anode, while
the ather through which it leavesthe liquid (eledraltelis
called & negative eledrode or cathode,

lons

During elecrolysis, the molecules of the eledrolve split
intatheir constituents whiih are called ions. When ap.d.
iz goplied across the two eledrodes, the posttively charoged
ionz (st ionsimove towardsthe cathocde and the negatively
charged ions (mnions) move towards the anode. On
reaching at any electrode , anion give up itz charge and
ceazesto be anion . The process of conveting stoms
into ionsis called lonization

Electrochemical equivalent: The mass of 3 substance
liberated or deposited during electralysiz by one coulomb
of eledtticityiz termed a2 eledrochemicd equivalert (ECE)
ofthat substance .

120

TheECE ofsilveriz1 1182 milligramfcoul omba,

Coulomb: The coulomb (C)isthe unit of eledric charge
(27 orthe quantity of eledricity.

The coulomb izthe produd of current inampere andtime
in seconds,

Faraday'sLaw of E lectrolysis

1. Firgt lawe The mass of the substance liberated ar
deposited atany electode during eledrolysiz iz propotiona
to the guantity of eletricty passadthrough the eledrolyte.
The mass ofthe substance liberated at any electrode will
be mare, if more current iz passed or a current for more
timeizpassed through the eledrdste 1 fthe mazzlibersted
izmthen

me=I

m et o]
meI .t -——{ii}
m=%.1.t

Where, I = current, amperes
1 =time, s=scond=
m= mass ofthe asubstance liberated, gram =
£ = constant

Here, the constart £ iz known as electro-chemical
equivalert (ECE).

2 Second Law - ""hen the same quantity of eledricity is
pazzedthrough different eledrolytes | then the guantites
of elements liberated &t the different eledrodes are
proportional to their electro-chemical equivalents.
Mazz=<ECE
b o= 2
Whete £ =eledro-chemical equivalent
According to Faraday's laws ofeledrolysiz
m=Z.1.t

Whete, m = massofsubdance libersted in grams

z= Eledrochemical eguivalent ofthe
aubanceingram



—
|

= Currentinamperes

—
1

Time in seconds

Note. Mass deposited m = Volume x Density

Atomic wei ght

Equivalent weight =
Valency

Equivalent wt.of nickel

E.C.E.of nickel = X E.C.E.of silver

Equivalent wt.of silver

Table for Elecro-Chemical Equivalents of Elements

Name of | Atomic | Valency] Electro- Chemical
Element | Weight Chemical equivalent
Equivalent mg/c glc
Hydrogen | 1.008 1 0.01045 1.008
Aluminium | 27.1 3 0.0936 9.03
Copper 63.57 2 0.3293 31.78
Silver 107.88 1 1.118 107.88
Zinc 65.38 2 0.3387 32,69
Nickel 58.68 2 0.304 29.34
Chromium | 52.0 3 0.18 1738
Iron 55.85 2 0.2894 27.925
Lead 207.21 2 1.0738 103.6
Mercury 200.6 1 2.0791 200.6
Gold 197.0 1 2.0438 197

Note. (mg/c = milli-gram per coulomb)
Application of electrolysis
The principal applications of electrolysis are as follows:
Electroplating
Electro-refining of metals
Electrolytic capacitor

Electrotyping

o kA w N o=

Extraction of metals.
Electroplating

The process of depositinga metal onthe surface of another
metal by electrolysis is known as electroplating.
Electroplating is widely used in giving an attractive
appearance and finish to all types of products. In this
processinferior metals are coated with costly metals (such
assilver, nickel, gold, chromium, etc.)to give anattractive
shiny appearance and rust-procf surface.

Conditions for electroplating

Thefollowing conditions must be fulfilled before electroplating
an article.

i Thearticle to be electroplated must have a chemically
cleaned surface, i.e. it must not have any sort of dirt,
rust and greasy surface.

i The article to be plated should form a cathode.

iii The anode must be of the metal to be deposited for
maintainingthe concentration ofthe solutionconstantly
during electrolysis.

v The metal to be coated has to be in the solution of an
electrolyte.

The electrolyte is contained ina wooden reinforced cement
concrete tankwhichis knownasa "vat". The anode as well
asthearticleto be plated are hungthroughthe conducting
wires so as to dip inthe solution. The value of the current
is adjusted according tothe metal deposited onthe surface
area ofthe article. The time requiredforelectroplating can
be calculated if we know the mass of the metal deposited
and ECE with the formula

M=ZIt

M
Therefore, Time t = —
' iz

we know M =ZIt  --—--- (1)
M M
I =— £ =—
7 and 77 M9 / Coulomb
We know Volume = Area x Thickness ------ (2)
Volume
it Thickness i
Thickness = wellime
Area

Mass = Volume x Density ----- (3)

Volume = i
Density ce
: Mass
Density=
4 Volume clikee

Example1: If 111.83 mg of silver is deposited on the
cathode in3 min 20 s, by a DC current of 0.5A, calculate
the ECE of silver.

Solution:
t=3min20s=200s
M =111.83 mg

From Faraday’s law,
M= ZIt
, M _ 111 83

It 0.5x200

=1.1183mg/ C

Current required for plating

Low pressure directcurrent (DC) supplyis always usedfor
electroplating purposes. The pressure usedvaries from 1
to 16 V depending upon the rate of plating and the nature
of the electrolyte.
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Cathodic protection in Eletroplating

Cathodic protection (CP) isatechnigue usedto control the
corrossion of a metal surface by making it as the cathode
of an electrochemical cell. A simple method of protection
connects the metal to be protected to a more easily
corroded sacrifical metal to act as the anode.

The sacrificial metalthen corrodes instead of the protected
metal. For the structures such as long pipe lines where
passive galvanic cathodic protection is not adequate an
external DC electrical power source is used to provide
sufficicentcurrent.

The CP system protects awide range of metallic structures
steel water, fuel pipe line, storage tanks water heaters,
steel wire pipes, oil platform, oil well casing, wind farms
etc. Another common applicationis in galvanised steelin
which a sacrificial coating of zinc on steel parts protects
themfromrust. CP protectioncaninsome cases prevents
the stress corrossion cracking.

Type of cells

Cell: Acellis an electrochemical device consisting of two
electrodes made of different materials and an electrolyte.
The chemical reaction between the electrodes and the
electrolyte produces a voltage.

Cells are classified as
« dry cells
+ wet cells.

Adry cell is one that has a paste or gel electrolyte. With
newer designs and manufacturingtechniques, itis possible
to completely (hermetically) seal a cell. With complete
seals and chemical control of gas build-up, it is possibleto
use liquid electrolytesindry cells. Today theterm dry cell'
refersto acellthat can be operatedinany position without
electrolyte leakage.

Wet cells are cells that must be operated in an upright
positiocn. These cells have ventstoallowthe gasesgenerated
during charge or discharge to escape. The most common
wet cell is the lead-acid cell.

Cellsarefurther classified as primary and secondary cells.

Primary cells: Primary cells are those cells that are not
rechargeable. That is, the chemical reaction that occurs
during dischargeis nct reversed. Thechemicals usedinthe
reactions are all convertedwhenthecellisfully discharged.
It must then be replaced by a new cell.

Types of primary cells:

+  Voltaic cell

« Carbon-zinc cell (Leclanche cell and Dry cell)
+  Alkaline cell

«  Mercury cell

+  Silveroxide cell

+ Lithium cell

Dry cell (Carbon-Zinccell): The danger of spilling the liquid
electrolyte froma Leclanche typeof cellled to the invention
of another class of cells called dry cells.

The most common and least expensive type of a dry cell
is the carbon-zinc type (Fig 1). This cell consists of a zinc
container which acts as the negative electrode. In the
centre isa carbon rod which is the positive electrode. The
electrolyte takes the form of a moist paste made up of a
solution containingammonium chloride.

Fig1 +VE TERMINAL

SEAL CAP

CARBON ELECTRODE
{POSITIVE)

ZINC ELECTRODE
(NEGATIVE)

ELECTROLYTE PASTE

- VE TERMINAL
CARBON-ZINC DRY CELL

ELN21B516

As with all primary cells, one of the electrodes becomes
decomposed as part of the chemical reaction. In this cell
the negative zinc containerelectrode isthe cne that is used
up. As a result, cells left in equipment for long periods of
time can rupture, spilling the electrolyte and causing
damage to the neighbouring parts.

Carbon-zinc cells are produced in a range of common
standardsizes. Theseinclude 1.5V AA CandDcells .(AA
Pen type cell, "C' medium size and 'D' largefeconomy
size).

Uses: Primary cells are usedinelectronic products  ranging
from watches, smoke alarms, cardiac pacemakers,
torches, hearing aids, transistor radios etc.

Internal resistance: The output voltage froma cell varies
astheload onthe cellchanges. Load onacell referstothe
ameount of current drawn from the cell. As the load in-
creases, the voltage output drops. The change in output
voltage is caused by the internal resistance of the cell.
Since materialsfromwhichthe cellis made are not perfect
conductors, they have resistance. Current flowingthrough
the external circuit also flows through the internal resist-
ance of the cell.

Defects of a simple cell: With a simple voltaic cell, the
strength of current gradually diminishes after some time.
This defect is mainly due to two causes.

» Local action
+ Polarisation

Local action: Ina simple voltaic cell, bubbles of hydrogen
are seentoevolve fromthe zinc plate evenonopencircuit.
This effect is termed local action. This is due to the
presence of impurities like carbon, iron, lead, etc. in the
commercial zinc. This forms small local cells on the zinc
plate and reduces the strength of current of the cell.
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The local action is prevented by amalgamating the zinc
plate with mercury. To do so, the zinc plate isimmersedin
dilute sulphuric acid for a short time, and afterwards,
mercury is rubbed over its surface.

Polarisation: Ascurrent flows, bubbles of H,evolve atthe
copper plate onwhichthey gradually formathin layer. Due
tothisthe current strengthfalls andfinally stops altogether.
This effect is called the polarization of the cell.

Polarisation can be prevented by using some chemicals
which will oxidize the hydrogen to water before it can
accumulate onthe plate. The chemicals used to remove
polarisationare called de-polarisers.

Secondary cell: A cell that can be recharged by sending
electriccurrentinthe reversedirectiontothat of adischarge
mode is known as a secondary cell.

The secondary cell is also called a storage cell since after
it is charged it stores the energy until it is used up or
discharged.

Types of secondary cells

— Lead acid cell
— Alkaline cell or nickel-iron cell
Parts of Lead acid cell (Fig 2)

Fig 2
POSITIVE PLATE
CONNECTOR

CELL CONNECTOR

IR .

NEGATIVE PLATE
CONNECTOR

®

FPARTITION

PARTS OF LEAD ACID CELL

ELN21651C

Container
Plates

Separators

AW N =2

Post terminals

Container: The container is made of hard rubber, glass or
celluloid to accommodate the active plates, separators
andtheelectrolyte. The platesrestonribs providedatthe
bottom of the container and the space between ribs is
known as sediment chamber.

Plates: Positive plates are of two types.
— Plante plate or formed plates

— Faureplate

Plante plates: These are prepared by the process of
repeatedchargingand discharging. They are made of pure
lead atthe beginning which changesto lead peroxide after
charge.

Faure plate: Pasted or Faure plates are made of
rectangular lead grid into which the active material i.e.
lead peroxide (Pb O,) is filled in the form of a paste

(Fig 3).

Fig3

PLATE WITH DEEP
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THE FASTE
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CYLINDER
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POSITIVE PLATE
SECTION

PLATES IN GRID FORM
CONSTRUCTION OF PASTED-TYPE ACCUMULATOR PLATES
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Negative plates are made of rectangularlead grid, andthe
active material is spongy lead (Pb) which is inthe form of
a paste (Fig 4).

Fig 4 LEAD OXIDE

LEAD ANTIMONY
PLATE

SINGLE LEAD PLATE

ELN21B51E

Separators: These are made of thin sheets of chemically
treated porouswoodor rubber. They are usedto avoid short
in between the positive and negative plates (Figd).

Post terminal: A small pole extended upward fromeach
group of welded plates from the plate connecter ( Fig 6)
forms the post terminal.

Electrolyte: The electrolyte used in a lead acid cell is
dilute sulphuric acid (H,SO,). The specific gravity of the
electrolyte is 1.24 to 1.28. It varies according to the
manufacturer's specification.

Working principle

The secondary cell has no significant electrochemical
energy at the start. The energy must first be charged into
secondary cell. Thenthecell retainsthe stored energy until
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Fig5
POSITIVE PLATES

POROUS RUBBER
SEPARATOR

NEGATIVE FLATES

ARRANGEMENT OF PLATES AND SEPARATORS

ELN21B51F

Fig6
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itisusedup. Thatis, both cell electrodes are basically lead
sulphate(Pb SO,) Whenthe cellischarged, duetochemical
reaction taking place in it, the lead sulphate eletctrode
changeto softor sponge lead, (Pb - negative plate) andthe
other electrode changesto lead peroxided(Pb O, - positive
plate).

At the same time the electrolyte solution is strengthened
and becomes strong sulphuric acid (H,SO,) (Fig 7).

Fig7
NEGATIVE PLATE POSITIVE PLATE
LEAD SULPHATE LEAD SULPHATE

CHANGES TO CHANGES TO

SPONGE LEAD LEAD PERCXIDE

ELECTROLYTE SOLUTION i

MADE STRONGER B

DURING CHARGING PROCESS E

w

Voltage of afully chargedcellis 2.1 to 2.6V andthe voltage
falls to 1.8V after discharge.

Capacity: The unit of capacity of a storage cell is
ampere-hour (AH). It is the product of the rated current of
a cell/battery inamperes and the time in hours at which it
can discharge that rated current,

Capacity = Current x Time - AH

Temperature and specific gravity: The temperature of
the electrolyte mustbe kept at 27°Candthe specificgravity
at1.250+£0.010.

Excesstemperature willcause more sulphationand buckling
of the positive plate.

Defects

» Hardsulphation
» Buckling

« Partial short

Hard sulphation: Over discharging or the cell being leftin
adischarged conditionforalongtime cause sulphationon
both electrodes and offers high internal resistance. The
sulphation (hard) can be removed by recharging the cell for
a longer period at a low rate called a trickle charge.

Buckling: The bending of electrodesdue to overcharging
anddischarging, improper electrolyte and temperature is
known as buckling.

Partial short: The sediments falling from the plates
(electrodes) short- circuiting the positive and negative
electrodes cause overheating of the particular cell during
both charging and discharging periods. Sucha cellmay be
replaced with a new one.

Efficiency: It is considered in two ways.
+  Ampere-hour (AH) efficiency
+  Watt-hour (WH) efficiency

Qutput in AH discharge
Input in AH charge

AH efficiency =

Thewatt-hourefficiency isalways lessthanthe ampere-hour
efficiency because the potential difference during dis-
charge is less than that during charge.

Watt - hour efficiency

_ AHefficiency x Average volts on discharge

Average volts on charge
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The chemical action which takes place in the cell during charge and discharge cycle is given below for your reference.

During discharge
positive plate
Lead peroxide + Hydrogen + Sulphuric Acid — Leadsulphate + water
PO, + H, + H,80, — PhSG, + 2H,0
Negative plate
Pure lead + Sulphate = Lead sulphate
Pb + 80, =  PbSO,
During charge
positive plate
Lead sulphate + Sulphate +  Water — Leadperoxide + Sulphuric acid
PbSO, + 80 + Z2HO — PbO, + 2H.80,
Negative plate
Lead sulphate + Hydrogen — Lead + Sulphuric acid
PbSO, + H, — Pb + H,80,
The nickel iron cell (Fig 8) The containeris made of nickel-plated steel. The separators
: are made of hard rubber strips and held inthe nickel-plated
Fig 8 container.
NeSAIWEAES FILLER CAP Chemical changes: On discharge, potassium hydroxide
S (KOH) split_s up into K an_d (OH)icns. i.e. into potassigm
and hydroxide ions. CH ions travel towards the negative
NEGATIVE GRD — 1L, and oxidise the iron. Kions go to the anode and reduce Ni
(OH). to Ni (OH),,. During charging, the opposite reactions
NEGATIVE POCKET — POSITIVE GRID take place. The chemical changes during charging and
{IRCN OXIDE) discharging can be represented by a reversible equation.
PIN INSULATOR — GRID SEPERATOR
Itis seenfromthe equationthat the electrolyte acts merely
B :ﬁ;:’ﬁ:g;ﬁmmn as a source for transfer of OH ions from one plate to
ICKEL IN LAYER ) another. It does not take part in any chemical change. As
aresultthe density does notchangetothe same extent as
| soupsTEEL in an ordinary lead acid cell. Thus, the density of the
CONTAINER electrolyte remains almost the same during the action.
Charactereristics: The emf of the cell whenfully charged
ol is 1.4V, and it reachesto 1.2 ondischarge. If the voltage
el O g falls below 1.15, the cell is fullly discharged.
d » The mechanical strength of plates is good since they
Parts are made of steel.
« Positive plate + Negative plate + The cell canwithstand heavy charge and discharge
. currents, and does not deteriorate even if left discharged.
« Electrolyte + Container

+  Separators

The positive plate is made of Nickel hydroxide(Ni(OH),)
tubes and perforated steel ribbonwound spirally and held
together by steel ribs, and the whole lot is nickel-plated.

The negative plate is made of a nickel steel strip with fine
perforation. The electrolyte is 21% solution of potassium
hydroxide (KOH) along with some quantity of lithium
hydrate(LiOH).

+ Itis superior to a lead acid cell in mechanical strength,
durability and rocbustness.

Moreover, as compared to lead-acid cells, the
alkaline cells operate much better at low
temperatures, do not emit obnoxious fumes,
have very small self-discharge and their plates
do not buckle or smell.
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Chemical action

Ni(OH), + KOH + Fe —— Ni(CH), + KOH + Fe(CH),
Hydrated Potassium Ferrous - Nickel
Ferrous
Comparison : Lead-acid cell and Edison cell
Sl.No. Particulars Lead-acid cell Nickel iron cell
1 Positive plate PPO, lead peroxide Nickel hydroxide Ni(OH), or Nickel oxide (NiC,)
2 Negative plate Sponge lead Iron
& Electrolyte Diluted H,SO, KCH
4 Average emf 2.1 Vicell 1.2 Vicell
) Internal resistance Comparatively low Comparatively higher resistance
6 Efficiency:
Amp-hour 90 - 95% Nearly 80%
Watt-hour 72-80% About 60%
7 Cost Comparatively less than Almost twice that of Pb-acid
alkaline cell cell (Easy maintenance)
8 Life Gives nearly 1260 Five years atleast
charges and discharges
< Strength Needs much care and Robust, mechanically strong, can withstand
maintenance. Sulphation ocours vibration, light, unlimited rates of charge and
often due to incomplete discharge. Can be left discharged, free from
charge or discharge. corrosive liquids and fumes.

Advantages and disadvantages of nickel iron cell
A Advantages

i Itcanwithstand heavy charge and discharge current
and does not deteriorate.

i Itisrobustinconstructionandthusitcan be usedeven
roughly.

i Itis light in weight and thus it is portable.
i It can be left discharged for a long time.
v ltcanwork on higher temperatures also.
v Itis used on higher temperatures also.

vii Itis used in electric operated vehicles, switch-gear
operations etc.

Disadvantages

Its EMF does not remain constant.

Its efficiency is lower than lead-acid cell.

It has a high internal resistance.

Its EMF is low in comparison to lead acid cell.

If temperature is increased, its EMF will slightly
reduce.
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Power
Electrician - Cells and Batteries

Grouping of cells

O bjectives: 2tthe end ofthiz leszon you shall be ableto
= gtate the purpose of cells connected in series and parallel
= g plain series connections, parallel connection and series-parallel connection of

cells.

Related Theory for Exercise 1.6.58

Scan the OF Code to wiew
the wdeo for this exercize

Grouping of cells: Often an electic circuit requires a
woltage or current that & single cell is not capable of
alpplving slone. In this case it is necessarytio conned
groups of cellsinvarious seriesand parallel arrangem ents.

Series connections Cellz are conneded in series by
connedingt he positive terminal of one calltothe negative
terminal ofthe nexd cell (Fig1).

mg1

ldertical cells are conneded in series to obtain & higher
woltage than is available from a single cell. With this
connedion of cells, the output soltage is equal to the sum
ofthe woltages of all the cellz. However  the ampere hour
[2H 1 rating remains equal to that ofa single cell

Example: supposethres D' flashlight cellzare conneded
in z=fies Fig 2). Each cell has arating of 1. 5% and 2 2H
The voltageandampere hour rating ofthis batteryswould ke

Fh‘ =+

X5

1+

Assignment : Suppose four cellzare connedted inparall el
(Fig4).Eachcel hazaratingof! S %and 82H . Thevoltage
and am pere-hour rating ofthisbattery would be:

Fig2
T-— il 4_'[
1AW, 2 ALh g
E
W B attery =% per cell x Mo.of cells
=1 .5%1(3)
=45
AH Battery rating = &H rating of 1 c2ll
=2 aH

Parallel connectione Cellz are conneded in parallel by
conneding all the positive terminals together and all the
regative terminalstogether (Fig 31

Idertical cells are connected inparallel to aktsin s higher
output current or ampere-hour rating With this connection
of cellz, the output ampere hour rating iz equaltothe sum
ofthe ampere hour ratings of all the cells. Howewver, the
output voltage rem ainzthe zam easthe voltage ofa single
cell.

Fig
PR IS LA o LI

EETL)

—_— 5

S eries-paralled connection: = ometimesthe requirem ents
ofapiece ofequipment exce ed both voltage and ampere
hour rsting of a single cell. Inthis case a series-parallel
grouping ofcells must be uzed (Fig 5.

The num ber of cellzthat must be conneded in zeries to
have voltage rating is calculated firstand thenthe number
ofparallel rowsof series conneded cells is caloulsted for
requiredam pere-hourrating.

— it —
—ijiij—

Fig &

el ——— BV AN ——B
I =
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Electrician - Cells and Batteries

Related Theory for Exercise 1.6.59

Battery charging method - Battery charger

Objectives: Al the end of this lesson you shall be able to

= gtate the nec essity of charging a battery
» describe the preparation of electolyte

= describe the use of a hydrometer and high rate discharge tester

= gtate the precautions to be followed whil e charging and discharging a batteny
» describe the different types of charging methods of secondarny cells

= explain the purpose, construction and mrkirg principle of battery t:harger.

Scan the QR Code to wew
the wideo for this exerciza

Hecessityof charging D uring discharge, duetochemical
readion, the active electrodes becom e am aller and the
irte mal resigance becomes high Sausing alowoutput. To
resersethe adion, zend acurent (D C i throughthebattery
orcell inthe opposite diredionto that ofthe dizcharge. This
process is called charging. The charging can be done
through a battery charger.

Battery chargers\hen the chemical reaction in a
rechiargeable battery has ended , the batteryiz zaid to be
dizcharged and can no longer produce the rated fow of
eledric current. This battery can be recharged, however,
by passing direct curent from an outside source to flosw
through it in a direction oppositeta that inowhich it fowed
out ofthe battery.

Whencharging a battery, the negative lead ofthecharger
must connect to the negative lead of the battery and the
positivelead ofthe chargertothe positive lead ofthe battery

A.zim ple variable-voltage DT power supplyworkswell as
a battery charger.

Charging cument: “When charging any battery, it is
important to 2=t the charging current to a wvalue
recom mended bythe manufadurer, Thizcurent iz ==t by
adiustnent ofthe output voltage onthe charger andread by
an ammeter conneded in seties with the chanyer and
battery (Fig 11, vWhen the battery and charger are at the
zamevoltage, no current fows . The charger voltage iz sst
toa valuehigherthanthat ofthe batterytoproduce acurent
flor

Fig 1

Before charging the battery orcell the followi ng points are
1o be observed to azcertainthe condition ofthe battery.

1 Spedficgravity ofthe electralyte
128

2 “aoltage ofeach cell ofthe battery

3 Ampere hour capacity of each c2ll.

E lectrolyie

The electrolyte uzed in acell isdilute sulphuricacid having
a specificgravity betvween 1.29 and 1.3,

S pecific gravity

Theratio ofthe mass ofa givenwolumeofliguidtothe mass
ofthesame wolume ofthe waterat 4 °C | izknownas specific
gravity ofthe liguid.

imassor gue v ualime of Igakh

Spechicgauty -
farzof the zame uolme of W3k ratd o

Instrument fortesting the c ondition of cells:

Hydrometer : The specific gravity of an electrolye is
m easured with a hydrom eter (Fig 2.

Fig 2

The charged condition of battery can beteged by means
of a hattery hydrometer. This ingtrumert measures the
relativedensityotthe battery eledrolyte. Sincethedrength
ofthe electrolyvte varies diredly with the sate of charge of
gach ce2ll, you need only to find what spedfic grasity of
sulphuricaddremainzineachcell eledtrolieto detennine
hiowan uch energy izavailable.



Cell condition Hydrometer reading

Fullcharge 1.26
90% charge 1.20
Discharged 1145

Voltage tests of lead-acid batteries, like primary cells,
should be conducted under load. To make a simple light
load voltage test of a car battery, check the value of the
battery output voltage with and without the headlights on.
Amaximum loadvoltage test can be made by meteringthe
battery voltage while operating the starting motor
(Fig 3). Inthe case of a 12V battery, adrop of battery output
voltage below 7V indicates the battery is defective or not
fully charged.

Fig 3

) VOLTMETER READING SHOULD NOT
DROP BELOW 7V WHEN MAXIMUM

LOAD IS APFLIED.

IGNITION
SWITCH

ELN216714

High rate discharge tester: The internal condition of the
cellisdetermined by thistest. Alow range (0-3V) voltmeter
is shunted by a low resistance (Fig 4). The two terminal
prods are pressed on to the terminals of a cell fortesting.
Afully charged cell whichis in good condition reads inthe
range of full charge.

Fig 4

ELN218715

z @ -
~—33
[« ]
|
ip—

The meteris having three colours red, yellow and green -
redforfully discharged, yellow for half charge, greenforfully
charged condition of the cell respectively.

The methods of charging the secondary cells are:
« constant current method

+ constant potential method

« rectifiermethod.

Constantcurrent method: This methodis used wherethe
supply is highvoltage DC220V, 110V, etc. butthe battery
is of low voltage 6 V, 12V, etc. The emf of the battery is
small in compariscon to the supply voltage so a lamp-load

oravariable resistor is connected inseries with the battery
(Fig 9). This causes a loss of energy, so, the method is
inefficient.

Fig5

/
-

ELN2167168

CONSTANT CURRENT METHOD

Use:Forcharging more number of cells at constant current
rating.

Constant potential method: Inthis method, the voltage
is maintained at a fixed value about 2.3 V per cell; the
current decreases as the charging proceeds. A variable
resistor is connected in series, so a voltage source of 2.5
to 2.6 V per cell is required. For a 12 V motor car battery,
the charging dynamois ofabout 15 V. Incomparisontothe
constant current method less poweris wastedfor charging
and less time is taken. Fig 6 shows the connections for a
constant potential method of charging batteries.

Fig 6
L+© \r_ — @
LOwW I
VOLTAGE : i

DG 1 —s

L-o \k_ — | %
~
RHEOSTAT 5
CONSTANT VOLTAGE METHOD g
w

Use: For charging batteries of constant voltage rating.

Rectifier method. A rectifier for battery charging is
generally made of diodes connected inthe formofa bridge
(Fig 7). Atransformeris usedto step down the AC voltage
to that suitable for diodes. Ammeter, voltmeter, switches
and fuses are also used in the rectifier set.

RECTIFIER

I
o
TRANSFORMER

STEP-DOWN
RECTIFIER METHOD

ELN216718

Tricklecharge: Whenthe battery ischargedatavery low
rate, thatis 2 to 3% of the normal rate for a long period, it
is said to be a trickle charge.

Use: Forcentral or sub-station batteries andforemergency
lighting systems.
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Electrician - Cells and Batteries

Care and maintenance of batteries

Objectives: Atthe end of thiz lesson you shall be able to
= gtate the guidelines for care and maintenance of batteries and installation
» state the precauwtion 1o be followed while chargiLng and discharging of battery.

Related Theory for Exercise 1.6.60

Scanthe OR Codeto wien
the wideo forthis exencize

G uidline= for installation of batteries

The followdng guide linesto be followed during installation
ofbattetiesat residential building

* Location ofbattery ingdalled should be free from hest
sources and flame.

= Battery connedion cables should be as shot as
poszibleto preventexcessive waltage drop.

*  Befare connedingthe batterythe positive and negative
poles mua be carefully chedked to enzure comect
installation.

= Athorized andtrained person must onlyvbe allowed for
installation.

= |f the batteriesto be installed in the accezszones like
remate controls first openthe battery cover inzed the
batteties correctly irto +veand veendsthenclozethe
battery cover and preszit toclose.

= [Donot expozethe batteriestoheat (or) lame.

v blanutacturer's ingrucion must be ollowed when
ingaling the batteries.

= Faollowe the local, gate and Mational eledricity code.

= Wheningalling abatterybank alwayzbe careful, since
shock hazard may be present.

Care and maintenance of batteries : The |lead acid
hatteries mus be operated under the right condtions it
they are to function propetly. Regular maintenance is
neceszaryin orderto mairtain proper conditions and thus
prolong the life ofthe battery.

The battery shouldnot be discharged beyondthe minimum
value ofvoltage say, 1.75 W ior 2% battery.

The batteryshouldnot be keptunder a discharged condition
for & long tim e,

The level of the eledrole should alsays be keptto g
minitmutm of 10 to 15 mm akhove the plates by adding
didilled water only.

The battery should never be charged and dizcharged at a
hig ber rate whichwesak ensthe plate strudure 1t shouldbe
done asperthe m anufadurer's instrudions.

Thebatt ery should berecharged asearly azpozsible ater
dizcharge.

A& dizcharged battery should never be tested with a high
rate dischargetester.

The high rate dizcharge tester should be uzed only on
charged batteries and for leszthanten saconds.
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The specific gravity ofthe eledrolyte should be checked
regularly before and atter a battery iz put on charge.

The battery chargingroom shou dalaays bewell vertilated
forthe gasesto escape freely.

The hatteryterminalz mus be free from cormosion. The
temminals must alvays be kept dean and petroleum jelly
should be applied onthem.

The spilling of the eledralyte over the battery causes
corrosion and it should be deaned with soda water or
atm monia weter .

[fthe batteryhaznot beenused for along periodthen the
battery should be put on a tickle charge.

Thevent plugs should be k ept openwhilecharging, for free
liberation of gass =,

Avoid overcharging and discharging at & high rate. This
cauzesthe platesto bend fom their position and buckle.

Precawtions : Make zsure the call tempersture dutking
charge does not exceedthe limit specdified (4321 as per
themanufaduret'sinstruction.

& fully charged batt ery ored at 100°F (35%C ] sl loose
almost allits charge in 90 days. The same battery stored
at GOFO1S°C o wdll looze & little of its charge in the same
petiodofA0days Hightem perature decreasesthe charging
rate and shortenz the life.

Therate ofcharging atthe end ofthe perodcalledfinishirate
iz most important. B must not exceed the value
recommended bythe manufacturer.

Dunngrecharging thelead addbatteryproducesfammakle
gazes. An acddertal spark can ignite these gases,
causinganexplozioninsidethebattery. Such anexplosion
can breakthe battery case and throwwacid onthe people
andequipment inthe area.

Do not top up the cell sith improper water such as tap
water, well water, mineral water or acids which will cause
hatd sulphation and increasethe internal resigance.

Axvaid improper deaning agents for terminal posts and
m etal parts of the battery like emery or sandpaper. Use
only the recommended deaning agents such as baking
zoda water(warnm ), am monia wat er, and wipe with cotton
cloth or with anold brush.

Alvayswear safety glaszeswhen working with lead add
cellz and batteries. If add does come in contact with
clothing ar with the skin, immediately fush with dean
water. Then wash with zosp and water except for eves.
Wiashyour handzin soapandwater afterhandling batteties.
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Electrician - Cells and Batteries

Related Theory for Exercise 1.6.61

Solar cells

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

» state the necessity of tapping natural resources for energy

» state about the solar cell /photo voltaic cell

» explain the basic principle, construction and characteristics of the solar cell.

Heat energy

Heatenergy is the most sought energy for human beingto
cook the food as well as to keep warm in cold climate.
However the use of wood as the fuel forfire, has ended up
in deforestation and resulted in drought.

Searchoffuel ledthe manto use coalandthenoil. However
these commoditiesare fast dwindlingand after few hundred
years both may completely vanish from earth. As suchit
isessential thathumanrace shouldfind alternative source
of energy from nature.

Hence the use of natural resources like heat from sun
thought by several scientists and one of the solutionsto the
energy crisis is the invention of solar cells.

Solar cell / Photovoltaic cell

A solar cell, or photovoltaic cell, is an electrical device
that converts the energy of light directly into electricity by
the photovoltaic effect, which is a physical and chemical
phenomenon. It is a form of photoelectric cell, definedas a
device whose electrical characteristics, such as current,
voltage, or resistance, vary when exposed to light. Solar
cells are the building blocks of photovoltaic modules,
otherwise known as solar panels.

Solar cells are described as being photovoltaic irrespective
of whether the source is sunlight or an artificial light. They
are used as a photo-detector (for example infrared
detectors), detecting light or other electromagnetic
radiation near the visible range, or measuring light intensity.

The operation of a photovoltaic (PV) cell requires 3 basic
attributes:

+ The absorption of light, generating electron-hole pairs
extraction.

+ The separation of charge carriers of opposite types.

« The separate extraction of those carriers to an external
circuit.

The solarcells is essentially a large photo diode designed
to operate as photo voltaic device and to give as much
output power as possible. Whenthese cells are underthe
influence of lightrays fromsun, they give outabout 100 mw/
cm? power.

Fig 1 shows the construction, symbol and cross section of
a typical power solar cell. The top surface consist of a
extremely thinlayer of P-type material through which light
can penetrate to the junction.

Fig1

a) SYMBOL AND CONSTRUCTION

LIGHT ENERGY

by

SOLDER
{+VE CONTACT)

NICKEL PLATING

p-TYPE SILICON
pr-JUNCTION
n-TYPE SILICON
NICKEL PLATING

SOLDER
(-VE CONTACT)

LOAD

(2] @j DIRECTICN OF HOLE FLOW
k 'B DIRECTION OF ELECTRON FLOW

b) CROSS SECTION
CONSTRLCTION AND CROSS SECTION OF A SOLAR CELL.

ELN216911

The nickel plated ring around the P-type material is the
positive output terminal, and the bottom plating is the
negative output terminal. Commercially produced solar
cellswill be available inflat stripformfor efficient coverage
of available surface areas.

Accordingtodifferent manufacturingstandards, the output
power varies from 50mw/cm?to 125mw/cm? . The graph
shows the characteristic of a solar cellwhich gives 100mw/
cm?. Considering the characteristic curve it is apparent
thatthe cell will deliver an ocutput current of SOmA whenthe
outputterminals are short circuited thenthe output voltage
will be zero.

Onthe other hand open circuited voltage of the cell will be
0.55mv butthe outputcurrentiszero. Therefore againthe
output power is zero. For maximum output power the
device must be operated at the knee ofthe characteristic.
In solar cells the output power decreases at high
temperature.

Several cells must be connected in series to produce the
requiredoutput voltage, and number of parallel groupsto be
providedas per the required output current.
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Power Related Theory for Exercise 1.7.62
Electrician - Basic Wiring Practice

B.l.S. Symbols used for electrical accessories

Objectives: At the end of this lesson you shall be able to
* interpret the various BIS symbols used in electrical wiring diagrams.

In electrotechnical engineering the symboels are used in circuit can be represented easily and can be described
layouts andwiring circuits to represent the electrical parts precisely as well.

Ft e TURICHSR O CHET A few examples of standard symbols recommended by

Sincethe drawing of the actual deviceis very laborious and B.1.S. 2032 (different parts) used for wiringare given here.
would be drawn by each person differently, standardised
symbolsare used. Withthe help ofthe symbols, anelectric

B...S. SYMBOLS FOR WIRING SCHEMES

Sl.No. Description Symbols used in the circuit Symbols used in layout
diagram
1 One-way switch, single pole ? /
% One-way switch, two poles ?[ %/ /
3 One-way switch, three poles ? % ? /<c
4 Multi-position switch single pole J, v
5 Two-way switch l /
6 Intermediate switch
1 3 1 3
2 4 4
7 Push-button or bell-push l
f
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Sl.No. Description Symbols used in the circuit Symbols used in layout
diagram
8 Socket outlets, 6A
2] Socket outlets, 16A
/\\
10 Lamp or outlet for lamp
i Flise .
MAIN & D.B
FUSE BOARDS
12 Bell ﬂ
13 Buzzer
14 Earth point
L S
15 Circuit breaker :
16 Terminal strip
[11]12] 3] 14 [15] 6]
& WAY N.A
17 Link {closed)
e N.A
18 Plug and socket (male and female)
&l?/ N.A
19 Ceiling rose
E N.A

N.A: Notapplicable
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The B.1.S. Symbols used in the wiring is given here.

ITEMS

SYMBOLS

S
6

1

2

1

The type of conduit may be indi-
cated, if necessary.

Wiring going upwards
Wiring going downwards

Wiring passing vertically
through a room

Fuse-boards
Lighting circuitfuse-boards

Mainfuse-boardwithout
switches

Main fuse-board with switches

Distributionfuse-board without
switches

Distributionfuse-boardwith
switches

Power circuit fuse-boards

Mainfuse-board without
switches

Main fuse-board with switches

Distributionfuse-board without
switches

Distributionfuse-boardwith
switches

Il Switches and switch outlets

Single pole pull-switch

Pendent switch

IV Socketoutlets

Combined switch and socket
outlet, 6A

TEMS SYMBOLS
I Wiring
1 Generalwiring —_—
2 Wiring onthe surface 70
3 Wiring underthe surface T,
4 Wiring in conduit
: — i
a Conduit onthe surface 7177
bConduit concealed Ul ol

s

INON ENO N

N

1

X

2 Combined switch and socket
outlet, 16 A

3 Interlocking switch and socket
outlet, 6A

4 Interlocking switch and
socket outlet 16A

V Lamps
1 Group of three 40 W lamps

2 Lamp,mountedonawall
or light bracket

3 Lamp, mounted on ceiling

4  Counterweight lampfixture

5 Chainlampfixture

6 Pendentlampfixture

7 Lamp fixture with built-in
switch

8 Lampfedfromvariable
voltage supply

9 Emergencylamp

10 Panic lamp

11 Bulk-headlamp

12 Watertight light fitting

13 Battenlamp-holder
{Mounted onthe wall)

14 Projector

15 Spotlight

16 Floodlight

17 Fluorescentlamp

18 Group of three 40W
flucrescent lamps

e

G X MX XXX X XX

3

X X
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ITEMS SYMBOLS

VI Electrical appliances

1 General

If necessary, use designa-
tion to specify.

2 Heater —[I:I:D
VIl Bells, buzzers and sirens
1 Siren

2 Hornorhooter

3 Indicator (at "N'insert
number of ways)

&
I
®

VIl Fans
LD

2 Bracketfan 8

Wiring accessories, IE Rules

1 Ceilingfan

ITEMS SYMBOLS

3 Exhaustfan

4 Fanregulator

BIRE)

IX Telecommunication
apparatus

—

Aerial

%]

Loudspeaker

3 Radicreceivingset

4 Televisionreceiving set

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

* classify, specify, identify and state the uses of the accessories employed in domestic wiring

« state the IE rules related to safety and electric supply.

Electrical accessories: An electrical domestic acces-
sory is a basic part used inwiring either for protection and
adjustment or for the control of the electrical circuits or for
a combination of these functions.

Rating of accessories: The standard current ratings of
the accessories are 6, 16 and 32 amps. The voltage rating
is 240V AC as per B.1.S. 1293-1988.

Mounting of accessories: Theaccessoriesare designed
to mount either on the surface or concealed (flush type).

Surface mounting type: Accessories are provided with
a seating so thatwhen mounted they projectwholly above
the surface on which they are mounted.

Flush-mounting type: These accessoriesare designed
to mount behind or incorporated with a switch plate, the
back ofthe plate being flush with the surface of the wall or
switch box.

The electrical accessories used in wiring installation, are
classified according to their uses.

— Controllingaccessories
— Holdingaccessories
— Safety accessories
— Outlet accessories

— General accessories

Types of switches according to their function and
place of use

1 Single pole, one-way switch

2 Single pole, two-way switch

3 Intermediate switch

Bell-push or push-button switch
Pull or ceiling switch

Double pole switch (DP switches)

Iron clad double pole, (ICDP) switch.

w -~ & G A

[ron clad triple - pole (ICTP) switch.

Oftheabove1,2,3,4and 6 may be either surface mounting
type or flush-mounting type.

Single pole, one-way switch: This is a two terminal
device, capable of making and breaking a single circuit
only. Itis usedforcontrolling light or fan or 6 amps socket.

(Fig1)

Two-wayswitch: Thisisathree terminal device capable
of making or breaking two connections from a single
position (Fig 2). These switches are used in staircase
lighting where one lamp is controlled from two different
places.
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6 AMPS single pole one way flush switch

6 AMPS two way flush type switch

Intermediate switch: This is a four-terminal device
capable of making or breaking two connections from two
positicns (Fig 3). This switch is used along with 2 way
switches to control a lamp from three or more positions.

Fig 3

o—0

o——o0

INTERMEDIATE SWITCH CONNECTIONS

ELNZZT023

Bell-push or push-button switch: Thisisatwo-terminal
device having a spring-loaded button. When pushed it
“makes'the circuittemporarily and attains "break’ position
whenreleased.

Iron - Clad Double pole (ICDP) main switch : This
switch is also referred to as DPIC switch and is mainly
used for single phase domestic installations, tocontrol the
main supply. It controls phase and neutral of the supply
simultanecusly (Fig 4).

e, it |

The current rating of the switch variesfrom 16 amps to 32
amperes.

Iron - Clad Triple pole{ICTP) main switch: Thisisalso
referred to as TPIC switch and is used in large domestic
installation and also in 3-phase power circuits, the switch
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consists of 3 fuse carriers, one for each phase. Neutral
connectionisalso possible as some switches are provided
with a neutral link inside the casing (Fig 5).

Fig5

'%

TERMINALS FOR OUTGOING
CONNECTIONS

EARTHING
TERMINALS

NEUTRAL LINK

CASING

SFRING

INTERLOCKING
MECHANISM

\J 290 ASLp Y&g

SWITCH BLADE
FUSED ICTP "N* SWITCH

INSULATED SPINDLE

ELNZZT026

The currentrating of the switchvariesfrom 16 to 400 amps.
Holding accessories

Lamp-holders : A lamp-holder is used to hold a lamp.
Earlier, brass holders were most commonly used but
nowadays these have beenreplaced by bakelite holders.
These may contain solid or hollow spring contact termi-
nals. Fourtypes of lamp-holders are mainly available.

— Bayonetcaplamp-holders

— Screw type holders

— Edison screw type lamp-holders

— Coliath Edison screw type lamp-holders

Bayonetcap(BC)lamp-holders: Inthistype the bulbis
fitted into the slot, and is held in position by means of two
pins inthe lamp cap. It has solid or hollow spring contact
terminals, and the supply mains through the switch are
connected to these contacts. In BC types there are two
grooves onthe circular construction of all types of holders.

Pendent lamp-holders: This holder (Fig 6) is used in
placeswhere the lamps are requiredin ahanging position.
These holders are made of either brass or bakelite. An
explodedview ofthis holder showsthe parts ofthe holder.
These holders are used along with ceiling roses for
suspending the lamps from the ceiling.

FigB

EXPLODED VIEW OF PENDENT HOLDER

ELN227027

Batten lamp-holders: The straight batten holder (Fig 7a)
is usedonaflat surface onthe round block, wooden board
etc. These holders are made of either brass or bakelite.

Angle holders: The angle bottocm holder,
(Fig 7b) isto hold the lamp in a particular angle. These
are made of either brass or bakelite. These are usedfor
advertising boards, window display, kitchens etc.
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(a) BRAES BATTEN HOLDER (b} ANGLE HOLDER

Edison screw-type lamp-holders: Inthistype, the holder
is provided with inner screw threads and the lamp is fitted
initby screwing. Ithasacentre contact whichis connected
to the live wire and the screwed cap is connected to the
neutralwire.

For lamps with wattage above 200VV and not exceeding
300wV, Edison screw-type holders are used. (Fig 8).

Figs

EDISON SCREW TYPE HOLDER

Goliath Edison screw({GES) type holders (Fig9): The
cover of this type of holder is made of porcelain. Such
holdersare usedinstudios, headlights, floodlights, focussing
lights etc.

ELNZZT0ZB

Fig9

GOLIATH EDISON BCREW LAMP HOLDER

ELNZ2T02C

These holders are used for more than 300W lamps.

Specification of a lamp-holder: While specifying the
lamp-holders, the type of material used for construction,
type of gripping, type of mounting, working current and
voltages should also be specified.

Socket outlet currentrating: The standard ratings shall
be 6,16 and 32 amperes and 240 volts.

Two-pin socket: Thissocketisratedas6A, 250V, having
onlytwo pinswithout earth connection. These are suitable
onlyfor doubleinsulatedappliances (having PVCorinsulated
body).

Two-pin plug top: Itis usedfortakingthe supply fromthe
socket. It has got two pins of the same size.

Three-pin socket: This type of socket is suitable for light
and power circuits. These sockets are rated as 6A, 250V
or16A, 250V, andare available as surface-mounting type

andflushtype (Fig 10). There are three terminals marked
as Line (L) Neutral (N) and Earth (E).

Fig 10

LN227020

3-PIN 16 AMP SOCKET WITH TOP COVER FLUSH TYPE SOCKET

Three-pin plug top : Itis used for taking the supply from
the socket. Ithasthree pins. Twoare similarinsize andthe
third one is bigger and longer which is for earth (Fig 11).
These arealsoratedas6A 250V or 16A, 250V, Theseare
made of bakelite, PVC materials.

ELN22702H

THREE-PIN PLUG TOP

General accessories : Some accessories are used for
general and special purposes such as:

— appliance connectors (or) iron connectors
— adapters
— ceiling roses
a two-plate
b three-plate
— connectors
— distribution board
— neutral links.

Appliance connectors oriron connectors : These are
used as female connectors to supply current to electric
kettles, electric iron, hotplate, heaters etc. It is made of
bakelite or porcelain. These are rated as 16A, 250V
(Fig12).

Fig 12

FLAT CONNECTOR
WITH SIDE ENTRY

IRON CONNECTOR
DIRECT ENTRY
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Adaptor (Fig 13): They are used for taking supply froma
lamp holder for small appliances. They are made out of
bakelite. They are available in ratings upto 6 A250 V.

Fig13

Ceilingroses: Ceilingroses are used to provide tapping
points fromthe wiring forsupplying powerto fans, pendent-
holders, tube lights etc. Normally flexible wires are usedfor
tapping from the ceiling roses.

Two-plate ceiling rose (Fig 14a & b): This is made of
bakeliteandithas 2terminals (phase &neutral) whichare
separated from each other by a bakelite bridge. The two-
plate ceiling rose is used for 6A, 250V current capacity.

Three-plate ceiling rose: Thistype of ceilingrose has 3
terminals which are separated from each other by a
bakelite bridge. It can be used for two purposes.
(Fig14c)

branch fuses are enclosed in a metal box. These boards
are available as two-way, three-way, 4,6, 12-way types.

Fig16

12-WAY DISTRIBUTION BOARD

Neutral link: |na three-phase system of wiring installa-
tions, the phases are controlled through switches, andthe
neutralis tappedthroughalinkcalled neutral link. (Fig17).
The ratings are 16A, 32A, 63A, 100A neutral link.

Fig17
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NEUTRAL LINK
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The accessories' rating shall be 240V and 6 or
16 amps from the year 1991, instead of 250V and
5 or 15 amps as per BIS 1293-1988.

Toggle switches (Fig 18)

Itis an electric switch operated by means of a projecting
leverthat can be moved upwardand downwardandisalso
called as snap switches .

{a) TOP COVER LODKS {b) BASE OF TWO PLATE {c) BASE OF THREE g
THE SAME FOR (b} & {c} CEILING ROSE PLATE CEILING ROSE 2
— Bunch light control
— Toprovide tapping for phase wire (Fig 15).
Fig 15
TAPPED
FOR NEXT
———————— CIRCUIT
N 1
1
i
L : X
|
|
— e
1 1 =
s L___.{____I E
CEILING ROSE 3-PLATE B
w

These ceiling roses are available inthe rating of 6A, 250V

Distribution board (Fig 16): These are used where the
total load is high and is to be divided into a number of
circuits. These are used where the load is more than 800W.
The number offuses inthe boardis accordingto the number
of circuits, and a neutral link is also provided so that the
neutral wire can be taken for different circuits. All these

Fig18

ELNZ2702P

Modular switches (Fig 19)

Thelatest version of modular switch of different sizes and
colours along with sockets combined and switches with
indicators are available in market

Indian Electricity Rules - Safety Requirements

The IE rules 1956 was made under sections 37 of Indian
Electricity Act 1910. Now it is redefined after the enactment
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of the Electricity Act 2003. The Central Electricity Authority
(measures relating to safety and electric supply) Regulation
(CEAR) 2010 which came into effect from 20th September
2010, in place of Indian Electricity Rules 1956.

Fig19

AW

Modular switch
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SAFETY RULES: Among safety rules, the following are
important and indeed requires attention. Every rule in the
Indian Electricity Rules 1956 is related either directly or
indirectly to safety.

Rule 32: Switches shall be onthe live conductor. No cutoLt,
link or switch other than gang switch shall be inserted in
the neutral conductor. Code of Practice of wiring shall be
followed while marking the conductors.

Rule 50: Energy shall not be supplied,
transformed,converted or used unless the following
provisions are observed. Asuitable linked switch or circuit
breaker is erected at the secondary side of the transformer.
Every circuit is protected by a suitable cut-out. Supply to
each motor or group of motors is controlled by a linked
switch or circuit breaker. Adequate precautions are taken
to ensure that no live parts are exposed.

Special provisions in respect of high and extra high
voltage installations

Rule 63: Approval of Inspector is necessary before
energising any high voltage installations.

Rule 65: The installation must be subjected to the
prescribed testing before energizing.

Rule 66: Conductors shall be enclosed in a metallic
covering and suitable circuit breakers shall be provided to
protect the equipment from overloading.

Rule 68: Incase of outdoor type of sub-station a metallic
fencing of not less than 1.8 m height shall be erected around
the transformer.

Provisions in terms of OH line

Rule 77: Clearance of lowest conductor above ground
across street.

+ Lowand Medium Voltage lines-5.8 m.

+ Highvoltage Lines-6.1 m.

Clearance of lowest conductor above ground along a
street. Low and Medium Voltage lines - 5.5 m.

High voltage lines - 5.8 m.

» Clearance of lowest conductor above ground other than
along or across the street. Low, Medium and High
Voltage lines upto 11 KV if bare - 4.6m .

+ Low, Medium and High upto and including 11KV, if
insulated - 4.0m.

« High Voltage above 11 KV-5.2m.

Rule 79: Clearance of low and mediumvoltage lines from
building,

+ Vertical Clearance -2.5m.
* Horizontal clearance - 1.2 m.

Rule 80: Clearance from building of high and extra high
voltage. Vertical Clearance High Voltage upto 33KV - 3.7m.

« ExtraHigh Voltage above 33KV - 3.7 m, plus 0.3 mfor
every 33KV part there of.

» Clearance from building of high and extra high voltage
- Pitched Roof . Vertical Clearance upto 11KV -1.2m.

+  Above 11KV upto 33KV -22 m.

« Above 33KV - 2m. plus 0.3m for every 33KV part there
of,

Rule 85: Maximum interval between supports. It shall not
exceed 65 m except by prior approval of inspector.

Indian electricity rules regarding to internal wiring:

1 The minimum size of conductor used in domestic wiring
must not be of size less than 1/1.12mm in copper or
1/1.40mm (1.5mm) in aluminium wire.

For flexible wires the minimum size is 14/0.193mm.

The height at which meter board, Main switch board
are to be fitted 1.5 meters from ground level.

4 The casing will be run at a height of 3.0 meters from
the ground level.

5 The light brackets should be fixed at a height of 2 to
2.5 meters from ground level.

6 The maximum number of points in a sub circuit is 10.
7 The maximum load in a sub circuit is 800V
|.E. Rules regarding - Voltage drop concept:

1 LE. Rule 48: The insulation resistance between the
wiring of an installation and earth should be of such a
value that the leakage current may not exceed 1/50000
the part or 0.02 percent of the F.L. current.

2 The permissible voltage drop in a lighting circuit is 2%
of the supply voltage plus one volt.

3 The maximum permissible voltage drop in a power
industrial circuit should not be more than 5% of the
declared supply voltage.

4 The insulation resistance of any wiring installation
should not be less than 1M Q .
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5 The earth resistance should not exceed the value of
one ohm.

L.LE. Rules regarding to power wiring:

1 Ina power sub circuit the load is normally restricted to
3000 watts and number of outlets to two in each sub
circuit.

2 All equipment used in power wiring shall be iron clad
construction and wiring shall be of the armoured cable
or conduit type.

3 The length of flexible conduit used for connections
between the terminal boxes of motors and starters,

switches and motors shall not exceed 1.25 meters

4 Every motor, regardless of its size shall be provided
with a switch fuse placed near it.

5 The minimum cross-sectional area of conductor, that
can be used for power mining of 1.25 mm for copper
conductor cables and 1.50 mm for Aluminium conductor
cables (refer IS| recommendations). Hence VIR or PVC
cables of size lower than 3/0.915 mm copper or 1/1.80
mm Aluminium can not be used for motor wiring.

Circuit Breaker (CB) - Miniature Circuit Breaker (MCB)- Moulded Case Circuit

Breaker (MCCB)

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

» explain the types, working principle and parts of a miniature circuit breaker.

» state the advantages and disadvantages of MCB
+ state the categories and applications of MCBs

» state the application, advantage and disadvantage of MCCBs.

Circuit Breaker

Acircuit breaker is a mechanical switching device capable
of making, carryingand breakingthe currents under normal
condition and breaking the currents under abnormal
conditions like a short circuit.

Miniature circuit breaker (MCB)

Aminiature circuit breakeris a compact mechanical device
for making and breaking a circuit both in normal condition
and in abnormal conditions such as those of over current
and short circuit.

Types of MCB’s

MCBs are manufactured with three different principles of
operationnamely

a Thermal Magnetic
b Magnetic hydraulicand
¢ Assisted bimetallic

Out of three MCB's thermal magnetic MCB is discussed
below

Thermal magnetic MICB

The switching mechanismis housed inamoulded housing
with phenelic moulded high mechanically strongswitching
dolly. This type of MCB is also provided with bimetallic
overloadrelease (Fig1).

The electric current gets through two contacttips one each
on moving and fixed contact of silver graphite.

Anarcing chamber incorporating de-ionising arc chutes for
control and quick suppressionofthe arcis provided inthe
gap betweentwocontacts. lthasaribbed opening closed
by metal grid which allowsventilationand escape of gases.

Fig 1

TERMINAL SHROUD
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Uik e CIRCUIT PROTECTION
FOR FRONT OR BACK
ENTRY

NOTE: THE HATCHED PORTION SHOWS THE FATH OF CURRENT FROM
TOP TERMINAL TO BOTTOM

THERMAL MAGNETIC TYPE MCB

ELN227031

For protection against over-load and short circuit, MCB’s
have thermal magnetic release unit. The overload istaken
care of by bimetallic strip, short circuit currents and over
loads of more than 100% are taken care by solenoid.

