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FOREWORD

The Government of India has set an ambitious target of imparting skills one out of every four Indians, to help
them secure jobs as part of the National Skills Development Policy. Industrial Training Institutes (ITls) play
a vital role in this process especially in terms of providing skilled manpower. Keeping this in mind, and for
providing the current industry relevant skill training to Trainees, ITl syllabus has been recently updated with
the help of Media Development Committee members of various stakeholders viz. Industries, Entrepreneurs,
Academicians and representatives from ITls.

The National Instructional Media Institute (NIMI), Chennai, has now come up with instructional
material to suit the revised curriculum for 10T Technician (Smart Healthcare) - Trade Theory -
Volume I of IT - NSQF Level - 3 (Revised 2022) in IT & ITES Sector under Annual pattern. The NSQF
Level - 3 (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 - 3 (Revised 2022) trainees will also get the
opportunities to promote life long learning and skill development. | have no doubt that with NSQF Level - 3
(Revised 2022) the trainers and trainees of ITls, and all stakeholders will derive maximum benefits from
these Instructional Media Packages IMPs and that NIMI's effort will go a long way in improving the quality
of Vocational training in the country.

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

Jai Hind

Director General (Training)
Ministry of Skill Development & Entrepreneurship,
Government of India.

New Delhi - 110 001
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PREFACE

The National Instructional Media Institute (NIMI) was established in 1986 at Chennai by then Directorate
General of Employment and Training (D.G.E & T), Ministry of Labour and Employment, (now under Directorate
General of Training, Ministry of Skill Development and Entrepreneurship) Government of India, with technical
assistance from the Govt. of 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 under the Craftsman and
Apprenticeship Training Schemes.

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

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

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

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

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

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

Chennai - 600 032 EXECUTIVE DIRECTOR
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INTRODUCTION
TRADE THEORY

The manual of trade theory consists of theoretical information for the Course of the loT Technician (Smart
Healthcare) Volume I of II - Trade Theory NSQF Level - 3 (Revised 2022) in IT & ITES. The contents are
sequenced according to the practical exercise contained in NSQF LEVEL -3 syllabus on Trade Theory attempt
has been made to relate the theoretical aspects with the skill covered in each exercise to the extent possible.
This correlation is maintained to help the trainees to develop the perceptional capabilities for performing the
skills.

Module 1 - Trade and Orientation

Module 2 - Basics of AC and Electrical Cables

Module 3 - Components and AC & DC Measurements
Module 4 - Soldering / Desoldering, SMD Components
Module 5 - DiodesandTrasnsistors

Module 6 - Basic Gates and Digital Circuits

Module 7 - Computer Hardware and Networking
Module 8 - Electronic Circuit Simulation

Module 9 - Sensors, Transducers and Applications
Module10 -  Microcontroller 8051

Module11 -  Test and connect Components/parts of loT system and Arduino board

The trade theory has to be taught and learnt along with the corresponding exercise contained in the manual on
trade practical. The indications about the corresponding practical exercises are given in every sheet of this
manual.

Itwill be preferable to teach/learn trade theory connected to each exercise atleast one class before performing
the related skills in the shop floor. The trade theory is to be treated as an integrated part of each exercise.

The material is not for the purpose of self-learning and should be considered as supplementary to class room
instruction.

TRADEPRACTICAL

The trade practical manual is intended to be used in practical workshop. It consists of a series of practical
exercises to be completed by the trainees during the course. These exercises are designed to ensure that all

the skills in compliance with NSQF LEVEL - 3 (Revised 2022) syllabus are covered.

The manual is divided into Eleven modules.

The skill training in the shop floor is planned through a series of practical exercises centered around some
practical project. However, there are few instances where the individual exercise does not form a part of project.

While developing the practical manual, a sincere effort was made to prepare each exercise which will be easy to
understand and carry out even by below average trainee. However the development team accept that thereis a
scope for further improvement. NIMI looks forward to the suggestions from the experienced training faculty for
improving the manual.
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CONTENTS

(" Lesson Title of the Lesson Learning Page\
No. Outcome No.
Module 1: Trade and Orientation
1.1.01 Familiarization of the Industrial Training Institute 1
1.1.02 Importance of safety and precautions to be taken in the industry/ shop floor 2
1.1.03 Occupational health, safety & PPE 5
1.1.04 First Aid 1 9
1.1.05 Fire extinguishers 15
1.1.06 Basic hand tools 19
Module 2: Basics of AC and Electrical Cables
1.2.07-1.2.12 | Electrical terms 1 25
Module 3: Components and AC & DC measurements
1.3.13-1.3.26 | Resistors - Types of resistors, their construction & specific use, color 2
coding, power rating 57
Module 4: Soldering / Desoldering, SMD Components
1.4.27-1.4.40 | Differenttypes of soldering guns, related to temperature and wattages, 3
types of tips 115
Module 5: Diodes and Trasnsistors
1.5.41-1.5.46 | Semiconductor materials, components, number coding for different 4
electronic components such as diodes and zeners etc 139
Module 6: Basic Gates and Digital Circuits
1.6.47-1.6.54 | Introduction to digital electronics 5 163
Module 7: Computer Hardware and Networking
1.7.55-1.7.61 Basic blocks of a computer, components of desktop and motherboard 6 209
Module 8: Electronic Circuit Simulation
1.8.62 -1.8.66 | Study the library components available in the circuit simulation software, 7
various resources of the software 244
Module 9: Sensors, Transducers and Applications
1.9.67-1.9.84 | Sensors, transducers and applications 8&9 249
Module 10: Microcontroller 8051
1.10.85-1.10.89| Introduction microprocessor & 8051 microcontroller, architecture, pin 10
details & the bus system 286
Module 11: Test and connect Components/parts of loT system and
Arduino board
1.11.90-1.11.100| Arduino development board, pin diagram, functional diagram, hardware 1
familiarization and operating instructions 293
o J
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( LEARNING / ASSESSABLE OUTCOME )

On completion of this book you shall be able to

SI.No Learning Outcome Exercise No

1 Perform electrical / electronic measurement of meters and 1.1.01-1.2.12
instruments following safety precautions.

2 Test various electronic components using proper measuring 1.3.13-1.3.26
instruments and compare the data using standard parameter.

3 Identify, place, solder and de-solder and test different SMD 1.4.27 -1.4.40
discrete components and IC packages with due care and
following safety norms using proper tools/setup.

4 Construct, test and verify the input/ output characteristics of 1.5.41-1.5.46
various analog circuits.

5 Assemble, test and troubleshoot various digital circuits. 1.6.47 -1.6.54

6 Install, configure, interconnect given computer system(s) 1.7.55-1.7.61
and networking to demonstrate & utilize application
packages for different applications.

7 Develop troubleshooting skills in various standard electronic 1.8.62 -1.8.66
circuits using Electronic simulation software.

8 Apply the principle of sensors and transducers for various 1.9.67-1.9.70
loT applications.

9 Identify, select and test different signal conditioning and 1.9.71-1.9.84
converter circuits. Check the specifications, connections,
configuration and measurement of various types of sensor
inputs as well as control outputs.

10 | Identify, Test and troubleshoot the various families of 1.10.85-1.10.89
Microcontroller.
Plan and Interface input and output devices to evaluate
performance with Microcontroller.

11 | Identify different loT Applications with loT architecture. 1.11.90-1.11.100

Identify, test and interconnect components/parts of loT system.
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SYLLABUS

Duration

Reference Learning
Outcome

Professional Skills
(Trade Practical)
with Indicative hours

Professional Knowledge
(Trade Theory)

Professional
Skill 30Hrs.;
Professional
Knowledge
12 Hrs.

Select and perform
electrical/ electronic
measurement of meters
and instruments following
safety precautions.
(MAPPED NOS:
ELE/N9401)

1 Visit to various sections of the
institute and identify location of
various installations. (02hrs.)

2 ldentify safety signs for danger,
warning, caution & personal safety
message. (02hrs.)

3 Use of personal protective
equipment (PPE). (03hrs.)

4 Practice elementary first aid.
(02hrs.)

5 Preventive measures for electrical
accidents & steps to be taken in
such accidents. (03 hrs.)

6 Use of Fire extinguishers. (02hrs.)

Familiarization with the working of
Industrial Training Institute system.
Importance of safety and
precautions to be taken in the
industry/shop floor.

Introduction to PPEs.

Introduction to First Aid.
Response to emergencies e.g.
power failure, fire, and system
failure.

Importance of housekeeping & good
shop floor practices.
Occupational Safety & Health:
Health, Safety and Environment
guidelines, legislations &
regulations as applicable. (06 hrs.)

Basics of AC and Electrical

Cables

7 Identify the Phase, Neutral and
Earth on power socket, use a
tester to monitor AC power.
(02hrs.)

8 Construct a test lamp and use it
to check mains healthiness.
Measure the voltage between
phase and ground and rectify
earthing. (02hrs.)

9 Prepare terminations, skin the
electrical wires /cables using wire
stripper and cutter. (02hrs.)

10 Measure the gauge of the wire
using SWG and outside
micrometer. (02hrs.)

11 Demonstrate various test and
measuring instruments (02hrs.)

12 Measure voltage and current
using clamp meter. (02hrs.)

Basic terms such as electric
charges, Potential difference,
Voltage, Current, Resistance.
Basics of AC & DC.

Various terms such as +ve cycle,
-ve cycle, Frequency, Time period,
RMS, Peak, Instantaneous value.
Single phase and Three phase
supply.

Different type of electrical cables
and their Specifications.

Types of wires & cables, standard
wire gauge (SWG).

Classification of cables according
to gauge (core size), number of
conductors, material, insulation
strength, flexibility etc.
Introduction to electrical and
electronic measuring instruments.
(0O6hrs.)

Professional
Skill 30HTrs.;
Professional
Knowledge
12 Hrs.

Test various electronic
components using
proper measuring
instruments and
compare the data
using standard
parameter.

(MAPPED NOS:
ELE/N7001

Identify, place,

Active and Passive Components

13 Identify the different types of active
and passive  electronic
components. (02 hrs.)

14 Measure the resistor value by
colour code, SMD Code and verify
the same by measuring with
multimeter. (02 hrs.)

15 Identify resistors by their
appearance and check physical
defects. (02 hrs.)

Ohm’s law. Resistors; types of
resistors, their construction &
specific use, color-coding, power
rating.

Equivalent Resistance of series
parallel circuits.

Distribution of V & | in series
parallel circuits.

Principles of induction, inductive
reactance.

Types of inductors, construction,
specifications, applications and
energy storage concept.
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16 Practice on measurement of
parameters in combinational electrical
circuit by applying Ohm’s Law for
different resistor values and voltage
sources. (02hrs.)

17 Measurement of current and voltage in
electrical circuits to verify Kirchhoff's
Law. (02hrs.)

18 Verify laws of series and parallel
circuits with voltage source in different
combinations. (02hrs.)

19 Identify different inductors and measure
the values using LCR meter.ldentify the
different capacitors
and measure capacitance of various
capacitors using LCR meter.
(03 hrs.)

20 ldentify and test the
circuit breaker and other protecting
devices (Fuse). (03 hrs.)

21 Test Step-up, Stepdown, Isolation
Transformer. (02hrs.)

AC & DC measurements

22 Use the multi meter to measure the
various functions (AC V, DC V, DC |,
AC I, R). (02 hrs.)

23 Ildentify the different controls on the
Digital Storage Oscilloscope front
panel and observe the function of each
control. (02hrs.)

24 Measure DC voltage, AC voltage, time
period, sine wave parameters using
DSO. (02 hrs.)

25 ldentify and use different
mathematical functions +,-,X, diff, intg,
AND, OR of DSO on the

observed signal. (03 hrs.)

26 ldentify and use different acquisition
modes of normal, average,
persistence mode. (03 hrs.)

Capacitance and Capacitive
Reactance, Impedance.

Types of capacitors,
construction, specifications and
applications.

Dielectric constant.
Significance of Series parallel
connection of capacitors.
Properties of magnets and their
materials, preparation of artificial
magnets, significance of electro
Magnetism, types of cores.
Relays, types, construction and
specifications etc.

Multi meter, use of meters in
different circuits.

Use of DSO, Function
generator, Arbitrary Waveform
Generator, LCR meter (12 hrs.)

Professional
Skill 50Hrs.;
Professional
Knowledge
12 Hrs.

solder and desolder
and test

different SMD
discrete
components and
ICs package with
due care and
following safety
norms using
proper
tools/setup.
(MAPPED NOS:
ELE/N7812)

Soldering/ Desoldering

27 Practice soldering on different
electronic components, small
transformer and lugs. (03 hrs.)

28 Practice soldering on IC bases and
PCBs. (03 hrs.)

29 Practice Soldering on various SMD
Components including SMD IC
packages. (0O4hrs.)

30 Practice desoldering using pump and
wick. (02 hrs.)

31 Practice Desoldering of SMD
Components using SMD HotAir Gun.
(03 hrs.)

32 Join the broken PCB track and test.
(03 hrs.)

Different types of soldering guns,
related to Temperature and
wattages, types of tips.

Solder materials and their
grading. Use of flux and other
materials.  Selection of
soldering gun for specific
requirement.

Soldering and De-soldering

stations and their
specifications.

Different switches, their
specification and usage.
Introduction to SMD
technology

Identification of 2, 3, 4 terminal
SMD components.
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Basic SMD (2, 3, 4 terminal
components)

33 Identification of 2, 3, 4 terminal SMD

components. Desolder the SMD
components from the given PCB.
(05hrs.)

34 Solder the SMD components in the

same PCB. Check for cold continuity
of PCB. (05 hrs.)

35 Identification of loose /dry solder,

broken tracks on printed wired
assemblies. (04hrs.)

SMD Soldering and Desoldering
36 Identify various connections and

setup required for SMD Soldering
station. (05hrs.)

37 Identify crimping tools for various IC

packages. (03hrs.)

38 Make the necessary settings on

SMD soldering station to desolder
various ICs of different packages (at
least four) by choosing proper
crimping tools (03hrs.)

39 Make the necessary settings on

SMD soldering station to solder
various ICs of different packages (at
least four) by choosing proper
crimping tools (03hrs.)

40 Make the necessary setting rework

of defective surface mount
component used soldering /
desoldering method. (04hrs.)

Advantages of SMD components
over conventional lead components.
Introduction to Surface Mount
Technology (SMT).

Advantages, Surface Mount
components and packages.

Cold/ Continuity check of PCBs.
Identification of lose / dry
solders, broken tracks on printed
wiring assemblies. (12 hrs.)

Professional
Skill 18Hrs.;
Professional
Knowledge
06 Hrs.

Construct, test
and verify the
input/ output
characteristics of
various analog
circuits. (MAPPED
NOS: ELE/N5804)

41

Identify and test different types of
diodes, diode modules using multi
meter and determine forward to
reverse resistance ratio. Compare it
with specifications. (03hrs.)

42 Measure the voltage and current

through a diode in a circuit and verify
its forward/Reverse characteristic.
(02hrs.)

43 |dentify and test Zener diode and

construct peak clipper. (02hrs.)

44 |dentify different types of transistors

and test them using digital
multimeter. (02hrs.)

45 Measure and plot input and output

characteristics of a CE amplifier.
(03hrs.)

46 Construct and test a transistorbased

switching circuit to control a relay.
(03hrs.)

Semiconductor materials,
components, number coding for
different electronic components such
as Diodes and Zeners etc.

PN Junction, Forward and Reverse
biasing of diodes.

Interpretation of diode
specifications.

Forward current and Reverse
voltage.

Working principle of a Transformer,
construction, Specifications and
types of cores used.

Step-up, Step down and isolation
transformers with applications.
Losses in Transformers.

Phase angle, phase
relations, active and reactive power,
power factor and its importance.
Construction, working of a PNP and
NPN Transistors, purpose of E, B &
C Terminals.

Significance of a, 3 and relationship
of a Transistor.
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Transistor applications as switch and

CEamplifier.
Transistor input and output
characteristics.
Transistor power ratings &
packaging styles and use of

different heat sinks.(06hrs.)

Professional | Assemble, test and |47 Identify different Logic Gates | Introduction to Digital Electronics.
Skill 17Hrs.; | troubleshoot various (AND, OR, NAND, NOR, EX | Difference between analog and digital
Professional digital circuits. OR, EX-NOR, NOT ICs) by | signals.
Knowledge (MAPPED the number printed on them. | Logic families and their
12 Hrs. NOS: ELE/N7812) (02hrs.) comparison, logic levels of TTL and
48 Verify the truth tables of all | CMOS.
Logic Gate ICs by connecting | Number systems (Decimal,
switches and LEDs. (02hrs.) | binary, octal, Hexadecimal).
49 Use digital IC tester to test | BCD code, ASCII code and code
the various digital ICs (TTLand | conversions.
CMOS). (03hrs.) Various Logic Gates and their truth tables.
50 Construct and Test a 2 to 4 | Combinational logic circuits such as Half
Decoder. (02hrs.) Adder, Full adder, Parallel Binary adders,
51 Construct and Test a 4 to 2 | 2-bit and four bit full adders.
Encoder. (02hrs.) Magnitude comparators.
52 Construct and Test a 4 to 1 | Half adder, full adder ICs and their
Multiplexer. (02hrs.) applications for implementing arithmetic
53 Construct and Test a 1 to 4 | operations.
De Multiplexer. (02hrs.) Concept of encoder and decoder. Basic
54 |dentify and test common | Binary Decoder and four bit binary
anode and common cathode | decoders.
seven segment LED display | Need for multiplexing of data. 1:4 line
using multi meter. (04 hrs.) | Multiplexer / De-multiplexer.
Introduction to Flip-Flop.
S-R Latch, Gated S-R Latch, D- Latch.
Flip-Flop: Basic RS Flip Flop, edge
triggered D Flip Flop, JK Flip Flop, T Flip
Flop.
Master-Slave flip flops and Timing
diagrams.
Basic flip flop applications like data
storage, data transfer and frequency
division.
Types of seven segment display.
BCD display and BCD to decimal
decoder.
BCD to 7 segment display circuits. Basics
of Register, types and
application of Registers. (12 hrs.)
Professional | Install, configure, |55 Identify various indicators, | Basic blocks of a computer,
Skill 24Hrs.; | interconnect given cables, connectors and ports | Components of desktop and motherboard.
Professional | computer system(s) on the computer cabinet. | Hardware and software, I/O devices, and
Knowledge and networking to (02hrs.) their working.
12 Hrs. demonstrate & utilize | 56 Demonstrate various parts of | Different types of printers, HDD, DVD.

application packages
for different
applications.(MAPPED
NOS:SSC/N9408)

the system wunit and
motherboard components.
(03hrs.)

57 Identify various computer
peripherals and connect it to
the system. (02hrs.)

Various ports in the computer.
Working principle of SMPS, its
specification.

Windows OS MS widows: Starting
windows and its operation, file
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58 Boot the system from Different
options and install OS in a
desktop computer. (05 hrs.)

59 Browse search engines, create
email accounts, practice sending
and receiving of mails and
configuration of email
clients. (04 hrs.)

60 Identify different types of cables
and network components e.g.
Hub, switch, router, modem etc.
(O4hrs.)

61 Configure a wireless Wi-Fi
network. (03 hrs.)

Concept of Internet, Browsers,
Websites, search engines, email,
chatting and messenger service.
Downloading the Data and program
files etc.

Computer Networking:-

Network features - Network medias
Network topologies, protocols- TCP/IP,
UDP, FTP, models and types.
Specification and standards, types of
cables, UTP, STP, Coaxial cables.
Network components like hub,
Ethernet switch, router, NIC Cards,
connectors, media and firewall.
Difference between PC & Server.
(12 hrs.)

Professional | D e v e | o p |62 Prepare simple digital and | Study the library components available
Skill 30 Hrs.; | troubleshooting skills electronic circuits using the | inthe circuit simulation software.
Professional | in various standard software. (06 hrs.) Various resources of the software.
Knowledge electronic circuits 63 Simulate and test the prepared | (06 hrs.)
06 Hrs. using Electronic digital and analog circuits. (06
simulation hrs.)
software. 64 Create fault in particular
(MAPPED NOS: component and simulate the
ELE/N1201) circuit for it's performance. (06
hrs.)
65 Convert the prepared circuitinto a
layout diagram. (06 hrs.)
66 Prepare simple, power electronic
and domestic electronic circuit
using simulation software. (06
hrs.)
Professional | Apply the 67 Identify and test RTDs, | Basics of passive and active
Skill 17Hrs.; | principle of Temperature ICs and Thermo | transducers.
Professional | sensors and couples. (03hrs.) Role, selection and characteristics.
Knowledge transducers for 68 Identify and test proximity | Sensor voltage and current formats.
06 Hrs. various loT switches (inductive, capacitive and | Thermistors/ Thermocouples - Basic
applications. photoelectric). (O4hrs.) principle, salient features, operating
(MAPPED NOS: 69 Identify and test, load cells, strain | range, composition, advantages and
SSC/N9444) gauge, LVDT, PT 100 (platinum | disadvantages.
resistance sensor). (04hrs.) Strain gauges/ Load cell — principle,
70 Detect different objectives using gauge factor, types of strain gauges.
capacitive, Inductive and photo | Inductive/ capacitive transducers -
electric proximity sensors. Principle of operation, advantages and
(06 hours) disadvantages.
Principle of operation of LVDT,
advantages and disadvantages.
Proximity sensors — applications,
working principles of eddy current,
capacitive and inductive
proximity sensors.(06 hrs.)
Professional | Identify, select and | Integration of Analog sensors Working principle of different types of
Skill 32'_'"3-; test different signal 71 Identify various Analog sensors. | control circuits and their applications
Professional conditioning and (02 hrs.) for sensors.
Knowledge | converter circuits. | 72 |dentify Roles and Characteristics
18 Hrs. Check the

of each sensor. (02 hrs.)
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specifications,
connections,
configuration and
measurement of
various types of
sensor inputs as well
as control outputs.
(MAPPED NOS:
SSC/N9444)

73 Select appropriate Analog sensor. (02
hrs.)

74 Connect & measure AC/DC Analog
Input such as voltage / current/ RTD
two-three-four wire AC mV signal etc.
(02 hrs.)

75 Configure Engineering & Electrical
zero/span configuration mV, 0-10VDC,
4-20mA, 0-20mA. (02 hrs.)

76 Understand various units and zero span
configuration as per sensor datasheet
such as temperature, pressure, flow,
level, lux level, environment, soil,
moisture etc. (02 hrs.)

77 Measure the Analog Input as per
configuration and sensor selection. (02
hrs.)

78 Generate and measure Analog Output
to operatecontrol valves and actuators.
(02 hrs.)

Integration of Digital sensors

79 Identify various Digital sensors.(02
hrs.)

80 Identify Roles and Characteristics of
each sensor.(02 hrs.)

81 Select appropriate Digital sensor.
(03hrs.)

82 Connect and Measure Digital Inputs
of various voltage level such as TTL
(0-5V), 24VDC (0-24 VDC) signals.
(03hrs.)

83 Connect Pulse Inputs of various
frequency ranging from 10 Hz to 1 KHz
and configure the filters. (03hrs.)

84 Select, Configure and ascertain of
Digital Outputs and Relay Outputs to
take On and Off action for actuators.
(03hrs.)

Principle of operation of signal
generator, distinguish between
voltage and power amplifier.
Working principle of different
converters.

Demonstrate different types of
filter circuits and their applications.
The specification and working of
Analog sensor inputs as well as
Analog control outputs.

The specifications and working of
Digital sensor inputs, Pulse Input
as well as Digital control outputs.
(18hrs.)

Professional
Skill 30 Hrs.;
Professional
Knowledge
12 Hrs.

Identify, Test and
troubleshoot the
various families of
Microcontroller.
(MAPPED NOS:
SSC/N9445)

Plan and Interface
input and output
devices to
evaluate
performance with
Microcontroller.
(MAPPED NOS:
SSC/N9445)

85 Explore different microcontroller
families’ architecture like 8051, AVR,
PIC, ARM, Raspberry pi and Arduino.
(06 hrs.)

86 Explore the different Software IDE used
for microcontroller. (06 hrs.)

87 Explore ICs & their functions on the
given Microcontroller Kit. (06 hrs.)

88 ldentify the port pins of the controller
& configure the ports for Input & Output
operation. (06 hrs.)

89 Explore Universal IC programmer to
program burn output file on different
ICs. (06 hrs.)

Introduction Microprocessor & 8051
Microcontroller, architecture, pin
details & the bus system.
Function of different ICs used in the
Microcontroller Kit.

Differentiate microcontroller with
MiCcroprocessor.

Interfacing of memory to the
microcontroller.

Internal hardware resources of
microcontroller.

I/O port pin configuration.

Different variants of 8051 & their
resources.

Register banks & their functioning.
SFRs & their
configuration
applications.

for different
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Comparative study of 8051 with
8052.

Introduction to PIC Architecture.
Introduction to ADC and DAC,
schematic diagram,

features and characteristic with the
applications. (12 hrs.)

Professional
Skill 30 Hrs.;
Professional
Knowledge
12 Hrs.

Identify different
loT Applications
with loT
architecture.
(MAPPED NOS:
SSC/N9462)
Identify, test and
interconnect

components/parts

of loT system.
(MAPPED NOS:
SSC/N9446)

90 Connectand test Arduino board to
computer and execute sample
programs from the example list.
(O4hrs.)

91 Upload computer code to the
physical board (Microcontroller) to
blink a simple LED. (02hrs.)

92 Write and upload computer code
to the physical Arduino board Micro
controller to sound buzzer. (02hrs.)

93 Circuit and program to Interface
light sensor — LDR with arduino to
switch ON/OFF LED based on light
intensity. (03hrs.)

94 Set up & test circuit to interface
potentiometer with Arduino board
and map to digital values for e.g.
0-1023. (03hrs.)

95 Interface Pushbuttons or switches;
connect two points in a circuit while
pressing them. This turns on the
built-in LED on pin 13 in Arduino,
while pressing the button. (03hrs.)

96 Rig up the Circuit and upload a
program to Control a relay and
switch on/off LED light using
Arduino. (02hrs.)

97 Make Circuit and upload a
program to Interface of LCD
display with a microcontroller to
display characters. (03hrs.)

98 Rig up the circuit and upload a
program to interface temperature
sensor — LM35 36 IoT Technician
(Smart City) with a controller to
display temperature on the LCD.
(02hrs.)

99 Set up Circuit and upload
program to Interface DC motor
(actuator) with microcontroller to
control on/off/forward/re verse
operations. (03hrs.)

100 Rig up Circuit and upload
program micro-controller to
switch on/off two lights using
relay. (03hrs.)

Arduino development board, Pin
diagram, Functional diagram,
Hardware familiarization and
operating instructions.

Integrated development Environ-
ment, Running Programs on IDE,
simple Programming concepts.(10
Hours) (06 hrs.)

(xv)







IT & ITES

Related Theory for Exercise 1.1.01

loT Technician (Smart Healthcare) - Trade and Orientation

Familiarization of the Industrial Training Institute

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

* identify the staff structure of the institute

« list the available trades in the institute and their functions

* describe the ITI training system in India.

Industrial Training Institutes (ITI) plays a vital role in the
economic developmentofthe country, especiallyinterms
of providing skilled manpower requirements by training
competent, quality craftsmen.

The Directorate General of Training (DGT) comes under
the Ministry of Skill Development and Entrepreneurship
(MSDE) offers a range of vocational training under
engineeringand non engineering trades affiliated with the
National Council for Vocational Training (NCVT)NewDelhi.
NCVT isthe Govtof India body responsible forframing the
polices, approving the syllabus for Craftsman Training
System (CTS), carrying out the All India Trade Test and
issuing the National Trade Certificates (NTC) to the
successful candidates.

InIndiathere are about2293 Govt. ITIsand 10872 Private
ITls. (Based onthe Govt.of India, Ministry of Labour Annual
reportof 2016-2017). The Govt. ITIsineach state functioning
under the Directorate of Employment and Training Dept
(DET) under the state Govts.

The head of the ITl is the Principal, under whom there is
one Vice-Principal, Group Instructor/ Training officer/
A.T.O and a number of trade instructors as shown in the
Organisation chartof ITI.

There are133 trades selected for vocational training and
261 trades identified for Apprentice training, according to
the requirementof industrial needs and the duration of the
training is from 1 year to 2 years.

At present the Electronic Mechanic trade has been
included under National Skill Qualification Frame work
(NSQF) with level - 5 competency. The trainees are
advised to make a list of othe trades available in their ITI,
the type oftraining and the scope of these trades in getting
self employment or job opportunity in the rural and urban
areas and also identify the location of the ITI, nearby
hospital, fire station and police station ect.

Fig 1

FAMILIARIZATION CHART OF ITI
PRINCIPAL/SUPERINTENDENT

VICE PRINCIPAL

TRAINING AND
PLACEMENT OFFICER

| |

GROUP INSTRUCTOR
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IT & ITES

Related Theory for Exercise 1.1.02

loT Technician (Smart Healthcare) - Trade and Orientation

Importance of safety and precautions to be taken in the industry/ shop floor

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

« state the importance of safety and safety signs

« state the personal safety precautions to be observed

* list out the safety precautions to be observed while working on the machines.

Importance of safety

Generally accidents do not happen; they are caused.
Most accidents are avoidable. A Good craftsman, having
a knowledge of various safety precautions, can avoid
accidents to himself and to his fellow workers and protect
the equipment from any damage. To achieve this, it is
essential thatevery person should follow safety procedure.

(Fig1)

Fig 1
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Safety in a workshop can be broadly classified into
categories.

* Generalsafety

* Personalsafety

* Machine safety

General safety

Keep the floor and gangways clean and clear.
Move with care in the worksop, do not run.
Don’t leave the machine which is in motion.

Don’t touch or handle any equipment/ machine unless
authorised to do so.

Don’twalk under suspended loads.

Don’t cut practical jokes while on work.

Use the correct tools for the job.

Keep the tools at their proper place.

Wipe out split oil immediately.

Replace worn out or damaged tools immediately.

Never direct compressed air at yourself or at your co-
worker.

Ensure adequate light in the workshop.

Clean the machine only when it is not in motion.
Sweep away the metal cuttings.

Know everything about the machine before you start it.
Personal safety

Wear a one piece overall or boiler suit.

Keep the overall buttons fastened.

Don’t use ties and scarves.

Roll up the sleeves tightly above the elbow.

Wear safety shoes or boots or chain.

Cut the hair short.

Don’t wear a ring, watch or chain.

Never lean on the machine.

Don’t clean hands in the coolant fluid.

Don’t remove guards when the machine is in motion.
Don’t use cracked or chipped tools.

Don’s start the machine until

« the workpiece is securely mounted

» the feed machinery is in the neutral

» thework areais clear.

Don’t adjust clamps or holdig devices while the machine
is in motion.

Never touch the electrical equipment with wet hands.
Don’t use any faulty electrical equipment.

Ensure that electrical connections are made by an
authorised electrician only.

Concentrate on your work.



Have a calm attitude.
Do things in a methodical way.

Don’t engage yourself in conversation with others while
concentrating on your job.

Don’t distract the attention of others.
Don't try to stop a running machine with hands.
Machine safety

Switch off the machine immediately if something goes
wrong.

Keep the machine clean.

Replace any worn out or damaged accessories, holding
devices, nuts, bolts, etc., as soon as possible.

Do not attempt operating the machine until you know how
to operate it properly.

Do notadjusttool or the workpiece unless the power is off.
Stop the machine before changing the speed.
Disengage the automatic feeds before switching off.
Check the oil level before starting the machine.

Never start a machine unless all the safety guards are in
position.

Take measurements only after stopping the machine.

Use wooden planks over the bed while loading and
unloading heavyjobs.

Safety is a concept, understand it.

Safety is a habit, cultivate it.

Safety Sign Boards

Signboards are acommon sightin almost all places such
as roadways, railways, hospitals, offices, instituition,
industrial units and so on.

Signboards are visual indicators. The signs on the
signboards may be just a symbol, a small text, a figure or
a combination of these.

Signboards carry asingle clearmessage. These messages
are to ensure safety.

Sigboards can be classified into four basic categories.
a Prohibitionsigns

Indicating a behaviour which is prohibited (not allowed)in
that situation or environment. Referto chart 1 forexamples.

b Mandatorysigns

Indicating a behaviour which is a must, which when not
obeyed may cause accidents. Referto chart 1 forexamples.

¢ Warningsigns

Indicating a warning such tht suitable precatution is taken.
Refer to chart 1 for examples.

d Informationsigns

Givinginformation which is very usefuland reduces waste
of time. Refer to chart 1 for examples.

Chart 1
a Prohibitionsigns
Shape Circular.
Colour Red borderand crossbar.
Black symbol on white
background.
Meaning Shows what must not be
done.
Example No smoking and naked
flames
b Mandatory signs
@ @ @ @ Shape Circular.
= e el — Colour White symbol on blue
PROTECTION PROTECTION PROTECTION PROTECTION baCkg round.
Meaning Shows what must not be
Mvereeél Example Wear hand protection.
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¢ Warningsigns

Y 4

o)

Shape Triangular.
RISK OF FIRE RISK OF ELECTRIC  TOXIC HAZARD Colour Yellow background with
SHOCK black border and symbols.
Meaning Warns of hazard or danger.
‘0‘ * Example Caution, risk of electric
a
shock.
CORROSIVE RISK OF IONIZING LASER BEAM
SUBSTANCES RADIATION
RISK OF OVERHEAD GENERAL WARNING
EXPLOSION (FIXED) HAZARD RISK OF DANGER
OVERHEAD LOAD FRAGILE ROOF FORK LIFT TRUCK
WARNING SIGNS
d Informationsigns

Shape Square oroblong

Colour White symbols on green
background.

Meaning Indicates orgives
information of safety
provision/Firstaid

FIRST ADKIT Example Caution, risk of electric

shock.
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IT & ITES

Related Theory for Exercise 1.1.03

loT Technician (Smart Healthcare) - Trade and Orientation

Occupational health, safety & PPE

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

* what is occupational safety and health

* explain how to maintain health and safety in workplace

* state regulation and legislations.

What is Occupational Health and Safety?

Occupational health and safety (OHS) relates to health,
safety and welfare issues in the workplace. OHS includes
the laws, standards and programs that are aimed at making
the workplace better for workers, along with co-workers,
family members, customers, and other stakeholders.

The purpose of Occupational Health and Safe:

The goal of an occupational safety and health program is
to foster a safe and healthy occupational environment.
OSH also protects all the general public who may be
affected by the occupational environment.

What are the examples of Occupational Health and
Safety?

Occupational Health and Safety Tips
* BeAware.

* Maintain Correct Posture.

» Take Breaks Regularly.

» Use Equipment Properly.

* Locate Emergency Exits.

* Report Safety Concerns.

» Practice Effective Housekeeping.

* Make Use of Mechanical Aids.

How do you maintain health and safety in the
workplace?

Maintaining Your Health and Safety in the Workplace
+ Correct Your Posture.

» Be Aware of Your Surroundings.

» Take Regular Breaks.

* Report Unsafe Conditions.

* Wear the Correct Safety Equipment.

* Reduce Workplace Stress.

The legislation for labour welfare, known as the Factories
Act, 1948, was enacted with the prime objective of
protecting workmen employed in factories against industrial
and occupational hazards. The Act provides for the health,
safety, welfare and other aspects of OHS for workers in
factories. What are occupational health and safety
regulations?

OHS is particularly relevant to employees and volunteers.
The purpose of the Work Health and Safety laws (WHS
laws) are to protect the health, safety and welfare of
employees, volunteers and other persons who are at, or
come in to contact with a workplace.

Which one is legislation in the-area of occupational safety
and health?

The 13 Acts are: Factories Act, 1948; Mines Act, 1952;
Dock Workers (Safety, Health and Welfare) Act, 1986;
Building and Other Construction Workers (Regulation of
Employment and Conditions of Service) Act, 1996;
Plantations Labour Act, 1951; Contract Labour (Regulation
and Abolition) Act, 1970; Inter-State Migrant ...

What is the main legislation for health and safety?

The Health and Safety at Work Act 1974 states employers
are responsible for protecting the safety of their employees
at work, by preventing potential dangers in the workplace.
It places general duties on employers to ensure the health,
safety and welfare of all persons while at work.

What are four of the aims of health and safety
legislation?

secure the health, safety and welfare of employees and
other people at work; protect the public from the health
and safety risks of business activities; eliminate workplace
risks at the source; and.

What are legislation and regulations?

1 Legislation is a directive proposed by a legislative body
while a regulation is a specific requirement within
legislation.

2 Legislation is broader and more general while regulation
is specific and details how legislation is enforced.

The difference between legislation and regulation is that
legislation is the act or process of making certain laws
while regulation is maintaining the law or set of rules that
govern the people. Itis a government-driven or ministerial
order having the force of law.

Why are regulations and legislations important?

Legislation makes a positive contribution to employee
relationships and increases employees' sense of fairness
and trust in their employer. Ultimately it can also have a
positive impact in supporting strategic HR and business
goals.



Personal Protective Equipment (PPE)

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

* state the personal protective equipment and its purpose
¢ list the most common type of personal protective equipment
* list the conditions for selection of personal protective equipment.

Personal protective equipment (PPE)

Devices, equipments, or clothing used or worn by the
employees, as a last resort, to protect against hazards in
the workplace. The primary approach in any safety effort
is that the hazard to the workmen should be eliminated or
controlled by engineering methods rather than protecting
the workmen through the use of personal protective
equipment (PPE). Engineering methods could include
design change, substitution, ventilation, mechanical
handling, automation, etc. In situations where it is not
possible to introduce any effective engineering methods
for controlling hazards, the workman shall use appropriate
types of PPE.

As changing times have modernized the workplace,
government and advocacy groups have brought more safety
standards to all sorts of work environments. The Factories
Act, 1948 and several other labour legislations 1996 have
provisions for effective use of appropriate types of PPE.
Use of PPE is an important.

Ways to ensure workplace safety and use personal
protective equipment (PPE) effectively.

»  Workers to get up-to-date safety information from the
regulatory agencies that oversees workplace safety in
their specific area.

+ Touse all available text resources that may be in work
area and for applicable safety information on how to
use PPE best.

*  When it comes to the most common types of personal
protective equipment, like goggles, gloves or bodysuits,
these items are much less effective if they are not worn
at all times, or whenever a specific danger exists in a
work process. Using PPE consistently will help to avoid
some common kinds of industrial accidents.

» Personal protective gear is not always enough to protect
workers against workplace dangers. Knowing more
about the overall context of your work activity can help
to fully protect from anything that might threaten health
and safety on the job.

» Inspection of gear thoroughly to make sure that it has
the standard of quality and adequately protect the user
should be continuously carried out.

Categories of PPEs

Depending upon the nature of hazard, the PPE is broadly
divided into the following two categories:

1 Non-respiratory: Those used for protection against
injury from outside the body, i.e. for protecting the head,
eye, face, hand, arm, foot, leg and other body parts

2 Respiratory: Those used for protection from harm due
to inhalation of contaminated air.

They are to meet the applicable BIS (Bureau of Indian
Standards) standards for different types of PPE.

The guidelines on 'Personal Protective Equipment' is issued
to facilitate the plant management in maintaining an
effective programme with respect to protection of persons
against hazards, which cannot be eliminated or controlled
by engineering methods listed in table1.

Table1
No. Title
PPE1 Helmet
PPE2 Safety footwear
PPE3 Respiratory protective
equipment
PPE4 Arms and hands protection
PPES5 Eyes and face protection
PPEG6 Protective clothing and cover
all
PPE7 Ears protection
PPES8 Safety belt and harnesses

Personal protective equipments and their uses and hazards are as follows

2 Falling objects
3 Working wet area

Types of protection Hazards PPE to be used
Head Protection (Fig 1) 1 Falling objects Helmets

2 Striking against objects

3 Spatter
Foot protection (Fig 2) 1 Hot spatter Leatherleg guards

Safety shoes
Gum boots
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Nose mask

Hand gloves

Goggles

Face shield
Hand shield
Head shield

Face shield

Head shield with or
without ear muff
Helmets with welders
screen for welders

Ear plug
Ear muff

Leather aprons

RESPIRATOR PAD TO PREVENT
INHALATION OF TOXIC FUMES

ADJUSTABLE HOOD
CONNECTED TO
EXHAUST DUCTING

ION110313

Nose (Fig 3) 1 Dust particles
2 Fumes/ gases/ vapours
Hand protecion (Fig 4) 1 Heat burn due to direct contact
2 Blows sparks moderate heat
3 Electric shock
Eye protection (Fig 5, Fig 6) 1 Flying dust particles
2 UVrays, IR rays heat and
High amount of visible radiation
Face Protection (Fig6, Fig7) | 1 Spark generated during welding,
grinding
2 Welding spatter striking
3 Face protection from UV rays
Ear protection (Fig 7) 1 High noise level
Body protection (Fig 8, Fig 9) 1 Hot particles
Fig 1 Fig 3
HELMET
Fig 2 STEEL TOE CAP
HIGH SLIP, OIL RESISTANT
AND ELECTRIC SHOCK PROOF SOLE X
STEEL INNER SOLE Fig 4
INDUSTRIAL SAFETY SHOE
STOUT LEATHER PREVENTS
INJURY TO THE ANCHILIES TENDON
INDUSTRIAL SAFETY BOOT g

GLOVES

ION110314
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Fig 5

ION110315

Fig 6
&

HAND SCREEN %

Fig7

\
<]

WELDING HELMET %

Fig 8

APRON

ION110318

Quality of PPE’s

PPE must meet the following criteria with regard to its
quality-provide absolute and full protection against possible
hazard and PPE’s be so designed and manufactured out
of materials that it can withstand the hazards against which
it is intended to be used.

Fig 9

CAP WITH
SLEEVES

HAND GLOVES

APRON

LEG GUARDS

LEG GUARDS

ION110319

Selection of PPE’s requires certain conditions
* Nature and severity of the hazard

» Type of contaminant, its concentration and location of
contaminated area with respect to the source of
respirable air

» Expected activity of workman and duration of work,
comfort of workman when using PPE

» Operating characteristics and limitations of PPE
» Ease of maintenance and cleaning.

» Conformity to Indian/ International standards and
availability of test certificate.

Proper use of PPEs

Having selected the proper type of PPE, it is essential
that the workman wears it. Often the workman avoids
using PPE. The following factors influence the solution to
this problem.

* The extent to which the workman understands the
necessity of using PPE

* The ease and comfort with which PPE can be worn
with least interference in normal work procedures

+ The available economic, social and disciplinary
sanctions which can be used to influence the attitude
of the workman

» The best solution to this problem is to make 'wearing
of PPE' mandatory for every employee.

* Inother places, education and supervision need to be
intensified. When a group of workmen are issued PPE
for the first time.
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IT & ITES

Related Theory for Exercise 1.1.04

loT Technician (Smart Healthcare) - Trade and Orientation

First Aid

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

* state the first aid

« explain the ABC of the first aid

e explain the first-aid treatment for a victim
* state the importance of house keeping

» explain environment, health and occupational safety

* state legislation and regulations.

First aid is defined as the immediate care and support
given to an acutely injured or ill person, primarily to save
life, prevent further deterioration or injury, plan to shift the
victim to safer place, provide best possible comfort and
finally help them to reach the medical centre/ hospital
through all available means. Itis an immediate life-saving
procedure using all resources available within reach.

Imparting knowledge and skill through institutional teaching
at younger age group in schools, colleges, entry point at
industry level is now given much importance. Inculcating
such habits at early age, helps to build good healthcare
habits among people.

First aid procedure often consists of simple and basic life
saving techniques that an individual performs with proper
training and knowledge.

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 them in 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 inunconscious
patients, which is choking on regurgitated stomach
contents. The airway can also become blocked through
a foreign object becoming lodged in the pharynx or
larynx, commonly called choking. The first aider will
be taught to deal with this through a combination of
'back slaps' and 'abdominal thrusts'. Once the airway
has been opened, the first aider would assess to see if
the patient is breathing.

* Prevent further harm: Also sometimes called prevent
the condition from worsening, or danger of further injury,
this covers both external factors, such as moving a
patient away from any cause of harm, and applying
first aid techniques to prevent worsening of the condition,
such as applying pressure to stop a bleed becoming
dangerous.

* 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
a small 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. This is especially true
where it relates to potentially fatal illnesses and injuries,
such as those that require cardiopulmonary resuscitation
(CPR); these procedures may be invasive, and carry a
risk of further injury to the patient and the provider. As with
any training, it is more useful if it occurs before an actual
emergency, and in many countries, emergency ambulance
dispatchers may give basic first aid instructions over the
phone while the ambulance is on the way. Training is
generally provided by attending a course, typically leading
to certification. Due to regular changes in procedures and
protocols, based on updated clinical knowledge, and to
maintain skill, attendance at regular refresher courses or
re-certification is often necessary. First aid training is often
available through community organization such as the Red
cross and St. John ambulance.

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.

When providing first aid one needs to follow some rule.
There are certain basic norms in teaching and training
students in the approach and administration of first aid to
sick and injured.

Not to get panic

Panic is one emotion that can make the situation more
worse. People often make mistake because they get panic.
Panic clouds thinking may cause mistakes. First aider
need calm and collective approach. If the first aider himself
is in a state of fear and panic gross mistakes may result.
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It's far easier to help the suffering, when they know what
they are doing, even if unprepared to encounter a situation.
Emotional approach and response always lead to wrong
doing and may lead one to do wrong procedures. Hence
be calm and focus on the given institution. Quick and
confident approach can lessen the effect of injury.

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. In other
words, one need to make sure that they are safe and are
not in any danger as it would be of no help that the first
aider himself get injured.

Do no harm

Most often over enthusiastically practiced first aid viz.
administering water when the victim is unconscious,
wiping clotted blood (which acts as plug to reduce
bleeding), correcting fractures, mishandling injured parts
etc., would leads to more complication. Patients often
die due to wrong FIRST AID methods, who may otherwise
easily survive. Do not move the injured person unless
the situation demands. Itis best to make him lie wherever
he is because if the patient has back, head or neck injury,
moving him would causes more harm.

This does not mean do nothing. It means to make sure
that to do something the care gives feel confident through
training would make matters safe. If the first aider is not
confident of correct handling it is better not to intervene
of doing it. Hence moving a trauma victim, especially an
unconscious one, needs very careful assessment.
Removal of an embedded objects (Like a knife, nail) from
the wound may precipitate more harm (e.g. increased
bleeding). Always it is better to call for help.

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 in time. The risk of dying from these
conditions, is greatest in the first 30 minutes, often
instantly. This period is referred to as Golden period. By
the time the patient reach the hospital, they would have
passed that critical period. First aid care come handy to
save lives. It helps to get to the nearest emergency room
as quickly as possible through safe handling and
transportation. The shorter that time, the more likely the
best treatment applied.

Maintain the hygiene

Most important, the first aider need to wash hands and
dry before giving any first aid treatment to the patient or
wear gloves in order to prevent infection.

Cleaning and dressing

Always clean the wound thoroughly before applying the
bandage gently wash the wound with clean water.

Not to use local medications on cuts or open wounds

They are more irritating to tissue than it is helpful. Simple
dry cleaning or with water and some kind of bandage are
best.

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. However, if one is not
trained in CPR, do not attempt as you can cause further
injury. But some people do it wrong. This is a difficult
procedure to do in a crowded area. Also there are many
studies to suggest that no survival advantage when
bystanders deliver breaths to victims compared to when
they only do chest compressions. Second, itis very difficult
to carry right maneuver in wrong places. But CPR, if
carefully done by highly skilled first aiders is a bridge that
keeps vital organs oxygenated until medical team arrives.

Declaring death

Itis not correct to declare the victim's death at the accident
site. It has to be done by qualified medical doctors.

How to report an emergency?

Reporting an emergency is one of those things that seems
simple enough, until actually when put to use in emergency
situations. A sense of shock prevail at the accident sites.
Large crowd gather around only with inquisitive nature,
but not to extend helping hands to the victims. This is
common in road side injuries. No passer-by would like to
get involved to assist the victims. Hence first aid
management is often very difficult to attend to the injured
persons. The first aiders need to adapt multi-task strategy
to control the crowd around, communicate

to the rescue team, call ambulance etc., all to be done
simultaneously. The mobile phones helps to a greater
extent for such emergencies. Few guidelines are given
below to approach the problems.

Assess the urgency of the situation. Before you report an
emergency, make sure the situation is genuinely urgent.
Call for emergency services if you believe that a situation
is life-threatening or otherwise extremely critical.

* Acrime, especially one that is currently in progress. If
you're reporting a crime, give a physical description of
the person committing the crime.

» Afire - If you're reporting a fire, describe how the fire
started and where exactly it is located. If someone
has already been injured or is missing, report that as
well.
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+ Alife-threatening medical emergency, explain how the
incident occurred and what symptoms the person
currently displays.

» Acarcrash - Location, serious nature of injures, vehicle's
details and registration, number of people involved etc.

Call emergency number

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 number

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

Describe the nature of the emergency

Speak in a calm, clear voice and tell the dispatcher why
you are calling. Give the most important details first, then
answer the dispatcher's follow-up question as best as you
can.

Do not hang up the phone until you are instructed to do
so. Then follow the instructions you were given.

How to do basic first aid?

Basic first aid refers to the initial process of assessing
and addressing the needs of someone who has been injured
or is in physiological distress due to choking, a heart
attack, allergic reactions, drugs or other medical
emergencies. Basic first aid allows one to quickly
determine a person's physical condition and the correct
course of treatment.

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.

» Airway - Does the person have an unobstructed airway?
» Breathing - Is the person breathing?

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

Avoid moving the victim

Avoid moving the victim unless they are immediate danger.
Moving a victim will often make injuries worse, especially
in the case of spinal cord injuries.

Call emergency services

Call for help or tell 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.

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.

* Open the airway by lifting the chin.
Look, listen and feel for signs of breathing

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

If the victim is not breathing, see the section below

+ If the victim is breathing, but unconscious, roll them
onto their side, keeping the head and neck aligned
with the body. This will help drain the mouth and prevent
the tongue or vomit from blocking the airway.

Check the victim's circulation

Look at the victim's colour and check their pulse (the
carotid artery is a good option; it is located on either side
of the neck, below the jaw bone). If the victim does not
have a pulse, start CPR.

Treat bleeding, shock and other problems as needed

After establishing that the victim is breathing and has a
pulse, next priority should be to control any bleeding.
Particularly in the case of trauma, preventing shock is the
priority.

+ Stop bleeding: Control of bleeding is one of the most
important things to save a trauma victim. Use direct
pressure on a wound before trying any other method of
managing bleeding.

» Treat shock: Shock may causes loss of blood flow
from the body, frequently follows physical and
occasionally psychological trauma. A person in shock
will frequently have ice cold skin, be agitated or have
an altered mental status, and have pale colour to the
skin around the face and lips. Untreated, shock can
be fatal. Anyone who has suffered a severe injury or
life-threatening situation is at risk for shock.

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

» Treat a burn: Treat first and second degree burns by
immersing or flushing with cool water. Don't use creams,
butter or other ointments, and do not pop blisters. Third
degree burns should be covered with a damp cloth.
Remove clothing and jewellery from the burn, but do
not try to remove charred clothing that is stuck to burns.
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» Treat a concussion: If the victim has suffered a blow
to the head, look for signs of concussion. Common
symptoms are: loss of consciousness following the
injury, disorientation or memory impairment, vertigo,
nausea, and lethargy.

* Treat a spinal injury victim: If a spinal injury is
suspected, it is especially critical, not move the victim's
head, neck or back unless they are in immediate
danger.

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.

The condition arises due to interruption of normal brain
activity. The causes are too many.

The following symptoms may occur after a person has
been unconscious:

«  Confusion
*  Drowsiness
» Headache

+ Inability to speak or move parts of his or her body (see
stroke symptoms)

» Lightheadedness

» Loss of bowel or bladder control (incontinence)
* Rapid heartbeat (palpitation)

» Stupor

First aid

+ CallEMERGENCY number.

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

+ If 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. If breathing or
pulse stops at any time, roll the person on to his back
and begin CPR.

« Ifthereis 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.

+ Keep the person warm 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.

« If fainting is likely due to low blood sugar, give the
person something sweet to eat or drink when they
become conscious.

Do not
» Do not give any food or drink of an unconscious person
* Do notleave the person alone.

» Do not place a pillow under the head of an unconscious
person.

» Do not slap an unconscious person's face or splash
water on the face and try to revive him.

Loss of consciousness may threaten life if the
person is on his back and the tongue has
dropped to the back of the throat, blocking the
airway. Make certain that the person is
breathing before looking for the cause of
unconsciousness. If the injuries permit, place
the casualty in the recovery position (Fig 2)
with the neck extended. Never give any thing

by mouth to an unconscious casualty.

How to diagnose an unconscious injured person

» Consider alcohol: look for signs of drinking, like empty
bottles or the smell of alcohol.

» Consider epilepsy: are there signs of a violent seizure,
such as saliva around the mouth or a generally
dishevelled scene?

» Thinkinsulin: might the person be suffering from insulin
shock (see 'How to diagnose and treat insulin shock™)?

» Think about drugs: was there an overdose? Or might
the person have under dosed - that is not taken enough
of a prescribed medication?

» Consider trauma: is the person physically injured?

» Look for signs of infection: redness and/ or red streaks
around a wound.

* Look around for signs of Poison: an empty bottle of
pills or a snakebite wound.

» Consider the possibility of psychological trauma: might
the person have a psychological disorder of some sort?

» Consider stroke, particularly for elderly people.
» Treataccording to what you diagnose.
Shock

A severe loss of body fluid will lead to a drop in blood
pressure. Eventually the blood's circulation will deteriorate
and the remaining blood flow will be directed to the vital
organs such as the brain. Blood will therefore be directed
away from the outer area of the body, so the victim will
appear pale and the skin will feel ice cold.

As blood flow slows, so does the amount of oxygen
reaching the brain. The victim may appear to be confused,
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weak, and dizzy and may eventually deteriorate into
unconsciousness. Try to compensate for this lack of
oxygen, the heart and breathing rates both speed up,
gradually becoming weaker, and may eventually cease.

Potential causes of shock include: sever internal or external
bleeding; burns; severe vomiting and diarrohea, especially
in children and the elderly; problems with the heart.

Symptoms of shock

Victims appear pale, ice cold, pulse appear initially faster
and gets slower, breathing becomes shallow. Weakness,
dizziness, confusion continue. If unattended the patient
may become unconscious and die.

Shock kills, so it is vital that you can recognize these
signs and symptoms. With internal bleeding in particular,
shock can occur sometime after an accident, so if a person
with a history of injury starts to display these symptoms
coupled with any of the symptoms of internal bleeding,
advise them to seek urgent medical attention. Or take or
send them to hospital.

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. If you are outside, try to get
something underneath her if you can do easily. Wrap
blankets and coats around her, paying particular
attention to the head, through which much body heat
is lost.

» Air: Maintain careful eye on the victim's airway and be
prepared to turn them into the recovery position if
necessary, or even to resuscitate if breathing stops.
Try to keep back bystanders and loosen tight clothing
to allow maximum air to victim.

* Rest: Keep the 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.

Power Failure

Minor electric shock, fire, or product failure may
occasionally occur. Do not disassemble, modify, or repair
the product or touch the interior of the product.

Minorinjury due to electric shock may occasionally occur.
Do not touch the terminals while power is being supplied.

Minor burns may occasionally occur. Do not touch the
productwhile poweris beinng supplied orimmediately after
power is turned OFF.

Fire may occasionally occur. Tighten the terminal screws
with the specified torque.

Minor electric shock, fire, or product failure may occasionally
occur. Do not allow any pieces of metal or conductors or
any clippings or cuttings resulting from installation work to
enter the product.

Precautions for Safe Use
Input Voltage

Use a commercial power supply for the power supply
voltage input to models with AC inputs.

Inverters with an output frequency of 50/60 Hz are available,
buttheriseinthe internal temperature of the power supply
may result in ignition or burning. Do not use an inverter
outpur for the power supply of the product.

Grounding

Connect the ground completely. Electric shock occur if te
the ground is not connected completely.

Operating Environment

Use each product within the rated range for ambient
operating temperature, ambient operating humidity, and
storage temperature specified for that product.

Use the power supply within the ranges specifed for
vibration and shock reistance.

Do not use the power supply in locations subjects to
excessive amount of dustor where liquids, foreign matter,
or corrosive gases may enter the interior of the product.

Install the power supply well away from devices that
produce strong, high-frequency noise and surge.

Do not use the power supply in locations subject to direct
sunlight.

Mounting

The installation screws can be tightened into the power
supply only to a limited depth. Make sure that the lengths
of the screws protruding into the power supply are within
the specified dimensions.

Wiring
Use caution when connecting the input cable to the power
supply.

The power supply unit may be destroyed if the input cable
is connected to the wrong terminals. Use caution when
using a model with a DC input. The power supply unitmay
be destroyed if the polarity is reversed.

Do not apply more than 75-N force to the terminal block
when tightening the terminals.

Wiring materials

Use a wire size that suits the rated ouput current of the
power supply to be used in order to prevent smoking or
ignition caused by abnormal loads.

Caution is particularly required if the output current from
one power supply is distributed to multiple loads. If thin
wiring is used to branch wiring, the power supply’s overload
protection circuit may fail to operate depending on factors
such as the impedence of the load wiring even the load is
short-circuited.

Therefore insertion of a fuse in the line or other protective
measures must be considered.
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Precautions against ingress of metal fragments
(Fillings)

Drilling on the upper section of an installed power supply
may cause drilling fragments to fall onto the PCB, thereby
short-circuiting and destroying the internal circuits. Whether
the power supply coveris attached or not, cover the power
supply with a sheet to preventingress of fragments when
performing work on the upper sector of the power supply.

Be sure toremove the sheet covering the power supply for
machining before power-ON so that it does not interface
with heat dissipation.

Load

Internal parts may possibly deteriorate orbe damagedifa
short-circuited or over current state continues during
operation.

Charging a battery

When connection a battery at the load, connect an
overcurrentlimiting circuitand overvoltage protection circuit.

Output and Ground connections

The power supply output is a floating output (i.e., the
primary side and secondary side are separated). so the
output line (i.e., +V or -V) can be connected externally
directly to a ground. Though the ground, however, the
insulation between the primary side and secondary side
will be lost. Confirm that no loops are created in which the
power supply outputis short-circuited through the internal
circuits of the load.

Example: When the +V side of the power supply is
connecteddirectly toaground and aloadis used for which
the internal 0-V line uses the same ground.

Fire safety
Prepare before a fire:

Always familiarize yourselfto “where you are” and be sure
to know how to reach the two nearest exits.

Rememberthatin afire situation, smoke is blinding and will
bank downinthe rooms and hallways. This condition may
force you to crouch or crawl to escape to safety. By always
being aware of your surroundings, your knowledge of the
nearest exits and having a plan will greatly increase your
ability to deal with sudden

If you are notified of, or discover a fire:
* Move quickly to the nearest accessible exit.
* Notify, and assist others to evacuate along the way.

 Ifthe building fire alarm is not yet sounding, manually
activate the alarm pull station located near the exit.

» Exitthe buildingand proceed to the “ Area of gathering”

Evacuation procedures for persons with mobility
issues:

Inthe event of an actual emergency incident, persons with
mobility issues or who are unable to safely self-evacuate
should follow this procedure:

* Relocate toan entryto an evacuation stairwell, marked
by a red exit sign.

+ Wait near the enclosed exit stairwell if there is no
smoke or other threats to your safety. Most fire alarm
activations are brief, allowing occupants to return
within a few minutes.

If smoke, fire, or other threat is imminent, move into the
stairwell:

« After the stairwell crowd has passed below your floor
level, enter the stairwell with assistant(s) and wait on
the stair landing. Make sure that the door is securely
closed.

Housekeeping and cleanliness at workplace

Housekeeping and cleanliness atthe workplace are closely
linked to the industrial safety. the degree, to which these
activities are effectively managed, is an indicator of the
safety culture of the organization. House keeping and
cleanliness notonly make the organization a safer place to
work in but also provide a big boost to the image of the
organization. These activities also (i) improve efficiency
and productivity, (ii) helps in maintaining good control over
the processes, and (iii) assist in maintaining the quality of
the product. These importantaspects of housekeeping and
cleanliness are furnished below.

_! Safe place to work

—— Boost to the organizational image

Improve efficiency and productivity

__Help in good control over the processes

| Assist in maintaining product quality

Housekeeping and cleanliness

There are several signs which reflect poor housekeeping
and cleanliness atthe workplace in the organization. Some
of these signs are (i) cluttered and poorly arranged work
areas, (ii) untidy or dangerous storage of materials (such
as materials stuffed in corners and overcrowded shelves
etc.), (i) dusty and dirty floors and work surfaces, (iv)items
lying on the shop floor which are in excess or no longer
needed, (v) blocked or cluttered aisels and exits, (vi) tools
and equipmentleftin work areas instead of being returned
to proper storage places, (vii) broken containers and
damaged materials, (viii) overflowing waste bins and
containers, and (ix) spills and leaks etc.

Housekeepingand cleanlinessis crucial to a safe workplace.
It can help prevent injuries and improve productivity and
morale, as well as make a good imprint on the people
visiting the workplace.
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IT & ITES

Related Theory for Exercise 1.1.05

loT Technician (Smart Healthcare) - Trade and Orientation

Fire extinguishers

Objectives: At the end of this lesson you shall be able to
* state the effects of a fire break out

« state the conditions required for combustion relevant to fire prevention
* state the general precautionary measures to be taken for fire prevention
» determine the correct type of fire extinguisher required for a particular function

 state environment, health and safety.

Fire

Fire is nothing but burning of a combustible material. For
combustion the three main requirements are shown in

(Fig1).

Fig 1

FUEL

ION110511

Fuel

Fuel can be any combustible substance in the form of a
solid, liquid orgas. Examples; wood, paper, petrol, kerosene,
LPG etc., The fuel will catch fire and burn provided a high
enoughtemperature(heat)is broughtaboutand a continuous
supply of oxygenis given. Itisimportantto note that without
fuel, combustion cannot take place.

Heat

Fuels will begin to burn ata certain temperature. Different
types of fuels need differenttemperatures to catch fire and
burn. For example, wood needs a higher temperature to
catch fire and burn than paper. Petrol needs much lesser
temperature to catch fire and burn than paper. Generally
liquid fuels give off vapour when heated. It is this vapour
which ignites. Some liquids such as petrol do not have to
be heated as they give off vapour at room temperature
(15°C-25°C)itself. Itisimportant to note that without heat,
fuel cannot getignited(catch fire) and hence combustion
cannot take place.

Oxygen

Oxygen exists in air. The amount of oxygen in air is
sufficient to continue the combustion once it occurs.
Hence to keep a fire burning, oxygen is a must. It is
importantto note thatwithout oxygen, combustion cannot
continue to take place.

Controlled and uncontrolled fire

Fire is a boon to mankind. Without fire, there would not be
cooked food or hot water for bath as and when we want it.
At the same time if the fire does not get constrained to a
place of requirement, fire can become a bane(curse) to
mankind. An uncontrolled fire can cause such a disaster

which not only leads to destruction of material but also
endangerthe life of persons. Hence, the lesson one must
never forget is, keep the fire under control. Every effort
mustbe made to preventuncontrolled fire. Whenthereis
a fire outbreak, it must be controlled and extinguished
immediately without any delay.

Preventing fire

The majority of fires begin with small outbreaks. If this is
not noticed, fire goes out of control and will be on its way
of destruction. Hence, most fires could be prevented if
suitable care is taken by following some simple common
sense rules as given below.

* Donotaccumulate combustible refuse such as cotton
waste, waste or cloth soaked with oil, scrap wood,
paper, etc. in odd corners. These refuse should be in
their collection bins or points.

« Do not misuse or neglect electrical equipments or
electrical wiring as this may cause electrical fire.
Loose connections, low rated fuses, overloaded circuits
causes over heating which may in turn lead to fire.
Damaged insulation between conductors in cables
cause electrical short circuit and cause fire.

+ Keep away clothing and other materials which might
catch fire from heating appliances. Make sure the
solderingiron is disconnected from power supply and
is kept safe in its stand at the end of the working day.

+ Store highly flammable liquids and petroleum mixtures
suchasthinner, adhesive solutions, solvents, kerosene,
spirit, LPG gas etc. in the storage area exclusively
meant for storage of flammable materials.