Working

The bimetallic strip when flexing due to temperature rise
caused by increasing normal rated current beyond 130%
rotates a trip lever carrying an armature to which it is to
brought into field of a solenoid. The solencid is designed
to attract the armature to full position at about 700%
overload or instantaneous shart circuit current.

For initial portion of current wise (130% to 400%) tripping
of circuit breaker is due to thermal action, between 400 to
700% tripping is due to combined thermal and magnetic
action and beyond 700% due to fully magnetic action.

140 Power : Electrician (NSQF Revised - 2022) - Related Theory for Exercise 1.7.62



Categories of MCBs

Certain manufacturers like Indo Kopp manufacture the
MCBs in three different categories namely ‘L’ series, ‘G’
series, and ‘DC’ series.

‘L’series MICBs

‘L’ series MCBs are designed to protect circuits with
resistiveloads. They are idealfor protection of equipment
like Geysers, ovens and general lighting systems.

‘G’'series MICBs

‘G series MCBs are designed to protect circuits with
inductive loads. G series MCBs are suitable for protection
of motors, air conditioners, handtools, halogenlampsetc.,

‘DC’ series MCBs

‘DC’ series MCBs are suitable for voltage upto 220V DC
and have a breaking capacity up to 6kA.

The tripping characteristics are similarto ‘L' an ‘G’ series.
They find extensive application in DC controls, locomo-
tives, diesel generator sets etc.,

Advantages of MICB

1 Tripping characteristic setting can be done during
manufacture and it cannot be altered.

2 They will trip for a sustained overload but not for
transient overload.

Faulty circuit is easily identified.
Supply can be quickly restored.

Tamper proof.

L0 B &) IR S ¢V

Multiple units are available.
Disadvantages

1 Expensive.

2 More mechanically moving parts.

3 They require regular testing to ensure satisfactory
operation.

4 Their characteristics are affected by the ambient tem-
perature.

Moulded Case Circuit Breakers (MCCB)

Moulded case circuit breakers are similar to thermo
magnetic type MCBs except that these are available in
higher ratings of 100 to 800amp at 500V 3-phase.

In MCCB, thermal and magnetic releases are adjustable.
Ashuntrelease isalsoincorporated for remote tripping and
interlocking at MCCB. MCCBs are provided with under
voltages release. There are two types of MCCB.

1 Thermal magnetictype.
2 Fully magnetic type (Fig 2).
Advantages of MCCB

1 MCCBs occupy much less space in comparison to
fuse switch units.

2 MCCBs provide equal amount of protectionagainst high
faults as switch gears having HRC fuses.

Disadvantages
1 MCCBs are much costlier.
2 Leakproofsituationrequired.

3 Sensitivity to insulation resistance low.

Fig 2
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ELCB - types - working principle - specification

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

» explain the working principle, different types and construction of an earth leakage circuit breaker (ELCB)

» explain the technical specifications of ELCB’s.

Introduction

The sensation of electric shock is caused by the flow of
electric current throughthe human body to earth. Whena
person comes in contact with electrically live objects like
water heaters, washing machines electric iron etc., the
extent of damages caused by this current depends on its
magnitude and duration.

This kind of current is called the leakage current which
comes in milli-amps. These leakage current being very
smallinmagnitude, hence undetected by the fuses/MCBs
are the major cause for the fires due to electricity.

Theleakage currentto earthalsc results inthe wastage of
energy and excessive billing for electricity not actually
used.

Theseresidual current circuit breakers (RCCB) are popularly
called as Earth leakage circuit breakers (ELCB).

Basically ELCBsare oftwo types namely voltage operated
ELCBsand the current operated ELCBs.

Voltage operated ELCB

This device is used for making and breaking a circuit. It
automatically trips or breaks the circuit when the potential
difference between the protected metal work of the
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installation and the general mass of earth exceeds 24V.
This voltage signal will cause the relay to operate (Fig 1).

Fig1
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Voltage operated ELCBs are meantto be used where itis
not practicable to meet the requirements of IEE wiring
regulation by direct earthing orwhere additional protection

Construction of current operated ELCB

It consists of a Torroid ring made of high permeability
magnetic material. It has two primary windings each
carrying the current flowing through phase and neutral of
the installation. The secondary winding is connectedtoa
highly sensitive electro - magnetictriprelay whichoperates
the trip mechanism.

Working principle

Theresidual current device (RCD) is a circuit breaker which
continuocusly compares the current inthe phase with that
inthe neutral. The difference betweenthetwois calledas
the residual current which is flowing to earth.

The purpose ofthe residual current device is to monitor the
residual current and to switch off the circuit if it rises from
a preset level (Fig 2&3).

is desirable. Fig 2
PRIMARY
Current operated ELCB
This device is used for making and breaking a circuitand O
for breaking a circuit automatically when the vector sumof e
current in all conductors differs from zero by a predeter- colL
mined amount. Current operated ELCBs are much more
reliable in operation, easier to install and maintain.
TORROID g
MAGNETIC PRIMARY E
MATERIAL z
Fig3
Lo}
<
a) 2-POLE ELCB g
b)4-POLE ELCB 2

The main contacts are closed against the pressure of a
spring which, provides the energy to openthemwhenthe
device trips. Phase and neutral current pass through
identical coils wound in opposing direction on a magnetic
circuit, so that each coil will provide equal but opposing
numbers of ampere turnswhenthere is no residual current.

The opposing ampere turns will cancel and nc magnetic
flux will be set up in the magnetic circuit.

Ina healthy circuit the sumofthe currentin phasesis equal
tothe current inthe neutral andvectorsumof all the current
isequaltozero. Ifthere isany insulation fault in the circuit
then leakage current flowsto earth. Thisresidual current
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passes to the circuit through the phase coil but returns
throughthe earth path andavoids the neutral coil, whichwill
therefore carry less current.

So the phase ampereturnsexceeds neutralampereturns
and an alternating magnetic flux results inthe core. The
flux links with the secondary coil wound on the same
magnetic circuit inducing an emf into it. The value of this

Fuses

emfdepends onthe residual current, soit drives a current
to the tripping system which depends on the difference
betweenthemand neutral current.

When tripping current reaches a predetermined level the
circuit breaker trips and open the main contacts and thus
interrupts the circuit.

Objectives: At the end of this lesson you shall be able to
» explain the purpose of the fuse in a circuit
+ classify the different types of fuses and their uses.

Purpose of fuses: Afuse isa safety device used for the
purpose of protectinga circuit against excess current. Inthe
event of excessive current, the fuse element melts and
opens up the circuit thereby protecting it from damage.

Symbols: These are the graphical symbols used to
illustrate an electrical fuse in electro-technical diagrams.

»  General symbols of a fuse (Fig 1)

Fig 1
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Placement of fuses: In electrical installations, the fuses
are always connected into the live wires (Fig2) and never
into the neutral N.

Fig 2

I

Types of fuses used in domestic wiring:
+  Re-wirabletype (upto 200A)
» Cartridge type (upto 1250A)

Rewirabletypefuse (Fig3): The fuse elementinthis type
of fuse consists of a wire which may be replaced when
necessary. Thesefusesare simple inconstructionandthe
initial cost as well as the renewal cost is very low.

ELN227052

Thefuse elements usedinthistype are tinned copper wire,
lead and tin alloy or aluminium wire (Table 1).

The fuse element will melt after approximately 2 minutes
when carrying a current equal to twice the current rating.

Fig 3
ASBESTOS TUBE
FUSE ELEMENT
FUSE-CARRIER
a) FUSE CARRIER CONTACT
FUSE-BASE
Z CONTACT /
el ! Z / ! ]
%%%%%%%%%%%% .
b} FUSE BASE UNIT
SEMI| - ENCLOBED {KIT - KAT) FUSE UNIT
Table
Approxi- | Tinned copper wire | Alumi-
Current mate nium
rating fusing . wire
for current | sw.g. | Diameter | giz jp
Amp in mm i
15 3 40 12192 --
25 4 39 13208 -
a.4d 5 38 1524 195
40 5] 37 7272 -
2.0 8 35 21336 -
2.5 2] 34 23368 -
6.0 10 33 254 307
7.0 1 32 27432 -
8.0 12 31 29464 -
85 13 30 31496 -
95 15 - - 400
10.0 16 29 34544 -
12.0 18 28 37592 -
13.0 20 - — A75
13.5 25 - - .560
14.0 28 26 4572 -
15.0 30 25 508 630
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Disadvantages of rewirable type fuse:

« Effected by thefluctuation ofthe ambient temperature.
+ External flash or arc on blowing.

« Poorrupturing capacity (under short-circuit condition).
+ Wrong rating possible by human error.

Rewirable-typefuses upto 16A rated current shouldnot be
used in locations where short circuit level exceeds 2 KA,
(1.S.2086-963).

Cartridge fuses: Cartridge fuses are developed to over-
comethe disadvantages ofthe rewirablefuses. Ascartridge
fuse elements are enclosed in an air tight chamber,
deterioration does not take place. Further the rating of a
cartridgefuse couldbeaccurately determinedfromits marking.
However, the cost of replacement of cartridge fuses is more
thanthat of rewirable fuses.

« Ferrule-contact cartridge fuses (Fig 4).
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Relays - types - symbols

Ferrule-contact cartridge fuses: This type, is used for
protecting electrical and electronic circuits. These are
available in 25, 50, 100, 200, 250, 500 milliamperes, and
also in1,2,5,6,10,16 & 32 amperes capacity.

Normally the current ratingis written on one side of the cap,
and while replacing, the same capacity fuse should be
used. Its body is made of glass and the fuse wire is
connected between two metallic caps.

This fuse can be plugged into the fuse socket (Fig 4a) or it
can befitted into a fuse base witha screw, type fuse- holder
(Fig 4b).

High rupturing capacity (HRC) fuses (Fig 5): They are
cylindrical in shape and are made of a ceramic body filled
in with a chemically treated filling powder or silica to
quench the arcing quickly without any fire hazard.

Normally a silver alloy is used as the fusing element and
when it melts due to the excessive current, it combines
with the surrounded sand/powder, and forms small glob-
ules without making an arc, spark orgas. HRC fuses can
openashort-circuited circuit within0.013 second. Ithasan
indicator to show the fuse has blown.

As HRC fuses are capable of opening circuits having very
high faulty currents, these are preferred in high power
circuits even though the replacement cost is high.

Fig5
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Objectives: At the end of this lesson you shall be able to
» define a relay and classify the relays

» classify relays according to the operating force and function

» state the causes of the failure of the relay.

Relay: A relay is a device which opens or closes an
auxiliary circuit under predetermined conditions in the
main circuit.

Relays are extensively used in electronics, electrical
engineering and many otherfields.

There are relays that are sensitive to conditions of voltage,
current, temperature, frequency or some combination of
these conditions.

Relays are alsoclassified accordingtotheir main operating
force as stated under.

+ Electromagnetic relays

« Thermalrelays

Electromagnetic relay: A relay switch assembly is a
combination of movable and fixed low-resistance contacts
thatopenor closea circuit. The fixed contacts are mounted
on springs or brackets, which have some flexibility. The
movable contacts are mountedonaspringorahingedarm
that is moved by the electromagnet in the relay (Fig 1).

The other types of relays coming under this group are as
follows.
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ELECTRC MAGNETIC RELAY

Currentsensing relay: A current sensing relay functions
wheneverthe currentinthe coil reachesanupperlimit. The
difference betweenthe current specified for pick up (must
operate) and non-pick up (must not operate) is usually
closely controlled. The difference in current may also be
closely controlledfor dropout (must release) and non-drop
out (must not release).

Under-current relay: Under-current relay is an alarm or
protective relay. Itis specifically designedto operate when
the current falls below a predeterminedvalue.

Voltage sensing relay: A voltage sensing relay is used
where a condition of under-voltage or over-voltage may
cause a damage to the equipment. For example, these
types of relays are used in voltage stabilizers. Either a
proportional AC voltage derived from a transformer or a
proporticnal DC derived from a transformer and rectifier
used for this purpose.

Thermal relay: Athermal relay (Fig 2) isonethatoperates
by changes in temperature. Most of the bimetallic relays
wherethe bimetallic element changesitsshape, inresponse
to changes in temperature comes under this group.

Ittakestimefor the heating elementto reachthe necessary
temperature and moretime to raise the temperature of the
bimetallic element. Therefore, thermal relays are often
used as time-delay relays.

Types domestic wiring
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Causes of relay failures: Relay failures are usually
caused by the gradual detericration of the parts. This
deterioration can be electrical, mechanical or chemical in
nature.

The environmental shirks that contribute to physical
breakdown include large temperature changes, shock,
vibration and voltage or current changes. Therefore, it is
important thatthese factors are takeninto considerationto
ensure reliable performance of relays.

In general, when a relay fails, look for the following.
1 Improper control voltage.
2 Dirt, grease or gum on contacts or moving parts.

3 Excessive heating of parts: discolouration or charred
insulation on coil or base.

Bending of moving parts.

Corrosion or deposits on metal parts.
Excessive wear on moving parts.
Loose connections.

Improperspring tension.

w0 m -~ G G A

Impropercontrol pressure.

10 Improperfunctioning of the time delay device.

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

« state the types wiring used in domestic installations.

Introduction

The type of wiring to be adopted is dependent onvarious
factors viz. location durability, safety, appearance, cost
and consumer's budget etc.

Types of wiring

The following are the types of internal wiring used in
domestic installations.

» Cleatwiring(fortemporary wiringonly)
+ CTS/TRS (batten)wiring

+  Metal/PVC conduitwiring, either onsurface orconcealed
in the wall.

+  PVC casing & capping wiring

Cleat wiring

Thissystem uses insulated cables supported in porcelain
cleats (Fig 1).

Cleat wiring is recommended only for temporary
installations. These cleats are made in pairs having bottom
andtophalves (Fig2). Bottomhalf is groovedto receivethe
wire and the top half is for cable grip.

Initially the bottom and top cleats are fixed on the wall
loosely according to the layout. Then the cable is drawn
through the cleat grooves, and itis tensioned by pulling
and the cleats are tightened by the screw.

The cleats are of three types, having one, two or three
grooves, so as to receive one, two or three wires.
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Cleatwiringis one of the cheapestwirings considering the
initial cost and labour, and is most suitable for temporary
wiring. Thiswiring can be quickly installed, easily inspected
and altered. When not required this wiring could be
dismantled without damage to the cables, cleats and
accessories. This type of wiring may be done by semi-
skilled persons.

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

» explain the types of electrical wiring and their application
» state the advantages and disadvantages of each types.

Many wiring systems are developed to meet the safety
requirements, economy of cost, easy maintenance and
trouble shooting. A particular system can be chosen
accordingtotechnical requirements butthe systemneeds
to be approved by the local electricity authorities. The
following are the fundamental requirementsforany wiring
system. They are:

i Forsafety, switches should control the live phase wire.
The second terminal of the switch called as half wire
shouldbe connectedtothe appliance or socketthrough
the wire. The neutral can be connected directly to the
appliance, socket or lamp.

i Forsafety, fusesshould be placedinthe live/phasewire
only.

i Tosupplytheratedvoltage, parallel connections should
be givento all lamps and appliances.

Types of wiring system: There are three types of wiring
systems used fortapping supply frommainstothe different
branches. They are as follows.

1 Tree system
2 Ring main system
3 Distribution board system

Tree system: In this system, copper or aluminium strips
inthe formof bus bars are usedto connectthe mainsupply
to the raising mains (Fig1). This system is suitable for
multi-story buildings and the bus bar trunking space is
provided inthe buildingataconvenientlocationandatload
centres for the purpose of economy.
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Ateachfloorthe running mainis connectedtothe sub-main
boardthrough proper cable terminations. Ifthere are more
than one flatin each floor the individual main switches for
the flat get theirsupply fromthe sub-main boardthrough a
distribution networkwhichmay include an energy meterfor
each flat.

However the system adopted within the flat will be the
distribution board system.

Advantages

1 The length of the cables required for installation will
become less. Hence, the cost is less.

2 This system is suitable for high rise buildings.
Disadvantages

1 The voltage across the appliances which are at the
farthest end of the tree system may be less when
comparedtothe ocne connectedtothe nearestendifthe
bus bars size is not of sufficient size.

2 Asfuses are located at different places, fault location
becomestroublesome.

Tappings are taken for sockets or ceiling roses from the
pair of cables through fuses and controlling switches.
There may be saving of copper used because the current
can be fed from both sides. As this system requires
special sockets or plugs with fuses it becomes costly; and
hence rarely used in India.

Fig 2
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Ring main system: This system consists of two pairs of d
cables of size 4 or 6sg.mm which run through the rooms
and are brought back to the main or sub-board (Fig 2&3).
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As per |IEE regulations one ring circuit has to be there for
every 100 sq metres of the floor area or partthereof. The
number of power plugs fedfrombranchlines (spurs) should
not exceed two and the total current should not exceed 30
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amps. Protectionforindividual power plug can be provided
by having built-in-fuseswith the individual power plugs or by
having MCB type switch and socket arrangement.

147



Distribution board system: Thisisthe most commonly
used system. This system enables the appliances
connected to the system to have the same voltage. The
main switch is connectedtothe distribution boardthrough
suitable cables. The distribution board has a number of
fuses depending upcnthe numberofcircuits requiredinthe
installation, andthe phase and neutral cable of each phase
are taken from the distribution board (Fig 4).

LINK

CIRCUIT
1 2 3
EARTH TERMINAL
L[ Ny Lp| Mo Lg[Ng[ T = Bl
I NEUTRAL :
|
|

3
MAIN ICDP 5
16A,240V 50Hz E:

w

As each circuit can have power up to 800 watt, the phase
wire which is taken from the circuit fuse of the distribution
board is loopedto the other light switches or fan switches
of the same circuit by any one of the following ways.

No joint is allowed in the cable route except in
switches, ceiling roses and joint boxes.

a Looping out from switch and ceiling rose: Fig5
shows the simple looping in method which is commonly
employed. The phase wire which is connectedto the
terminals of the switch is looped out to the next switch
and so on, whereas the neutral wires are looped
togetherfromceilingroses (Fig3). Cable consumedin
this system is very high.
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b Looping out from switch: This system employs
special switches havingtwoterminals and one connector
(Fig8). Boththe phase and neutral cables aretakento
the switchfor loopingthe cables. Asthese accessories
are notcommonly manufactured in India suchasystem
is not used.
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¢ Looping outfrom3-plateCeiling roses: Inthistype
of system, three terminalceiling roses needto be used.
Asthis systemusesless cables whencomparedto (a),
this system is in use in some parts of India. (Fig 7)
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d Looping outwith junctionbox: Inthissystema pair
of conductors fromthe distribution board is brought to
the junction box and tappings are taken to switches,
two plate ceiling roses as well as other points fromthe
junction box. This method may be economical for
lodges where a row of rooms are constructed oneither
side of a common corridor. (Fig 8)
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Power
Electrician - Basic Wiring Practice

Related Theory for Exercise 1.7.63

Principle of laying out of domestic wiring

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

» explain the layout, installation plan, circuit -diagram, wiring diagram and state their uses
» state the B.1.S. regulation pertaining to wiring installation.

In electrical wiring work, the electrician is supplied with a
layout of wiring installationandaninstallation planinitially.

On the basis of the layout and installation plan, the
electrician should draw the circuit and wiring diagrams
before the commencement of work for systematicexecution
of the work.

Thetermsusedinwiringinstallation drawingsare explained
here.

Layoutdiagram: Some customersgivetheirrequirements
in writing. But a few can give them in the form of a layout
diagram to the electrician.

The layout diagram (Fig 1) is a simplified version of the
wiring diagram. Its purpose is to inform the reader quickly
and exactly, what the circuitis designed for without giving
any information on the circuit itself.

Fig 1
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Thistype of layoutdiagramis usedfor preparing architectural
diagrams, plans, etc. of a building.

In a layout diagram, it is necessary to indicate with
symbols details like whetherthe wiringisonthe surface or
concealed, andthe run “up' or "down', the number of wires
in run, dimensions, and accessories with appropriate |. S.
symbols.

Installation plan (Fig 2): This plan shows the physical
position of accessoriesinan installation, and also givesthe
final appearance of the installation.

Circuit diagram (Fig 3): This shows the schematic
connections of the circuit for a specific task inthe simplest
form, incorporating the graphical symbols.

The purpose of a circuit diagram is to explain the function
ofthe various accessoriesinthe circuit. Fig3isanexample
of acircuitdiagramfor controlling a lamp from two different
places.

Wiring diagram (Fig 4): Thisisthe diagram in which the
position of the components in the diagram bears a
resemblance to their actual physical position.

Fig 2
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Fig 4also shows the wiring planfor controlling a lampfrom
two different places with their actual locations.

Fig 4
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Forhis owngood andtofacilitate quicklocation of faults at
a later stage, the customer shouldinsist onthe electrician
giving him a copy of the wiring diagram soon after the
completion of wiring.
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B.l.S. Regulations and the N .E. code pertaining to
wiring installations

The wiring installation shell generally be carried out in
conformity with the requirements of the Indian Electricity
Act 1910, as updated from time to time and the Indian
Electricity Rules 1956, framed thereunder, and also the
relevant regulations of the electric supply authority of the
concerned area (State Government).

Thefollowing are some of the extracts of B.1.S. (Bureau of
Indian Standards) regulations pertaining to wiring
installations. Allthe B.1.S. regulations are recommended
by the National Electrical Code (NEC).

B.l.S. regulations pertaining to wiring installations

Wiring: Any one of the following types of wiring may be
used in a residential building.

* Tough rubber-sheathed or PVYC-sheathed or batten
wiring.

+ Metal-sheathed wiring system
+  Conduit wiring system:
a rigid steel conduit wiring
b rigid non-metallic conduit wiring
+  Woodcasing wiring
Permissible load in sub circuit and power circuit

Sub-circuits - different types: The sub-circuits may be
divided into the following two groups:

+ Light and fan sub-circuit
+ Powersub-circuit.

After the main switch, the supply shall be brought to a
distribution board. Separate distribution boards shall be
used for light and power circuits.

Lightand fan sub-circuits: Lightsandfans may be wired
onacommoncircuit. Each sub-circuit shall have not more
than a total of ten points of lights, fans and 6A socket-
outlets. The load oneach sub-circuit shall be restricted to
800 watts. If a separate circuit is installed for fans, the
number of fans in that circuit shall not exceed ten.

Power sub-circuits: The loadoneach power sub-circuit
should normally be restricted to 3000 watts. In no case
shall there be more than two outlets on each sub-circuit.

If the load on any power sub-circuit exceeds 3000 watts,
the wiring for that sub-circuit shall be done in consultation
with the supply authority.

Lighting : A switch shall be provided adjacent to the
normal entrance to any area for controlling the general
lighting in that area. The switches should be fixed on a
usable wall space and should not be obstructed by a door
orwindow inits fully open position. They may be installed
atany height up to 1.3m above the floor level.

The light fittings in kitchens should be so placed that all
working surfaces are well illuminated and no shadow falls
on them when in normal use.

For bathrooms, it is recommended to use ceiling lighting
with the switch located outside the bathroom.

It is recommended that lighting facilities be provided for
lighting of all steps, walkways, driveways, porch, carport,
terrace, etc, with switches for each provided inside the
house at a convenient place. If the switches are installed
outdoors, they should be weatherproof.

Waterprocf lighting fittings should be used for outdoor
lighting.

Socket-outlets: All plugs and socket-outlets shall be of 3-
pintype, the appropriate pin of the socket beingconnected
permanently to the earthing system.

An adequate number of socket-cutlets shall be placed
suitably in all rooms so asto avoid the use of long lengths
of flexible cords.

Only 3-pin, 6A socket-outlets shall be usedinall light and
fansub-circuits. 3 pin, 16Asocket-outlets shall be controlled
by individual switches which shall be located immediately
adjacenttoit. For 6A socket-outlets, if installed at a height
of 130 cm above the floor level, in situations where a
socket-outletis accessibleto children, itis recommended
to use shuttered or interlocked socket-outlets.

Dining rooms, bedrooms, living rooms, and study rooms,
if required, shall each be provided with atleast one 3-pin,
16A socket outlet.

MNo socket-outlet shall be provided in the bathroom at a
height less than 130 cm.

Fans: Ceiling fans shall be wired to ceiling roses or to
special connector boxes. All ceiling fans shall be provided
with a switch besides its requlator.

Fans shall be suspended from hooks or shackles with
insulators between the hooks or shackles and alsc with
insulators between the hooks and suspension rods.

Unless cthernwise specified, all ceiling fans shall be hung
not less than 2.75 m above the floor.

Flexible cords: Flexible cords shall be used only for the
following purposes.

+ Forpendents
«  Forwiring of fixtures

+ For connection of transportable and hand-held
appliances

Mounting levels of the accessories and cables as
recommended in B.l.S. and N.E.C.

Height of main and branch distribution boards should be
not more than 2m fromthe floor level. Afront clearance of
1 m should also be provided.

All the lighting fittings shall be at a height of not less than
2.25 mfromthe floor.

A switch shall be installed at any height 1.3 mabove the
floorlevel.

Socket-outlets shall be installed either 0.25 or 1. 3mabove
the floor as desired.
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The clearance between the bottom point of the ceiling fan
and the floor shall be nct less than 2.4 m. The minimum
clearance betweenthe ceilingandthe plane of the blades
of the fan shall not be less than 300 mm.

The cables shall be run at any desired height from the
ground level, and while passing through the floors in the

caseof wood casingandcappingand T.R.S. wiring, itshall
be carried in heavy gauge conduit 1.5 mabove floor level.

References
|.S.732-1963
|.S. 4648-1968
N.E. Code

Selection of the type and size of cable for a given wiring installation and

voltage drop concept

Objectives: At the end of this lesson you will be able to

» state the factors to be considered for selecting the cable for a circuit

» apply the factors and select the cable.

Inorder to determine the type and size of the cable for
agiven circuit, the following points should be taken into
account.

+ Suitability of the type of cable for the location of the
circuit and the type of wiring.

+ Sizeofthe cable depending upon the current carrying
capacity of the cable.

» Size of the cable depending upon the length of the
wiring and permissible voltage drop inthe cable.

« Minimum size of the cable based on the economy.

Location of the circuit and the type of wiring
decide the type of cable.

It is necessary to consider whether the installationis for
industry or domestic use andwhetherthe atmosphereis
damp or corrosive. Accordingly the type of cable has to
be chosen.

Further the type of wiring determines the type of cable
suitable for the installations.

The current carrying capacity of the cable
decides the size of the cable.

In this, the first stepis to find out the current expected
toflow inthe circuit whenthe total connected load is fully
switched on. This current is the maximum current that
would flow through the circuit in case all the loads are
working at the same time. But this is not the case in
actual situations.

Diversityfactor

In the case of lighting installation all the lamps in a
domestic installation may not be switched ‘on’ at the
same time. Hence, it is assumed only two thirds of the
lights (say 66%) only will be ‘on’ at a given time. This
introduces afactor called ‘diversity factor’.

When the connectedload is multiplied by the diversity
factoryouget a load value which can be said as normal
working load. Use of this diversity factor enables the
technician to use a lesser size cable than the one
calculated, based on the connected load.

Based on the working load the current in each circuit is
to be calculatedandthe size of the cable suitableto carry
the current has to be chosen.

Voltage drop in the cable

In any currentcarrying conductor, voltage drop takes
place due to itsinternal resistance. This voltage drop
ina premises as per BIS 732 should not be more than 3
percent of the standard supply voltage when measured
between the consumer supply point and any point of
the installation  when  the conductors are carrying
the maximum current under the normal conditions of
service.

Tables 3and4 for aluminiumcable and 5 for copper cable
give the relation betweenvoltage dropandlengthof the
cable runforvarious cables. Incasethevoltage drop found
in the cable exceeds the stipulated limit of 3% voltage
drop, the technician has tochoose the next bigger sized
cable to maintain the voltage drop within limits.

Ifthe cable size is increasedto avoid voltage drop in the
circuit, the rating of the cable shall be the currentwhich
the circuit is designed to carry. In each circuit or sub-
circuit the fuse shall be selected to matchthe load orthe
cable ratingwhichever isminimum, tocensure the desired
protection (BIS 732).

Declared voltage of supply to consumer

Onthe other hand according to |IE Rule No.54, the voltage
atthe pointof commencement of supply atthe consumer
should not vary from the declared voltage by more than
5 percentin thecase oflow or mediumvoltage or by more
than 12 percentinthe case of high or extra high voltage

(Fig1).
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At this stage it is better to remember that when current
flows through a conductor, the resistance offered by the
conductor produces heat. The increase in  heat is
proportional to the cable resistance which in  turn
depends upcn the cross-sectional area of the cable.
Since overheating damages the insulation, the conductor
size must be adequate to preventthis from occurring.

While choosing the cable size, voltage dropis a more
severe limitation than any other criterion. Hence, it
is advisable to select the cable size only after
ascertaining the permissible voltage drop. Excessive
voltage drop impairs the performance of heating
appliances, lights and the electric motors.

Calculation of voltage drop
In DC and single phase AC two-wire circuits
Voltage drop = Current x Total resistance of cables
=2IR
where lis the current and
R isthe resistance of one conductor only

Wherevervoltage dropis givenas 1 voltdrop per metre run
of cable, we have to assume that both (lead and return)
cables are taken into account and the cable carries
its rated current. In such cases the voltage drop for X
metre lengthof cableforacurrent of Y amps is calculated
asgiven.

{Length of ’ {Actual current

Volng} _ the cable of the load
drep Metre length of d
the cable per oney x B
ofthe cable
volt drop
_ XY
~ f Metre length of
the cable peronel§ x Bated curr it
ofthe cable
volt drop

3-phasecircuits

Voltagedrop=1.73x1R= \ﬁIR

where l'is the line current
R is the resistance of one core only.

The above points could be explained through the following
set of examples.

Example 1

A guest house installation has the following loads
connected tothe three phase 415 V supply with neutral.
Selecta propersize of cable for this installation.

1 Lighting - 3 circuits of tungsten lighting total 2860 watts

2 Power from 3 x 30A ring circuits to 16A socket outlets
for

a 1x7 KW Water heater (Instant)

b 2 x 3 KW Immersion heater (Thermostatically
controlled)

¢ Cooking appliances: 1 x 3 KW cooker
1 x 10.7 KW cooker

Current demand in amperes in each of the circuit is
calculated by referring the Table 1. Calculate current
taking account into the diversity factor.

Assuming the declared voltage as 240 volts andthe length
of the longest run in a circuit as 50 metres

Permissible voltage drop at the rate of 3%

 3x240

o0 7.2 Volts

If the size of the conductor selected is 35.0
sq.mm which can carry 69 amps, the voltage
drop at 69 amperes rating will be 1 volt for

every 7.2 metres cable run.

For 50 metres cable run the voltage drop at 69 amps
current rating = 50/ 7.2 volts.

Voltage drop for 65 amps

= N6 gt
= 72xe9  OTYOW

As the actual voltage drop inthe circuit, that is 6.54
volts, is well within the permissible value, of 7.2 volts,
the cable selected is suitable for the installation.

Table 1
Sl. Demand Current |Diversity | Current
No description| Demand |Factor allowing
(Ampere) | (Table 2) | for
Diversity
(Ampere)
1 Lighting 11.9 75% 9.00
2 Fower | 30 100% |30
ii 30 80% |24 }72. 00
iii 30 60% |18
3 Water
heaters 292 100% 292
(inst)
4 | VWater 25.00 100% 25.00
heaters
(thermo)
5 Cookeri 12.5 80% 10.00
il 445 100% 445
Total current = 2131 189.7

Totalcurrentdemand (allowing diversity)=189.7 amps
Load spread over 3 phases=189.7/3=63.23 amps,
say 65 amps per phase.
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Metal conduit pipe - methods of cutting, threading and bending

Objectives: At the end of this lesson you shall be able to
» state the methods of cutting a metal conduit pipe

» state the purpose and process of threading and list out the precautions of conduit pipes
» list the different accessories used in conduit installation
* state the purpose and methods of bending the conduit pipes and list out the precautions.

Cutting: Rigidand intermediate conduits may be cut witha
hacksaw (Fig 1) ora pipecutter (Fig 2) . With either method,
the conduit must be locked ina pipe vice before makingthe
cut.

After cutting (Figs 1 and 2) the inside edge of the conduit
must be smoothed with a half round file (Fig 3) or a pipe
reamer mountedina brace.

Fig 1
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d

Fig 2
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5
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Fig 3
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Threading: Conduit is threaded by using dies and a die
stock. Apply cutting cil to the end of the conduit before
starting to cut threads. Cutting the threads longer than
necessary will leave the exposed threads subject to
Corrosion.

Do not use any lubricant which is an electrical insulator,
as this may increase the resistance of the conduit
assembly and affect its use as the circuit protective
earthing conductor.

Precautions to be observed while threading conduit
pipes

1 Chamfer the end of the conduit to be threaded.

2 Applyalubricantfrequently while threading the conduit

pipe. It helps the die to cut more easily and the die to
stay sharp.

3 Reverse turnings of the die stock are necessary to
break off cut chips and to clear the cutting edges of the
die.

4  Useonlyabrushto removethe metal burrsfromthedie.
Do not use your hand.

Conduitfittings like elbows, bends and Tees: Allthese
fittings are available in two categories.

+  Normal
« Inspectiontype
They are made from cast iron.

Elbows are suitable for short bends whereas bends are
suitable for long bends. In general where a conduit runs
betweenthe wallandthe ceiling, elbows are used. (Fig4a,b
& d)

Tees are used in switch-drops and diversions. Various
types of these accessories (Fig 4c).

Fig 4
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b) INSPECTION TEE
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Conduit saddles are used to fasten the conduit on the
surface of the walls. These saddles could be used along
with any one of the following bases. They are:

* spacers made from sheet metal
+ distance piece made fromwood or PYC
« hospital piece made fromwood or PVC.

Varioustypesofthese basefittings along withthe saddles
are showninFig 5.
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d) SADDLE, SPACER BAR TWO-WAY e) COMBINED SPACER BAR SADDLE

d
CONDUIT SADDLE ASSEMBLY §
m

Metal conduit boxes: Termination of rigid conduits is
done at metal conduit boxes of either cast iron or sheet
metal. Various shapes and sizes of boxes are commer-
cially available in the market. Junction boxes of round,
square, rectangular and hexagonal shapes are manufac-
tured for one-way, 2-way, 3-way and 4-way outlets.

These outlets may be straight, angular or tangential as
required forthe situation. Whenordering, the specification
should contain the material with which the box is to be
made, the size of the conduit to be fitted, the number of
ways, shape and the position of outlets. (Fig 6)

Fig6
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Conduit pipe bending: It is often necessary to set or
bend the conduit to enable it to pass over an obstruction
(Fig7)ortoturna corner which is less or more than 90°
(Fig 8). The bending may be a little offset to the line of
conduit installation. This can be manipulated by proper
bendingasrequired.

The bending may be done by using a simple bending block
or by a hickey or with the help of a bending machine.
Further, inconcealedconduitwiring, the B.1.S. recommends
bending of conduitpipesin preferenceto the use of bends
andelbows.

Using bending block for bending conduit: The bending
block (Fig 9) is made preferably with teak wood or strong
country wood, and should have holes suitable for the
conduitto be bent. Edges are chamferred to avoid kinks in

the bent portion of the conduit. Light gauge conduits need
to be filled with sand and heated before bending to have
smooth bends.

Fig7
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BENDING CONDUIT WITH THE BENDING BLOCK

Using hickeyfor bending conduits: A hickey is a special
bending tool (Fig 10) and is made of forged steel or alloy
steel. A particular size of pipe requires that size of hickey.
Bending of pipes could be performed cold or hot by using
a hickey.

Using bending machine for bending conduit: Various
types of bendingmachines are available inthe market. They
can either be operated by hand (Fig 11) or by hydraulic
pressure. Foreachsize of conduit, the guide and collet need
to be changed.

Precautions to be observed while bending

* The pipe used should be mechanically strong to with-
stand the pressure while bending.
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BENDING CONDUIT WITH THE BENDING MACHINE

ELN22T150:

Poorly seam-welded pipes are not suitable for bending
as they may split while bending.

One of the easy methods of bending is to draw the
bending curve on the floor and bend the pipe accord-
ingly.

Whenawooden blockis usedfor bending, chamfer both
sides of the hole opening in the block.

Ensure that the conduit does not twist while bending.

Use a proper size of hickey according to the dia. of the
pipe to be bent.

While doing manual hot bending do not use wetsandas
the steam generated during heating may cause an
explosion.
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Power
Electrician - Basic Wiring Practice

Related Theory for Exercise 1.7.64 & 65

Test board, Extension board and colour code of cables

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

» explain the method of using a test board
» state the general colour codes used in cables.

Testboard: Atest boardis an electric switch board, used
for conducting the following tests.

« Continuitytest (Load connectedinserieswithalamp)

Example: Testing of fan winding, condition of choke
and tube light starter etc.

+ Directtest

Example : Testing electrical appliances of 1000 watts
orlower ratingfor properfunctioning.

Fig 1 source the schematic diagram of a test board with
all the outlets and controls. Sockets P, and P, provide
direct, single-phase supply whereas socket P, andterminal
block T provide a single-phase supply in series with the
lamp L,.
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Continuity test: While performing a continuity test, the
appliance to be tested is connectedto the socket P, orto the
terminal T which are in series with the lamp L, and are
controlled by switch S,. Normally thistest is conducted by the
electrician to ascertain whether the appliance is open-
circuited or short-circuited. A low wattage, appliance when
connected, will make the lamp L, to burn dim, and a high
wattage appliance will make the lampto bum bright.

Accordingtothe brightness of the lamyp, the behaviour of the
appliance, as well as the wattage of the appliance and the
lampandthe condition ofthe appliance could be judged. "No
light' indicates either open circuit or high resistance in the
appliance. Inthe same way, achoke coilandastarter ofatube
light can be checked. (The flickering of the lamp L, with the
starter indicates that the starter is good.)

Thus the testing board also works as a continuity tester.

Direct testing: By connecting the appliance direct to the
socket P, or P, the performance ofthe appliance can be
verified after repair.
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Fuses: Ifthe indicatorlampL. does notburn, itindicates no
supply. On the other hand, in normal conditions, the
indicator lamp L, will not burn, and it burns only when the
fuse F, is open.

Thus the test board is a cheap and handy test set whichis
easy to use by anelectricianto carry out his routine checks
in the course of his work.

Colouridentification of cables: The colour ofthe cables
indicates theirfunction. Table 1 gives the colour code and
the alpha-numericneotationas recommended by N.E. Code.

The rules apply for marking conductors in equipment/
apparatus/installation.

Table 1
Alpha-numeric notation and colours
Designation of Identification by
alpha colour
Supply AC Phase 1 L1 Red
system Phase 2 L2 Yellow
Phase 3 L3 Blue
Neutral N Black
Apparatus Phase 1 U Red
AC system Phase 2 V Yellow
Phase 3 W Blue
Neutral N Black
Supply Positive L+ Red
DC system Negative L- Blue
Mid-wire M Black
Supply AC Phase L Red
system Neutral N Black
(Single
phase)
Protective Earth PE Green and
conductor yellow
Earth E Colour of the
bare
conductor.

Extension board (Fig 2)

Extension boards are used to operate portable electrical
appliances/ machines. Itis also usedwhere more number
of sockets are required at a time.

Extension boards are available in different shapes with
PVC (or) plastic boxes provided with 2 core (or) 3 core
cables and moulded plugs. Extensionboards are available
in 6A and 16A ratings.



EXTENSION BOARDS
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Conduit wiring - types of conduits - non-metallic conduits (PVC)

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

« distinguish between the different types of conduits used in wiring
 state the different types of accessories used in non-metallic conduits wiring.

Ingeneral, conduit is defined as a tube or channel, which
is the most commonly used in electrical installations.
Whencablesare drawnthrough the conduit andterminated
atthe outlet or switch points, the systemof wiring is called
conduitwiring.

Types of conduits

There are four types of conduits used for wiring.
+ Rigid steel conduits

« Rigid non-metallic conduits

» Flexible conduits

+ Flexible non-metallic conduits.
Non-metallic conduits

These are made of fibres, asbestos, polyvinyl chloride
(PVC), highdensity polyethylene (HDP) or poly vinyl (PV).
Ofthe above, PVC conduits are popular owingto their high
resistance to moisture and chemical atmosphere, high
dielectric strength, lowweightand low cost. These conduits
may be buriedinlime, concrete or plaster without harmful
effects.

However, light gauge (lower than 1.5 mm wall thickness)
PVC pipes are not as strong as metal conduits against
mechanical impact. Special PVC pipes which are heavy
gauge and high impact resistance are available in the
market which canwithstand heavy mechanical impact as
the thickness of the pipe is more than 2 mm.

Thereare some PVC heavy gauge conduits having special
base material made towithstandtemperatures upto 85°C.
These PVC conduits are available in 3 m length.

Variation in conduit wiring systems

There are two types of conduit wiring systems as stated
below, for either metallic or non-metallic types.

« Surface conduit wiring system done on wall surfaces.

+ Concealed (recessed) conduit wiring system done
inside the concrete, plaster or wall.

Selection of the type of conduit

Metallic or PVC conduits are equally popular in electrical
installations. Selectionofthe type of conduit depends upon
thefollowing criteria.

+ Typeoflocation, outdoor orindoor

+ Type of atmosphere, dry or damp or explosive or
corrosive

« Expectedworkingtemperature

+  Exposureto physical damage dueto mechanicalimpact
» Allowable weight of conduit runs

+ Estimated cost.

Special precautions with non- metallic conduits

1 If the conduits are liable to mechanical damages they
should be adequately protected.

2 Non-metallic conduits shall not be usedforthe following
applications.

3 In concealed/inaccessible places of combustible
constructionwhere the ambient temperature exceeds
80°C.

4 In places where the ambient temperature is less than
S
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5 Forsuspensionofflucrescentfittings and other fixtures
6 Inareas exposed to sunlight.

PVC fittings and accessories

Couplers (Fig 1)

Normally push type couplers are used and the conduit
shall be pushed right through to the interior of the fittings.
Inspectiontype couplers are usedin straight conduitruns
to assist in the inspection of the cables.

Circular boxes (Fig 5)

Fig 1

Q) Q)

COUPLERS

TYPES OF COUPLERS

Fig5

CIRCULAR BOXES
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Elbow (Fig 2)

The axis of any elbow shall be a quadrant of a circle plus
a straight portion of each end. Elbows are used at sharp
ends of nearby walls or roof and wall.

Fig2
SOLID ELBOW
ELBOWS g
Bends (Fig 3)

Abendgivesadiversionof 90°Cinthe turnofa conduit, and
a normal bend shall be a large sweep. Inspection type
bends are used to assist in the inspection at the corners
and fordrawing cables.

Fig3

SOLID BEND
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Tees (Fig 4)

Tees are usedtotake diversionfromthe mainline eitherto
the switch points or the light points. It may be either an
ordinary type or an inspection type. Inspection type tees
are usedtoassistinthe inspectionincasethere isaneed.

Fig 4

SOLID TEE

TEE
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Small circular boxes shall be provided with two machine
screws of a diameter not less than 2.8 mm for fixing the
covers. Large circular boxes have four machine screws of
not less than 4 mm diameter having nct less than 10mm
threaded portion forfixing the cover.

They areavailableinasingle-way, two-way, three-way and
four-way as well as back outlet types which can be used
as per necessity inwiring. The minimum depth of junction
boxes used in roof slabs shall be 65 mm. The covercfthe
circular box shall be made of the same material as that of
the the box, and have a minimum thickness of 1.6 mm.

Apart from the above various other types are used as
junction boxes. (Fig 6)

Fig6

TEE BOX
TYPES OF BOXES (JUNCTION BOXES)

ANGLE BOX
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Method of cutting, joining and bending PVC conduit
pipes
While doing the conduit wiring, it becomes essential, that

the length has to be increased or decreased. Further the
conduit is to be bent according to the required situation.

Cutting PVC conduit

A PVC conduit is easily cut by holding at the corner of a
bench and using a hacksaw. Any roughness of cut and
burrs should be removed with the aid of a knife blade/emery
sheet, or sometimes by using a reamer. Before installing
the PVC conduit pipe great care should be takento remove
the burrs inside the pipes to avoid damage to the cables
during the cable drawing process.

158 Power : Electrician (NSQF Revised - 2022) - Related Theory for Exercise 1.7.64865



Joining conduit with fittings

The most common jointing procedure uses a PVC solvent
adhesive. Before applyingthe adhesivethe innersurface of
the accessory and the outer surface of the PVC pipe shall
be cleaned with emery sheet to have a better grip. The
adhesive should be applied to the receiving portion of the
conduit fitting, and the conduit twisted into it to ensure a
total coverage.

Generally, the joint is solid enough for use after two
minutes although complete adhesiontakes several hours.
Inorder to ensure a sound joint, the tube and fittings must
be clean and free from dust and oil.

Where expansion is likely and adjustments become
necessary a mastic adhesive should be used. This is a
flexible adhesive which makes a weatherproof joint, ideal
forsurface installations and in conditions of wide temperature
variation. It is also advisable to use the mastic adhesive
where there are straight runs on the surface exceeding 8
metres in length.

with suitable dummy covers. The portionwherethe bendis
to be made shall be heated uniformly (Fig 8a) to a
temperature below its melting point.
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Then bend the required angle is made by holding both
sides, with sufficient gap from the heated portion to aveid
burning of hands, andapplying uniform pressure (Fig8b).
Care shall be taken to avoid kinks on the conduits while
bending.

Conduit fittings should be best avoided, as far
as possible, on outdoor systems.

Bends in conduit

Allbendsinthe non-metallicsystem shall be formed either
by bending the pipes by proper heating or by inserting
suitable accessories such as bends elbows or similar
fittings. Solid type fittings shall be used for recessed
wiring. Solid type/inspection type of fittings shall be used
for surface conduit wiring.

The minimum bending radius of conduits shall be 7.5 cm.
Care should be taken while bending the pipes to ensure
that conduit pipes are not damaged or cracked and the
internal diameter is not effectively reduced.

Inrecessed conduit wiring, conduit bending, otherthanat
the ends, shall be made by bending the pipes to the
requiredangle and clamping atshort intervals. Inthe case
of conduits laid in the roof slab, it can be clamped or tied
to steel reinforcement bars with suitable metallic clamps.

Inthe case of conduits recessed onwalls, the chasis shall
be made in the required shape and conduit fixed in the
groove with suitable clamps. In the case of bending for
surface conduit system, bending can be done either at
cold state or by proper heating.

Bending PVC conduit in cold weather (Fig 7)

In cold weather it may become necessary to warm the
conduit slightly at the point where the bend is required.
One of the simplest ways to do this is to rub the conduit
with the hand or a cloth. The PVC will retain the heat
created long enough forthe bendto be made. Inorderthat
the bend is maintained at the correct angle, the conduit
should be saddled as quickly as possible.

Bending of conduit by heating

The piece of conduit to be bent is first cut and inspected
forany sharpedges or burrs left out. Insuch cases itshall
be made smooth by using suitable emery sheet. The
conduit is then filled with river sand. The ends are sealed

Figs
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In PVC conduit wiring the first step is to select the correct
size of conduit. The conduit size is determined by the
size of cables and the number of cables to be drawnina
particular section. This information can be obtained from
the wiring layout and the wiring diagram.

Selection of conduit size

A non-metallic conduit pipe, used in wiring, should have a
minimum size of 20 mm in diameter. Where a large number
of conductors are to be drawn, the size of the diameter
depends on the size of the conductor and the number of
conductors. Table 1 gives details of the numbers and the
sizes of conductors that can be drawn in each size of a
non-metallic conduit.

When 2.5 sg mm 650 V grade single core cables of six
numbers are to be drawn in a single run, we can use 25
mm non-metallic conduit as per the table.

When 6 sq mm. 650 V single core 6 cables are to be
drawn in a single pipe we can use 32 mm PVC pipe. The
following are the maximum permissible number of 650/
1100V volts grade single core cables that may be drawn
into rigid non-metallic conduits (Table 1).
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TABLE 1

Maximum number of PVC insulated 650 /1100 V grade aluminium/copper conductor cable
drawing through conduits conforming to 1S: 694-1990.

Nominal Cross- sectional 20 mm 25 mm 32 mm 38 mm 51 mm 70 mm
area of condutor in sq.mm
s B (8 B S B S B S B S B
1.50 5 4 10 8 18 12 |- - - - - -
250 5 8 6 12 10 |- - - - - -
4 3 2 6 5 10 8 | - - - - - -
6 2 - 5 4 8 7= - - - - -
10 2 - 4 3 6 518 6 - - - -
16 - - 2 2 g 3 16 5 10 7 12 8
2 - - - - 3 215 3 8 6 g
35 - - - - - - |3 2 6 5 8 6
0 - - - - - - | - - 5 43 6 5
70 - - - - - - | - - 4 3 5 4

15 degrees.

Conduit sizes are the nominal external diameters.

The above table shows the maximum capacity of conduits for a simultaneous drawing in of cables.

The columns headed ‘S’ apply to runs of conduits which have a distance not exceeding 4.25 m between
draw in boxes and which do not deflect from the straight by an angle of more than 15 degrees. The
columns headed ‘B’ apply to runs of conduit which deflect from the straight by an angle of more than

PVC Channel (casing and capping) wiring

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

» state the use limitation and rules of channel wiring system
» select the channel size according to size and number of cables from the chart
» explain the method of fabricating neutral, bend, and junction in PVC channel .

Introduction : Channel (Casing and Capping) wiringis a
system of wiring in which PVC/metallic channels with
covers are usedfordrawingwires. Thissystemofwiringis
suitable for indoor surface wiring works. This system is
adopted to give a good appearance and for extension of
existing wiring installation. PVC insulated cables are
generally used for wiring in casing and capping system.
This is otherwise called ‘wireways'.

The channel and top cover shall be of the same material
either PVC oranodised aluminium. The casing is square
or rectangularin shape. The cappingshall be slideintype

with double grooving in the case of PYC wire ways. Plain
type capping are used for metallic wireways.

The only disadvantage in a channel wiring is that it is
inflammable and risk of fire.

Dimensions: The sizes of channel, the maximum number
of wires which can be drawn in each size are giveninthe
table 1 below.

The thickness of channel should be 1.2mm £ 0. 1mm.

Table 1
Nominal cross 10/15mm X 20mm X 25mm x 30mm x 40mm x 50mm x
sectional area of | 10mm size 10mm size 10mm size | 10mm size 20mm size 20mm size
conductor channel channel channel channel channel channel
in sq.mm
No. of No. of No. of No. of No. of No. of
wires wires wires wires wires wires
k5 3 5 5] 8 12 18
2.5 2 4 5 6 9 15
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10 - 1
16 - -
25 - -
35 - :
50 : :
70 - -
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Precautions

1 Neutral (Negative) cables should be carried in top
channel and phase (Positive) in the bottom channel.

2 Crossingof cablesbetween phase (Positive) and neutral
(Negative) should be avoided.

3 Porcelainor PVC pipe should be used for crossingthe
cables through the walls.

Installation of PVC channel : The channel should be
fixedto wall/ceilingwith flat headed screws and rawl plugs.
These screws shall be fixed at an interval of 60cm. On
either side of joints this distance shall not exceed 15cm
fromthe end point. Channelunder steel joints shall be fixed
with MS clips of not less than 1.2mm (18SWG) thickness
and width not less than 19mm.

FloorWall crossings : VWhen conductor pass through
floors/wall the same should be carried in a steel conduit/
PVC conduits properly bushed at both ends. The conduits
shall be carried 20cm above floor level and 2.5cm below
ceiling level and properly terminated into the channel.

Joints in PVC/Metal channel : As far as possible
wireways in straight runs should be single piece. Alljoints
shall be scarfed or cut diagonally in longitudinal section.
The sectionendsshall be filed smoothly but joined without
any gap. Care shall be takento seethat the joints in PVC
coverdoes not overlap those channel.

Joints shall also be done using standard accessories like
elbows, tees, 3ways/4 ways junction box etc of highgrade
PVC/Aluminium alloy. In PYC channel separate channel
coverforjoint, elbows, tees, crossetcare available. These
can be fixed after fixing the channel to give a good
appearance. Theradius of curvature ofthe cablesinsidea
bend should be more than 6 times its over all diameter.

Inthe case of PVC channel, making joints is comparatively
easy. Markthe joints by placingthe two pieces inrequired
angle. |dentify the positionto be cut and remove on each
pieces. Cut through the lines and file the edges to get
gapless joint.

Fabricating a right-angled vertical bend

1 Markout the position of bend of all sides as shownin
Fig1. thewidth Y’ must be made equaltothe diagonal
length " to be cut.

2 Drill small holes in corners at point of bend to stop
channel folding (Fig 1).

Fig 1

SMALL HOLE TO STOP
THE METAL FOLDING

ELNZ27281

3 Place wood blocks inside trunking for support. Cut
sides of trunking (Fig 2).

Fig 2

CUT SIDES OF
TRUNKING

ELN227232

4 Cut, file and break-off waste (Fig 3).

Fig3

CUT HERE
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5 Fileallthe edgessmoothinorderto bendto shape
(Fig4).

Make 'L' plates out of PVC scrap (Fig 5).

Make and secure assembly with 'L’ plates and paste it
with suitable adhesive (Fig 6).

Fabricating 90° bend
1 Mark out the position of bend (Fig 7a & b).
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6 Make and secure the assembly with fish plate (Fig 8).

Fig4
Fig 8
(b)
&
Fig 5
e @ © E
Fabricating a Tee junction
1 Mark out the position of tee using another piece of
trunking to gauge width
2 Cutout the space for the tee (Fig 9a). Blocks of wood
should be used to support section being cut.
3 Inanother piece cut away the section (Fig2b) to form
E two legs (Fig 9c).
Fig 9
Fig 6 BLOCKS OF WOOD
E
@)
Fig 7

=
[}

2 Place wood blocks in trunking for support and make
cuts with hacksaw.

Remove sections and file smoothly.
Bend shape and adjust the fit as required (Fig 8a, b & c).
Make fish plates from PVC scrap (Fig 8b).

~— CUT THIS PORTION

(b ©)
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4 File edges smooth and remove burrs. Check fit and
adjust as necessary.

5 Make, assemble and secure the Tee junction using
suitable adhesive (Fig10).

Installation of cables : Cables carrying the direct current
oralternate current shall always be bunchedseperately so
that the outgoing andreturncables are drawn in the same
channel. Clampsshall be providedto holdthe wires inside
the channel at suitable intervals, so atthe time of opening
of the cover of channel, the wires do not fall out.
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Fig 10

ASSEMBLEDTEE JUNCTION
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Power wiring

Attachment of cover : Cover should be attached to
channelinindividual sectionsafterdrawingall wires inside.
No screws or nails shall be used for fixing PVC capping
(cover) tothe casing (channel). The capping (cover)should
be slided inthroughthe grooves. Metallic capping (cover)
shall be fixed by using cadmium plated screws in a
staggered mannerwith axial spacing notexceeding 30cm.

Earth continuity conductor : Earth continuity conductor
shall be drawn inside the casing and capping (channel) for
earthing of all metallic boxes of the installation as well as
for connecting to earthpin of the socket.

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

» state the power, control, communication and entertainment wiring.

A panel wiring diagram usually gives information about the
relative position and arrangement of devices and termi-
nals of the devices to help in installing or servicing the
device,

Generally all the control panel / commercial / industrial
wiring invariably consists of two sections viz control wiring
and power wiring.

Fig 1 shows the typical layout diagram of a motor wiring.
The control panel consisting of allthe controland protective
devices installed near toc the power source and the load
like, furnace, compressor etc, are installed away fromthe
power source / panel boards.