* Turn offblowlamps andtorches whenthey are notinuse.
Controlling and Extinguishing fire

Isolating or removing any of three factors illustrated in
(Fig 1), will control and extinguish fire. There are three
basic ways of achieving this.

1 Starving the fire of fuel

To remove the fuel which is burning or cut further
supply of fuel to the fire.

2 Smothering

To stop the supply of oxygen to the fire by blanketing
the fire with foam, sand etc.
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3 Cooling By any one of the above three methods, fire can be first

Toreduce the temperature of the fire by spraying water controlled and then extinguished.

and thus cooling the fire.

For the purpose of determining the best method of extinguishing different types of fires, fires are classified
under four main classes based on the type of fuel as given in Table 1.

TABLE 1
Classification of Fire Fuel involved Precautions and extinguishing
Class A Fire Wood, paper cloth etc. Most effective method is cooling with water.
Solid materials Jets of water should be sprayed on the base

Class B Fire Flammable liquids & Should be smothered. The aim is to cover
liquefiable solids the entire surface of the burning liquid. This
has the effect of cutting off the supply of
oxygen to the fire.

Water should never be used on burning
liquids.

Foam, dry powder or CO, may be used
on this type of fire.

Class C Fire Extreme caution is necessary in dealing
withliquefied gases. There is a risk of
explosion and sudden outbreak of fire in the
entire vicinity. If an appliance fed from a
cylinder catches fire -shut off the supply of
gas. The safest course is to raise an alarm
and leave the fire to be dealt with by trained

personnel.

Dry powdered extinguishers are used on
this type of fire.

LIQUEFIED GAS

Class D Fire Involvingmetals The standard range of fire extinguishing
agentsisinadequate or dangerous when
dealing with metal fires.

Fire in electrical equipment:

Carbon -di-oxide, 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
at all.

METALS
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Fire extinguishers

Different fire extinguishing agents should be used for
different types of fires as listed in Table 1. Using a wrong
type of extinguishing agent can make things worse.

A fire extinguishing agent is the material or substance
usedto putoutthefire. These extinguishing materials are
usually (butnotalways) containedin a container called the
‘fire extinguisher’ with a mechanism for spraying into the
firewhen needed.

Thereis noclassification for electrical fires as these are
only fires in materials where electricity is present. To
control electrical fire in a building the electrical supply
should be cut off first.

Types of fire extinguishers

Many types offire extinguishers are available with different
extinguishing agents to deal with different classes of
fires as shown in (Fig 2). Always check the operating

instructions on the extinguisher before use.
CTC

In water-filled extinguishers, as shownin (Fig 3), there are
two types based on the method of operating the
extinguisher.

Fig 2

n0p 07

WATER FOAM FIRE POWDER Cco,
BLANKET

ION110512

i Water-filled extinguishers

a Cartridgetype

b Stored pressure type

Fig 3
PRESSURE
GAUGE

ION110513

GAS CATRIDGE TYPE STORED PRESSURE TYPE

In both the methods of operation, the discharge can be
interrupted as required. This is to conserve the contact
area and to prevent unnecessary damage to the material
due to water.

ii Foam extinguishers

These may be stored pressure or gas cartridge types as
shown in (Fig 4).

Most suitable for:
» flammable liquidfires

* runningliquidfires.

Not to be used in fires where electrical equipment is
involved.

Fig 4

ION110514

iii Dry powder extinguishers

Extinguishers fitted with dry powder may be of the gas
cartridge or stored pressure type as shown in Fig 5.
Appearance and the method of operation is the same as
that of water-filled one. The main distinguishing feature is
the fork-shaped nozzle. Powders have been specially
developed to deal with Class D fires.

Fig 5

ION110515

iv Carbon-di-oxide (CO,)

This type is easily distinguished by the distinctively
shaped discharge horn as shown in Fig 6. These
extinguishers are suitable for fires on flammable liquids
and liquefiable solids. Best suited where contamination
by deposits mustbe avoided. Notgenerally effective inthe
open air.

Fig 6

ION110516

v Halon Extinguishers (Fig7)

Carbontetrachloride(CTC) and Bromochlorodifluoro
methane (BCF). They may be either gas cartridge or non-
conductive.

The fumes given off by these extinguishers are
dangerous especially in confined space.
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Fig 7

ION110517

General procedure to be adopted in the event of a
fire

1 Raise aloud alarm by using any of the following.

Adoptany one method of giving an alarm signal for fire
breaking in your institute/ workshop.

* Raising yourvoice and shouting Fire! Fire! Fire! ....
to call the attention of others.

* Running towards the fire shouting Fire! Fire! and
actuate fire alarm/bell/siren. This alarm/bell/siren
to be actuated only in case of fire.

* Any other means by which the attention of others
can be called and are made to understand there is
a fire break out.

2 On receipt of the fire alarm signal, do the following:
« stop the normal work you are doing.

e turn OFF the power for all machinery and
equipments.

+ switch OFF fans/air circulators/exhaust fans.
» switch OFF the mains if accessible.
3 Ifyou are notinvolved in fire fighting team, then,
» evacuate the working premises.
* closethe doorsandwindows, butdo notlock orbolt.

+ assemble at a safe open place along with the
others.

 ifyouareinthe room/place where thefire has broken
out, leave the place calmly through the emergency
exit.

4 Ifyou are involved in the fire fighting team,

+ takeinstructions/give instructions foran organized
way of fighting the fire.

If you are taking instructions,

+ follow the instructions systematically. Do not be
panic. Donotgettrappedinfire orsmokeinahurry.

If you are giving instructions,

+ assess the class of fire (class A,B,C or D).

18 IT & ITES : 1oT Technician (Smart Healthcare)

» send for sufficient assistance and fire brigade.

* judge the magnitude of the fire. Locate locally
available suitable means to put-out the fire.

* ensure emergency exit paths are clear of
obstructions. Attempt to evacuate the people and
explosive materials, substances that can serve as
further fuel for fire within the vicinity of the fire break.

» Allotclearactivity to persons involved in firefighting
by name to avoid confusion.

» Control and extinguish the fire using the right type
offire extinguisher and making use of the available
assistance effectively.

5 Afterfully extinguishing the fire, make areport of the fire
accidentand the measures taken to put out the fire, to
the authorities concerned.

Reporting all fires however small they are,
helps in the investigation of the cause of the
fire. It helps in preventing the same kind of
accident occurring again.

Environment, health and safety (EHS) : is a discipline
and specialty that studies and implements practical
aspects of environmental protection and safety at work. In
simple terms it is what organizations must do to make
sure that their activities do not cause harm to anyone.

Regulatory requirements play an important role in EHS
discipline and EHS managers mustidentify and understand
relevant EHS regulations, the implications of which must
be communicated to executive management so the
company canimplement suitable measures. Organizations
based in the United states are subjectto EHS regulations
in the code of federal regulations particularly CFR 29,40,
and 49. Still, EHS management is not limited to legal
compliance and companies should be encouraged to do
more than is required by law, if appropriate.

From a health and safety standpoint, it involves creating
organized efforts and procedures foridentifying workplace
hazards and reducing accidents and exposure to harmful
situations and substances. It also includes training of
personnel in accident prevention, accident response,
emergency preparedness, and use of protective clothing
and equipment.

From an environmental standpoint, it involves creating a
systematic approach to complying with environmental
regulations, such as managing waste or air emissions all
the way to helping site’s reduce the company’s carbon
footprint.

Sucessful HSE programs also include measures to
address ergonomics, air quality, and other aspects of
workplace safety that could affect the health and well-
being of employees and the overall community.
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Related Theory for Exercise 1.1.06

loT Technician (Smart Healthcare) - Trade and Orientation

Basic hand tools

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

* state the types of screwdrivers

« explain the parts of a combination plier and their uses

* state the uses of diagonal cutters
* state the uses of nose pliers and their types

* state the uses of tweezers, hand drilling machine and files.

Basic Hand tools

There are innumerable types of hand tools used for
different types of work. Some of the basic tools which are
a must for a mechanic electronics are dealing in are :

» screwdrivers
» pliers,and

* tweezers.
Screwdrivers

A screwdriver is a tool used to tighten or loosen screws.
A simple screwdriver and its parts are shown in Fig 1.

Fig 1
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When a screwdriver is used to tighten or loosen screws.
The blade axis of a screwdriver must be linked up with that
ofthe screw axis Ifthis is not taken care of, the screwdriver
tip/screw head/threads in the hole will get damaged.
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In order not to damage the slot and/or the tip of the
screwdriver, it is very important that the tip is correctly
shaped and matches the size of the slot the tip to be lifted
out of the slot. When turning a screw downward pressure
has to be exerted on the screwdriver in order to keep the
tip in the slot.

It is important that the width and thickness of a flat
screwdriver tip correspond to the dimensions of the slot it
is used with. Its width should be slightly less than the
length of the slot and its thickness should be almostequal
to the width of the slot.

A flat tip which is too wide might cause damage to the
workpiece.

Screwdrivers with flat tips are specified in size by the
length of their blade and by the width of their tip. These
dimensions are given in millimetres (mm).

Screwdrivers are available in many sizes, ranging from
blade lengths from 25 mm to 300 mm and widths of tips
ranging from 0,5 mm to 18 mm.

Length of blade L and Length of tip W

Normally there is no relationship between the length of the
blade and the width of the tip of a screwdriver. A screwdriver
with a6 mm wide tip can have blade lengths ranging from
2510250 mm. Itcan also have various forms of handles as
shown in Fig 2.

Fig 2
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There are, however, screwdrivers which are made to an
industrial specification such as DIN, ISI etc. These
screwdrivers have fixed dimensions and for each size of
screwdriver the width of its tip and the length of its blade
is specified.

A Phillips cross-type screwdriver tip. It is used to tighten
and loosen screws with a Phillips cross-type recess.
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Using a screwdriver

The general procedure for using a screwdriver is given
below.

» Selectasuitable screwdriver having the required blade
length, width of tip and thickness of tip.

» Checkthatthetip ofthe screwdriveris flatand square.

Worn out tips tend to slip off while turning and
may cause injury. Make sure your hands and
the screwdriver handle are dry and free from
grease. Hold the screwdriver with the axis in
line with the axis of the screw. Set the tip of the
screwdriver in the screw slot. Be sure of the
direction in which the screwdriver is to be
twisted. Twist the handle gently and steadily.

Do not apply too much pressure in the axial
direction of the screw. This may damage the
screw threads.

Never try to use a screwdriver as a lever; this
could break the tip or bend the blade and
make the screwdriver unusable.

Pliers
Pliers are tools which are used for:

* holding, gripping, pulling and turning small parts and
components,

» shaping and bending light sheet metal parts,

+ forming, bending, twisting and cutting small diameter
wires.

Pliers consist basically of a pair of legs which are joined by
a pivot. Each leg consists of a long handle and a short jaw.

If the legs of the pliers are crossed at the pivot, the jaws
will close when pressure is applied to the handles. Insome
pliers the jaws will close when pressure is applied to the
handles.

Pliers have serrated or plain jaws. Surrogated jaws offer
a better grip on the workpiece. Serrated jaws might,
however, damage the surface of the workpiece. In this
case protection sleeves or pliers with non-serrated jaws
should be used.

Pliers are made from high quality steel. In many cases
pliers are chromium plated to protect them againstrust. In
climates with a high degree of humidity it is advisable to
use such pliers as they will last longer and need less
maintenance.

To keep pliers in good working condition, they should be
kept clean, the metal parts should be wiped with an oily
piece of cloth and, from time to time, a drop of oil should
be applied to the pivots and joints.

Diagonal cutter plier
Fig 3 shows diagonal cuttng pliers or side cutting pliers.

They are used for cutting small diameter wires and cables,
especially when they are close to terminals.

Fig 3
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DIAGONAL CUTTING PLIERS

They are also used to remove the sheath and insulation
from cables and cords.

They can also be used for other operations such as
splitting and removing cotter pins.

Diagonal cutting pliers are made in the following overall
lengths:

100, 125, 140, 160, 180 and 200 mm.
End cutting plier

Fig 4 shows end - cutting pliers or end nippers and their
applications.

They are used to cut small diameter wires, pins, nails and
to remove nails from wood.

End cutting pliers are made in the following overall lengths:
130, 160, 180, 200, 210 and 240 mm.

Fig 4
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END CUTTING PLIERS

Flat nose pliers
Fig 5 shows a flat nose pliers and its applications.

They are used to form and shape wires and small pieces
of metal.

They are also used for other operations such as removing
the metal sheath from cables, or gripping and holding
small parts.

Flatnose pliers are made in the following overall lengths:
100, 120, 140, 160, 180 and 200 mm.

\\\Z'-"/‘—/

FLAT NOSE PLIERS
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As an additional safeguard against electric shock, these
pliers are available with insulated handles made of high
quality rubber or plastic as shown in Fig 6.
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Fig 6
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surfaces of steel rules are satin-chrome finished toreduce
glaring effect while reading, and also to prevent rusting.

ENGINEER'S STEEL RULE
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Before you work with electrical installations
or electrical appliances, they have to be
disconnected from the electrical supply.
Working with live parts of an electrical
installation or appliance can INJURE or KILL
you, and it might seriously damage the
installation and equipment.

Tweezers

Tweezers are used to hold light weight and very small
components and very thin wires/strands. Tweezers are
classified according to the shape of the tip and are
specified by their length and shape. Fig 7 shows different
types of tweezers.

Fig 7
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TWEEZERS

The thin structure of the tweezers permits easy access to
places where fingers cannot reach. Tweezers are very
useful during soldering of wires, components and placing
of small screws in interior places.

Engineer’s steel rule

An engineer’s steel rule is the basic and most commonly
used measuring tool formeasuring and drawing the length
of straightlines. A typical engineer’s steel rule is shown in
Fig 8.

Steel rules are made of spring steel or stainless steel. The
edges are accurately ground to form a straight line.The

Graduation on engineer’s steel rule

The engineer’s steel rules are generally graduated bothin
centimetres and inches as can be seen in Fig 8. In
centimetre graduations, the smallest graduations are at
intervals of 0.5 mm. In inch graduations the smallest
graduationis of 1/16 ofaninch. Thus the maximumreading
accuracy of asteelruleis either 0.5 mmor 1/16 of aninch.

Standard sizes

Steel rules are available in differentlengths. The common
sizes are 150 mm/6inches, 300 mm/12 inches and 600
mm/24 inches.

Scriber

A scriber is a pointed, sharp tool made of steel or carbon
steel as shown in Fig 91There are two types of scribers,
namely,

— Plain scribers

— Double endscribers

Fig 9
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Uses of scribers

Scribers are used for scribing(marking) lines on surfaces
priorto cutting. Scribers are generally used for marking on
such surfaces on which pencil marking cannotbe made or
pencil marking is not clearly visible or pencil marking gets
erased while handling or pencil marking is too thick. For
example pencil marking is not suitable on Hylam or
Bakelite sheets. Hence, line markings are done on these
boards using scribers.

Hacksaw frame and blade

Fig 10 shows a typical hacksaw frame fitted with a blade.
A hacksaw is used to cut metallic sheets or sections. ltis
also used to cut slots and contours.
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Fig 10
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Types of hacksaw frames

Bold frame: In this, the frame width is fixed and cannot be
altered. Because of this only a particular standard length
of hacksaw blade can be fitted with these frames.

Adjustable frame (Flat): In this, the frame is made of flat
metal with provision for adjusting the width of the frame.
Hence, different standard lengths of blades can be fitted
with this frame.

Adjustable frame tubular type: In this, the frame is made
oftubular metal with provision for adjusting the width of the
frame. Hence, different standard lengths of blades can be
fitted with this frame. This is the most commonly used type
of hacksaw frame because this frame gives better gripand
control while sawing.

Hacksaw blades

A hacksaw blade is a thin, narrow, steel band with teeth
and two pin holes at the ends. These blades are made of
eitherlow alloy steel (Ia) or high speed steel (hs). Hacksaw
blades are available in standard lengths of 250 mm and 300
mm.

Punch

A punch is a tool used to make punch marks or light
depressions atlocations to be drilled orto position dividers
or for making permanent dimensional features. A typical
punchis shownin Fig 11. Punches are made of hardened
steel with a narrow tip on one side.

Centre punch:These punches have an angle of 90%at the
punch point. The punch mark made by this angle will be
wide but not very deep. These punch marks give a good
seating for the drill bit at the start of drilling. If one tries to
drill at a point without a punch mark, the drill bit will slip
away from the point to be drilled and may drill a hole at
unwanted points, making the job a waste.

Fig 16
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Prick punch:The angle of the prick punchis 30°0r60°. The
30°pointprick punchis used for marking light punch marks
needed to position dividers. The divider leg will get proper
seating in this punch mark. The 60° punch is used for
witness marks.

Hammer

An engineer’s hammer is a hand tool used for striking
purposes like punching, bending, straightening, chipping,
forging, riveting etc.,

Parts of a hammer

Fig 12 shows a typical hammer with the parts labeled.

Fig 12
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The head is made of drop-forged carbon steel. The handle
is generally made of such materials which can absorb the
shock while striking. Wood is most popularly used as the
material for the handle.

Face: The face of the hammer is that which strikes the
objects. Hence, this portion is hardened. Slight convexity
is given to the face to avoid digging of the face edges.

Pein: The pein is the other end of the head. Itis used for
shaping and forming work like riveting and bending. The
pein can be of different shapes like ball pein, cross pein
and straight pein. The pein ofahammeris also hardened
is the face.

Cheek: The cheek is the middle portion of the hammer-
head. The weight of the hammer is stamped here. This
portion of the hammer head will be soft.

Eyehole: The eyehole is meant for fixing the handle. Itis
shapedtofitthe handlerigidly. Wedges are used tofix the
handle in the eyehole.
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Specification of engineers hammer

Engineer'shammers are specified by theirweightand the
shape of the pein. Their weight varies from 125 gms to
several kilograms.

Generally, the weight of an engineer’'s hammer, used for
marking purposes is 250 gms.

Using hammers

Before using a hammer,

— selectahammerwith the correct weight suitable for the
job

— make sure the handle is properly fitted

— check the head and handle for any cracks

— ensure that the face of the hammer is free from oil or
grease.

Drilling and drilling machines

Drilling is a process of making straight holes in materials.
Todrill holes, a machine tool known as drilling machine is
used. Drilling machines are used with twist drill bits.

These drill bits rotate and penetrate into the material
making holes. The drilling machines can be manually
driven or electrically driven. A drilling machine can be
portable/hand held or mounted on a stand. A typical
manually driven, hand held drilling machine mostcommonly
used in small electronics work is shown in Fig 13. Fig 14
illustrates a portable power drilling machine.

Fig 13

FIXED HANDLE

SMALL HANDLE

CHUCK SHELL
Sy

\ <79— JAWS

N od!

HAND DRILLING MACHINE

ION11061D

The hand drill is used for drilling holes up to 6.5 mm
diameter.

Electric drilling machines are used where higher drilling
speed and fairly constant speed is required. Holes can be
drilled faster and with higheraccuracy using electric drilling
machines. Portable electricdrilling machines are available
in 6 mm and 12 mm capacity. These drilling machines
generally operate on 230 V, 50 Hz AC mains supply.

Twist drill/drill bit

Twist drills are used in drilling processes to form round
holes in solid materials. When a drill is rotated and the

rotating drill is pressed against the material, the drill
penetrates and cuts away the material. The rate at which
the drillis pressed through the materialis called the ‘feed’.

Fig 14
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ELECTRIC DRILLING MACHINE

Parts of a drill

Shank: Shank is that portion of the drill by which it is held
and driven by the drilling machine. Many different types of
shanks are available, but two of the most common types
of shanks are shown in Fig 15.
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Taper shank drills: These are available in sizes from 12
mm to 52 mm in diameter. The shank has a self-holding
taperwhichfitsinto asleeverorthe taperbore of the drilling
machine.

Straight shank drills: These types of drills are more
commonly used than taper shank drills. The shank has the
same diameter as the body of the drill. These drills are
available in sizes from 0.35 mm to 16 mm in diameter.

Body: The body extends from the shank to the cutting
end(point). Generally, the body shape of most drills is the
same, but some special shapes may be necessary for
specialtasks. Ithastwo helical grooves called flutes which
run along its sides. The flutes help:

» to form the cutting edges.
« to curl the chips and allow them to come out.
+ to allow the coolant to flow to the cutting edge.

Drill point: The conical shape of the cutting edge is ground
to suit the material to be cut. This is the sharpened end of
the drill and has a number of different parts.

Speeds of drills

The outer corner of a drill bitis the most hard-worked part
ofthe cutting lip. For example, in one revolution the outer
corner cuts through twice as much metal as the mid-point
of the cutting lip.
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The cutting speed for a particular material is expressedin
feet per minute or in metres per minute.

The recommended speed for a drill is the ideal cutting
speedforthe outer corners of its lips. Select the revolutions
per minute of the drilling machine that will give this cutting
speed at the circumference of the drill.

General Rules

If do not have tables of speeds and feeds to guide
rememberthese generalrules.

* The smaller the drill, the higher the r.p.m.
+ The softer the metal, the greater the feed.
+ The harder the metal, the smaller the feed.
* The harder the metal, the lower the r.p.m.

» Soluble oilis a suitable cutting fluid for cooling the drill
while drilling for most common metals-other than cast
iron, which is best drilled dry.

Files

Afile is a cutting tool with multiple cutting edges used for
filing different materials. Filing in one of the processes
used to cut/remove small quantities of materials.

Parts of a file

Fig 16 illustrates the main parts of a typical file.

Fig 16
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File specification

Files are specified according to their:

* length
* grade
e cut

» shape.

Lengthis the distance fromthetip tothe heel. It varies form
100mm to 300mm.

Grade: Different grades of files are Rough, bastard,
second cut, smooth and dead smooth.

Rough file is used for removing more quantity of metal
quickly.

Bastard file is used for ordinary filing purposes.
Second cut file is used for good finishing purposes.

Smooth file is used for removing less metal and for giving
good surfacefinish.

Dead smooth file is used for high degree finishing.
Cut of file

The rows of teeth on the file surface indicate the cut of a
file. For example, if there is single row of teeth on the file

surface as shown in Fig 17, it is called ‘single cut file.’
Fig 17
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Types of cut

The different types of cut of files are:-
+ Single cut,

* Double cut,

* Rasp cut, and

» Curvedcut.

Single cut: Asingle cutfile has asingle row ofteethinone
directionontheface ofthe file atanangle of 60°. Thesefiles
are used forfiling soft materials such aslead, tin, aluminum
etc.

Double cut: A double cut file has rows of teeth in two
directions across each other at an angle of 50° to 60°,
another row at 75°. These files are used to file hard
materials such as steel, brass, bronze, etc.
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Related Theory for Exercise 1.2.07 - 12

loT Technician (Smart Healthcare) - Basics of AC and Electrical Cables

Electrical terms

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

» describe electrical charge, potential difference, voltage, current, resistance
« explain DC, AC circuit and various parameters of AC waveform
* explain single phase, 3 phase A.C. supply and their uses.

Electric charge

Charge is the basic property of elementary particles of
matter. Charge is taken as the basic electrical quantity to
define other electrical quantities such as voltage, current
etc.

According to modern atomictheory, the nucleus ofan atom
has positive charge because of protons. Generally, when
the word charge is used in electricity, it means excess or
deficiency of electrons.

Charges may be stationary orin motion. Stationary charges
are called staticcharge. The analysis of static charges and
their forces is called electrostatics.

Example: If a hard rubber pen or a comb is rubbed on a
sheet of paper, the rubber will attract paper pieces. The
work of rubbing, resulted in separating electrons and
protons to produce a charge of excess electrons on the
surface ofthe rubberand acharge of excess protons onthe
paper. The paper and rubber give evidence of a static
electriccharge having electrons or protons in a static state
i.e. not in motion or stationary charges.

The motion of charged particles in any medium is called
current. The net transfer of charge per unit time is called
currentmeasured in ampere.

Charge of billions of electrons or protons is necessary for
common applications of electricity.

The symbol for electric charge is Q or q. A charge of 6.25
x 10" electronsiis stated as Q=1 Coulomb = 1C. This unit
isnamed after Charles A. Coulomb (1736-1806), a French
physicist, who measured the force between charges.

Positive charge is denoted by +Q (deficiency of electrons)
and Negative charge isdenoted by -Q (excess of electrons).
A neutral condition is considered zero charge.

Opposite polarity/charges attract each other

Interms of electrons and protons, they tend to be attracted
to each other by the force of attraction between opposite
charges.

Same polarity/charges repel each other

When the two bodies have an equal amount of charge with
the same polarity, they repel each other. The two negative
chargesrepel, while two positive charges of the same value
also repel each other.

Neutralising a charge

After glass and silk are rubbed together, they become
charged with electricity. But, if the glass rod and silk are

broughttogetheragain, the attraction of the positive charges
in the rod pulls the electrons back out of the silk until both
materials become electrically neutral.

A wire can also be connected between the charged bodies for
discharging. Ifthe charges onboth materials are strongenough,
they could discharge through an arc, like the lightning.

Electrostatic fields

The attracting and repelling forces on charged materials
occur because of the electrostatic lines of force that exist
around the charged materials.

In a negatively charged object, the lines of force of the
excess electrons add to produce an electrostatic field that
has lines of force cominginto the object from all directions.

Ina positively charged object, the lack of electrons causes
the lines of force on the excess protons to add to produce
an electrostaticfield that has lines of force going out of the
object in all directions.

These electrostatic fields either aid or oppose each other.

The strength of attraction or repulsion force depends on two
factors,

1 the amount of charge on each object, and
2 the distance between the objects.

The greaterthe amountelectric charges on the objects, the
greater will be the electrostatic force. The closer the
charged objects are to each other, the greater the
electrostatic force.

Static electric charge cannot usually perform any useful
function. In orderto use electrical charges to do some kind
of work, say, to light up an electric bulb, the charges must
be setin motion. Thus electric currentis said to flow when
negative charges/free electrons are moved in the same
direction in a medium, for example a copper wire.

Electron movement

Inorderto produce an electric current, the free electronsin
acopperwire mustbe made tomove inthe same direction.
This can be done by putting electrical charges at the ends
ofthe copperwire more precisely, a negative charge atone
end and a positive charge atthe otherend of a copper wire.

Since the free electronsin copper are negatively charged,
they are repelled by the negative charge putatone end of
the wire. At the same time these free electrons are
attracted by the positive charge, putat the otherend of the
wire. Hence the free electrons in copper drift towards the
positive charge, causing a flow of electric current.
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A complete or closed circuit

A complete or closed circuit is shown in (Fig 1) with a
battery, a lamp and copper wire to connect them in a
closed circuit.
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In order to have continuous electric current, the free
electrons must continue to flow. Battery is the electrical
energy source used to keep applying opposite charges at
the ends of the wire. The negative charge would repel the
electrons through the wire. At the positive side, electrons
is attracted into the source; but for each electron attracted
into the source, an electronis supplied by the negative side
into the wire. Current would, therefore, continue to flow
through the wire as long as the energy source continues to
apply its electrical charges.

Electrical Unitsof Measurements
Electromotive force (voltage)

Battery is the typical source of electrical charge.When two
charges have adifference in potential, the electric force that
exists between them is called the electromotive force
(EMF). The unit of measure used to indicate the strength
of emfis volt (V).

Potential difference

The electrical potential difference is defined as the difference
in the electrical potential that causes the amount of work
done to carrying a unit charge from one pointto anotherin
an electric field of the two charged bodies.

Unit: The unit of potential difference is measured in vollt.

The terms potential difference, electromotive force (emf)
and voltage are ofteninterchangeably used.

Definition of Volt

When adifference of potential causes 1 coulomb of charge
to do 1 joule of work, the emfis 1 volt.

Some typical voltage sources and voltage levels that we
come across in day to day life are:

» 1.5 volts from dry cells for pocket torch, digital clocks
etc.,

* 9/12/24 volts from batteries for portable radios,
emergency lamps motor cycles, automobiles etc.

e 220/440/240 volts from hydro/hydel or thermal
generating stations forhomes and industrial purposes.

Voltage

The Voltage is defined as the amount of potential energy
between two pointon a circuit. One pointhas more charge
than another. This difference in charge between the two

pointsis called voltage. Itis measuredin volts. Techinally,
itis the potential energy difference between two points that
will impart one joule of energy per coulomb of charge that
passesthroughit. Voltage is represented in equations and
schematics by the letter “V”.

Milli Volt, Kilo Volt, Mega Volt

Larger quantities of voltage are measured in kiloVolt (kV)
and MegaVolt (MV).

1kV = 1000 Volt
1mV = 1000 kilo Volt

Smallest quantites less than a volt are measured in milli
volt (mV) and micro Volt (uV).

1
—1000 V=1mV
1000000  — Y

Quantity of current

The quantity of current flowing through a wire oracircuitis
determined by the number of electrons that pass a given
pointinone second. The unitof measure forthe amount of
current flowing through a wire or a circuit is ampere (A).

Definition of ampere

If 1 coulomb of charge passes a pointin 1 second, then a
current of 1 ampere is said to be flowing.

Aquantity of current smallerthan one ampere is measured
in milliampere (mA) and micro-ampere (LA).

1 Milliampere = of an ampere

1000

of an ampere

) 1
1 Mlcroampere = m

Resistance

Resistance is the measure of opposition to current flow in
an electrial circuit (also known as Ohmic resistance). It
is measured in Ohms, symbolized by the greek letter
Omega (Q2). Highervalues are measured in kiloohms and
mega ohms (1000Q2 = 1 kQ, 1000kQ = 1MQ).

Types of electricity

Irrespective of how the electricity is generated or produced,
electricity can be classified into two types,

1 Directcurrent supply, generally known as DC supply.

2 Alternating current supply, generally known as AC
supply.

DC supply

Theterm DC supply is givento a supply source that makes

current to flow through a circuit in one direction only. This
is in contrast to the alternating current supply.
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Batteries and some types of generators give DC supply of
constantvoltage. Solar cells are also used to produce DC
supply as shown in (Fig 4).

Fig 4
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AC supply

The term alternating current supply is given to a supply
source that makes current to flow through a circuit which
reverses or alternatesits direction periodically. The number
of cycles that the current alternates in a period of one
second is shown in (Fig 2).
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A.C. Waveform:

Itis known as sinusoidal waveform (Sine wave). Details of
the AC waveform is explained below

Cycle: A complete change in value and direction of
alternating quantity is called cycle.

Period: Time taken to complete one cycle is called period.

Amplitude: Itis the highest value attained by the current
or voltage in a half cycle.

Frequency: It is defined as the number of cycles per
second (c/s) measuredin Hertz (Hz). Larger quantities are
measured in kilo Hertz (kHz) and Mega Hertz (MHz)

1kHz = 1000Hz
1MHz = 1000kHz

In India we use 50Hz frequency for AC mains supply. IN
Europealso50Hz ACis used, whilein USAitis standardized
as 60Hz.

Instantaneous value: It is the value of an alternating
quantity at a praticular instant of time in the cycle within
360 degrees as shown in (Fig 3) (it may be AC voltage or
AC current or AC power).

Fig 3
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INSTANTANEOUS
VALUE

ION120713

Peak value (V): The maximum value attained by the
alternating quantity during one cycle. It is also known as
amplitude or crest value. This peak value is reached at 90°
and 270° during each cycle as shown in (Fig 2).

R.M.S. Value (V,_ ): Root mean square value of an
alternating current is given by that steady d.c. current
which produces the same heat as that produced by the
alternating currentin a given time and given resistance. It
is also called the virtual or effective value of A.C.

l e =0.707 1.
Vv, . =0707V,

r.m.s X

All A.C. voltmeters and ammeters read r.m.s. value of
voltage and current.

Average Value (V,): Average value of a sinusoidal
waveform is also known as mean value determined by
multiplying the peak value by the constant 0.637. Itis the
average value ofany one half cycle of the waveform (63.7%
of VV,) as shown in (Fig 2).

AC supply has the following advantages over dc supply:
* Reduced transmission loss over very long distances.

» Voltage levels can be changed using simple devices
called transformers.

* Reduced severity of electrical shock.
» Generating equipments are simple and cheaper.
» Can be easily converted to dc supply.

InIndia the electricity generated in hydro/thermal/nuclear
power stations is AC.