Powerwiring is a high current carryingcircuitwhichiswired
to connect / disconnect the load like motors/ furnace
through the protective devices like OLR and fuses etc..

Fig 1
oO——
o— | MAINS
30
O—— 415V
e

1

I“ENEE’L B L( ??; \%\Bj

OFF/ON

CONTROL CIRCUIT
{WIRING)

| A

POWER CIRCUIT (WIRING)

ELN227241

Powerwiring hasto be done as perthe guidelineandrules
specified in |E rules. The cable size depends on the load
current and it varies according to the load.

The power and control cable should net be run into single
conduit. As the current radiation influences the control
cable, a seperate conduit to be provided for control and
power cables.

Control wiring

Control wiring is a circuit which is wired to communicate
the commands and other information between control
devices and lighting.

Control wiring enables the control circuitforvarious control
purpose. Ina motor control unit the control circuitis wired
andkept nearto motor. In othersystemsuchasfirealarm,

fire detector etc. The control circuitis wired seperately with
low current carrying condutors and drawn seperately for
easy maintenance.

Fire alarm

The purpose offirealarmsystemisto provide animmediate
alarmincase of any fire andto prevent loss of life, alsoto
secure the immediate attention of fire fighting staff.

Fire detectors

The three principal fire detection method involve sensing
the heat, presence of flame or smoke. The third method
identifies the pre - fire condition that is a flammable gas
detector, which istechniclaly not afire detectorandits use
islimited to places where flammable gases are likely to be
present.
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| Heat detector

Thethree basicoperating principles forheatdetectionare:
a Fusion detector (melting of a metal)

b Thermalexpansicndetector

¢ Electrical sensing

Il Smokedetectors

There are three types of smoke detectors namely
1 lonisationdetector

2 Light - scattering smoke detector

3 Obscuration smoke detector.

Il Flammable gas detector

A flammable gas detector is designed to measure the
amount of flammable gas in the atmosphere. The gas
mixture is drawn over a catalytic surface where oxidation
i.e. combustion takes place. The combustion causes a
rise intemperature of the surface which is measured by a
decrease inits electrical resistance. Theinstrumentsare
calibrated by considering pentane or heptane as reference
gas. Thereadings are displayedinterms of percentage of
lower explosive limit.

Control panel for fire alarm system

The control panelis the heart of the systemthroughwhich
the fire alarm system is monitored and alarm is initiated if
any indication/signal is conveyed to the panel.

Theworking of the fire alarm systemshould be
checked once in a month regularly.

The features of the control panel are the power supply,
battery charging unit and control card.

Communication wiring

It is type of wiring which is used to transmit the voice,
data, images and video etc to the desired places.

Some of examples are

+ Telephone wiring

« Internet /LAN network wiring

+ Cable TV and other entertainment wiring
« Data and security services wiring

+  Telex/ Fax machines wiring

Faster and more reliable than ordinary phone wiring, low-
cost, high-tech copper wiring should serve every roomin
the modern home. Its is required to carry voice, data and
other services from where they enter the house to every
room, and from any one room to any other.

Necessity of communication wiring

Unshielded twisted pair (UTP) copper information wiring
often called structured wiring is used today for offices,
schools and factories to provide local area networks
(LANSs), which allow computers to talk to one another and
to receive and send Internet and high-speed computer data
outside the facility.

Educated homebuyers-and homebuilders realize itis better
to use the most advanced wiring technclogy up front, when
installation is economical.

It's better to anticipate the homeowner's future needs by
wiring the house with a state-of-the-art system while it is
being built, and at the same time equip yourself with a
powerful marketing tool.

The phone wiring of the past, often referred to as quad
wiring because it has four copper wires, is how obsolete.
Cat 5 or higher speed wiring has four twisted wire pairs, or
eight wires.

Copper UTP Wiring

Copper UTP wiring contains eight color-coded conductors
(four twisted pairs of copper wires). It offers greatly
increased bandwidth compared with old-fashioned quad
wiring.

The cable is small (roughly 3/16 inch in diameter),

inexpensive and easy to pull, although it must be handled
with care.

Advantages
Modern copper UTP wiring offers the following advantages:
Diversity

The Internet and computer communications, as well as
ordinary phone signals, can be carried throughout the home
on modern, inexpensive, high-speed, UTP cables. (To
service a large number of TV channels, it is recommended
to also run high-quality coaxial cable, such as quad-
shielded RG-6.)

More phone numbers

Several phone numbers can be made available throughout
the house. Actually, voice service requires very little
bandwidth, and the addition of separate numbers is almost
trivial.

Fig 1 is a simplified plan of a small, two-bedroom, single-
story house. Note that all the wiring radiates froma single
distribution device the star pattern and there are multiple
outlets in each major room, including the kitchen and the
porch.

Entertainment wiring

It is a type of wiring which is mainly used for entertainment
or relaxation purpose. Example Home theatre wiring.

The nature and guality of wiring will not only determine the
level of safety in home theatre room, but equally important,
will have a noticeable impact on the video and sound
guality of your system components.

Home Theatre Wiring Basics: Safety, planning,
budgeting

When it comes to home theatre wiring, the guiding principle
is...

+ Doitsafe
+ Doitonce
+ Dot right
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Safety: This is a most important aspect in any installation.
Do not save on the wiring by using sub-standard cables.

With in-wall installations, Specially certified wires
(UL-rated CL3 wires) should be used that comply with
national standards for resistance to fire, chemicals,
abrasion, and temperature extremes.

Planning: Planning is the key to future proofing the
installation while avoiding costly alterations later on.

AV (Audio Video) equipment and speaker placement the
room lighting requirements, networking, possible future
additions, etc. are to be taken care of these will determine
the quantity and placement of the various audio/video points
inthe room as well as the electrical needs for home theatre
installation.

Finally, when it comes to estimating the required cable
lengths, do not just calculate the linear lengths to complete
your cable runs; allow for at least 20% extra to cover for
possible errors and slack for terminations.

Home Theatre Speaker Wiring

Many fail to realize that home theatre wiring can have a
noticeable impact on speaker performance. The greatest
speakers will not sound their best with the use of
inappropriate speaker wires or an incorrect wiring
installation. In particular, selecting the correct speaker wire
thickness is essential for the best speaker performance.

At the same time, keep in mind that some speaker
manufacturers use non-standard connectors with their
speakers; in these circumstances, use of opticnal third-
part speaker wire and connectors may not always be an
option unless you take the extreme route of splice your
wiring.

Speaker Wire Size

Selecting the correct thickness for your home theater wiring
is important as it affects the speakers' performance; it will

impact the speakers' ability to deliver the explosive effects
in home theatre sound.

Single Room Installation

The thicker wire will help bring out fine musical detail in
guality music systems, as well as deliver the explosive
effects of surround sound.

In those situations where long speaker wire runs cannot
be avoided, thicker wire helps reduce the overall resistance,
and therefore amplifier load - leading to lower operating
temperatures. This will result in improved sound quality
and long-term stability.

After setting up a modestly priced home-theatre-in-a-box
package, do not go for the more expensive thicker wire
unless you plan an upgrade sometime inthe future; using
of gauge 16 speaker wire should suffice in this case.

Connection Basics

Speakers and amplifiers/receivers normally come equipped
with one of two types of connectors - spring terminals or
binding post connectors.

Each speaker connection have two such terminals marked
(+)and (-) to help you distinguish the two leads. Maintaining
correct polarity all along your home theater wiring is
important. For this reason, speaker wire and terminals
are normally color coded black for the -ve terminal and red
for +ve side.

Spring terminals will only accept pin connectors or tinned
base wire ends. Instead, binding posts accept many types
of connection, including pin, banana plug or spade.

Guidelines for Home theatre wiring & installation

+ Do not run home theatre cables in close proximity or
parallel to other electrical lines, nor run your wiring
around power supplies as these can lead to interference
issues with both your audio and video system
components.
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Power
Electrician - Basic Wiring Practice

Related Theory for Exercise 1.7.66 - 68

Special wiring circuits - Tunnel, corridor, godown and hostel wiring

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

* state the difference between godown, tunnel and corridor, bank/hostel wirings
e draw the tunnel lighting / corridor / bank / hostel circuits

« prepare the mode chart for the above circuits.

Staircase wiring: In wiring one lamp controlled with one
switchina simple wiringcircuit to beginwith. However one
lamp controlledwithtwo switches fromtwo different places,
known an staircase wiring in the very basic wiring. Fig 1
shows such a wiring where two double pole switches are
used to control one lamp individually.

‘r 2 _} LAMP-HOLDER
E é WITH LAMP

Fig 1

TWO-WAY SWITCH
STAIRCASE-WIRING DIAGRAM

TWO-WAY SWITCH

ELN227411

In the case of godown wiring we have seenthat as you
move inside the godown, you can switch ona lampahead
of you while the light behind you is put off. The same
process inthe reverse order takes place while moving out
of the godown.

But one light will not be sufficient to give enough illumination
inthe case of tunnels where darkness is more. Hence, the
wiring circuit for atunnel needs at leasttwo lightsto be ‘'ON’
at a time while a person moves inside a tunnel and goes
out.

Whereas inthe case of corridor wiring the corridor may
have a number of rooms occupied by different persons.
Whenone movestoward his room, he needs aforward light
to do so. The moment he finds the room and cpens it, he
may not need the corridor light. Then there should be an
arrangement to switch off the light left behind the forward
moving person and at the same time there should be a
provisionto switch offthe lightinfront of his room. Suchan
arrangementis incorporated incorridor wiring.

Tunnel lighting circuit (Fig 2)

In tunnel wiring a person walking along the tunnel can
successively light behind two lamps ahead and put off a
lamp behind with one switch.

All switches are two-way switches.
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Caution: This circuit is not in accordance with
IE rules as the phase and neutral come in the
same switch. So care should be taken while
cohnecting the wires.

Fig 2 sl wile . wals A8l
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TUNNEL WIRING - SCHEMATIC DIAGRAM
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The mode of operation ofthe switches andthe consequent
lighting position are shown below.

Mode chart for tunnel wiring

SWITCHES | LIGHTS
5 |%|% S L|le|Ls| 4
X |R [ K|/ K[X
V[ | XK | X |/ |/ X
V|| R|X (X ||
|||V | R R K| X

MODE CHART FOR TUNNEL WIRING

Corridor wiring (Fig 3)

In this circuit, operating the first switch in one set makes
the first light to switch onwhile operating the 2nd switchin
the first set switches off the first light. This sequence goes
on as explained in the mode chart.

Fig 3
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Switch lamps chart
SWITCHES
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Godown lighting circuit

Letus considera godown lighting circuit (Fig 4) having four
lampsL,,L,,L,andL, whichare to be controlled suchthat
if one moves in a godown in either direction he can switch
ONonelightafterthe ctherin the forward direction while the
lamp which was lighted earlier gets switched OFF. Inan
arrangement. S, isaonewayswitch, S,, S,andS, aretwo-

way switches.

While coming back from the godown when the person
switches off the light 4, then the light 3 will be on and give
light for his return movement. When he leaves the godown
allthe lights could be switched ‘off' by operating switch S,.

Fig 4
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CIRCUIT DIAGRAM
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The following chart gives the mode of operation of the
switches and lights. Trainees are advised to make the
return mode chart.

Mode chart for godown wiring

Switches Lights
5. 8 S, S, L, r, L, L,
ON OFF OFF OFF ON - = =
ON ON OFF OFF - CN - -
ON ON ON OFF - - ON -
ON CON  ON ON - - - CN

Intermediate switch - Application in lighting circuit

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

» draw diagrams of a lighting circuit using intermediate switches.

An intermediate switch is a special type of switch having
four terminals for connection. This switch is commonly
usedto controlalampor load fromthree or more positions
as encountered in the lighting of staircases, corridors,
bedrooms.

The schematic diagram (Fig 1) is for controlling one lamp
from five locations using two two-way switches and three
intermediate switches is given below.

Fig 1
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O
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St Sz S3 S4 S5 g
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Inthe schematicdiagram (Fig 2) isfor controllingone lamp
from 3 positions with a master control as a security control
switch. The lamp is controlled independently from three

places by switches §,, §, and §,. Vwhenthe master switch
‘M’ is ‘'ON'’ the lamp is permanently ‘ON’and cannot be
controlled by switches S, §, and S,

Fig 2
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Asintermediate switches are costly two numbers of two-
way switches canbe linkedthroughacommon barandcan
be used as an intermediate switch. This circuit controls
one lamp from 3 places.
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Power

Related Theory for Exercise 1.8.69

Electrician - Wiring Installation and Earthing

Main board with MCB DB Switch and fuse box

Objectives: At the end of this lesson you will be able to

» state the | E regulations/ B 1 S recommendations/ NE Code of practice with regard to the main board and

distribution fuse box.

Reception and distribution of main supply

There shall be a circuit breaker ora linked switch with fuse
in each live conductor of the supply mains at the point of
entry.

The neutral wire should not have any break inthe form of
switchorfuse unit. Inthe mainswitch, the neutral conductor
should be marked clearly.

The mainswitchgear shall be located in a place where itis
accessible and should be near to the terminating point of
the service line.

Main switches and switchboards
Reference BIS 732-1963 and NE code.

All main switches shall be either of metal-clad enclosed
patternorofany insulated enclosed patternwhich shall be
fixed at close proximity to the point of entry of supply.

Location

Switchboards shall not be erected above gas stoves or
sinks, or within 2.5 m of any washing unit in the washing
rooms or laundries, orinbathrooms, lavatories, toilets, or
kitchens.

In the case of switchboards unavoidably fixed in places
likely to be exposed to atmospheric weather, the outer
casing shall be weatherproof and shall be provided with
glands or bushings oradaptedto receive screwedconduit,
according to the manner in which the cables are run.

Metal-clad switchgears shall preferably be mounted onany
of the following types of boards.

Hinged type metal boards

These shall consist of a box made of sheet metal not less
than 2 mmthick and shall be provided with a hinged cover
to enable the board to swing open for examination of the
wiring at the back.

The joints shall be welded. The board shall be securely
fixed to the wall by means of rag bolts, plugs, or wooden
gutties and shall be provided with a locking arrangement
and an earthing stud. Allwires passing through the metal
board shall be bushed. Alternatively, hinged type metal
boards shall be made of sheet covering mounted on
channel orangle iron frames.

Such types of boards are particularly suitable
for small switchboards for mounting metal-
clad switchgears connected to supply at low
voltages.
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Fixed type metal boards

These shall consistofanangle or channel iron frame fixed
onthe wall or on the floor and supported onthe wall at the
top, if necessary. There shall be a clear distance of cne
metre in front of the switchboard.

Such types of boards are particularly suitable
for large switchboards for mounting large
number of switchgears or highercapacity metal-
clad switchgear or both.

Teak wood boards

For small installations connected to a single phase 240
volts supply, teak wood boards may be used as main
boards or sub-boards. These shall be of seasoned teak or
other durable wood with solid back impregnated with
varnish of approved quality with all joints dovetailed.

Thoroughly protected both inside and cutside with good
insulating varnish conforming to 15:347-1952 and of not
less than 6.5 mmthickness, shall be provided atthe back
for attachment of incoming and outgoing cables. There
shall be a clear distance of not less than 2.5 cm between
the teak wood board and the cover,

Recessing of boards

Where so specified, the switchboards shall be recessedin
thewall. The frontshall be fitted witha hinged panel of teak
woodor other suitable materials, such as Bakelite, orwith
unbreakable glass doorsinteak woodframeswith locking
arrangement, the other surface of the doors beingflushwith
the walls. Ample room shall be provided at the back for
connection and at the front between the switchgear
mountings.

Arrangement of apparatus

Equipment which is on the front of a switchboard shall be
s0 arranged that inadvertent personal contact with live
parts is unlikely during the manipulation of switches,
changing of fuses or like operation.

No apparatus shall project beyond any edge of the panel.
No fuse body shall be mounted into 2.5 cmof any edge of
the panel and no hole other than the holes by means of
which the panel is fixed shall be drilled closerthan 1.3 cm
from any edge of the panel.

Inevery case inwhich switches and fuses are fitted on the
same pole, these fuses shall be soarranged thatthe fuses
are not live when their respective switches are inthe ‘off’
position.



Nofuses otherthanthe fuses inthe instrument circuitshall
be fixed on the back of or behind a switchboard panel or
frame.

Marking of apparatus

Where a board is connected to a voltage higher than 250
volts, allthe apparatus mountedonit shallbe marked inthe
following colours to indicate the different poles or phases
towhich the apparatus or its different terminals may have
beenconnected.

Alternating current

Threephases —red, yellow and blue.

MNeutral — black.

Wherethree-phase, 4-wire wiring is done, the neutral shall
be inone colourandthe otherthreewires inanothercolour.

Where a board has more than one switch, each such
switch shall be marked to indicate which section of the
installationitcontrols. The main switchshall be markedas
such andwhere there is more thanone main switchinthe
building, each such switch shall be marked to indicate
which section of the installation it controls.

Main and branch distribution boards

The main and branch distribution boards shall be of any
type mentioned here.

The main distribution board shall be provided witha switch
orcircuit-breaker oneach pole of each circuit, afuse onthe
phase or live conductor anda link onthe neutral or earthed
conductor of each circuit. The switches shall always be
linked.

Branchdistribution boards shallbe providedwith afuse on
the live conductor of each circuit and the earthed neutral
conductor shall be connected to a commoen link and be
capable of being disconnected individually for testing
purposes. One spare circuit of the same capacity shall be
provided oneach branch distribution board. Lightsand fans
may be wired on a commeon circuit. Such sub-circuit shall
not have more than a total of ten points of lights, fans and
socket outlets. The load of such circuit shall be restricted
to 800 watts. If a separate fan circuit is adopted, the
number of fans in the circuit shall not exceed ten.

Powersub-circuits

Theoutlet shall be providedaccordingtothe load designfor
these circuits but in no case shall there be more than two
outlets oneachcircuit. The load oneach power sub-circuit
should be restricted to 3000 watts.

Installation of distribution boards

+ Thedistributionfuse-boardsshall be located as nearas
possible to the centre of the load they are intended to
control.

» Distribution boards shall be fixed at a height not more
than 2 metres from the floor level.

+ These shall be fixed on suitable stanchion or wall and
shall be accessible for replacement of fuses.

+ Theseshall be of either metal-cladtype orall-insulated
type. But, if exposed to weather or damp situations,
they shall be of weatherproof type and, if installed
where exposed to explosive dust, vapour or gas, they
shall be of flame proof type.

+  Wherethere are two or more distribution fuse-boardsin
feeding low voltage circuits and fed from a supply at
medium voltage, these distribution boards shall be:

- fixed not less than 2 m apart; or

- arranged so that it is not possible to open two at a
time, namely, they are interlocked and the metal
case is marked ‘Danger 415 Volts’; or

- installedin a room or enclosure accessible to only
autheorized persons.

» Alldistribution boards shall be marked ‘Lighting’ or 'Power’
asthe case may be andalso markedwiththe voltageand
number of phases of the supply. Each shall be provided
witha circuitlist giving details of each circuit with controls,
the current rating and its size of fuse-element.

Wiring of distribution boards

In wiring branch distribution board, the total load of the
consuming devices shall be divided, as far as possible
evenly between branchcircuits.

Cables shall be connected to a terminal only by soldered
orwelded or crimped lugs using suitable sleeve orlugs or
ferrules unless the terminal is of such a form that it is
possible to securely clamp them without cutting away
cable strands.

Fuses

a Afuse carrier shall not be fitted with a fuse element of
higher ratingthanthatforwhichthe carrieris designed.

b Thecurrentrating of afuse shall notexceedthe current
rating of the smallest cable in the circuit protected by
the fuse.

¢ Everyfuse shall have inits owncase or cover, orinan
adjacent conspicuous position, anindelible indication
of its appropriate current ratingfor the protection of the
circuit which it controls.

Selection of size of conductor

The size of conductors of circuits shall be so selected that
the drop in voltage from the consumer’s terminals in a
public supply (orfromthe bus-bars of the main switchboard
controlling the various circuits ina private generation plant)
toany point onthe installation does not exceed 3 per cent
of the voltage at the consumer's terminals.

In each circuit or sub-circuit the fuse shall be selected to
match the cable rating toc ensure the desired production.

All conductors shall be of copper or aluminium. The
conductorforfinal sub-circuit forfanand light wiring shall
have a nominal cross-sectional area of not less than 1.00
mm?copper and1.50 mm?aluminium. The cross-sectional
areas of conductorsfor powerwiring shall be notlessthan
2.5 mm? copper, 4.00 mm? aluminium. The minimum
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cross-sectional area of conductors of flexible cords shall
be 0.50 mm? copper.

Branch switches

Where the supply is derived froma three-wire or four-wire
source and distribution is done on the two wire system, all
the branch switches shall be placed in the outer or live
conductor of the circuit and no single phase switch orfuse
shall be insertedinthe middle wire, earth crearthed neutral
conductor of the circuit.

Passing through walls and floors

Where conductors passthrough walls the conductor shall
be carried either in a rigid steel conduit or a rigid non-
metallic conduit or in a porcelaintube of such a size which
permits easy drawing in. The end of the conduit shall be
neatly bushed with porcelain, wood or other suitable
material. This steel conduit shall be earthed andsecurely
bushed.

Where a wall tube passes outside a building so as to be
exposed to the weather, the outer end shall be bell
mouthed and turned downwards and properly bushed on
the openend.

Fixing to walls and ceilings

Plugs for ordinary walls or ceilings shall be of well
seasoned teak or other suitable hardwood not less than
Scmlong and 2.5 cm square on the innerend and 2cm
square on the outer end. They shall be cemented into
wallsto within 6.5 cmofthe surface, the remainder being
finished according to the nature of the surface with
plaster.

Inthe case of new buildings, wherever possible, teakwood
plugs shall be fixed in the walls before they are plastered.
Toachieve neatness, plugging of walls or ceilings may be
done by a suitable type of asbestos, metallic orfibre fixing

plug.
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Related Theory for Exercise 1.8.70

Electrician - Wiring Installation and Earthing

NE code of practice and IE Rules for mounting energy meter board

Objectives: At the end of the lesson you shall be able to

» state the BIS recommendations pertaining to the mounting of the energy meters.

The BIS symbols for energy meters are giveninFigs
laand1b

Fig 1a Fig1b
8
SINGLE PHASE THREE PHASE =
ENERGY METER ENERGY METER 2

Internal circuit diagrams of single phase and three phase
meters are Fig 2 and 3 respectively.
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INTERNAL CONNECTIONS OF THREE PHASE ENERGY METER
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In earlier domestic installations the service mains were
brought inside the consumer premises andfirstconnected
to the IC cutouts, then to the energy meter and to the
consumer main switch ( Fig 4a and 4b)

However, to avoid pilferage of electricity, certainelectricity
boards insist that the service connections should first be
connectedtothe energy meter, thento the | C cutout and
then to the consumer main switch. In all the cases the
neutral should be directly connected from the outgoing
terminals of the energy meter to the consumer main
switch. (Fig 4b)

Precautions while installing energy meters

« Energy meters which are tested and approved by the
local electricity board authorities only should be used.

» Energy meters shouldbe usedin vertical positiononly.

+ Connections for incoming and outgoing supply should
be made accordingtothe manufacturer's instructions/
connectiondiagramwhichwill be available cnthe inner
side of the terminal plate of the energy meters.

NE code of practice and IE rules for energy meter
installation

Energy meters shall be installed at such a place whichis
readily accessible to boththe owner of the buildingandthe
authorised representatives of the supply authority.

It should be installed at a height where it is convenient to
note the meter reading; itshould preferably be notinstalled
below 1 m from the ground. The energy meters should
either be provided with a protective covering, enclosing
them completely, except the glass window throughwhich
the readings are noted or should be mounted inside a
completely enclosed panel providedwith hinged or sliding
doors with arrangement for locking it.

Any meter placed uponthe consumer's premises shall be
of appropriate capacity and shall be deemed to be correct
if its limits of error do not exceed 3% above or below
absolute accuracy atall loads inexcess of one tenth of full
loads and up to full load.

No meter shall register at no load.

General instructions : The body of the energy meter
should be earthed to the general mass of earth using a
proper size of earth continuity conductor depending upon
the current capacity of the installation.

For multi-storeyed buildings which consist of a number of
offices or commercial centres or flats occupying various
areas, the electrical load for each of them is metered
separately. In such cases, all the energy meters are
located in a meter room which is normally situated onthe
groundfloor.
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Related Theory for Exercise 1.8.71-73

Electrician - Wiring Installation and Earthing

Estimation of load, cable size, bill of material and cost for a wiring installation

Objectives: At the end of this lesson, you will be able to

» calculate the load(s) and select the number of sub{branch) circuits

* estimate the load in a circuit

» select proper cable size for branch main circuits and the supply system
» estimate and list out the accessories for given wiring installation.

A minimum of two lighting sub-circuits shall be providedin
each house so that in case of fault in one sub-circuit, the
whole house is not plunged in total darkness.

The load on power circuits should be restricted to 3000
watts having not more than two socket outlets.

Estimation of load requirements

Electrical installation in domestic dwellings is basically
designed to cater to light and fan loads and for electrical
appliances and gadgets. In estimating the current to be
carried by any branch circuit, unless the actual values are
known, these shall be calculated based on the following
recommended ratings.

Item Recommended
rating ( in watts)
Incandescent lamps 60
Ceilingfans 60
Tablefans 60
6 A, 3-pin socket-outlet points 100
Fluorescenttube 40
Power socket outlets (16 A) 1000
Example

Estimate the cost of material forwiring PVC channel foran
office room having 2 lamps 1 fan one 6A socket outlet.

To estimate the cost of material the electrician has to
follow these steps:

Type of wiring to be decided- PVC channel (casing and
capping - given).

Position ofthe electrical points/Loads hasto be decidedas
per the requirment.

Layout of the office has to be prepared (Fig 1).

Total load to be calculated, Inthe given example

i TubeZnosx40W = 80W
i Fan1nox 60W = 60W
i BA socket 1 no =100 W

240 W

circuit/connectiondiagramforthe roomhasto be developed.
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Based on the layout and circuit diagram calculate the
length of PYC channel required.

1) Length of PVC channel

in Roof =54+3=8m

2) Vertical drops =054+05+2.0=3.0m

Total =8+ 3.0 =11.0m
3) Add 10% tolerance =11m
121m

Calculate the length of wire and size of wire based on
layout, circuitdiagram and load. Inthe given example,the
total load is 240W the current taken by the total load are

P 240

|: =
VxCos8 240x08

=1.25A

Hence PVC copper flexible 1sgmm wire is enough to this
circuit/room. However since thiswiringcome inthe catagory
of commercial wiring, for safe-side, we can choose 1.5sq
mm PVC insulated copper flexible wire.

Assume vertical drop is 0.5 m for tube lights and 2m for
switch board then the length of wire required is

From A to B and

vertical drop =25+2mMx3 =225m
From B to C and
vertical drop =(25+05)mMx 3 =9m



FromBto D The maximum number of wire runs ina PVC channel is 5
vertical drop =(3+08mx3 =10.5m hence 19 mm x 10mm PVC channel may be used.
total length =225+9+105 =42m List of electrical accessories reguired with complete
ctoweeace  sa@e4z  am  SeSflonesiobsyemed Aociustnecostof
Sl No Accessories Length unit price price
1 PVC channel 19 mm x10mm 12m
2 1.5 sg mm PVC insulated copper flexible 650V 46 m
3 Flush type SPT switch 6 A 250 V 4 No
4 Flush type socket 6 A 250V 1No
) Wooden switch board 250mm x 150mm 1No
6 Tube light fitting complete set 250V 4 feet 40W 2No
7 Ceiling fan 250V, 1200 mm sweep 1 No
8 electrcial fan regulator 250V |, 60W 1No
9 Wood screws 15 x 4mm, 25 x Smm, 30 x6mm 25 Nos each
10 PVC insulation tape 19mm width 9m length 1No
1 Ceiling rose 3 plate 250V | 6 A 3No
Total Cost of the material required
Estimation for 3 phase domestic and commercial wiring

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

» state specific rules related to 3-phase wiring installations
» estimate the wiring by load calculation, load distribution, layout diagram, wiring diagram, selection of
cables, selection of conduit, calculation of conduit length, cable length, accessories required and the cost

of wiring.

Estimation of wiring

Fig 1 shows the vertical and down drops and switch
position measurement fromthe ground level.

Fig1
ROOF RUN
5 VERTICAL RUN
2
§
8 DOWNDROPS
SWITCH POSITION

1308m

FLOOR LEVEL

7/

VERTICAL RUN AND DOWN DROPS

ELN237921

Study the consumer’s requirement of light, fanand power
points in each room (Fig 2).

Required conduit length has to be calculated as per given
method.

NE code recommends the horizontal run of cables should
be ata height of 2.5m (250cm) and the height of switches
fromfloor level should be 130cm. The exampletakenhere
for the roof height is 3m (300cm) from floor level. Inall
cases the dimension of the rooms should be available for
estimating.

Vertical run : Assuchall vertical runs can be calculated
as under (Refer Fig 4) for L | phase.

Length of selected conduit =

Roof height - (down drop + switch height) x No. of
verticalruns

=3m-(1.20m +1.30m) x No. of vertical heights
(3m- 2.5m) x No. of vertical heights
0.5m x No. of vertical heights (Eqgn. 1)

The value 0.5m will change if there is difference in roof
height and height of horizontal run of conduit changes.
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LAYOUT DIAGRAM OF PHASEL ,

ELN237523

LAYOUT DIAGRAM OF PHASEL ,

Length of conduit required for down drops
This could be calculated as under:

Length of selected conduit= Height of conduitin horizontal
run - Switch position height x No. of down drops for
switches

Length of conduit required for roof runs
This could be calculated as under

Length of selected conduit = Sum of the actual length of
roof run taken in each case.

For each size the total requirement is to be calculated.
Length of conduit required for horizontal run

Length of selected conduit = sum of the actual length of
horizontal run taken in each case.

Lengthof conduit reguiredforthe distance between main
switch and DB is to be calculated. In most of the cases
wall is thickness has to be taken into account.

Example : (Refer the layout and wiring diagram with
respect to phase L,) In all cases except for main switch
and DB the cable used is 1/1.12 copper cable and
maximumnumber of cable it canaccommodate in 19mm
conduit is 7 cables. Hence PVC conduit of 19mm is
chosen.

1 Length of conduit required for vertical run
Length for vertical run=0.5m x No. of vertical height

A careful study of layout indicates there are 8 vertical
height runs

=  0.5mx8=4m of 19mm PVC conduit
2 Length of conduit required fordown drops
Length of down drops = 1.2m x No. of down drops

A careful study of layout indicates there are 9 down
drops =1.2mx 9 = 10.8m
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3 Lengthof conduit requiredfor roof runs

Length of conduit = 2.35m + 2.35m + 2.35m + 2.35m
+1.45m+0.9m=9.75m

4 | ength of conduit required for horizontal runs

Length ofconduit=4.7m+3.6m+1m+1m+1.2m+
47 m+24m+1.35m+1.2m+2m+235m+57m+
29M+29Mm+1.35m+2.7/m+2.5m+1.45m+1.8m
+1.45m = 48.25m

5 Length of conduit required for main switch and DB

Ifindividual phase line is to be drawn through 19mm PVYC
conduitwill be sufficientonthe ctherhandif all three phase
cables to be drawnthrough single pipe, the requirementto
be calculated separately.

Assumingindividual phases will be drawnthroughindividual
conduits the 19mm PVC conduit will be sufficient to draw
two cables of sizes upto 1/2.8 or 7/1.06 aluminium and
copper cables respectively.

Length of conduit required for the distance between
main switch and DB : Length of conduit = wall thickness
+ allowance for connection = 0.36m + 0.5m + 0.5m =
1.36m

Total length of PVC conduit 18mmforwiring phase L, as
per layout and wiring diagram

= Vertical run + down drops + roof runs + horizontal runs
+ switch DB
=4m+10.8m+9.75m + 48.25m +1.36m =7416 m

Assuming 10% wastage, the total required length of
19mm PVC conduit will be 73.81m+7.3m=81.11m or
say 80m

Calculation of length of cable required for wiring
phase L,: For calculating the length of cable accurately
the layout andwiring diagrams should bereferred. Selected
cable in this case is 1 sq.mm copper cable.

Cablerequired = For outside runs ((L, +L,+L,+L))
down drop + Horizontal run + switch
boardto cutside wall (thickness of wall)
+ DB to switch board (DD + HR + DD)
+ Switch board to L. + (DD + HR)
+ L toF, (VR+RR)

+ Le1el . L (HRA+ HR)
+ DBto 8B, (DD + HR + DD)

SB,to L, (BD +HR)

L,toF, (VR +RR)

SB,t0 S,, S, (DD + HR + DD)

L tel, (HR)

L, junctionto F, (VR + RR)

L, junctionto L, (HR)

S, 5,108, (DD +HR + DD)

FromDBto S, (DD + HR +DD)

FromS& toL, (DD + HR)

L,toF.(HR)

S.toF, (DD +HR +DD)

S, tolL,, (OD +HR)

(08, (DD +HR +DD)

.08 (DD +HRE+Dh)j

S, toF, (DD + RR)

+ 4+ 4+ + + 4+ + A+ F A+

+ F tol,
+ F.tol,,

= + (36m+1m)2+ (4.7m+1m)3 26.3m
+ (0.36M+0.5m) x5+
(1.2m+3m+1.2m)2 15.1m
+ (1.2m+3m+1.2m)2 10.8m
+ (1.2m+4m+1.2m)d 32.0m
+ {(0.5m+2.35m)2 5.7m
+ {(1.2m+235m)3 + 2.35mx 2 15.35m
+ {(1.2m+m2+1.2m)2 8.8m
+ (1.2m+ 4m +2m)6 43.2m
+ (0.5m+2.35m)2 5.7m
+ {(1.2m+1.5m)2 5.4m
+ {(1.2m+4m+2m+1.2m)2 14.8m
+ 2mx 4 8.0m
+ (0.5m+2.35m)2 5.7/m
+ (2m+2.5m)2 9.0m
+ (1.2m+5m+1.2m)2 14.8m
+ {(1.2m+4m+57m+ 2.9m
+2m+1.2m)2 34.0m
+ (1.2m+1.4m+1.5m)3 12.3m
+ {(1.5m+1.35m)2 5.7/m
+ {1.35m x 3m) + (1.35m x 2m) 6.75m
+ {1.35m+1.45m+1.2m)2 8.00m
+ {(1.2m+1.4m+ 0.9m+1.2m)2 9.4m
+ (1.2m+1.45m +1.2m)2 7./m
+ (1.2m+1.45m)3 7.95m
+ 0.9mx2m 1.8m
+ 0.9mx2m 1.8m
325.95m
Add10% 32.59m
Say 360m of 1 sg.mm copper 358.54m

The length of the cable requiredfor powercircuitin phase
L,. The cable chosenis 4 sq.mm copper cable which can

carry 24 amps
Total length of cable =(1.2m+0.36m+2.4m+3.6m

+2.4m+1.2m)2
=11.16mx 2

=2232m
2.2m
24.52m

Add10%forwastage

Say 25m of 4 sq.mm copper cable is required.

Inthe same way forthe circuitsinLand L, phases should
be calculated. Afterthe list of accessoriesforentirewiring
is preparedthe cost of the accessories could be obtained
fromany local electrical dealer.

Instructor is requested to discuss with the trainees about
the mandays required to complete the job alongwith the
cost of labour.

Total cost of wiring comprisis of following components.
Total cost of wiring = cost of the accessories

+ cost of cable

+ cost of conduit

+ cost of hardware items
+ |labour cost
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Estimation of cost for workshop wiring

Objectives: At the end of this lesson you shall be able to
» calculate the full load current and size of cables

+ estimate the cost for workshop wiring

» tabulate the material required.

The trainees can be instructed to estimate the
cost of materials for the workshop wiring.
Some of the guidance are given below for the
trainees and instructor referance.

A sample requirement is given below for trainee'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 inrow (Fig 1).

The main switch, motor switch and starters are
to be mounted at a height of not more than
1.5m from the ground level and the height of
horizontal run from ground level will be 2.5 m.

Calculation for the size of cable:

Assuming the motor efficiency to be 85% and the power
factorto be 0.8 forallthe motors andthe supply voltage is
400V.

5x7355
FL current of SHP motor= 75 <400 x 0.85 x 0.8 =7.8A
axrns W

FLcurrent of 3HP motor= J3x400x0.85x0.8

05x7355
FL current of 2 HP motor = M:QQS A

=156 A

1x735.5
FL currentof 1HP motor = ng 400%0.85%0.8

The mainswitch andthe cable from meter to main switch

Fig1 Ty should be capable of handling starting current of one moter
A S S S % of high rating plus full load current of the all other motors.
‘ S e e, 15.6+4,68+2.35+1.56 = 24.19A
S 5AP SHP s P }
= Assuming the starting current of each motor will be two
W times of their full load current Table 1 gives cable size of
3 5 each motors to be installed for guidance.
B
FLOOR PLAN %
Table -1
Sl. No.| Motor FL current Starting Recommended cable size
I in Amp current
I,=2l in Amp
1 SHP motor Tes 156 2.0mm? coppere conductor cable (17A) or
2.5mm? aluminidm cenductor cable (16A)
2 3HP motor 468 936 2.0mm? copper conductor cable (17 A)
3 1/2 HP motor 225 45 1.0mm? copper conducter cable (11A) minimum
recommendedcable
4 1HP motor 1.56 312 1.0mm? copper conducter cable (11A) minimum
recommendedcable

The type and gauge of cable shall be selected
by referring the table - 1

Some guidance are given bleow to select the
suitableswitches and distribution board for trainees
reference.

+« A32A 415V ICTP switch with fuses can be used as
main switch.

« 16A, 415V, ICTP switches with fuses can be used for
oHP, 3HP, & 1HP mctors.
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+ 16A, 240V, ICDP switch with fuses can be used for ¥z
HP motor.

+ 415V, 4 way, 16A per way |C distribution board with
neutral link can be used for power distribution.

The single typical line diagram of power wirings ( Fig.2)

SHP
34

Fig2 &
-
.
I i | 20| [ # | [ s | [ # ]
1G4 WAY | | | [ | I | |
ENERGY m:wmsu A YiA A YiA A || DOL w6a || POL
TION STAR STAR STAR STAR
METER BOARD L | i ICTP || T er S0P || 1er CTP | Trer
' I I ! I
SWITCH

3HP 12HP 1HP
4 14 34

SINGLE LINE DIAGRAM OF POWER WIRING IN WORKSHOP
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Calculation for the sizes and length of conduit:

19mm heavy gauge conduit should be used for 3 cable
runs and 24.4 mm heavy gauge conduits should be used
for 6 cable runs.

+ 19 mm heavy gauge conduit

Length from main board to 5HP motor starter = 1+1+3+1
=6.0m

Length from main boardto 3HP motor starter=1+1+5.5+1
=8.5m

Length from main board to Y2 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 =450 m

10% wastages = 4.5m

Total length = 49.5m, say 50.0m

+ 254 mm heavy gauge conduit.

Length from meter to main switch =0.75 m

Length from S5HP motor starter to SHP motor base (1.5
+1.5)3.0m

Length from 3HP mctor starter to motor base = 3.0 m
Total=6.75m

10% wastage = 0.67 m

Total =7.42m, Say 8.0m

+ 254 mm flexible conduit for 5HP & 3 HP motor
(0.75+0.75) = 1.5, Say 2.0m

+ 19mm flexible conduit for 1/2 HP & 1 HP motor
(0.75+0.7)=1.5 Say 2.0m

Calculation for the length of cables:

2.0mm?copper conductor freom main board to SHP motor
terminals = 3(1+1+3+1) + 6(1.5+1.5+0.75) = 40.5m

15% wastages & end connections = 7.2 m
Total = 47.7m , Say = 48.0m

1.0mm? copper conducter from main board te 1/2 HP
motorterminals = 2(1+1+8+1+1.5+1.5+0.75) =295 m

15% wastages & end connections = 7.76m
Total = 37.26m, Say 38m

Trainees may be instructed to tabulate the list of materials.

Power : Electrician (NSQF Revised - 2022} - Related Theory for Exercise 1.8.71-73 177



Power

Related Theory for Exercise 1.8.74

Electrician - Wiring Installation and Earthing

Testing a demestic wiring installation - location of

faults - Remedies

Objectives: A the end ofthis lesson vou shall be able to
= state the type of test to be camied ot in wir ng installations and explain the

procedure of conducting them

Scan the O Code to view
the wdeo for this exercize

= determine the condition of installation and the method of irrl;rruuirg the condition.

General requirement of inspection and tests (Ref
Bl F324Partlln1esd)

Before a completed installation or an addition to the
exizting installation iz put into service | ingpection and
testing shall be carried out in accordance with the Indian
EledrctyRules, 1956, Inthe event of defedt s being found,
these shall be redified az soon as pradicable, and the
insallstionre-tested .

Hems to be inspected in a lighting circuit

Lighting circuits: The lighting circuits shall be checked
for ensuring the following.

= Meutral links are provided in double pole switch-fuses
which are usad for lighting contral, and no fuse is
provided inthe neutral.

*  The plugpointsinthe lighting circuit are all of 3-pintyae,
thethird pin being zuitakly earthed.

= Azpparateearth wire izrun inthelightingingtallstionto
proside earthing for plug points, ixtures andequipment.

*  Properconrecors andjundionboxesareuzedwherever
joirtzaretobe made in conductors or when cro ss-over
ofconductorstakes place.

*  Clearand permmanentidentificationmark = are paintedin
digtribution boards.

= Thepolartyhaving been checked all fusssand single pole
swftches are connected onthe phase conductor onlyand
witing iscorredtly conneced tothe socket-out =,

*  Theendsofthe conduitsenclosing thewiring leads are
provided with ebonite or other suitable bushes.

= Properterminal connectorsare usedforte mminstionof
wiite s (oonductors and eatth leads) and all randzare
inserted in the tenm inal=.

* The number of wires in a conduit conforms to the
provizions of Part || of BIS 732,

Testing of installation: After inspedion, the following
teztz shall be carried out, before an instalation or an
addition ta the exiging installation i put irto == rvice.

Continuity or open circuit test
P alarity test

E arth and ground test
Insulation and leakage ted:

= petween condudtors

—_

= L R

»  petwesn conductors andearth.

Continuty oropencircuit test Thistest iz carred outto
che ck the continuity of cablesintheindivd dual sub-drcuits,

178

Before condudingthiztes themainandallthe distrbution
circuit fuses should be rem oved.

The phase andthe neutral oftheindividual crcuits should
be identified from the distribution board and segregated.

Place all bulbs in postion, connect fans to respective
ceilling roses, regulators and switche s, shoi all zodket
outlets by linking the phase and neutral.

Conned the Megoer terminals E and L to the individual
circuit phase and neutral (Fig 11 and rotatethe Megoer.

dl

H L
0TI INTT DM DIFEN GG LAT TENT !

By switching the switches ON and OFF one by one, the
M egoer should showzeroreading andinfinty aternati vely .
Thetwo-way sndtchesmayhave tobe operated atemstively
ta enzure the carrect test results.

[ the Megger shows no continuity inthe "OM' cond ition of
the aaitch, thenthe padiculardroutisdeemedtobe open.
Dnthe atherhand, ifthe M egoger shows continuityin both
the "OMN' and "OFF' positions ofthe switch, thiz indicates
shortin the particular circuit.

Remember to remov e all the shorting links at
socket points and to connect the phase to the
fuse, and neutral to the link, before switching
"OH"the supply.

Polarty test: Thizted iz conduded to check wwhether
switches are conneded in phaselive cable or not.




For conductingthistest, the lampsare removedfromthelamp-
holders, thefanregulatorsare keptinthe OFF' positionandthe
fuses inserted inthe mainand distribution boards.

Remove the switch covers and switch "ON' the supply.
Connect one end of the test lamp to the earth continuity
conductor and the other end of the test lamp to the switch
terminals alternatively ( Fig 2).

Fig 2
CIRCUIT FUSES "IN'
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[ r ¥y
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FOR 2.WAY SWITCHES SWITCH 'OFF |,

OPERATE THE SWITCH

PAIRS ALTERNATIVELY

f
MAIN SWITCH'ON' [/
\S

= TEST LAMP§
POLARITY TEST 2

=3
w

Lighting of the test lamp indicates that the phase or live
cable is controlled by the switch.

A further polarity test should be done on the sockets to
verify whether

« The phasewireisconnectedtothe right side hole of the
socket (Fig 3a).

» The switch controls the phase wire.

Forthistest, a neontester could be insertedinthe right side
hole ofthe socket as shown inFig 3bandthe control switch
isswitched™ ON'. Lightingofthe neontesterwhenthe switch
is”CON'and nolightwhenthe switch is " OFF' indicate correct
polarity. This test is a must, in all old or new wiring
installations as a safety measure.

Fig 3

SOCKET

?l_
E*—W

I
(a) hu

{b)

L)
&
POLARITY TEST ON SOCKETS =
o

Insulation tests in wiring installation (BIS 732 (Part II)
-1982)

The following tests shall be done:

Insulation resistance between conductors and earth:
For this test, put "OFF' the main switch and remove the
mainfuse-carrier. Alldistributionfuses shouldbe "IN' the

lamps should be in their holders and all switches for fans
and lights should be in the "IN' position. Unplug all the
appliances from the sockets, and short the phase and
neutral of the sockets with a jumper wire.

Connect the phase and neutral cables at the outgoing
terminals ofthe main switchtogether, and connectthe lead
of the Megger terminal to the shorted cables. (Fig 4)
Connectthe otherlead ofthe Meggertothe earthconnection
and rotate the Megger at its rated speed.

The reading thus obtained should not be lower than the
lowest of the values obtained in these three methods.

Method 1 - Standard value as per B.L.S.

Standardvalue of insulation resistance

_ 50
No.of points in the circuit

Mega ohms

Fig4
EASTRIBUTION FUSE BOX
{ALL FUSES IN)

N ALL LAMPS
(X} IN HOLDERS

CONSUMER'S MAIN SWITCH
PHASE AND OPEN FUSES OUT

NEUTRAL

|
|k &I
] o
SHORTED INSULATION
RESISTANCE

MAIN o—LIL
SUPFLY _L_\TEST SET
= EARTH

INSULATION RESISTANCE TEST BETWEEN CONDUCTORS AND EARTH

ELN238214

wherethe switch, the lamp-holder and the socketare taken
asindividual points.

In case, the wiring is done in PVC insulated cables, 50
should be replaced by 12.5.

Method 2 - LE.rules statethat the leakage currentin an
installation should not exceed 1/5000th part
of the full load current of the installation.

Applying this, the value of insulation resistance

_ Supply voltagein \.folts0
Leakagecurrent
Supply voltagein volts x 5000

"~ Fullload currentof the insatallation

hms

Where leakage current

_ . : 1
=Full load current of the installation x 5000

Hence the insulation resistance

_ Supply voltage in volts x 5000 x 10~
~ Fullload current of the installation MEgaahis
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Method 3 - Thumb rule

The measured insulation resistance of an installation
should not be less than one megohm.

Insulation resistance between conductors: For this
test, switch off the mains and remove the fuse-carriers.

Remove all lamps from their holders, disconnect all
appliances and keep all switches in the ON position.

Keep all the distribution fuses in position.

Connectonetest prod ofthe Meggerto the phase cable and
the other to the neutral (Fig 5).

Rotate the Meggerand measurethe insulationresistance
inmegohms.

The reading inmegohms should not be lessthanthe lowest
of the readings obtained inany one ofthe three methods,
stated under “Insulation resistance between conductors
andearth.

Inspection, testing and improving the condition of
wiring installations

Fig 5
BISTRIBUTION FUSE BOX
/_ {ALL FUSES IN)

%; SWITCH

CONSUMER'S MAIN SWITCH
OPEN & FUSES OUT

INSULATION
RESISTANCE
TEST SET

MAIN

SUPPLY 0—<I E

INSULATION RESISTANCE TEST BETWEEN CONDUCTORS

ELN28AZ15

The table given below shows the test results, and the
methods to improve the conditions of the wiring
installations.

Test Results and Methods for Improving the conditions

S. No.| TestConducted

Testresults

Method of Improvement

1 Continuity or

open circuit test

2 Polarity test

4 Insulation test
between
conductorsand
earth (or) between
the phaseand
neutral

a)Zeroreading

b) Higher reading
in terms of kiloohms
or megohms

a) Polarity was found
wrongthroughout
the installation.

b) Polarity found wrong

in one or two sockets.

a) 1 megohmor above

b) Less than 1 megohm

a) Ok.

b) Operate each individual switch inthe circuit. Where the
reading jumps to a higher value, there will be an open
circuit, either by fused bulbs or loose connections at the
terminals or break in the wire.

After identifying the subcircuit, check the continuity of
cables in the smaller zones till the defect is detected
and rectified.

Where 2-way switches are encountered, operate the
switches one by one to detect the fault.

a) Switch offthe mains. Removethe fuse-carrier. Interchange
the output terminals at ICDP switch or at DB.

b) See that the phase is connected to the right side terminal
of the socket.

a) Ok. Check the value of the insulation resistance by the
formula

50
Megohms = Ng of outlets

For PVC wired installation replace 50 by 12.5. In case the
measured value of insulation resistance is equal to or
more than the calculated value, the insulation is OK.

b) Otherwise locate the fault by sectionalising the zone and
replacing the defective cable witha good one. If, however,
the values obtained are not sufficiently high, withdraw all
the fuses of the distribution fuse-board and test again.

This test will include only that portion of the installation
betweenthe main switch and the distribution fuse-board.
If the fault does not lie in this section, proceed to the dis-
tribution fuse-board, and test each branch circuit inturn
till the faulty circuit or circuits are discovered.
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Power

Related Theory for Exercise 1.8.75-77

Electrician - Wiring Installation and Earthing

Earthing - Types - Terms - Megger - Earth resistance Tester

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

® explain the reasons for system and equipment earthing

e define the terminalogy related to earthing

e state and explain the methods of preparing pipe earthing and plate earthing, according to B.L.S.

recommendations

¢ explain the procedure for reducing the resistance of earth electrodes to an acceptable value.

Earthing

Connecting the non-condutive metal body/parts of an
electrical equipmentand systemtothe earth througha low
resistance condutor is called as earthing.

Earthing of an electrical installation can be brought under
two major categories.

+ Systemearthing
« Equipmentearthing

Systemearthing: Earthingassociated with current-carrying
conductors is normally essential to the security of the
system, and is generally known as system earthing.

System earthing is done at generating stations and
substations.

The purpose of system earthing is to:

« maintainthe ground at zero reference potential, thereby
ensuring that the voltage on each live conductor is
restricted to such a value with respect to the potential
of the general mass ofthe earth asis consistent withthe
level of the insulation applied

« protectthe systemwhenany fault occursagainstwhich
earthing is designed to give protection, by making the
protective gear to operate and make the faulty portion
of the plant harmless.

Equipment earthing: Earthing of non-current carrying
metalwork and conductor which is essential for the safety
of human life, animals and property is generally known as
equipmentearthing.

Terminology

Earth-continuity conductor (ECC): The conductor which
connectthe non-conductive metal part/body of anelectrical
system/equipmenttothe earth electrede iscalledasearth
contained conductor.

Earth electrode: A metal plate, pipe or octher conductor
electrically connected to the general mass of the earth.

Earth fault: Live portion of an electrical system getting
accidentally connected to earth.

Leakage current: A current of relatively small value,
which passes through the insulation of conductive parts/
wire.

Fig 1 shows the magnitude of current and its effect

Fig 1
1000 mA
{1A)
CURRENT IN A 100W
LAMP CAN ELECTROCUTE
20 ADULTS AT ONE TIME
CURRENT
HEART CONVULSIONS
USUALLY FATAL 50 mA
PAINFUL SHOCK-
INABILITY TOLET GG 20mA
MUSCLES CONTRACT
SAFE CURRENT [ STh
1 mA =
Caiies NO SENSATION { x
%
w

Trainees can be instructed to refer the
international electrotechnical commission (IEC
60364-5-54) website forthe standard safetyrules
related with earthing installation for the further
details.

Dead: Dead' means at or about earth potential and
disconnected from any live system.

Earth: Aconnectiontothe general mass of earth by means
ofanearthelectrode. Anobjectis saidto be “earthed'when
it is electrically connected to an earth electrode; and a
conductoris saidto be “solidly earthed' whenitis electrically
connected to an earth electrode.

Reasons forearthing: The basicreasonforearthingisto
prevent or minimize the riskof shockto human beingsand
livestock. The reason for having a properly earthed metal
partinanelectrical installationis to provide alow resistance
discharge path for earth leakage currents which would
otherwise prove injurious or fatal to a person or animal
touching the metal part

Table 1 shows the body resistance at specified areas of
contact.

Table 1
Skin conditon or area | Resistancevalue
Dry skin 100,000 to 600,000 chms
Wet skin 1,000 ohms
Internal body-hand 400 to 800 ohms to foct
Earto ear about 100 ohms
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CASE1. Metal body of apparatus when it is not
earthed

Let us consider a 240V AC circuit connected to an
apparatus having a load resistance of 60 ohms. Assume
thatthe defective insulation of cable makesthe metal body
live and the metal body is not earthed.

When a person, whose body resistance is 1000 ohms,
comes in contact with the metal body of the apparatus
which is at 240V, a leakage current may pass through the
body of the person (Fig 2).

Fig 2
5A FAULT HERE SHORT
— BETWEEN LIVE WIRE
AND METAL BODY

METAL BODYOF |

THE APPARATUS —=1 1

240V /:(I: !
R, =60 {2 | i

BODY
RESISTANCE
100002

ELN238312

Thisleakage currentis4.8times higherthanthefuse rating, and,
hence, the fuse will blow and disconnect the supply from the
mains. The personwill notgeta shockduetotwo reasons. Before
thefuse operates, the metal body andearthareinthesame zero
potential, and across the person, there is no difference of
potential. Within a short (milli-seconds) time the fuse
blows to open the defective circuit, provided the earth
circuit resistance is sufficiently low.

By studyingthe abovetwocases, itis clear thata properly
earthed metal body eliminates the shock hazards to
persons and alsc avoids fire hazards in the system by
blowing the fuse quickly in case of ground faults.

Types of earth electrodes

Rod and pipe electrodes (Fig 4): These electrodes shall
be made of metal rod or pipe having a clean surface not
covered by paint, enamel or other poorly conducting
material.

Rod electrodes of steel or galvanised iron shall be at least
16 mm in diameter, and those of copper shall be at least
12.5 mm in diameter.

v
The value of current through the body = m
ody

= ——— = 0.24 amps or 240 milliamps.
1000 . #

This current, as can be judged from Table 1, is highly
dangerous, and might prove to be fatal. Onthe otherhand,
the bampsfuse inthe circuitwill not blow for this additional
leakage current of 240 milliamperes. As such the metal
body will have 240V supply and may electrocute any
person touching it.

CASE 2. Metal body of apparatus when earthed.

In casethe metal body of the apparatus is earthed ( Fig 3),
the moment the metal body comes in contact with the live
wire, a higher amount of leakage current will flow through
the metal body to earth.

Fig3
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Assuming that the sum of the resistace of the main cable,
metal body, earth continuity conductor and the general
mass of earth is to the tune of 10 ohms

W

the leakage current = R,

= 24010 = 24 amps.
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Pipe electrodes shall not be smaller than 38 mm internal
diameter, if made of galvanised iron or steel, and 100 mm
internal diameter if made of cast iron.

Electrodes shall, as far as practicable, be embedded in
earth below the permanent moisture level.
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The length of the rcd and pipe electrodes shall not be less
than 2.5 m.

Except where rockis encountered, pipesandrodsshall be
driven to a depth of atleast 2.5 m. The length of the
electrodes shall be atleast 2.5 m, and the inclination not
more than 30° from the vertical.

Plate electrodes (Fig 5): Plate electrodes, when made of
galvanised iron or steel shall not be less than 6.3 mm in
thickness. Plate electrodes of coppershall be notlessthan
3.15 mm inthickness. Plate electrodes shall be of a size,
at least 60 cm by 60 cm.
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Insulation resistance tester (Megger)

Plate electrodes shall be buried such that the top edge is at
a depth not less than 1.5 m from the surface of the ground.

Where the resistance of one plate electrode is higherthan
the required value, two or more plates shall be used in
parallel. In sucha case, the two plates shall be separated
from each other by not less than 8.0 m.

Plates shall preferably be set vertically.

Plate electrodes is recommended in generating stations
and substations.

Ifnecessary, plate electrodes shall have a galvanizediron
water pipe buried vertically and adjacent to the electrode.
One end ofthe pipe shallbe atleast 5 cm above the surface
of the ground, and it need not be more than 10 cm. The
internal diameterofthe pipe shall be atleast5 cmand need
not be more than 10 cm. The length of pipe, if under the
earth's surface, shall be suchthatitshould be abletoreach
the centre of the plate. Inno case, however, shall it be more
than the depth of the bottom edge of the plate.

Methods of reducing the resistance of an earth
electrode to an acceptable value:

The earth electrode resistance is found higher in rocky or
sandy areas where moisture is very low.

The following methods are suggested to bring down the
earth electrode resistance to an acceptable value.

1 Afterinstallingthe rodor pipe or plate inearth, the earth
pit { the area surrounding the rod / pipe / plate) should
be treated with layers of coke and common salt to get
a lower value of earth resistance.

2 Pouring water in the earth pit at repeated intervals
lowers the earth electrode resistance.

3 Connecting a number of earth electrodes in parallel
reduces the earth electrode resistance.

4 Soldering the earth connections or using non-ferrous
clamps lowers the earth electrode resistance.

5 Avoidingrustinthe earth electrode connections lowers
the earth electrode resistance.

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

» state the working principle of an insulation tester (Megger)

» explain the construction and working of megger

= state the uses of an insulation tester like insulation test, continuity test etc.
» state the safety precautions to be observed while using an insulation tester.

Megger

Itis an electrical measuring instrument generally used
to measure the insulation resistance of an installation/
equipment etc in terms of Megaohms.

Necessity of megohmmeter

Ordinary ohmmeters and resistance bridges are not
generally designed to measure extremely high values of
resistance. The instrument designed for this purpcse is
the megohmmeter. (Fig 1) A megohmmeter is commonly
known as MEGGER.
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Fig 1

Construction

The megohmmeter consists of (1) a small DC generator,
(2) a meter calibrated to measure high resistance, and (3)
a cranking system. (Fig 2)

Fig 2
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A generator commonly called a magneto is often designed
to produce various voltages. The cutput may be as low as
500 volts or as high as 1 megavolt. The current supplied
by the megohmmeter is in the order of 5 to 10 milliamperes.
The meter scale is calibrated: kilo-chms (K Q) and
megohms(M«2).

Working principle

The permanent magnets supply the flux for both the
generator and the metering device. The voltage coilsare
connected in series across the generator terminals. The
current coil is arranged so that it will be in series with the
resistance to be measured. The unknown resistance is
connected between the terminals Land E.

When the armature of the magnet is rotated, an emf is
produced. This causes the current to flow through the
current coil and the resistance being measured. The
amount of current is determined by the value of the
resistance and the output voltage of the generator.

The torque exerted onthe meter movement is proportional
to the value of current flowing through the current coil.

The current through the current coil, which is under the
influence of the permanent magnet, develops a clockwise
torque. The flux produced by the voltage coils reacts with
the main field flux, and the voltage coils develop a counter-
clockwise torque.

Fora given armature speed, the current through the voltage
coils is constant, and the strength of the current coil varies
inversely with the value of resistance being measured. As
the voltage coils rotate counter-clockwise, they move away
from the iron core and produce less torque.

A point is reached for each value of resistance at which
the torques of the current and voltage coils balance,
providing an accurate measurement of the resistance.
Since the instrument does not have a controlling torque to
bring the pointerto zero, when the meter is not in use, the
position of the pointer may be anywhere on the scale.

The speed at which the armature rotates does not affect
the accuracy of the meter, because the current through
both the circuits changes to the same extent for a given
change in voltage. However, it is recommended to rotate
the handle at the slip speed to obtain steady voltage.

Because megohmmeters are designed to measure very
high values of resistance, they are frequently used for
insulation tests.

Connection for measurement

When conducting insulation resistance test between line
and earth, the terminal ‘E' of the insulation tester should
be connected to the earth conductor.

Precautions
+  Amegohmmeter should not be used on a live system.

« Thehandle ofthe megohmmeter should be rotated only
in a clockwise direction or as specified..

* Rotate the handle at slip speed.
Uses of a megohmmeter

+ Checking the insulation resistance
« Checking the continuity.
Specification of Megger :

Nowadays electronically operated, Meggers are available,
called as push button type for general application and for
industrial application motorised megger are alsc available.
Hence a megger is basically specified based on the voltage
generated by it .

Example: 250 V, 500V, 1KV, 2.5KV, 5KV,
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Earth resistance tester

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

» state the precautions to be followed while selecting a site for the earth electrode

¢ define earth resistance tester

» explain the principle constructon and working of an earth resistance tester

+ explain the method of measuring the earth resistance

» state the IE rules pertaining to earthing.

Precautions to be followed while selecting the site
for earth electrode: However, even the earth electrode,
either rod or plate type, implanted properly in the earth
according to the specified recommendations is found to
have high resistance resulting in failure of safety. The earth
electrode resistance could be kept at a reasonable level.

Necessity of measuring of earth electrode resistance:
The only way to ensure the acceptable value of earth
electrode resistance isto measure the resistance with the
use of an earth resistance tester.

Earth resistance tester: It is an electrical measuring
instrument used to measure the resistance between any
two points of the earth. It is also called as earth tester.

Principle: The earthtesterworks onthe principle of the fall
of potential method.

In this method the two auxiliary electrodes B and C are
placed at a straight line (Fig 1).

Fig 1

B331

FALL OF POTENTIAL METHOD
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Analternatingcurrentof I magnitude is passedthrough
the electrode A to the electrode C via the earth and the
potential across electrodes A and B is measured.

Theresistance of electrodes Band Cdoes notinfluencethe
measurement result.

This is achieved by placing the electrode C at a sufficient
distance from A so that the resistance areas of Aand C
are quite independent. A distance of above 15 metres
between electrode A and C is regarded as sufficient
distance.

Construction and working of earth tester : The earth
tester essentially consists of a hand drive generator which
suppliesthe testing currentand a direct reading ohmmeter
(Fig2).

The ohmmeter section of this instrument consists of two
coils (potential and current coils) kept at 20° to each other
and mountedon the same spindle. The pointeris attached
tothe spindle. The current coil carriesa current proportional
to the current in the test circuit whereas the potential coll
carries a current proportional to the potential across the
resistance under test.

Fig2
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EARTH TESTER

Thusthe current coil of the instrument actsasanammeter
inthe fall of potential method andthe pressure coil acts as
the voltmeter. Since the deflection of the ohmmeter needle
is proportionaltothe ratio of the currentin the two coils, the
meter gives resistance readings directly.

When DC is used in electrode resistance measurement
the effectof electrolyticemfinterferes with the measurement
andthereadingmay gowrong. Toavoidthis, the supplyto
the electrodes should be AC.

Tofacilitatethisthe DC produced by thethe hand generator
is changed to AC through a current reverser. After the
alternating current passes through the electrodes, the
measurement should be done by an ohmmeter which
requires DC supply.

Tochangethe alternating voltage drop outside the instrument
todirectvoltage dropinside, a synchronous rotary rectifier
is used (Fig 2)

Sometimes the meter needle vibrates during measurement
due to the fact that strong alternating currents of the same
frequency as the generated frequency enters the
measuring circuit.

In such cases the handle rotating speed of the instrument

may be either increased or decreased. In general these
instruments are designed such that the readings are not
affected by strong currents or by electrolytic emfs.
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Method of earth resistance measurement:Tomeasure
the earth electrode resistance, the earth electrode is
preferably disconnected from the installation. Then two
spikes (the current and pressure spikes) are to be driven
into the ground at a straight line at a distance of 25 metres
and 12.5 metres respectively from the main electrode
undertest. The pressure and current spikes and the main
electrode need to be connected to the instrument { Fig 1)

The earthtesterhasto be placed horizontally andis rotated
at a rated speed (normally 160 r.p.m.). The resistance of
the electrode under test is directly read on the calibrated
dial. To ensure correct measurement, the spikes are
placed at a different position around the electrode under
test, keepingthe distance the same as inthe first reading.
The average ofthese readings isthe earthresistance ofthe
electrode.

I.LE. Rules pertaining to earthing

Earthing shall generally be carried out in accordance with
the requirements of Indian Electricity Rules 1956, as
amended fromtime totime, andthe relevant regulations of
the electricity supply authority concerned. The following
Indian Electricity Rules are particularly applicable to both
systemandequipmentearthing: 32,51,61,62,67,69,88(2)
and 90.

Extracts from Indian Electricity Rules, 1956

Rule no. 32: Identification of earthed and earthed
neutral conductors and position of
switches and cut-outs therein.

Where the conductors include an earthed conductor of a
two-wire systemoran earthed neutral conductor ofa muilti-
wire system or a conductor which is to be connected
thereto, the following conditions shall be compiled with.

1 Anindication of a permanent nature shall be provided by
the owner of the earthed or earthed neutral conductor,
or the conductor which is to be connected thereto, to
enable such a conductor to be distinguished fromany
live conductor. Such indication shall be provided:

a where the earthed or earthed neutral conductor is
the property of the supplier, at or near the point of
commencement of supply

b where a conductor forming part of a consumer's
systemisto be connectedtothe supplier's earthed
or earthed neutral conductor at the point where
such connection is to be made.

2 No cut-out, link or switch other than a linked-switch
arranged to operate simultaneously on the earthed or
earthed neutral conductor and live conductors shall be
inserted or remain inserted in any earthed or earthed
neutral conductor of atwo-wire systemorinany earthed
or earthed neutral conductor of a multi-wire system or
in any conductor connected thereto with the following
exceptions:

a alinkfor testing purposes or

b aswitchforuseincontrolling a generator or trans
former.

Ruleno.51: Provisions applicable to medium, high
or extra high voltage installations

All metalwork enclosing, supporting or associated with the
installation, otherthanthat designedtoserve asta conductor,
shall, if considered necessary by the Inspector, be
connected with earth.

Rule no.681: Connection with earth

1 The following provisions shall apply to the connection
withearth of systems at low voltage in cases wherethe
voltage between phases or outers normally exceeds
125 volts and of systems at medium voltage.

a The neutral conductor of a three-phase four-wire
system, and the middle conductor of a two-phase
three-wire systemshall be earthed by notlessthan
two separate and distinct connections with earth
bothatthe generating station andatthe substation.
It may also be earthed at one or more points along
the distribution system or service line in addition to
any connection with earth which may be at the
consumer's premises.

b Inthe case of a system comprising electric sypply
lines having concentric cables, theexternal conductor
of suchcables shall be earthed by two separate and
distinct connections with earth.

¢ The connection with earth may include a link by
means of which the connection may be temporarily
interrupted for the purpose of testing or for locating
afault.

d Inthe case of analternating current system, there
shall not beinserted inthe connection with earth any
impedance (cther than that required solely for the
operation of switchgear or instrumets), cut-out or
circuit-breaker, and the result of a test made to
ascertainwhetherthe current (ifany) passingthrough
the connection with earth is normal, shall be duly
recorded by the supplier.

e No person shall make connection with earth by the
aid of, nor shall keep it in contact with, any water
main not belonging to him except with the consent
of the owner thereof and of the inspector.

f Alternating current systems which are connected
with earth as aforesaid may be electrically
interconnected. Providedthat eachconnectionwith
earthis bondedto the metal sheathing and metallic
armouring (if any) of the electric supply lines
concerned.

2 Theframe of every generator, stationary motor, and so
far as is practicable, portable motor, and the metallic
parts (not intended as conductors) of all transformers
andany otherapparatus usedfor regulationorcontrolling
energy and all medium voltage energy consuming
apparatusshall be earthed by the owner by twoseparate
and distinct connections with earth.
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3 All metal casings or metallic coverings contained or
protecting any electricsupply-line or apparatus shall be
connected with earth and shall be so joined and
connected across all junction-boxes and other openings
asto make good mechanical and electrical connection
throughout theirwhole length:

Provided that where the supply is at low voltage, this
sub-rule shall not apply to isolated wall tubes or to
brackets, electroliers, switches, ceiling fans or other
fittings (cther than portable hand lamps and portable
andtransportable apparatus) unless provided with earth
terminal.

Providedfurtherthatwhere the supply isat low voltage
andwheretheinstallations areeither new orrenovated,
all plug sockets shall be of the three-pintype andthe
third pin shall be permanently and efficiently earthed.

4 Allearthing systems shall, before electric supply lines
or apparatus are energised, be tested for electrical
resistance to ensure efficient earthing.

5 Allearthing systems belonging to the supplier shall, in
addition, be testedfor resistance onadry day duringthe
dry season not less than once every two years.

6 Arecordofeveryearthtest made andthe resulttherecf
shall be kept by the supplierfora period of notlessthan
twoyears after the day of testingand shall be available
tothe Inspector when required.

Rule no.62: Systems at medium voltage

Where a medium voltage supply system is employed, the
voltage between earth and any conductor forming part of
the same system shall not, under normal conditions,
exceedlowvoltage.

Rule no.67: Connection with earth

1 Thefollowing provisions shall apply to the connection
with earth of three-phase systems for use at high or
extra-highvoltages:-

Inthe case of star-connectedwith earthed neutrals or delta-
connected systems with earthed artificial neutral point

a The neutral point shall be earthed by not less than
two separate and distinct connections with earth,
each having its own electrode at the generating
station and at the sub-station and may be earthed
at any other point, provided that no interference of
any description is caused by such earthing;

b In the event of an appreciable harmonic current
flowing in the neutral connections so as to cause
interference with communication circuits, the
generator or transformer neutral shall be earthed
through a suitable impedance.

2 Inthe case of a system comprising electric supply
lines having concentric cables, the external conductor
shall be the one to be connected with earth.

3 Wherethe earthing leadandearth connectionare used
only in connection with earthing guards erected under
high or extra-high voltage overhead lines where they
cross a telecommunication line or a railway line, and
where such lines are equipped with earth leakage
relays of atype and setting approved by the Inspector,
the resistance shall not exceed 25 ohms.

Rule no.69: Pole type substations

1 Where platform type constructionis usedfor a pole type
substationand sufficient spacefora personto standon
the platformis provided, a substantial hand rail shall be
built around the said platform, and if the hand rail is of
metal, it shall be connected with earth:

Provided that in the case of pole type substation on
wooden supportandwooden platformthe metal hand-
rail shall not be connected with earth.

Rule no.88: Guarding

1 Every guard-wire shallbe connectedwith earthat each
point at which its electrical continuity is broken.

Rule no.90: Earthing

1 All metal support of overhead line and metallic fittings
attached thereto, shall be permanently and efficiently
earthed. Forthis purpose a continuous earthwire shall
be provided and securely fastened to each pole and
connected ordinarily atfour pointsinevery mile or1.601
km, the spacing between the points being as nearly
equidistant as possible. Alternatively, each support
and metallic fitting attached thereto shall be efficiently
earthed.

2 Each stay-wire shall be similarly earthed unless an
insulator has been placedinata height not lessthan 10
ft. from the ground.

The details of ELCB and relay are already
discussed in the lession1.7.62
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Power
Electrician - lllumination

Related Theory for Exercise 1.9.78

lllumination terms - Laws

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

» state and explain different terms used in illumination
» state properties and advantages of good illumination
» state and explain laws of illumination.

Definitions

A few principle terms in connection with illumination are
defined below.

Luminous flux (F or F): The flux of light emitted from a
luminous body is the energy radiated per second in the
form of lightwaves. The unitofluminousfluxis lumen'(lm).

Luminous intensity(l): The luminous intensity of a light
source ina givendirectionisthe luminous flux givenout by
the light source per unit solid angle. The angle subtended
by an area r? on the surface of sphere of radius r, at the
centre of sphere is unit solid angle. In S, the unit of
luminous intensity is the candela.

Candela: This is the amount of light emitted in a given
direction by a source of one candle power. Sl base unitis
candela (cd). 1 candela = 0.982 international candles.

Lumen (Im): It is the unit of luminous flux. This is defined
as the amount of light contained in cne steradian from a
source of one candela at its focus. (Fig 1)

A\

Ifthe shaded area =r‘anda source of one candelais atthe
centre C, the light contained within the solid angle is cne
lumen.

Fig 1
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The light output of electriclampis measuredinlumens and
their luminous efficiency is expressed in lumens per watt
(Im/w).

llluminance orlllumination {E): llluminance of asurface
is definedas the luminous flux reaching it perpendicularly
per unit area. The metric unit is the lumen / m? or lux (Ix).

Lux: This is the total output of light. Lumen per square
meter (1m/m?) orlux is the intensity of ilumination produced
inthe innersurface of a hollow sphere of radius one meter
by a standard candle atthe centre. Sometimes thisis also
knownas metre-candle.

Lighting engineers use a pocket-size instrument called a
“lightmeter' to measure illuminance; and the reading in lux
is read off the scale (Fig 2).

Factors to be viewed for correct illumination: The
following are the important factors which should be
consideredwhile planning correctanda good illumination:
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TYPICAL POCKET-SIZE LIGHT-METER FOR MEASLIRING ILLUMINANCE.

Nature of work : Considering the nature of work, sufficient
and suitable lighting sould be maintained. For example, a
delicate work like radioand TV assembling, etc. requires
good illuminationto increase the production of work where
as for rough work like storage, garages, etc needs very
small illumination.

Design of Apartment : The design of apartment must be
kept in view while planning scheme for illumination. It
means that the light emitted by the illumination source
should not strike the eyes of the occupants or workers.

Cost: ltisanimportantfactorwhich should be considered
while designing an illumination scheme for particular
purpose.

Maintenance Factor : While planning illumination, it
shouldalso be keptinviewthe amount of reduction of light
duetoaccumulationof dust or smoke onthe source of light
andafter how much period cleanliness isrequired. Where
there is a possibility of heavy loss of light due to the
adherence of smoke, arrangement for the extra light is to
be made fromthe very beginning.

Properties of good illumination

Anilluminationsource should, have thefollowing properties.
i Itshould have sufficient light.

i It should not strike the eyes.

iii It should not produce glareness in the eyes.

i Itshould beinstalled atsucha place that it gives uniform
light.

v It should be cf correct type as needed.

v Itshould have suitable shades and refelectors.
Advantages of good illumination

i ltincreases production inthe workshop.

i Itreducesthe chances of accidents.



i It does not strain the eyes.

i It reduces the wastage or loss of material.

v Itincreases the interior decoration of the building.
v It gives smoothing effect to mind.

Laws of illumination

Inverse square law: If the internal radius of a sphere is
increased from 1 metre to r metres, the surface area of it
is increased from 4rto 4nr? square metres. Witha uniform

Types of lamps

point source of light of one candela at the centre, the
number of lumen per square metre onthe sphere of radius
r metres.

Az _ i
4mr? £

Hencethe illuminationofa surfaceisinversely proportional
to the square of its distance fromthe source. This is called
the Inverse Square Law of lllumination.

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

* list out the types of lamps
+ explain the different types of lamps

+_explain the construction and working of tungsten filament lamp.

Types of lamps

Thereare many types of electriclamps now available. They
differ in construction and inthe principle of operation.

They give lightas a result of heating the filament to a very
high temperature. The lamps can be grouped as follows.
Electric lamps

| \ |

Filamentlamps  Arc lamps Discharge lamps

Cold Ijlot

cathode cathode

Carbon  Metal

Filament lamp: A lamp in which a metal, carbon or cther
filament is rendered incandescent by the passage of
electric current.

Vacuum lamp: A filament lamp in which the filament
operates ina vacuum.

Gas-filled lamp: A filament lamp in which the filament
operates in an inert gas.

Halogen lamp: A tungsten filament lamp in which the
tungstenfilament operates ina relatively small spacefilled
with an inert gas and halogen of iodine or bromine.

Arclamp: Anelectric lamp in which the light is emitted by
anarc.

Discharge lamp: An electric lamp in which the light is
obtainedby a discharge of electricity betweentwo electrodes
ingas or vapour.

Tungsten filament lamp: This lamp consists essentially
of afine wire ofthe metal, tungsten (thefilament) supported

Direct and indirect lighting

ina glass envelope and the air evacuated from the glass
bulb - hence called a vacuum lamp.

Fig 1 shows the parts of tungsten filament lamp

Fig 1
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The two types of filaments (Fig 2) are
+ single coil filament

» coiled coil filament.

Fig 2
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The mainadvantage of a coiled coil lampis the higher light
output.

Objectives: At the end of this lesson you shall be able to
» explain direct and indirect lighting.

Direct lighting type has largest efficiency from energy
utilization point of view but glare is always present. Such
systems are used for flood and Industrial lighting.

Indirect lighting type designed to avoid glare and
recommendedfor specific purposes.

Semidirecttypedesignedtoavoid glare and recommended
for offices and other specific purposes.

Semi indirect type designed to avoid glare and
recommendedfor specific purposes.
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Power
Electrician - lllumination

Related Theory for Exercise 1.9.79

Low voltage lamps - different wattage lamps in series

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

+ state the purpos e of differtent voltage lamps

+ calculate and compare the hot resistance of the s ame voltage but of different wattage/current lamps
+ describe the method of measuring and calculating the ‘hot resistance’

+ state the effects of different wattage lamps in series.

Purpos e: In quite afew placeswe uselowvoltage supply
Le. BY, 12% or 24%, such as in automobile vehicles.
Autormobile vehicles are equipped with many lights to
provide an efficient lighting system for both day and night
driving conditions. The warious lights require the use of
different wattage and types of light lamps to provide the
amount of ilumination desired.

Glow conditions of low wattage lamps with current
flow through it An electric lamp changes electrical
energyinto heat and light, when current flows through its
filament and causes it to become incandescent. The
filament is made oftungsten wire. The low voltage lamps
are genertally of lowwattage because ata low voltage the
currenttaken by the filamentfor a given wattage is much
more as compared to the domestic light.

Different wattage lamps in series: |f the two lamps of
differentwattagein parallel acrossin A C . circuit, it should
be same voltage for proper operation. But, if they are
connected in series they should have the same current
rating s.

Allthe bulbs in house are probably connected in parallel
andtheywill drawthe currentitrequires, and allthe lamps
will glow bright.

If two lamps with unequal wattages and same voltage
ratings are connected in series they will divide up the
availablevoltage betweenthem.

L ow wattage lamp will glow bright, due to high
resistance and highvoltage drop. High wattage
lamp will glow dim, due to low resistance and
low voltage drop.

Example

Inacircuitthe twolampsrated as 2002505 and 100
250 areconnectedin series across240valt AC. supply.

(Fig 1
2000y (higherwattage) lamp will glow dim and
100%Y (o weattage) lam powill glow bright.
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bhecause,

The resistance of 200W\ 250% lamp,
vZ 250250

h =31250)
B W, 200

R

The resistance of 100 250% lamp

_ 250 x 250
100

= G250}

2

Total resistance Ry =3125 +625 = 9375 0

v . 240
currentI:RT 937 5

= [.256A,

voltage dropin200WYlamp =R | - 0258 = 3125 - 8oV

Yoltage drop in 100Wlamp =R , - 0.258 = 8258 - 180V

Power ® | =240 0256 =61.4 W
Hence,

The 100%Y [amp having high voltage drop due to high
resistance itwill glow bright than high wattge lamp 200%
wehich is having lowvoltage drap and low resistance.
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Construction details of various lamps

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

» explain the construction and working of neon sign tubes

» explain the colour mechanism of neon signs.

Neon sign lamp
Gas discharge lamp

A gas discharge lamp is one in which some inert gas is
filledina glasstube havingtwo electrodes sealedintoeach
end, which on heatingallowsthe flow of electronthroughit.
Toebtaina continuousflow of electron, gasisfirstcharged
but as the supply is disconnected from the bulb, the gasis
discharged. Sucha lampis knownas electric Gas Discharge
Lamp. Electricgas discharge lamps are oftwo maintypes:

(i) Coldcathodelamp
(i) Hotcathode lamp

Cold CathodeLamps (i) Neonlamp, (ii) neonsigntubes,
(iif) sodium vapour lamp.

Hot Cathode Lamps (i) mercury vapour lamp (medium
pressure), and (ii) fluroscent tube (low pressure mercury
vapourlamp)

Types of gas discharge lamps

Neon Lamp This is a cold cathode lamp as shown in
Fig 1 Neon gas at low pressure is used in it.

Fig 1
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Construction

In this lamp, two flat or spiral electrodes are kept close
togetherin a glass bulb so that the lamp can be operated
at low voltage such as 150 V dc or 110 V ac. On giving
supply to the electrodes, the gas becomes ionised and
emits light which is reddish in colour. In usual practice a
2000W resistance is also connected in series with the
electrodes which is placed in the cap of the lamp. This
minimizesthe fluctuation of currentdueto large variation of
potential difference.

Uses

A neon lamp is generally used as an indicator lamp to
indicate the presence of supply. Itgives a small quantity of
light and can also be used as a night lamp. A neon lamp
ofthis type is also used in the testing pencil which is of 0.5
W.

Neon sign tube

Construction of neon sign tube: Neon signtube lamps
are used mostly for advertising purposes. Fig 2shows the
construction details of a neon signtube. A neonsigntube
is made of glass.

Fig2
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Thelengthofthe tube varies from1 metreto & metres, and
the diameter varies from 10 mmto 20 mm. The tubes are
joinedwith electrodes which are operated at high voltage.
The electrodes are connected with nickel wires for more
length or to different letters. (Fig 3)

Fig 3
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The shape of the electrode is cylindrical. The electrodesare
made of nickel, iron or copper. The electrode consists of:

* aglass shell

+ aleadinwires

* aglass jacket seal

+ aceramic collar. (heat resisting material)

The electrodes are fitted at the end of the tubes and fused.
Avacuumis createdinthe tube beforefilling itupwith an inert
gas, suchas neonor helium. Afterthatitwill be sealed. The
neonsigntube will operate at 2000V to 15000V depend upon
the length of the tube.
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Working of neon signtube: The neonsigntube requires
a high voltage to operate. (Fig 4) This is cbtained by a
leakage field transformer (T) which simuntanously limits
the current. The colourandthe temperature ofa neontube
depend on the gas inside, and we can also get various
colours by using different fluorescent materials.

When high voltage isapplied betweenthe electrodes, the
positive ions and the electrons drift towards the cathode
and anode respectively. The movement of electrons
increaseswiththe potential and attaina very highwvelocity.
The movement of electrons results in collision with the
netural atoms, and may detach electronsfromthem. The
high velocity of electrons is responsible for luminous
discharge (light). The strikingvoltage of a necnsignlamp
isabout 1.5times higherthanthe operating voltage, which
is controlled by the R.F. choke)'L'.(Fig 4)
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Circuit description and operation

Step-uptransformer: The step uptransformeris usedto
obtain a high voltage. The centre tap is earthed. The
secondary output voltage is connected to the neon lamp.

R.F.chokelL is connectedinseries withthe primary of the
leakage transformer to limit the surge current of the neon
lamp. (Fig 4)

The capacitor C Itis connected across the primary of the
transformer to improve the powerfactor.

The fireman switch S2 It is connected alongwith the
main switch and is used as an emergency switch. (Fig 4)

Sodium vapour lamp

Main switches normally 15A 250V ICDP are used to
control the circuits.

H.T. cables are used to connect the secondary of the
transformer to the neon sign lamp as per IE rule No 71.

Colour mechanism of neon sign lamp: When electric
current is conducted by a gas or vapour it produces
luminous light. The elements most commonly used inthis
process of producing light by gaseous discharge are neon
or mercury. The neon discharge yields orange-red light
which is very popular in making advertising signs. The
pressure of neon in the tubes is usually from 3 to 20 mm
of the Hg. (millimeter of mercury)

The ultimate colour produced by usingfluorescent powders
depends not only on the chemical composition of the
powders but alsoonthe gas, the pressure at whichthe gas
was filled, the diameter of the tubing and the operating
current.

Colour Mechanism - Table

Basic powder Colour
1 Calciumtungstate Blue
2 Magnesium tungstate Blue-white
3 Calcium silicate Pink
4 Zinc silicate Green
) Zine beryllium silicate, Yellow, white, pink
depending upon the
activating agent
Cadmium silicate Yellow, pink
7 Cadmium borate Pink

Installation: All equipment to be housed in an earthed
metal or substantial containers suitable for highvoltage. A
notice “Danger-High Voltage' in the type of lettering as
stated in 1.E regulation No.71, to be permanently fixed
near to the equipment.

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

» state the sodium vapour lamp and its types

» describe the construction of low and high pressure sodium vapour lamp

» state the functions of the parts in the circuit.

Sodium vapour lamp and its types: Sodium vapour
lampis a cold cathode gas discharge lamp, which gives
a yellow colour light Sodium lamps are particularly
suitable infog as theiryellow light can penetrate fogbetter.

The averagelife of a sodiumvapour lampiswell over 6000
hours. There are two types of Sodium Vapour lamps as
givenbelow:

* low pressure SV lamp

+ high pressure SV lamp.

Construction

Low pressure sodium vapour lamp: In the sodium
vapour lampsefficiency decreasesrapidlyasthe current
density is increased above a certain value.
Consequently the lamp has to be operated at a low
current density and this necessitatesa large surface
area of the tube.

This lamp possesses a brightness of 7.5 candle per
sg.cm. Because ofthese pointsthe length of thistube has
to be very long.
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As stated above low pressure Sodium Vapour lamps
require along tube, but as there is limit tothe practicable
size of such a jacket of the vacuum flask type, the long
lamp tube is bent to a "U' shape to suit the jacket.

The low pressure SodiumVapour lamppossessesa U
shaped glass tube internally coated with fluorescent
powder, consisting of Scdiumtogether withNecnandone
percent of Argon, the functionofthe Argonbeing used to
reduce the initializing voltage.

Ina cold lamp the Sodium is in the form of solidified
dropsonthe innerwalls. Thetube contains two Barium
and Strontium coated, coiled Tungsten electrodes atboth
ends. The two ends of the electrodes are fixed to the
bayonet cap. (Fig 1) Connection diagram is Fig 3.

Fig 1
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High pressure sodium vapour lamp: A high pressure
Sodium vapour lamp (Fig 2) operates at a much higher
current which flows through a much shorter arc tube
(dischargetube).

Fig 2
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This discharge tube is made of sintered aluminium
ceramic discharge arc tube which is resistant to the hot
ionised Sodium Vapour up to atemperature of about
1600°C which transmits cver 80% of visible radiation.

The discharge tube operatesata pressure of about halfan
atmosphere, and isenclosed inan evacuated hardglass
envelope of elliptical shape to maintain the tube at the
correcttemperature. The lampgives a rich Golden light
which enables colours to be easily distinguished.
This discharge tube contains Sodium and Mercury,
with Argon or xenon added at a low pressure for
starting purposes at low pressure.
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A voltage pulse of about 2.5 KV is required to initiate
the discharge (Fig4) in higher pressure Sodium Vapour
lamp. This high voltage pulse is generated by high
external ignitor or by built in thermal starter.

Fig4
HIGHWAY LIGHTING H.P.S.V LAMP

HARD GLASS OUTER BULB

TRANSLUGCENT POLYCRYSTALLINE
SINTERED ALUMINIUM OXIDE
DISCHARGE TUBE
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HIGH PRESSURE SODIUM VAPOUR LAMP
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Leak transformer: Theignition voltage of sodiumlamps
varies from 400to 600V. A “leak transformer' performs
the dual role of providing the ignition voltage initially, and
acting as a choke for limiting the current subsequently
whenthe lamp starts conducting. The diagramcofaleak
transformer is shown in Fig 5.
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The primary andthe secondarywindings are connected
inseries and placed around the centre limb of a 3-core
yoke. Between the coils, a loose iron core is clamped in
the yoke on either side, which acts as a shunt for the
magnetic field.

Under no-load conditions, the resistance of the shunt is
large due to air gaps, with the result the magnetic field
moves throughthe limbs of the yoke, andthe device acts
as an auto-transformer. But when the lamp ignites and
consumes current, a part of the magnetic field leaks
away through the shunt due to the counter-acting field of
the secondary.

The device now actsasa choke coil reducing the voltage
across the lamp electrodes to the required value.

High pressure mercury vapour lamp (H.P.M.V)

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

» state the principle of discharge lamps

» describe the working of a “high pressure' mercury vapour lamp

= explain the different types of mercury vapour lamps.

All modern discharge lamps operate in a translucent
enclosure. The initial discharge is usually struck in argon
orneon.

The discharge ocours inaninnertube enclosed inan cuter
evacuated tube. (Fig 1) The inner tube of glass or quartz
contains mercury and a small amount of argonto assistin
the starting of the discharge. The electrodes are rich in
electron-emittting materials in order to permit ease in the
release of electrons.

Fig 1

-
=z

I

/l ‘\
STARTING —/
AUXILARY
ELECTRODE MAIN ELECTRODES
MA TYPE HPMV LAMP CIRCUIT %
w

HPMV lamps

The lamp operates athigh pressure. To start the discharge,
an auxiliary electrode is positioned quite close to the main
electrode. The auxiliary electrode is connectedtothe lamp
terminal through a high resistor.

The highresistor limitsthe current. When switched on, the
normal mainsvoltage is not sufficient to start the discharge
between the main electrodes but it can start overthe very
short distance betweenthe mainandauxiliary electrodes.

At the beginning, the discharge current passing through
the high resistance causes a potential differenceto  develop
betweenthe starting electrode and one ofthe mainelectrode
throughthe argongas. The discharge now spreads rapidly
until it takes place between the main electrodes.

The argondischarge thenwarms upthetube and vaporises
the mercury. Soon the gas content is mainly mercury
vapour and the argon has less and less effect. The
discharge thentakes place inthe mercury vapour.

Types of HPVIV lamps

Three different types of high pressure mercury vapour
lamps are:

«  MAtype (MV lamp with auxiliary electrode)
+  MAT type (MV lamp with tungsten filament)

« MB type. (MV lamp with auxiliary electrode and
Bayonet cap)
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Among the 3 types only MA type is explained below:

MA type HPMV lamp: The discharge tube is made of
borosilicate whichis quite hard. The tube consisting ofthe
main and auxiliary electrodes is sealed with an inside
pressure of one and a half atmospheres. The lamp has a
screw cap and is connected to the mains through the
choke. (Fig 2) The lamp takes about & minutes to start
givingfull output.

This lamp, once switched off, will not restartagain untilthe
pressure developed inside the tube falls back. It takes
about 7 minutes to startagain. There isno harminkeeping
the switchon. The lamp should always be hung vertically,
otherwise the inner tube will be damaged.

The efficiency is 45 Im/watt for 400 watts lamp

Fluorescent lamp

Fig2
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Objectives : At the end of this lesson you shall be able to

» state the principle of discharge lamps

» describe the construction of single tube fluorescent lamp with its components

» state the function of each component in the circuit.

Principle of a discharge lamp : The basic principle of a
gas-discharge lamp is explained in Fig 1. Gases are
normally poor conductors, especially atatmospheric and
higher pressures, but applicationof suitable voltage (known
as ignition voltage) between two electrodes in a sealed
envelope containing gas at low pressure ionises the gas,
and current passes from one electrode tothe otherthrough
the gas medium.

Fig 1
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Circuit diagram: The method of connecting the starter,
ballast and the tube's electrodes at its either end is as in

(Fig3)

ELN243851

A glass shell with two electrodes apart is connected
through lead in wires to the voltage source. The space
withinthe shell isfilled with low pressure vapour. Whenthe
voltage appliedtothe electrodes is increased to a certain
value, the gas inside gets ichised and starts conducting.

Construction of fluorescent tubes: A fluorescent light
bulbis basically a glass tube cappedby two bases. (Fig2)
These bases arefitted with pins to carry current to internal
components called cathodes. Contained inside the tube
are minute droplets of mercury and an inert gas.

The inner surface of the tube is coated with a fluorescent
powder or phoshphor. This phosphor emits light when
exposed to ultra-violet rays. Cathodes or electrodes are
made upof coiled tungstenfilaments coated with a mixture
of barium and strontium oxides.

Fig3
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Function of the various parts in a fluorescent light circuit

Ballast (Choke): The ballast is basically a coil of many
turns woundonalaminatedironcore (Fig 4). Itsteps upthe
supply voltage to start the fluorescent tube conducting.
Once the tube is conducting, it regulates the flow of heavy
currenttothe tube cathodes to keepthem from burning out.
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Fig 4
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Starters: Astarterinthe fluorescent tube circuit performs
two functions.

« It completes the circuit at first for preheating the
electrodes.

+ It opensthe circuit to provide voltage kick for ignition.
There are two types of starters.

¢ Glow-type

+ Thermaltype

Glowtype starters: A glow-type starterswitch (Figd) isthe
one most widely used. It consists of a gas-filled glass tube
containing two electrodes, one of which is a bimetallic strip.
When voltage is applied to the starter, a glow discharge
occurs betweenthe two contacts. The heat thus developed
causes the bimetallic strip to deflect and close the circuit.

Current for preheating the electrodes starts flowing. Atthe
same time the glow discharge ceases resulting in the
cooling ofthe bimetallic strip. The contacts reopenandthe
voltage induced in the choke coil provides the ignition
voltage.

Thermal type starter: The starter has a bimetalic strip
close to the resistance R which produces heat.

Thermal type starters are generally enclosed ina hydrogen
-filled glass bulb G. The two switch electrodes E, andE,
are normally closedwhenthe lampis notinoperation. VWhen
normal supply is switched on, the lamp filament electrodes
AandBare connectedtogetherthroughthe thermal switch
and a large current passes through them.

Halogen lamp

Fig 5
W
&
VOLTAGE APPLIED BIMETALLIC STRIP BIMETALLIC STRIP
AND STARTER BENDS AND COOLS AND g
HEATS UP. CONTACT CLOSES. CONTACT OPENS.
GLOW TYPE STARTER =
w

Consequently, they are heated to incandescence.
Meanwhile the heat produced in resistance R causes the
bimetallic strip E, to break contact. The inductive surge of
about 1000V produced by the choke is sufficient to start
discharge through mercury vapours as explained. The heat
produced in R keeps the swtich contacts E, and E, open
during the time as shown in Fig 6.

A 0.006 MFD capacitor (C,) is connected across the
electrodes of the starter contacts (bimetals) inthe case of
boththermal and glow type starters, toeliminate any radio
interference effectsthat may be caused by the openingand
closing of the bimetallic contacts.

Figé
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Objectives: Atthe end of this lesson you shall be able to

» explain Halogen lamp construction

» describe the principle of tangsten halogen regenerative cycle process

Construction: Halogen lamps are the most advanced and
multi-purpose incandescent lamps. Although they belong
to the incandescent family of lamps, they are designed to
provide a superior quality of crisp white light, long life, high
efficiency and constant lumen maintenance. Due to their
reduced size, the halogen lamps allow for the most
compact and stylish fixture designs. Halogen lamps
operate on the tungsten halogen regenerative principle
which eliminates filament evaporation and bulb blackening.
As a result, the initial lumens and color temperature are
maintained throughout the lamp life. The use of bromine,
which is a transparent gas, increases efficiency by 28 -33
lumens/watt as compared with iodine because there is
less absorption of light by the filled gas (Fig 1).

Principle of tungsten halogen regenerative cycle
process

1 Ifthe lamp is turned on, tungsten particles evaporate
from filament and attach on to bulb wall. At the same
time, halogen is decomposed and becomes atomic
halogen.

2 Atomic halogen is diffused on the bulb wall and

combines with free tungsten particle to become
transparent and volatile tungsten halide.

3 Due tothe hightemperature (over 500°F) on the bulb

wall, tungsten halide is volatilized and circulated back
to filament.
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Fig 1
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4 After tungsten halide is decomposed around the
filament at a high temperature, halogen gas is released,
ready to combine again, andtungstenis  re-deposited
onthe filament, whereby the process is ready to begin
again.

The halogen lamp's envelope is made of quartz glass
because of the high operating temperature and pressure
required to permit the halogen regenerative cycle process.
Quartz also renders the lamp extremely resistant to heat
impact. The small dimensions of halogen lamps
allow accurate control over the light beam for a better
focused and precise light.

Tungsten Halogen Lamp

Halogen is the name given to group of gaseous elements
like flourine, chlorine, bromine and lodine.ln
incandescent lamp the life of filament is affected by
evaporation of tungsten.

To prevent this a small amount of halogen gas (say iodine)
is added to the argon gas filling of the lamp. Evaporated
tungsten iodine is very volatile and suffers thermal diffusion
in direction of filament and gets decomposed into tungsten
and halogen.

Tungsten so relesed is deposited back on filament
restoring its strength. Thus addition of halogen results in
formation of a regenerative cycle and evaporation of
tungsten is prevented. This also results in increased
efficiency as tungsten filament can now be heated to much
more temperature (Fig 2).

To maintain this regenerative cycle, it is necessary that
the wall temperature is maintained high to 2500°C. The
lamp envelope is therefore made of quartz due to which it
is possible to miniaturise, as filling gas can now be filled
at high gas pressure.

Fig 2 .
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The efficacy of this lamp is 50% more as compared to
GLS for equal watage and life is just double. These lamps
have better colour rendition. These are available in sizes
of 500 Wto 5kWW. Halogen lamp with much better efficiency
and lesser sizes but having very less life are manufactured
for TV photography and film camera purpose.

The Fig 3 shows the different shapes of halogen lamps.

Fig 3
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Compact Fluorescent Lamp (CFL)

Objectives: At the end of this lesson you shall be able to
= explain the construction of CFL

» describe the working principle of CFL

» state the types of CFL’s and tubes.

CFL Lamp

Construction: A compact flucrescent lamp (CFL), also
called compact fluorescent light, energy-saving light, and
compact fluorescent tube, is a flucrescent lamp designed
to replace an incandescent lamp; some types fit into light
fixtures formerly used for incandescent lamps. The lamps
use a tube which is curved or folded tofit into the space of
an incandescent bulb, and a compact electronic ballast in
the base of the lamp (Fig 1)

Fig 1

—

Fig 2.3.12.01

A CFL has a higher purchase price than an incandescent
lamp, but can save over five times its purchase price in
electricity costs over the lamp's lifetime.

Working principle : The principle of operation ina CFL
bulb remains the same as in other fluorescent lighting:
electrons that are bound to mercury atoms are excited to
states where they will radiate ultraviolet light as they return
to a lower energy level; this emitted ultraviolet light is

Light Emitting Diodes (LEDs)

converted into visible light as it strikes the fluorescent
coating on the bulb (as well as into heat when absorbed
by other materials such as glass).

CFLs radiate a spectral power distribution that is different
from that of incandescent lamps. Improved phosphor
formulations have improved the perceived color of the light
emitted by CFLs, such that some sources rate the best
"soft white" CFLs as subjectively similar in color to standard
incandescent lamps.

Types of CFL

There are two types of CFLs:
1 Integrated lamps

2 Non-integrated lamps.

Integrated lamps: Integrated lamps combine the tube
and ballast ina single unit. These lamps allow consumers
to replace incandescent lamps easily with CFLs. Integrated
CFLs work well in many standard incandescent light
fixtures, reducing the cost of converting to fluorescent.

Non-integrated lamps: Non-integrated CFLs have the
ballast permanently installed in the luminaire, and only
the lamp bulb is usually changed at its end of life. Since
the ballasts are placed in the light fixture, they are larger
and last longer compared to the integrated ones, and they
don't need to be replaced when the bulb reaches its end-
of-life. Non-integrated CFL housings can be both more
expensive and sophisticated.

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

+ state the advantages of LEDs over-conventional bulbs

= explain the principle of working of LED
» state the popular types of LED.

Light emitting diodes (LED)

One ofthe most commonand popular of new devices inthe
opticalelectronics is the Light Emitting Diode abbreviated
as LED. These LEDs are now used asindicators inalmost
all electrical and electronic circuits and equipments.

The advantages of LEDs overincandescentbulbs are
listed below:

1 LEDs have no filaments to heat and so require less
current to glow.

2 LEDsrequirelowervoltage level (typically 1.2to2.5V)
thanthe conventional bulbs.

LEDs last much longer - upto several years.

Because there is no filament to heat up, LEDs are
always cool.

5 LEDs can be switched ON and OFF at a much faster
rate compared with conventional lamps.

Principle of working of LEDs

Although LED isalso a type of diode, it cannotand should
not be used for the purpose of rectifying AC to DC.ALED
is a semi conductor device which emits visible ligtwhen it
is property connected with the electric supply.

Recall that a general purpose diode or a rectifier diode
conducts whenenergy issuppliedto the electrons (Si=0.7V,
Ge=0.3V) tocrossthe barrierjunction. Eachelectron, after
acquiring the supplied extra energy, crosses the junction
and falls into the hole onthe Pside of the junctionwhile the
electron recombines with a hole, the electron gives up the
extra energy by it. This extra energy is dissipated in the
form of heat and light.
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Ingeneral purpose dicdes because the silicon material is
nottransparent(opague), the light produced by the electrons
does notescapetothe outer environment. Hence, itis not
visible. But LEDs are made using semi-transparent
materials instead of silicon.

Because the material used in making LEDs is semi-
transparent, some of the light produced by the electrons
escapestothe surface of the diode, and, hence, isvisible.
(Fig1a)

LEDs are typically doped with gallium arsenic, gallium
phosphate orgallium arseno-phosphate. Different dopes
causethe LEDtoemitlightofdifferentcolours (wave-
lengths) such as red, yellow, green, amber, or even
invisible infrared light.

The schematic symbol of LED Non-integrated lamps is as
shown in (Fig 1b). The arrows are used to indicate that light
is radiatedfrom the device.

Fig 1 LIGHT
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Types of LEDs

Single colour LEDs: Most of the commercially available
and commonly used LEDs are single colour LEDs. These
LEDsradiate one ofthe colours suchasred, green, yellow
or orange. Different coloured LEDs will have different
forward voltages as givenin the table below:

Colour of LED Red | OCrange | Yellow | Green
Typical Forward
voltage drop 1.8V 2V 21V 2.2V

High pressure metal halide lamps

These typical forward voltage drops are at a
typical LED forward current I =20 mA.

Two colour LEDs: These LEDs can give two colours.
Actually, these are two LEDs put in a single package and
connected . (Fig 2)

In atwo-colour LED, two LEDs are connected in inverse
parallel, so that one of the colour is emitted whenthe LED
is biased in one direction and the other colour is emitted
whenthe LEDis biasedinthe other direction. These LEDs
are more expensive than the single colour LEDs. These
LEDsare usefulto indicate +ve, —ve polarities, GO-NOGO
indication, null detection etc.

Fig 2

=
m

MulticolourLEDs: Theseare special types of LEDs which
canemit more thantwo colours. These LEDs comprises of
agreenandared LED mountedina three-pincommon
cathode package. (Fig 3)

Fig3 GREEN g4 RED
Aq
K
P
K N
P 2

P

g

:
Outputcolour Red Orange | Yellow | Green
LED-1 current 0 SMA 10mA | 15mA
LED-2 current 15mA 3mA 2mA 0

This LED will emit green or red colour by turning ON only
one LED atatime. This LED will emit orange or yellow by
turning on the two LEDs with different current ratios as
shown inthe table givenabove.

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

» describe the working principle of metal halide lamp (M.H.L)

» explain the starting of M.H lamp

» state the parts of VIH lamp and its starting methods.

Metal halide lamps

This type of lampis also known as an "MH' lamp. It is an
HID lamp (High intensity Discharge), which means it pro-
vides most of its light from the electric arc within a small

discharge tube. It is becoming increasingly popular due
to its good quality white light and good efficiency. The
most prominent use of the MH lamp is in stadiums and
sports fields. It is also used widely for parking lots and
street lighting in urban areas.
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Working Principle

Fig 1 shows the schematic connection diagram of a metal
Halogen lamp in to the AC supply. A resistor is connected
to limit the current so as to increase the life of ballast.

Fig 1
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When the lamp is cold the halides and mercury are con-
densed on the fused quartz tube. VWhenthe lampis turned
on current passed through the starting electrode and jumps
the short distance to the main electrode (Fig 1), this is
aided by argon gas. The argon strikes an arc at low tem-
peratures.

After the initial small arc the tube heats up and the mer-
cury is vaporized. Electric arcs fight to works through the
distance of a gas, but over time more molecules of the
gas become ionized. This makes it even easier for more
electric current to pass through, so the arc gets wider and
hotter.

In the lamp as the first arc heats up, it begins to turn the
solid mercury into a vapor, scon the arc is able to travel
through the mercury vapor to reach the cther main electrode
on the opposite side of the discharge tube. There is less
resistance on this path now and current stops flowing
through the starting electrode, just as a river changes
course to a path of least resistance, drying out the previ-
ous channel.

Parts of Metal Halide lamps.

Fig.2 shows the inner parts and its various function of a
metal halide lamp. The inner tube contains the electrodes
and various metal halides, along with mercury and inert
gases that make up the mix. The typical halides used are
some combination of Sodium, Thallium, and Scandium
and Dysprosium lodides. These iodides control the lamp's
spectral power distribution and provide color balance by
combining the spectra of the various iodides used.

Light is generated by creating an arc between the two
electrodes located inside the innerarc tube. The inner arc
tube is typically made of quartz, and this is a very harsh
environment, with high temperatures approaching 1000°C
and pressure of 3 or 4 atmospheres.

To start a metal halide lamp, a high starting voltage is
applied to the lamp's electrodes to ionize the gas before

Fig 2
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Exhaust Tip
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Getter
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Arc Tube
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current can flow and start the lamp. The outer jacket is
usually made of Borosilicate glass to reduce the amount
of UV radiation emitted from the lamp.

Starting Metal Halide Lamps

A metal halide lamp's starting requirements are important
because they impact the type of ballast that the lamp
requires. Two methods are used to start MH lamps: probe
start (standard start) and pulse start.

Probe start refers to the method used to ignite the arc in
the tube. Atraditional or probe start metal halide lamp has
three electrodes - two for maintaining the arc and a third
internal starting electrode, or probe.

Ahigh open circuit voltage from the ballast initiates an arc
between the starting electrode and the operating electrode
at one end of the arc tube. Once the lamp reaches full
output, a bi-metallic switch closes to short out the probe,
thereby discontinuing the starting arc.

Pulse-start MH lamps do not have a starting probe elec-
trode. An igniter in the pulse start system delivers a high
voltage pulse (typically 3 to 5 kilovolts) directly across the
lamp's operating electrodes to start the lamp, eliminating
the probe and bi-metallic switch needed in probe start
lamps.

Without the probe electrode, the amount of pinch (or seal)
area atthe end of the arc tube is reduced, which allows for
increased full pressure and reduced heat loss. Further-
more, using an ignitor with a lamp reduces tungsten
sputtering by heating up the electrodes faster during
starting, reducing the lamp's warm-up time.

Advantages of MH Lamps

» Excellent Color Rendering

+ Compact Size

«  Versatility

+ High Efficiency

» Positive Environmental Impact
+ LongLife

« Better Light Quality

+ Designable Color
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Related Theory for Exercise 1.9.81

Lighting for decoration - Serial set design - Flasher

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

* state the methods used for decoration
» state the names of flasher and their function.

Use of decoration lights

Electric light decoration for special occasions like
wedding parties, festivals and fairs is a common feature
nowadays. Special electric light sign circuits add much
colour, fun and pleasure on the occasion. Electric signs,
particularly neon signs, are extensively used in
advertisements which have tremendous eye catching
effects. Decoration with electric signs improves the
appearance of a building and makes the place more
aftractive.

Two methods are mainly used for decoration.

+  Signs employing miniature low voltage incandescent
lights which can be switched on and off in sequence to
produce the desiredeffect.

+ Neonsignsemployingtubes shapedto produce designs
in various colours, the colour being determined by the
type of gas used in the tube.

Miniature incandescentlamps: Miniature incandescent
lamps are normally available with 6V, 9V, 12V & 16V
ratings with different colours which may be grouped in
series or series parallel combinations for operation in
available 240V supply.

For getting different messages and decorationeffects the
following types of flasher signs are used.

Speller type flashers are used for spelling out signs letter
by letter orword by word for building up or down, plain on-
off flashing, with changing colour.

Speed type flashers are used for operating spectacular
signs such as lighting waving-flags, - flame, revolving
wheels etc.

Scripttype flashers asthe name implies are usedwhen the
effect of handwriting in script letters is desired.

Anexample of a speedtype flasher for revolving is shown
in Fig 1. The speed of running light/ rotating light can be
adjusted. Inthisthree-point runninglight (the signflasher)

there are three groups of lamps, each group switched on
andoff, insequence, for running effect (Fig 2) withthe help
ofasmall induction motorwhichis running oneddy current
principle and is connected to 240V/115V 50 Hz. Cans or
drums are mounted on a shaft which is rotated by the
motor.

Fig 1
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Thecircumference of the cans orthe drumsare so cutthat
the brushes willmake contact only during the fixed portion
ofthe revolution, thus completing the circuit. Ve can make
three independent circuits by the 3-point sign flashers
which are switched ‘ON’ and ‘OFF’ successively.

Designing a decorative serial lamp for a given supply voltage

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

» calculate the number of bulbs to be connected in series for a given supply voltage.

Serial set design

We have to designarow of 6 or 9volts lamps. Ifthese
lamps are connected directly to the 240V supply, the
lamps will get fusedimmediately. Therefore the lamps
are to be connected in series. The calculation as
shown will be -

1 For 6 volts lamps

Total No. of lamps required = T: 40 lamps.
Taking 5% allowance for fluctuations in the supply
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voltage

Total No. of lamps 40 + (5% of 40)

40 + 2 = 42 lamps.

2 For9volts lamps

240
Total No. of lamps required= = 26.60r 27lamps

Taking 5% allowance for fluctuations in the supply
voltage

Total No. of lamps 27 + (8% of 27)
27 +2 =29 lamps.

The circuit for a series lamp connection of 6V lamp and
supply voltage 240V. (Fig1)

Fig 1
Ly Ly Ly Lag Lag Lao
S e X X X
SN AN
40 Nos. 6 V, 300 mA, LAMPS IN SERIES
230 v, 1-PHASE, 50 Hz 5
L N §
w
Flasher

Precautions
* Neverconnectthe low volt lamps directly tothe mains.
+ Nevertouchthe exposed wires.

In the above case we discussed for 6V and 9V lamps. In
the market we get for 6 volts different current ratings viz.
100mA, 150mA, 300mA, 500mA. The shape of the lamp
forthe above current ratings however remains the same.

For the series lamps to work satisfactorily the current
rating of all the lamps should be the same.

We can prepare serial lamps with different voltages but of
the same current rating.

Example

You have 25 lamps of 6V, 300mA rating and 20 numbers
of 9V, 300mA lamps. How will you design a ‘serial lamp’
circuit for 240V supply mains

a usingall the available 6V lamps and for the rest of 9V
lamps.

b using all the available 9V lamps and for the remaining
BY lamps.

Objectives: Atthe end of this lesson you shall be able to

+ state the purpose of the flasher in the series lamp circuit.