Generating stations generate/produce electricity of the
order of several hundreds to thousands of mega volts(1
mega = 10° volts). This large voltage level is reduced in
stages by devices called transformers, and is finally
available forthe domestic useras a single phase 240 volts,
50Hz, AC. Forindustrial user three-phase, 440 volts, 50Hz,
AC supply is made available.
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The domestic voltage of 240 volts AC is called the Low
tension (LT) voltage. LT lines enters residential buildings
from electricity poles called as service connection as
shown in (Fig 5).

Fig 5 F————————————————————— .
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Single Phase and Three Phase AC supply system

Both single phase and three phase systems refer to units
using alternating current (AC) electric power. With AC
power, the flow of current is constantly in alternating
directions. The primary difference between single phase
and three phase AC power is the constancy of delivery.

In a single phase AC power system the voltage peaks at
90° and 270°, within a complete cycle of 360°. With these
peaks and dips in voltage, power is not delivered at a
constant rate. In a single phase system, there is one
neutral wire and one live wire with current flowing between
them. The cyclical changes in magnitude and direction
usually change in current and voltage about 50 times per
second as shown in (Fig 6).
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Single phase power supply units have a broad array of
applications. Units that have a limited power need up to
1000 watts typically make the most efficient use of a single
phase AC power supply. Also lesser design cost and
complexity

3 -Phase AC supply system

In a 3 phase system there are three live wires, each 120°
outof phase with each other. Delta and Star are star (Y) the
two types of circuits used to maintain equal load across a
three phase system, each resulting in different wiring
configurations. Inthe delta configuration, no neutral wire is
used. The star (Y) configuration uses both a neutraland a
ground wire. (Note: In high voltage system, the neutral wire
is not usually present for a three phase system.) All three
phases of power have entered the cycle by 120°. By the
time a complete cycle of 360° has completed, three
phases of power each peaked in voltage twice as shownin

(Fig 7). With athree phase power supply, a steady stream
of poweris delivered at a constantrate, making it possible
to carry more load. Three phase power supplies offer a
superior carrying capacity for higherload systems greater
than 1000 watts. It also offer a reduction of copper
consumption, fewer safety risks for workers and greater
conductor efficiency.

Fig 7
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Line voltage and phase voltage

Line voltage is the voltage measured between any twolines
in a three-phase circuit. Phase voltage is the voltage
measured across a single phase and neutral in a three-
phase source or load.

Line current and Phase current

Line currentis the current through any one line between a
three- phase source and load. Phase currentis the current
through any one component comprising a three phase
source orload. Inbalanced “Y” circuits, line voltage is equal
to phase voltage times the square root of 3, while line
currentis equal to phase current.

This 240 volts is used to light up the lamps, fans etc., in
homes. To connect electrical appliances at home, 240V
AC is available in either two-pin or three-pin sockets as
shown in (Fig 8).

Fig 8

240V,6A,3PIN SOCKET

240V,6A,2PIN SOCKET
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All the 3 pin outlets are generally connected through a
single pole ON/OFF switch-as shown in (Fig 9). While
wiring a 3 pin socket, the following two important points are
to be noted,

1 Phase should always be to the RIGHT side of the
socket.

2 Phase should always be wired through the ON/OFF
switch as shownin (Fig9). Thisisas per .S &I.Erules.

Referring to the (Fig 9), when the switch is put ON, the
voltages across the three points in a 3 pin socket should
be as shown in (Fig 10).
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Fig 10
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TESTING A3 PIN SOCKET OUTLET

Testing a mains outlet can be done using any one or more
of the following test instruments;

1 Neontester

A neon tester is a simple device usually in the form of
insulated shank screw driver used to indicate presence of
voltage.

When a neon tester is placed at the phase point of a 3 pin
socket and the other end of the tester is touched by the
finger as shown in (Fig 11), if voltage exists at the phase
point of the socket, the neon lamp inside the tester glows
indicating presence of voltage.

Fig 11

ION120718

The neon lamp should not glow for the neutral or ground
points are tested.

2 Testlamp

Itis testcircuit consisting of anincandescentlamp with two
lengthy wires connected across the holder of the lamp.

When the two free ends of the lamp are connected across
phase-neutral points of a socket, if voltage exists across
the points the lamp glows indicating presence of voltage.
The test lamp can be connected across the three outlets
of the socket as shown in (Fig 11) to confirm condition of
the outlet (Fig 12).

Fig 12
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3 AC voltmeter/multimeter

Using AC voltmeter ora multimeter setto AC 300V range,
the voltage across all the 3 terminals of the socketas in (Fig
10) is measured to confirm existence of voltage and their
correct levels across the outlet points.

Conditions for certifying a 3 pin socketas GOOD or
SAFE

1 Voltage across phase-neutral should be equal to mains
supply of 230/240 volts. Due to voltage fluctuations,
phase-neutral voltage can sometimes be aslowas 210
and as high as 250 V these voltage levels can also be
accepted as "tolerable".

2 Voltage across phase - ground should be equal to
mains supply of 230/240 V. This indicates that the
ground wire to the socket and the local grounding is
proper.

3 Voltage across NEUTRAL-GROUND should be zero
volts or in the worst case less than 10V. This indicates
that the neutral line is safe and there is no excessive
leakage in the equipment(s) connected to other 3 pin
sockets in the same building.

4 Ifthevoltage across neutral —ground is higherthan 10
volts or high, thisindicates defective earthing connection
and it must be immediately rectified.

Electrical Earthing: Earthing system is used to protect
the user from electrical shock. A set of conductors, pipe
or plate are connected with the electrical system to the
ground for safety and functional purpose. It provides alow
resistance path for the leakage/fault current pass
immediately into the earth. It also causes the protective
device (ELCB) to switch OFF AC mains power in case of
leakage current.

The defective earthing connection must be immediately
attended to and rectified; otherwise, the electrical system
is not safe for using sensitive and delicate equipments/
instruments like computers, CRO etc.
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Classification of Conductors

Wires and cables can be classified by the type of covering
they have.

Bare conductors: They have no covering. The most
common use of bare conductor is in overhead electrical
transmission and distribution lines.

Insulated conductors: They have a coating ofinsulation
over the metals. The insulation separates the conductor
electrically from other conductors and from the
surroundings. Itallows conductors to be grouped without
danger. Additional covering over the insulation adds
mechanical strength and protection against weather,
moisture and abrasion.

Stranded conductors: They consist of many strands of
fine wires. The wires in stranded conductors are usually
twisted together. Stranded conductors are more flexible
and have better mechanical strength.

Cable: Alength ofinsulated conductor. It may also be of two
ormore conductorsinside asingle covering. The conductors
in a cable may either be insulated or bare. Cables are
available in differenttypes. There are single core, twin core,
three core, four core and multi-core cables.

Properties of insulation materials

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

Insulation resistance: It is the electrical resistance of
the insulation against the flow of current.

3-Phase AC fundamentals

Mega-ohmmeter (Megger) is the instrument used to
measure insulation resistance. ltmeasures high resistance
values in megaohms without causing damage to the
insulation. The measurement serves as aguide to evaluate
the condition of the insulation.

Dielectric strength: It is the measure of how much
potential difference the insulation layer can withstand
withoutbreaking down. The potential difference that causes
breakdown s called the breakdown voltage of the insulation.

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

» Highdielectric strength

* Resistance to temperature
+ Flexibility

* Mechanical strength

* Nonhydroscopic.

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

Semiconductors: A semiconductoris a material thathas
some of the characteristics of both the conductor and an
insulator. Semiconductors have valence shells containing
fourelectrons.

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

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.

Introduction

When a piece of electrical equipment is plugged into the
socket of a normal alternating current supply (e.g. aring
main circuit), it is connected between the terminal of one
phase and the neutral wire. (Fig 1)

Fig 1

TERMINAL OF ONE PHASE O——
ALTERNATING
CURRENT
LOAD

NEUTRAL TERMINAL O————
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Thus a normal domestic alternating current circuit may
also be described as a single-phase circuit.

Similarly, a three-phase power consumer is provided with
the terminals of three phases. (Fig 2)

Fig 2

TERMINAL OF PHASE 1 O———
TERMINAL OF PHASE 2 O—————— THREE PHASE

TERMINAL OF PHASE 3 O——  ELECTRICITY
CONSUMER

NEUTRAL TERMINALO——
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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
stationary three-phase coils is energized from the supply.
This is the basic operating principle for most modern
rotating machines and, in particular, the three-phase
induction motor.

Further, lighting loads can be connected between any one
of the three phases and neutral.

Review: Further to the above two advantages the following
are the advantages of polyphase system over single phase
system.
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» 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

» For agiven size the power out put is high in 3-phase
motors whereas in single phase motors the power
output 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 maintenance
free.

The basic principle used in generating an alternating voltage
is that of rotating a wire loop at a constant angular speed
in a uniform magnetic field. (Fig 3) The alternating voltage
thus produced varies sinusoidally with time.

Fig 3
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The effective (RMS) value is the same as that of a direct
current that would produce the same heating effect, RMS
voltage and frequency are usually quoted for a sinusoidal
alternating voltage (Fig 4).

Three-phase generation: To generate three-phase
voltages, 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,, W,
rotate at a constant angular speed about the same axis in
the uniform magnetic field. U,, U,,V,,V,and W , W,,
are displaced 120° in position with respect to each other,
permanently. (Fig 5)

Fig 5
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For each wire loop, the same result is obtained as for the
alternating voltage generator. This means that an
alternating 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 one 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 6)

Fig 6
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To distinguish between the three phases, itis a common
practice in (heavy current) electrical engineering to
designate them by the capital letters U,V and W or by a
colour code red, yellow and blue. Atatime 0, U is passing
through zero volts with positively increasing voltage. (Fig
6a) V follows with its zero crossing 1/3 of the period later
(Fig 6b), and the same applies to W with respect to V.
(Fig 6¢)
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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.

+ Thethree-phase voltages are displaced by one third of
a period in time with respect to each other.

¢ Ateveryinstantin time, the instantaneous sum of the
three voltages

V+V+ V= 0.

The fact that the sum of the instantaneous voltages is
zero is illustrated in Fig 6. At time t,, U has the
instantaneous value V. At the 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 togetherin Fig 7.

Fig 7
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I
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Three-phase network: A three-phase network consists
of three lines or phases. In Fig 8, these are indicated by
the capital letters U, V and W.

Fig 8
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The return lead of the individual phases consists of a
common neutral conductor N, which is described later in
more detail. Voltmeters are connected between each of
thelines 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-

UN’

The individual, phase voltages all have the same magnitude.
They are simply displaced from each other by one third of
a period in time. (Fig 9)

The individual instantaneous, peak and RMS values are
the same as for a single-phase alternating voltage.

Fig 9

Vov=(Vun*Vay)
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Line and phase voltage:If a voltmeter is connected
directly between line U and line V (Fig 10), the RMS
value of the voltage V , is measured, and this is different
from any of the three phase voltages.

aVa:
AV

a) WAVE FORM

N Vun
120°
Vv

b) VECTORS

Fig 10
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Its magnitude is directly proportional to the phase voltage.
The relationship is shown in Fig 9, where the time-variation
wave-forms of V , and the phase voltages V , and V, , are
drawn.

V,,,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
andV, . 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 in a 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 10)

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.

This fact is illustrated in Fig 11. Starting with the phasors
V,andV,, (Fig 10), the phasor — V,, =V, is produced
from the point N. The diagonal of the parallelogram with
sides V,,and V, 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 a multiplying

factor. This factor can be shown to be ./3, so that

V. =3 xV,

Fig 11
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In a three-phase generating system, the line voltage is
always ,/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 a three-phase system is 240V.
Since the ratio of line voltage to phase voltage is /3 the
RMS line voltage is

V. =3 xV, =.3x240
= 415.68V
or rounded down, V =415V.

Systems of connection in 3-phase AC

Objectives: At the 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: Ifathree-phaseloadis
connected to a three-phase network, there are two basic Figt
possible configurations. Oneis “star connection' (symbol
Y) and the other is “delta connection' (symbol A).

i

<
N'_
SUPPLY
LINES

=
w

Star connection: In Fig 1 the three-phase load is shown Vv Vaw
as three equal magnitude resistances. From each phase, 1
at any given time, there is a path to the terminal points U,
V, W of the equipment, and then through the individual 1U¢ 14 1W¢
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 |
currentsi, i, and i, flow through the individual elements, i
and the same current flows through the supply lines, i.e. ! N
|
|
|
|
|
|

in a star connected system, the supply line current (I ) =
phase current (l,).

The potential difference for each phase, i.e. from aline to e ]
the star point, is called the phase voltage and designated N
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 Thus

V.. The line voltage V, appears across the load terminals V. o=V,
U-V, V-W and W-U and designatedas 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 In the phasor diagram (Fig 3)
phase voltage and the negative value of the other phase

voltage that exist across the two lines (Fig 2). Vi =V =V, Cos 30° V,, Cos 30°
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= (phasor V) — (phasorV,,)

= phasor V +V,,.
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But Cos 30° = ﬁ :
2
ThusasV, =V, =V,
V., =43V,
This same relationship is appliedto V, V, ,and V.
Fig 2 Vo
120°
N Vun
VN g

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 J3 (Fig 3).

Fig 3

Viw
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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.

Fig 4
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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 |, (1,
l,» 1,,) 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.

Example 1: What is the line voltage for a three-phase,
balanced star-connected system, having a phase voltage
of 240V?

V. =43V, = 3% 240
= 4157V

Example 2: What is the magnitude of each of the supply
line currents for the circuit shown in Fig 5?

Fig 5

2 < c

380V 380V
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Because of the arrangements of a star connection there
is a voltage
380

_ 380 _ o0y
Ve= 173

across each of the purely resistive loads R.

The three-supply line currents have the same magnitude
since the star-connected load is balanced, and they are
given by

Delta connection: Thereisasecond possible arrangement
forconnectingathree-phase loadin athree-phase network.
This is the delta or mesh connection (A).(Fig 6)

Fig 6
Ly
v Ly
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Vv Vvw
Vwuy
IUL 1V¢ 1W¢
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i U v w N
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} luv// Ty }
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i i
| R R |
| |
| |
| |
| |
| R |
| — |
I S } 8
|
| Iwy =— | 8
- - _ E

The load impedances form the sides of a triangle. The
terminals U, V and W are connected to the supply lines of
theL,,L,andL,.
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In contrast to a star connection, in a delta
connection the line voltage appears across

Example 3: What are the values of the line currents, I,
I,and I, inthe above example? (Fig 9)

each of the load phases.

The voltages, with symbols V
the line voltages.

o VywandV, are, therefore,

The phase currents through the elements in a delta
arrangement are composed of |, , ., and |, ... The currents
from the supply lines are |, |, and |, and one line current
divides at the point of connection to produce two phase
currents.

The voltage and current relationships of the delta connection
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
asthe line voltage. The phasorsV,,V,,, andV,  arethe
line voltages. This arrangement has already been seen in
relation to the star connection.

Because of the purely resistive load, the corresponding
phase currents are in phase with the line voltages. (Fig 7)

Fig7

Vwu Vuv

Tuv
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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 currentis always
given by the phasor sum of the appropriate phase currents.
This is shown in Fig 8. The line current | jis the phasor sum of
the phase currents | and | . (See also Fig 8)

Fig 8
v §
Hence, I, = I ,Cos30°+ I  Cos30°
But Cos 30° = ﬁ

>
Thus I, =.3Iph

L

Thus, for a balanced delta connection, the ratio of the line
current to the phase current is /3.

Thus, line current = \/5 x phase current.

Fig 9
Ly
v L,
L
380V 380V
380V
IU‘ IV¢ IWL
| S| %
Solution

Since the load is balanced (i.e. the resistance of each
phase is the same), the phase currents are of equal
magnitude, and are given by the ratio of the line voltage to
the load phase resistance,

Iyv = Ty =

Thus, the phase current in the case of delta is 38A.
Expressed in words:

line or phase voltage

Phase current=
phase resistance

The line current is /3 times the phase current.
Therefore the line currentis
I,=I,=1I,=3x38A =1.73x38A=66A.

Example 4: 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.

For a caoil,

20
reactance X, = 2nfL=2x3.142x50 X W =6.3 ohms.

Impedance of a coil is thus given by

Z= J(R? +X2 = {/(10? + 6.3%) = 11.8 ohms.
For a delta connected system, according to equation

V= V..

Thus V_=400V.

Hence the phase current is given by

Ve _ 400
= 2 = 20 - 339A
=7 T 118
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But for a delta connected system, according to equation,
I=.31,=.3x339=587A.

Application of star and delta connection with balanced
loads

An important application is the “star-delta change over
switch' or star-delta starter.

Fora particularthree-phase load, the line currentin adelta

Neutral in 3-phase system

connectionis three times as great as for a star connection
foragivenline voltage, i.e. for the same three-phase load
(D line current) = 3 (Y - line current).

This factis used to reduce the high starting current of a 3-
phase motor with a star-delta change over switch.

Application of star connection: Alternators and
secondoary of distribution transformers, have their three,
single-phase coils interconnected in star.

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 method of producing artificial neutral in a 3-phase delta connection

* state the method of earthing the neutral

» explain the behaviour of 3¢ system when neutral open.

Neutral: In 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. (Fig 1)

Fig 1
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Lw
SUPPLY
SOURCE RED LINE N LOAD
] lU L u
Lv
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YELLOW LINE
ly
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LOAD Ly =Ly =Ly

THREE-PHASE SUPPLY AND LOAD
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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 |,,. One may, therefore, get
the impression that the conductor must have sufficient
area to carry a particularly high current. However, this is
not the case, because this conductor is required 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.
This can also be shown for the other instantaneous values.

Fig 2
7777777777 RESULTANT OF
'w LIy AND 1y
\

FOR A BALANCED LOAD THE RESULTANT OF 1, AND
1, 1S EQUAL IN MAGNITUDE BUT OPPOSITE TO |,

I0N120742

At a particular instant in time, t,, the instantaneous value
i,= 0 (Fig 3), i, and i,,, have equal magnitudes, but they
have opposite signs,i.e. they are in opposition and the
phasor sum is zero. Taking the other values of t, it can be
seen that the sumof the three phase currents to equal to

Zero.

Fig 3

RESULTANT OF THREE-PHASE CURRENTS
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Therefore, for a balanced load the neutral conductor carries
no current.

With unequal value the phase currents are different in
magnitude and the neutral current is not zero. Then a
“neutral' current | does flow in the neutral conductor, but
this, however, is less than any of the supply line currents.
Thus, neutral conductors, when they are used, have a
smaller cross-section than the supply lines.

Effect of imbalance: If the load is not balanced and there
is no neutral conductor, there is no return path for the sum
of the phase currents which will be zero. The phase
voltages will not now be given by the line voltage divided

by 3, and will have different values.

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 Itis desirable to use conductors operating at the highest
possible voltage but with low current in order to save
on expensive conductor material.

2 For safety reasons, the voltage between the conductor
and earth must not exceed 250V.

3¢ IT &ITES : loT Technician (Smart Healthcare) : (NSQF Revised 2022) - R.T. for Exercise 1.2.07 - 12



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
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 N0.17.4 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).

Artificial neutral: Normally neutral conductors are
available with a 3-phase, 4-wire system only. Neutral
conductors are not drawn for a 3-phase, 3-wire system.
Neutral conductors are also not available with the delta-
connected supply system.

A neutral conductor is required for measuring phase
voltage, energy, power to connectindicating lamps, etc.
An artificial neutral for connecting indicating lamps can be
formed by connecting them in star. (Fig 4) Artificial neutral
for instruments can be formed by connecting additional
resistors in star. (Fig 5)

Fig 4 L

L2

L3
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v ARTIFICIAL NEUTRAL w

Power in star and delta connections

Fig5
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In this method, the value of R must be equal to the
resistance of the voltmeter. The same method can be used
while measuring power or energy by connecting resistors
of equal resistance as of potential coil.

When three instruments of a similar kind are in use, their
pressure coils can be connected to form an artificial neutral.
(Fig 6)

Fig 6

ARTIFICIAL NEUTRAL
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This type of neutral cannot allow a large current. When
earthing of a delta-connected system is required, neutral
earthing compensators are used. These can sink or source
large currents while keeping neutral to phase voltages
constant.

IS 3043 Code No.17, provide a method to obtain neutral
for earthing purposes by an earthing compensator.

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 method of 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.

P=3VI.
If the quantities V_ and Lin the individual phases are

replaced by the corresponding line quantities V| and |
respectively, we obtain:

v
P=3-LI

5"

(Because V.=V, , J3andl =1)

Since 3 = ./3 x4/3, this equation can be simplified to
the form

P=y3 VI,
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Fig 1
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Note that power factor in resistance circuit is
unity. Hence power factor is not taken into

account.

Quantity P Vv |

L L

Unit w \Y A

The power in this purely resistive load (¢ = 0°, cosd = 1) is
entirely active powerwhichis convertedinto heat. The unit
of active power is the watt (W).

As the last formula shows, three-phase power in a star-
connected load circuit can be calculated from the line
quantities, and there is no need to measure the phase
quantities.

P =./3 xV x |(Formula holds good for pure resistive load)

It is always possible, in practice, to measure the line
quantities but the accessibility of the star point cannot
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 2
L
L
P=3P,=3V,l,
Ifthe quantities V _and | arereplaced by the corresponding

line quantities V| and |D we obtain:

L

Since, V, =V,

P

|, =3l and |,_

butsince 3= ,/3 x ./3, this equation can be simplified
to the form:

P=J/3 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 and reactive 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.
Precisely the same happens in each phase of the three-
phase systems. Here we have to consider the phase
difference between the voltage and currentin each phase.

Applying the factor /3, the components of powerin a three-

phase system follow from the formulae derived for single-
phase, AC circuits, namely:

Apparent power S=VI S =3V, VA
Active power P=VICos¢ P =3V lcos W
Q =3V, sin var

Finally, the wellknown relationships found in single-phase
AC circuits apply also to three-phase circuits.

Reactive power Q=VIsing

activepower P
Cos o = =—
apparentpower S

. reactivepower Q
Sinp=——«——— =—
apparentpower S

This can also be seen from Fig 3.

Fig 3

ION120753

Cos o is called the power factor, while sin ¢ is sometimes
called the reactive power factor.

Unbalancedload: The mostconvenientdistribution system
for electrical energy supply is the 415/240 V four-wire,
three-phase AC system.

This offers the possibility of supplying three-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 of the phase voltages. L,
L, and L, 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 can be connected to the individual phases
so that the phases will be differently loaded, and this
means that there will be unbalanced loading of the phases
ofthe four-wire, three-phase network.

Balanced loadin astarconnection: Inastarconnection,
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 ohms, is connected to a three-phase network
with line voltage V| =415V. (Fig 5)

Because of the arrangements of a star connection, the
phase voltage is 240V (415/ ,/3).

The three load currents taken froms supply have the same
magnitude since the star-connectedloadis balanced, and
they are given by

I,=1,=I,=V,+Z

The measurement of power: The number of wattmeters
used to obtain powerin athree-phase systemdependson
whethertheloadis balanced or not, and whetherthe neutral
point, if there is one, is accessible.

Fig 5

400V 400V
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N
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* Measurementofpowerina astar-connected balanced
load with neutral pointis possible by a single wattmeter.

» Measurement of power in a star or delta-connected,
balanced orunbalanced load (with or without 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 with the neutral pointaccessible
the current coil of the wattmeter being connected to one
line, and the voltage coil between that line and neutral point.
The wattmeter reading gives the power per phase. So the
total is three times the wattmeter reading.

Power/phase = 3V,|, Cos 6 = 3P = 3W.

Fig 6

[y

b L 5A 250V

BALANCED
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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 unbalanced loads, and separate
connections to the phases are not required. This method

is not, however, used in four-wire systems because current
may flow in the fourth wire, ifthe load is unbalanced and the
assumptionthat I ,+ I+ I, =0 will not be valid.
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Thetwo wattmeters are connected to the supply systemas
showninFig 1. The current coils of the two wattmeters are
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:
P.= P.+P,.

T

Fig 1

N
N
N
N

L1
SUPPLY L2 LOAD
L3
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Consider the total instantaneous power in the system
P.=P,+P,+ P,where P, P,and P, are the instantaneous
values of the power in each of the three phases.

P.= Vit Vinivt Vi !

un Ut YNty WN W

Since there is no fourth wire, i +i +i,= 0;i,=— (i,* i,).
IDT = VUNiui VVN(iU+iW) + VWN iW
= iU(VUNi VVN) + iW(VWNiqu)

= iUVUV+ iWVWV
Now i,V is the instantaneous power in the first wattmeter,
and i,V . is the instantaneous power in the second
wattmeter. Therefore, the total mean power is the sum of

W wv
the mean powers read by the two wattmeters.

Itis possible that with the wattmeters connected correctly,
one of them will 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 reading
is zero and the other reads total power.

When the power factor is less than 0.5, one of the
wattmeters will give negative indication. In order to read
the wattmeter, reverse the pressure coil or current coil
connection. 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.

Self-evaluation test

» Draw a general wiring diagram for the two-wattmeter
method of three-phase power measurement.

*  Whyisitdesirable, in practice, to use the two-wattmeter
method? (Fig 2)

*  Why can the two-wattmeter method not be used in a
three-phase, four-wire system with random loading?

«  Which of the above circuits is used for the two-wattmeter
method of power measurement?

Fig 2 CIRCUIT 1 CIRCUIT 2
Lol , M
N N
L2 L2
N M N
n N L N

Power factor calculation in the two-watmeter
method of measuring power

As you have learntin the previous lesson, the total power
P.= P, + P, in the two-wattmeter method of measuring
power in a 3-phase, 3-wire system.

From the readings obtained from the two wattmeters, the
tan f can be calculated from the given formula

\5@1‘P2)=\E(W1‘W2)
Cr+Py) Wy wWy)

from which f 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.

Solution
V3(Py - Py)
tano= (P, + P,)
P,=4.5 KW
P,= 3 KW

P+P,=45+3=75KW
P-P,=45-3 = 1.5KW

V3x 15 _ V3 _
tano= — 75 T 5 ° 0.3464
¢ =tan—"0.3464 =19°6'
Power factor Cos 19° 6'=0.95
Example 2: Two wattmeters connected to measure the
power input to a balanced three-phase circuitindicate 4.5
KW and 3 KW respectively. The latter reading is obtained

after reversing the connection of the voltage coil of that
wattmeter. Find the power factor of the circuit.

Solution

tan¢=
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_ V3(45 + 3)
- (45 -3
B8 s

1.732 x 5 = 8.66.
¢ =tan—"8.66 = 83° 27"
since power factor (Cos 83°27')=0.114.

Question 1: The reading on the two wattmeters connected
to measure the power input to the three-phase, balanced
load are 600W and 300W respectively.

Calculate the total power inputand power factor of the load.

Question 2: Two wattmeters connected to measure the
powerinputtoabalanced, three-phase load indicate 25KW
and 5KW respectively.

Find the power factor of the circuit when (i) both readings
are positive and (ii) the latter reading is obtained after
reversing the connections of the pressure coil of the
wattmeter.

Solution

1 Total power=P =P +P,
P,=600W.
P,=300W.
P,=600 + 300 =900 W

V3(P; - P,) _+/3(600 - 300) /3 x 300

tan ¢ = = =
(Py + Py) 600 + 300 900

=B _ 1 o574

3 V3

0 =tan-"0.5774 = 30°
Power factor = Cos 30°=0.866.
2 a P=25KW

P,= 5 KW
an o = V3(P; - P) _+/3(25 - 5)
(P + Py) 25+5
V3x20 _V8x2_2 _ gy
30 3 3

o=tan—"1.1547 =49°6'
Power factor (Coso) = Cos 49° 6' = 0.6547
b P=25KW

P,= -5 KW
_B3(P - P,) _3(25 - (-5)
tan ¢ = =
(P + Py) 25+(-5)
_V3(25+5) _ 43 x 30
25-5 20
=@ = 2.5980

0 =tan-"'2.5980=68°57"
Power factor = Cos 68° 57' = 0.3592

Conductors - insulators - wires - types

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 terms used in electrical cables

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.

Materials that 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

Materials thathave only afew electrons and are incapable
of allowing the currentto pass through them are known as
insulators.

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

Conductors

The use of conductors and their insulation is regulated by
| E regulations and BIS (ISI) code of practice.

The |l Eregulationsand | S cover all electrical conductors
listing the minimum safety precautions needed to safeguard
people, buildings and materials from the hazards of using
electricity.

Wires and cables are the most common forms of conductors.
They are made in a wide variety of forms to suit many
differentapplications. (Fig 1)
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Conductors form an unbroken line carrying electricity from
the generating plantto the pointwhereitis used. Conductors
are usually made of copper or aluminium.

Current passing through aconductor generates heat. The
amount of heat generated depends on the square of the
current that passes through the conductor and the
resistance of the conductor.

Asthe heatdevelopedinthe conductor depends uponthe
resistance of the conductorthe cross-sectional area of the
conductor must have a large enough area to give it a low
resistance. Butthe cross-sectional area mustalso be small
enough to keep the cost and weight as low as possible.

The best cross-sectional area depends upon how much
currentthe conductor can carry without much voltage drop
in the line and heat generation in the conductor.

There is a limit to the temperature each kind of insulation
can safely withstand and also the type of insulation which
can withstand the physical chemical and temperature
zones of the surroundings.

BIS (ISI) code specifies the maximum current considered
safe for conductors of different sizes, having different
insulation and installed in different surroundings.

Size of conductors

The size is specified by the diameter in mm or the cross-
sectional area. Typical sizes are 1.5 sq.mm, 2.5 sq.mm,
6 sq.mm etc.

Still in India the old method of specifying the diameter by
the standard wire gauge number is in use.

Classfication of conductors

Wires and cables can be classified by the type of covering
they have.

Bare conductors

They have no covering. The most common use of bare
conductors is in overhead electrical transmission and
distribution lines. For earthing also bare conductors are
used.

Insulated conductors

Theyhave acoating ofinsulation. The insulation separates
the conductor electrically from other conductors and from
the surroundings. It allows conductors to be grouped

without danger. Additional covering over the insulation
adds mechanical strength and protection againstweather,
moisture and abrasion.

Solid and stranded conductors

A solid conductor is one in which there will be only one
conductor in the core as shown in Fig 2. A stranded
conductor is one in which there will be a number of smaller
sized conductors twisted to form the core as shownin Fig 3.

Fig 2
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The number of conductors ranges from 3 to 162 and the
conductor size varies from 0.193 mmto 3.75 mm diameter
depending upon the current carrying capacity and also
upon whether these conductors are used in cables or
overhead lines.

Normally stranded conductors are designated as 10 sq.
mm cable of size 7/1.40 where 10 sq.mm gives the area of
the cross-section, in the size, numerator (7) gives the
number of conductors and the denominator 1.40 gives the
diameter ofthe conductorin mm. Alternatively 7/1.40 cable
is the same as 7/17 whereas in the latter case the
denominatoris expressed in Standard Wire Gauge (SWG)
number.

Stranded conductors are more flexible and have better
mechanical strength. According to recent stipulation, the
cable size should be expressed in sq. millimetres or they
can be expressed in terms of the number of conductors in
the cable and the diameter of the conductor in mm.

Cable

Acableis alength of single, insulated conductor (single or
stranded), or two or more such conductors - each provided
with its own insulation, and are laid up together. The
insulated conductor or conductors may or may not be
provided with an overall mechanical protective covering.

Cable (armoured)

An armoured cable is provided with a wrapping of metal
(usually in the form of tape orwire), serving as amechanical
protection.

Cable (flexible)

A flexible cable contains one or more cores, each formed
of a group of wires, the diameters of the cores and of the
wires being sufficiently small to afford flexibility.
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Core

All cables have one central core or a number of cores of
stranded conductors farming high conductivity; generally
there are one, two, three, three and half and four cores.
Each core is insulated separately and there is overall
insulation around the cores.

Wire

A solid substance (conductor) or an insulated conductor
(solid or stranded) subjected to tensile stress with or
without screen is called a wire.

Copper and aluminium

In electrical work, mostly copper and aluminium are used
for conductors. Though silver is a better conductor than
copper, itis 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
» It has the best conductivity next to silver.

» lthasthelargestcurrentdensity perunitareacompared
to other metals. Hence the volume required to carry a
given current is less for a given length.

e |t can be drawn into thin wires and sheets.

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

» ltcanbejoined withoutany special provision to prevent
electrolytic action.

» ltis durable and has a high scrap value.