Flasher: In the row of lamps of low voltage, a small lamp
(flasher) of filament type is connected in series with the
otherlamps. Thislamp (flasher) does notgive light butacts
as a switch for the other lamps. This lamp contains a
bimetal strip, which is in contact with a fixed strip

(Fig1).

Fig 1
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FLABHER

Whenthe row of lamps is connected acrossthe supply and
switched ON, the bimetal strip gets heated up, this breaks
the contacts and disconnects supply to the other lamps,
making the lamps OFF.

After a few seconds, the bimetal strip cools down and
makes contact. The supply to the other lamps is ONand
the lamps light up. This is a twinkling type row of lamps
used for decoration (Fig 2).

The rating of the flasher in each row of (small) low voltage
lamps must be the same as that of the other lamps inthat
seriescircuit. Ifthe lamps are of different ratings, thenthe
flasher should be of the lowest current capacity in that
circuit.

Fig 2
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Though the flasher can be connected anywhere in the
seriescircuit, itshould be connectedat the supply (phase)
considering it as a switch.

The operating condition of the flasher can be decided by
observation. If the bimetal strip is found welded to a fixed
strip, then the flasher is not useful and if it is in an
unserviceable condition. It can also be found out by
connecting in circuit and tested for its condition, i.e.
whether it is operating or not.

When a number of series lamp rows are connected in
parallel the flasher should be connected at the input of
supply as shown in Fig 2.
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Related Theory for Exercise 1.9.82

Show case lights and fittings - calculation of lumens efficiency

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

» state the types of bulbs for illumination

» explain direct and indirect lighting and showcase lighting

» explain the luminuous efficiency calculation.

Show case lighting: A number of commercial
establishments use visual representationto their products,
using a lighting system called show case lights. Some of
them are discussed below.

Counters and dealing shelves: Inbank cages and ticket
offices supplementarytroughlighting equipmentis usually
located at the top of the cages to produce a band of light
lengthwise onthe counter. Troughs may be covered with
diffusing glass or fitted with longitudinal louvers to shield
the lamps. Sixty watt lamps on 15to 18 inch centres will
generally be adequate. (Fig 1)

Fig 1
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Small metal bracket type reflectors luminary or regular 25
ord0watt tubular lamps effectively iluminate small  vertical
display racks, stands and cabinets. (Fig 2)

Fig 2
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Small compact lens posts available in both 250 and 400
watt size, mounted on columns or ceiling brackets, give
sales emphasis to small counter or table displays.
Adjustable in spot size for 12 to 48 inches diameter spot
at 10 ft. a 250 watt unit at 10 ft. will deliver 200 to 250 feet
candles, witha 12to 15 inches spot size: the 400 watt unit
will give 350 to 400 foot candles. (Fig 3)

Forextended vertical surface displays - rungs, tapestries,
draperies, paintings - aseries of 150 or 200 watt lens plate
units at the ceiling is suitable for fixed display locations.
Bracket type parabolic, polished metal troughs produce
equivalent results and have some advantage in greater
mobility. (Fig 4)

Fig 3
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Fig 4
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Fornecessityandimpulse itemssuchasgroceries, where
attention rather than critical seeing is the requirement,
less engineering refinement is needed in shelf lighting
equipment. Concentrating trough reflectors which
incorporate luminous panels for changeable advertising
copy are satisfactory. Sockets 30 cms apart may be fitted
with 40 to 100 watt lamps, as conditions dictate. (Fig 5)

Fig5
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Forlighting displays on columns or built-in shelving a metal
nosing along the front edge of each shelf effectively
conceals small 25 watt tubular lamps as shown in the
sketch. Lamps should be spaced not more than 30 cms
apart. Lumiline lamps are, of course, equally suitable in
many cases.
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Displays ofglassware and bottled goodsare highly attractive
and colourful if lighted by transmitted light as shown in
Fig 5. An opal glass panel, illuminated uniformly from
behind the lamps spaced not more than 1% times their
distance at the back of the glass will provide a suitable
luminous background.

Circlinetubes used for windowshowcase: Forcircline
tubes the ballasts are specially designed and are easily
adaptable to assembly on the stem of portable lamps and
in shallow wall and ceiling fixtures, and in some designs
they can be mounted within the circle of the tube.

Ballast equipments designed for use with the 8% inch 22
watt, 12-inch 32 watts. circle line include two single lamp
ballasts, one with uncorrected powerfactor. Theotherwith
high powerfactor. Many ofthe portable lighting equipments
-dressingtable, desklamp, vanity mirror, tie rack, display
unit and boudoir lamps such as Fig& and 7 - inwhich the
8% inch circline will be used which have small thin bases
and slender stems.

Fig B
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Fig 7
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DISPLAY UNIT

There are varieties of goods which are being displayedin
showcases of different colours, size, shape, finenessetc.
Hence Different shades and colour layers will be usedto
getthe propercolourof goods orfineness of detail or both
by proper illumination.

Precaution should be takenwhile putting the merchandise
inshowcases sothat wiring will not be damaged. Alsothe
wiringand merchandise should notget damaged duetothe
excessive heat of lamps.

Luminous Efficiency Calculation

Luminous Efficiency: Luminousefficiency is ameasure
of how will a light source produces a visible light. It is a
quantity of measurement for light source and it is defined
as the ratio of luminous flux to power of the lamp in watts.
It's unit is lumen/fwatt in S| unit.

: 5. Luminous flux in lumen
Luminous efficiency =

Power in watt

Thisisimportant, it describes how muchlightis being given
compare to the amount of electricity is used.
Purpose of calculating luminous efficiency

Typical house hold spends 30% of the electricity bill in
lighting. Money can be saved by bringing the most cost
efficient lighting option in home needs.

For example : A 60w light bulb usually produces 860
lumens. Calculate the luminous efficiency.

Luminous flux in lumen

QP o= Power in watt

860
=——=14.3 lumen/watt
60
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Electrician - Measuring Instruments

Related Theory for Exercise 1.10.83

Instruments - Scales - Classfication - Forces - MC and M| meter

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

» state the instrument, position, types
» state the terminal markings in instrument
» state the instrument scales type.

Electrical Measuring Instrument

Electrical measuring instruments (meters) is an apparatus,
used for measuring the electrical quantities like current,
voltage, resistance power and energy etc.

Identification of instrument

The instrument should be identified for the quantity to be
measured, the range, suitability for a particular type of
supply etc. by carefully goingthrough the data available on
the dial.

Types of current: The types of supply on which the
instrument is suitable for measurement is indicated by
symbols as follows.

— Directcurrent

~ Alternating current

~ Direct and alternating current

Testing potential (voltage): The star mark on the dial
indicates the voltage to which the instrument is subjected
for test.

7

Testing potential 500V

Testing potential over 500V eg, 2000V(2KV)

Y

Using position: Instruments must be used as per the
specified position mentioned on the dial.

Vertical using position.

1 Horizontal using position.

s0° Angle of usage eg. 60" tilt angle.

Instruments used in any position other thanthe

one specified may cause error in reading.

Measuring instrument types

[ﬁ] Moving coil instrument

E Movingironinstrument

@_g, Electrodynamic quotient instrument
ﬂ Moving coil instrument with rectifier
——

Indication error: Instruments are manufactured to read
within certain accuracy. This is indicated on the dial by a
number close to the cther symbols.

1 Indicationerror £1%
25 Indicationerror £2.5%
3.8 Indicationerror £3.5%

Terminal markings: In a moving coil type of instrument,
the terminals are marked with + and — . The positive (+)
terminal is red in colour and the negative(—) terminal is
black incolour (Fig 1). This type of instrument must be
connected inthe circuitwith correct polarity. i.e. the +ve of
supply tothe +ve ofinstrumentandthe —ve of supply tothe
—-ve of the instrument.

Inthe moving irontype there is no peolarity marking on the
terminals. Boththe terminals are of the same colour. The
instrument canbe connectedinthe circuitwithout identifying
the line and neutral of the supply.

Fig 1
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Classification of electrical instruments - Essential forces, MC and Ml meter

Objectives: Atthe end of this lesson you shall he ahle to

+ classify electrical instrum ents with respectto standard, function and eperation by theeffectofelectric curnrent
+ explain the type of forces required for the proper functioning of an electrical indicating instrum ent.

Electrical instruments may be classified based on the
following.

«  Manufacturing standards
= Function
= Effects of electic current on the instrurnents.

Manufacturing standards: The electrical instruments
may, in a broad sense, be classified according to the
manufacturing standards into absolute instruments and
secondary instruments.

Absolute instrum ents: These instruments give thevalue
of guantity to be measured in terms of deflection and
instrument constants. A good example of an absolute
instrument is the tangent gakvanometer (Fig 1).

Fig 1

These instruments are used only in standardlaboratories.

S econdary instruments: |nthese instrum ents thewal Lg
of electrical guantity (voltage, current, power, etc.) to be
measured can be determined from the deflection of the
instrurmerts on the calibrated dial. These instrurments
shouldbe calibratedin com pansionwith either anabsolute
instrurnent orwith onewhichhas already been caliberated.
All the instruments used commercially  are secondary
instrurnents.

Functions

Secondary instruments are further classified according
to their functions, that is, whether the instrument
indicates, orrecords the quantity to be measured.
Accordingly, we have indicating, integrating and
recording instruments.

Indicating instruments: These instruments (Figs 2)
indicatethe value ofvoltage, current power etc., directly on
a graduated dial. Ammeters, voltrmeters and wattmeters
belong to this class.

Integrating instruments: These instruments measure
the total amount, eitherthe guantity of electricity or the
electrical energy, suppliedtoa circuit over a period of tirme .
Ampere hour meters and enerdgy meters belong to this
class. Fig 3 shiows the Kilowatt hour/enerdy meter.

Fig 2

Fig 3

Energy meter g

Recordinginstruments: These instruments registerthe
guantity to be measured in a giventime, and are provided
with & penwhich moves over a graph paper. With this
instrurnent, the quantity can be checkedfor any particular
date andtime. Fecordingvoltmeters ammeters and pow er
factor meters belong to this class. Fig 4 shows such a
recording instrum ent.

Fig4
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Effects of electric current used on electrical
instruments: Secondary instruments may also be
classified according to the varous effects of electricity
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upon which their operation depends. The effects utilised
are as follows.

+  Magneticeffect

» Heatingeffect

+ Chemicaleffect

« Electrostatic effect

+ Electromagnetic induction effect

Essential forces required for an indicating instrument:
Thefollowingthree forces are essential requirements of an
indicating instrument for its satisfactory operation. They
are

+ deflectingforce
« controllingforce
» dampingforce.

Deflecting force or operating force: This causes the
moving system of the instrument to move from its “zero'
position, when the instrument is connected to the supply.
To obtain this force in an instrument, different effects of
electric current, such as magnetic effect, heating effect,
chemical effect etc. are employed.

Controlling force: This force is essential to control the
movement of the moving system and to ensure that the
magnitude ofthe deflction of the pointeris always the same
for a given value of the quantity to be measured. As such,
the controllingforce always acts opposite to the deflecting
force, andalso brings the pointer to zero positionwhen the
instrument is disconnected from the supply.

The controlling force could be produced by any one of the
following ways.

+  Gravity control
«  Springcontrol

Gravity control: Inthis method, small adjustable weights
are attached to the opposite extension of the pointer
(Fig D). These weights are attracted by the earth's
gravitational pull, and thereby, produce the required
controllingforce(torque). The instruments with gravity control
are to be used in the vertical position only.

When the instrument is not connected to the supply, the
control weight and the balance weight attached to the
opposite end of the pointer make the pointerto be at zero
position (Fig 5). When the instrument is connected to the
supply, the pointer moves ina clockwise direction, thereby
displacingthe weights (Fig ). Duetothe gravitational pull,
the weights will try to come totheir original vertical position,
thereby exertingacontrollingforce onthe movement ofthe
moving system.

Spring control: The mostcommonarrangement of spring
control utilises two phosphor-bronze or beryllium-copper
spiral hair-springs A and B, the inner ends of which are
attachedtothespindle S (Figs). The outerend of the spring
Bisfixed whereasthat of Ais attachedtothe end of a lever
L' pivotedatP, thereby enabling the zero adjustment to be
easily effectedwhen needed.

Fig 6
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The two springs Aand B are wound in opposite directions
so that when the moving system is deflected, one spring
winds upwhile the otherunwinds, andthe controllingforce
is due to the combined torsions of the springs.

These springs are made from such alloys that they have:

+ non-magnetic properties (should not get affected by
external magnetism)

+ low temperature cofficient (do not elongate due to
temperature)

+ low specific resistance (can be usedforleading current
‘in' and “out' of the moving system).

Springcontrolledinstruments have the followingadvantages
overthe gravity controlledinstruments.

Theyare:
+ the instruments can be used in any position

« thecontrolsprings helpinleadinginand out the current
to the moving coil of the instruments.
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Damping force: This force is necessary to bring the
moving system to rest in its final deflected position
quickly Without such damping, the combination of the
inertia of the moving system and the controlling force
makes the pointer (moving system) to oscillate about its
final deflected position for some time before comingto rest,
resulting in a waste of time in taking the reading.

The two methods of damping, commonly employedare:
+ eddycurrentdamping
« airfrictiondamping.

Eddy current damping: Fig 7 shows one form of eddy
current damping. A copper or aluminium disc D,is
attached tothe spindle 'S'. When the pointer moves, the
disc also moves.

The discis made to moveinthe air gap betweenthe poles
of a permanent magnet M. The moving disc cuts the flux,
thereby inducing eddy currents inthe disc. According to
Lenz'slaw, the flux produced by the eddy currentopposes
the movement of the disc, thereby effecting the damping
force.

Fig ¥ POINTER

POINTER
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EDDY CURRENT DAMPING
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In the case of moving coil instruments, the moving coil is
wound on a thin aluminium former. The eddy currents
induced in the former produces the damping force.

Airfrictiondamping:Fig 8 showsthe method of obtaining
air friction damping. Accordingly a thin metal vane Vis
attachedto the spindle S, andthe vane is made to move
inside a sector shaped box ‘e’ while the pointer moves on
the graduated scale.

Fig 8 =
_= £ =
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Alternatively, the vane in the form of a piston could be
arrangedto move inside anairchamber {cylinder) as shown
in Fig 9. In the above two cases, the air inside the air
chamber opposes the movement of the vane/piston, and,
thereby, the damping force is created.

Fig 9
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Permanent magnet moving coil (PMMC) instruments

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

» state the principle of a permanent magnet moving coil (P.M.M.C) instrument
» describe the construction and operation of a P.M.M.C instrument
» state the uses, advantages and disadvantages of a P.M.M.C instrument.

Moving Coil and Moving Iron Instruments :

Instruments are classified based ontheir moving system
They are :

(i) Moving Coil Instruments (MC)
Permanent Magnet Moving Coil Instrument (FMMC)
Dynamo meter type instruments
(i Moving Iron Instruments (MI)
Attraction type
Repulsiontype

The most commonly used instrument to measure DC
guantities like voltage and current, is the permanent

magnet moving coil (PMMC) instrument.
Permanent magnet moving coil (PMMC) instruments

The most commonly used instrument to measure DC
guantities like voltage and current, is the permanent
magnet moving coil (PMMC) instrument.

Principle: The working of the PMMC instrumentis based
onthe principle that whena current-carrying conductor is
placedin a magneticfield, itisacted upon by a force which
tendsto move the conductor. The DC motor also works on
this principle.
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Construction: The PMMC instrument consists of a
permanent magnet anda rectangular coilwoundwitha very
fine gaugeinsulated copperwire onathinlight aluminium
former.

The aluminium former not only supports the coil, but also
produces eddy current for damping. The coil andthe former
are attached with spindles oneither side, and supported by
jewelled bearings so asto make the assembly move freely
inthe air gap (Fig 1).

Fig 1
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The two ends of the coil are connected to two phosphor-
bronze springs, fixed one on each spindle to lead in and
lead out the current. The springs are spiralled in the
opposite direction in order to neutralize the effect of
temperature changes.

The horseshoe shaped permanent magnet is made of an
alloy called ‘Alnico’ and ithas softiron pole pieces which
are shaped to distribute uniform flux in the air gap.

A soft iron core is fixed in such a way that the moving coil
canmove withinthe gap, betweenthe softiron core andthe
pole pieces. The function of the soft iron core is (i) to
decreasethe reluctance ofthe magnetic path betweenthe
poles and thereby increase the magnetic flux and (ii) to
make the flux uniformly distributed inthe air gap.

The pointerisattachedto one of the spindles, and it moves
on a graduated scale when the coil is deflected by the
guantity to be measured.

Operation: Whenthe current is passed through the coil,
the coil experiences a force due to the interaction of the
magneticfluxes, produced by the permanent magnetand
the current in the moving coil.

We have the force 'F' in the coil equal to BLIN Newtons
Fig 2

Fig 2

FLUX DENSITY B (WEBERS)

PRINCIPLE OF THE MOVING COIL INSTRUMENT

ELN259242

where
B - Theflux density inthe airgap in\Webers/
square metre,
L - The active length of one conductorinthe

airgap in metres

The current inamperes passing through
the coil and N is the number of turns.

Torgue produced inthe coll

= force X perpendicular distance betweenthe centre
of the conductorto the centre of the spindle in metres.

Let us assume the distance as 'r'metres.

Hencewe have
e = FrNewton metres
T = BLINrNewton metres.

(F=BLIN Newton)

But B.L,Nandrare constantsfora particularinstrument
and can be denoted by a letter 'K'. As such

Torque = K
Torque proportionalto |

Fromthe above equation we can infer that the deflecting
torque ofa PMMC instrument is directly proportionalto the
current, and, therefore, the scale of the PMMC instrument
is uniform that is the scale in which the space between
numbersare equal.

Hence, while connecting the instrument in DC the polarity
should be correctly cbserved. Further the instrument will
not deflect when connected to an AC supply.

The PMMC instrument could be directly usedto measure
milli or micro amperes as the moving coil can carry a low
currentonly. With proper shunts, thisinstrument could be
used to measure large currents, and with proper series
resistors, called multipliers, it could be converted into a
voltmeter.

Advantages: The PMMC instrument
«  consumes less power
+ has uniform scale and can cover an arc up to 270°

» hashightorgueiweight ratio
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+ canbe modified as voltmeter or ammeter with suitable
resistors

+ has efficientdamping

+ isnot affected by stray magnetic fields, and
+ has no loss due to hysteresis.
Disadvantages: The PMMC instrument

+ can be used only in DC

Moving-iron instruments

+ isvery delicate
+ is costly when compared to a moving iron instrument

+ may show errors due to loss of magnetism of the
permanent magnet.

Uses: |t can be used as volt meter and Ammeter

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

» state the principle of moving-iron instruments - attraction and repulsion type
» describe the construction and working of a moving-iron Instrument
» state the use, advantages and disadvantages of moving-iron instruments.

Moving-iron instruments: This instrument derives its
namefromthe factthatapiece of softironwhichis attached
to the spindle and needle moves in a magnetic field,
produced by the currentor by a current proportionaltothe
guantity of electricity being measured.

There aretwo types of this instrument which are used either
as voltmeter orammeter.

Theyare:
« attraction type
« repulsiontype.

Principle of operation: The attraction type instrument
works on the principle of magnetic attraction, and the
repulsion type instrument works on the principle of
magnetic repulsion betweentwo adjacent pieces of soft
iron, magnetised by the same magnetic field.

Construction and working of attraction type moving-
iron instrument: This instrument consists of an
electromagneticcoil havinganair core (Fig1). Justinfront
oftheair core, anoval shapedsoftiron pieceis eccentrically
pivoted in a spindle (Fig 1).

Fig 1 o 15

COIL

MOVING IRON

ELN25@251

The spindle is free to move with the help of the jewelled
bearings, and the pointer, which is attached to the
spindle, could thus move overthe graduated scale. When
the electromagnetic coil is not connectedtothe circuit, the
soft iron piece hangs vertically down, due to gravitational
force and the pointer shows zero reading.

Whenthe electromagnetic coil is connectedto the supply,
the magnetic field created in the coil attracts the soft iron
piece (Fig1). Due to the eccentricity of pivoting of the iron
piece, the enlarged portion of the iron piece is pulled
towardsthe coil. Thisinturnmovesthe spindle and makes
the pointer to deflect.

Theamount of deflectionofthe pointerwillbe greaterwhen
the current producing the magneticfield is greater. Further
the attraction of the soft iron piece is independentonthe
current directioninthe coil. This characteristic enablesthe
instrument to be used both in DC and AC.

Construction and working of repulsion type moving-
iron instrument: This instrument consists ofacoilwound
on a brass bobbin B, inside which two strips of soft iron M
and F are set axially (Fig 2a). Strip F is fixed whereas the
ironstrip M is attached to the spindle S, which alsc carries
the pointer P.

Spring control is used, and the instrument is designed
suchthatwhen no currentisflowingthrough Vv, the pointer
is at zero position and the soft iron strips M and F are
almost touching. (Fig 2a & 2b)

When the instrument is connected to the supply, the coll
W earries currentwhich inturn produces a magneticfield.
This field makes the fixed and moving-iron F and M
respectively to produce similar polesinthe ends. Therefore,
the two strips repel each other.

The torque set up produces a deflection of the moving
system end. Therefore it brings into play a controling
torque duetotorsionofthe control springs orweights. The
moving system comes to rest in such a position that the
deflecting and controlling torques are egual.

In this type of instrument, air damping is used commonly
which is provided by the movement of a piston P, in a
cylindrical air chamber C (Fig 2a).

Deflecting torque and graduation of scale: However, in
the moving-iron instruments, the deflecting torque is
proporticnal to the square of the current passing through
the coil. As such the scale of this instrument will be
uneven. ltis crampedatthe beginningandopenatthe end

(Fig 3).
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Fig 2a
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Fig 3
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Inordertoachieve uniformity of scale, some manufacturers
have designed tongue shaped strip as fixed soft iron
(Fig 4a).

The fixed iron consists of a tongue-shaped soft iron sheet
bent into a cylindrical form, while the moving iron is made
of another softiron sheet, and is so mounted as to move
parallel to the fixed iron and towards its narrower end
(Fig4b).

The torque, which is proportional to the square of the
current, is proportionally reduced by the narrow portion of
the fixed iron, resulting in more or less even torque and
thereby uniform scale.

These instruments are either gravity or spring controlled,
andthe damping is achieved by the air friction method

Uses, advantages and disadvantages of Moving-iron
instruments

Uses: They are used as voltmeters and ammeters.

Fig 4a
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number of turns for ammeters and is wound
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for voltmeter.
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Advantages

+ They can be used for both AC and DC, and are hence
called unpoleorized instruments.

» Theyhaveasmallvalue of frictionerrors as the torque/
weight ratio is high.

« Theyareless costly when comparedto the moving coil
instruments.

+ They are robust owing to their simple construction.

« They have satisfactory accuracy levels withinthe limits
of both precision and industrial grades.

» Theyhave scalescovering 240°.
Disadvantages

+ Theyhaveerrors dueto hysteresis, frequency changes,
wave-formand stray magneticfields.

+ They have non-uniform scales commonly. However,
special manufacturing designs are utilizedto get more
or less uniform scales.
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Dynamometer type instrument

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

» state the principle of dynamometer type instrument

» describe the construction, and working of the dynamometer type instruments
» explain the internal connections of a dynamometer instrument when used as a voltmeter, ammeter and

wattmeter

» state the advantages and disadvantages of using the dynamometer instruments.

Electro-dynamic or Dynamo-meter type Instruments

Working principle: This Instrumentworks onthe principle
of DCmotor. Thatis, whenevera current-carrying conductor
is keptin a magnetic field, a force is created and it tends
to move the conductor away from the magneticfield. Ina
dynamo- meter instrument, the magneticfieldis produced
by an electromagnet named as fixed coils.

The moving coil, either connectedinseries or parallel with
the fixed coil, carries a proportichate current. Operation
of this instrument in both ACand DC is possible due to the
factthatwhen ever the current reversesin AC, thedirection
of flux in the fixed coils as well as the direction of flux
produced by moving coil, reverses at the same time
resulting in the same direction of torque.

Construction: A general arrangement ofthe instrument
is shownin Fig 1. The main magnetic field is produced by
the fixed/stationary coil. This coil is divided into two
sections to give a uniform field in the centre and also to
allow the moving coil mechanismto be placed in between
them.

Fig 1
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The fixed coils F and F are placed close together and
parallelto eachother (Fig2). The air core section removes
hysteresis effects when used in AC circuits. The moving
coil "M'is mounted ona spindle "S' and the spindle is free
to move in the air gap with the help of jewelled bearings.

The pointer “F' is attached to one end of the spindle and
the spindleend madetomoveonagraduatedscale G S'.
The controlling torque is provided by two phosphor-bronze
springs "C' attachedtothe spindle. Furtherthe springsare
usedtoallowthe current'in' and “out' fromthe moving coil.

Fig 2
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Working: As shown in Fig 3,let the current passing
through the fixed coils be |, and the current passing
through the moving coil be |, The field strength will be
proportional to the current | _.

% 8 ‘ B

B

T F

ELN259263

Thedeflecting torqueis produced duetothe interactions of
the magnetic fields produced by the fixed and moving coils
and will be proportional to the current carried by them.

The deflectingtorque T, is proportional to |_and | where
|-is the current in the fixed coil and |, is the current in the
moving coil.

From the above torque equation, it is clear that the
instrument when used as voltmeter or ammeter will have
ununiform scale due to the square law response.

However, when used as a wattmeter, the instrument will
have uniformscale.

Connection of this instrument requires modification
depending up on the usage viz, ammeter, voltmeter or
wattmeter as explained below.

Dynamometer instrument as an ammeter: This
instrument could be used as milli or micro ammeter by
connecting the fixed and moving coils in series (Fig 4).
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As the moving coil is made by winding small gauge (thin)
wire, the above connection is unsuitable for measuring
heavy currents.

Whenthe instrument is to be converted as anammeterto
measure large currents, the moving coil is connected
across a shunt (Fig 5). Both AC and DC, measurements
are possible.
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Digital Ammeter

Dynamometer instrument as a voltmeter: When this
instrumentis usedasvoltmeter, the fixed and moving coils
are joinedinseries alongwith a high resistance (multiplier)
(Fig 8). This voltmeter could be used both in AC and DC.

Fig @
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() | ELN259266

Advantage: This instrumentcan be usedbothACand D

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

» state the features of digital ammeter

» state the movements, special operation and standard.

Digital Ammeter

Digital Ammeters are instruments that measure the current
in ampere and display it in digital. These instruments
provide information about current drawn and current
continuty to help users troubleshoot electric loads.

They have both positive and negative leadsand low internal
resistance. Digitalammeters are connected in serieswith
a circuit so that current flow passes through the meter.

It can be used to measurethe A.Cand D.C. Many digital
ammeters include a current sensor built in the meter.

Features:

Different types of digital ammeters can measure different
ranges of A C current and D.C current and also A.C
frequency.

Batteries are providedinitto operate without plug-in-power
and suitable for cutdoor use Fig 1 shows a typical digital
ammeter.

Digital Volt Meter (DVM)

Fig 1

TYPICAL DIGITAL AMMETER
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Standards :

Digital ammeters must have a certain standards and
specifications toc ensure proper design and functionality
refer [EC 80031 - 2.

Objectives: At the end of this lesson you shall be able to
» distinguish between analogue and digital voltmeter

* list out the advantage of DVM
» explain the working principle of DVM.

Digital Volt Meter (DVM) :

The Digital Volt Meter(DVM) is an electrical measureing
instrument which is used to measure line potential
difference (P.D) between two points. The voltage to be
measured may be AC or DC.

Digital voltmeters display the value of AC or DC voltage
being measured directly as discrete numerical instead of
a pointer deflection on a continuous scale as in analog
instruments.
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Advantages of Digital Voltmeters:

* Readoutof DVMsis easy asiteliminatesobservational
errors inmeasurement

» Parallax erroris eliminated
+ Reading can be taken very fast

« Output can be fed to memory devices for storage and
future computations

« More versatile and accurate

+ Compact portable and cheap

* Requireslow power

Working Principle of Digital Voltmeter:

The block diagram of a simple digital voltmeter is shown
in the Fig 1 It consists the following blocks

Fig 1
NOTGOATE

INPUT SINGAL
1 Inputsignal
2 Pulse generator
3 AND gate:
4 Decimal Display
Working (Fig 2)

+ Unknown voltage signal is fed tothe pulse generator
which generates a pulse whose width is proportional to
the input signal.

«  Qutput of pulse generatoris fed to one leg of the AND
gate.

Fig 2
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« Theinput signal to the other leg of the AND gate is
train of pulses.

«  Outputof AND gate is positive triggeredtrainof duration
same as the width of the pulse generated by the pulse
generator.

+ Thispostitivetriggeredtrainisfedtotheinverterwhich
converts it into a negative triggered train.

« QOutput of the inverter is fed to a counter which counts
the number of triggers in the duration which is
proportional to the input signal i.e. voltage under
measurement

This counter can be calibrated to indicate voltage involts
converts ananalogsignal intoatrain of pulses, the number
is proportional to the input signal. So a digital voltmeter
can be made by using any one of the A/D conversion
methods (Fig 3)

Now-a- days digital voltmeters are also replaced by digital
multi meters due to its multitasking feature.

Figa
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Power
Electrician - Measuring Instruments

Related Theory for Exercise 1.10.84

Wattmeters

Objectives: At the end of this lesson you shall be able to
» state the advantages of measuring power directly
» explain the construction and working of the induction type single phase wattmeter.

Advantages of measuring power supply

Power in a single phase AC circuit can be calculated by
usingan ammeter, a voltmeter and a power factor meter
with the help of the formula

Power in a single phase circuit = EI Cos @ watts.

To get an on the spot true power reading, a wattmeter is
used. The power dissipated in the circuit can be read
directly fromthe scale of the meter. The wattmeter takes
the power factor of the circuit into account and always
indicates the true power.

Types of wattmeters

There are three types of wattmetersin use as stated below.
+  Dynamometerwattmeter

* Inductionwattmeter

+ Electrostatic wattmeter

Amongthethree, the electrostatictypeis very rarely used.
Information given here is for the other two types only.

Dynamometer type, single phase wattmeter: Thistype
is commonly used as a wattmeter.

Dynanometer used as aWattmeter: The dynamometer
is commonly used as a wattmeter to measure power in
both AC and DC circuits and will have uniform scale.

When this instrument is used as a wattmeter, the fixed
coils are treated as current coil, and the moving cail is
made as pressure coil with necessary multiplier
resistance (Fig 1).

Fig 1
FIXED COILS AS CURRENT COIL
M | | L,
O B
MOVING COIL AS PRESSURE COIL
My
MULTIPLIER
DYNAMOMETER INSTRUMENT AS A WATT METER g
w
Advantages

+ This instrument can be used both in AC and DC.

+ Asthisis an air cored instrument, the hysteresis and
eddy current losses are eliminated.

« This instrument has better accuracy.
+ When used as wattmeter, the scale is uniform.
Disadvantages

« It is more expensive than PMMC and moving iron
instruments.

+  Whenused as voltmeter or ammeter the scale will not
be uniform.

+ It has a low torqueAweight ratio-as such has low
sensitivity.

» Sensitive foroverloadsand mechanicalimpact. Hence
careful handling is necessary.

+ It consumes more power than PMMC meters.

Induction type single phase wattmeter: This type of
wattmeters could be used only in AC circuits whereas a
dynamometer type wattmeter could be used in both AC
and DC circuits.

Inductiontype wattmeters are useful only whenthe supply
voltage and frequency are almost constant.

Construction: Induction wattmeters having two different
types of magnetic cores (Figs 2a and 2b).

Both the types have one pressure coil magnet and one
current coil magnet. The pressure coil carries a current
proportionalto the voltage whereas the current coil carries
the load current.

Athin aluminium disc is mounted on a spindle in between
the space of the magnets and its movement is controlled
by springs. The spindle carries a weightless pointeratone
end.

Working: The alternating magnetic fluxes produced by the
pressure and current coils cut the aluminium disc and
produce eddy currents in the disc. Due to the interaction
between the fluxes and the eddy currents a deflecting
torque is produced in the disc and the disc tries to move.
Control springs attached to the two ends of the spindle
control the deflection and the pointer shows the power in
watts on a graduated scale.

Shadedrings providedinthe pressure coil (shunt) magnet
could be adjustedin orderto cause the resultant fluxin the
magnet to lag in phase by exactly 90° behind the applied
voltage.
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Method of connecting wattmeter in single phase
circuits - pressure coil connection to reduce errone-
ous measurement.

There are two ways of connecting the pressure coil of the
wattmeter (Fig 3).

Both the methods shown in Figs 3a & b need correctionin
power measurement due to the reasons stated below.

Inthe method of connection showninFig 3a, the pressure
coilis connectedonthe ‘'supply’ side of the current coil, and
hence, the error in power measurement is due to the fact

thatthevoltage appliedtothe voltage coilis higher thanthat
oftheload onaccountofthe voltage dropinthe current coil.
Assuchthewattmeter measuresthe load powerinaddition
to the power lost in the current coil.

On the other hand, in the method of connection shown in
Fig 3b, the current coil carries the small current taken by
the voltage coil, in addition to the load current, thereby
introducing errors in power measurement. As such the
wattmeter measures the load power in addition to the
power lost inthe pressure coil.

Ifthe load current is small, the voltage drops inthe current
coillwill be small, so thatthe method of connection, shown
in Fig 3a, introduces a very small errocr and, hence,
preferable.

Onthe ctherhand, ifthe load currentis large the power lost
inthe pressure coilwill be negligible when comparedtothe
load power in the method of connection shown in
Fig 3b, and, hence, a very small error is introduced
resulting in the preference of this connection.
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Power
Electrician - Measuring Instruments

Related Theory for Exercise 1.10.85 & 86

3-Phase Wattmeter

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

» describe the various types of 3-phase wattmeters, their connections
» state how to connect different types of 3 phase watt meter.

Insingle-phasewattmeters there will be one setof pressure
andcurrentcoils driving asingle aluminiumdisc, whereas
in2-element, three phase wattmetersthere will betwo sets
of pressure and current coils driving a single aluminium
disc(Fig 1a) or driving two aluminium discs mounted onthe
sameshaft (Fig 1b)thereby providing a torque proportional
tothe 3-phase power.

Fig 1(a)
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Ontheother hand a3-element, 3-phase wattmeter will have
three sets of pressure and current coils keptat 120°to each
other but driving a single aluminium disc (Fig 2) or
alternatively 3 sets of pressure and current coils driving
three discs one over the cther but mounted on the same
single spindle (Fig 3).

Fig2
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The principle and working of an induction type wattmeter
are similar to the induction type energy meter. The only
difference in construction betweenthe energy meter and
wattmeter is that the spindle of the wattmeter is spring-
controlled, has a pointer but no train of gears.

However to summarise what has been learnt earlier the
followingtable 1 is provided with connectiondiagram of 3-
phase wattmeter Fig 4, Fig 5 & Fig 6

217



Table 1

Sl.No. Types of 3-phase wattmeter Circuit diagram Application
1 2-element 3-wire type . Balanced and
Fig4
unbalanced loads.
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Digital Wattmeter

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

» describe the block diagram.

Digital wattmeter

Thewattmeterisan instrument for measuringthe electric
power in watts of any given circuit. Electromagnetic
wattmeters are used for measurment of utility frequency
and audio frequency and audio frequency power; other
types are requiredfor radio frequency.

Fig 1 shows the block diagram of digital wattmeter.

Digital wattmeters measure current and voltage
electronically thousands of times a second, multiplying
the results ina computer microcontroller chipto determine
watts. The computer can also perform statistics such as
peak, average, low watts consumed. They can monitorthe
powerlineforvoltage surgesand outages. Digital electronic
wattmeter, have become popular for conveniently
measuring power consumption in household appliances
with saving energy and money.

Fig 1
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Energy meter (analog)

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

» describe the construction and working principle of single phase energy meters

» state and explain creeping error in energy meter.

Necessity of energy meter: Theelectrical energy supplied
by the Electricity board should be billed, based on the
actualamount of energy consumed. We need a deviceto
measure the energy supplied to a consumer. Electrical
energy is measured in kilowatt hours in practice. The
meter used for this is an energy meter.

Principle of a single phase induction type energy
meter: The operation of this meter depends onthe induction
principle. Two alternatingmagneticfields produced by two
coilsinduce current ina disc and produce a torque to rotate
it (disc). One coil (potential coil) carries current proportional
to the voltage of the supply and the other (current coil)
carriestheloadcurrent. (Fig1) Torque is proportionalto the
power as in wattmeter.

Fig 1
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The watt-hour meter must take both power and time into
consideration. The instantaneous speed is proportional to
the power passing through it.

Thetotal number of revolutionsina giventimeis proportional
to the total energy that passes through the meter during
that period of time.

Parts and functions of an energymeter: The partsofthe
induction type single phase energy meter are (Fig 1).

Iron core: It is specially shapedto direct the magneticflux
inthe desired path. It directs the magnetic lines of force,
reducesleakage fluxandalso reduces magnetic reluctance.

Potential coil (voltage coil): The potential coil is connected
across the load and is wound with many turns of fine wire.
It induces eddy current in the aluminium disc.

Current coil: The current coils, connected in series with
load, are wound with a few turns of thick wire, since they
must carry the full load current.

Disc: The disc is the rotating element inthe meter, and is
mounted onavertical spindle whichhasawormgearat one
end. Thediscis madeofaluminiumandis positionedinthe
air gap between the potential and current coil magnets.

Spindle: The spindle ends have hardenedsteel pivots. The
pivotissupported by a jewelbearing. Thereisawormgear
atone end ofthe spindle. Asthe gearturnsthe dials, they
indicate the amount of energy passingthroughthe meter.

Permanent magnet/brake magnet: The permanent
magnet restrains the aluminium disc from racing ata high
speed. It produces an opposing torque that acts against
the turning torque of the aluminium disc.

Functioning of energy meters: The rotation of the
aluminiumdisc (Fig2)isaccomplished by anelectromagnet,
which consists of a potential coil and current coils. The
potential coil is connected across the load. It induces an
eddy current in the aluminium disc. The eddy current
produces a magnetic field which reacts with the magnetic
field produced by the current coils to produce a driving
torque on the disc.

The speed of rotation of the aluminium discis proportional
to the product of the amperes (inthe current coils) and the
volts (across the potential coil). Thetotal electrical energy
that is consumed by the load is proportional to the number
of revolutions made by the disc during a given period of
time.

A small copper ring(shading ring) or coil (shading coil) is
placed inthe air gap under the potential coil, to produce a
forward torque, large enough to counteract any friction
produced by the rotating aluminium disc.

Fig 2
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This countertorque is produced whenthe aluminium
disc rotates in the magnetic field established by the
permanentmagnet. The eddy currents, inturn, producea
magnetic field that reacts with the field of the permanent
magnet, causinga restraining actionthat is proportional to
the speed of the disc

Creeping error and adjustment: In some meters the
disc rotates continuously even when there is no current
flowthroughthecurrentcoili.e. whenonly the pressure coil
isenergised. Thisis called creeping. The major cause for
creeping is over-compensation for friction. The other
causes for creeping are excessive voltage across the
pressure coil, vibrations and stray magnetic fields.

In order to prevent creeping, two diameterically opposite
holes are drilled in the disc (Fig 3). The disc will come to
rest with one of the holes under the edge of a pole of the
potential coil magnet, the rotation being thus limited to a
maximum of half a revolution.

Fig 3
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Digital Energy meters

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

+ ¢escribe the functional operation of digital type eneargymeter from block diagram.

Electronic [Digital energy meter)

This meters measure the energy using highly integrated
cornponents and it digitizs the instantaneous voltage and
currentin ahigh-resolution sigm a-delta analogueto digital
converter (ADC), gives the instantaneous power inwatts.

Integration over time gives energy used, measured inkilo-
Watt hour. The block diagrarm for a digital meteris shown
inFig 1. Thetwo sensors, voltage and current sensors are
ernployed.

DIGTAL
METER

PIC

Fig1
VOLTABE
BENSOR.
SIGNAL
CONDITIONER
GCURRENT
BENSOR

COMPORT

Thevoltage sensorbuilt around a step down element and
potertial divider network sensors both the phase voltage
andloadvoltage.

The second sensoris a current sensor, which senses the
current drawn by the load at army pointintime .

It's inbuilt around a current transformer and other active
devices (voltage comparator), which corverts the sensed
current to voltage for processing. The output from both
sensors is thenfed into a signal (voltage) conditionerwhich
ensures rmatched voltage (or) signal level to the control
circuitcontaining multiplexer Itenables sequential switching
of hoth signal to the analogue input of the Peripheral
Interface Cortraller (P1C).

The control circuit centred on a PIC integrated circuit. |t
cortaing tenbitanaloguetodigital converter(ADCY flexible
to program and good for peripheral interfacing.

The ADC converts the analogue signals to its digital
equivalent, both signals from the voltage and cumert
sensOrs are then multiplied by the means of embedded
software inthe PIC.

The error correction is taken as the offset correction by
determining the walue of the input quality in the short
circuited input and staringthiswalue inthe mermory for use
asthe comectionvalue device calibration.

ThePICisprogramrmed in'C' languane Itstimulatesto use
the received datato caloulate pow erconsumption perhour,
aswell asthe expected charges. These are displayed on
the liquid crystal display (LCD) attached to the circuit.

Fig 2 shows theimage of a digital energy meter.
Arvantages

DIGITAL electronic meters are much maore accurate than
glectromechanicalmeters. There are nomoving parts and,
hence, mechanical defects like friction are absent

Fig2
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3-phase energy meter

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

¢ listthe various types of 3-phase energy meters

» describe the construction and working of a 3-phase 3-wire induction type energy meter
» describe the construction and working of a 3-phase 4-wire induction type energy meter
+ state the application of a 3-phase 3-wire and 3-phase 4-wire energy meter.

3-phase energy meters: Eventhough different types of
energy meters are available, the induction type energy
meter is most commonly used because it is simple in
construction, less in cost and requires less maintenance.
Thefunction of a 3-phase energy meter is similartothat of
a single phase energy meter.

Types of 3-phase energy meters

There are two types of 3-phase energy meters mainly.

« Three phase 3-wire energy meters (3-phase 2-element
energy meter)

+ Three phase 4-wire energy meters (3-phase 3-element
energy meter)

Two element 3-phase energy meters: This energy
meter works on the principle of measurement of power by
the two wattmeter method. Two elements of a current coil
and twoelements ofa potential coilare usedinthis energy
meter. These assemblies can be arranged onthe different
sectors in a horizontal position (Fig 1) with a single
aluminiumdiscwhich rotates betweenthe poles of asingle
braking magnet.
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Thetwo elements canalso have individual driving discs on
a common spindle. In this case they will have individual
braking magnets (Fig 2). The second type usually preferred
by the manufacturers due to the construction simplicity.

In boththe casesthe driving torque produced by individual
elements are summed up. The recording mechanism
which is attached to the train of gearsi.e., cyclometer or
counter type dial shows the sum of the energies that has
passed through the elements. The two element energy
meter is only suitable for a 3-phase 3-wire system but can
be used for both balanced and unbalanced loads.

3-element 3-phase energy meter: This works on the
same principle as thatofthe 3wattmeter method of power
measurementwitha 3-phase load. Here 3 units, eachwith
a current coil and a potential coil, are used. The potential
coils of the 3 elements are connected in star to the supply
lineswiththeir common point connectedtothe neutralline
of power supply.

Fig 2
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The current coils are connected in series to the individual
lines. As is the case with the two element energy meter,
these three elements can be arranged in the different
sectors of a common single aluminiumdisc which serves
as a rotating part connected to driving dial (Fig 3).

Fig 3
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The three elements can also have a common spindle with
three individual discs and braking magnets (Fig 4). Here
alsothe 2ndtype is usually preferred by manufacturers due
tothe easinessinconstruction. The drivingtorque produced
by the three individual elements are summed up and the
recording mechanismshows the sumofenergies that has
passedthroughthe individual elements. Thisenergy meter
is suitable for the 3-phase 4-wire system.

Application of 3-phase energy meter: A two element 3-
phase energy meter is used with three phase loads in
which a neutral is not used such as for an industry or
irrigation pumpset motors etc. having three phase loads
only orwithan 11kV 3-phase 3-wire supply to anindustry.

A3-phase 4-wire elementenergy meteris usedwiththree
phase load in which balanced or unbalanced loads are
connected withindividual phases and neutral suchasfora
large domestic consumerorforanindustry havinglighting
loads also.
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J-ELEMENT 3-PHASE ENERGY METER

Errors and corrrection in energy meter measurement

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

= explain the errors caused by the driving system and the braking system in energy meters
» explain the different adjustments provided for correcting the errors in energy meters.

Errors caused by the driving system

Incorrect magnitude of fluxes: This may be due to
abnormalvalues of current or voltage. The shunt magnet
flux may be inerror due to changes in resistance of coil or
duetoabnormalfrequencies.

Incorrect phase angles: There may not be a proper
relationship between the various phasors. This may be
due to improper lag adjustment, abnormal frequencies,
change in resistance with temperature etc.

Lack of symmetry in magnetic circuit: If the magnetic
circuit is not symmetrical, a driving torque is produced
which makes the meter creep.

Error caused by the braking system

They are:

« changes in the strength of the brake magnet
+ changes in the disc resistance

» self-braking effect of series magnet flux

+ abnormal friction of the moving parts.

Adjustments are provided for correcting the errors in the
energy meters so that they read correctly and their errors
are within acceptable limits.

Preliminary light load adjustment: The rated voltage is
applied to the potential coil with no current through the
current coil and the light load device is adjusted until the
disc just fails to start. The electromagnet is slightly
adjusted to make the holes in the disc to take a position
in between the poles of the electromagnets.

Full load unity power factor adjustment: The pressure
coil is connected across the rated supply voltage and the
rated full load current at unity power factor is passed
throughthe current coils. The position ofthe brake magnet
is adjusted to vary the braking torque so that the meter
revolves at the correct speed within the required limits of
error.

LAG adjustments (Low power factor adjustments): The
pressure coilis connected acrossthe rated supply voltage
andthe ratedfullload current is passedthroughthe current
coilat 0.5 P.F. lagging. The lag device is adjusted till the
meter runs at the correct speed.

Rated supply voltage: By adjusting the rated supply
voltage, with the rated full load current and unity power
factor, the speed ofthe meteris checked and the full load
unity power factor and low power factor adjustments are
repeated until the desired accuracy limits are reached for
both the conditions.

Light load adjustment: The rated supply voltage is
applied across the pressure coil and a very low current
(about 5% of full load current) is passedthrough the meter
atunity powerfactor. Lightload adjustment is done sothat
the meter runs at the correct speed.

Full load unity power factor: Light load adjustmentsare
again done until the speedis correct for both loadsi.e. full
load as well as light loads.

Creep adjustment: As a final check on the light load
adjustment, the pressure coil is excited by 110 percent of
the rated voltage with zero load current. If the light load
adjustment is correct, the meter should not creep under
these conditions.
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Multimeters

Objectives: Atthe end of this lesson you shall be able to
= explain the construction of multimeter

+ explain the working priniciple of analog multimeter

» explain the method of measuring direct / alternating voltages and current with a multimeter

explain the method of measuring resistance by a multimeter

+ explain the precautions to be observed while measuring voltage, current and resistance in the circuit.

Asingleinstrument usedfor measuring current voltage and
resistance is known as a multimeter. It is a portable, multi
range instrument.

It has afull scale deflectionaccuracy of £1.5 %. The lowest
sensitivity of multimeters for ACvoltage range is 5 Kohms/
voltsandforthe DC voltage rangeitis 20K chms/ivolts. The
lowest range of DCis more sensitive thanthe otherranges.

Figs 1 show typical multimeters.

Construction of a multimeter

A multimeter uses a single meter movementwithascale
calibrated involts, ohms and milliamperes. The necessary
multiplier resistors and shunt resistors are all contained
withinthecase. Front panelselectorswitches are provided
to selecta particular meterfunctionand a particular range
forthat function.

On some multimeters, two switches are used, cne to
selectafunction, andthe other the range. Some multimeters

Fig 1 do not have switches for this purpose; instead, they have
separate jacks for each function and range.
Batteries/cells fixed inside the meter case provide the
power supply for the resistance measurement.
The meter movement is that of the moving coil system as
used in DC ammeters and voltmeters.
Rectifiers are providedinsidethe meterto convert ACto DC
in the AC measurement circuit.
Parts of a multimeter
A standard multimeter consists of the main parts and
controls (Fig 2).
Controls
The meter is set to measure the current, voltage (AC and
DC)orresistance by means ofthe FUNCTION switch. Inthe
example given in Fig 3 the switch is set to mA, AC.
Fig 2
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Fig 3
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FUNCTION SWITCH

The meteris settothe required current, voltage or resistance
range - by means of the RANGE switch. In
Fig 4, the switch is set to 2.5 volts or mA, depending on
the setting of the FUNCTICN switch.
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Scale of multimeter
Separate scales are providedfor:
+ resistance

» voltageandcurrent.(Fig5)
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The scale of current and voltage is uniformly graduated.
The scale of the ohmmeter is non-linear.

The scale is usually ‘backward’, with zero at the right.
Principle of working

A circuitry when working as an ammeter.(Fig 6)

Shuntresistors across the metermovement bypass current
in excess of 0.05 mA at fsd. A suitable value of shunt
resistor is selected through the range switch for the
required range of current measurement.

A circuitry when working as a voltmeter. (Fig 7)

Thevoltage dropacrossthe meter coilisdependentonthe
currentandthe coil resistance. To indicate voltages greater
than 50 mV at fsd as per the circuit, multiplier resistances
of different values are connected in series with the meter
movement throughthe range switchfor the requiredrange
of measurement.

A circuitry when working as an chmmeter. (Fig 8)

To measure resistance, the leads are connected across
the external resistorto be measured (Fig 8). This connection
completes the circuit, allowing the internal battery to
produce current throughthe metercoil, causing deflection
of the pointer, proporticnal to the value of the external
resistance being measured.

Zero adjustment

Whenthe ohmmeterleads are open, the pointeris atfull left
scale, indicating infinite (¥) resistance (opencircuit). Vhen
the leads are shorted, the pointer is at full right scale,
indicating zero resistance.

The purpose of the variable resistoristoadjust the current
so that the pointer is at exactly zero when the leads are
shorted. It is used to compensate for changes in the
internal battery voltage due to aging.

Multiple range

Shunt (parallel) resistors are used to provide multiple
ranges so that the meter can measure resistance values
from very small to very large ones. The reading on the
ohmmeter scale ismultiplied by the factor indicated by the
range setting.

Remember, an chmmeter must not be connected
to a circuitwhen the circuit’s power is on. Always
turn the power off before connecting the
ohmmeter.
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Digital multimeters

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

» explain the method of measurement of voltage by using digital multimeter

» list and explain the types of digital multimeter
» state the application of digital multimeters.

Digital Multimeter

Inadigital multimeter the meter movement is replaced by
adigitalreadout (Fig1and2). Thisreadoutissimilartothat
used in electronic calculators. The internal circuitry of the
digital multimeter is made up of digital, integrated circuits.
Like the analog-type multimeter, the digital multimeter has
afront panel switching arrangement.

Fig 1
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The guantity measured is displayed in the form of a four
digit numberwith a properly placed decimal point. When
DC guantities are measured the polarity is identified by
‘+ve’ or -ve’ sign displayed to the left of the number
indicating the probes are connected correctly by +ve sign
and probes are reversely connected by -ve sign.

Fig 2
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DMMfunctions: The basicfunctions found cnmost DMMs
are the same as those on analouge multimeters. That is
it can measure:-

e ohms
+ DCvoltageandcurrent
« ACvoltageandcurrent

Some DMMs provide special functions such as transistor
or diode test, power measurement, and decibel
measurement foraudio amplifier tests.

DMMdisplays: DMMs are available with either LCD (liquid
-crystal display) or LED (light-emitting diode) read-outs.
The LCD is the most commonly used read-out in battery-
powered instruments dueto the fact that it draws very small
amount of current.

A typical battery-powered DMM with an LCD read-out
operates on a 9V battery that will last from a few hundred
hoursto 2000 hoursand more. The disadvantagesof LCD
read-outs are that (a) they are difficult orimpossible to see
in poor light conditions, and (b) they are relatively slow
response to measurement changes.

LEDs, on the other hand, can be seen in the dark, and
respondquicklytochangesinmeasuredvalues. LEDdisplays
reguire much more current than LCDs, and, therefore,
battery life is shortened when they are used in portable
equipment.

Both LCD and LED-DMM displays areina sevensegment
format (Fig 3).

Fig 3
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Frequency meter

Multimeter: Safety precautions: The following safety
precautions should always be taken.

+ Never use the ohmmeter section on a live circuit.

» Never connect the ammeter section in parallel with a
voltage source.

« Neveroverload the ammeter or voltmeter sections by
attempting to measure currents or voltages far in
excess of the range switch setting.

« Checkthe metertestleadsforfrayedor brokeninsulation
before working with them. If damaged insulation is
found the test leads should be replaced.

« Avoid touching the bare metal clips or tips of the test
probes.

+  Wheneverpossible, removethe supply before connecting
the meter test leads into the circuit.

Applications of Digital multimeter: A multimeter is
used for testing and fault finding in electrical/electronic
circuits, electrical appliancesand machines. Amultimeter
is a portable handy instrument used for

+ checking continuity of circuit, appliances and devices.
+ measuring/checkingthe supply presence atthe source

« for testing components like capacitors, diodes, and
transistors for checking their condition.

» measuring the current drawn by the circuit.

+ measuring resistance of the electrical appliances and
devices.

Note: Some meters have provision also for
temperature measurement with suitable sensing
probes.

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

+ state the types of frequency meters

» describe the principle, construction and working of a mechanical resonance (vibrating reed) type fre-

quency meter.

The following types of frequency meters are used for
measuring powerfrequencies.

+ Mechanical resonance type
» Electrical resonance type

+ Electro-dynamictype

« Electro-dynamometertype
+  Weston type

« Ratiometertype

+ Saturable core type

The explanation given here is for mechanical resonance
type frequency meter only as indicated below.

The trainees are advised to refer to books on electrical
measuring instruments for learning about the othertypes
offrequency meters.

Mechanical resonance type frequency meter (vibra-
tion reed type)

Principle: The vibration reedtype frequency metershown
inFig 1 works onthe principle of naturalfrequency. Every
object in the world has its natural frequency, depending
upon its weight and dimensions. When an object is kept
inavibrating medium, it startsvibrating, ifthe frequency of
the medium attains the natural frequency of the object.

If the vibrations are not controlled, the object may evenget
totally destroyed. A goodexample ofthis phenocmenonis
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the shattering of window glass panes due to the vibration
caused by low flying aircraft.

Fig 1
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Construction: Mechanical resonance type frequency
meters consist of an eletromagnet and a set of metallic
reeds arranged in front of the electromagnet. The fre-
quency meter is connected across the supply like a
voltmeter, taking care about the voltage rating (Fig 2) .
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Fig 3 shows the shape of the reed and these reeds are of
about 4mm wide and 0.5 mmthick. One end of the reed
is fitted ona base, andthe other overhanging end carries
a white painted surface as the indicator and sometimes
referred to as flag.

Thereeds are arranged ina row and the natural frequency
of the reeds differs by 1/2 cycle. This 1/2 cycle difference

is possible between the reeds due to the difference inthe
weights of the reeds. The reeds are arranged in an
ascending order (Fig 4a), and generally the natural frequency
of the centre reed is the same as that of the supply
frequency (S50Hz).

Fig3 FLAG
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Working: When the frequency meter is connected to the
supply, the electromagnet produces a magneticfield which
alternates at the rate of the supply frequency. The reed,
which has its natural frequency coincident with that of the

alternating magneticfield, vibrates more thanthe adjacent
reeds Fig 4(b).

ELN253483

The flag ofthis vibrating reed makes it possible to note the
frequency of the supply from the scale marking of the
frequency meter. Thoughthe otherreedsalsovibrate, Fig
4(b), their magnitude will be muchlessthanthe reed whose
natural frequency is exactly in coincidence with the supply
frequency.

Fig4
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Advantages and disadvantages

The reed type frequency meter has the following advan-
tages.

The indications are independent of i) the wave formof the
applied voltage and ii) magnitude of the applied voltage,
providedthatthe voltage is nottoo low. Atalow voltage the
flag indication of the reed will not be reliable.

The disadvantages are the meter cannot read closer than
halfthe cycle frequency difference between adjacent reeds
andthe accuracy greatly depends uponthe proper tuning
of the reeds.
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Digital Frequency Meter

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

» state the function of digital frequency meter

» describe the block diagram of digital frequency meters.

A frequency counter is a digital instrument that can
measure and display the frequency of any periodic
waveform. ltoperates onthe principle of gatingthe unknown
input signal into the counter for a predetermined time.

Ifthe unknowninput signal were gated into the counterfor
exactly 1 second, the number of counts allowed into the
counter would be the frequency of the input signal. The
termgated comes fromthefactthatan AND oran OR gate
isemployed forallowingthe unknowninputsignal intothe
counter to be accumulated. Fig 1
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BLOCK DIAGRAM OF FREQUENCY COUNTER

Discription of block diagram:

The simplified form of block diagram of frequency counter
is in Fig 1. It consists of a counter with its associated
display/decoder circulitry, clock oscillator, adividerandan
AND gate. The counter is usually made up of cascaded
Binary Coded Decimal(BCD) counters and the display/
decoder unit converts the BCD outputs intc a decimal
display for easy monitoring.

AGATE ENABLE signal of knowntime periodis generated
with a clock oscillator and a divider circuit and is applied
to one leg of an AND gate.

The unknown signal is applied to the otherleg of the AND
gate and acts as the clock for the counter. The counter
advances one count for each transition of the unknown
signal, and at the end of the known time interval, the

Power factor meter

contents of the counter will be equal to the number of
periods of the unknown input signal that have occurred
duringtime interval, t. Inotherwords, the countercontents
will be proportional to the frequency of the unknown input
signal.

For instance if the gate signal is of a time of exactly 1
second and the unknown input signal is a 600-Hz square
wave, atthe end of 1 secondthe counter will counts upto
600, which is exactly the frequency ofthe unknown input
signal

ThewaveforminFig 2 showsthata clear pulse is applied
to the counter at t, to set the counter at zero. Priortot,,
the GATE ENABLE signal is LOW, and so the output of
the AND gate will be LOW and the counter will nct be
counting. The GATE ENABLE goes HIGH fromt,t t,and
duringthistime intervalt=(t,-t, )y the unknowninput signal
pulses will pass throughthe AND gate andwill be counted

by the counter

After t,, the AND gate output will be again LOVV and the
counter will stop counting. Thus, the counter will have
counted the number of pulses that occurred during the
time interval, t of the GATE ENABLE SIGNAL, and the
resulting contents of the counter are a direct measure of
the frequency of the input signal.

Fig 2
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DIFFERENT WAVEFORMS IN A FREQUENCY COUNTER

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

» explain the construction and connection of 3-phase dynamometer type power factor meter
» explain the construction, connection and operation of a 3-phase moving iron type power factor meter
+ explain the construction, connection and operation of a single phase moving iron type power factor meter.

3-phase dynamometer type power factor meter for
balanced load: Fig 1 shows the construction and
connections of a 3-phase power factor meter used for
balancedloads.

Inthis meter, thefield coils are connected inserieswiththe
lcad along with one phase. The two moving coils are rigidly
attachedtoeach otheratanangle of 120°. These coils are

connected to two different phases. A resistance is
connected in series with each coil.

Phase splitting through reactance is not necessary since
the required phase displacement between currents inthe
two moving coils can be obtained by the supply itself.
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Operation of the meter is in the same way as in a single
phase meter. However this meter is suitable only for
balancedloads.
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DYNAMOMMETER TYPE THREE PHASE POWER FACTOR METER

Since the currents inthetwo moving coils are both affected
inthe same way by any change infrequency orwave-form,
this meteris independent of frequency and wave-form.

Moving iron power factor meters: This type of power
factor meter is more popular than the dynamometer type
due tothe following advantages.

+ Torque-weightratio (working forces) islarge compared
to the dynamometer type meter.

+ Asallthe coils arefixedthere is noligament connection
necessary.

« The scale can be extended to 360°.
« This meter is simple and robust in construction.
+ Comparatively cheaper in cost.

Fig 2 shows the construction and connection of a moving
iron type power factor meter used for balanced loads.

There are three similar coils at C,, C, and C, placed 120°
degrees apart and connected to 3-phase supply directly
(Fig2) orthrough the secondary ofthe currenttransformers.
Coil P is placed in the middle of the three coils C,, C, and
C,and connected in series with a resistance across two
lines ofthe supply. Inside the coil Pthereare aretwovanes
V,, and V, mounted at the ends of a freely moving spindle
but kept at 180° to each other. The spindle also has
damping vanes and the pointer.

Fig 2
COILP Ca
Gy
V4
V2 S
Ly u
SYPPLY Ly Vv LOAD
Lg w

MOVING IRON TYPE POWER-FACTOR METER
FOR A BALANCED 3-PHASE LOAD

ELN253402

The rotating magnetic field produced by the three coils C,
C,andC, interacts with the flux produced by the coil P. This
causes the moving system to take up an angular position
depending upon the phase angle of the current.

Single phase moving iron power factor meter: A
single phase moving iron power factor meter (Fig 3) uses
a phase splitting network comprising of a capacitor, an
inductor and a resistor.

3-phase powerfactor meters forunbalanced load: For
measurement of power factor in 3-phase unbalanced
systems 2-element or 3-element power factor meterswith
each elementwitha currentcoiland pressure coil is used.
The pressure coils are (moving coils) similar to that of
single phase P.F. metersare mounted one below the other
onasinglespindle. The pointer shows the resultant power
factor.

Fig 3

L

LOAD SUPPLY
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SINGLE PHAGE MOVING IRON TYPE POWER FACTOR METER

Measurement of 3 phase power by single and two wattmeters

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

» explain the measurement 3 phase power using single wattmeter
+ explain the measurement of 3 phase power using two wattmeters
» calculate the power factor by two wattmeter method power measurement.

The measurement of power: The number of wattmeters
usedto obtain powerinathree-phase systemdepends on

whether the load is balanced or not, and whether the
neutral point, if there is one, is accessible
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- Measurement of power ina star-connected balanced
loadwith neutral pointis possible by a single wattmeter

- Measurement of pawer in a star or delta-cannected,
balancedorunbalancedload (with orwithoutneutral)is
possible with two wattmeter methaod

Single wattmeter method: Fig 1 shows the circuit
diagram to measure the three-phase power of a star-
connected, balanced loadwiththe neutralpointaccessible
the current coil ofthe wattmeter being connected to one
line, and the voltage coil between that line and neutral
point. The wattmeter reading givesthe powerper phase.
Sothe totalis three times the wattmeter reading.

P= 3EPIP cosp =3P =3y

Fig1
P

L
The two wattmeter method of meas uring power

Fower in a three-phase, three-wire system is normally
measured by the two-wattmeter' method. [t may be used
with balanced orunbalanced loads, and separate connec-
tionsto the phases are not required. Thismethad isnot,
however usedin four-wire systemsbecause currentmay
flow in the fourth wire, if the load is unbalanced and the
assumption that T + T, + T =0 willnotbe valid.

The twowattmeters are connected to the supply system
(Fig 2). The current coils of the two wattmeters are
connected in two of the lines, and the valtage coils are
connected fram the same twoa lines to the third line. The
totalpower isthen obtained by adding the two readings:

P.= P+P,

Consider the total instantaneous power inthe system P_=

P+ +F where P Foand P aretheinstantaneousvalues

ofthe powerin each ofthe three phases.

Fig2z

Fall £y
LA L/

L1
ey L2 LOAD
L3

Pr= Yo byt Vo Ty ¥ Ty
since there is no fourth wire, i H +, =000 =—(i +i,}.
Pr = Wiy = YallHd + Yy

= Iyl¥un Y T i o)

= iy T Y

Mo i, isthe instantaneouspowerinthe firstwattmeter,
and i\, 15 the instantaneous power in the second
wattmeter. Therefore the totalmean power isthe sumof
the mean powers read by the twowattmeters.

ltis possiblethatwiththe wattmetersconnected carrectly,
one of them will attermptto read a negative value because
ofthe large phase angle between the valtage and current
for that instrurment. The current coil or voltage coil must
then be reversed and the reading given a negative sign
when combinedwiththe otherwattmeterreadingsto abtain
the total pawer.

At unity power factor the readings oftwowattmeterwillb e
equal. Total power=2 x one wattmeter reading.

Whenthepowerfactor=0.5,one ofthewattmeter'sreading
is zero and the other reads total power.

When the power factor is less than 0.5, one of the
wattrete rs willgive negative indication. Inorderto readthe
wattmeter, reversethe pressure coil or curre nt coil connec-
tion. Thewattmeterwillthe n give a postive reading butthis
mustbetaken as negative for calculating the total p ower.

When the power factor is zero, the readings of the two
wattmeters are equal but of opposite signs.

Self-evaluation test

1 Draw a general wiring diagram for the two-wattmeter
method of three-phase power measurement.

Power factor calculation in the two wattmeter of
measuring power

Asyouhave learntinthe previous lesson, the total power
Fi=F, + P, in the two-wattmeter method of measuring
power in a 3-phase, 3-wire system.

Fromthe readings abtained from the two wattmeters the
tan ¢ can be calculated from the given formula

N'I'S_[_P'- - PE_

) 3w - W)
(Py + Ps)

(W, + W)

tan ¢ =

fromwhich ¢ and power factor of the load may be found.

Example 1. Twao wattmeters connected to measure the
powerinputto a balancedthree-phase circuitindicate 4.5
MY and 3 kMY respectively. Findthe powerfactar of the
circuit.

Solution
B3P - Py)
tang= " [P, + P,)
P=45 kKW
P=3 KW

PHPFA6+3=75 KW
P-P,=45-3 =15 KW
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fIx15 B
Big— g ~ - = 0:3464
¢ =tan='03464 = 1959
FPower factor  Cos19%'=0.595

Example 2: Two wattmeters connected to measure the
powerinputtoa balancedthree-phase circuitindicate 4.5
Kiwand 3 K respectively. The latter readingis obtained
after reversing the connection of the voltage coil of that
wattmeter. Find the power factor of the circuit.

Soultion

(P, - Py)

= e e By

{345 - (-3))
@5 + =3))

_ 345 + 3)
45 - 3)

_ ¥3Ix75 _ Fxs
15

1732 x 5 = 8.66.

d=tan—'8.66 =83° 27"
since power factor (Cos323227=0114

Example3:Thereading onthe twowattrneters connected
to measure the power inputto the three-phase, balanced
load are BO0WY and 3004 respectively.

Calculatethe totalpower input and powerfactorofthe load.
Solution
Total power=P.=P.+F,

P = BOOW,
PL= 300W.
p= 600 + 300 = 300
e s =M3(P = P2) _4/3(600 - 300) 3 x 300
an ¢ P+ P, 600 + 300 900
I
i A

d=tan='05774=230°
Fower factor= Cos 30°=0 2866,
Assignment

Twowattrmetersconnectedto measure the power inputto
a balanced, three-phase load indicate 25K\ and Sy
re spectively.

Find the powerfactor ofthe circuitwhen (i) both reading s
are positive and (i the latter reading is obtained after
reversing the connections of the pressure coil of the
wrattrneter.
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Power
Electrician -

Measuring Instruments

Related Theory for Exercise 1.10.87

Tong - tester (clamp - on ammeter)

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

» state the necessity of tong-testers

» state the construction and working of a tong-tester

» state the precautions to be observed while using a tong-tester.

Atong-testeris aninstrument devisedfor the measurement
of A.C current, without interrupting the circuit. It is also
called clip-onammeter, or sometimesa clamp-onammeter

(Fig1).

Fig 1

CURRENT CARRYING
INSULATED CONDUCTOR

MAGNETIC FIELD

CURRENT READING

ELN258611

TONG-TESTER

Working principle

The instrument can function only when current passes
through its deflecting system. It works under the mutual
induction principle.

Electromagnetic induction: When a changing flux is
linked with the coil, an emf is induced in the coil. The
current in a coil so produced changes as that of the
changing magneticflux. Ifanalternating currentis flowing
through the coil, the magnetic flux produced is also
alternativei.e. changing continucusly.(Fig2)

Fig 2

ELN259612

Placing ancther coil (2) in the changing flux of coil (1), an
emf will be induced. (Fig 3)

Fig 3

el
S g\\

NN

ELN259613

Thisinduced emfwill send the current, causing deflection
ofthe meter. Introduction of a magnetic core betweenthe
coils increases the induced emf. The coil (1) is called
primary and the coil (2) is called secondary.

Construction: Fig 4 shows a tong-tester (the clamp-on
ammeter) circuit. The split-core meter consists of a
secondary coil with the split-core and a rectifier type
instrument connected to the secondary. The currentto be
measured in the conductor serves as the primary of one
turncoil. Itinduces a currentinthe secondary winding and
this current causes the meter to deflect.

Fig 4
CURRENT CARRYING CONDUCTOR

RECTIFIER,
-
£
TRIGGER FCR MOVING-COIL ©
OPENING CORE METER MOVEMENT é

The coreis so designed that there is only one break inthe
magnetic path. The hinge and the opening both fit tightly
when the instrument closes around the conductor. The
tight fitofthe instrument ensures minimumvariationinthe
response of the magnetic circuit.
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Tomeasure current with a clamp-on meter, openthe jaws
ofthe instrument and place them around the conductorin
whichyouwantto measure the current. Once the jaws are
in place, allow them to close securely. Then, read the
indicator position on the scale.

When the core is clamped around a current-carrying
conductor, the alternating magnetic field induced in the
core, produces a current in the secondary winding.

This current causes a deflection onthe scale of the meter
movement. The current range canbe changedby means of
a’range switch', which changesthetaps onthetransformer
secondary (Fig 5).

Fig5

PRIMARY
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ELN2589815

TAPPED-SECONDARY CIRCUIT

Safety: The secondary winding of the current transformer
should always be either shunted or connected to the
ammeter; otherwise, dangerous potential differences may
occur across the open secondary.

Before takingany measurement, make sure the indication
is at zero on the scale. |If it is not, reset by the zero-
adjustment screw. It is usually located near the bottom of
the meter.

Loopingthe conductor morethanoncethrough the core is
another means of changingthe range. If the current is far
below the meter's maximum range, we can loop the
conductor through the core two or more times (Fig 6).

Fig 6
5 AMPERES

5 AMPERES

§ AMPERES 5 AMPERES

DOUBLE PASS

SINGLE PASS

ELN253618

Application

1 For measuring the incoming current inthe main panel
board.

Primary current of AC welding generators.

Secondary current of ACwelding generators.

I

Newly rewinded AC motor phase current and line
current.

Starting current of all AC machines.
Load current of all AC machines and cables.

For measuring the unbalanced or balanced loads.

@ ~ 3 W

Forfinding the faults in AC, 3-phase induction motors.
Precaution

1 Settheampererangefromhighertolow ifthe measuring
value is not known.

2 Theampere-range switch shouldnotbe changedwhen
the clamp is closed.

3 Before taking any measurement make sure the

indication is at zero on the scale.

4 Do not clamp on a bare conductor for current
measuremerntt.

5 Seating of the core should be perfect.
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Power

Electrician - Measuring Instruments

Related Theory for Exercise 1.10.88 & 89

Smartmeters - Automatic meter reading - Supply requirements

Objectives: At the end of this lesson you shall be able to
* understand construction of smart meter
» explain the working of smart meter.

Smart Meter

Now a days smartmeters are usedto measurethe electricity
consumptionof a building. Smart meters offer more detailed
data than the old meters. They also give customers the
updated power usage data. By thisthey control their power
usage.

Smart meters measures notonly energy but also measures
voltage, frequency and KVA also. It delivers information
wirelessly via low energy radio frequency waves to the
competent authorities (EB).

Automatic meter reading

Automatic meter reading or AMR is the Technology of
automatically collecting consumption, diagonastic and
status data from energymetering devices andtransferring
that data to the central data base for billing, trouble
shooting and analyzing.

AMR which works by translating the movement of
mechanical dials ona meter into a digital signal, does not
require physical access or visual inspection

An AMR meter works by creating a connection channel
betweena business customerand its energy supplier. For
an AMR meter the communicartion only goes in one
direction, to the supplier. The energy supplier will receive
meter reading once per month, so there is no need for
manualreading.

Smartmeters works by using a secure national
communication network. Smartmeters are the new
generation of energy meters while AMR is an attached
device that transmits the meter reading.

The most note worthy advantages for usingthese system
are increased efficiencies, outage detection, tamper
notificationand reduced labour cost, smart meters usually
usewirelesssignalsat2. 4GHZ witha maximum power of
less than one watt.

Thesmartmetersshould havethe following minimum basic
features:

« Measurement of electrical energy parameters

+ Bidirectional communication

» Integarated load limiting switch relay

+  Tampereventdeduction, recording and reporting
« Powereventalarm

+ Remotefirmware upgrade

+ Netmetering (kwh) features

Electrical supply requirements of smart meter

Forsmartmeters, selectingthe appropriate power supplies
is essential to ensure optimal safety standards and lower
the chances of malfunctioning in field developments. For
this reason the authorities should consider some of the
power supply reguirements for smart energy metering
system application. Some of the factors to consider
include the followig.

« 60 -230V Ac stable input
« Transient powerof 6.72 W
+  EMI class B with surge voltage to (or) over 2KV
(EMI - Electro magnetic interference)
Detecting /clearing the tamper notification on meter

Meter tampering means doing any act, which causes the
meter to run slower or not at all and is basically theft of
electricity fromthe authorities that supply electrical power.

Thetamper notification (or) anti theft device isdesignedto
detect the tamperinthe energy meter of residential areas
and notifies it to the power company through SMS.

The device detects the tampering through the reading of
the to current sensors that are connected to a micro
controller.

The power company will get notified, when one of the
current sensors detects current, while the other one has
not or there is a difference from the reading of the to
current sensors. This systems also notifies the authority
with an average time of 17.61 sec. Upon notification the
power company immediately disconnect the line.

To detect electricity theft in an area, a temperature
dependent predictive model which uses smart meter data
and data from distribution transformer.

Distributed generation and prosumer

Distributed generation (DG) refers to a variety of
technologies that generate electricity at (or) near where it
will be used such as solar panels and combined heat and
power. Distributed generation is generation of electricity
located in the distribution grid.

A ‘prosumer’ is an individual who both consumes and
produces energy. He also produce and share surplus
energy whith grid and other users.
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Related Theory for Exercise 1.10.90 - 92
Electrician - Measuring Instruments

Extension of range of MC voltmeters - loading effect - voltage drop effect

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

» state the function of the additional series resistance in a voltmeter
» calculate the value of the total resistance of the meter with respect to voltage and full scale deflection of

current
» determine the resistance of a multiplier.

Meter movement: A basic current meter movement by
itself can be usedto measure voltage. Youknow thatevery
meter coil has a fixed resistance, and, therefore, when
current flows through the coil, a voltage drop will be
developed across this resistance. According to Chm's
Law, the voltage drop (E) will be proportional to the current
flowing through the coil of resistance R (E = IR).

For example, in Fig 1 you have a 0-1 milliampere meter
movemernt with a coil resistance of 1000 ohms. When 1
milliampereis flowing through the metercoilandis causing
f.s.d. the voltage developed across the coil resistance will
be

Fig 1
1ma METER MOVEMENT

05
03 e o 15

| 1VOLT |

SINCE THE VOLTAGE ACROSS THE METER COIL RESISTANCE
1S PROPORTIONAL TO THE CURRENT FLOWING THROUGH
THE COIL, THE 1MA CURRENT METER MOVEMENT CAN
MEASURE VOLTAGE DIRECTLY IN UNITS OF VOLTAGE.

ELN258711

E = Iy Ryy=0.001 x 1000 = 1¥/alt

E =R, =0001x1000 =1 volt

If only half that current (0.5 milliampere) was flowing
through the coil, thenthe voltage across the coil would be:

E = | R,=0.0005x 1000 = 0.5 volt.

It can be seenthat the voltage developed acrossthe coil is
proportional to the current flowing through the coil. Also,
the currentthat flows through the coilis proportional to the
voltage applied to the coil. Therefore, by calibrating the
meter scale inunits of voltage instead of in units of current,
the voltage in various parts of a circuit can be measured.

Althougha current metermovementinherently canmeasure
voltage, its usefulness is limited because the current that
the metercoil can handle, as well asits coil resistance, are
very low. For example, the maximum voltage you could
measure with the 1 milliampere meter movement in the
above example is 1 volt. In actual practice, voltage
measurements higher than 1 volt will be required.
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Multiplierresistors: Since a basiccurrent meter movement
canonly measure very smallvoltages, The voltage range of
a meter movement can be extended by adding a resistor,
inseries. Thevalue ofthisresistormustbe suchthat, when
added to the meter coil resistance, the total resistance
limits the current to the full-scale current rating of the meter
foranyapplied voltage.

Forexample, suppose onewantedto usethe 1-milliampere,
1000-0hms meter movement to measure voltages upto 10
volts. From Ohm's Law, it can be seen that, if the
movement is connected across a 10-volt source, 10
milliampereswouldflow through the movementandwould
probably ruinthemeter (1= E/R =10/1000=10miliamperes).

But the meter current can be limited to 1 milliampere if a
multiplierresistor (R, ;) isadded inseries withthe meter
resistance (R,,). Since a maximum of only 1 milliampere
can flow through the meter, the total resistance of the
multiplier resistorandthe meter (R, . =R, ,+R, ) must
limit the meter current to one milliampere. By Ohm's Law,

the total resistance is
R.. =E,.Jl, =10voltsf0.001 ampere
=10,000 ochms.

But this is the total resistance needed. Therefore, the
multiplier resistance is

R,.s= Ryor —R, = 10000 — 1000 = 9000 ohms.

The basic 1-milliampere, 1000-0hms meter movementcan
now measure 0-10volts, because 10 volts must be applied
to cause afull-scale deflection. However, the meterscale
must now be re-calibratedfrom 0-10volts, or, if the previous
scale is used allthe reading should be multiplied by 10 (Fig
2).

Multiplying factor (M.F)

MULT

_ _Proposed voltmeter range (V) _ V
Voltage drop across MCatFSD v

Calculating the multiplier resistance using M F

Ry = (MF-1) R,

MULT —

where
R, = Multiplier resistance
MF = Multiplying factor
R = Meter resistance

M



Example : A 1 mA meter has a coil resistance of 1000
ohms. What value of multiplier resistor is needed to
measure 100V?

MF = ~
v

v = IM e RM

=1 x10° x 1000 = 1V

e = ~ = 12 - 4o
v 1

Ruuer = (MF - 1)Ry = (100 -1)1000
= 99 000 ohms.

Extension of range of MC ammeters

Fig 2
1mA METER MOVEMENT
(CALIBRATED IN VOLTS)

4 S5 8

- +
—iji—
10VOLT

BY CONNECTING A MULTIPLIER RESISTOR IN SERIES
WITH THE METER RESISTANCE, THE RANGE OF A
BASIC METER MOVEMENT CAN BE EXTENDED TO
MEASURE VOLTAGES HIGHER THAN THE Iy Ry
VOLTAGE DROP ACROSS THE METER COIL.

ELN258712

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

* define shunt used in ammeter

» calculate a shunt resistance to extend the range of an ammeter

* name the material used for shunt
» apply the use of terminals in standard shunts.

Shunts: Moving coils of basic meters by themselves
cannot carry large currents, since they are made of fine
wire. To measure a current greater than that which the
moving coil can carry, a low resistance, called a SHUNT,
is connected across the instrument terminals (Fig 1).

Fig 1 -
=
S B == et
SHUNT
L.LII—I_} |
= ) ]

Fig 2
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THE METER AND SHUNT ACT LIKE R 4ANDR 5
IN PARALLEL. 80, Rg;= IuRu

IsH
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The shunt, therefore, makes it possible to measure cur-
rents much greater than that could be measured by the
basic meter alone.

The shunt equation: A meter and shunt combination is
identical to the parallel circuit shown in Fig 2. Instead of
labelling the top resistor R, it can be labeled R, which
represents the resistance of the moving coil. Resistor R,
can be labelled R_, to represent the resistance of the
shunt. |, andl,, then becomel_, andl to indicate the
current flowthroughthe shuntandthrough the meter. This
meansthatthe equation |, R, =I1_,R, cannow be written
88 iR = R,

SHY "SH
Therefore, ifthree of these values are known, thefourthcan
be calculated. Since the shunt resistance R_  is always
the unknown quantity, the basic equation
InRwm

Ten

= R
lSHRSH IMRMbecornes SH

Fromthis equation, shunts can be calculated to extendthe
range of a current meter to any value,

where RSH = shunt resistance

IM = meter current

R,, = resistance of moving coil instrument

|, = current flow through shunt.

The value of current through the shunt(ISH) is simply the
difference betweenthetotal current youwantto measure,
and the actual full-scale deflection of the meter.
|, =1-1,where | = total current.
The meter and shunt act like R, and R, in parallel. So,
Ry = IuRy
Lon

Calculating shuntresistance: Assume thatthe range of
a one milliampere meter movement is to be extended to
10milliamperes, andthe movingcoil has aresistance of 27
ohms. Extendingthe range ofthe meterto 10 milliamperes
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means that 10 milliamperes will be flowing in the overall
circuit when the pointer is deflected full scale. (Fig 3)

1 mA (0.001 A)

Current to be measured = 10mA

R,, = 27 Ohms

10mA

1-mA MOVEMENT

10mA
+ 0

- o—— __J

THE RANGE OF THIS 1-MILLIAMPERE METER

MOVEMENT WAS EXTENDED TO 10 MILLIWMFERES

BY USING THE SHUNT EQUATION Rgy, = IyRpy
IgH

ELN259725

I, =1=1,=10mA—1mA
= 9 mA (0.009 A)
TyRu _ 0.001x 27

R = =i
sH e 0009

= 3 ohms.

Shunt material: The resistance of shunt should not vary
due to the temperature. The shunt is usually made of
Manganinwhich has negligible temperature coefficient of
resistance. A high current shunt of a switch board instru-
ment is shown in Fig 4.

Fig 4

ELN253726

HIGH CURRENT SHUNT FOR A SWITCHBOARD INSTRUMENT

Calibration of M| Ammeter and Voltmeter

Objectives: At the end of this lesson you shall be able to
* define the term ‘calibration’
= explain the calibration of voltmeter and ammeter.

Calibration

In many industrial operations, measurement instruments
must be trusted to provide the accuracy stipulated by the
original design to assure a satisfactory product. This
confidence is provided by a periodictestingand adjustment
of the instrument to verify the required performance. This
type of maintenance is called calibration.

Standards

Before calibration can begin, you must havethe accurately
knownvalues ofthe measured quantities against whichto
compare the measurements made by the instrument being
calibrated. Thus, for an instrument that is supposed to
measure current of 1 milli ampere, you must have, for
comparison, a source of current that is known to within at
leastthat range or better. Only thenyou can say whether
the instrument performs satisfactorily.

A very accurately known quantity used for calibration of
instruments is known as a standard.

Calibration standards

Quantity Standard

Voltage Standard cell, high precision
source

Current Voltage standardand standard

resistance standard milli volt
source, gas filled/ mercury filled
thermometers.

Calibrating DC and AC meters (Ammeter & Voltmeter)

Both DC and AC meters are calibrated in essentially the
same way. To calibrate a DC meter, a very accurate DC
currentsource is connectedtothe meter. The output ofthe
current source must be variable, and some means must be
available to monitor the output current of the source. Many
sources have built-in meter for this purpose.

The output of the current source is varied in very small
steps, and at each step the scale of the meter being
calibrated is marked to correspond to the reading on the
monitoring device. This procedure is continued until the
entire scale of the meter is calibrated.

Same procedure is used to calibrate an AC meter, except
that a 50/60 cps sine wave is used mostly. Also, youknow
that an a-c meter reads the average value of a sine wave,
but it is desirable for the meter to indicate rms values.
Thereforethe rmsequivalentare calculated andmarkedon
the scale.

Thermocouple metersare calibrated onthe basisof asine
wave. Butthe calibrationis made atthe frequency atwhich
the meter will be used. Atthe extremely highfrequencies
at which it is used, a phenomenon known as skin effect
OCCUrs.

At these frequencies, the current in a wire travels at the
surface ofthe wire, the higherthe frequency, the closer the
current moves to the surface of the wire. This effect
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increases the resistance of the thermocouple heater wire
because the diameter of the wire becomes, in effect,
smaller.

Thusthe resistance ofthe heaterwire varies with frequency.
Sincethe resistance of the heaterwire varies withfrequency;,
thermocouple meters must be calibrated at specific
frequencies.

Precautions to be observed when using an ammeter
in measurement work

1 Never connect an ammeter across a source of EMF.
Because of its low resistance it would draw damaging
high currents and damage the delicate movement.
Always connect an ammeter in series with a load
capable of limiting the current.

2 Observethe correct polarity. Reverse polarity causes
the meter to deflect against the mechanical stop and
this may damage the pointer.

METER ACCURACY
METER TYPICAL ACCURACY
Moving coil 0.1t0 2%
Moving iron 5%
Rectifier type moving coil 5%
Thermocouple 1to 3%

Loading effect of voltmeter and voltage drop effect of ammeter in circuits

Objectives: At the end of the lesson you shall be able to

» define the term 'multiplier’
» analyse the loading effect of the voltmeter

* analyse the effect of voltage drop across the ammeter in the resistance measurement.

Multipiler

Inthe caseof P.M.M.C. instruments, we have seenthatthe
moving coil consists offine gauge copperwire. Thiscopper
wire cancarry very low currentin the order of millior micro
amperesonly.

The acceptable current which enables the instrument to
read full scale is called full scale deflection current or
F.S.D. current. Whensucha P.M.M.C. instrumentisto be
converted as a voltmeter, the moving coil has to be
connected with a high resistance in series so that the
currentcould be restrictedwithinthe F.S.D. current value.
This series resistance is called multiplier resistance.

Let us study how the voltmeter sensitivity causes loading
effect in the circuit by the voltmeter.

Loading effect of a voltmeter: The sensitivity of a
voltmeterisan important factorwhen selecting a meter
for a certain voltage measurement. A low sensitivity
voltmeter may give an almost correct reading when
measuring voltages in low-resistance circuits, butitis
certain to produce very high errors in high resistance
circuits. It is due to the fact that the voltmeter, when
connected across a high resistance circuit, acts asa shunt
forthat portion ofthe circuit, and, thereby, reduces the
equivalent resistance in that portion of the circuit.

As such, the meter will then give a lower indication of
the voltage drop than what actually existed before the
meter was connected. This effect is called the locading
effect of avoltmeteranditis caused principally by the low
sensitivity of the voltmeter.

The meter with the higher sensitivity of ohms#ivolt rating
gives the most reliable result. Itis important to realize the
factor of sensttivity, particularly whenvoltage measurements
are made in high-resistance circuits. Hence the following
points are required to be followed while using a voltmeter.

+  When using a multi-range voltmeter, always use the
highest voltage range, and then decrease the range
until a good up-scale (above mid-scale) reading is
obtained.

« Always be aware of the loading effect. This effect can
be minimised by using a voltmeter of high sensitivity
and highest range involtmeter.

+ Before reading the meter, try to select a range in the
multi-scale instrument such that the reading obtained is
above mid-scale. The precision of the measurement
decreases if the indication is atthe low end of the scale.

Effectof voltagedrop across theammeterin resistance
measurement: The ammeter/voltmeter method of
measuring resistanceisvery popular since the instrument
required for this is usually available in the laboratory.

In this method, two types of connections of meters are
possible (Figs 1a and b).

Fig 1a
v!
L. W
o
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Fig 1b
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\_/
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Inboththe cases, if readingsofthe ammeterandvoltmeter
aretaken,thenthe measuredvalue of resistanceis givenhby

“oltmeter reading %

Ammeter reading T:

m

Themeasuredvalue ofresistanceR would be equaltothe
truevalue R, provided the ammeter resistanceis zeroand
the vaoltmeter resistance is infinite, to make the circuit
condition undisturbed.

However, in practice thisisnot possible, and hence, both
the methods give inaccurate results. But the error in
measurement could bereduced under differentvalues of
resistance to be measured as explained below,

Circuit(Fig 1a): Inthis circuit, the ammete rmeasuresthetrue
value of the currentthrough the resistar. Butthevaoltmeter
doesnotread the truevoltage acrosstheresistance. On
the other hand, the voltmeter measuresthe voltage drop
acrossthe resistance and also the ammeter.

Let Ra bethe resistance of the ammeter.

Thenthevoltage drop acrossthe ammeter ', = IR,

b N IR + IR,
RITIT 1 ot —
ik IR IR
e e R e Eqn.(1)

true value ofresistance R =R, —R_ ... Eqn.(Z)

From equation 2, it is clear that the measured value of
resistanceis higherthanthetruevalue, ltisalso clearfrom
the above equation, that the true value is equal to the
measuredvalue onlyif the ammeterresistance R _iszero.

Relavtive errore, = —0L_ R
R
Rui - Rt - R4
i s (R J)
R
RE
=i E -3
R qn.(3)

Conclusion: From equation 3, it is clear that the errarin
measurerment would be small if the value of resistance
under measurement islarge as compared to the internal
resistance of the ammeter. Therefore the circuit showrnin
Fig 1(a) is most suitable for measuring high resistance
valuesanly.

Circuit(Fig 1b): Inthis circuit the woltmeter measures the
true value of the voltage across the resistance but the
ammeter measures the sum of currents through the
resistance and the voltmeter.

LetR, betheresistance ofthevaltmeter. Thenthe current
through the valtmeter

I_‘v’
W
R,

heasuredyvalue of the resistance

Rmizi: S
i IH +I~Mf
N

Rima = s E (4)
A e TNy
e

By multiplying the denominato rand numeratar
by % Eqn.(4) becomes

R

1+£

Ry

Fr: = .cEgnaid)

Fromeguationd itis clearthatthetrue v alue ofresistance
is equal to the measured value anly if

« theresistance ofthe voltmeter R, is infinite

» theresistance to be measured 'R’ isvery smallwhen
compared tothe resistance of the valtmeter.

R, -R

R
By elimination process, we get
..Eqgn.(5)

Thewvalue of B ,is approximately equalto R

Felatheerrar 8, =

-R
Thereforee ~ T ..... Egn.(B)

Conclusion: From equation (B), itis clear thatthe errar in
measurementwould be small fthewvalue ofresistance under
measurement isverysmallas comparedto the resistance
ofthevoltmeter. Hencethe cireuit shownin Fig 1(b) should
beusedwhenmeasuring resistances of a lowervalue.

240 Power : Electrician (NSOF Revised - 2022) - Related Theory for Exercise 1.10.90.92



Power
Electrician - Doemestic Appliances

Related Theory for Exercise 1.11.93, 94897

Concept of Neutral and Earth - Cooking range

Objectives: A the end ofthiz lesson you =hall be ableto

= state the concept of neutral and earth

= gxplain the domestic appliance

= gxplain the cooking range

= gxplain the parts of electric t:mking range.

Scanthe OR Code to wiew
the wdeo for this exenzize

Concept of neutral and earth (Fig1)

PAg1

Earth point is the point connected to the ground, ie.
earthed locally at the consumer premizes while Mewtral
poirtizthe farpoint ofthe secondarysepdown transfonmet
feeding the consumer premizes,

Therole ofMeutral poirt (Mustealwire)isto dose the circuit
and canythe consumer [oad cumrent (return current) back
tothetransformer. Theearthpoint (earth wire at consumer
premizes]shall carey no current in norm al situstions.

Theeath point(earth wireliz usedtoconnectthe metallic
chaszzizof consumer eguipment with theearth and izolate
them from the live wires. Hence, the earth wirgizusedto
enzure safety of equipment and personnel.

Theeatth wire will carry (shodlcurrent 2in caze of cha ssis
of the equipment becomes eledrified, i.e. a bare live
conducdor touchesthe metallic chaszsiz. Thizshort current
wdll tripy some drouit bresker inthe way immediately.

The eath wire will carry(Leakage 1 small currents dueto
inzsulation deterioration, humidity and carbon deposit on
the insulator. In thiz caze a special breaker called ELCB
(E arthLeakage Circuit Breaker lor R CCB (R esidual T urrent
Circut Breakerithat iz calibratedto tip at small currents
[ofthe order of 6-30m Aforresidual purposss and 300 m &
for industrial purposes) Motall electi ccodez enforcesthe
uzezof ELCBsor RCCBs.

Domesicappliances:

Domestic appliance iz an electrical equipment fMmachine
uzed in houzes for the various house haold tasks like
cooking, swashing and cleaning etc.

Cooking range

E ledric cooking rangeizthe combination of anoven and
hot plate. The eledric range consist of highly efficient
heating elements, itgives better cooking control, has shel f
oven, fingettip controlz and designs to fit almod every
possible kitchen need.

The surface heating unitz are ==t inthetop ofthe range,
the electic connedions for these units are carried in the
space betweenthetopoftherange(Fig 2). Ovencontrals
are alzo kept inthetop butin zeparateelevated pede dal .

The parts of a cooking range

Surface heating elements: In present day cooking
range the nichrome element iz encased in ametal tube
with m agnesium oxideinsulation. Thizendosed surface
heating element (Fig 21 more efficient, m ore durahle and
zafe tohandle.

THIERROSTAT
HNEOR

Standard =safety norms: Trainees may be
instructed to refer the international
Electrotechnic al commission (IECF 60335 part
2 - section 64) for the standard safety nonms
redated with domestic appliancesfor thefurther
details.

Step/Selector switches: & step awitchizsimplya rotary
awitch, which can sslect four or six different hests
(wattagesFig s and 4.

The gep switch conne ded totwo arthreeelementsto 240
volt . The tatal circuitresigance orthe vwoltagei = changed
toprovide different hests.

High heat is obtained by conneding total elements in
parallel. Far lowheat allthe coilz are connedted in zeries
(Figz=3 & 43

Ouen unit The oven unit consists of two heating
elements, anupper element and a lower element.

The osen heat is nomm ally controlled by thenn ostat and
timingdesice.
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In a oven electric circuit, the broil unit is constructed by
stringing the element through the frame in two separate
coils, whereas the bake unit is strung with only one coil.

Now-a-days instead of thermostat switch, the typical
infinite-heat switchesare used (Fig ). This switch operates
the internal heater causes the bimetal to open andclose
the switch that controls the range heater element. This

Geyser

bimetal heater is series the cooking range and must have
the correct resistance for the element being controlled.

180w 250w 380w 400w 1180w 1500w

ELN28100H5

STEP/BELECTOR SWITCH-8 POSITION

Aschematic diagram of atypical electric range is givenin
Fig 6.

Fig

L2
N
(&}

TYPICAL INFINITE-HEAT SWITCHES

ELN2810016

Objectives: Atthe end of this lesson you shall be able to

* explain geyser

» list the parts of a geyser from the schematic and constructional diagrams

» explain the construction and operation of a geyser

» explain the possible faults in a geyser and their remedies.

Geyser

[t isanelectric water heaterwhich heats and maintainsthe
temperature of the water stored init.

There are several types of water heaters. The most usual
one is the geyser, which is more efficient as the hot water
can be directly drawn through a tap at different points.

Construction ofgeysers: The construction of a hotwater
geyser or storage water heater is simple
(Fig1).

The outer casing is made of mild steel sheet. The inner
tank is made of heavy gauge copper which is tinned to
prevent corrosion. The space between the outer casing
and the inner tank is filled with glass wool as heat
insulationto avoid excess heatlosses. Heatingelements,
thermostat, inlet and outlet pipes are fitted to the tank.

Heating elements are similar to those of immersion
heaters but with different shapes to suit the tank sizes and
the screw base. Fig 2 shows a few shapes of heating
elements.

Fig1

FUSIBLE PLUG VENT PIPE 12mm

HEATING
ELEMENT

GLASS WOOL

L)
DaN| _/ — THERMOSTAT
DRAIN PIFE :
COVER [|"
PRESSURE
INLET  OUTLET RELEASE VALVE
12 mm 12 mm E
CONSTRUCTION OF GEYSER 2
o
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Fig2

ELN2610022

DIFFERENT SHAPES OF HEATING ELEMENTS

The rating of the heating elements depends on the
capacity of the geyser. Forupto 25 litres capacity, 1 KW
elements are used while for 50 litres capacity 2 KW are
used, for 100 litres capacity 3 KW are used.

Thermostats: Thermostats are used inwater heaters to
control the current to the heating elements and thereby
regulate and maintain the water temperature between
32°Cto88°C.

A typical thermostat used in geysers: A thermostat
used in a geyser is of tube and rod bimetal type (Fig 3).

Thermostats are available insizes of 8 mm diameter with
alength of 175 mm, 275mmor 450 mmdepending onthe
height of the geyser. Thermostats are fixed inatube and
are connected in series with the heating element.

Theoutlet pipe is provided witha U' bend inside the tank
as shown in Fig 1 to prevent complete draining of water
from the geyser. A pilot lamp is fitted on the outer case
indicating the automatic working of the unit.

Afusible plug is fitted on the top of the unit to protect the
inner tank to release the excess pressure that may be
developed due to failure of the thermostat.

Working: When a geyser is fitted initially, open the inlet
cock, filltheinnertankand maintainthe waterlevel . When

Fig 3
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[ —— LEAD

[~~— PORCELAIN
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A TYPICAL TERMOSTAT USED IN WATER HEATER
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switched “on' the heater heats the water. When the
temperature of water reachesto asetvalue thethermostat
disconnects the heaterfromthe supply. (Fig 3) The water
drawn from the cutlet pipe reduces the temperature and
hence the thermostat, re-connects the heater with the
supply.

Care and maintenance: A geyser requires less
maintenance. The scale depositsthat may adhere to the
inside surface should be removed. It depends on the
amountandkind of mineral content inthe water. The only
care requiredis notto energise the geyserwithoutinitially
filling with water.

Troubleshooting of geysers

The following chart lists out complaints, causes and
possible remedies.

Troubleshooting in water heaters/geysers

Complaints Causes

Test and remedy

1 Blown fuse.
2 Open circuit.

No hot water

3 Heater element burnt out.

1 Replacefuse.

2 Checkwiringallthe way for broken wire or loose
connections.

3 Checkelements for burn-out.

Constantly/repeat- |1 Grounded heating element.

1 Checkthe heaterelement for ground.

Scale deposit on heating units.

edly blowing the
fuse

2 Groundedleadwire. 2 Checkwiring for grounds.

3 Incorrect connections. 3 Check electrical connecticns all the way.
Highconsumption |1 Leakingfaucets (taps). 1 Replace washers in all leaking faucets (taps).
of powerleading |2 Excessively exposed hot water pipes. 2 Hotwater lines should be as short as possible.
to increased 3 Thermostat setting too high. 3 Resetthermostat. Setting should be 60°C to
electricity bill 65°C.

4 Short to ground in heating element. 4 Checkelementforground.

Remove unit and check.
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Washing machine

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

» explain the washing machine

» state the types of washing machines and wash techniques

» state the function of mangle wringer for drying

» explain the function of drain pump and drive motor

* state the points to be noted while placing the washing machine at a suitable place.

Washing machine

Itis a domestic electric appliance which is used to soak,
rinse, wash, wringle /dry the cloth/fabrics etc.

Types of washing machines: The modern washing
machines can be divided roughly into three main groups
according to their function.

Theyare

— COrdinary

— Semi automatic
— Fully automatic.
i Ordinary type

Ordinarywithout timer: This machine uses the pulsator
type technigue in which a disc is fitted to the motor.

It has only one tuband one motor the dirty cloth is loaded
inthe tub, water is filled manually in the tub, detergent is
added. The motoris switched onthe pulsatordisc moves
the cloth aroundthe tub and the time duration of washing
is decided by the operator.

Ordinary with timer: Similar to the ordinary type, but
added with a clock timer to select the time of wash from
110 15 minutes.

ii Semi-automatic type

This type has two tubs. One forwashing and rinsing, the
otherforspindryingthe cloths. Thewashingtuboperates
at lower speed whereas the spin drier tub operates at a
higherspeed. The machine may containeither one ortwo
motors.

iii Fully automatic type

In this type, the micro processor enables to programme
the wash cycle. There will be only onetub. The machine
could be programmed for wash cycle, detergent intake
andwaterinput. The machine doeswashing, rinsing and
also dry the cloth and stops.

Furthertothe above types the washing machine could be
further divided by the type of loading i.e. top loading and
front loading. In some machines the water used for
washing could be preheated with the help of an electric
heater.

Types of wash techniques

Inaddition to the above classification, the washing machine
could be catagorised according to the wash technique
used as explained below.

The pulsator wash technique (Fig 1): This is the most
commoen type pulsator wash technigue, it has disc in
concave shape usedto rotate the clothes inwater. Dirtis
removed fromthe cloth by rubbing againsttubwall surfaces
and the disc. (Fig 1 & 2)

Fig 1

%

SIDE VIEW OF DISC

MOTOR

ExS

PULSATOR WASH TECHNIQUE

ELN2610031

a) TOP LOADING

b} SIDE LOADING

ELNZB10032

Tumbler type (Fig 3 a): In the tumbler type the washing
is carried out by tumbling the cloths with the help of a
simple drum. Here the construction is simple and cloths
are tumbled around the drum by virtue of the drum itself
beingrotated by means of a pulley at the rear orthefriction
drive ofthe idlers.

Theagitator wash technique (Fig 3b): Anagitatorwhich
is long and cylindrical is installed at the centre of the
washing tub. The water and cloths circulate around the
agitator, thereby under going a thocrough cleaning process.
Not suitable for delicate fabric.

The air power wash technique: This machine uses air
bubble technigue to wash delicate fabrics smoothly.

The chaos punch wash technique: A multifaceted
method of washing, where inwater is propelled upwardsin
the machine to prevententanglement of garments punching,
is done on clothes by forced water.
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Fig3
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b} AGITATOR WASHING ARRANGEMENT

rinsing the clothes the machine is switched ‘ON’ fora time
durationsuchthat allthe detergent or soap is removed off
the clothes. This cycle is called the rinse cycle. The
clothes are then put through the mangle wringer to press
and roll out all the water from the clothes.

Some type washing machines having heater, is generally
immersion rod type which is permanently fixed in the
bottom of the washing machine. The purpose is to
produce warmwater for loosening stubborn dirt particles
ofthe clothes for quick cleaning. Inthesetypes generally
heater is not repairable, once found defective it has to be
replaced. Fig 5 shows the connection diagram of simple
washing machine with heater .

The water fall technique: This is more or less similar to
chaos punch technique. This machine use jets of water
which are pumped from below the pulsatorin to the tub.
Thevelocity andforce of water removesthe dirt. Most ofthe
washing machines could be repaired by the electrician but
micro processor controlled washing machine repair needs
some more training and experience.

The conventional type with mangle wringer for
drying: The conventional washing machinesare relatively
simple inoperation and construction. The washing cycle
in such a type of machine would consist of the user filling
the central tubwith water uptothewaterlevel mark. Soap
and bleachare added.

Depending uponthe typesofthe clothesto be washed the
‘ON' time or the wash time of the machine is set andthen
‘the machine is switched ‘'ON’. Most machines have the
agitator directly driven without any intermediate gears
(Fig4).

Fig4
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AGITATOR DIRECTLY DRIVEN BY MOTOR

The washis stopped by the timer setting on the machine.
The agitator is brought to a standstill and the drain pump
is operated orthe valve for gravity draining isactivated. For

Fig5
OFF
INDICATOR LAMP
HEATER ON MOTOR ON
o_
o WASHING
L OFF WHEEL
O b
240V SUPFLY
(o)
N
MOTOR
—
f3=E g
s ‘S_
SIMPLE WASHING MACHINE WITH HEATER E
w
Precaution

i The agitator should be stopped during the
drain period, because if it were to continue
operating without water in the tub, the
required force on the agitator to rotate the
clothes in the absence of water would be
manytimes more causing motorto overload.

ii Thebottomcable should be protected from
the damage bytherats by using a rust proof
welded mesh.

Thedrive motor: The most popular type of motorusedin
a washing machine is a single phase 240 volts 50 Hz.
capacitor start squirrel cage induction motor. These
motors may range from1/3to 1/2HPrating. These motors
are normally protected from overload and overheating
conditions by means of a bimetallic overload relay or a
thermal switch. The motor is located in such a way that
water leakages do not fall on to these motors.

Locating the machine: The machine should be so
located that soft water is freely available, and outlet or
water drain arrangement is also easily available. The
supply board should have the rated 3 pin socket
arrangement with proper earth brought tothe 3 pinplug
point. Theflocring should be inlevel suchthatthe machine
rests properly to avoid unnecessary loadingonthe machine
drumand vibrations.
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Pump set

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

+ explain pump set

+ explain the method of selection of the type of pump and capacity of the motor taking various factor into

consideration

+ explain the types of pumps and use the table for selecting a proper type and capacity for requirement
+ state how to select a proper location of pump installation and select proper control devices

= state troubleshootin pumps.

Pumpset

Fump =et is a combination of an electric motor and a
irmpeller/pump coupled together to purnp the water from
well (or) bare (or) sump etc.,

Selection of pump : The following points are to be
considered befare selecting a purmp for lifting the water.

— The quantity of water to be lifted
— Heightofwaterto be delivered
— Thetime for lifting.

Based onthe above considerations the pump has to be
selected along with the motor ta liftthe water from a wellf
sump.

Anillustrationis given belowto show how to calculatethe
required HF ofthe motorto a paricularheight and gquantity
of watarto be lited within a specified time.

Example: Calculation of HF fordomestic pump set.

Apumpdrivenbya single phase AC motor of 240% 50 Hz
hasto deliver 1000 litre to a height of 30 metre within 15
minutes. Find the HF of the motar if the efficiency of the
mator is50%.

Given

Wiorking woltage - 2400 A0 Hz

Cuanity of water to be delivered - 1000 litre
Height of the water delivered-30m
Efficiency of motor- 30%

Tirne of delivery- 15 minute

Solution

Wark done by the pump / minute =

weight of the water wHeight 1000 30

, kg midmin.
Time 15
gsince 1 litre of water =1 kg. of water
and 4500 kgmfminute = THF
. 1000 =30
P tput inHF = —————=044 or 0.5 HP
ump output in T2 %4200 or
Input of the pump = %ﬂ].ﬁ% HF

Mextnearest HF ofthe motor recommended is 0.75 HP.

Pumps : Pumps can be classified mainly into two
categaries. Theyare

— Heciprocatingpumps
— Rotary pumps.

Reciprocating pumps : In this type of pump, the main
maving patt has reciprocating motion only and hence the
name. Fig 1 showsthe mainpansofareciprocating pump.

YWhen the piston movestowardsleft, a partial vacuum is
created inside the cylinder. The check valve 1 in Fig 1
closes due to the suction effect of the vacuum, spring
actionand head ofwaterin the discharge tubed butvalve
2 Fig 1 opens and allows the water to fill the cylinder
through the suction pipe 3 due to atmospheric pressure
outside. This stroke ofthe piston is called suction strake.

Fig 1

Dnthe otherhand when the piston movestowardsright ie
discharge or delivery stroke the liguid inside the cylinder
is pushed outthrough checkyalve 1 and delivery pipe 4.
During the delivery stroke valve 2 remains closed by the
actionofspring andthe waterpressure inside the cylinder.

However, asthe discharye ofwatertakes placeinthistype
of purnp only during the discharge stroke, the pump
createsapulsating flow ofwaterand nota continuous flow.
This type of pumpis called a piston pump.

Rotary pumps : There are very many varieties of this
purmp in the market. However centrifugal pumps, jet
pumps and submersible purmps are the commonly used
purmp s for lifting waterin house s,

Centrifugal pumps : Fig 2 shows the construction and
operation of a centrifugal pump.

Theoperation of a centrifugal pumpisbased on centrifugal
force Asthe fluidbeingpumped enterstheinletor central
section of the pump, the rotating action of the impeller
vanes forcesit to the outside of the pump casing (Fig 2).
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Because the fluid moves faster at the outer edge of the
impeller the momentum increases. As more fluid enters
the pump, more fluid momentum is built up in the casing
that encloses the impeller. This momentum forces the
fluid out of the pump discharge port.

The centrifugal pumps are used where large volumes of
water are to be pumped at relatively low pressure.

Submersible pumps : This pump also comes underthe
category of centrifugal pumpsandisfound inuse at places
where water is found in great depth.

Submersible pumps have motor and pump in an axial
length are submerged in water (Fig 3). Generally such
pumps are used for borewells where the volume of waterto
be lifted exceeds the capacity of reciprocating pumps. The
motor used in such types of pumps is of 3-phase.

Fig3a
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The cablesand motorwindings havewater proof sealingas
they are immersed in water. Such pump sets will have
followingadvantages.

— Diameter is smaller.

— Motorand pumpare submergedinwater. Hence needs
no space on ground level.

— The motor and pump are entirely connected through
metal pipes for delivering water.

— Efficiency is more as the motor with the pump will be
to the level of water or inside the water.

— Cooling is effectively done by water only.

— Canbeusedforliftingwaterfromany depth of sumpor
borewell as suction pipe is not used.

Disadvantages
— Erection costand initial cost of purchasing will be high.

— Incaseofany defects, itis necessary toremove entire
unit along with the pipe line.

— Requires skilled worker for both erection and
maintenance work.

Jetpumps : Anothervariety of centrifugal pumpcommonly
usedinthe domestic wells an d borewellsisthe jet pump.
Injet pumps, the motorand pump are assembledtogether
in one block (Fig 4).
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The bottom portion ofthe pump hastwo connecting pipes.
One is called suction pipe and the other is called ejection
pipe. A portion of the water is sent through the ejection
pipetothe jetassembly and it aids the water inthe suction
pipe to be lifted upwards by Venturi principle.

Suction, ejection and delivery pipes and motor capacity
could be selected with the help of the performance
Table1.

Almostall types of pumps may be independent units to be
coupledwithan electric motor through belts or couplings
or may be single(mono) blocks comprising both motorand
pumps.

Location of pumpset: The pump should be installed as
nearas possibletothe water source in orderto reduce the
suction lift and to achieve better performance.

Ample space should be provided aroundthe pumpfor easy
inspectiocnand maintenance wheneverrequired.

Before starting the pump ensure that.
— Shaft rotates freely by hand.
— The gland box is properly tightened.

— The valve, if there is any on the delivery branch, is
opened.

Check the following during running condition.
— The direction of rotation is correct.

— Pumpis running smoothly.
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— Leakage of stuffing boxis normalie., 50to 60 drops per
minute in gland packed pump.

— The ball bearings do not get excessively hot.

Trouble shooting in pumps : Incase oftrouble in pumps,
with the help of the trouble shootingchart (Table 2), locate
the fault and rectify the defects.

Table 1

Troubleshooting chart

Sl.No. Problems

Probable reason

1 Pump does not deliver water.

2 Delivered water is not enough.

3 Notenough pressure.

4 Pump takes too much power.

) Pump leaks excessively.

6 Pump is noisy.

Pump casing and sucticn pipe is not primed.