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

Characteristics of aluminium

* lthasgood conductivity, nextto copper. When compared
tocopper, ithas 60.6 percentconductivity. Hence, forthe
same currentcapacity, the cross-sectionforthe aluminium
wire should be larger than that for the copper wire.

» ltis lighterin weight.

* It can be drawn into thin wires and sheets. But loses its
tensile strength onreduction of the cross-sectional area.

* Alot of precautions needs to be followed while joining
aluminium conductors.

* The melting point of aluminiumis low, hence it may get
damaged at points of loose connection due to heat
developed.

» |tis cheaperthan copper.

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

Properties of insulating materials

Twofundamental properties ofinsulation materials areinsulation
resistance anddielectricstrength. Theyare entirely differentfrom
each other and measured in differentways.

Table 1

Chararacteristics of conductor materials

Sl. Properties Copper |Aluminium
No. (Cu) (Al)

1 Colour Reddish | Whitebrown

2 | Electrical conductivity 56 35
inMHO/metre

3 | Resistivity at20°C in 0.01786 | 0.0287
ohm/metre (Cross-
sectional area in

2
1mm)

4 | Melting point 1083°C 660°C
Density in kg/cm® 8.93 27
Temperature coefficient | 0.00393 0.00403
of resistance at 20°C
per°C

7 | Coefficientoflinear 17x107°| 23x107®
expansionat20°C
per°C

8 Tensilezstrength in 220 70
Nw/mm

Insulationresistance

It is the electrical resistance of the insulation against the
flow of current. Megohmmeter (Megger) is the instrument
used to measure insulation resistance. It measures high
resistance values in megohms without causingdamage to
the insulation. 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
breakdown voltage of the insulation.

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

* high dielectric strength

» resistance totemperature
+ flexibility

* mechanical strength.

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

Insulating tapes

Various tapes are used for insulating electrical equipments,
conductors and components. Some of these are adhesive.
The tapes commonly used include friction, rubber, plastic
and varnished cambric tapes.
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Rubber tape

Rubber tapes are used for insulating joints. The tape is
applied under slight tension. Pressure causes the layers
tobendtogether. Application of this restores insulation but
will not be mechanically strong.

Friction tape

This is used over rubber tape insulation. This is made up
of cotton cloth impregnated with an adhesive. It does not
stretch like the rubbertape. The friction tape does nothave
insulating qualities of the rubber tape, hence should notbe
used by itself for insulation.

Plastic tape (PVC tape)

This is used more than the other tapes. PVC tapes have
the following advantages.

+ High dielectric strength

* Very thin

» Stretches to conform to contours of joints
Varnished cambric tapes

These tapes are made of cloth impregnated with varnish.
ltusually has no adhesive coating. Available in sheets and
rolls and are ideal for insulating motor connecting leads.

Measurement of wire sizes - standard wire gauge - outside micrometer

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

* measure the wire sizes of standard gauge - outside micrometer.

Necessity of measuring the wire sizes

Toexecute awiringjob proper planningis necessary. After
considering the requirements of the house owner, the
electrician prepares a layout plan of the wiring and an
estimate of the cost of the wiring materials and labour. A
proper estimate involves determination of currentin different
loads, correct selection of the type of cable, size of the
cable and the required quantity. Any error will result in
defective wiring, fire accidents and bring unhappiness to
both the house owner and the electrician.

While selecting the cable sizes, the electrician has to take
into consideration the proposed connected load, future
changes in load, the length of the cable run and the
permissible voltage drop in the cable.

A sound knowledge about the area of the cross-section of
the core, the diameter of the single strand of the conductor
and the number of conductors in each core of the stranded
conductoris essential forawireman to be successfulin his
carreer.

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

The size of wires are designed more carefully by the
manufacturers. Though the Bureau of Indian Standards
(BSI) specifies the cables by the area of the cross-section
in square millimetres, the manufacturers still produce the
cable with the diameter of each wire and number of wires
in the stranded cables. Sometimes the indicated size of
cable by the manufacturer may not be correct and the
electrician has to ascertain the size by measurement.

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, shownin Figure 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.

Fig 1

\ BARE

CONDUCTOR

STANDARD WIRE GAUGE

ION120781

For example, SWG No. 0 (zero) is equal to 0.324 inch or
8.23 mm in diameter whereas SWG No0.36 is equal to
0.0076 inch or 0.19 mm in diameter.

While measuring the wire, the wire should be cleaned and
theninserted into the slot of the wire gauge to determine the
SWG number (Fig 2). The slotin which the wire just slides
in is the correct slot and the SWG number could be read
inthe gauge directly. In mostofthe wire gauges to save the
trouble of referring to the table, the wire diameter is
inscribed on the reverse of the gauge.

Fig 2
INSULATION

CONDUCTOR

JUST SLIDING

IN THE SLOT

BARE CONDUCTOR

SWG NUMBER
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Table 1 - Conversion table SWG to mm/inch

SWG No. mm inch
7/0 12.7 0.500
6/0 11.38 0.464
5/0 10.92 0.432
4/0 10.16 0.400
3/0 9.44 0.372
2/0 8.83 0.348
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 0.192
7 4.47 0.176
8 4.06 0.160
9 3.66 0.144
10 3.25 0.128
11 2.95 0.116
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
17 142 0.056
18 1.22 0.048
19 1.02 0.040
20 0.91 0.036
21 0.81 0.032
22 0.71 0.028

SWG No. mm inch
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
33 0.25 0.0100
34 0.23 0.0092
35 0.21 0.0084
36 0.19 0.0076
37 0.17 0.0068
38 0.15 0.0060
39 0.13 0.0052
40 0.12 0.0048
41 0.11 0.0044
42 0.10 0.0040
43 0.09 0.0036
44 0.08 0.0032
45 0.07 0.0028
46 0.06 0.0024
47 0.05 0.0020
48 0.04 0.0016
49 0.03 0.0012
50 0.02 0.0010

American Wire Gauge (AWG)

The American wire gauge is different from the British
standard wire gauge. Inan American wire gauge (AWG) the
diameteris representedin mils rather thaninch ormm. One
mil is one thousandth part of an inch. Please note there is
no direct conversion from AWG to SWG.

Measurement of wire size by Outside micrometers

A micrometeris a precisioninstrumentused to measure a
job, generally within an accuracy of 0.01 mm.

Micrometers used to take the outside measurements are
known as outside micrometers. (Fig 3)

The parts of a micrometer
Frame

The frame is made of drop-forged steel or malleable cast
iron. All other parts of the micrometer are attached to this.

Barrel/sleeve

Thebarrel orsleeveisfixed tothe frame. The datumlineand
graduations are marked on this.
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Thimble

The thimble is attached to the spindle and on the bevelled
surface of the thimble, the graduation is marked.

Spindle

Oneend ofthe spindleis the measuring face. The otherend
is threaded and passes through a nut. The threaded
mechanism allows for the forward and backward movement
of the spindle.

Anvil

The anvilis one of the measuring faces whichisfitted on the
micrometer frame. Itis made of alloy steel and finished to
a perfectly flat surface.

Spindle lock-nut

The spindle lock-nutis used tolock the spindle ata desired
position.

Ratchet stop

The ratchet stop ensures a uniform pressure between the
measuring surfaces.

Principle of the micrometer

The micrometer works on the principle of screw and nut.
The longitudinal movement of the spindle during one
rotation is equal to the pitch of the screw. The movement
ofthe spindle to the distance of the pitch orits fractions can
be accurately measured on the barrel and thimble.

Graduations

In metric micrometers the pitch of the spindle thread is 0.5
mm.

Thereby, inone rotation of the thimble, the spindle advances
by 0.5 mm.

In a 0-25 mm outside micrometer, on the barrel a 25 mm
long datum line is marked. (Fig 4) This line is further
graduated in millimetres and half millimetres (ie. 1 mm &
0.5mm). The graduations are numberedas 0, 5,10, 15, 20
& 25 mm on the barrel.

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.

Fig4
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GRADUATIONS MARKING ON OUTSIDE DIAMETER

Movement of one division of the thimble
=0.5x1/50 =0.01 mm.

This value is called the least count of the micrometer.

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

Outside micrometers are available inranges of 0 to 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 numberofwhole millimetres
that are completely visible from the bevel edge of the
thimble. It reads 4 mm. (Fig 5)

Fig 5
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EACH MAJOR DIVISION ON BARREL = 1 mm.

LOCK READING IS 4 =4 mm.
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READING MICROMETER MEASUREMENT

b Addtothis any half millimetre thatis completely visible
from the bevel edge of the thimble and away from the
whole millimetre reading.

Thefigure reads one division (Fig 6) mm afterthe 4 mm
mark. Hence 0.5 mm to be added to the previous
reading.

Fig6
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PLUS ADDITIONAL MINOR DIVISIONS.
READING IS 1 = 0.5 mm.

THIMBLE READING ON MICROMETER
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¢ Add the thimble reading to the two earlier readings.

Thefigure shows the 5th division of the thimble is coinciding
with the datum line of the barrel. Therefore, the reading of
the thimble is 5 x 0.01 mm = 0.05 mm. (Fig 7)

The total reading of the micrometer.
a 4.00mm
b 0.50 mm
¢ 0.05mm.

Total reading = 4.55 mm (Fig 7)

Fig 7

01234

EACH THIMBLE DIVISION = 0.01 mm.
READING IS 5 = 0.05 mm.
TOTAL READING = 4.55 mm.
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Skinning and tinning of wires

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
measuring surfaces using the ratchet. Read the micrometer.
If the thimble zero is coincident with the datum line of the
barrel, erroris zero. Ifitreads higher value, the erroris +ve;
ifitreads lesservalue the difference between zero and the
read valueis-ve error.

Ifthere is minus errorit should be added to the total reading
andifthere s plus error the value should 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 mustbe locked
with the reading.

Do not drop or handle the micrometer roughly.

Objectives: At the end of this lesson you shall be

 define a wires and distinguish between single strand and multistrand wires

* define skinning

* state the meaning of soldering, list two main types and uses of soldering
« state the need of soldering in electrical/electronic circuits

 state the meaning of solder and types
 explain the purpose of using flux while soldering
* state the meaning of tinning

» explain the need for inspecting a tinned/soldered point.

Wires

Any metallic conductor drawn (a process of pulling) in the
form of a thin solid cylindrical string, is called an electrical
wire. Wires are used as a medium for carrying current from
one pointto another pointin an electrical/electronic circuit
as shown in Fig 1a.

All wires have at least one metal strand which is able to
conduct electricity. This is known as the conductor. This
conductor is generally surrounded by a material which
does not conduct electricity as shown in Fig 1b.

Conductors used in wires are invariably made of good to
very good conductor materials like aluminum, copper. This
is because electrical wires are intended to carry current
with minimum opposition or resistance.

Single Strand Wires

If the conductor of a wire is a single strand of metal, then
the wire is known as a single strand wire, commonly
called hook-up wire. These wires are commonly used for
jumpering, experimental circuit wiring of electronic circuits.

Fig 1 CONDUCTOR
(a)

CURRENT IN

CURRENT OUT

(b)
CONDUCTOR
(METAL STRAND)

INSULATOR
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Multistrand wires

If the wire consists of several strands of metal as shown in
Fig 2, then the wire is known as Multi-strand wire.

Some of the advantages of multistrand wires over single
strand wire are listed below;

* More flexible and hence can be routed in any direction
more easily.
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* More rugged and hence are less likely to cut when
bend.

» Can carry more current when compared to a single
strand conductor of same dimension.

* More suitable for high frequency application due to
reduce skin effect (discussed later)

» Better cooling due to air gap between strands.
» Cancellation of the effect of magnetic field.

Because of the above advantages, multistrand wires are
used extensively in electronic circuit connections.

Skinning of wire

Touse wiresin constructing electrical or electronic circuits,
a small portion of insulation at the ends of the wire is to be
removed. The process of removing arequired length of wire
end insulation is called SKINNING of wires. There are
several methods and tools to do skinning. The simplest of
all these methods is skinning using a knife.

Skinning of wires using a knife is most suitable for single
strand wires or multi strand wires with thick strands and
thick insulation. This method is not advised to be used for

Skinning of cables

skinning multi-strand wires with thin strands as the strands
may get cut while skinning.

Special skinning tools are available for skinning flexible
multi-stand wires. The mostcommon ofthemis the manual
wire stripper as shown in Fig 3a. Amanual wire stripperis
the cheapest of the stripping tools and does good stripping
work if one practices with it. A few other types of wire
strippers are shown in Fig 3b.

Fig 3 MANUAL WIRE STRIPPER
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Objective: At the end of this lesson you shall be able to
« state the method of skinning of cable.

The installation technique for aluminium cables is the
same as that for copper cables. Certain additional
precautions are necessary as aluminium has low
mechanical strength, less current carrying capacity forthe
same area of cross-section, low melting point, and is
quicker in forming oxides on the surface than copper.

Accordingly, while, using aluminium cables proper care is
to be taken regarding the following.

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

Handling: Remember that aluminium conductors when
compared to copper conductors have less tensile strength
and lessresistance tofatigue. As such, bending or twisting
of aluminium conductors 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

shownin Fig 1, the insulation should notbe ringed as there
is a danger of nicking the aluminium conductor while
ringing the insulation with a knife.

Fig 1

ION1207B1

WRONG METHOD

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

Connecting the cable ends

The following problems are encountered while connecting
aluminium cables to the accessories.
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Fig 2

RIGHT METHOD
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The termination holes in the accessories may be
undersized.

This normally happens in old accessories as they are
designed for copper cable ends. Hence, while selecting
accessories, a thorough check is necessary of all
accessories to ensure whetherthe holes inthe terminating
connectors as shownin Fig 4 are suitable toaccommodate
the specified aluminium conductors. In any case, the
strands should not be cut or the conductor filed as shown
in Fig 3 to enable insertion in the undersized hole as this
operation results in the heating of the cable end on load
condition.

Jointsin electrical conductors are necessary to extend the
cables, overhead lines, and also to tap the electricity to
otherbranchloads whereverrequired.

Cable end termination - crimping tool

Fig 3

TERMINAL CONNECTOR

UNDER SIZE HOLE IN CONNECTOR
STRANDS CUT TO REDUCE SIZE
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Fig 4

TERMINAL CONNECTOR

CORRECT SIZE HOLE IN
CONNECTOR
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RIGHT METHOD

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

Cables are terminated 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.

Loose terminations willlead to overheating 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.

Touching of strands projecting from one terminal with other
terminal leads to short circuit. To conclude, we can state
thatwrong termination will lead to overheating of terminating
points and cables, short circuits and earth leakage.

Types of termination
Crimp connection: Inthis type of connection the conductor

is inserted into a crimp terminal and is then crimped with
a crimping tool (Fig 1).

Fig 1

\ HANDLE

CRIMPING TOOL
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Itisimportantto choose a crimp terminal that matches the
conductor diameter and the dimensions of the connecting
screw terminal. (Figs 2 and 3)

Fig 2
|~—— APPROX. 1~2 MM.
—/
—/
CRIMPED PART — 170 2 MM. MARK BAND

OF THE LUG

__] W

CRIMP TERMINAL CONNECTION
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Insert screw setting: The conductorisinserted between
the terminal block and the special form of washer (Fig 4),
and then the screw is tightened.

Fig 4

ey

INSERT AND SCREW SETTING
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Screw on terminals with loop/ring conductor: A loop
is formed clockwise in the bare portion of the conductor to
match the size of the screw diameter. Then the loop is
inserted to the screw and tightened. (Fig 5) In the case of
a stranded conductor, soldering of the loop is essential to
prevent strands getting fray.

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)

Fig 6
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The colour code while connecting 3 core cable must be
properly followed. Redwireto L, black/blue to N, greenwire
or yellow with green line to E terminal. The earth terminal
in a 3 pin plug is bigger than the other two.

Connections and terminals

There is an electrical fire risk if:

» thecurrent-carrying capacity of the cable isinadequate
+ the capacity of the plug is inadequate

» the insulation is cut back too far

« the conductor is damaged while cutting back the
insulation

» the connections are not right

» the cable is not adequately supported at the point of
entry to the plug or to the appliance.

When a reinforcing rubber shroud is provided,
ensure that it is used. (Fig 7)

Fig 7
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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.

In crimp compression fitting, aring-tongued terminal (lug)
isto be compressed to the bared end of aninsulated multi-
strand cable. The process is called crimping and the tool
used is called crimping pliers or crimping tool.

Compressiontype connectors apply and maintain pressure
by compressing the connector around the conductor.

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
overheating while carrying electrical load.

Crimpingtools

The crimping pliers illustrated in Fig 8 is of a type which
crimps from 0.5 to 6 mm cables.

Fig 8

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 9.

Ifthe terminal has too deep a crimp, the strength of the joint
is reduced. With too 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 10.
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Fig 9
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Fig 10
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Terminallug crimping pliers are available inlengths ranging
from 180 to 300 mm. Crimping tools are available in sets.
For higher capacity cables crimping tools are operated by
hydraulic force.

Fig 11 shows another type of crimping tool which crimps
from 26 to 10 SWG.

Fig 11
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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 tool. The shape of the jaws
determines the shape of the crimp (indent). Some crimp
sections are shown in Fig 12.

Fig 12
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Safety

When using this type of crimping tool care must be taken
not to trap the finger, as the operating cycle of the tool is
non-reversiblei.e. once the handles are squeezed together
the jaws can only be released by applying further pressure
to the handles as shown in Fig 11.

Terminal types

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

Thefactors are:
+ 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 considerations suchas the currentcarrying
capacity, that may also determine some of the
mechanical dimensions.

The electricaland mechanical requirements for the lugand
the base material of the lug are decided by the cable
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 13 shows some lug connectors normally used in
practice terminals. They are ring, rectangular, spade,
flanged spade etc. Ringand rectangularterminals are not
intended for frequent removal to disconnect the terminal
whereas in spade and flanged spade lugs (terminals) the
screw need not be removed to disconnect.

\éu/g'

RECTANGULAR

Fig 13

SPADE FLANGED SPADE
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Precautions for crimping tool application

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

Do notalterthe crimpingtool, e.g. alter the shape of the die
etc.

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

Ifa pin, spring, etc. is found damaged in the crimping tool,
repair itimmediately.

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

» Aproperly made crimpis betterin electrical conductivity
and mechanical strength.

* Less costly.

* When the same size cables are to be terminated
through lug connectors, the crimping process is faster
than soldering.

« The crimping operation surely needs good skill but
soldering operation needs advanced skills.

+ Heatgeneratedinthe conductor sometimes melts the
solderand the connectionis open circuited. Butcrimped
connection will not open that easily.

Current carrying capacity of copper & aluminium cables - voltage grading

Objectives: At the end of this lesson you shall be able to
* list out the factors for selection of cables

« state the types of protection based on current carrying capacity
« state the size and number of strands available in copper and aluminium cables and their current carrying

capacity

« state the rating factor and determine the current capacity of cables with respect to temperature

 differentiate between solid and stranded conductors.

Selection of cables

The current carrying capacity of a 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
e Number of cables in bunches

» Lengthofcircuit (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.

Informationin this lesson will enable the wireman to select
the correct cable under normal working conditions.

Current rating of cables based on type of protection

Cables insulated with PVC, may sustain serious damage
when subjected, evenforrelatively short periods, to higher
temperature thanthe temperature permissible for continuous
operation.

Therefore, currentratings of cables insulated with PVC are
determined notonly by the maximum conductortemperature
admissible for continuous rating but also by the temperature
likely to be attained under conditions of excess current.

Hence, the current rating of cables are given under two
headings:

» cables provided with coarse excess current protection
+ cables provided with close excess current protection.
Coarse excess current protection

In this type of protection, circuit protection will not operate

within four hours at 1.5 times the designed load current of
the circuit which it protects.

The devices affording coarse excess current protection
include:

« fuses which are having a fusing factor exceeding 1.5
times the marked rating.

« carriers and bases used in rewirable type electrical
fuses.

Close excess current protection

In this type of protection the circuit protection will operate
within four hours at 1.5 times the designed load current of
the circuit which it protects.

Devicesinclude:

« fuses fitted with fuse links having fusing factor not
exceeding 1.5 times the marked rating (HR C &
cartridge etc.)

¢ miniature and moulded case circuit breakers.

« circuit breakers set to operate at an overload not
exceeding 1.5 times the designed load current of the
circuit.

Electricalinspectors, who are assigned by the Government
totestinstallation and give permission for effecting supply,
now recommend close excess current protection devices
like MCB and HRC fuses to be included in the circuit for
safety to the user and to reduce fire accidents.

Rating factor with respect to protection

For circuits with coarse excess current protection (rewirable
fuse unit) currentrating of cablesis givenin Table 1. Though
the cables can carry a higher value of current than the
current notified in the Table 1, for circuits having coarse
excess current protection, the permissible current in
cables is obtained by multiplying the normal current
capacity by a rating factor of 0.81, whereas for circuits
protected by close current protection the normal current
capacity is multiplied by a rating factor of 1.23.
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The following example will clarify the above information.

Normal current carrying capacity of 1.5 sq mm copper
cable = 16 amps (normal rating)

Current capacity of the same cable when protected by
coarse excess current protection (Rating factor 0.81)

= Normal capacity x Rating factor
=16 x0.81 =13 amps.

Close excess current protection (Rating factor 1.23)

= Normal capacity x Rating factor
=16 x1.23 =19.7 = 20 amps.

Current capacity for close excess current protection could
be obtained by the following formula also.

Coarse excess current

protectionrating Rating factor of close
= X excess current

Rating factorof coarse  protection

protection

Table 1

Current rating for single core PVC insulated sheathed copper and aluminium conductor cables of size 1 to 50 sq. mm at
ambient temperature of 40°c (Refer to IS 694 Part1-1964). (Cables provided with coarse excess current protection.)

Nominal cross- Number and diameter Bunched and enclosed in conduit or trunking
sectional area of wires
2 cables single 3 or 4 cables
phase AC orDC 3-phase AC
mm? Number of strands/ Copper Aluminium Copper  Aluminium
dia, in mm Amps. Amps. Amps. Amps.
1 11.12 11 - 9 -
1.5 1/1.40 13 8 11 7
25 1/1.80 18 11 16 10
4 1/2.24 24 15 20 13
6 1/2.80 3 19 25 16
10 1/1.40 42 26 35 22
16 7/11.70 57 36 48 30
25 7/2.24 71 45 60 38
35 7/2.50 N 55 77 47
50 19/1.80 120 69 100 59

Rating factor for ambient temperature

Furtherthe currentrating of cablesis greatly affected by the
ambienttemperature. As suchifthe ambienttemperature

is other than 40°C the current rating shown in the above
table should be multiplied by the rating factor given in
Table 2.
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Table 2

SL. | Ambient Temp. °C 25 30 35 40 45 50 55 60 65
No. | Rating factor for
cables
1 Having coarse excess | 1.09 1.06 1.03 1.00 0.97 0.94 0.82 0.67 0.46
current protection
2 Having close excess | 1.22 1.15 1.08 1.00 0.91 0.82 0.70 0.57 0.40
current protection
3 Flexible cords -- 1.09 1.04 1.00 0.95 0.77 0.54 -- -
Example 1 Table 3

Find the current rating of 2.5 sq mm, aluminium cable at
50°C. Thecircuitis single phase AC, protected by rewirable
fuses and the cable is run in conduit.

Solution

The protectionis coarse excess current protection. Hence
referring to Table 1 the current rating of 2.5 sq mm
aluminium cable at 40°C is = 11 amps.

Rating factor at 50°C referring to Table 2 = 0.94.

The currentrating of 2.5 sq.mm aluminium cable protected
by coarse excess current protection run in conduit and at
ambient temperature of 50°C = 11 x 0.94 = 10 amps.

Example 2

Find the current rating of 4 sq mm copper cable at 60°C,
when used in a 3-phase circuit and the circuit is protected
by HR C fuses.

Solution
The protection is close excess current protection.

Referring to Table 1, the current
rating of 4 sq. mm copper cable for
coarse excess current protection
(rewirable fuse)at40°C, when
used in 3 phase circuit is

=20 amps

Current rating for closed excess
current protection at 40°C when

=(20x1.23)/0.81

used in 3-phase circuit = 30.37 amps.

The rating factor at 60°C is

(Referringto Table 2) =0.57.

Hence, the current rating of 4 sq. mm

copper cable in a circuit protected

by close excess current protection

atan ambient temperature of 60°Cis = 30.37 x 0.57
=17.31 amps

= say 17 amps.
Current rating of flexible cables is given in Table 3.

Advantages of stranded conductors over solid
conductors

As stranded conductors are more flexible, chances of
break of conductors and crack of insulation at the bend is
less. They can be easily handled and laid.

Current ratings for copper conductor flexible cords,
insulated with PVC according to BIS No.694

Nominalcross- | Number and Current rating

sectional area diameter of DC, single

of conductor wires phase or 3-
mm? Number/mm phase AC

(Amperes)

0.50 16/0.20 4
0.75 24/0.20 7
1.00 32/0.20 11
1.50 48/0.20 14
2.50 80/0.20 19
4.00 128/0.20 26

Connections andjoints of stranded conductors are stronger
and have longerlife.

Comparison between solid and stranded conductors

Solid conductor Stranded conductor
Rigid. Flexible.
Less mechanical strength. | More mechanical
strength

Availableinround
shape having
small diameters.

Availablein square,round
and flat shapes.

Used for cables
and wires.

Used for bus-bars and in
the winding of large
capacity transformers.

In stranded conductors the insulation has a better grip on
the wire.

Solid conductors between supports of overhead lines may
break due to vibration. This breakage is less in stranded
conductors.

The space between the strands permits flow of oilin U G
cables enabling better insulation properties and cooling.

For a given area of cross- section stranded cables carry
more current than solid conductors.
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Table 4 shows the various types of cables.

Classification of voltage grading

Voltage is classified as

» Lowvoltage (L.V): Normally not exceeding 250V (i.e.)

* Medium voltage (M.V): Exceeding 250V but not
exceeding 650V from 250 to 650 volts

» Highvoltage (H.V): Exceeding 650V butnotexceeding
33000V.(650-33000 volts)

Extra high voltage: All voltages above 33000V comes

from 010 250 volts. under this category.
TABLE4
Various types of electrical cables
Type of code Voltage grade Range of Application B.L.S.
cross applicable
section
in (mm?2)
A.Wiring cable
1 PVCinsulated 250/440,650/ 1.5t0 50 Domestic/industrial 694 part I
a)non-sheathed single 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 1.5t0 50 Domestic/industrial
ECC and 3-core wiring on batten.
iv) circular 2,3 or 4 core 650/1100V 1.5t0 300 Sub-main/industrial.
c)non-sheathed single 250/400 4t05 Temporary wiring 694 part |
core and twisted 650/1100 interconnections,
twin flexible copper household 694 partl&ll
applicances.
d)PVC sheathed circular -do- -do-
twin, 3 and 4 core flexible
copper
e)Single extrusion -do- 1.5t0 50 Domestic wiring 694 partl,ll
on batten
2 Polythene insulated and PVC
sheathed with aluminium
conductor
a) single core flat & 250/440 1.5t050 Domesticwiring 1596
circular twin core on batten
b) flat twin with ECC & -do- 1.5t010 -do- 1596
circular
3 Lead alloy sheathed Aluminium Copper
i) single core 1.5t050 1.5t0 50
ii) 2,3 and 4-core circular 250/440 70 to 625 64.5 to 645
i) twin & 3 core flat (ECC) 650/1100 1.5t016 1.5t0 16 Industrial wiringindamp | 434 partl,ll
250/440 corrosive atmosphere.
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Type of code Voltage grade Range of Application B.l.S.
cross applicable
section
in (mm?)

4 TRS sheathed

i) single core

ii) 2,3 and 4-core circular -do- 1.5t0 50 0.5 to 50 Wiring residential on 434 part I

batten,industrial wiring

i) Twin & 3 core flat (ECC) -do- 1.5t0 625 64.5t0 645 Residential batten -do-

e) TRS sheathed flexible 1.5t0161.5t0 16

f) Fire resisting asbestos 250/440 Welding cables in fire -do-
sheathed 650/1100 hazards.

g) Poly Phropene -do- Training cable for lifts -do-

sheathed flexible -do- and other mobile
equipments
5 Weather-proofcables 250/440 1.50to 50

a)VIR insulated cotton, 650/1100

braided and treated with

weather resistance

compound

b)PVC insulated PVC -do- -do- Service connectionand | 434 partl,ll

sheathed otheroutdoorapplication.| 3035 part|
c)Polythene insulated, taped -do- -do- 3035 partll
braided and compounded
6 Power cables heavy duty

1.1kV grade

PVC insulated PVC

sheathed cable

a)Unarmoured/armoured

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

ii) Twin core 650/1100 1.5t0 500 singlecorenotavailable. | Partl/76

iii) Three-core -do- 1.5t0400 Unarmoured power

iv) Three and a half core -do- 16t0 400 cables are used only in

v) Four core -do- 1.5t0 50 protected places. Use of

copperis banned for
such applications
7 Paperinsulated, lead, 1.1kV 6 t0 625 6 to 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 and three 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 1.3.13 - 26

loT Technician (Smart Healthcare) - Components and AC & DC measurements

Resistors - Types of resistors, their construction & specific use, color

coding, power rating

Objectives: At the end of this lesson you shall be able to
* state the function of a resistor in a circuit

« explain the classifications of resistors

« explain the classifications of fixed value resistors

* state the power rating of resistors

* state the tolerance in a resistor

¢ find the value of a resistor using colour code

¢ state the constructional details of fixed and variable resistors.

Resistors

Resistors are electronic components, used to reduce, or
limit, or resist the flow of current in any electrical or
electronic circuit. Chart 1 at the end of this lesson shows
different types of resistors.

Fig 1 shows a circuit in which the bulb glows brightly. Fig
2 shows the same circuitwith aresistor, and the bulb glows
dim. This is because, the current in the circuit is reduced
by the 1000 ohms resistor. If the value of this resistor is
increased, currentin the circuit will be further reduced and
the light will glow even dimmer.

Fig 1

+iy

BATTERY
PACK

ION131511

Fig 2 W

BATTERY

ION131512

SMALL CIRCUIT CURRENT

Resistors are made of materials whose conductivity fall in-
between that of conductors and insulators. This means,
the materials used for making resistors have free electrons,
but not as many as in conductors. Carbon is one such
material used most commonly for making resistors.

When alarge number of electrons are made to flow through
aresistor, there is opposition to the free flow of electrons.
This opposition results in generation of heat.

Unit of resistance

The property of the resistor to limit the flow of current is
known as resistance. The value, or quantity of resistance
is measured in units called ohms denoted by the symbol
Q.

Resistors are called passive devices because, their
resistance value does not change even when the level of
applied voltage or current to it is changed. Also, the
resistance value remains same when the applied voltage is
AC or DC.

Resistors can be made to have very small or very large
resistance. Very large values of resistances can be
represented as given below;

1000 Q =1x1000 Q =1 x kiloQ =1KQ
10,0002 =10x1000Q =10xkiloQ =10KQ
100,000 =100x 1000 Q2 =100 x kilo Q =100 KQ

1000,000 Q = 1000 x 1000€2 = 1000 x kiloQ2 = 1000 KQ
= 1Mega Q = 1MQ

Classification of Resistors

Resistors are classified into two main categories.
1. Fixed 2. Variable

Fixed value resistors

Its ohmic value is fixed. This value cannot be changed by
the user. Resistors of standard fixed values are manufactured
for use in majority of applications.

Fixed resistors are manufactured using different materials
and by differentmethods. Based on the material used and
theirmanufacturing method/process, resistors carry different
names.

Fixed value resistors can be classified based on the type
of material used and the process of making as follows.

Physical appearance of some types of fixed value resistors
is shown in Chart 1 at the end of this lesson.

57



Chart1

FIXED VALUE RESISTORS
|
Carbon composition Wire-wound Film resistors Printed
resistors resistors ‘ resistors
| | | |
Carbon -film Metal film Metal oxide film Cermetfilm Integrated
resistors resistors resistors resistors resistors

Carbon Composition Resistors
Construction

These are the simplest and most economical of all other
types. Brief constructional detail of the simplest type of
carbon composition resistors commonly called carbon
resistor is shown in Fig 3.

Fig 3

®

PPE
ﬁ /

[,
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A mixture of finely powdered carbon or graphite(A), filler
and binder is made into rods or extruded into desired
shapes. Leads(B) made oftinned copperare then attached
to the body either by soldering or embedding(C) in the
body. A protective layer/tube(D) of phenolic or Bakelite is
moulded around the assembly. Finally its resistance value
is marked on the body.

Power rating

As already discussed, when current flows through a
resistor, heatis generated. The heatgenerated in aresistor
will be proportional to the product of applied voltage (V)
across the resistorand the resultant current (I) through the
resistor. This product VI is known as power. The unit of
measurement of power is watts.

The physical size of a resistor should be sufficiently large
to dissipate the heat generated. The higher the physical
size, the higher is the heat that a resistor can dissipate.
This is referred to as the power rating or wattage of
resistors. Resistors are manufacturerd to withstand different
power ratings. If the product of V and | exceeds the
maximum wattage a resistor can dissipate, the resistor
gets charred and loses all its property. For instance, if the
applied voltage across a 1 wattresistoris 10 volts resulting
in 0.5 Amps of current through the resistor, the power
dissipated (VI) by the resistor will be 5 watts. But, the
maximum power that can be dissipated by the 1 wresistor
ismuch less. Therefore, the resistorwillget overheated and
gets charred due to overheat.

Hence, before using a resistor, in addition to its ohmic
value, itis important to choose the correct wattage rating.
Ifin doubt, choose a higher wattage resistor but never on
the lower side. The power rating of resistors are generally
printed on the body of the resistor.
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Resistor values - coding schemes

For using resistors in circuits, depending upon the type of
circuitin whichitis to be used, a particular type, value and
wattage of resistor is to be chosen. Hence before using a
resistor in any circuit, itis absolutely necessary to identify
the resistor’s type, value and power rating.

Selection of a particular type of resistor is possible based
on its physical appearance. Table 4 at the end of this
lesson illustrates the physical appearance of most
commonly used fixed value resistors. The resistance value
of a resistor will generally be printed on the body of the
resistor either directly in ohms as shown in Fig 4a or using
a typographic code as shown in Fig 4b or using a colour
code as shown in Fig 4c.

Fig 4
3300
(a) ———— i‘10°/a  —
(b) —— 3K3a e
+10%
ORANGE ORANGE RED SILVER
<+
(c) ’ ]
| — o«
J =
[}

Colour band coding of resistors

Colour band coding as shown in Fig 6¢ is most commonly
used for carbon composition resistors. Thisis because the
physical size of carbon composition resistor is generally
small,and hence, printing resistance values directly on the
resistor body is difficult.

Tolerance

In bulk production/ manufacturing of resistors, it is difficult
and expensive to manufacture resistors of particular exact
values. Hence the manufacturer indicates a possible
variation from the standard value forwhichitis manufactured.
This variation will be specified in percentage tolerance.
Tolerance is the range(max -to- min) within which the
resistance value of the resistor will exist.

Table No.4 of pocket table book gives alist of commercially
available standard preferred value of resistors.

Refer to the Pocket Table book, table nos 1, 2 and 3 for
methods to read the value of resistors and their tolerance
forresistors using 3band, 4 band and 5 band colour coding
schemes.
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Typographical coding of resistors

Inthe typographical coding scheme of indicating resistance
values, the ohmic value of the resistor is printed on the body
of the resistor using a alpha-numeric coding scheme.

Some resistance manufacturers use a coding
scheme of their own. In such cases it will be
necessary to refer to the manufacturer’s guide.

Applications

Carbon composition, fixed value resistors are the most
widely used resistors in general purpose electronic circuits
such asradio, tape recorder, television etc. More than 50%
of the resistors used in electronic industry are carbon
resistors.

Measuring ohmic value of resistors

Itis not possible to read the exact ohmic value of aresistor
from colour/other coding schemes due to manufacturing
tolerance built into the resistors. To find the exact ohmic
value of resistors ohmmeters are used. When aresistor is
placed between the test probes of an onmmeter as shown
in Fig 5a, the meter shows nearest to the exactresistance
of the resistor directly on the graduated meter scale.
Multimeters are also used to measure the value of resistors
as shown in Fig 5b.

Fig5
(a) [_OHM METER (b)

MULTIMETER

ION131515

When a multimeter is used for resistance measurement,
the resistance range switch on the meter should be putto
the most suitable resistance range, depending upon the
value of resistance being measured.

Table No.11 of Pocket table book suggest the meter
ranges for measuring different resistor values accurately.

Wire-wound Resistors

Resistors, in addition to having a required ohmic value,
should also be capable of dissipating the heat produced.

Carbon by its nature has a limitation in the maximum heat
it can dissipate. Carbon resistors become too hot when
high current flows through them. This increased heat in
carbonresistors changes the ohmic value of the resistors.
Sometimes the resistors may even burn open due to
excessive heat. Hence carbon resistors are suited only in
low power circuits safely up to 2 watts.

This limitation in carbon resistors can be overcome by
using wires of resistive materials like Nichrome, Manganin
etc., instead of carbon. Resistors made using wires of
resistive materials are known as wire-wound resistors.
These resistors can withstand high temperature, and still
maintain the exact ohmic values. In addition, wire-wound
resistors can also be made to have fractional ohmic values
which is not possible in carbon composition resistors.

Construction

Typical construction of afixed value wire-wound resistor is
shownin Fig 6 . Overa porcelain former (A), resistive wire
(B) such as Nichrome, Manganin or Eurekais wound. The
number of turns wound depends on the resistance value
required. The wire ends are attached to terminals(D).

Fig 6

ION131516

The entire construction, except the terminals are coated
using an insulating binder(C) such as shellac/ceramic
paste to protect the wire-wound resistor from corrosion etc.
Invery high voltage/currentapplication, the resistive wires
are coated with vitreous enamel instead of shellac. The
vitreous enamel coating protects the wire-wound resistor
from extreme heat and inter-winding firing/discharge.

Resistorvalues

Wire-wound resistors are available from a fraction of an
ohm to 100’s of Kilo ohms, with a power ratings of 1 watt
to several 100s of watts. The higher the power rating, the
thicker the resistive wire used, and bigger will be the
physical size of the wire-wound resistor.

Applications

Wire-wound resistors are commonly used in electronic
circuits where small values, precision values, high wattage
ratings are required. A few applications are : regulated
power supplies, amplifiers, motor controls, servo control
circuits, TV receivers etc.
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Ohm’s law

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

e state ohm’s law
¢ calculate current in a circuit with one resistor

¢ calculate the total resistance of series resistance circuits
 calculate the power dissipated across a resistor and circuit

* design a simple voltage divider circuit using resistors

* calculate the total resistance of parallel resistance circuits

 calculate the current flowing through branches of a parallel resistance circuit
 calculate the total resistance of series-parallel resistive circuits

 calculate the resistance value required to limit current in simple circuits
 calculate and connect resistors to obtain non-standard resistance values.

OHM’S LAW

The quantity of current flowing through a resistor depends
on two factors:

1 The ohmic value of the resistor.
2 The voltage applied across the resistor.

If the voltage applied across a resistor is kept constant,
higher the resistance of the resistor, lower will be the
currentflowing throughiit. In otherwords current (I) through
aresistorisinversely proportional to resistance(R) value of
the resistor.

Onthe otherhand, if the applied voltage (V) across a fixed
valueresistorisincreased, the current flowing through the
resistor also increases. In other words current (I) through
aresistoris directly proportional to the applied voltage(V)
across the resistor.

Combining the above two relationships between resistance
(R), current (l)and applied voltage(V), it can be written as,
s
R

This relationship of | = V/R was found by the scientist
George Simon Ohm and hence thisis referred to asohm’s
law.

I

Therelationship of | =V/R can be expressed mathematically
in different forms as,
v , .
I =—-oV=IxR oo R ==
= I
These formulas are used invariably while designing or
testing electrical/electronic circuits.

Generalising, ohm’s law can be stated as follows:

Under a given constant temperature, the current flowing
through a resistor is directly proportional to the voltage
across the resistor and inversely proportional to the value
of resistance.

This statement holds good not only for a resistor, but in
common to all resistive circuits.

Example 1: Using ohms law, find the current flowing
through the resistor in Fig 1.

Solution:

Applied voltage across the resistoris : 10 volts

Fig 1

V=10VOLTS | 1 R=100

RESISTOR

ION131521

Resistance value of the resistor is given as 10 ohms.
Therefore current (l) through the resistor by Ohm’s law
is;
v 10 volts
I =—-Amps. = _——— = 1am
R "M% 7 10 ohms °
Current through the resistor is 1 ampere.

Example 2: Find the current flowing through the circuitin
Fig 2.

Fig 2

il

-
V =10 VOLTS ! Iy
_

R=100Q

RESISTOR

ION131522

Solution:
Let the total circuit current be It.

From Ohm’s law

_Total voltage applied to the circuit (V)
t Total circuit resistance (R)

In the given circuit ,
total applied voltage = 10 volts.

Total circuit resistance = resistance of the only resistor =
100W.

This is because the given circuitconsists of one
resistor and that is the only component in the
circuit.

Total current through the circuit |t is equal to
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RESISTORS IN SERIES

vV 10V
Iy =— ="—— = b1 = 100 mA
t"R T o IR sl
When resistors are connected end to end as shown in

Fig 3, theresistors are said to be in series with each other.
Total resistance of resistors in series

When resistors are connected in series, the total resistance
of the series connection will be equal to, the sum of
individual resistance values. In Fig 3, total resistance
across points a-d will be equal to R, + R,.

Example:InFig 3,ifR is1KohmsandR,is 2.2Kohms.
The total or effective resistance between the terminals a
and d will be,

Fig 3

(a) a d

© .

®
a b c d

R, and R, are connected in series.

ION131523

Therefore,the effective circuit resistance is
=R, + R,
=10KQ+22KQ=32KQ.

Current through a series circuit

When resistors are connected in series as shownin Fig 3,
the currentthatflows through R, can only flow through R,
This is because

« there is no other path for any other extra current to
flowthroughR,

* there is no other path for the current through R, to
escape from flowing through R,

Therefore in a series circuit, the quantity of current will be
the same at all the points (a,b,c,d) of the circuit as shown
in Fig 3c.

The quantity of current flowing through the series path is
decided by both the resistors put together or the effective
resistance of the circuit.

Example: Find the total circuit current(lt) inthe circuit at
Fig 4.

Solution:

Resistors R, & R, are in series. Therefore, the effective
resistance of the circuit = R,*R,

= 3.3K ohms + 330 ohms.
= 3300 + 330 = 3630 ohms.

Fig 4 Rq Ry

+

-
12VOLTS |

T

Circuit current It
Voo 12

R J630 0
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= 0.0033 amps = 3.3 mA

Example: Calculate the voltage drops across R, and R, for
the circuit at Fig 4.

Solution:

In the circuit (Fig 4), R, and R, are in series. Hence the
currentthrough both the resistorsis the same. This current
is 3.3 mA as calculated in the previous example.

From Ohm’s Law

W
I =—- oaV=IxR
5 o X

Therefore the voltage drop across R,
=1xR, volts
= 3.3 mA x 3.3 kQ
=(3.3x10®) x (3.3 x 10%)
=3.3x 3.3 =10.89 volts.
Similarly the voltage drop across R,
=(3.3x10®) x 330 ohms
= 1089 milli-volts
=1.089 volts.
Verification of solution

Since R, and R, arein series, the sum of the voltage drops
across R, and R, must be equal to the applied battery
voltage of 12V.

i.e, 10.89 + 1.089 = 11.979 » 12 volts = applied battery
voltage.

POWER DISSIPATION IN RESISTORS

When current flows through a resistor heat is generated.
Thisis because, the voltage driving the current through the
resistor is doing some amount of work in overcoming the
opposition to the flow of electrons. It is found through
experiments and analysis that, the amount of work done by
the voltage is directly proportional to the ohmic value(R) of
the resistorand square of the current(12) flowing through the
resistor. This work done is dissipated in the form of heat
generated by the resistor. This heatdissipating capacity is
known as the power or wattage of a resistor. The unit of
power is Watt.

Power dissipated by a resistor = |2x R Watts.
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Where,
| is the current through the resistor
and R is the resistance of the resistor.

Example: If 10 mA flow through a resistor of 10 K ohms,
what is the power dissipated by the resistor ?

Power dissipated by the resistor = 12xR = (Ixl) xR
=(10x10®) x (10 x 10 x (10 x 10 3)
= 1000 x 10 = 1000 milli-watts = 1 watt.

The power dissipated by the resistor is 1 watt.

Example: Whatis the total power dissipated by the circuit
given at Fig 5.

+

[—
12VOLTS |

PR

T
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Solution:
Method 1
Current through the circuitis |, = V/R
=12V/ 2 KQ =6 mA
Power dissipated by the circuit is
= (circuit current)? x circuit resistance
=(36x 10°) x (2 x 10°)
=72 x 107 watts
= 72 milli-watts = 0.072 watts.

Method 2
Power dissipated is given by,
P=I2xR=IxIxR ... [1]

P
|

FromOhm'slaw I = E

substituting this in equation ... [1]

W
Fower dissipated = IxIxR= 7 xIxR=VxI

This formula for the power dissipated is advantageous
because, by measuring the total circuit current and the
applied circuit voltage, power consumed by the circuit can
be found out easily without knowing the value of the
resistors.

Using this formula for the circuit as given in Fig 5,

Power dissipated = (6 x 10%) amps x 12 volts = 72 milli-
Watts.

The power dissipated by the circuit found using method 2
is same as that calculated using method 1.

Trytoderive alternative formulas for calculating
power.

USE OF RESISTORS IN SERIES AS A VOLTAGE
DIVIDER

Given a single voltage source, several circuits requiring
smaller voltages can be obtained using a set of resistors
connectedinseries. Thisis called a voltage divider. Some
simple voltage divider circuits are shown in Fig 6.

Fig 6
R4 Vi
v v g;; Ry Vo
— ) .

TYPE-2

TYPE-3
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Designing voltage divider circuits using resistors

Example: Given a 12 volts DC power supply, design a
voltage divider using resistors to obtain three voltages of 2
volts, 4 volts and 6 volts.

Solution:

Draw the divider diagram as shown in Fig 7. Assume the
voltage across resistors as given in Fig 7.

Fig 7 J_ o)
R4 2V
+
- ]
| Ro 4v
12V |
1
-{- R3 6V
I !
9]

Let the resistor values be R ,R, & R..

Assume a value of TKW will have a drop of 1volt across it.
Therefore to obtain 2 volts we need R, = 2K ohms.
Similarly for 4 volts R, = 4K ohms

for 6 volts R, = 6K ohms
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Easier method [ Ratio method ]

Find the ratio of the three different voltages required:
2V:4V:6V = 1:2:3.
Add up the ratios 1+2+3 = 6.

Divide 12 volts by 6. 12/6 = 2. Fix 2 ohms or 2 K ohms or 2
Mohms as the resistance value of R, required todrop 2 volts.

Let us fix R, = 2K ohms for the present (reasons in later
lessons).

Multiply 2 K ohms by the next ratio value i.e 2.

2x2K ohms =4 K ohms.This is the value required to drop
4 volts.

Multiply 2 K ohms by the next ratio value i.e 3.

2x3K ohms =6 K ohms. This is the value required to drop
6 volts.

Values of the resistors of the voltage divider should,
therefore, be, R, =2 Kohms, R,=4 Kohmsand R, =6 K
ohms.

The voltage divider circuit designed above can also be
designed in a different way as shown in Fig 8.

Fig 8

O

ION131528

Discuss merits and demerits of the above two designs.

Referreference books listed atthe end of this book for other
methods of designing voltage dividers.

RESISTORS IN PARALLEL

Compare the circuits at Fig 9 and Fig 10. Both the circuits
are carrying the same current although Fig 9 is having
large resistor values than Fig 10.

This means that, the tworesistors connectedin parallel as
shownin Fig 9 has effective or total resistance equal to that
of a single resistor that is shown in Fig 10.

Analysing both circuits, it can be concluded that;

when resistors are connected in parallel as shown in
Fig 11, the effective resistance(R,) across the terminals
x & y will be equal to,

1 1 1
Aoy o8 g ek
R R R
or
R . RyeR,
A o

Fig 9 1
+
-
12V | R1|:|2KQ Rz[]ZKQ
1
1= 12mA
Fig 10
il B
T
12V | 1KQ
1
T 1=12mA
b 5
8
— _RixRe
—_— |:i| R R1+ Rp
‘®
3

Similarly, if 3 resistors are connected in parallel, the
effective resistance R, will be,

R, xR, xR,
RR+RA R +RR, "

R =

As a thumb rule When resistors are connected in parallel,
the effective resistance will always be less than the least
resistance value of the resistor in the parallel connection.

Example: If two resistors of 1KQ each are connected in
parallel, from the thumbrule, the effective resistance willbe
less than 1KW.

Verification:
From the formula derived above, R- = Bl o
R, + R,
1K x 1K
= e i L)
K + 1K =

Example: If two resistors of 2 KQ and 100 Q each are
connected in parallel, from the thumb rule, the effective
resistance will less than 100Q.

Verification

R xR .,

From the formula derived above, R- =
R+ Ry
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_ 2KO x 1000
T 2K + 1000

Example: In circuit in Fig 11, if the value of the resistors
were,

R, = 10 ohms , R, = 1 K ohm, what is the effective

resistance?

= 895240

Solution:
R.xR
Using the formula, R~ = A G B
H o+ R,

(10)=(1=10%) 10000
T 10)+{1=10%) 1010

- = 9.9 Ohms

Effective resistance of 10 ohms & 1 Kohmin parallelis 9.9
ohms or approximately 10 ohms. From this, it can be
understood when a very small value resistor is connected
in parallel with a very large resistor, the effective resistance
ofthe parallel connection will be approximately equal tothe
values of the very small resistance itself.

The effective value of resistance becoming lower than the
lowestvalueresistorin the parallel connectionis called the
LOADING effect. This effectis very importantin electronic
circuits. Effect of loading is discussed in detail in further
lessons.

POWER DISSIPATION IN PARALLEL RESISTIVE
CIRCUITS

When resistors are connected across a voltage source in
parallel as in Fig 12, the voltage across each resistor will
be the same and equal to the source/battery voltage.

Fig 12

14 \ 12 \
12V c
R4 12V R2 12V
—

1
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Howeverthe currentthrough the resistors (I, & |,) depends
on the value of the independent resistors. Hence, power
dissipated/ consumed by each resistor can be calculated
separately using the formula P = 12R or P = VI. The sum of
the power consumed by each resistors will be the total
power consumed by the circuit.

Total power consumed can also be found if the total circuit
currentand the effective resistance of the circuit are found.

Example: Calculate the power consumed by the circuitin
Fig 12.

Solution :

Method 1:

Power consumed by the circuit = (I2x R,) + (L2xR))
|, =V/R, =12/1K=12mA. |, = VIR, = 12/2K = 6 mA,

Power dissipated by R, = (12 x 12 x 10°) x (1 x 10°)
= 144 mWatts

Power dissipatedby R, =6 x 6 x 10° x 2 x 10°
=72 mWatts

Total power consumed by the circuit is
=144 + 72 milli watts = 216 milli-watts.

Method 2:
Total circuit resistance, R~ = ki o
R+ R =
o {1x ‘H:l':J =2 x‘l[l:' ) 686700
1107 + 2107
Circuitcurrent | =1 +1,
12V
= = 0.013 A
666 702 pre
Power consumed by the circuit =12x R,
= (0.018)2 x (666.7)
=0.216 watts
=216 mwatts

SERIES-PARALLEL RESISTOR CIRCUITS

As shownin Fig 13, when several resistors are connected,
in which some resistors are in series and some in parallel,
then, such a circuit is called a series-parallel circuit.

Fig 13 1000
50Q

100Q
100Q

=

200Q 200Q

O
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To find the effective resistance of such series-parallel
circuits.

Once a complex series parallel circuit has been simplified
and total circuit resistance is found, it is easy to calculate
the circuit current and power consumed by the circuit.
Using Ohm’s law, it is also easy to calculate the voltage
drop and power dissipated by individual resistors.

Some applications of series,parallel and series-
parallel connection of resistors in circuit.

» Series resistor to drop excess voltage.

» Seriesresistorto obtain non-standard resistor values.
» Parallel resistor used to divert excess circuit current.
» Parallelresistorto obtain non-standard resistor values.

* Resistorsin series, parallel to drop voltage and divert
current.
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Kirchhoff's laws

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

« state kirchhoff’s current law

write kirchhoff’s current equation for resistive circuits

« state kirchhoff’s voltage law

« write kirchhoff’s loop equation for resistive circuits

« calculate voltage and currents at different points in a resistive circuit.

When a circuit consists of several resistors in a complex InFig2, |, &, willhave positive sign as they are going into
series - parallel arrangement as in Fig 1, it is difficult to pointx whereas |, will have negative sign as itis going out
calculate the currents and voltages in the circuit using of the point X.
Ohm’s law. Hence we can also write the Kirchhoff's Current equation
Fig 1 R4 R3 as!
At point X,

1 (+|1)+(+|2)+(—|3)=0
w= Re R4H Simplifying, L+ 1, - 1;=0

Substituting current values given in Fig 2,
2Amps + 3Amps - 5Amps = 0.

Rs

6 Forthe circuitshownin Fig 3, Kirchhoff’'s Currentequation
To find current and voltage drops in a complex series - atnodes X and Y can be written as follows:
parallel circuit, an easy method was found by a German _
physicist GUSTAV R. KIRCHHOFF. He formulated two Fig 3 Ry X Ry

basic laws called,
1 Kirchhoff’'s Currentlaw
2 Kirchhoff's Voltage law.

1 Kirchhoff’s Current law

This law is illustrated in Fig 2.

ION131533

Fig 2 I
AtnodeX | -1 -1, =0

7TA-4A-3A =0.

AtnodeY | +I -1, =0

4A+3A-7A =0.

Example: Write the current equations at nodes p and q

ION131531

in the circuit at Fig 4.

Kirchhoff’s Current law states that The sum of currents
entering any pointin a circuitis equal to the sum of currents Fig 4 Ri p Rs
leaving that point.

InFig 2 currents |, and |, are entering a point X. Current |,
is leaving the point X.

FromKirchhoffscurrentlaw, | +1,=1, L1

This equation can also be written as,
|1 + |2—|3=0 2]

ION131534

From equation 2, Kirchhoff’s current can also be stated as
The algebraic sum of currents entering and leaving any Atnode P | —I,-1, =
point in a circuit must be equal to zero .

or |, =1+,
To determine the algebraic sign of currents,
_ o _ - AtnodeQ L+l,-1, =0
« consider all currents going into a point as positive and
all currents going away from that point as negative. or |, +1, =1,
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KIRCHHOFF’s VOLTAGE LAW

In the circuit shown at Fig 5a, consider the two closed
paths a-c-d-b-a and a-e-f-b-a as shown in Fig 5b. These
closed paths are called as loops. Each closed path has
several resistors and there will be a voltage drop across
each resistor. KIRCHHOFF’s voltage law states that The
algebraic sum of voltages around any closed path is zero.

Fig 5
(a)

ION131535

To find the algebraic sum of around a closed path,

» startfromany point, go around the path and come back
to the same point from where you started.

Example: Referring to Fig 5b, the method of going through
a closed path is,

» startfrompointa, gothrough points ¢,d,b and returnto
point a.

Todetermine the signs for voltage drop across the resistors
in Fig 5b,

* markthe polarity of each voltage, based on the polarity
of source voltage as shown in Fig 6

Fig 6
a

ION131536

» go around the path and give +ve sign for the voltage
whose PLUS terminal is reached first or give -ve sign for
the voltage whose MINUS terminal is reached first.

Write the loop equation considering the voltage sources
also.

To write the loop equation for the closed path a-c-d-b-a of
Fig 6, proceed as follows:

Taking clockwise direction for going through the loop, start
from point a of Fig 6. Go through the chosen loop a-c-d-b-
a and write down the voltage drop across the resistors
including their signs and equate it to zero as given below;

+V +V,+V,-v.=0 . [1]
Rewrite the equation as,

+V +V,+V, =V,

Similarly for the closed path a-e-f-b-a,

considering clockwise direction, start from point a of Fig
6. Go through the chosen loop a-e-f-b-a and write down
the voltage drop across the resistors including their
signs and equate it to zero as given below;

+V,+V,+V +V,-V.=0 ... [2]
Rewriting the equation,

+V, +V,+V, +V, =V,

Equations [1] & [2] above state that; In any closed loop,

the sum of voltage drops across resistors is equal to the
applied voltage. This can be written as:

SV,=V,,
where, SV is the sum of voltage drops across resistors V.
is the applied voltage.
For the loop a-c-d-b-a, +V, +V,-V. =0
or V,+V=V,

Example: Write the loop equations for the circuit given at
Fig 7.

Fig7

V=120V

ION131537

Verification
60 +60 =120
Fortheloop a-e-f-b-a +V, +V,+V, +V, -V =0
or V,+V,+V, +V, =V,
Verification
60+10+20+30 =120
Fortheloop c-e-f-d-c
+V,+V, +V,-V, =0
or V,+V, +V, =V,
Verification
10 +20 + 30 =60
Circuit with more than one voltage source

Kirchhoff's voltage law is applicable even when, there are
more than one voltage source in a circuit. The method of
writing loop equations remains the same.

Example: Write the loop equations for the circuit shown
in Fig 8.
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Fig 8 R, Ry
a + _ c - — e
| S
V=60V Va= 10V
—_— + —_—
>
g = - 3
T vo=60v | |Re Iy
L 0y
R p— —
R4
-1t @
b d v f £
V4= 30V o
=z
]

Fortheloop a-c-d-b-a,

#V, +V, -V, =0
V1 + V2 = Vb1
60 + 60 =120

For the loop a-e-f-b-a,
TV HV+V, +V, -V, =
V1+V3+Vb2+v4 =
60+ 10+ 20+ 30

Forthe loop c-e-f-d-c,
+V3+Vb2+V4—V2 =0
V3 + Vb2 + V4 = VZ
10 +20+ 30 =60

To find current and voltages in a circuit using
kirchhoff’s law

b1

=120

Example: In the circuit at Fig 9a, find the branch currents
and voltage drop across resistors R, R, and R,.

Fig 9
9 a Rt c ,L| e
@ — 1 ]
12Q 30
- -—
gav | Rs| g0 |2
RN — RN —
b d f
R R:
(b) 1 — s
— ] ]
— l -
1 1
ol B ! s 2 1+
Vr1 = R3 = Vn2
R R
(c) 4 1 _ _,_2| 4
— ] ]
Vi + Va
1 i
V= R3 V3 = Vm2
- - D
- 8
=
Z
=
Solution :

Step 1: Assume the current flow is from the +ve of the
battery to the -ve of the battery (conventional current
direction) and write direction of currentas shownin Fig 9b.

Step 2: Mark the polarity of voltage across each resistor as
shown in Fig 9c¢ consistent with the assumed direction of
the current.

Step 3: Write the loop equations which cover the two
battery sources as given below;

For the loop a-c-d-b-a,

+V, +V, -V, =0

or V,+V, =V,

V,+V, =84 ... [1]
Forthe loop c-e-f-d-c,

-V,+V,-V, =0

or V,+V, =V,

V,+V, =21 ... [2]

Using the known values of R, R, & R,, write |R drops, V,,
V,and V,.

V,=lLR =l x12=121 . [3]
v,=l,R,=lx3=3l, .. [4]
V,=lLR,=(I+l,)x6=61+6l1, ... [5]

Substitute equations 3,4 and 5in the loop equations 1 and
2, we have,

Substituting for equation 1,

V, +V, =84

or (12.1)+(6.1,+6.1) =84

18.1,+6.1, =84
(Dividing RHS & LHS by 2)

9.l +3.l, =42 ... [6]
Substituting for equation 2,

V,+V, =21

(3.L)+®.1,+6.1) =21

6.1, +9.1, =21
(Divide RHS & LHS by 3)

2L, +3L=7 . [7]
Solving equations ..[6] and ..[7],

9.l +31,=42

21 +31,=7

71, =35

or

Substituting value of |, in equation ...[7]
2x5+3l =7

Therefore, I, = —§1 = — 1amp
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The Minus sign indicate that, the assumed
direction of |2 in Fig 9b was opposite to that of
the actual direction of the current. However the
numerical value of |, remains unchanged.

Fromknownvalueof |, |, and |, = (I, + 1,), find the voltage

drop across resistors as given below;

V,=R.l,=12x5 = 60 volts

Inductors and inductance

V,=R,l,= 3x1
V,=R,|,=R,.(I-1,) = 6x(5-1) = 24 volts.

* Themethodusedforfinding branch currents and voltage
dropsinthe above discussionis called Branch current
method.

= 3 volts

* To solve similar problems, other methods known as,
Node voltage method, Mesh current method can
also be used.

Objectives: At the end of this lesson you shall be able to
* state meaning of inductor and inductance

* explain sudden changes in current due to inductor
 state the meaning of self induction

* list factors determining the value of an inductor and formula for finding inductance of a coil

¢ list the different classification of inductors

* list a few types of inductors their application areas and energy storage in inductors
* name the instrument need for measuring inductance values

» explain self induction
* explain mutual inductance

* explain find the value of inductors in series and parallel

* explain the time constant in L-R circuits
» explain Q factor.

Inductive reactance/DC resistance of Inductance

Inductors are components consisting of coil of wire as
showninFig 1. The basic function of aninductoris to store
electric energy in the form of magnetic field, when
current flows through the inductor.

Fig 1

Imag MAGNETISING CURREN% - OHMIC RESISTANCE OF
SECONDARY WINDING

top PRIMARY CU LOSS CURR%DUCTIVE REACTANCE OF
SECONDARY WINDING
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Inductance is the electrical property of inductors. Letter
‘L’isusedas asymboltorepresent Inductance. Inductance,
is the ability of adevice to oppose any change inthe current
flowing through it. This opposition to change in current, is
achieved by the energy stored by it, in the form of magnetic
field.

Inductance, and thus an inductor, chokes off or restricts
sudden changesin currentthroughit. The change may be
eitherincreasing or decreasing. Hence inductors are also
sometimes called as Chokes.

Principle of operation

Recallthat, when currentbegins to flow through a conductor,
magnetic flux rings start to expand around the conductor.

This expanding fluxinduces asmall voltage in the conductor
called back-emfor counter emf. This induced voltage has
a polarity that opposes the source voltage which creates
theinduced voltage.

Thus, the inductance in a coil of wire, carrying current,
opposes any rise or fall of current through it and tries to
keep the current through it constant.

It should be noted that, the inductance cannot completely
stop theincrease in currentbecause, the induced voltage
is caused by the increasing flux, and the increasing flux
dependsontheincreasing current. Therefore, aninductor
canrestrictonly, the rate at which the currentcanincrease
or decrease throughiit.

Example: A Resistor of 1 W is connected to a DC source
of 3volts, as shownin Fig 2a. The moment switch Sis ON,
current will increase from 0 to its steady state value of
3Amps instantaneously, as shown in graph. When the
switchis opened, the currentdrops back to zerojust as fast
as it raised.

Whereas, when the same DC voltage is applied to an
Inductor having a coil resistance of 1W as shownin Fig 2b,
the current will not increase instantaneously from 0 to its
steady value because the inductor in the circuit does not
allow itto happen. The current will reach the steady state
value after a time delay as shown in graph. The amount of
delay depends on the value of inductance and the ohmic
resistance of the inductor.

Once the current through the circuit in Fig 2b reaches its
steady state value of 3Amps, which is decided by the
ohmic value of the inductance, the magnitude of current
remains constant and hence the inductive effect stops. At
this point, the only opposition the inductor offers is its
ohmic/DC resistance.
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When the switch S of Fig 2b is opened, the back-emf(bemf)
or counter emf(cemf) of the inductor becomes very high,
much greater than the source voltage. This high
voltage(cemf), prevents the current frominstantaneously
droppingto zero. Itdoes this by ionizing the air between the
switch contacts as the switch opens. This causes the
switch contacts to arc and burn as shownin Fig 3. This
is known as inductive kick. As the energy stored in the
inductors magneticfield gets used up, the switch contacts
deionize and current stops.

.

o—%

Fig 3 ARCING

ION131543

INDUCTIVE  KICK

This property of a coil to induce an emf within the coil due
to a changing current through it is termed as SELF
INDUCTANCE.