Delivery head is too high.
Suction lift is too high.

Impellerfsuction pipe choked.

Wrong direction of rotation.

Leakage in suction pipe.

Gland packings/mechanical seal worn out.
Foot valve choked/not immersed inwater.
Impellerdamaged.

Wearing of shaftsleeve.

Damaged ball bearing.

Head is much lower.

Mechanical friction is more in the rotating part.
Shaft bent.

Stuffing box is too tight (gland is too tight).

Gland packings/mechanical seal worn out.
Shaft sleeve worn out.

Gland packings/mechanical seal are not in
proper position.

Hydraulic cavitation.

Foundation is not rigid.

Shaft bent.

Rotating parts are loose or broken.
Bearingwornout.

Automatic electric iron

Objectives: Atthe end of this lesson you shall be able to

* state the difference between non-automatic and automatic irons

* describe the construction of a himetal thermostat
* illustrate the working of an adjustable thermostat

+ list the possible faults, their causes and corrective action to be taken in an automatic iron.

Automatic electric iron

Thedifference betweenanautomatic ironandthe ordinary
(non-automatic) iron is that the automatic type has a
thermostatic device to regulate the temperature. The cther
parts are more or lessthe same in both the types of irons.
(Fig1)

Automatic irons are fitted with a thermostatic switch to
regulate the heat to a specific predetermined value. The
thermostatic switch disconnects the supply when the
predetermined value is reachedand reconnects the supply
when the iron cocls down. Aturning knob with a dial just
belowthe handle, markedas rayon, cotton, silk, wool etc.
can be operated to select the presettemperature.

Fig 1

THERMOSTAT
CONTROL KNOB

AUTOMATIC ELECTRIC IRON

ELN2610061

They are two types of automatic electric iron, they
are:

1 Dry Automatic Iron

2 Spray/Steam Automatic Iron
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Thermostats

Athermostat is a switch which can be designed to close
oropenacircuit at predeterminedtemperature. One of the
simplestand most dependable componentsin the modern
heating appliances is the BIMETAL THERMOSTAT. It
controlsthe temperature in stoves, toasters, foodwarmers,
ironsetc. Itservesas a safety deviceto prevent overheating
of the appliances.

Bimetal thermostat (Fig 2)

Fig 2
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Inthethermostat there isa bimetal strip made of two strips
of metal with different expansion rates welded together.
The metalstripexpandswhen heated and contracts when
cocled. Cne metal in the bimetal strip has a high rate of
expansion when heated, and the other has a low rate.

When a bimetal strip is heated, both the metals inthe strip
expand but the one at the bottom with a higher rate of
expansionexpands faster and forces the upper halfto curl
upor bend away fromthe contact point (Fig 2b). The strip
curls or bends enough to break the contact, opening the
circuit.

Asthe stripcools, it straightens and restores contact with
the stationary point. The bending of the bimetal strip on
heating, istowardsthe side that has the smallerexpansion
rate.

Adjustable thermostat (Fig 3)

The operation of the thermostat is as follows. The strip B
(Fig 3 (a) part B) along with the silver contact is designed
suchthat it has upwardtension whereasthe control shaft
moves the strip B either upward or downward depending
uponthe temperature setting.

The strip A (Fig 3(a) part A) along with its silver contactis
designed such that it has downward tension. But its
downward movement is restricted by the insulated block.

In the ‘OFF’ position of the temperature setting control
knob, the strips A and B will be away from each other,
keeping the silver contacts inanopened condition, thereby,
keeping the heating element circuit open.

Fig 3
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When the temperature setting control knob is set to
minimum position, the control shaft moves upand allows
the strip Band its silver contactto move upwardstosome
distance and make contact with the silver contact of the
strip A.

Thus the heating element circuit is closed, the iron heats
up. The bimetal stripwhichis also heated, bends upwards
and the insulated block pushes the strip A, thereby,
separating the silver contacts and the heating element
circuit opens.

When the iron cools down, the bimetallic strip also cools
and comes backto the straight position. The downward
movement of the insulated blockallows silver contact strip
A to come in contact with the silver contact strip B;
thereby the circuit is closed and the iron heats up.

Alampfitted near/into the handle of the iron goes offwhen
the desired temperature is attained.

Steam/spray irons (1S 6290)

Electrically there is no difference between steam irons
anddryirons. Asteamiron has a small reservoir mounted
above the heating element. Acontrol valve onthis allows
the water to drip slowly into recesses in the sole-plate.

Acheckvalve keepsthewaterfromgoingback upintothe
tank. When the water hits the hot position of the sole-
plate, itis convertedto steamand goes out through holes
inthe bottom of the sole-plate. Fig 4 shows a diagram of
the construction of a typical steam iron.

Method of repair

Inmost of the steam irons, the heating element is sealed
alongwiththe sole-plate. Whenthe elementisfoundto be
open or shorted, the sole-plate along with the sealed
heating element hasto be replaced. Apart fromdefective
power cord set and thermostat as found inthe irons, the
steam iron may develop problems in the water/steam
container parts due to the following reasons:
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i The consumer might have used tap water instead of

o STEAM GONTROL KNOB distilled watertofillthe water tank insteamirons. This
THERMOSTAT may result in deposit of salts in the tank and clog the
CEREIER R entry and exit points.
i The consumer might have left the iron with water for
FILLER some period resulting in salt and rust formation.
| TRV . >\ The salt deposit can be removed by filling the tank with
WATERTANK e e : 4 diluted vinegar and plugging the ironto the power supply.
=0 — Y 2 A number of attempts may have to be made to clear the
OUTLINE OF A TYPICAL STEAM IRON E deposits.
Troubleshooting chart
(Dry Iron)
Trouble Possible causes Corrective action to be taken
MNo heat MNo power at outlet. Check outlet for power.

Insufficient heat

Excessive heat

Blisters on
sole-plate

Tearsclothes.

Iron do not
turned off
automatically.

Sticks to clothes.

Iron gives shock.

Defective cord orplug.

Loose terminal connections.
Brokenlead iniron.

Loose thermostat control knob.
Defective thermostat.

Defective heaterelement.
Openthermalfuse.

Low linevoltage.

Incorrect thermostat setting.
Defective thermostat.

Loose connection.

Incorrect thermostat setting.
Defectivethermostat.

Excessive heat.

Rough spot, nick scratch, burr on
sole-plate.

Thermostat switch contacts are
weldedtogether

Dirty sole-plate.
Excessive starch in clothes.

Wrong setting of the thermostat
knob.
Irontoo hotfor fabric being ironed.

Disconnected earth connection.

Weak insulation of heating element.

Earth continuity with common earth
notavailable.

Repairorreplace.

Check and tighten the terminals.

Repairorreplace lead.

Cleanandtighten.

Replacethermostat.

Replace the element if separate. If castin, replacs
sole-plate assembly.

Replace.

Checkvoltage at outlet.

Adjust and recalibrate thermostat.
Replacethermostat.

Clean andtighten connections.

Adjust and recalibrate thermostat or replace.
Replacethermostat.

First repair the thermostat control. Then replace
orrepairthe sole-plate, dependingonits condition.

Remove these spots with fine emery and polish
the area with buff.

Check the thermostat switch contact. Open them
by force. The contact points should be in open
condition at off position of the control knob.

Clean.

Iron at a lower temperature. Use less starch next
time.

Set the knob to correct temperature.

Lower the thermostat setting.

Check earth connection and connect properly.
Check insulation resistance of heating element; if
necessary replace element.

Check the main earth continuity and connect

properly.
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Electric kettle

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

» explain electric kettle and its types

* list and state the parts of an electric kettle

» describe the method of fitting a new element
+ state the general care and maintenance.

Electric kettle

Electrical kettle is a heating device which is used to heat
the liquid (like water, milk, etc) poured in it.

There are two types of electric kettles:
— Saucepantype
— Immersion heatingtype.

Saucepan type: The construction of the sauce pantype
kettle is givenin Fig 1. The parts are as follows.

Bolt, nut and washer holding bottom cover
Heating element

Asbestos sheet

Sole-plate

Pressure plate

Bottomcover

Handle

Toplid

Ebonite leg

10 Outlet socket

W 0O ~N D AW N =

11 Brass strips

Bottom cover: The bottom cover is fitted to the central
bolt of the body by a nut and washer. (Fig 1).

Fig 1

d

SIS

N4

CONSTRUCTION OF SAUCEPAN TYPE KETTLE

ELN2810071

Heating element: Inits general construction, the heating
elementis made of Nichrome ribbon. The Nichrome ribbon
is wound over mica. This is placed between two circular
mica pieces, so that the Nichrome wire may not come in

contact with any metallic part of the kettle. The two ends
of the elements are connected to the outlet socket
terminals of the kettle through two brass strips.

Asbestos sheet: This is placed below the element and
micainsulationto serve asa heatinsulator. It reducesthe
heat loss in the kettle in addition it gives increased
insulation.

Sole-plate: The sole plate is a cast iron plate neatly
ground to have a flat surface and its main function is to
keepthe element in close contact with the container and
to avoid deformation of the element when heated.

Pressure plate: This is made of cast iron and fitted by a
nut on the middle bolt. The pressure plate holds the sole
plate in position.

Method of fitting new element: Dismantle the kettle by
the following steps.

— Invert the kettle and loosen the bottom cover holding
nut. Take out the nut and remove the bottom cover.

— Removethe brass stripconnections of the elements at
the socket terminal sides.

— Remove the terminal socket by loosening the fitting
SCrews.

— Openthe nut of the pressure plate.

— Take out the pressure plate, sole-plate, asbestos
sheet and then the heating element.

— Replace witha new heating element havingthe correct
size and rating.

— Reassemble the kettle.

— Test the insulation resistance for any earth fault and
insulation failure.

Immersion type: The heating element in this type is of
tubular immersion heating design. In some kettles an
ejector type safety device is incorporated in the socket
terminal side.

Incase the kettle is switched ON without water the safety
pin (Fig 2) which is soldered against a spring which is
under tension comes out and pushes the plug out. This
safety pin can be placed in position by soldering. The
heating element is concealed inside a hollow tube and
mineral insulated (Fig 3).

Fig 2

SAFETY PIN
SOCKET TERMINALS

SOCKET WITH BAFETY PIN

ELN2B10072
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Fig3

SHROUD ON THE OUTER SEALING WASHER
COUPLER HOUSING
IMMERSION TYPE KETTLE
INNER SEALING WASHER M.I. HEATING ELEMENT

KETTLE HEATING ELEMENT

ELN2810073

New elements can be fitted to most types of kettles
withoutdifficulty.

Fitting a new element: A new element should be fitted
inthe following manner.

— Holdthe elementinone handand unscrew the shroud
on the coupler housing.

— Slide out the outer fibre sealing washer.

— Twist the element assembly inside the kettle and pull
it out gently through the top.

— Take the old elementto an electric shopto make sure
that the replacement is of the exact design and
wattage.

— Remove stubborn scales inside the kettle with a blunt
knife without knocking the metal surface.

— Putaninner sealing washer, usually made of fibre, on
the new element.

— Take caretofit newwashers atthe coupler housing in
the correct order. Reassemble.

Care and maintenance
— Never empty a kettle while it is still switched ‘ON’.

— Remove the plug from the socket before carrying out
maintenance or repairs.

— Neverpourwaterinto a kettle which has just boiled dry,
which apartfromdangertothe users, may damagethe
element.

— The metal portion of the kettle should be earthed using
a 3-pin plug and a 3-pin appliance socket.

— Replace cracked or damaged sealing washer.

— Check for the good condition of asbestos sheet.
Replace with a new one, if damaged during removal.

— Immediately replace the defective plug, socket or
cable, if once noticed.

— Earth clips of the appliance power cord plug should
snugly fit into the inner side ofthe appliance socketto
have perfectearth connection. Checkfor properfitting
and cleanliness.
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Power
Electrician - Domestic Appliances

Related Theory for Exercise 1.11.95

Induction Heater

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

» explain induction heater

» explain construction, advantages and disadvantages of induction heater.

Aninduction heater uses an electromagneticfieldto heat
food. When the heater is turned on, an electric current
passes througha coil of metal, creating a magnetic field.
This magneticfield then penetrates the metal of a cooking
pan, inducing a current in the pan. The current then
dissipates energy in the form of heat, cookingthe food in
the pan. (Fig1)

Fig1

What is induction?

Electromagnetic induction, which is often referred to
simply as induction, signifies the productionof anelectric
currentacross anelectricconductor, causedby achanging
magnetic field. Electricity and magnetism are not two
disjointedthings; they are two entities originatingfromthe
same underlying phenomencn - electromagnetism.

Due to this, a change in a magnetic field leads to the
generation of electric current. Similarly, a change in the
electric field across a conductor produces a magnetic
field. The latter is the working principle behind induction
heater, which is pretty much all you need to know to
understand the working of induction cooktops.

Induction heater
Inside view of an induction heater (Fig 2)

Aninduction heaterlooks like any other ceramic cooktop,
with different zones for placing pans and pots of varying
sizes. [tconsists of a tough, heat-resistant glass-ceramic
plate onwhichthe user places pots and pans that needto
be heated. Directly underneath the plate there is an
electromagnetic coil of metal that is electronically
controlled. This is the main component responsible for
heating the vessels kept above the heater.

When you switch on the power supply of the heater, an
electric current passes through the coil. The electric
current passingthrough the coil produces a magneticfield
inall directions aroundthe coil, including directly above it
(where pots and pans are placed). (Fig 3) Note that until
this point, no heat is generated, as the magnetic field

being produced doesn't produce any heat unless a third
object - the cooking pan - is introduced into the mix.

Fig 2

Fig 3

........

Electronic Supply

Whena heater pan (made of a suitable material) is placed
on the cooktop, the magnetic field produced by the coil
penetrates the metal of the pan too. This fluctuating
magnetic field now causes an electric current to flow
through the material of the pan too. The current'induced'
on the surface of the pan in this way is called an eddy
current, which is different fromthe electric currentflowing
throughwires. Eddy currents are actually loops of electric
current that are induced in a metallic field due to a
changing magneticfield nearby.

Thisinduced currenttravels aroundthe metallic structure
of the pan, dissipating some of its energy in the form of
heat. This isthe heatthat raisesthe temperature of the pan
placed onthe cooktop and cooks the food inside the pan
by heat transfer through conduction and convection.
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Advantages and disadvantages of induction heater

1 Induction heatersare very energy-efficient, inthat they
transfer most of the energy to the cooking pan with
minimal loss of energy. (Fig 4)

2 Also, induction cooktops heat stuff up very quickly,
unlike regularstoves, which lose agreatdeal of energy
to their surroundings.

3 They are also pretty easy to clean and operate and
safe to use.

Fig4

Disadvantages

A major drawback of induction heater is that they only
work with pans and pots that are 'compatible’ with them.
The containers and vessels placed onthe cooktop should
containironinsomeform(e.g., stainless steel), asit'sthe
only metal that efficiently produces eddy currents and
generates heat through magneticfields. Therefore, glass,
aluminium and copper cookware cannot be used on
inductionheater.

Ina nutshell, usinganinduction heater isa smartthingto
doif you care about electrical efficiency, speedy heating,
better cooking control and higher levels of safety. As for
the suitability of your existing cookware for induction
cooktops, just try sticking a magnet to them. If it sticks,
then the pan/pot is fit to be used.
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Power
Electrician - Domestic Appliances

Related Theory for Exercise 1.11.96

Food Mixer

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

* explain the food mixer and its features

* state the maintenance and service procedures of mixer
¢ list their common problems, causes and suggest remedial measures.

Food mixer

It is an electric domestic appliance which is used to mix,
juice, grind and blend the fruits and food grains.

Amediumsized universal mectoris usedinit. Fig 1 shows
an exploded view of a mixer.

Fig 1
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Features of the food mixer

The motor housing differs widely depending on the
manufacturer. Special care to be taken for vibration-free
running. Safety features suchas overloadtrip, jar mounting
lock (fixing) and proper lid closing are included in the
appliances.

An AC universal motor is housed in the base. The jar
contains the cutting knives which is the heart of the
blending action. Fig 2 shows a schematic diagram of a
typical mixer.

A food mixer power rating ranges from 100 to 750 watts.
The revolutionof the food mixeris 3000to 14000 revolutions
per min. The desired speed is selected on the control
switch.

Fig 2
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The time rating of running the mixer varies from 1 minute
to 60 minutes depending upon thetype. Atapped field coil
enables speed selection through a rotary or push button
switch. The food mixer normally runs at 3 speeds.

Maintenance and servicing of a food mixer: The
manufacturer’s service manual, if available, read it a
number of times and follow the instruction. Firstlistento
the complaint from the customer and make a note of it.
Visually check the mixer right from the plug to the speed
selector switch connections and enter the details in the
maintenance card.

Test the mixer with and without the power cord for the
continuity and insulation resistance. The insulation
resistance value forthe individual part should not be less
than 1 Megohm. the power cord should be 3-core andthe
plug and socket should be of 3-pin/socket type with
effectiveearth.

But double insulated (PVC body) mixers may have two
core cable and 2-pin plug type. A damaged plug or power
cord should be replaced. Check the brush tension and
make it normal. Checkthe brush length; if found short by
2f3rd of its original length, replace it with the same
specification brush or a brush obtained from the
manufacturer of the mixer.

Checkthe switch for its proper function. Betterto replace
a faulty cne with a new one havingthe same specification.
Before openingthe motorassembly, checkthe couplings
fortheir properform. Checkthe ply ofthe shaftandvertical
movement to get an idea of the condition of the bearings.

Tight bearing may be due to misalignment, bend in the
shaft, dried grease or lubricant, dirt, damagedcommutator
ordue to damaged bearing.

Check the winding for burnt smell or discoloured look.
Ascertainthrough the tests whether the windingis shorted,
openorhaslostits insulation resistance value. If required
rewind or get the rewinding done from outside agencies.
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While tightening the screws on the motor housing, spin Connect the supply, and test for its working.
the armature with your fingers at intervals during the Repairs
assembling process to ensure thatitis not getting bound.

Some ofthe commontroubles encounteredin the repair of
mixers are given in the Table 1 which also gives the

possible causes and their remedies.

Fix the jar/container on the drive coupling.

Connect the supply cord as per the circuit diagram.

Test the mixer for continuity and insulation resistance.
Minimum acceptable insulation resistance value is 1

Megohm.

Table 1

Trouble Shooting Chart

Problem

Possible cause

Corrective action

Mixer does not run.

Blows fuse when
switched on.

Mixer runs but
becomes hot.

Bad sparking
at motor brushes.

a) Overloadtripmight have tripped.

b) No power at the outlet.

c) Defective power cord or plug.
d) Locked shaft.

e) Worn out brushes.

f) Open circuited.

a) Shorted power cord.

b) Locked shaft.

c) Defective armature orfield coils.

d) Poor insulation resistance.

e) Low capacity fuse.

a) Overloading of mixer.

b) Time rating of mixer is exceeded.

c) Bent shaft and rotor is rubbing the
stator.

d) Improper coupling.
e) Shorted winding.

a) Struck or worn out or loose
brushes.

b) Pittings or uneven commutator
surface.

Resettheoverloadrelayandadvice the customer
not to overload the mixer in future.

If the mixer is running in your shop but not
running at the customers house ask the
customer to get the socket repaired.

Test, repair or replace the power cord/plug.

Unplug the supply and try to rotate the shaft
by hand. Clean the bearings; lubricate the
bearings as advised by the manufacturer. Ifthe
shaft is still tight, recondition or replace the
bearings. The shaft might have got bent.
Replace the shaft orarmature assembly.

Replace the brushes and loose springs

Check the field and armature windings.
If found defective get it rewound or replace.

Replace the cord.

Asin'd above.

Test the windings for short. If short is found,
rewind or replace.

Check, test and repair.

Check the capacity of the fuse against the
mixer rating. Replace if required.

Bring down the load in the mixer or advise the
customer to go for a higher capacity mixer.

Checkthe duration the mixeris switched on by

the customer and compare with the mixer
rating. Advise accordingly.

Check, repair or replace if required.

Check, repair or replace if required.
Check, test and rewind if required.

Check, reshape the brushes, replace the
springs or repositionthe brushes for proper
tension.

Use sand paper or turn the commutator on a
lathe.
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Problem

Possible cause

Corrective action

Mixergives
shock.

a) Water leaking and coming in
contact with live terminals.
{Double insulated mixers with
plastic body and two pin plug.

MNoearthconnection).

b) Vent hole in the mixer body
clogged.

c) Damaged powercord.

metal body.

d) Absence of earth connection.

e) Live parts coming incontact with | € Check with a Megger and take corrective

a) Checkthe drain hole inthe coupler head
assembly for blockage. Checkthe jarexamine
for leakage due to loose shaft or worn out
bearing, ebonite washer breakage. Repair or
replace.

b) Cleanthevent hole.

¢) Checkand replace if required.

d) Checkthe earthconnectioninthe mixer motor,
power cord andatsocket. Repairand re-do the
earth connectionif required.

actionif required.

Wet grinder

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

» explain the wet grinder
» state the different types of wet grinders
+ explain the parts of a wet grinder

» explain the possible faults in wet grinders and their remedies.

Wet grinder

Itis a domestic electrical appliance, whichis used to grind
the wet grains.

Types: There are three types of wet grinders
— Conventional (regular) wet grinder.

— Tabletopwetgrinder.

— Tilting wet grinder.

Conventional (regular) wet grinder (Fig 1)

The most common wet grinder used in houses is the
container rotatingtype wet grinder.

Fig1
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Parts

The important parts of a wet grinderare :
— Motor

— grinding stone

— container

— pulley
— belt

— frameandstand

Motor: The motor used in the wet grinders is usually the
capacitor start-induction motor (Fig 2 & 3). It has two
windings. Both the starting and running windings are
energised to start the motor, when the 70 to 80 % of the
rated speedisreached, the starting winding is switched off
by the centrifugal switching system. The motor then
operates only on running winding.

Fig2
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Stone: The grinder stone consists of two parts of stones.
One maleandonefemale. The male partgrindsthe grains
during rotation against conical cavity in the base (female
stone). This female part is actually attached to the
stainless steel container which rotates when the motoris
energised. Both the stones are manufactured with hard
granite which is usually whitish black in colour.

Pulley: The drum speed is lower than the motor speed,
normally 500 to 600 r.p.m. The motor speed is normally
1450 r.p.m. and the speed of the drumis reduced by using
a larger diameter pulley thanthe driven pulley, usually in
the ratio of 1:3. The transmission of force between the
driver pulley and the driven pulley isthrough a V belt of type
No A 36 or A 39 (Fig 4).

Frame and stand: The grinding stones, motor pulleys are
all housed inarectangular frame with sunmica or stainless
steelcovering or plastic moulding for decorationas well as
safety. A separate vertical stand is provided on one side
ofthe grinderfor holdingthe male grinding stone. If the MS
frame is used, it is usually to be chromium plated.

Wet grinder- maintenance and servicing: In wet
grinders, the trouble may be classified into two types.
Electrical faults and Mechanicalfaults. Some mechanical
faults create electrical faults too.

Some common problems andtheir rectifications are given
inthe Table 1.

Safety measures

Fig4 + Make sure power is turned off before working on
electrical equipment.
DIRECTION OF +  Plugto be removed from the socket.
ROTATION OF
THE MOTOR Maintenance practices: An electrical machine or
appliance to be maintained according to the programme
already made. Certain maintenance practices to be
observedare,
. — Daily maintenance
- sy — Monthly maintenance
D THE MOTOR .
| § — Yearly maintenance
ARRANGEMENTS OF PULLEY AND BELT g
Table 1
Sl.No. Complaints Causes Test and remedy
1 Motor does not start Short-circuited windings. Rewindthe windings.
Groundedwinding. Rectify or rewind the windings.
Open circuitedwindings. Solderthe joints; if not possible rewind the windings.
Brokenwire fromline cord | Solderthe brokenwire inthe line cord or changethe
to windings. line cord.
Defective capacitor. Replace the correct capacitor.
Blownfuse. Find the cause and replace the fuse.
Excessive load. Reduce the load.
Defective centrifugal switch.| Rectify or replace the defective switch.
2 Motor starts but heats | Centrifugal switch not Rectify or replace the centrifugal switch.
up rapidly opening.
Short-circuited winding. Rewindthe windings.
Groundedwinding. Rectify or rewind the windings.
3 Motor runs too hot Short circuited windings. Rewind the windings.
Groundedwinding. Rectify or rewind the windings.
Bearing too tight. Cleanandrelubricate the bearing.
Short capacitor. Replace the capacitor.
Wornout bearings. Replacethe bearings.
4 Motor runs slow. Insufficient lubricationor Cleanandre-lubricate the bearing.
foul lubrication that tends
to bind the motor shaft.
5 Motor runs intermittently| Intermittently openline Repair or replace the line cord.
cord.
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10

11

12

13

14

15

Moctor is noisy

The user gets a shock

Motor fuse blows

Smoke from motor
(motor burnt out)

Rotor rubs stator

Excessive bearingwear

Motor does not start
but will runin either
direction when started
manually

Motor slows down and
runs with insufficient
powerunderworking
condition.

Reduction in power of
the motor. Gets too hot

Radicinterference

Worn out bearings.
Excessive end play.

Bent shaft.
Unbalancedrotor.

Burrs on shaft.

Loose parts.

Worn out belts.
Misalignment.

Worn out centrifugal switch
Rotor rubs stator.

Contact between live parts
and body of the motor.
Broken ground strap.
Poorgroundconnection.

Grounded or short-circuited
windings.

Low capacity of fuses
Grounded near the switch
end of the winding.

Overload.

Shorter windings.

Faulty centrifugal switch.
Frozenbearing.

Short capacitor.

Dirt in motor.

Burrs on rotor or stator.
Wornout bearings.
Bent shaft.

Belt too tight tension
Dirty bearings
Insufficient lubrication
Thrustoverload

Bent shaft

Defective capacitor.
Contacts of centrifugal
switch not closed.
Starting winding open.
Short circuited windings.
Opencircuitedwindings.
Shaft bent.

Short-circuitedor
groundedwindings.
Sticky or tight bearings
Interference between
stator and rotor.

Faulty ground
Loose connections
Defective suppression

Clean and lubricate or replace the bearings.
If necessary, add additional end play washers.
Straighten or replace the shaft.
Balance rotor.
Removeburrs.
Tightenthe parts.
Replace the belts .
Align pulleys correctly.
| Replace centrifugal switch.
Find the cause and rectify.

Rectify isolation betweenbody andthe live parts of
the motor.

Replace ground strap.

Inspectand repair ground connection.

Rectify or rewind the windings.

Replace with proper capacity of fuses.
Repair or rewind the winding.

Reduce the load.

Rewind the windings.

Repair or replace the centrifugal switch.
Cleanand lubricate or replace the bearing.
Replace the capacitor.

Cleanthe motor.
Removeburrs.

Replacethe bearing.
Straighten or replace the shaft.

Correct the mechanical condition.

Clean and lubricate or replace the bearing
Lubricate with appropriate lubricant.
Reduce thrustload

Straighten or replace the shaft.

Replace the capacitor.

Clean the contacts of the centrifugal switch and
check for operation. Replace, if found defective.
Solder the open joints or rewind the winding.
Rewind the windings.

Solderthe joints; if not possible, rewind the windings.
Straighten or replace the shaft.

Rectify or rewind the windings.

Cleanand re-lubricate the bearings.
Install new bearings.

Rectify poor ground connections.
Tighten loose connections.
Check filter, capacitors, chokes, if possible

or replace the complete filter unit.

Daily maintenance: The parts are tc be cleaned with
clothandthe stone bearingisto be oiled. Inspectthe belt

tensionand vibration.

Monthly maintenance: Oil and grease the main shaft of

Yearly maintenance: The electrical machine must be
removed andoverhauled. Insulate the winding by applying

varnish. Check all the mechanical parts and rectify the

the grinder. Insulationtestis to be carried outand recorded
inthe sheet provided.
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Power
Electrician - Transformers

Related Theory for Exercise 1.12.98

Transformer - Principle - Classification - EMF Equation

Objectives: Atthe end of this lesson you shall be able to

» explain a transformer

» explain the construction of two winding transformer.

Transformer

Transformer is a static electric device which transfer the
electric energy from one circuit to otherwithout changing
thefrequency and power.

Thethree-phase synchronous generatoris used extensively
to generate bulk power. The voltage levels at which this
poweris generated istypically intherange 11 kVtoc 22 kV.
Electrical power is to be provided at a considerable
distance from a generating station. It is possible to
transmit the generated power directly but this results in
unacceptable power losses and voltage drops.

Transmissionvoltages vary uptothe 400 kV level. Thisis
made possible by power transformers. At the receiving
end this highvoltage must be reduced because ultimately
it must supply three phase load at 415V or single phase
load at 240V.

The transformer makes it possible for various parts of a
power systemto operate at different voltage levels.

Standard safety norms: Trainees can be
instructed to refer the standard safety norms
related with transformer in the International
Electrotechnical commission (IEC -60076-1) for
the further details.

Construction: There are basically twotypes of iron-core
construction. Fig1a shows a core type transformer. It
consists of two separate coils, one on each of the two
opposite legs of a rectangular core.

Fig 1

LAMINATED

a) CORE TYPE b)SHELL TYPE
TRANSFORMER CONSTRUCTIONS

ELN2T10612

Normally, this is not a desirable design. Its disadvantage
is the large leakage fluxes associated with it. The large
leakage fluxes cause poorvoltage regulation. Therefore, to

260

ensure that most of the flux set by the primary will link the
secondary, the construction Fig 1bis employed. This is
called shell type construction.

Here the two windings are wound concentrically. The
highervoltage winding is wound ontop of the lowervoltage
winding. The low-voltage winding is then located closerto
the steel. Thisarrangementis preferable froman electrical
insulating pointof view. Fromthe electrical viewpointthere
is not much difference between the two constructions.

Cores may be built up of lamination silicon steel sheet.
Most laminating materials have an approximate alloy
content of 3% silicon and 27% iron. The silicon content
reduces the magnetizing losses. Particularly, the loss
due to hysteresis is reduced. The silicon makes the
material brittle. The brittleness causes problems in
stamping operation.

Mostlaminated materialsare cold-rolledand often specially
annealedto orientthe grain oriron crystals. This provides
very high permeability and low hysteresisto the flux inthe
direction of rolling. Transformer laminations are usually
0.25t00.27 mmthick for 50 Hz. operation. Thelaminations
are coated on one side by a thin layer of varnish or paper
to insulate them from each other.

Coils are pre-wound, and the core design must be such
that it permits placing the coil onthe core. Ofcourse, the
core must then be made in atleast two sections. The
laminationsforthe core-type transformerof Fig 1a may be

made upof (L and 1) shapedlaminations, as shownin

Fig2a. The core for the shell type transformeris normally
made up of E and T shaped laminations (Fig 2b).

Fig 2

/— [ SHAPE /— E SHAPE

/—U SHAPE L 1 SHAPE

(@ ®)
CORE GONSTRUGTION BUILT OF SEPARATE LAMINATIONS
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Transformer principle

Objectives: Atthe end of this lesson you shall be able to

+ explain the principle of the operation of a transformer

+ derive the EMFequation of a two-winding transformer

+ gderive the transformation ratio of a transformer.

Let us consider an ideal transformer (Fig 11 whose
secondaryis openandwhose primary is connected to a
sinusoidalvoltage .

Fig1
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Working principle

Thetransformerswaork onthe principle of mutual indu ction
of Faraday's law of electro - magenetic induction.

The appliedvoltage causesa smallcurrentto flow in the
primarywinding. T his no-load currentis meantto build up
a counter-electromotive force equal and opposite to the
appliedvaoltage.

Sincethe primarywinding is purely inductive and there is
no output,the primary draws the magnetizing current T
only. The function of this current ismerely to magnetise
thecore. The I_issmallinmagnitude andlags® by 307
Thisaltematingcurrent I produces an alternating flux g
which iz proportionaltothe currentandhenceisin phase
with it (I ). This changing flux is linked with both the
wmdmgsmTherefnre itproducesself-induced EMF(E]
the primary which lagsthe flux ‘9’ by 909 This is shodn
invector diagram FigZ2.

The flux 's' produced by the primary links with the
secondary winding and induces an EMF (Ej) by mutual
inductionwhichlagsbehind theflux 'a'by30°Fig2. Asthe
EMFinducedin primary or secondary perturnis samethe
secondary EMFwilldependonthe number ofturns ofthe
secondary.

When secondaryis open circuit, itsterminal voltage %)’
isthe same astheinduced EMF (E,). Onthe otherhand,
the primary current at no load is wvery small, hence the
appliedvoltage % "ispractically equal and opposite tothe
primary induced EMF (EJ. The relationship between
primary and secondaryvoltages Fig2.

Hence we can say that
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Total emf induedin seconday'E;
Total emf inducedin primary'E4'
_ Mo =emf per turn
I My xemf per turn
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VECTOR ILATFAN 8- AN DEAL TRANEFOHRER g

Ideal Transformer on Load: YWhen the secondary is
connectedto aload, secondary current flows this inturn
makesthe primarycurrentto increase. Howthis happens
isexplained below.

The relationship between primaryand secondary currents
ishaseduponacomparison of the primary and secondary
ampereturns.

Whenthe secondaryis open circuit, the primary current
is suchthatthe primary ampereturns are just sufficientto
produce the flux ‘s’ necessary to induce an EMF (E,) that
ispractically equal and oppositetothe appliedvaltage "/,
Themagnetising currentisusuallyabout2toSpercent of
the full load primary current.

When aloadisconnected acrossthe secondaryterminals,
the secondary current - by Lenz's law - produces
demagnetising effect. Consequently the flux and the
EMFinducedin the primary are reduced slightly.

Butthissmallchange mayincrease the difference between
applied valtage */,' and the induced EMF (E,) by say 1
percent inwhich case the new primary currentwould be 20
timesthe nao load current.

The demagnetising ampere turns of the secondary are
thus neatly neutralized by the increase in the primary
ampere turns and since the primary ampereturnsanno
load are very small compared with the full load ampere
turns.,

Therefare Full load primary ampere turns = full load
secondary ampereturns
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Fromthe above statement, itis clearthat the magnetic flux
forms the connecting link between the primary and
secondary circuits and that any variation of the secondary
currentis accompanied by a smallvariationoftheflux and
therefore of the EMFinduced in the primary, thereby
enabling the primary current to vary approximately,
proportional to the secondary current.

EMF equation of atransformer: Since the magneticflux
set up by the primary windinglinks the secondary winding,
an EMF will be an induced E,, in the secondary, in
accordance with Faraday’s law, namely, E=N(8g/6t). The
same flux also links the primary itself, inducinginitan emf,
E,. Theinduced voltage mustlagtheflux by 90°, therefore,
they are 180° out of phase with the applied voltage V.

Sincethereis nocurrentinthe secondary winding, E,= V..
The primary voltage and the resulting flux are sinusoidal,
thus the induced quantities E, and E, vary as a sine
function. The average value ofthe induced voltage is given

by

change in flux ina given time
given time

E.., =turns x

avg

Referring to Fig 3, it is seen that the flux change in time
intervalt, tot,is2¢_where¢_isthe maximumvalue ofthe
flux, inwebers. The time interval represents the time in
which this flux change occurs and equals one-half cycle

1
Of(E ) seconds, wherefisthe supply frequency, inhertz.

Transformer - simple calculations

Fig 3
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SINUSOIDAL FLUX WAVE IN CORE E
It follows that
2
E g :Nx%:mq)m (2)

of
where N is the number of turns on the winding.

The effective or rms voltage fora sinewave is 1.11 times
the average voltage, thus

E=4.44fN¢_ -(3)

Since the flux links with the primary and secondary
windings, the voltage perturnineachwinding is the same.
Hence

E,=4.44fN¢,_ )]
and
E,=4.441N,¢,_ o)

where N, and N, are the number ofturnsinthe primary and
secondary windings respectively.

Objective: At the end of this lesson you shall be able to

» explain rating of transformer

» calculate the voltage, current and turns of primary from the secondary data and vice versa.

Rating of transformer

The capacity of the transformers are always rated by its
apparent power (volt amp - VA (or KVA), not by its true
power ( watt (or) KW) (ie.) KW = KVA x Cos¢ .

Example 1: A 100 KVA 2400/240V, 50 Hz. transformer
has 300 turns onthe secondary winding. Calculate (a)the
approximate value of primary and secondary currents (b)
the number of primary turns and (¢) the maximumflux ¢ _
in the core.
Data given : Transformerrating 100 KVA
Freguency f = b0Hz

Primaryvoltage V_, = 2400V

P

SecondaryvoltageV., = 240V
Secondary turns  N_= 300
Known: B, = (4.44xfx N.x ¢ )volts

Yo I B .M

VoI =V.I =KVA
Find:  Primary current I
Secondary current I,
Primary turns N,

Maximum flux o
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Solution

_ KVA 1000 _ 100000
Vo 2400

@ Ip (full load) = 417A

_ 100000

and Ig= = 417A

Vp _ 2400 =10 _Np.

(b)
Vg 240 Ng

Classification of transformers

Therefore, N, =10x N,
=10 x 300 = 3000 turns.
() 444 xfxNx ¢ =E_

= 2400 = 0.0036 Wh.

m 4.44 » 50 x 3000

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

+ state the classification of transformers based on various factors.

Classification of Transformers

1 Classification based on the type of Core Material
used

« Air core transformers : Fig 1, air core transformers
consists of a hollow nonmagnetic core, made of paper
or plastic over which the primary and secondary
windings are wound. These transformers will have
values of k less than 1. Air core transformers are
generally used inhighfrequency applications because
these will have no iron-loss as there is no magnetic
core material.

Fig 1 HOLLOW CORE

SECONDARY
WINDINGS

PRIMARY CORE
WINDINGS

AIR CORE TRANSFORMER

ELNZ710631

2 Classification based on the shape of core

« Coretypetransformers: InCore type oftransformer,
the primary andsecondary windings are ontwo separate
sections/limb of core. (Fig 1 in chart 1)

« Shelltypetransformers: Inthistype, boththe primary
and the secondary windings are wound on the same
section/limb of the core These are widely used as
voltage and power transformers. (Fig 2 inchart 1)

* Ring type transformers: In this, the core is made up
of circular or semicircular laminations (Fig 3). These
are stacked and clamped together to formaring. The
primary and secondary windings are thenwound onthe
ring. The disadvantage of this type of construction is
the difficulty involved in winding the primary and
secondary coils. Ringtype transformers are generally

used as instrument transformers for measurement of
high voltage and current.

3 Classification based on the Transformation ratio

« Step-up Transformers: Transformers in which, the
induced secondary voltage is higher than the source
voltage givenatprimary are called step-uptransformers.

+ Step-down Transformers: Transformers in which,
theinduced secondary voltage is lowerthanthe source
voltage given at primary are called step-down
transformers.

» Isolation transformers: Transformers in which, the
induced secondary voltage is same as that of the
sourcevoltage givenat primary are called one-to-one or
isolationtransformers. Inthese transformers the number
ofturns inthe secondary will be equalto the number of
turns in the primary making the turns ratio equalto 1.

4 Single phase and three phase transformers

Transformers Fig 4 of Chart 1 are designed for use with
single phase AC mains supply. Such transformers are
known as single phase transformers. Transformers are
also available for 3 phase AC mains supply. These are
knownas poly-phasetransformers. Refer Fig5in Chart1.
Three phasetransformersare usedinelectrical distribution
and for industrial applications.

5§ Classification based on application

Transformers canalso be classified depending upontheir
applicationfor a specializedwork. Thereare innumerable
number of applications, However a few of these are listed
below:

Instrument Transformers - used in clip - on current
meters, overload trip circuits ete.,

Constantvoltage transformers - usedto obtainstabilized
voltage supply forsensitive equipments

Ignition transformers - used in automobiles
Welding transformers - used in welding equipments

Dry Type Transfomers : Dry type, or air-cooled,
transformers are commonly used for indcor applications
where other transformer types are considered too risky.
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Chart- 1
Types oftransformers

Fig 1 CORE-TYPETRANSFORMER
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Parts and their functions of transformer
Objectives: Atthe end of this lesson you shall be able to
* list out the mainparts of transformer
» explain the parts of a distribution transformer.
Distribution transformer: Fig 1 shows the essential & Tapchanger
parts of a distribution transformer. . -
7 Bushingtermination
The important components of a distribution transformer & Silical gel breather
are briefly described below:- 9 Buchholz relay
The important components of transformer are : - 1 Steel tank

1 Steel tank
Conservationtank
Temperature gauge

Explosionvent

g R WM

Coolingtubes

Itis a fabricated M. S plate tank used for housingthe core,
windingand for mounting various accessories required for
the operationofatransformer. Coreis builtfromcoldrolled
grainorientedsilicon steel lamination. The L. Vwindingis
normally close to the core and the H.V winding is kept
around the L.V winding.
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Fig1

FILLING HOLE WITH CAP

EXPLOSION VENT
WITH DIAPHRAGM

TEMPERATURE

SILICAGEL BREATHER

STEEL TANK

PORCELAIN LV. BUSHING
WITH SOCKETS

L.V. BIDE CABLE BOX
RATING AND DIAGRAM
CABLE ENTRY GLAND

COOLING TUBES

EARTHING LUG
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2 Conservatortank

It is in the shape of a drum, mounted on the top of the
transformer. Anoillevelindicator isfittedtothe conservator
tank. Conservator is connected to the transformer tank
througha pipe. The conservator carries the transformer oil
toaspecifiedlevel. Whentransformeris heated updueto
normal load operation, the oil expands and the level of ol
in conservator tank is increased or vice versa. A pipe
connected to the top of the conservator tank allows the
internal air to go out or get in through the breather.

It reduces the oxidation of oil when it get contact with air.
3 Temperature gauge

ltisfitted tothetransformerwhichindicatesthe temperature
ofthe transformer oil.

4 Coolingtubes

In earlier discussions, we found that the transformer is
heated up, when the transformer is connected to the
supply is due toiron loss and copper loss. To keepdown
the temperature of the windings, when the transformeris
put on load, the heat generated inside the transformer
should be radiated to the atmosphere. To dissipate the
heat producedinside the windingand core, the transformer
tankis filled with an insulating oil. The oil carries the heat
to the cocling pipes where the heat is dissipated to
atmosphere due to surface contact with air.

5 Tap changer

When voltages are transmitted over long distancesthere
will be voltage drop in the conductors, resulting in lower
voltage at the receiving end. To compensate this line
voltage dropsinthe conductors, itis customary toincrease
the sending end voltage by tap changing transformers.
These transformers may have severalwindingtapsintheir
primary winding ( Fig 2).

6 Porcelain bushing of transformer

This type of Transformer Bushings are used in several
power industries for their robustness and they are also
very cheap. Porcelain offers very goodandreliable electrical
insulationfor awide range of voltages as wellas they have
high dielectric strength toco.

Fig 2
HIGH VOLTAGE

ém
3
D
;m

LOW VOLTAGE
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MANUALLY OPERATED TAP -CHANGING

A porcelain bushing is a hollow cylindrical shaped
arrangementmade by porcelaindiscs which isfittedtothe
top portion of the transformer. Andthe energised conductors
are passed through the centre portion of the bushings.

After inserting the conductor, the ends of the porcelain
bushings aretightly sealed withglaze and this arrangement
ensures a prevention fromany type of moisture.

The entire bushing arrangement is checked and it should
not contain any leakage paths. If the operating voltage
levelisvery highthenthe vacuum space of the Transformer
Bushing is filled with insulating oil.

7 Protective - devices / parts of transformers:
1 Breather

Transformer oil deteriorationtakes place due to moisture.
Moisture canappear ina transformerfromthree sources,
viz. by leakage through gasket, by absorption from air in
contact with the oil surface or by its formation within the
transformer as a product of deterioration as insulation
ages at high temperature.

The effect of moisture in oil is to reduce the di-electric
strength, especially if loose fibres or dust particles are
present.

Methods available to reduce oil contamination from
moisture are:

* by the use of silica gel breather

+ by the use of rubber diaphragm

* by using sealed conservator tank
+ by using gas cushion

* by using thermosyphon filter
Silica gel breather

Silica gel breather is a protective device fitted to the
conservatorthrough a pipe and allows the moisture free air
toandfrointothe conservatorwhenthe transformer oil get
heated and cools down.
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As the load and heat on a transformer reduces, air is
drawn in to the conservator through a cartridge pakced
with silica gel crystals.

The silica gel effectively dries the airand thus prevent the
moistured dust entering into transformer oil. The fresh
silicagelisavailable inblue colour. The colour of the silica
gelchangesto purewhite orlight pink colour as itabsorbs
moisture fromair.

To recondition silica gel either it can be dried in sun or it
could be dry roasted on a frying pan kept over a stove Fig
3 & 4 show a cross-sectional view of such a silica gel
breather.

The oil seal atthe bottom of the breather absorbs the dust
particlesthatare presentinthe airentering the conservator.

2 Buchholz relay

Buchholzrelay is a gas operated - protective device which
is connected between the transformer oil tank and the
conservatortank.

Ifafaultis presentinside atransformer, it may be indicated
by the presence of bubbles (gas) in the transformer oil.
Presence of gas could be viewed from class inwindow of
by the Buchholz relay.

Therelay comprises of a castiron chamberwhich have two
floats Fig 5. Top float assembly operates during initial
stagesofgas/air bubble formation due to minorfaultinthe
transformer.

When sufficient gas bubbles formed around the top float,
the float operates in pneumatic pressure principleto close
an electric circuit through mercury switch which causes

Fig 2 CONNECTING PIPE the siren or alarm bell to operate to caution the operator.
TO TRANSFORMER
- On hearing the alarm soundthe operatortakes necessary
preventive stepstosafeguardthe transformer.
. VIEW GLAES
If any major fault like earth, fault etc, occurs in the
CASKETCORIC transformer thenthe production of gas bubbles are more
severe and hence the bottom float activates the mercury
o TOP COVER switch and closes the relay contacts.
R WIRE NET Closing of the bottom relay contacts trips the transformer
circuit breaker and opens the transformer from main line
T Y— to protect the transformer from further damage.
CONTAINER 3 Explosion vent
| | GASKET ltisa pressure release devicefittedto thetransformer. The
I | M~ mouth of the explosion pipe is tightly closed using either
] | |-e z 5
. — a thin glass or laminated sheet.
— REE] If, by any, chance the transformeris overheated either due
ADJUSTABLE BOTTOM 5 3 ¢
) COVER toshortcircuited or sustained overload, the gases produced
péJ OILEILLING HOLE inside the transformertank creates tremendous pressure
OIL SEAL -
c R which may damage the tank.
=) ¢ A
: WINGNLT 3 Onthe other handthe pressure builtinside the transformer
AEMEEE § may breakthe glass/laminated diaphragm of the explosion
L ONEATHER o pipe andthereby the tank can be saved fromtotal damage.
Fig 4 Figs
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SILICAL GEL BREATHER

266 Power : Electrician (NSQF Revised - 2022) - Related Theory for Exercise 1.12.98



Autotransformer - principle - construction - advantages - applications

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

» state the principle of auto-transformer
* describe the construction of auto-transformer

» state the advantages, disadvantages and appliations of auto-transformer.

Auto transformer

« The auto transformer is a transformer having single
winding which acts as primary as well as secondary
winding.

» The auto transformer works on the principle of self
inductance of Faraday's Law of electro - magnetic
induction.

The induced voltage per turn was the same in each and
every turn linking with the common flux in the core.

Therefore, fundamentally it makes no difference in the
operation whether the secondary induced voltage is
obtained from a separate winding linked with the core, or
from a portion of the primary turns. The same voltage
transformation results in both the situations.

Construction

Anordinary twowindingtransformer may also be usedas
an auto-transformer by connecting the two windings in
seriesandapplying the voltage acrossthe two, or merely
to one of the windings.

It depends on whether it is desired to keep the voltage
down or up, respectively.

Figs 1 and 2 show these connections.

Considering Fig1, theinputvoltage V , is connectedto the
complete windinga - candthe load R isacross a portion
ofthe winding, thatis, b-c. Thevoltage V_isrelatedto V,
as ina conventional two winding transformer, namely,

ac

Where N and N_ are the number of turns on the
respective windings. The ratio of voltage transformationin
an autotransformer is the same as that for an ordinary
transformer.

with a < 1 for step down.

Advantages : Auto-transformers:
+ less cost
« have bettervoltage regulation

+ aresmaller

Fig 1
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AUTOTRANSFORMER STEP-DOWN

Fig 2
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« are lighterinweight

+ are more efficient when compared with two winding
transformers of the same capacity.

Disadvantages: Auto-transformers have two
disadvantages.

» An auto-transformer does not isolate the secondary
from the primary circuit.

« If the common winding bc becomes open circuit,
referringto Fig1 or 2, the primary voltage can still feed
the load. Withastep-down auto-transformerthis could
result in burnt out secondary load and/or a serious
shock hazard, particularly ifthe step down ratio is high.

Application: The common applications are:

« fluorescent lamps (where supply voltage is less than
the ratedvoltage)

» reduced voltage motorstarter

+ series line boosters forfixed adjustment of line voltage
(Fig3)
» servo-linevoltage correctors.
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Instrument transformers - current transformer

Objectives: Atthe end of this lesson you shall be able to

» state the necessity, types and principle of the instrument transformer
» explain the construction and connection of the current transformer
» state the precautions to be followed while using the current transformer.

Necessity of instrument transformers: Transformers
used in conjunction with measuring instruments for
measurement purposes are called ‘instrument
transformers’. the actual measurements are done by the
measuring instruments only.

Where the current and voltage are very high, direct
measurements are not possible as, these current and
voltage aretoo large for reasonably sized instrumentsand
the cost of the meter will be high.

The solution is to step-down the current and voltage with
instrument transformers, so that, they could be metered
with instruments of moderate size.

These instrument transformers electrically isolate the
instruments and relays from high current/voltage lines
thereby reducing danger to the men and equipment. To
obtain perfect isolation, the secondary of the instrument
transformers and the core should be grounded.

Type of instrument transformers: Three are twotypes
of instrument transformers.

+  Currenttransformer
+ Potentialtransformer

The transformer used for measurement of high current is
called ‘current transformer’ or simply ‘CT’

the transformer used for high voltage measurement is
called ‘voltage transformer or potential transformer’ or
simply ‘PT’ in short.

Principle: Instrument transformers work onthe principle
of mutualinduction similar to the two winding transformers.

In the case of an instrument transformer, the following
designfeatures are to be considered.

Core: In order to minimise the error, the magnetizing
current must be kept low. This means the cores should
have low reactance and low core losses.

Winding: The winding should be close togetherto reduce
the secondary leakage reactance; otherwise the ratio
errorwillincrease. Inthe case of acurrenttransformerthe
winding must be so designed as to withstand the large
short circuit current without damage.

Current transformers - types of construction and
cohnection

Thefollowing arethe different typesof current transformers.

Wound type current transformer: This is one in which
the primary windingis having more than one full turn wound
on the core ( Fig 1)

Fig 1
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WOLIND TYPE CURRENT TRANSFORMER

Fig 1 shows the connections of a wound type current
transformer having a rectangular type of core. Ingeneral
the ammeter is arranged to give full scale deflection with
5Aor 1Awhen connectedto the secondary of the current
transformer.

The ratio betweenthe primary and secondary turns of the
current transformer decides the primary current which
could be measuredwith fixed secondary current rating of
Sor1amp.
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Forexample if the primary currentis 100 amps andthere
are two turns in the primary, then the full load primary
ampereturnsis200. Consequently, tocirculate Sampsin
the secondary, the number of secondary turns must be
200/5, thatis 40 turns.

Ring type current transformer: This has an opening in
the centre to accommodate a primary winding through it
Fig2 shows aringtype current transformer with single turn
primary. Inthis currenttransformer, the insulated conductor
that carries the current to be measured passes directly
through anopeninginthe transformer assembly.

5,0 \/_\/ S

RING TYPE CURRENT TRANSFORMER

ELN27106882

Ifthere are 20 turns inthe secondary having a current range
of 5 amps, this current transformer according to the
transformation ratio, could measure a primary current of
100 amps.

Clamp onor clip onammeters work on this principle only
but the core is made such that it can open to pass the
insulated conductor and then get closed to complete the
magnetic circuit.

Bar type current transformer: This is one in which the
primary winding consists of a bar of suitable size and
secondary windingand core assembly material formingan
integral part of the current transformer (Fig 3).

Dry type current transformer This is one which does
not require the use of any liquid or semi-liquid material for
the purpose of cooling.

Oil immersed current transformer: This is one which
requires the use of an oil of suitable characteristic as
insulating and cooling medium.

General terms used

Accuracyclass: Accuracy classisadesignationassigned
toa currenttransformerthe errors of which remain within
the specified limits under prescribed conditions of use.
The standard accuracy classes for measuring current
transformers shallbe 0.1, 0.2, 0.5, 1.0, 3.0and 5.0.

Precautions while using the current transformer : In
acurrenttransformerthe secondary current depends upon
the primary current. Futher the secondary of the current
transformercould be assumedto be almost short circuited
as the ammeter resistance is extremely low.

Fig3

ELN2710683

BAR TYPE CURRENT TRANSFORMER

In any case, the secondary winding of the current
transformershould not be open circuited. This may happen
when the ammeter become open circuited or when the
ammeter is removed fromthe secondary.

In such cases the secondary should be short circuited. If
the secondary is not short circuited, in the absence of
secondary ampere-turns, the primary current will produce
abnormally high flux in the core thereby heating up the
core and resulting in burning out the transformer.

Further secondary will produce a high voltage across its
openterminals endangering safety. Inadditionto earthing
non-current carrying metal parts of the currenttransformer,
we have to earth one end of the secondary of the current
transformer to prevent a high static potential difference in
case of opencircuit. Italso serves as a safeguard incase
of insulationfailure.

Specification of acurrenttransformer: \While purchasing
a current transformer, the following specifications needto
be checked.

» Ratedvoltage, type of supply and earthing conditions
(for example, 7.2 kV, three phase, whether earthed
through a resistor or solidly earthed).

» Insulationlevel

» Frequency

+ Transformationratio

« Ratedoutput

+ Class of accuracy

« Short time thermal current and its duration

Standard values of rated primary current: The standard
values inamperes of ratedfrequencyare 10,15, 20, 30, 50,
75 amperes and their decimal multiples.

Standard values of rated secondary current. The
standardvaluesof rated secondary current shall be either
1 ampere or 5 amperes.
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Potential transformer

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

» explain the construction and connection of the potential transformer

» state specification of PT.

Potential transformer

Construction and connection: The construction of a
potential transformer is essentially the same as that of a
power transformer. The main difference is that the volt-
ampere rating of a potential transformer is very small.

Toreducethe errorina potential transformer, itis required
to provide a short magnetic path, good quality of core
materials, low flux density and proper assembling and
interlaying of cores.

To reduce resistance and leakage reactance, thick
conductors are used and the two windings are kept as
close as possible.

The core may be of shell or core type construction. Shell
type construction is normally used for low voltage
transformers.

The primary and secondary windings are coaxial to reduce
the leakage reactance tothe minimum. In orderto simplify
the insulation problem, generally a low voltage winding
(secondary) is put next to the core.

The primary winding may be of a single ceil inthe case of
low voltage transformers but in the case of high voltage
transformers the winding is divided into a number of short
coils.

Fig1 showsthe connections of a potential transformer. In
general, the voltmeter connected to the secondary of the
potential transformeris arrangedto give full scale deflection
at 110 volts.

The ratio betweenthe primary and secondary turns of the
potential transformersdecides the primary voltage which
could be measuredwith the fixed secondary voltage rating
of 110 volts (Fig 1).