Unit of inductance - The Henry

The basicunitof measure of Inductance is Henry abbreviated
as H. The unit henry is defined in terms of, the amount of
cemfproduced when the amplitude of currentthrough the
inductor is changing. Based on this, One Henry is that
amount of Inductance which develops 1V of cemfin the
coil when the current changes at the rate of 1 Amp/sec.

From the above definition, referring Fig 4,

V
Inductance, L = ——
di/dt

Where, V, =Induced voltage
and ﬁ = rate of change of current. Refer Fig 4.

Polarity of Induced emf

Theinduced emf (voltage)inaninductor (cemf) has polarity
that always opposes the source voltage (Lenz’s law).

Fig 4
ﬁ A
o 4 CURRENT THROUGH
< AN INDUCTOR
S
3
24+ — —— g
I —
5 \ T =1
L |
dt
0 T >
1 2 3 4 SECONDS
L OF 1HENRY 1V OF CEMF
- AL
di _y e
dt z
Q

Fig 5 shows an inductor across an AC voltage source.
When the applied voltage is increasing from O to +ve peak
as showninFig 5a, the counteremfatend P of inductor will
have +ve polarity opposing the increasing source voltage.

In Fig 5b, when the source voltage is decreasing from +ve
peak to zero, the cemf at end P of the inductor will have -
-ve polarity opposing the decreasing source voltage.

Fig 5 P
+
+
a) v
? i POLARITY OF
o ; ‘c\j INDUCED CEMF
L _
o— —
Q
P
C\—
-

POLARITY OF
INDUCED CEMF

b) +0 "li | @

+

ION131545

Q

Factors determining value of Inductance

The inductance of an inductor is primarily determined by
the following four factors:

1 The number of turns of wire.

2 The material on which the coil is wound or the core
material.

3 The spacing between turns of wire and
4 The diameter of the coil.

Fig6 illustrates the effect of these factors on the inductance
value.

Given the parameterslisted above, the inductance of a coil
can be calculated using the formula,
NZA

L=u —l Henries
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Fig 6 FACTORS AFFECTING INDUCTANCE

RBRED ALY

HARD STEEL

NUMBER
OF TURNS

SOFT IRON

CORE
PERMEABILITY

CORE
CROSS-SECTIONAL
AREA

SPACING OF TURNS

CORE LENGTH

e
CTD

where,

J =Permeability of the magnetic core around which the coll
is wound, in Wb/At-m (U = u,)

N = Number of turns of the coll
A = Area of cross-section of the core in square metres, m?
| = length of the coil in meters.

Example:InFig 7, a coil of 50 turns is wound on a hollow
card board tube of cross sectional area 1 cm?. The tube
is 2 cms long. Calculate the inductance of the coil.

Fig 7 HOLLOW
CARDBOARD TUBE

Oy

2cm

50 TURNS

ION131547

Solution:

Since the card board tube is non magnetic and hollow, its
permeability (u) is nothing but permeability of air.

Therefore in this case p =y = 4p x 107 Wb/At-m
Area of cross section =1 cm? =0.0001 m?=1 x 10* m?

Length of the core =2cm =2 x 102 m
Fromabove data,

2
Inductance of the coil, L = 4 A

l

47 x107 x50% x(1x107* )m? .
- PRTRR ~ 15.7x10°H

Values ofinductance less than 1 Henry can be represented
as follows;

1 x 10 Henries = 1 milliHenry =1 mH
1 x 10 Henries = 1 micro Henry =1 uH
1 x 10° Henries = 1 nano Henry =1 nH

Hence the value of inductance calculated in the example
abovewas 15.7 uH.

Inthe above example ifaniron core of relative permeability
(M) 200 is inserted in the hollow core as shown in Fig 8,
calculate the new value of inductance.

Fig 8 IRON CORE 50 TURNS

g

|
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The changed permeability of coreis u = p_x y,
=200 y,.
Hence, the new value of L is,

200x 47 x 107 x 502 ><(1><104) m?
= ~ 3.1mH
(2x1o*2) m

Amere insertion of theiron core increases the inductance
by afactor of almost200. This indicates the majorinfluence
of core permeability on inductance value of an inductor.
Higher the permeability of the core material used, higher
will be the inductance value of an inductor.

In the above example, if the number of turns of coil is
doubled, i.e., increased from 50 to 100 turns, inductance
value will increase four fold. The new inductance value
wouldbe L=4x3.1mH=12.4 mH.

The permeability of materials, iron for example varies
widely with the amount of flux density (B) and naturally the
current in the coil. This means that the inductance of any
coilwith a magnetic coreis never constant. The inductance
value varies with the amount of current (flux) in the coil. For
this reason many coil manufacturers quote the value of
inductance at some specified current. For example, a coil
may have 8H ofinductance at 85 mA, butif operated atonly
1 mA, the inductance would be 14H.

Practical inductors and types

For practical applications, inductors are manufactured to
give a specified amount of inductance. Value of practical
inductors range from afew micro henries for applicationin
high frequency communication circuits upto several henries
for power supply ripple filter circuits.

Inductors can be classified under various categories as
shownin Chart-1 given atthe end of thislesson. lllustration
of different types of inductors are shown in Chart-2 at the
end of this lesson.
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Air core coils have practically no losses from eddy
currents or hysteresis. Howeverinductor with air core have
theirvalues limited tolow valuesin the range of micro to milli
Henries. Air core inductors are used in high frequency
applications.

Laminated Iron Coreis formed using a group ofindividual
laminations. Each laminationisinsulated by a thin coating
of iron oxide, silicon steel or varnish. This insulation
increases the resistance reducing eddy current losses.
These type of inductors are generally used for mains
frequency of 50/60 Hz and lower audio frequency range,
upto 10 KHz.

Powdered Iron Core is used to reduce the eddy currents
in the core when used at radio frequencies. It consists of
individual insulated granules pressed into one solid form
called slug.

Ferrite Core is made from synthetic ceramic material
which are ferromagnetic. They provide high value of flux
density like iron, buthave the advantage of being insulators,
thus reducing the eddy current losses to bare minimum.
Because of this advantage, inductors with ferrite core are
used for high to very high frequency application.

Variable Inductors unlike fixed Inductors, variable inductors
have the facility to vary its inductance value eitherin steps
orcontinuously. The inductance can be varied by any one
of the methods as shown in Fig 9.

Fig 9

— >

(a) (b) (©) ()
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(a) TAPPED COIL (b) SLIDER CONTACT (c) ADJUSTABLE SLUG (d) VARIOMETER

Methods (a) & (b) shownin Fig 9 are generally used in low
frequency application.

Method (c) is used in coils with ferrite as core. These are
used in high frequency applications.

Method (d) is known as Variometer arrangement. In this,
the position of one coil is varied within the other. The total
inductance willbe minimumwhenthe coils are perpendicular
to each other.

Shielded/Screened inductors will have a metal cover
over the inductor. The shield is usually made of copper or
aluminum. The reason for shielding is to isolate the coil
from external varying magnetic field and to minimize the
effect of the coils RF current on external circuits.

While making a shield/screen for an inductor the following
points are to be noted;

i metal used as cover should be a good conductor.

i clearance between the sides of the coil and the metal
should be equal to or greater than the coil radius. If the
clearance is less, the shield reduces the inductance
value drastically.

Moulded inductors, looks like resistors with their values
colour coded. The coding scheme is same as in resistor,
exceptthatthe value of L are givenin microhenry (uH). For
example, a coil with yellow, red and black stripes or dots
as shown in Fig 10, has inductance value of 42 uH.

Fig 10 ﬂ ﬂ
—0 |

I 1

MOULDED INDUCTORS
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Laboratory type variable inductor are available in the
form of a decade box. In this decade-inductance box
precision inductors are switched in-to or out-of circuit by
means of rotary switches. Decade variable inductoris used
to carryout experiments and in Inductance (L) meters.

Special types of Inductors

Certain electronic circuits use a special type of Inductor
called Thin-filminductors. These inductors are thin metal
films deposited in the form of a spiral on a ceramic or epoxy
base. These are tiny sized and have very low value of
inductance.

Coppertube Inductors: Athigh frequencies, currenthas
a tendency to flow in the skin of the conductor, this is
known as skin effect. Therefore at high frequency & high
power applications hollow copper tube coil is used as
inductor instead of solid copper wire.

Variometers: If different radio frequencies are to be
received using a single antenna, the electrical length of the
antennawillhave to be varied, to respond to differentwave
lengths. Variable inductors used to achieve this are called
variometers.

INDUCTANCE MEASURINGINSTRUMENTS

Instruments that operate on the principle of Wheatstone
bridge are used to measure inductance ofinductors. These
instruments are known as Impedance Bridge, RLC Bridge
and so on.

While measuring inductance value using these bridges, an
internally generated 1 KHz signal is used formeasurement.
However an external signal generator may be used to
measure the Q of coils atany desired frequency (Q stands
for quality-factor: discussed in further lessons).

These instruments can be used to measure inductance
values from 1 uH to 1000 H.

Digital Instruments are also available to measure inductance
valuesranging from 1 yHto 10 H. These Digital meters are
simple to operate and are also highly accurate. The meters
are commonly known as Digital LC Meters, Digital RLC
meters and so on.
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Energy storage in inductors

Energy storage: Aninductor stores energy in the magnetic
field created by the current. The energy stored is expressed
as follows.

1
W=—LP
2

where | is in amperes,

L is in henries and
W is energy in joules or watt-second

What should we dowhen correct values ofinductors are not
available?

To obtain the desired value of inductors, some series and
parallel combination of inductors can be used.
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Depending upon the
Type of core material

Air core

HOLLOW
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Iron core
Powderediron core

Laminatediron core
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Statically induced emf: When the induced emf is
produced inastationery 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 coil.

2 mutually induced emf produced in the neighbouring
coil.

Self-induction: When an alternating current flows in a
conductorandthe currentperiodically changes the direction,
the magnetic field it produces also reverses the direction.
At any instant, the direction of the magnetic field is
determined by the direction of the current flow.

With one complete cycle, the magnetic field around the
conductor builds up and then collapses. It then builds up
in the opposite direction, and collapses again. When the
magnetic field begins building up from zero, the lines of
force or flux lines expand from the centre of the conductor
outward. As they expand outward, they can be thought of
as cutting through the conductor.

AccordingtoFaraday’'sLaws,anemfisinducedinthe conductor.
Similarly, when the magnetic field collapses, the flux lines
cutthrough the conductoragain, and an emfisinducedonce
again. Thisis called self-inductance. (Fig 11)

Fig 11 &
) §e
T

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 called inductors. Inductors are also known as chokes,
coils, and reactors. Inductors are usually coils of wire.

Factors determining inductance: The inductance of an
inductor is 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’.

The amountofinductance in a coil of wire is affected by the
physical make up of the coil. (Fig 12.)

Core (2a): If softiron is used as a core material instead of
hardened steel, the coil will have more inductance.
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If all the factors are equal, an iron core inductor has more
inductance than an air core inductor. This is because iron
has a higher permeability, that is, it is able to carry more
flux. With this higher permeability there is more flux
change, and thus more counter induced emf (cemf), for a
givenchangein current.

Number of turns (Fig 12b): Adding more turns to an
inductorincreasesitsinductance because each turnadds
more magnetic field strength to the inductor. Increasing
the magnetic field strength results in more flux to cut the
conductors (turns) of the inductor.

Spacing between turns of wire (Fig 12c): When the
distance between the turns of wireinacoilisincreased, the
inductance ofthe coil decreases. Fig 13 illustrates why this
is so. With widely spaced turns (Fig 13), many of the flux
lines from adjacent turns does not link to gether. Those
lines that do not link together produce no voltage in other
turns. As the turns come closer together (Fig 13b) only a
fewer lines of flux fail to link up.

. /
SOFT IRON HARDENED STEEL
MORE NUMBER OF TURNS LESS NUMBER OF TURNS
CLOSE SPACING WIDE SPACING
LARGE CROSS-SECTIONAL SMALL AREA OF
AREA OF THE CORE THE CORE
Q
HIGH INDUCTANCE LOW INDUCTANCE g
FACTORS DETERMINING INDUCTANCE z
Fig 13
\ / 3 E\
CURRENT ’2 M
bty
(a)
CURRENT
=
(b)
WIDELY SPACED TURNS PROVIDE LESS INDUCTANCE 3
THAN CLOSELY SPACED TURNS <
EFFECT OF TURN SPACING z

~
a



Cross sectional area (Fig 13b):Foragiven material having
same number of turns, the inductance will be high with
large cross-sectional area and will be low for smaller cross-
sectional area.

Symbol and unit of Self-inductance: The property of a
coil or conductor to self-induce an emf, when the current
thoughitis changing, is called the coil’s (conductor’s) self-
inductance of simply inductance. The letter symbol for
inductance is L; its basic unit is henry, H.

Henry: A conductor 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.

The inductance of straight conductors is usually very low,
and for our proposes can be considered zero. The
inductance of coiled conductors will be high, and it plays
an important role in the analysis of AC circuits.

Mutual Inductance (M)

WhentwoinductorsL, andL,are placed side by side close
toeach othershownin Fig 14aorFig 14b, although the two
coils are not electrically connected, the two coils are said
to be magnetically inter-coupled.

Fig 14
(a)
[m]
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The changing currenti, in coil L, not only self induces an
emf(V,)inL,, butalso causes avoltage (V,)to be induced
inL,. The voltage V, induced in L, causes a current i, that
sets-up its own changing flux around L,. This in turn, not
only self induces a voltage in L, but also induces an
additional voltage in L,. Thatis, a changing currentin one
coil will induce an emf in other nearby coil. This effect is
known as mutual induction.

The two coils L, and L, of Fig 14, are said to have a
mutual inductance (M), in addition to their own self-
inductances (L).

Mutualinductance, like self-inductance, is also measured
in units of Henrys. The definition is given below;

Two coils are said to have a mutual inductance
of 1 Henry, when a current changing at the rate
of 1 Amp/sec in one coil induces an emf of 1V
in the other coil.

Coefficient of coupling

The amount of mutual inductance (M) between two coils
depend upon, the self inductance of each coil and the
amount of mutual flux between the two caoils.

The amount of mutual flux, thatlinks both coils is dependent
onthe physical placement of the two coils. Thisis indicated
by the term Coefficient of coupling, k.

Coefficient of coupling k, between the two coilsis given by,

Mutual flux between two coils @ in Webers

m’

in Webers

Total flux set up by one coil,

Maximum value of kcan be 1. This occurs when all the flux
(9) set-up by one cail is linking with the other coil. For
example; when both the coils are wound as shown in Fig
15a, almost all the flux set-up in one coil is interacting with
the other coil. In other words there is very little or zero
leakage of flux. In such cases k is practically equal to 1.
This condition of k=1 is also known as tight coupling.

In Fig 15b, if only 30% of the flux set-up by coil 1, links with
coil 2, the coefficient of coupling is only 0.3.

In Fig 15¢c and Fig 15d where the coils are placed far apart
or when the two coils are placed perpendicular to one
another, the coupling is minimum and will be close to zero.

Fig 15 (a) (b)
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It can be shown that mutual inductance (M) between the
giventwocoilsL, and L, can be found outusing the formula,

M =k ‘/L1 .L, Henrys.
Where,
k is the coefficient of coupling which has no units
L, and L, are inductance values, in henrys
M is the mutual inductance, in henrys
INDUCTORS IN SERIES

In order to obtain a desired value ofinductance, inductors
can be connected either in series or in parallel.

76 IT &ITES : loT Technician (Smart Healthcare) : (NSQF Revised 2022) - R.T. for Exercise 1.3.13 - 26



Fig 16 shows two inductances connected in series. The
spacing between the inductors are large enough so that
there exists no mutual inductance between the two coils.
HenceinFig 16 k=0. InFig 16, since the direction of current
is same through both coils, the self-induced voltages are
additive. Therefore the total inductance of such series
connection is given by,

N
( Ny
( =)
7
B —B—0
L AND L2 IN SERIES =
Lr =1 2L z

Series coils with mutual inductance

Unlike in Fig 16, when two inductors L, and L, are
connected in series close to each other as in Fig 17 the
total inductance (L) will be larger than just the sum of L,
and L. How much larger will this be depends on the mutual
inductance M.

L=L,+L+L,+........ +L_Henrys (H)
where, L is the total inductance across end terminals.

L,L, ..... L, are individual inductance values.

<t

o

ld

N ——e =~ (o)
— —

pd

o

In general, the total inductance of two series-connected
coils, with mutual inductance M is given by;

L.=L +L,£2M
Whether it will be + 2M or - 2M depends on, whether the

inductors are connected in series-aiding as shown in Fig
18a or in series-opposing as shown in Fig 18b.

Dot notation

Whether two coils are connected series-aiding or series-
opposing, it is often indicated by using dot notation as
shown in Fig 19. When current enters both dots or leave
both dots as shown in Fig 19a the mutual inductance is
additive.

When the current enters one dot and leaves the other dot,
as shownin Fig 19b, the mutual inductance is subtractive.
In other words the dots indicate the in-phase ends of each
other.

Dot notation is used in transformers and loud speakers to
show correct phasing.

Example (1): Two inductors are10H and 15H connected
in series. Calculate the total inductance?

SOLUTION
L =L, +L,=10H + 15H = 25H

Fig18 . o
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Fig 19 (@) Ly Lo i
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Example (2): If the above two inductors are connected
parallel to each other on acommon core with a mutual
inductance of 4H and connected in series, calculate,

a L, of coils when connected series-aiding (Fig 18a).

b L, of coils when connected series-opposing (Fig 18b).
¢ Coefficient of coupling k.

SOLUTION

a L =L+L,+2M=10H+15H +2x4H = 33H

b L,=L +L,-2M=10+15-2x4H=17H

c M=k‘/L1.L2

M 4

= ———— =033
L L, +10x15

Inductors in parallel

or, k=

When two inductors are connected in parallel as shownin
Fig 20a, the total inductance is given by,
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1
= — + — Henrys (H)
L2

L; L,
L,.L
- —1-=2
Lt L+ L Henrys

1 2

This is similar to finding effective value of
resistors in parallel.

Ingeneral, when severalinductors are connectedin parallel
as shown in Fig 20b the total inductance is given by

1 1 1
-_ = - 4+ —/ +
L, L, L,

Fig 20 Ly
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L L +d

1
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Measurement of mutual inductance

The mutual inductance (M) and coefficient of coupling (k)
between two coils can be measured as follows;

First:  Measure the total inductance with fields aiding,
=L tL2M [1]
Second: Measure the total inductance with fields

opposing,

e, L =L +L,-2M ... [2]
Solving equations 1 and 2 we get,

L L. =4M or

Taid Topp

i.e., L

M = L taid L I0PP
4
knowing values of L, L, and M, k can be found out using

the formula.

M
M=k‘/L.L or k = 77—
T Ju L,
L-R Time constant (t)

Consider a circuit with a resistor and a pure inductor as
shown in Fig 21a. The steady state current of the circuitis
not achieved instantaneously but after a lapse of some
definite time, as shown in Fig 21b and Fig 21c.

This delay for the current to reach its final value I is
because, the Inductor opposes changes in circuit current.
Itis found that, the amount of this time delay depends on,

theratio of values of L and R. This time delay is referred to
as time constant, of L-R circuit.

The Time constanttof an inductive circuitis defined
as, the time required for the circuit current to reach
63% of its final or steady state current |...

Mathematically,

. L
Time constant, t = F{ seconds

Where,
t is the time constant of the circuit in seconds
L is the inductance of the circuit in henrys, H
R is the resistance of the circuit in ohms, W

Referringto graph shownin Fig 21b, the circuit current will
rise to 63.2% of its final value(l) within one time period t.

For the circuit torise to 99.3% of the final or the steady state
value (l,), as can be seen from Fig 21c, it takes five time-
periods or 5t periods. For practical purposes, 99.3% of
steady state value can be taken as steady state value (100%
of final current |.). Hence, in a L-R circuit, 5t time is required
for the circuit current to reach its steady state value.

Fig 21 10Q 1H
(@)

(b)

T=At t

SWITCH
CLOSED

(©)

99.3%
90% -

55% >
\ A

00811t 21 231 31 41 51
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Example 1: In the RL circuit shown at Fig 21, when
switch S is closed find;

i Time constantt
i Time required t, for the circuit current to reach
steady state value

SOLUTION:
i Time constantt is given by;
L
t =—=sec = — = 0.1sec
R 10Q
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t =0.1 sec (shown in dashed lines in Fig 2)

i Timerequired forthe circuit currentto reach steady
state value (1) is given by;

t=5xt=5x0.1sec=0.5sec.

Actually it requires slightly more than 0.5 sec
for the circuit to reach its final value of 14 (10V/
10W). However after 5 t since the current
reaches 99.3% (0.9934) it can be taken as almost
the steady state current or the final current.

Quality factor - Q of coil

Aligh frequencies, how usefulis a coilis notonly judged by
its inductance, but also by the ratio of its inductive
reactancetoitsinternal DC resistance of the coil. This ratio
is called the quality factor or merit or Q of the coil.

1
Q of a coil is given by, Z

Where,
X, is the reactance of the coil in ohms

R is the internal resistance of the coil in ohms

Since X and R have the same units of measure,
Q has no unit.

The Q of a coil can be defined as the ability of a coil to
produce self-induced voltage. The Qfactor of a coil can also
be defined as the capability of the coil to store energy.
Hence the Q factor of a coil is also known as the storage
factor.

If Q of a coil is 200, it means, that the X of the coil is 200
times more thaniit's R.. Q of coils range from than 10 for a
low Q coil up-to 1000 for a high

Capacitance and capacitive reactance, impedance

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

* state the function of capacitor
» describe energy storing in capacitor

* state the factors that determine capacitance value

* state the functions of dielectric in a capacitor
» explain the types of fixed value capacitors
* explain the constructional details of capacitors

* connect the capacitors in series, parallel and series and parallel.

Capacitors and Capacitance

Capacitors are electronic components which can store
electric energy in the form of electric charge. The charge
storage ability of a capacitor is called the Capacitance of
a capacitor. Symbols used to represent capacitors are
shown in Fig 1. Alphabet ‘C’ is used to represent the
capacitance of a capacitor.

Fig 1

S e

ION131551

A simple capacitor consists of two pieces of conductors
separated by an insulator as shown in Fig 2.

In capacitors the conductors shown in Fig 2 are called
plates and the insulator is called dielectric.

Fig 2

/ LEADS

INSULATOR
(DIELECTRIC)

CONDUCTOR
(PLATE)

ION131552

The plates of a capacitor can be of any size and shape and
the dielectric may be any one of several insulator materials.
Depending onthetype ofinsulator/dielectricused capacitors
are called as paper, mica, ceramic, glass, polyester, air
electrolyte capacitors etc.,

Capacitor action of storing charge

When electric charge is forced on to the plates of a
capacitor by some energy source, such as a battery, the
capacitor stores these charges.

When a capacitor is connected to a battery as shown in
Fig 3, electrons from the negative terminal of battery move
through the connecting leads and pile up on one of the
plates of the capacitor. At the same time free electrons
from the other plate of the capacitor (remember that plates
of a capacitor are conductors having free electrons) move
through the connecting lead to the positive terminal of the
battery. This process is known as ‘charging of capacitor’.
As the process of charging continues, the netresultis that,
one plate of the capacitor ends up with excess of electrons
(Negative charge) and the other plate with deficiency of
electrons (Positive charge). These charges on the plates of
the capacitor represent a voltage source similar to that of
the charges on the terminals of a battery/cell. The process
of charging stops once the energy stored on the capacitor
develops a voltage equal to that of the battery.

Itis important to note that during the process of charging,
although electrons were moving from and to the capacitor
plates causing current flow in the circuit (you can connect
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an ammeter to measure it), no electrons moved nor did
current flow from one plate through the dielectric to the
other plate of the capacitor. The charging current through
the circuit stops when the voltage across the capacitor
becomesequalto, andinoppositionto, the battery voltage.
This charged capacitor can be disconnected from the
circuitand used as a new energy source as shown in Fig 4.

Fig 3
ELECTRON
+
= T
ELECTRONS
DEFICIT ELECTRONICS
(+VE CHARGE)
+ NS
v _— AIR
s @3
EXCESS ELECTRONICS o
(-VE CHARGE) il
=
]
Fig 4
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TO -
<
w
w
)
=z
o

If a voltmeter is connected across this disconnected
charged capacitor, the voltmeter reads the voltage equalto
that of the battery which charged it.

If alamp is connected across this charged capacitor, the
bulb glows fora momentindicating current flow throughit.

The instructor to demonstrate charging of a
capacitor, voltage across a disconnected
charged capacitor and discharge of a charged
capacitor through a lamp using a suitable
demonstration circuit.

The charge stored in the capacitor is sufficient to supply
currentthrough the bulb only for a shortduration after which
the charge filed up on the capacitor plates gets exhausted.
A capacitor has limited use as a primary storage device of
energy for two reasons:

» For its weight and size, the amount of energy it can
store is very smallwhen compared with that of a battery.

» The voltage available from the capacitor diminishes
rapidly as energy is removed from the capacitor.

Unit of capacitance

The ability of capacitor to store electrical energy in the form
of electrostatic field is known capacitance. The unit used
to measure capacitance is Farad abbreviated as F.

A capacitor is said to have a capacitance(C) of 1 Farad, if
it stores acharge(Q) of 1 coulomb when a voltage(V) of 1V
is applied across its plates.

Therefore, capacitance can be mathematically expressed
as,
Charge

Capacitance =
Voltage

C :gFarads
V

Farad(F) is a very large quantity of capacitance. As most
circuits use capacitance values much lowerthan one farad
(F), smaller quantities of capacitance given below are
generally used:

=1/1000000 F or 10 farads
=1/10" F
=110"F  or

1 Microfarad or 1uF

1 Nanofarad or 1 nF or10° farads

1 Picofarad or 1pF farads

Example: Whatis the capacitance (C) ofa capacitor that
requires acharge (Q) of 0.5 coloumbs to build a voltage
(V) of 25 volts across its plates?

SOLUTION
Given: Charge (Q)=0.5 Coloumb
Voltage (V) = 25 Volts

Using the formula,

\ Q Coloumbs
Capacitane,C =—  Farads

V Volts

0.5
Capacitane,C = E =0.02Farads

Factors that determine the value of capacitance

The capacitance of a capacitor is determined by the
following three main factors;

* Areaof the plates
» Distance between the plates
+ Type of dielectric material (dielectric constant k)

In addition to the above factors affecting the value of
capacitance, the temperature of the capacitor also affects
the capacitance although not very significantly. Increase or
decrease in temperature affects the characteristics of
dielectric material which in-turn increases or decreases
the capacitance value. Some dielectrics cause anincrease
in capacitance as temperature increases. These are called
positive temperature coefficients, abbreviated as P. Other
dielectric materials have negative temperature coefficient,
abbreviated as N, in which case, increase intemperature
decreases the capacitance. There are dielectric materials
having zero temperature coefficient abbreviated as NPO.
The temperature coefficient of a capacitor is specified by
the capacitor manufacturerin parts per million per degree
Celsius (PPM).
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The following expression gives the relation between the
three factors that determine the value of capacitance ofa
capacitor;

r~o

A
C = ¢¢ EFarads

The terme _is the permittivity of free space (air) = 8.85 x
102 C*Nm? and e_is called the relative permittivity of the
dielectric material.

The expression for capacitance (C) of a capacitor can also
be written as,

Theratio of the capacitance with dielectric to the capacitance
with air is called relative permitivity or dielectric constant,
k.

Substituting the value of e_in the above equation, value of
a capacitor using any dielectric can be found using the
formula;

-12

A
C =(8.85x10 )k E Farads

where,

C = Capacitanceinfarads
(8.85x 102 = ¢, (permitivity of air)

k = dielectricconstantoftheinsulatorusedbetweenthe
plates

A = area of one side of the plate in square meters, m?
d = distance between the plates in meters, m

Example: Two metal plates, each 5x 6 cms are separated
from each other by Tmm. Calculate the capacitance if
the dielectric material used between the plates was,

1 air

2 glass
SOLUTION:

k, =1

C=(8.85x10™)k %

=(8.85x10"?)x 1 x (5x102m x 6 x 102m)/(1 x 10 m)
=26.55 x 10" Farads

= 26.55 pico farads

C =26.55 pF

2 FromPTB table no.18

kGIass = 5

C=(8.85x10"?)x5x (5x102m x 6 x 102 m)/
(1x10°m)

=5 x 26.55pF

C=132.75 pF

Working voltage or voltage rating of capacitor

The dielectric strength of the insulating material used
between the plates of a capacitor gives the capacitor the
ability to withstand a potential difference between the
plates without causing arcing. Therefore, a specific capacitor
using a specific type of dielectric can withstand only up to
aspecificvoltage acrossit. Ifthe voltage is furtherincreased,
the dielectric breaks down or gets punctured. This causes
a burn out or a hole in the dielectric material permanently
damaging the capacitor.

This maximum voltage that a capacitor can withstand is
listed as one of the specifications of capacitors as direct
current working voltage, DCWV. As an example: if a
capacitor has a DCWYV of 100 volts, it can be operated at
100 volts for long periods of time without any deterioration
inthe working of the capacitor. If the capacitoris subjected
to 125V or 150V DC, the dielectric may not break down
immediately but the life of the capacitor gets greatly
reduced and may become permanently defective any time.

Function of a dielectric in a capacitor

» Solves the mechanical problem of keeping two metal
plates separated by a very small distance.

* Increases the maximum voltage that can be applied
before causing a breakdown, compared with air as
dielectric.

* Increases the amount of capacitance, compared with
air, for a given dimension of plates and the distance
betweenthem.

Types of capacitors
Capacitors can be classified under two main categories:
1 Fixed value capacitors

The capacitance value of these capacitors is fixed at the
time of manufacture. This value cannotbe varied/altered by
the user.

2 Variable capacitors

The capacitance of such capacitors can be varied between
the specified minimum to the specified maximum values by
the user.

Amongst fixed value capacitors, many different types of
capacitors are manufactured to satisfy the needs of the
electronicindustry. These differenttypes of capacitors are
named according to the

» Type of dielectric material used in capacitor
Example:

a |If paper is used as dielectric, the capacitors are
called paper capacitors.

b If ceramic is used as dielectric, the capacitors are
called Ceramic capacitors.

» Type of construction of the capacitor
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Example:

a Ifthefoils of the conductor and dielectric are rolled
to form a capacitor, such capacitors are called as
Rolled foil capacitors.

b If the plates and dielectric are in the form of Discs,
such capacitors are called as Disc capacitors.

Different types of fixed value capacitors, their sub types,
available values, rated voltage and a few applications are
givenin Chart 1 atthe end ofthislesson. Alsoreferto Chart
3forillustration of some of the popularfixed value capacitors.

Specifications of capacitors

While ordering capacitors, one has to indicate the
specifications needed to ensure thatthe desired capacitor
is received. The minimum specifications to be indicated
while purchasing/ordering capacitors for general use are;

* Type of capacitor

For example: Ceramic, disc, styroflex, electrolytic and
S0...0N.

» Capacitance value
Forexample: 100uF, 0.01uF, 10pfand so....on.
+ DC working voltage rating (DCWV)

Forexample: 100uF-12V, 100uF-100V, 0.01uF-400V and
so...on.

 Tolerance

Like resistors, capacitors also have tolerances over its
rated value. Tolerance of capacitors may range from £1%
to £20%. Some capacitors may have tolerance specified
as -20%, +80%.

The capacitor - During this charging, at the first instance,
a reasonably high charging current flows. Since more
currentthrough the ohmmeter means lessresistance, the
meter pointer moves quickly towards zero ohms of the
meter scale.

After the initial charging, the charging current to the
capacitor slowly decreases (as the voltage across the
capacitor increases towards the applied voltage). Since
less and less current through the ohmmeter means high
and higher resistance, the meter pointer slowly moves
towards infinite resistance on the meter scale. Finally,
when the capacitoris completely charged tothe onmmeter
internal battery voltage, the charging current becomes
almostzero and the ohmmeterreads the normal resistance
of the capacitor which is a result of just the small leakage
current through the dielectric. This charging effect,
commonly known as Capacitor action. Itindicates, whether
the capacitor can store charge, orthe capacitoris excessively
leaky. Also the capacitor could be fully short-circuited or
the capacitor is fully open-circuited.