Fig1
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CONNETION OF POTENTIAL TRANSFORMER
If the primary turns are four, the secondary turns are two
and the primary is connected to a voltage source of
magnitude 220 volts, the secondary voltage will be 110
volts according to the transformation ratio.

Precautions to be followed while using a potential
transformer: The assembly comprising of the chasis
frame work and the fixed part of the metal casing of the

voltage transformer shall be provided with two separate,
readily accessible, corrosion-free terminals marked legibly
as earthterminals.

Specification of a potential transformer: While
purchasing a potential transformer, the following
specifications need to be checked.

+ Ratedvoltage, type of supply and earthing conditions
(forexample 6.6 KV, 3 phase solid earthed)

* Insulationlevel

»  Frequency

« Transformationratio
+ Ratedoutput

» Accuracy class

+  Winding connection
» Ratedvoltagefactor

+ Service conditions including whether voltage
transformersare forindoor or outdoor use, whetherfor
use at unsually low temperatures, altitudes (if over
1000 metres), humidity and any special conditions
likely to exist or arise, such as exposure to steam or
vapour, fumes, explosive gases, excessive dust
vibrations etc.

« Special features, such as limiting dimensions.

+ Whether the voltage transformer is required for
connection betweenthe star point of the generatorand
earth.

+ Anyadditional requirement for voltagetransformers for
protective purposes.

« Whetherthe installationis electrically exposed or not.
« Anyotherinformation.

« Three phase assembly with one multi-tap secondary
Standard rating of potential transformer

Rated frequency: The rated frequency shall be 50 Hz.

Rated primary voltage: The rated primary nominal
systemvoltage of a 3-phasetransformer. 0.6, 3.3,6.6, 11,
15, 22, 33, 47, 66, 110, 220, 400, and 500 KV.

The standard value of primary voltage of a
single phase transformer connected between
one line of a 3-phase system and neutral point

1
shall be Etimes of the above values of the

nominal system voltages.

The rated secondary voltage: The rated value of
secondary voltage for a single phase transformer orfora
3-phase transformer shall be either 100 and 110V.
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Power
lectrician - Transformers

Related Theory for Exercise 1.12.99 & 100

Transformer losses - OC and SC test - efficiency - Voltage Regulation

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

» state the type of losses occured in transformer

» explain Iron (No - load) losses and copper {(load) losses in transformer.

Losses

There are two type of losses occured in the transformer
such as iron (core) loss (Hysterisis + eddy current) and
copper (Ohmic) or load loss

Iron {or) No-load losses: The no load losses consist of
twocomponentsi.e hysteresis andeddy current loss. The
hysteresis loss due to the cyclic variation of the magnetic
flux in the ferrous metal.

The eddy current occurs because of the changing flux in
the core, (accordingto Lenz's law) inducing avcoltage inthe
core. As a result, circulating eddy currents set up in the
core with subsequent I°R loss. Thisis also called as iron
loss (or) core loss {or) constantlosses.

As the core flux in a transformer remains practically
constant at all loads, the core-loss is also constant at all
loads. This is also known as no-load losses.

K,B'°, watts

K_PK.B, 2

Hysteresis loss W, = =

Eddy current loss W,

where K, = the hysteresis constant
K, = theformfactor
K, = the eddy current constant

These losses are minimised by using steel of high silicon
content (from1.0to 4.0 percent) forthe core and by using
very thin laminations.

Siliconsteel has a high saturation point, good permeability
at high flux density, and moderate losses. Silicon steelis
widely used in power transformers, audio output
transformers and many other applications.

The input power of a transformer, when on no-load,
measures the core-loss.

Copper {or) Load losses: This loss is mainly due to the
ohmic resistance of the transformer windings. The load
current through the resistances of the primary and
secondary windings creates I°R losses that heat up the
copper wires and causes voltage drops. Thislossisalso
called copper losses {or) variable losses. Copper
losses are measured by the short circuit test.

Thecorelossinatransformeris aconstantloss
for all load conditions. The copper loss varies
proportionally to the square of the current.

Open Circuit (O.C) test of a transformer

Obijective: At the end of this lesson you shall be able to
* explain the method of conducting an open circuit test

¢ calculate the exact iron loss.

The open circuit

The opencircuittestis performedto determine the no-load
losses or the core losses.

In this test, a rated voltage is applied to cne winding,
usually the low-voltage winding for safety reasons, while
the ctherisleft open-circuited. The input power supplied
to the transformer represents mainly core losses. Since
the no-load current is relatively small the copper loss may
be neglected during this test.

The circuitinstruments are showninFig1. The wattmeter
indicates the core loss. The voltmeter will register the
rated voltage. The ammeter reading in conjunction with
voltage will provide the necessary datato obtaininformation
about the magnetizing current.

The core loss can be measured on either side of the
transformer. For instance, if a 3300/240V transformer

were to be tested the voltage would be applied to the
secondary side, since 240V is more readily available.

The core loss measured on either side of the transformer
would be the same, because 240V is applied to a winding
that has fewer turns than the high voltage side. Thus the
volt/turn ratio is the same. This implies that the value of
the maximum flux in the core is the same in either case.
The core loss depends on the maximum flux.

Thefrequency ofthe o.c. test supply should be equal to the
ratedfrequency of the transformer.

The actual (exact) ironloss (W) can be calculated by the
formula

Ironloss
W = )R

=W =W, - no load copper loss
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WD = Wattmeter reading on no load
MoLoad copperloss= (I 2R
F=Fesistance of winding inwhichthe OC testcalculated

IIJ =Mo - load current

Short circuit (8.C) test of a transformer

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

+ explain the method of conducting the short circuit teston asingle phas e transformer
+ calculate the equivalent resistance and equivalent reactance of the transformer, with respect to high

vo ltag e circuit
+ calculate the copper loss.

Short circuittest;

Ashorcircuittestis requiredto determinethetransformer
equivalent circuit parameters and copper losses. The
connected diagram for the short circuit test is shown in
Fig 1.

Flg1

HikaH LOwW
VOLTAGE  VOLTAGE

:

The lowvoltage side afthe transtormer is short circuited.
Areducedvoltage applied on the high voltage winding of
thetransformer suchthattherated current flows through
the ammeter. In this condition the impedance of the
transformeris merelyaseguivalentimpedenence (Fig2).

Fga iy Ta
| | F " ol e ¥ o
1
REDUCED 1
PREARY SHORT
VOLTAGE T CRLT
BCUWALENT CERCIET E

Thetestisperformed onthe highvoltage side because it
is convenient to apply a small percentage of the rated
yoltage. |nthe case of a 3300%/240% transtormer, it is
easierand more accurate to dealwith 5% of 3300%than
with 5% of 240%

With the primary voltage greatly reduced, the flusx will be
reduced to the same extent. Since the core loss is
somewhat proportional to the sguare of the flux, it is
practically zero.

Thus a wattmeter used to measure the input power will
indicate the copperlosses only; the output power is zero,
From the input data obtained from the instruments, the
eguivalent reactance, can be calculated. Allthe values
calculated are in terms of high voltage side.

. isequivalentresistance

4, lsequivalent reactance

F,yis equivalent resistance on highvoltage side
Ayisequivalentreactance on highvoltage side

L yizequivalent impadance on highvoltage side

PSC

R = ——ohms
i T s
.Ildr ™

7 = —=ohms
eH o

ander: “I,I'EEEH = REEH ohms

where | %, and P__ are the short circuit amperes, volts
andwatts respectively, and R, 7 andx  areequivalent
Fesistance, Impedance and Reactance respectively in
terms of highvoltage side.
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Efﬁciency of transfomer

Objectives: At the end of this lesson you shall be able to
+ calculate efficiency from the losses
+ state the condition for maximum efficiency

+ define all-day efficiency of a distribution transformer.

Efficiency oftransformer:

In general,the efficiency of any electrical apparatus is

=nutputpnwer=| output power |
input power ||:||_|tputpu:uwer+Ilznssesl“““:I

where 1 isthe symbol used to denote efficiency. When
equation (1) ismultiplied by the factor 100, the efficiency
will be in percent.

The efficiency of atransformerishigh andinthe range 95
to98%. Thisimpliesthatthe transfarmerlosses are as low
as 2 to 5% of the input power.

While calculatingthe efficiency itisgenerally much better
todeterminethetransformerlosses ratherthan measured
theinput and output powers directly,

Intransformer the opencircuittest yieldsthe corelosses
andtheshortcircuittest provide sthe copperlosses Thus
the efficiency can be determined fram these data with
reasonable accuracy.

Thetransformerratings are based on output K3A (WWA),
Therefare  the equation far efficiency may be written as

| KVA . = FF

n=
|{K‘JA = PF) + Copper loss + core loss

out

Condition for maximum efficiency:

The efficiency of a transformer is at a maximum when the
fixed losses are equal to the variable losses. In other
words, whenthe copperlossesisequaltotheiron losses,
the efficiency is maximum.

Example: A transformer with a rating of 10 KM\A 2200/
220% 580 Hz was tested with the following results.

Short circuit test power input = 340 W

Cpen circuit test power input = 168 W
Determine
(i1 the efficiency of this transformer at full load
(i) the load at which maximum efficiency ocours,
The load power factaris 0.80 lagging.
olution

(il Efficiency atfull load, 7_

=

— ot _

_ _ (10 = 10° x0.8) 100
e (10 x10% x08)+ Cu loss +lron loss

(10000 0.8 100
(10000 » 0.5) + 340 + 165

24.0%.

Power : Electrician (NSQF Revised - 2022) -

(i) The maximum efficiency occurs at a load when the
copper loss = core loss.

Thus the copper loss = core loss = 168 WY

Let the current at full load= 1.
The current at maximum efficiency =1",
Then, the copper loss at full load = IEReq=3f1EI W
the copperlossath _ = [I'FR“ =168 WY,

T*R.q _ 340
1 Rag 168

TE8
I' = e
B T

This isthe factor bywhich the power decreases,

Therefare, Fara., = 1’;?3 x (10000 :0.3)

Therefore,

= SR23 WY
Flamiass & bBZ3MY
= 70.26% of BO0O0 W
= 07026 of full load.
ar
Tharefmre: o = S 100

EE23 160 +160

= B4 36%.

All day efficiency

Lightingtransfarmers and mostdistribution transfarmers
willnothavefullload farallthe 24 hoursina day. To keep
the operational efficiency of such distribution transformers
are designedto have theirmaximum efficiency at a lower
valuethan fullload.

Allday efficiency

Dutput in24 houea

Cutput in 24 hours losses in 24 hours
Aallday

Cutput KWh 24 houea
Cutput kWh 24 hours) +losse s kAWh (24 hours)
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Here, the iron loss is considered through out the period
where as copper loss depends up onthe period for which
transformer is loaded and percentage load.

Example: A 100 KVA distribution transformer has a full
load loss of 3 KW. At full load the losses are equally
divided betweenironand copperloss. During acertainday
the transformer connected to the lighting load operated
with loads as given below.

a Onfull load, unity PF 3 hours.
b On half full load, unity PF 4 hours.
¢ Negligible and during the remaining part of the day.
Calculate the all day efficiency.
Solution
As the load is primarily lighting, the PF =1.0.
(@) Cutput energy at FL in 3 hours
=100 KVA x 1 x 3 = 300 KWh
(b) Qutput energy at 1/2 FL in 4 hours
=100 x 1/2 x 1 x 4 = 200 KWh.
Energy wasted in kWWh during full load
= 3 KW x 3h = 9@ KWh.
At full load
Iron loss = copper loss = 3.0,2 = 1.5 KW
Copper loss at 1/2 full load
= 1.5 x (1/2)? = 1.5/4 KW.

Voltage regulation of transformers

Total energy loss during half full load
= iron loss for 4 hours + copper loss for 4 hours
=(1.5x4)+ (1.5/4x 4)
=6+15=75KwWh.
The transformer has no load for
= (24 - 7) hours = 17 hours.
Constant loss for 17 hours
=1.5x17 = 255 KWh.
The total loss for 24 hours= (9 + 7.5 + 25.5) KWh = 42

all day

_ Qutput KWh 24 hours

B Output KWh({24 hours) + losses (24 hours)
(300 + 200)

(300 + 200) + 42

=922%

KAh = =0.922

r]allday

Objectives: At the end of this lesson you shall be able to
+ define the voltage regulation of a transformer
= calculate the voltage regulation of a transformer.

Voltage regulation:

The voltage regulation of a transformer is the difference
between the no-load and full load secondary voltage
expressed as a percentage of the full load voltage. The
primary or applied voltage must remain constant.

This is an additional condition that must be fulfilled in the
case of transformers.

Also, the powerfactor of the load must be stated since the
voltage regulation does depend onthe load powerfactor.

Ingeneral,

Voltage regulation =
V,

noload

"~ Vload

Vload

x 100%

Let V, = Secondary terminal voltage at no-load

V= Secondary terminal voltage at load.

ux 100
V

3

Then % regulation =
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The numerical values employed inthe calculations depend
onwhichwinding is used as areference forthe equivalent
circuit. Similar results are obtained whetherall impedance
values are transferred to the primary or to the secondary
side of the transformer.

Example:

The secondaryvoltage of 11KV/440V, 100KVA transformer
is426 Vat no-load. Underthe full load condition, the same
is 410V at 0.92 Power factor. Calculate the percentage
voltage regulation of the transformer.

solution:

-V
% of Voltage regulation =°V—SX 100
B

426 -410
———

% of Voltage regulation= 100

_16 400
10

=3.9%
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Electrician - Transformers

Related Theory for Exercise 1.12.101

Parallel operation of two single phase transformers

Obijectives: At the end of this lesson you shall be able to
» state the necessity of parallel operation of transformers

» state the conditions to be full filled for the parallel operation of transformers
» explain how to determine the polarity terminals of transformer.

Necessity of parallel operation of transformers

Conditions

1 Whenthe power demand ofthe load increases, twoor 1 the same voltage ratio
more transformer may be operatedin parallel. 2 Input voltage must be same

2 When the power demand decreases, only required 3 the same per unit (or percentage) impedance
numbers of transformer may be operatedwith their full
load capacity. Where as the remaining transformers 4 the same polarity
maytbe SWI}Che.d S sl ehee Talt i 5 the same phase sequence and zero relative phase
SIS 2o ML displacement, for 3 phase transformers.

3 Thus the efficiencies and life of the transformers Of these (4) and (5) are absolutely essertial (1) and (2)
increases and the losses are reduced. must be satisfied to a close degree

2t ,lt profvides n;o_rle reliibility ol pO;Ne]E e, Eel ?hne Thereis more allowance fora wide extent with (3), butthe
reRsldELDe el DR REGOINS R Rl sedee, el more nearly it is true, the better will be the load division
transformers will supply to the certainamount of load. B i & o e e

5 ltis noteconomical to manufacture a single very large Parallel operation
capacity transformer. Thus operationg two or more _ _ _
numbers of optimal capacity transformers in parallelis Fig 1 shows two single phase transformers connected in
more economical. parallel with their primary windings connectedto the same

ly andthei d indi lyi

6 It is easy to plan the maintenance schedule of the lsOL;%pyan FISEEIEE STEINOE SRR NS ERTNTIEN
transforemers, hence the cost of maintenance and '
spares are reduced. When operating two or more transformers in parallel, to

have satisfactory performance the following conditions
should be met
Fig 1
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TWO SINGLE PHASE TRANSFORMERS CONNECTED IN PARALLEL
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Voltageratio: If voltage readings onthe open secondaries
of various transformers, to be runin parallel, do not show
identical values, there will be circulating currents between
the secondaries (and therefore between primaries also)
when the secondary terminals are connected in parallel.
The impedances of transformers is small, so that a small
percentage voltage difference may be sufficientto circulate
considerable current and cause additicnal I°R loss.

When secondaries are loaded, the circulating current will
tendto produce unequal loading conditions. Thus it may
be impossible to take the full load output from the parallel
connected groupwithout one ofthe transformers becoming
excessively heated.

Impedance: The currents carried by the two transformers
are proportional to their ratings:

« if their numerical or chmic impedances are inversely
proportional to those ratings, and

« their per unit impedances are identical.

Adifference inthe quality factor (i.e the ratio of reactance
to resistance) of the per unit impedance results in a
divergence of the phase angle of the currents, sothatone
transformerwill be working with a higher andthe otherwith
a lower power factor than that of the combined output.

Verification of terminals or Polarity: Whentwo or more
transformers are to be connected in parallel on their
primary and secondary sides, the terminals of the same
polarity only can be connected together, otherwise a
heavy circulating current will be produced between the
windings.

Standard procedure to determine the polarity is explained
below -

« connectone endof the high voltage windingto oneend
of the low voltage winding as shownin Fig 2a.

« Connect avoltmeter betweenthe two open ends.

+  Apply avoltage notgreaterthanthe ratedvoltage of the
winding to either high or low voltage winding.

If'V, reads lessthanV. (Fig2a)the primary andsecondary
emfs are inopposition. The marking on primary will be A,
for +ve side and A, for —ve side and a, for +ve side of
secondaryanda, for—ve side. Ifthe connections are made
(Fig 2b) the voltmeter V. will read more than V,. Thereby
it is ascertained opposite ends are connected.

Fig 2

H.T LT
SIDE 3IDE

a) V5 IBLESS THANV, (Vp-VgJVOLTE b} V4 I8 MORE THAN V 4 (Vp+Vg)VOLTS

ELN2710812

Ifin transformer has similar ends in one side (Fig 3a) the
polarity marking is said to be subtractive polarity marking
onthe other hand if the opposite endsare inone side (Fig
3b) the polarity marking is called as additive polarity
marking.

Fig 3
H.T SIDE L.T SIDE H.T SIDE L.T SIDE
Ay a, Ay a
A e P
a) SUBTRACTIVE POLARITY MARKING b) ADDITIVE POLARITY MARKING g

Series (Secondary only) operation of transformers

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

» statethe necessity of series operations

» state the conditions to be fulfilled for series operation

Series operation:

The connection diagram for series operation (secondary
only) of two identical transformers is given below (Fig 1)

Necessity for series operations:

In general, the transformers are available with some
standardinput (primary) and output (secondary) voltages.
In order to get some intermediate voltage for example |
36V, 48 V for special purpose, the series operation of
transformers (secondary only) are necessary.

In series operation, individual secondary voltages of both
transformers are added if they are connected with proper
polarity, but the current ratings are remains same.

Fig 1
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Condition for series operation:

Both transformers should be identical i.g,
a) Voltage ratio/turns ratio must be same
b) Polarities must be same

¢) Type of core of both transformers (core or shelltype)
must be same.

d) Input voltages of both transformers must be same.
e) KVA ratings of both transformers must be same.

f) Percentage impedance or per unit impedance of
both the transfers must be same.

Precautions:

*  The polarities of secondary of both
transformers should be connected in
proper way, same as series connection, to
get the voltage added, otherwise the
output voltage will be zero.

*  As the output voltage is double that the
individual secondary voltages, care to be
given to ascertain the insulation level of
the secondary windings.
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Power
Electrician - Transformers

Related Theory for Exercise 1.12.102 & 103

Three Phase transformer - Connections

Objectives: At the end of this lesson you shall be able to
» state the transformer connections, angular divergence of the 3 phase transformers
» explain the scott connection of transformer and its uses.

Transformer Bank Fig 1
. . . (=} V] a1V o 1W ©iN
Transformers, like other electrical devices, may be
connected into series, parallel, two-phase orthree-phase

arrangements. Whenthey are groupedtogether inany of

these arrangements the group is called a transformer 1, W‘Luz vy \AMrLVz Wik AW
bank.
2u, _Nv\_ruz v, _/VV\_|2V2 WY W,

o2u o o2w Q2N

The high voltage and low voltage winding terminals of a
three-phase transformerare connectedeitherinstarorin
delta for connections to a three-phase system.

When the primary high voltage winding terminals
are connected in, say, star and the secondary low
voltage winding terminals are connected in, say,
delta, it is said that the transformer windings are
connected in star-delta (U - D or U -d). Similarly

a) ¥ - v CONNECTION

v il
u 4< 2u 4<
w aw

0° ANGULAR DISPLACEMENT

star-star (Uy)
delta-delta (Dd)

and, delta-star (Dy) connections can be used.

ELN2T11011

Angular displacement (divergence):There is a definite
time phase relationship betweenthe terminal voltages of
the high voltage side and low voltage side for these
connections. The time phase relationship between the
voltages of high voltage side and low voltage sides will
depend upon the manner in which the windings are
connected.

If the high voltage side and low voltage side windings are
connected in star-star (as in Fig 1a and 1b). The phase
displacement will be zero. If, however, the low voltage
winding connections are reversed, as shown in Figs 2(a)
and (b), the time phase displacementininducedvoltages
between the high voltage and low voltage windings will be
180 degrees.

If the primary highvoltage and secondary low voltage side
windings are connected in Yd or Dy as showninFigs 3(a)
and (b), the phase displacement will be - 30 degrees.

Thedisplacementin the clockwise directionis
negative. Anti clockwise is positive.
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Wy 1Y, W, 20, 2V, 2W,

Type of High voltage Low voltage b) VECTOR DIAGRAM
connection | side side
Delta D d Fig 2

CONNECTIONS PHASOR DIAGRAM OF
Star U Y HY WINDING LV WINDING INDUCED VOLTAGES
Zigzag Z Z Wy 1V, W, 2U; 2V, 2W,

/1]12\ ZVH/Z"Q
W, v, 2U,

180° ANGULAR DISPLACEMENT
{a)YyE

Wy 1V, W, 2U, 2V, 2W,

0, 1 w20, 2v,

180° ANGULAR DISPLACEMENT
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(B} D

If the windings are connectedin Yd or Dy as Figs 4 (a) &
(b), the displacement of the terminal voltage will be + 30°.

Observe the change in connections made at the low
voltage sideinFigs 3(a) and Fig4(a). Similarlythechange
inthe highvoltage side winding connecticns Figs 3{b) and
Fig 4(b) causes the difference in displacement angle.



Fig 3
CONNECTIONS
HY WINDING LYV WINDING

1u2 Wy W, 20, 2V, 2W,

2u,
)\ zwz :|
1u1 v, 1w, :rw1 e e

-30° ANGULAR DISPLACEMENT

PHASOR DIAGRAM OF
INDUCED VOLTAGES

For convenience unity transformation ratio is choosenand
the supply line voltage is assumed as 100V (Fig o).

@)Yyl
U vy W, 20U, 2V, 2w, U, 2Ug
i A -~
)
-30° ANGULAR DISPLACEMENT 2
B) Dyl
(B) Dy %
Fig4
CONNECTIONS PHASOR DIAGRAM OF
HV WINDING LV WINDING INDUCED VOLTAGES
1u2 v W,  2U, 2V, 2w, U

2
2.
1U1 vy W 20, 2

+30° ANGULAR DISPLACEMENT
{a) Yy

Wy 1V, Wy 2U, 2V, 2W,

1, 2,
W1 2, v 2w M2 M2 2

+30° ANGULAR DISPLACEMENT
{b) Dy 11
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Scottconnection or T.T.connection: Incertainspecial
equipment the line voltage required for its 3-phase
connection may not be of standard rating as available in
the system. Further, the power consumption in these
equipment may also be high. To meet this requirement
Scott connected transformers are used. These Scott
connectedtransformers enable transformation of 3-phase
to 3-phase more econcmically.

This Scott connection can also be used for 3-phase to 2-
phase transformation as explained subsequently.

The main transformer has centre tapped primary and
secondary windings Fig 5. The primary and secondary
windings are indicated by CB and cb respectively in the
Fig 5. Ancthertransformer called teaser transformer has
a0.866tap andone end of both the primary and secondary
windings of the teaser transformer (say Dand d)is joined
tothe centre tap of both primary andsecondary ofthe main
transformer.

The otherend A oftheteasertransformerandthe twoends
Band C ofthe maintransformer primary are connectedthe
3-phase supply.

3-phase supply istaken cutfromone end'a’ of the teaser
transformer secondary and the two ends b and ¢ of the
secondary of the main transformer.

Fig5

L

PRIMARIES \\_ _// SECONDARIES
MAIN

TRANSFORMER
{a}
A &
A A
& =
N
=l 5 .
c B ¢ T = b
Epc Epa
100V Tig Iy

b) VOLTAGE VECTOR DIAGRAM €} CURRENT VECTOR DIAGRAM

A a
B b
0 H a
C ]

d) SCHEMATIC DIAGRAM OF SCOTT CONNECTION
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By analysing the vector diagram Fig 5b, it is found that
voltage E_ . and E__ are each 50V and differ in phase by
180° because both the coils DB and DC are in the same
magnetic circuit and are connected in opposition. Fig 5d
shows the schematic connection diagram.

Eachside ofthe equilateraltriangle represents 100V. The
voltage E, beingthe altitude of the equilateral triangle is

equal to  J3/2.100=866Y and legs behind the
voltage across the main by 90°. The same relation holds
goodforthe secondary voltages. Thetransformerratingis
restrictedto 86.6% of its KV A rating. By suitableturnratio
the trnsformer rating can be improvedto 92.8%.

3-phase to 2-phase conversion and vice versa: In
industrial application of electric power supply certain
equipmentlike electric furnaces and weldingtransformers
require two phase supply.

At present, the available electrical supply is in variably
three phase it is necessary to convertthe 3 phase supply
to 2 phase supply. This is accomplished by Scott
connection.
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Three single phase transformers for three phase operation

Objectives: Atthe end of this lesson you shall be able to

* list and interpret the four types of connections of primary and secondary windings
» state the phase and line values of current and voltage.

There are various methods available for transforming
3-phase voltages, that is for handling a considerable
amountof power. There arefour possiblewaysinwhichthe
primary and secondary windings of a group of three
transformers may be connectedtogethertotransfer energy
from one 3-phase circuit to ancther. They are:

Primaries in Y, Secondaries in Y
Primaries in Y, Secondaries in A
Primaries in A, Secondaries in A
Primaries in A, Secondaries in Y.

Star/Star or Y/Y connection: Fig 1 shows the connection
of abankof3trans-formersina star-star. This connection
is most economical for small, high voltage transformers
because the number of turns per phase and the amount of
insulation required is minimum. This connection works
satisfactorily only if the load is balanced For a given
voltage V between lines, the voltage across the terminals

of a Y connected transformeris V/J§ ;the coil currentis
equal to the line current 1.

Fig 1
o ow oMW OIN
WihaaanrMz Mt V2 Wb a2
W, g, 2w Y W,
o oy 02w O2ZN
&) Y=Y CONNECTION
v 2v
1 2u
W 2w -
0° ANGULAR DISPLACEMENT
b) VEGTOR DIAGRAM 2
o

Star - Delta or Y/A connection: In primary side 3
transformers are connected in star and the secondary
consist of their secondary connected indelta as shownin
Fig 2. The ratio between the secondary and primary line

voltage is 1/,f3 times the transformation ratio of each

transformer. There is a 30° shift betweenthe primary and
secondary line voltages. The main use of this connection
is at the substation end of the transmission line.

Fig2

lZU o Q2w

a) Y - A CONNECTION

w 2y
N "A
N
20 2w
1w
30° ANGULAR DISPLACEMENT
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b) YECTOR DIAGRAM

Delta - Delta or A/A connection: Fig 3 shows three
transformers, connectedin A onboth primary and secondary
sides. There is no angular displacement between the
primary and secondary line voltages. Anaddedadvantage
of this connection is that if one transformer becomes
disabled, the system can continue to cperate in open-
delta or in V-V. In V-V it can be operated with a reduced
capacity of 58% and not 66.6% of the normal value.

Fig 3
o1U o1V O 1w

Vg 1w1+ Wy
% o, +_/V'VL -
v
2w

U, v

244 2vy

k'

o Czv 2w

a) A - /\ CONNECTION

v
U Q 2y
™w

0" ANGULAR DISPLACEMENT
b} VECTOR DIAGRAM
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Delta - Star or A/Y connection: (Fig 4) This connection
isgenerally employedwhere it is necessary tostepupthe
voltage, as for example, at the beginning of high tension
transmission system.
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o1U oV 1w
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o2y l 2w O 2N

a) A - YCONNECTION

b

ELN2711024

b} VECTOR DIAGRAM

The primary and secondary line voltages andline currents
are out of phase with each other by 30°. The ratic of

secondary to primary voltage is 3 times the
transformation ratio of each transformer.

Parallel operation of 3-phase transformer

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

+ explain parallel opration

» states the conditions for parallel operation of 3 phase transformer

* sates the necessity of parallel opertion.

Parallel operation

Operating two or more transformers by connecting their
primaries inparalleltoacommoensupply line and connecting
their respective secondaries in parallel with a common
lcad-busbars iscalledas parallel operaionoftransformers.

Conditions for pararllel opertion of transformers:

When operating two or more transformer in parallel, the
following conditions have to be satisfied for the best
performance of the transformer.

1 Thevoltage ratio must be same.

2 The per unit impedance or percentage impedance
should be same i.e., the ratic between the equivalent
leakage reactance and the equivalent resistance(X/
R)should be same.

3 The polarities must be same.
Forthree phase transformers
i The phase sequence must be same

i Thevector group must be same (i.e., The relative
phase displacement between the secondary line
voltages must be zero)

Parallel operation of 3-phase transformer:

Fig1 shows the connectiondiagramfor parallel operation
of twonumbers of 3-phasetransformers. Inthis case, the
connection of both of transformer 1 and 2 are (delta -
star)same.

However to operate the 2 transformers of having Y/A and
connection, their primary and secondary line voltage A/Y
must be same. In this case,the turns ratio may not be
equal, butthe voltage ratio betweenthe terminal voltage of
primary and secondary must be same.

Iftwo transformers having different ratings, are connected
in parallel the their percentage impedance must be same,
where as the numerical impedance of transformer 1 will
have half the impedance of transformer 2. Inthiscase both
thetransformerswill share the commonload in propertional
to their KVA ratings. (Fig 1)

Forbest performance of the parallel operation, the regulation
of boththetransformers mustbe same . Ifthe percentage
impedance of boththe transformers are different. Thanone
transformer will be operating at a higer power factor and

other will be operating at a lower power factor.
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Fig 1
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Power
Electrician - Transformers

Cuuling of transformer - Transformer oil and testing_

Related Theory for Exercise 1.12.104

Objectives: A the end ofthiz lesson yvou shall be able to

= gxplain the necessity of cooling
= gtate the methods uft:uuling.

=] ;
Scan the OF Code to weam
the wdeo for this exercize

Hecessityof cooling

Transformert isheate dup when current lows throug hits,
winding . This causestheliberation of heat. In large size
transformer, where powerrating ishigh, large am ount of
heat iz liberated. Thizs will affect the insulation of the
winding = as well as redudion oftransformer efficency.
Thizhest should be transform ed from transformer sdnding
and dissipatedinthe atmosphere

Methods for cooling fransformers: Following are the
methodzofcooling emploved intransfarmers. Anyone or
moremethods could beadopted dependinguponthe size,
application and location ofthe transformer.

= Platural air method
»  Ajr blast method (Fig 1)

Ag1

—_—
e
— -

:

it

5
i
|
~OiCioi
|
:

!
||

'r

% LI, BT R

= PMatural oil cooled method ([Fig 2
= il blast methad

* Forced circulation of oil

= Dilandwater cooled (Fig 3and
= Forcedoiland watercooled

Matural siv cooling method iz generally adopted for 0w

capacity digribution transformer upto 100KYL, The
natural circulation of the surrounding air is used to carry
avay the heat from thetransformerwinding.

m-l% - . |
i !

Inairblast method the fans are usedto blowthe aironthe
surface ofthe transformer therebythe heat generatedis
carried away bythe airblas .

Transformer of 200K A above capadty are cooled by
uzing aninsulating oil. Thesinding and core are immersed
in ail. The areaafthe tank iz increasad by using cooling
tubes. (Radiatortubes)

In il and water cooled zystem, the low preszure water
tubesthrough thehested oil usedt oremovethe hest from
thetransformer.

243



Testing of transformer oil

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

+ explain the transformer oil

* name three insulating oils used in transformer

* list the important properties of a transformers oil
» state the necessity of transformer oil

» state the causes for deterioration of oil

» explain the methods of testings the oil for its parameter.

Transformer oil

It is an insulating liquid, used to cocl and insulate the
transformer windigs and core A cooling liquid is also
considered as a part of the transformer.

Three kinds of cooling oils/liquids are usedintransformers
today.

+ Mineralcil {inflammable)
+ Siliconliguids(low flammable)and
+ Hydrocarbonliquids (non-flammable)

The common transformer oil is a mineral oil obtained by
refining crude petroleum. Clean anddry mineral oil is an
excellentinsulator. Its loss by evaporation is small. But
it is an inflammable liquid and readily absorbs moisture
from the air. Great care should be taken to keep the ol
away from flame and moisture.

Synthetic liquids do not catchfire easily. Syntheticliquids
are therefore replace mineral transformer oils of those
transformers usedin

+ underground mines
« refineriesandhazardous location
+  tunnels

« workshopand plants of metal processingtheatres and
cinemas etc.

Transformer cil consists of organic compounds, namely
paraffin, naphthalene and aromatics. Allthese are hydro
carbons, hence insulating oiltransformer oil/ synthetic
transformer cil knownas ASKARELS and PYROCLORE
are also in use.

Properties of transformer oil
Agoodtransformer cil should have the following properties.

1 High specific resistance so that high insulation
resistance

Better heat conductivity, (i.e) higher specific heat.

High firing point, so that not to catch fire at low
temperature.

4 Do not absorb moisture easily, when exposed to air.
5 Low viscosity

Necessity of transformer oil: Large capacity distribution
transformers produces more heat due to losses like core
losses and copper losses, on load. It is necessary to
stablize the heat within temperature class by providing
suitable insulating materials.

Transformeroil acts as agoodelectrical insulating material.
Thus it reduces electrical break down. Transformer oil will
alsoact as cooling agent. Thus it brings thermal stability
to all the internal parts of transformer.

Causes for deterioration oftransformer oil: Whenthe
oil cooledtransformers are in use, the cils of the transformers
are subjectedto normal deterioration due to the conditions
of the use.

For example

1 The oil may come in contact with the air, there by
presence of moisture anddustinthe oil. The presence
of moisture is harmful and affects the electrical
characteristics of oiland will accelerate deterioration of
insulatingmaterials.

2 Sediment and precipitable sludge may be formed on
the winding and core surfaces. It will reduce the
cooling rate and hence it may lead to deterioration of
the insulating materials.

3 Thepresenceof certainsolidiron, copperand dissolved
metallic compounds will increase the acidity. Insuch
cases, theresistivity decreases, and electrical strength
alsodecreases, anditis alsothe causesfordeterioration
oftransformer oil.

Testing of transformer oil: For reliable use and
maintenance of oil cooledtransformer, the transformer oil
shall be tested before initialfilling of the oil as well as during
service of the transformers. As per the test result it may
be required to filter the transformer oil or in some cases,
new oil may be recommended for safe and better
maintenance of cil cooledtransformers.

The following tests are conducted periodically to decide
the performance of the transformer oil.

1 Field test of insulation oil

Crackle test of insulating oil

2
3 Dielectric test of insulating oil
4 Acidity test.

1

Field test of insulating oil

Adropoftransformer oil, when placed slowly froma pipette
on the still surface of a distilled water contained in heater
should retain its shape when the cil is new.

Inthe case of used cyclo-octane oils (or) paraffin oils (even
though unused)the drop usually flattened. Ifthis flattened
drop occupies anareaof diameterlessthan 15to 18 mm,
the oil may be used. Otherwise, ithasto be reconditioned.
Qils with the longer spreads are unsuitable.
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2 Crackle test of transformer oil (Fig1)

A rough test may be made, by closing one end of steel
tube, and heating the closed end to just dull red hot. (Fig
1) Whenthe oil sample is plunging into the tube, asharp
Crackle sound will be heard, if the oil contains much
moisture. Dry oil will only sizzle.

Fig 1

CRACKLE TEST

ELNZT11221

3 Dielectric test of transformer oil

This test is preferably conducted using standard oil test
set. The oil test set consists of a container/cell made up
of glass or plastic.(Fig 2)

Fig 2
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OIL TEST CONTAINER/CELL
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The cellshall have an effective volume between 300 to 500
ml. It should be preferably closed Section view of
container. (Fig 3)

Two numbers of the copper, brass, bronze or stainless
steel in the shape of sphere of diameter 12.5to 13 mm
elliptical are mountedona horizontal axisat2.5 mmapart,
is used as electrodes, for oil test of 11KV transformer.

Fig 3
15 156 15

i
|
|
N
]

v 1 0 ey =
] I | T ]
A 4 1T @5 51—
I @18 i II:
! 'h
28 I
R18 J 24 81
a8 12
213 N

ELN2711223

DIELECTRIC TEST

The cell is mounted on a test set. HT connection to the
electrodes, is made by the point contact arrangements.

Thetestsetis also providedinto step uptransformer where
the voltage can be varied from zero to 60KV. In some
designs, the voltage is varied by electric motor, with the
operation of push button switch.

Electrical circuitdiagramof dielectric test unit(Fig 4)

For conducting dielectric test on transformer oil, the oilis
tobe gently agitated andturned over severaltimes sothat
homogeneous distribution of the impurities contained in
the oil is spread all over.

Fig4
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CIRCUIT DIAGRAM OF DIELECTRIC TEST 3

Immediately after this, the oil is poured down into the test
cell slowly in orderto avoidair bubbles. The operation is
carriedoutinadry place freefromdust. The oiltemperature
at the time of test shall be same as that of ambient.

After fulfilling the above conditions the cover of the cellis
placed in position. The cell is placed in the test unit and
power is switched “ON”.

The AC voltage across the electrode of frequency 40 to
60Hz is increased uniformly at the rate of 2KV RMS
starting from 'O’ upto the value of producing break down.
The break down voltage is the voltage reached during the
test atthe time the first spark occurs between electrodes.

Thecircuitis openedautomatically if an arc is established
betweenelectrodes. The breakdownvoltageisrecorded
andthe reading is interpreted according to the standard
ratings. The requirementsas per 15-335-1983 is: Electrical
Strength (break downvoltage)

1 Newunfilteredtransformer oil - 30KV (RMS)
- 50KV (RMS)

It is recommended tofilter the transformer oil if the break
down voltage does not attain 30KV (RMS).

Thetestshall be carried out 6 times onthe same cell filling.
The electric strength shall be the arithmetic mean of the
6 results which have been obtained.

2 Afterfiltrationtransformer oil

Power : Electrician (NSQF Revised - 2022) - Related Theory for Exercise 1.12.104 285



4 Aciditytest

The acid products are formed by the oxidation of the oil.
This oxidationwill deteriorate the insulating materials like
insulating paper and press boards used in transformer
windings. Itis therefore essential to detect and monitor
the acidity formation.

Toconduct this test portable test kitis available consisting
of:

1 Two polythene bottles containing 100ml each of ethyl
alcohol and sodium carbonate solution of 0.0085N
concentration.

An indicator bottle containing universal indicator.
Four clean glass test tube.
Three graduated droppers, which serves as pipettes.

Colour chart with acidity range.

®D AW N

Instruction booklet.

PROCEDURE

The test is conducted by taking 1.1 ml of insulating oil (to
be tested) in test tube, 8 ml oil 1 ml of rectified spirit is
addedand mixture is to be gently shakened. Further 1 ml
of solution of 0.008 5 N sodium carbonate added. After
shaking the test tube once again 5 drops of universal
indicator is added. The resulting mixture develops a
colour depending on the acidity value of the mixture.

The approximate colour range will be as follows:

Total acidity value in No. Colour
0.00 Black
0.2 Green
05 Yellow
1.0 Orange

Any how the colour chart will be provided with the test kit
to indicate exact value.
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Electrician - Transformers

Related Theory for Exercise 1.12.105

Winding a small transformer

Objectives: 2t the end of thiz lesson you shall be ahle to

= gtate the important data 1o be taken for rewinding the transformer

= gxplain the rewinding procedure for small ransfomers

= ¢alculate the number of turns per volt using the formula and determine primary and

secondarnytums

= determine the dimensions of the transformmer, size of bobbin and size of winding

wire

= gxplain the test= to be camied out after winding the transformer.

Hyir
Scan the OF Code to wen
the viden for this exercizs

Rewinding of small transformer

It iz necessaryto resdnd atransformer whenthe winding is
burnt out or badlydamaged.

While dismantling transforners, care should be takento
record the necessary particulars (data) by which the
ressnding process becomes easy and the original
performanceofthe transfonn eris assured.

Recordingthedata . The following data have to betaken
fromthetransform er before andduingdizaszzembling.

1 Mumberofwindingsturns layers,

Size of wires and insulation,

Inputfioutput voltages & currents,

KA ratings.

Conncetion diagram s,

Termimal marking fead postion

Types ofcores! number of gampings

Fhysical condition of bohkin foore.

Insulation schemes like zize and specification of
hindings, layerinterlayerinter windings, bobin lead
wires, sleeves etc.

Ifthe ald bobkinisreused for ssnding, it shallbe deaned
well and shall be free from any break or crack. [f a new
bobhinizused it shall be check ed withthe stamping (oore)
for propet assemblyto avoid too much air gap orto o tight
& fitting.

Lo o w R O Y & S R i 8

For swinding, a suitable i ze of wire shall be =eleded from
the data andthe zizeofwire shall bem eazured asper| S,
4300 (Fart -11 1968,

The size of the wire can be measured with
inzulation bt it shall be within the limit of
tolerance. The insulation scheme shall be
followed as per the data taken. Where proper
material is not available an equivalent type
and size may be selected. Tumsand tapping of
the winding shall be made as in the original.

Method of stacking: Before gackingthe core stampings
zhall be checked for dentz, bends and core insulation.
Dertzonthecore shallbe removed and any mangled core
zhall be ==t right. Stacking shall be done azinthe original
seguence and pattern.

All the gampings available for the transformer shall be
stacked without leaving out any.
Fig1 showsthe differert shapes of coresused for & shell
type transformer. Leads shall be properly deeved and
terminated.

UL
ik |
nam ey §

Procedure of rewinding a transformer. Az ated
above, if all the necezzary winding details are obtained
while dsassemblingthe bumt outtransformer, the resinding
procedureis mare or less easy. However, ifyou have to
prepares newtransfiormerthe foll owdng inform ation sl be
ofgreathelp.

D esigningatransfommer; Smalltransformers are generally
of "SHELL TYPE'. In shell tywoe, both the pimary and
zecondary windings are mourtedonthe centrelimb ofthe
core. For designingofa small power transformer proceed
az dated below:

STEPHO.1

Find the total output power from the load voltage and
current ofthe transfonrn er.,

P,=E, =l

The fallowd ng example is given for your guidance.

......... Farmula 1.

Primary voltage -24 0%
secondary voltage - BY
Secondary tatal current - 24

From the examplethe output power is calculated 26 x 2
= 12%A,
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STEP NO.2
Find the input watts.

N P,

*m ....... Formula 2

Normally the efficiency of atransformerwill be 80to 0. As
inthe example

P = S
80
STEPNO.3

Determinethe required cross-sectional area ofthe core of
the transformer.

For finding the cross-sectional area, certain parameters
like the flux density of the metal used for laminations,
frequency of supply, allowable current density in the
windingwire and power inputtothe transformerneedto be
known.

Cross section = 20 x 21=420 sq.mm or 4.2 sg. cm

Table 1 gives the standard size of stampings having Eand
[type laminations as available inthe marketwhichisgiven
for your guidance. Fig 2 gives the dimensions of the
stampings.

Fig 2

(5 %)

i k1
a

ELN2711314

For the core area 4.248 sg.cm we can use the core of
dimension having 20 mm as width and core thickness of
27mm.

The nearest size sheet should be selected from the
standard size of the stamping table. Here we assume the
centre limb widthto be 20 mm, andhence, the core E.|. 60
isselected. However, youmay select any othertypeto suit
the cross-section. Butthe other details like the number of
stampings and the bobbin dimensions may change
accordingly.

STEPNO.4

The next step is to calculate the voltage per turn using
Formula4.

e=444xBxAxfx10* . Formula 4.
where e - voltage perturn
B - flux density in tesla

A - area of iron core in cm?

f-frequency in Hertz
Example
e=444x08x4.24x50x 10" =0.0753 volts.
STEP NO.5
Calculate the primary coil turns.

240
' 0.0753

= 3187 turns (approx.)

Calculate the secondary coil turns.

6
00753

5 =80 turns (approx.)

Add10% to compensate the voltage drop (internal) inthe
secondary winding i.e. N, =88 turns.

STEPNO.6

Calculate the size of wire with respect to the input power.
P=ExI;|=P/[E and according to the example,
Primary current = |, = 15/240 = 0.0625A

Secondary current = |, = 15/6 = 2.5A.

Cross-section of primary conductor considering 3A/mm?
as current density will be

A =0.0625/3=0.020833 mm*
Diameter=0.1628 mm
Say ie =0.160 mmdia. or 37 SWG approximately

Cross-section of secondary conductor considering 3A/
mm? as current density will be

A=25/3A=0.8333 mm?
Diameter=1.028 mm

Say =1.00 mmdia. Hence 19 SWG.
STEP NO.7

Fig 3 gives the general dimensions of a bobbin. Here the
bobbin selected is EI 60/21 which suits the core thickness
ofthe centre limbtakenearlieras 21 mmandcore width as
20 mm.

Fig 3

ELN2711315
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STEP NO.8 : Check the feasibility of accommodating
the number of turns of primary and secondary within the
winding space.
Thoughthe numberofturnsinthe primary is to be 3187 of
37 SWG andthe secondary tobe 88 turns of 19 SWG super
enamelled copper wire, it is atmost important to check
whetherthese windings along with the respective insulation
could be accommodated within the winding space of the
core. This has to be determined before taking up the
winding.
CONCLUSION : Forthe transformeras intheexample, the
derivedwinding data is as follows.

Transformerrating

Primary - 240V

Secondary - 6Y

Frequency - 50 Hz

Volt ampere input - 15 VA
Core : Core area 20 x 21 mm as decided in Step 3.
Bobbin: Breadth20.6 mm, height21 mm, length26.7 mm
and the total height of the flange 427 mm as decided
instep 7.
Wire sizes and turns
Primary - 3187 turns of size 0.16 mm or 37 SWG
Secondary - 88 turns of size 1.00 mm or 19 SWG

Stampings: Consideringthe thickness of each stamping
as 0.35 mm, for the total thickness of 21 mm we may
require 80 stampings. Considering the space between
stampingsand the stackingwe may require 55 stampings
only. Hence EI160/21 type 55 numbers of stampings having
0.35 mmthickness are to be procured.

Testing of transformer after rewinding: After rewinding
the core assembly, the transformer is to be inspected for
proper tightness of the core and coil as well as proper
termination of the end leads.

Insulation resistance test : Insulation resistance is
measured between windings and core with a 500 volts
Megger. Thereading sc obtained shall be infinity andin no
case below one megohm.

Transformation ratio test: Keeping the transformer
secondary open, the primary shall be connected to the
rated ACvoltage. Withthe help of suitable voltmeters both
the primary and secondary voltage shall be measured.

Load test : The transformer shall be connected with a
suitable load, sothatthe full load secondary current flows
through the secondary of the transformer winding. The
raise in the winding temperature shall be observed by a
suitable industrial thermometer, on the load.

The transformer temperature will raise initially and after
some time the temperature will come to a standstill. This
raise intemperature shall be noted and it shall be withinthe
limit of class of insulation of the transformer designed.

Short circuit test : Where it is not possible to load the
transformer directly, the secondary winding of the trans-
former shall be short circuited and the low voltage on the
primary shall be adjustedthrough a dimmerstat so that full
load secondary currentflows throughthe secondary wind-
ing of the transformer. The transformer so switchedon shall
be tested for raise intemperature to ascertain the class of
insulation.

Generally oil-cooled transformers are of class-
A where-as air-cooled transformers may be
class ‘A’ or ‘E’.

Table 1
Standard size of stampings

Specification
of stampings a b c d e f g i k1 k2 k3
El42 42 28 7 35 21 14 28 35 35 — 245
El48 43 52 8 35 24 16 32 40 4 — 28
El54 54 36 9 85 27 18 36 45 45 — 315
El60 60 40 10 35 30 20 40 50 5 — 35
Eles 66 44 11 45 33 22 44 55 55 — 38.5
El78 78 &2 13 45 39 26 52 65 6.5 — 455
Elg4 84 56 14 45 P9 28 56 70 7 — 49
El92 92 623 | M3 | 45 51 23 69 82 B 6.5 575
EIM06 106 705 | 145 55 56 29 77 94 6 85 64.5
ENM30 130 875 | 175 | 68 70 35 95 16| 7.5 10 80
EIM50 150 100 20 78 80 40 110 135| 7.5 125 925
ENM70 170 M75| 25| 8 23] 45 125 150 10 125 1075
EIM95 195 1345| 255 | 95 109 51 144 171 12 135 1225
El231 231 166 29 10 137 58 173 204 135 155 | 1525
Nominal thickness of stampings:0.35 mm and 0.5 mm.
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Power
Electrician - Transformers

Related Theory for Exercise 1.12.106

General maintenance of three-phase transformers

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

» explain the need and advantages of maintenance of transformer

» state the factors affecting the life of transformers

» state the various periodical maintenance to be carried out in a transformer.

Necessity of maintenance

Power transformer is required to give a long and trouble
free service, It should be under constant attention and
maintenance as it is a costly device.

Arigid system of inspection and preventive maintenance
will ensure long life, trouble free service and low
maintenance cost. Maintenance shall consists of regular
inspection, testing and reconditioning wherever necessary.

Principal object of maintenance: The principal object
of maintenance is to maintain the insulation in good
condition. Moisture, dirt and excessive heat in contact
with oxygen are the main causes of insulation deterioration
and avoidance of these will keep the insulation in good
condition.

There will be a decline in the quality of insulation during
the ageing process due to chemical and physical effects.
The decay of the insulation follows the chemical reaction
rate and if the sustained operating temperature exceeds
the normal operating temperature of 75°C by about 10°C
the life of the transformer will get shortened.

FACTORSAFFECTING THE LIFE OF TRANSFORMERS
1 Effect of moisture

Transformer oil readily absorbs moisture from air. The
effect of water inthe oil is to decrease the dielectric strength
of the oil. Therefore preventive steps should be taken to
guard against moisture penetration to the inside of
transformers. This will include blocking of all openings for
free access of air and frequent reactivation of breathers in
sernvice,

2 Effect of oxygen

Oxygen present inside the transformer due to air in oil,
reacts on the cellulose of insulation. Due to decomposition
of the cellulose product, an organic acid soluble in oil is
formed which will lead to a thick sludge. This sludge
blocks the free circulation of the oil and deposited in bottom
there by causing damage to coils/cores.

3 Effect of solid impurities

The dielectric strength of oil is diminished by minute
quantities of solid impurities present in the oil. It istherefore
a good practice to filter the oil after it has been in service
for a short time.
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4 Effect of varnishes

Some varnishes particularly of oxidizing type reacts with
transformer oil and precipitate sludge on the windings.
This should be kept in mind by the maintenance engineer
when rewinding and replacing the coils during repairs.

5 Effect of slackness of windings

Slackness of windings may cause a failure due to repeated
movement of coils which may wear the conductor insulation
at some places and lead to an inter turn failure, momentary
short circuit which may cause electric and magnetic
unbalance. Itis a good practice to lift the core and windings
of a transformer and take up any slackness which may
have developed by tightening the tie rods.

MAINTENANCE PROCEDURE
1 Safety precautions

i Before starting any maintenance work the transformers
should be isclated from the supply and the terminals
are earthed.

i The oillevel should be noted before unsealing the tank.

i Nofire should be kept near the transformer while main-

tenance work is going on.
2 Breather
Generally two types of breathers are used namely
a) Silicagel breather
b) Qilfilled silicagel breather
a Silica gel breather

The colour of the crystals changes from blue to pink as
the crystals absorbs moisture. When the crystals gets
saturated with moisture they become predominantly pink
and it should be reactivated / reconditioned.

b Oil filled silicagel breather

Qil available in the oil chamber attached with silicagel
breather should be replaced, if it is gel condeminated.

External connections: All terminal connections should
be tight. If they appear blackened or corroded, remove
the connection and clean down to bright metal with emery
paper. Remake the connection and give it a heavy coating
of grease.



Earth connections: All earth connections should be
properly maintained. Asmall copper loop to bridge the top
cover of the transformer and the tank may be provided to
avoid earth fault current passing through the bolts when
there is a lightening surge, high voltage surge or failure of
bushings.

Bushings: Clean the bushing projection and examine them
for cracks and chips. Itis recommended to have a spare
instock. Intransformers located in control areas to avoid
salt formation, a thin coating of grease pasted on the
bushings.

Recommended maintenance schedules for transformers
of rating less than 1000 KVA is given in Table 1.

Table 1

Maintenance schedule for transformers of capacities less than 1000 KVA

Sl.No.| Inspection Frequency| Items to be inspected Inspection Notes Action required during inspection
if defects are noticed
1 Hourly Load (Amperes) Check against rated figures | Regulated with the values
2 Hourly Voltage - do - - do -
3 Daily De-hydrating breather | Check that air passages are| If silicagel is pink colour re
clear. Check the colour of place it or reactivate it.
silica gel.
4 Monthly Oll level in transformer | Checktransformer oil level | If low top-up with dry oil.
Examine for oil leakage.
) Quarterly Bushings Examine for cracks and dirt | Clean or replace.
deposits
6 Half-yearly Non-conservator Check for moisture under Improve ventilation. Check oil
transformer cover
7 Yearly Oilin transformer Check dielectric strength Restore the quality of oil
acidity and sludge
8 Yearly Earth resistance Check the connection - Take suitable action if earth
nuts & bolts resistance is high.
9 1 year Relay, alarms their Examine relay and alarm Cleanthe components,
circuits etc. contacts, their operation replace contacts change
fuses etc.,check relay the setting if required
accuracy.
10 2 year Non-conservator Internal Inspection Filter oil regardless of condition
transformers
1 3 year All parts Cverall inspection by lifting Wash by Flushing down with
of core and coils clean dry oil.
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Project Work

Objectives: At the end of this lesson you shall be able to
» define project work

+ state the purpose of project work

» state the steps involving in project works.

Project work

It is a type of activities which allow the trainees/ students
to study, investigate, research, develop a model orfind a
conclusion/ solution and submit the report for a particular
issues/ assignments towards the interest of public,
nation and resources etc by applying their skill, ability,
knowledge and experience.

Purpose of project work: The general purpose of any
project should fulfill anyone or more of the following:

+  Overcome the problems/ risks available in existing ac-
tivities or technology etc.

«  Simplifying the existing procedure/ activities of any op-
eration or works.

+ Reducing the cost of production or maintenence and
increasing the productivity.

+ Increasing the safety towards human lives/ machiner-
ies.

+ Conserve the natural resources.

+ Use of renewable energy sources such as wind, tide
and solar etc.

+ Using of new technology/ concept which is not avail-
able in market.

+ Broadcasting or predicting any dangers/ risk invalves
in human lives/ machineries etc.

Steps involved in project works

» Decidingthe objectives - purpose

+ Deciding what to do - investigating and planning
» Find out the cost - costing

+ Arranging the requirements - crganising

« Selecting the right people - staffing

+ Giving the instructions - directing

+ Participating in works - involving

+ Arranging the sequence - assembling or compiling
+ Executingthe project - testing or surveying

+ Submitting the result conclusion - reporting

List of projector works may be assigned to the group
of trainees as per syallabus

1 Overload protection of electrical equipments.
Automatic control of street light/ night lamp.
Fuse and power failure indicator using relays.

Door alarm/ indicator.

g kW M

Decorative light with electrical flasher.

Scan the QR Code to view
the video for this exercise
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