The capacitor-action test is most suitable for high value
capacitors and specially electrolyte capacitors. When
small value capacitors such as ceramic disc or paper
capacitors are tested for capacitor-action, due to the
extremely low charging currentthe capacitor-action cannot

be observed on the meter dial. For such small value
capacitors the capacitor-charging-holding testis preferred.
However if small capacitors are subjected for capacitor-
actiontest, ifthe meter shows high resistance the capacitor
can be taken as not shorted and hence may be taken as
good.

Charging-holding test on capacitors

In this test, a given capacitor is charged to some voltage
level using an external battery.

Once the capacitoris charged to the applied voltage level,
the battery is disconnected and the voltage across the
capacitor is monitored. The voltage is monitored for a
period of time to confirm whether the capacitor is able to
hold the charge atleast for a small period of time (of the
order of a few seconds).

In this test, when the capacitor is tried for charging, if the
capacitor does not charge at all even after connecting the
battery foraconsiderable period oftime, itcan be concluded
that the capacitor is either short-circuited or fully open
circuited.

If the capacitor is unable to hold the charge even for a
considerably small period oftime, thenitcan be concluded
that the capacitor is excessively leaky.

Thefollowing points are importantand are to be noted to get
correct results from this test :

1 Ifthe capacitor to be tested is marked with + and - atits
terminals (polarised-capacitor) then connect the battery
with the same polarity. If a polarised capacitor is tried
for charging with opposite polarity, the capacitor may
getpermanently damaged.

2 UseaFETinputvoltmeteror high ohm/voltvoltmeterto
monitor the holding of voltage across the charged
capacitor. This is because alow ohm/volt voltmeter will
draw currentfromthe charged capacitorresultingin the
early discharge of stored charges on capacitor.

The term FET stands for a type of transistor
discussed in subsequent units. A FET input
voltmeter is a high quality voltmeter having
very high ohms/volts. This meter draws almost
zero current while measuring voltage across
any two terminals. Other average voltmeters
draw current in the range of a few hundreds of
micro-amps to afew milli-amps while measuring
voltage.

Necessity of grouping of capacitors: In certaininstances,
we may not be able to get a required value of capacitance
and arequired voltage rating. Insuchinstances, togetthe
required capacitances from the available capacitors and to
give only the safe voltage across capacitor, the capacitors
have to be grouped in differentfashions. Such grouping of
capacitors is very essential.

Methods of grouping: There are two methods of grouping.
« Parallelgrouping

» Seriesgrouping
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CHART-1: Physical appearance of types of fixed value capacitors

PAPER CAPACITORS

'g@b‘i\@o
/@ = /@ < METALLIZED TYPE

{sealed in metal tube)
PAPER TUBULAR RANGE: 0.005 - 2 UF
RANGE: 0.0001 - 2 uF

DCWV: 100 - 1000 VOLTS

DCWV: 200 - 600 VOLTS
UP TO 18uF AT 150 DCWV

MP
MP/05/1/400
1/400/40 DIN 41195

=

]

=

MP
MP 08/8/630/2
8 UF £10%
630V
IG8/630/40/ DIN 41197
HPF 560-14/MPJ
25° | + 85°CO.75H
BATHTUB TYPE
RANGE: 0.05-2 UF
\_,./ DCWV: 600 VOLTS

CERAMIC CAPACITORS

DISC

T RRR

TUBULAR

Ty

PIN - UP

ELECTROLYTIC CAPACITORS

ALUMINIUM TYPE

FEED - THROUGH

27P

)2

TANTALUM TYPE

WET TYPE POLARISED ‘
100M F
e 25V
33MF T
75V 1

| DRY TYPE POLARISED |

o
ﬁ

ET1801X3

STAND - OFF
10P
MONOLYTHIC CHIP BUNDELED TUBE

BUTTON

MICA CAPACITORS

PLASTIC FILM CAPACITORS

A

STACKED MICA
RANGE: SPF - 10,000PF

SILVERED MICA

RANGE: 5PF -0.01 uF
DCWV: 500 volts

<

500 PF @ 12,500 volts
TO0.1 F@ 500 volts
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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
capacitors (electrolytic capacitors).

Necessity of parallel grouping: Capacitors are connected
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 5 and is analogous to the
connection of resistance in parallel or cells in parallel.

Fig 5

Il o

s C, c, Cy
~ - = == —

CAPACITORS IN PARALLEL

ION131555

Total capacitance: When capacitors are connected in
parallel, the total capacitance is the sum of the individual
capacitances, because the effective plate areaincreases.
The calculation of total parallel capacitance is analogous
to the calculation of total resistance of a series circuit.

By comparing Figures 6a and 6b, you can understand that
connecting capacitors in parallel effectively increases the
plate area.

Fig 6
/ CONNECTING CONDUCTOR

A 2 \/ PLATE

—~— DIELECTRIC
T pLATE

\ CONNECTING CONDUCTOR

A+a

CAPACITORS IN PARALLEL. THE EQUIVALENT CAPACITANCE IN (b) IS
EQUAL TO THE SUM OF THE CAPACITANCES IN (a).

ION131556

General formula for parallel capacitance: The total
capacitance of parallel capacitors is found by adding the
individual capacitances.

C,=C,+C,+C,+............. +C
where C_ is the total capacitance,

C,.C,,C,etc. are the parallel capacitors.

The voltage applied to a parallel group must notexceed the
lowest breakdown voltage for all the capacitors in the
parallel group.

Example: Suppose three capacitors are connected in
parallel, where two have a breakdown voltage of 250V and
one has abreakdown voltage of 200V, 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
applied voltage.

Charge stored in parallel grouping: Since the voltage
across parallel-grouped capacitorsis the same, the larger
capacitor stores more charge. If the capacitors are equal
invalue, they store an equalamount of charge. The charge
stored by the capacitors together equals the total charge
that was delivered from the source.

where Q,is the total charge
Q,.Q,.Q,.....etc. are the individual
charges of the capacitors in parallel.
Using the equation Q = CV,
Q,=C,V,
where Vis the supply voltage.
C,Vy = CV,+ C V. + CV,

Because all the Vg terms are equal, they can be
cancelled.

Therefore, C.= C,+C,+C,

the total charge

Again

Example: Calculate the total capacitance, individual
charges and the total charge of the circuit given in Fig 7.

Fig 7

25 1UF 50 HLF 75 UF 100 BF
_[100v | 150V _| 200v  _| 150V

100 VOLTS

!
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Solution

Total capacitance = C,
C,=C+C,+C,+C,
C, = 250 micro farads.
Individual charge =Q =CV
Q1 =C1V

=25x100x 108

=2500x 10-®

= 2.5x10*

=2.5x 10" coulombs.
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Q2 =Cc2v
=50x 100 x 10°°
= 5000 x 10-°
=5 x 10-*coulombs.
Q3=C3V
=75x100x 1076
=7500x 10-°
= 7.5 x 10 coulombs.
Q4 = Cc4v
=100 x 100 x 10
=10000 x 10
= 10 x 10 coulombs.
Totalcharge = Qt= Q1+ Q2 + Q3 + Q4
= (2.5x10%) + (5x107%)
+(7.5x1073) + (10x10%)
(2.5+5+7.5+10) x 10
25 x 10 coulombs.
= CTV
250 x 10x 100

25 x 107 coulombs.

or QT

Series grouping

Necessity of grouping of capacitors in series: The
necessity of grouping capacitors in series is to reduce the
total capacitance in the circuit. Anotherreasonis thattwo
or more capacitors in series can withstand a higher
potential difference than an individual capacitor can. But,
the voltage drop across each capacitor depends upon the
individual capacitance. If the capacitances are unequal,
you must be careful not to exceed the breakdown voltage
of any capacitor.

Conditions for series grouping

« Ifdifferentvoltage rating capacitors have to be connected
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 8 is analogous to the
connection of resistances in series or cells in series.

Fig 8

| ol il
[ I I
€

Cy C3

e
|
Cy

Vs
|+
1|

SERIES CONNECTION OF CAPACITORS

ION131558

Total capacitance: When capacitors are connected in
series, the total capacitance is less than the smallest
capacitance value, because

» the effective plate separation thickness increases

» and the effective plate area is limited by the smaller
plate.

The calculation of total series capacitance is analogous to
the calculation of total resistance of parallel resistors.

By comparing Figs 9 can understand that connecting
capacitors in series increases the plate separation
thickness, and also limits the effective area so as to equal
that of the smaller plate capacitor.

Fig 9 _—PLATE

~——DIELECTRIC

THE EQUIVALENT CAPACITANCE IN (b) IS LESS THAN THE LOWER
OF THE TWO CAPACITANCES IN (a).

ION131559

General formula for series capacitance: The total
capacitance of the series capacitors can be calculated by
using the formula

If there are two capacitors in series

Cre 1
e T T +——
Ci Cp G4 n

or

1 1 1 1 1

— =ttt ————= +—

Cr G G G n
_c1c2

T C1+C2

If there are three capacitors in series
c - C‘I C2 C3
T (C1 Cz)+(CZC3)+(03C1)

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
according to the formula,
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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 formula.

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
capacitances are unequal. Ifthe capacitances are unequal

you mustbe careful notto exceed the breakdown voltage
of any capacitor.

Example: Find the voltage across each capacitor in
Fig 10.

Fig 10
C, C, C,
| | | | |
I |l |l
0.1 UF 0.5 UF 0.2 UF
+ 15V 15V 10V
VS —
25V _—
B g
o
=
e}
Solution

Total capacitance: CT

Ch 1 _ 1 . 1 . 1 revious
kncgr €y C, Cy
. 1 l 1 circuit.

1
+ — farad
C, 01 05 gz macom

1 10 2 5
— = — 4+ — ¥+ -
C: 1 1 1
1 17 _ -
— = —, and C; = 0.0588 micro farad
Cr 1
C
V= =L xV
i c1 x =]
0.0588
V, = 25
1 01 -
Vi =1471Vs
vz = C_T X vg
C,
0.0588
V, = 05 x 25
Vy, = 2.9 volts

vV, = g—; x W,
v, = 0.0588
02
V, = 7.35volts
« the currentis defined as the rate of flow of charge.
(I=Q/t)orQ =1t

The same current is flowing for the same period through
the different capacitors of the series circuit. So the charge
of each capacitor will be equal (same), and also equal to
the total charge Q.

But the voltage across each one depends onits capacitance
value (V = Q/C)

By Kirchhoff's voltage law, which applies to capacitive as
well as to resistive circuits, the sum of the capacitor
voltages equals the source voltage.

v
T = VAV Y,

Capacitive Reactance

Capacitoroppose changesinvoltage with the flow of electrons
ontothe plates of the capacitor being directly proportional to
the rate of voltage change across its plates as the capacitor
chargesanddischarges. Unlike aresistorwhere the opposition
to current flow is its actual resistance, the opposition to
current flow in a capacitor is called reactance.

Like resistance, reactance is measured in Ohm's but is
given the symbol X to distinguishitfrom a purely resistive
R value and as the componentin question is a capacitor,
thereactance of a capacitoris called capacitive reactance,
(X,) which is measured in Ohms.

Since capacitors charge and dicharge in proportion to the
rate of voltage change across them, the faster the voltage
changes the more current will flow.

Likewise, the slower the voltage changes the less current will
flow. This means the reactance ofan AC capacitoris "inversely
proportional " to the frequency of the supply as shown.

Capacitive reactance

Where: X_ is the capacitive reactance in Ohms, f is the
frequencyin Hertzand Cis the AC capacitancein Farads,
symbol F.S.

1 1
Xe=—— Xg=—
€ onf ° we
When dealing with AC capacitance, we can also define
capacitive reactance in terms of radians,where Omega, w
equals 2mf.

W = 2rf

Xg =—
wcC

The impedance of an AC capacitance

Impedance, Z which has the units of Ohms, Q is the
" Total" opposition to current flowing in an AC circuit that
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contains both resistance, (the real part) and reactance

Impedance,Z=Y R
g/
Z=  |R%+Xc?
7 Xc
- ZP=R+ X

(the imaginary part). A purely resistive impedance will
have aphase angle of 0° while a purely capacitiveimpedance
will have a phase angle of -90°.

However when resistors and capacitors are connected
togetherinthe same circuit, the totalimpedance will have

aphase angle some where between 0° and 90° depending
upon the value of the components used. Then the
impedance of our simple RC circuit can be found by using
theimpedance triangle.

The RC impedance triangle

Then: (impedance)? = (Resistance)? + ( j Reactance)?
where j represents the 90° phase shift.

By using Pythogoras theorem the negative phase angle,
0 between the voltage and current is calculated as.

Phase angle
2=R2 + Xcz

Properties of magnets and their

materials, preparation of artificial magnets, significance of electro magnetism,

types of cores

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

* explain the properties of magnets

* state flux and flux density

» state the magnetic materials

« state the type of magnetic field around a current carrying conductor

» explain relay types, construction and specification.

Magnets and magnetism

Magnets are those which have the power to attractiron or
alloys of iron (ferrous materials). Magnets available in
nature are called natural magnets or lodestones.

The property of a material to attract pieces of ferrous
materials is called magnetism.

Natural magnets are of very little practical use these days
because itis possible to produce much better magnets by
artificial means.

Magnetic and non-magnetic materials

Allmaterials cannotbe made magnets artificially. Materials
which are attracted by magnets are called magnetic
materials and only such magnetic materials can be made
as artificial magnets. All other materials are called non-
magnetic materials. A list of a few magnetic and non-
magnetic materials is given below:

Magnetic materials Non-magnetic materials

IRON ALUMINIUM
STEEL COPPER
COBALT BRASS
NICKEL LEAD

Poles of a magnet

The magnetic strength of a magnetis concentrated at two
points on the magnet. These points are called the poles of
amagnet.

Magnetic Field and Magnetic Flux (o)

The property of magnetismin any magnetis because of an
invisible field of force between the two poles atthe opposite
ends of the magnet as shown in Fig 1. It can be seen that
the magnetic field is strongest at the poles. Magnetic field
exists in all directions, but decreases in strength, as you
goaway fromthe poles(decreases inversely as the square
ofthe distance fromthe poles). The magneticlines can be
considered to flow outward from the north pole and enter the
magnet at the south pole. The entire group of magnetic
lines, which can be considered to flow outward from the
north pole of a magnet, is called the magnetic flux. The
magnetic flux is symbolically represented by the Greek
letter @ (phi). The more the magnetic flux @, the strongeris
the magnetic field, and hence, the magnet.

Fig 1

ION131561

Properties of Magnets
Unlike poles attract each other

When the north pole of afreely movable permanent magnet
is brought near the south pole of a second permanent
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magnet, an invisible force causes the two poles to be
attracted to each other. The two unlike poles actually stick
toone another. The force of attraction between unlike poles
increases as the distance between the poles decreases.
Actually, the force of attraction varies inversely as the
square of the distance between poles.

* Like poles repel each other.

When the north pole of a freely movable permanent magnet
is brought near the north pole of a second permanent
magnet, an invisible force causes the two poles to repel
each other. The two unlike poles actually move away with a
jerk. This force of repulsion increases as the distance
betweenthe poles decreases. Actually, the force of repulsion
variesinversely as the square of the distance between poles.

* Induces magnetic properties to magnetic
materials.

A permanent magnet can induce magnetism to an
unmagnetised iron bar such that the iron bar become a
magnet. Toinduce magnetism, itis enough ifthe permanent
magnet comes close to the iron bar as shown in Fig 2.

Whatis happeningin Fig 2is that, the magneticlines of force
generated by the permanent magnet, make the internal
molecular magnets in the iron bar line up in the same
directionas shownin Fig 3b. Anunmagnetised iron as shown
Fig 3a, the molecules willbe inrandom directions. Note from
Fig 2 that, the induced poles in the iron bar have opposite
polarity from that of the poles of the permanent magnet.

Fig2 P b
e — Ep———N
(i S Ny
(N L E———o 2
" Z|g PERMANENT = - TRON- =
e MAGNET =T BAR_ T~
= F—F=—=4 SN
\( ( ) l/
N o= oo
S N

PERMANENT IRON o

S wacner N BAR e

o«

: 2

. 5

It should be noted that inducing magnetism was possible
only because the unmagnetised material was a magnetic
material. In Fig 3 instead of iron, a copper bar is used, the
permanent magnetwill notinduce magnetismin copperas
copper is a non-magnetic material. The magneticfield lines
will be unaffected by the non-magnetic materials when
placed in the magnetic field of a magnet.

Types of Magnets

Magnets are available naturally, and can also be made
artificially. When magnets are made artificially, depending
on the type of material magnetism is retained for different
durations. For example, if a piece of soft iron and a piece
of steel are magnetized. The magnetism in steel remains
for a much longer duration than in soft iron. This ability of
amaterialtoretainits magnetismis called retentivity ofthe
material. Depending upon the retentivity of the material,
artificial magnets can be classified as temporary magnets
and permanent magnets. Temporary magnets lose their
magnetic power or magnetism once the magnetizing force
isremoved.

Fig 3 MOLECULAR MAGNET
NCT3S

MOLECULES INA
UNMAGNETIZED METAL

MOLECULES INA
MAGNETIZED METAL

ION131563

The magnetism thatremains in a magnetic material, once
the magnetizing force is removed, is called residual
magnetism. Thistermis usually only applicable totemporary
magnets.

Permanentmagnets retain magnetism for along period of
time.

Classification of magnets, popularly used types of magnets
and theirapplications are givenin Chart 1 atthe end of this
lesson.

Units of magnetic flux ()
Maxwell

One Maxwell (Mx) unit equals one magnetic field line. In
Fig4, forexample, the fluxillustrated is 6 Mx because, there
are six field lines flowing in or out of each pole. A one pound
magnet can provide a magnetic flux @ of about 5000 Mx.

Maxwell is a unit of magnetic field in CGS system of units.

This is a larger unit of magnetic flux. One weber (Wb)
equals 1x 108lines ormaxwells. Since weberis alarge unit
for typical fields, microweber (uWb) unit can be used.

1uWb = 10°Wb.

For a one Ib magnet producing the magnetic flux of 5000
Mx, corresponds to 50 pWhb.

Weber is a unit of magnetic field in S| system of units.
Flux density (B)

The flux density is the number of magnetic field lines per
unit area of a section perpendicular to the direction of flux
as shown in Fig 4.

As a formula,
[%) flux
B = = = -
A Area

Inmagnets, the flux density will be higher close to the poles
because flux lines are more crowded near the poles.

Units of flux density

Gauss: One Gauss is equal to one flux line per square
centimeter, or 1 Mx/cm?.

Gauss is a unit of flux density in CGS system of units.
As for example in Fig 4,
total flux @ is 6 lines, or 6 Mx

At point P in this field, the flux density B is 2 Gauss
because there are 2 lines per cm?.
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Fig 4 o= 6MXx
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As an example the flux density B for a 1 Ib magnet will be
1000 G at the poles.

Example : With aflux of 10,000 Mx through a perpendicular
area of 5 cm?, what is the flux density in gauss?

o 10.000Mx 5
B:—:—2:2000chm
A 5cm
B =2000 G.

Typical values of flux densities are ,
Earth's magnetic flux density is about 0.2 G.

Alarge laboratory magnet produces flux density
of 50,000 G.

Since gauss is a small unit, flux density if often measured
in kilogauss

1 kilogauss = 10°® Gauss.

In Sl units of measurement, the unit of flux density B, is
webers per square metre (Wb/m?). One weber per square
metre is called a tesla, abbreviated as T.

Tesla is a unit of flux density in SI system of units.
Example : A flux of 400 yWb passes through an area of
0.0005 m?, What is the flux density in tesla units?

o 400x10° Wb

B ES =
A 5x10™% m?
4
_ 200 X102 = 80x 102 Wb/m?
5
B =0.80 Tesla

Tesla is a larger unit than gauss 1 T =1 x 10* G. For
example, the flux density of 20,000 G is equalto 2 T.

CLASSIFICATION OF MAGNETIC MATERIALS

Based onthe strong magnetic property ofiron, other materials
are classified as either magnetic ornon-magnetic materials.
However, a more detailed classification is given below;

1 Ferromagnetic materials
2 Paramagnetic materials
3 Diamagnetic materials

These are materials which become strongly magnetized.
These materials gets magnetised in the same direction as
the magnetizing field. These materials have high values of

permeability in the range of 50 to 5000. Examples of
ferromagnetic materials are iron, steel, nickel, cobalt, and
commercial alloys such as alnicoand permalloy. Permalloy
has a pr of 100,000 but gets saturated at relatively low
values of flux density.

Paramagnetic materials

These are materials which become weakly magnetized.
These materials gets magnetised in the same direction as
the magnetizing field. The permeability of paramagnetic
materials s slightly more than 1. Examples of paramagnetic
materials arealuminum, platinum, manganese, and chromium.

Diamagnetic materials

These are materials which become weakly magnetized.
These materials gets magnetised in the opposite direction
ofthe magnetizing field. The permeability of diamagnetic
materials is less than 1. Examples of diamagnetic
materials are bismuth, antimony, copper, zinc, mercury,
goldandsilver.

The basis of the above three classifications is the motion
of orbital electrons in atoms.

There are two kinds of electron motion in the atom;

1 Theelectronrevolvinginits orbit: This motion provides
a diamagnetic effect. However, this magnetic effect is
weak because of the thermal agitation at normal room
temperature. This resultsinrandom directions of motion
that neutralizes the magnetic effect of each other.

2 The magnetic effect from the motion of each electron
spinning onits own axis: The spinning electrons works
as a tiny permanent magnets. Opposite spins provide
opposite polarities. Two electrons spinning in opposite
directions form a pair, neutralizing the magneticfields.
Inthe atoms of ferromagnetic materials, however, there
are many unpaired electrons with spins in the same
direction, resulting in a strong magnetic effect.

Iron, cobalt and nickel are said to be very good magnetic
materials. Alloys of these three metals make up almostthe
entire range of magnetic materials used by the electrical,
electronic and communication industries.

Temporary and permanent magnets

Another classification of magnetic materials based on their
application are:

1 Temporary magnets
2  Permanentmagnets
Soft and hard magnetic materials
Magnetic materials can be classified as:
1 Hard magnetic materials
2 Soft magnetic materials

Hard magnetic is a term is used to cover the range of
materials used for making permanent magnets.

Some of the hard magnetic materials commonly used and
a brief of their magnetic properties are given below;
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Carbon steel

This was the only material used for permanent magnetsin
oldendays. Ithas poor magnetic materials and notinmuch
use today.

Carbon steel is now used only for applications where low
cost is more important than magnetic performance.

Carbon steel is used in making compass needles, thin
sheet magnets and magnets for toys.

Tungsten and chromium steels

The addition of tungsten and chromium to carbon steel
gives a group of alloys having better magnetic properties
than carbon steel. These materials can be rolled or forged
to different shape and are machinable.

Large quantities ofinstrument magnets are produced from
steel containing approximately 6% tungsten.

Chromium steel is cheaper to produce but slightly less
effective than tungsten steel as a permanent magnet.
Instrument magnets are made by punching out the shape
required from steel strips containing 3% chromium.

Cobalt steel

The addition of cobalt to chromium steel considerably
increases the magnetic strength of the material.

Tomeetallreasonableindustrial requirements, arange of
five cobalt steel alloys, each having a different cobalt
composition are produced. These alloys can be rolled or
castand machined before hardening.

Cobalt steel alloys are used for making rotating magnets,
telephone receivers, speedometer magnets, multi-pole
rotors used in electric clocks and hysteresis motors.

Iron-aluminimum-nickel

In 1931 analloy of iron, aluminumand nickel was discovered.
This alloy gives a better magnetic performance as a
permanent magnet when compared to all the other
commercially produced permanent magnetic materials.

Most permanent magnets produced today are made from
Alnicoand Alcomax group of alloys. These have iron-nickel
and aluminium with additions of cobalt and copper.

Magnets made from these alloys can only be produced by
the processes of casting and sintering. They are very brittle
and cannot be machined except by grinding.

Softmagneticis atermwhich coversthe range of materials
which are easy to magnetize and demagnetize. They are
used forthe cores of electromagnets ortemporary magnets.

Soft magnetic materials used for making electromagnets
are easy to magnetize and demagnetize. They have low
hysteresis loss, higher saturation value (B), higher
permeability and low coercivity values when compared with
hard magnetic materials.

Soft magnetic materials are generally used for making
laminated, transformer cores, motor & generatorarmatures
and other electrical equipments which are subject to
continual reversal of magnetization.

Some of the soft magnetic materials commonly used and
their magnetic properties are given below;

Mild steel

Itisaninexpensive material to produce, and, therefore, an
ideal material to use where cost is important and the
magnetic properties required not so stringent. As the
carbon content in mild steel is increased, the effect is to
lower the magnetic properties.

Iron-silicon alloys

A range of iron-silicon alloys, containing silicon between
0.3% to 4% is produced as sheets or strips and used for
making laminations. Iron with a smallamount of silicon has
better magnetic properties than pure iron.

These alloys have low hysteresis loss, high saturation and
are used for the magnetic circuits of electrical equipment
operated at power frequencies of 50 Hz such as power
transformers, alternators and electric motors of all sizes.

Due to the brittleness of the higher silicon alloys, it is not
possible to make it into very thin sheets or strips.

Magnetic field around a current-carrying conductor

When currentis passed through a conductor, a magnetic
field is produced around it. It is important to note the
following two factors about the magnetic lines of force
around a current carrying conductor.

1 Themagneticlines are circularandthefieldis symmetrical
with respect to the current carrying wire in the centre.

2 The magnetic field with circular lines of forces is in a
plane perpendicular to the current in the wire.

The direction of the magnetic lines around the conductor
can be determined by the right hand screw rule. The
direction of magnetic lines reverses, if the direction of
current through the conductor is reversed. This magnetic
field around a single conductoris too weak to make the wire
behave as a useful magnet.

Magnetic field around a coil

Considerthe effect of passing a currentthrough a one-turn
coil of wire as shown in Fig 5a.

Fig 5a and 5b shows the magnetic flux generated by the
electric current passing through the centre of the coil.
Therefore, a one-turn coil acts as a little magnet. It has a
magnetic field with an identifiable N pole and S pole.
Instead of a single turn, a coil may have many turns as
shown in Fig 5c¢. In this case, the flux generated by each
oftheindividual current-carrying turns, tends to link-up and
pass out-of one end of the coil and back into the other end
as shown in Fig 5c¢. This type of coil, also known as a
solenoid has a magnetic field pattern very similar to that of
a bar magnet.

The right hand rule for determining the direction of flux from
a solenoid is illustrated in Fig 5d. When the solenoid is
gripped with the right hand such that, the fingers are
pointed in the direction of current flow in the coils, the
thumb pointsin the direction of the fluxas shownin Fig 5d.
The coil now behaves like an electromagnet.
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The solenoid acts like a bar magnet whetherithas aniron
core ornot. Adding aniron coreinasolenoidincreases the
flux density inside the coil. In addition, the field strength will
then be uniform for the entire length of the core. It should
be noted that, adding aniron core into a solenoid does not
change the N and S pole positions of the solenoid.

When the direction of the current through the coil is
changed, it changes the direction of magnetic lines,
thereby changing the poles of the solenoid.

Applications of electromagnet

Electromagnets are used in various applications such as
electrical circuit breakers, relays, door bells etc.

Faraday's law

Whenever a conductor cuts magneticlines of force, an emf
isinducedinthe conductor. Thisis known as Faraday’s law
of Electromagnetic Induction.

Lenz’s Law

The basic principle used to determine the direction of
induced voltage or currentis given by Lenz’s Law.

Lenz’ law states that the direction of induced
current is such that the magnetic field set-up
due to the induced current opposes the action
that produced the induced current.

Relays:

Introduction

Inaddition to solenoids, one other most popular application

of electromagnets is in what are called electromagnetic

relays.

Important similarities and differences between a solenoid
and a relay is illustrated in Fig 6.

Fig 6
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Electromagnetic relays

The term relay was used for the first time, to describe an
invention made by Samuel Morse in 1836. The device
invented by Morse was a Telegraph Amplifying
Electromagnetic Device. This device enabled a small
current flowing in a coil to switch-ON a large current in
another circuit, and thus helped in relaying of telegraph

signals.

In any application, the object of a relay is generally to act

as aremote switch or as a electrical multiplier switch. This

means, a relay enables a comparatively weak current to
bring into operation a much stronger current or currents.

Construction and operation of a simple relay

Electromagneticrelay is basically a switch ora combination

of switches operated by magnetic force generated by a
current flowing through a coil.

Essentially, a typical relay shown in Fig 7 consists of the

following parts;

» an electromagnet comprising of a core and coil.

« amovablearmature,pivoted and heldintensionbyaspring.

» a set of contacts.

» aframe to mount all these components.

As shown in Fig 7, a typical relay consists of a core
surrounded by a coil of wire. This is mounted on a metal
frame. The movable part of the relay is the armature. One
end of the armature is hinged and connected to a spring.
On the armature is mounted a contact arm carrying

movable contacts. The fixed relay contacts and its terminals

are mounted on an insulated terminal board.
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When the relay is OFF or not energized, the contact arm
touches the top contact. When the relay is energized by
applying voltage to the coil terminals, the metallicarmature
is attracted. The armature and contactarm assembly move
downward so thatthe contactarm mounted onthe armature
touches the bottom contact. Thus, the relay is doing the
function of a single pole, double throw (SPDT) switch.

Onremoving the voltage applied to the coil, the spring attached
to one end of the armature returns the armature to its original
position and the contact arm touches the top contact.

Operating delay of relays

When an energizing voltage is applied to a relay coil, the
relay does not work instantaneously. It takes some time,
usually a few milliseconds to operate. Reasons for this
delay are given below:

» Duetoinductance of the relay coil, current grows slowly
and takes sometimetoreachthe required currentvalue.

¢ Due toinertia, the armature takes sometime to move
from one position to another.

When rated voltage is applied to terminals of a relay coil,
the gradual build up of currentin the coil is due to the initial
oppositionto the current flow by the self-inductance of the
coil. After some delay, when sufficient magnetization is
built up and when the force of attraction is sufficient to
overcome the opposition of the tension due to return spring
plus, tension of contact springs, the armature is attracted
and it closes the relay contacts. The relay is then said to
be energized or pulled-in or picked.

Once the relay is energised then, only a small amount of
energyisrequired tomaintainitin energized condition. The
rest of the electrical energy is wasted as heat.

When the current through the coils falls below a certain
value, the relay gets de-energised and the return spring
pulls the armature back. This is called as relay drop-out.

From above it can be seen that, very little amount of
electrical power is consumed for the switching of relay
whereas most of the power is consumed while holding.

Parts of a Relay

Each part of a relay is as important as the other in the
overall performance of the relay. Details of the parts of a
relay and their purpose are given below:

Frame and core: One of the main function of the relay
frame is to provide a base for mounting other relay parts.
But, the mostimportant function is, the frame forms a part
of the complete magnetic path between the armature and
core. The core, frame and armature are made of an easily
magnetizable material such as iron.

Hinges: The hinges connectthe armature to the frame. A
good hinge must be as free from friction as possible. They
must also be strong enough to support the weight of the
armature and contacts. The hinges must provide low
reluctance to the magnetic flux in its path from the core
through the frame and the armature.

Return springs: The springs are usually very thin and
cannotconcentrate any large amount of flux. Spring steel,
which has a lower reluctance than other materials acts to
retain its magnetism and remain attracted to the core after
therelayis de-energised. Springs also have adisadvantage
of being stiffand are likely to break after a few operations.

Relay coil: The coil is usually wound on a former and
slipped over the magnetic core in the relay frame. This
permits easy replacement of damaged coils by new ones.

Coil Specifications

Generallyrelays are made to operate at different voltages
suchas, 6,12,18,24,48, 100 or 240 volts AC orDC. Acoil
resistance chartis usually given with relays which helpsin
calculating the coil currentand power dissipation. Maximum
wattage, maximum permissible temperature and the wattage
for satisfactory operation, are specified along with relays.

Operatecurrent  — is the minimum current required to
energize arelay.
Hold current — isthe minimum coil currentrequired to

continue to hold the relay energized.

—is the maximum current which
releases the relay.

Release current

Relay coils are always insulated from the frame of the relay.
The electrical resistance between the coil and the body is
a measure of the isolation of energising voltage from the
ground. Similarly, the electrical resistance between the
coiland the contacts is ameasure of the electrical isolation
between the energising driving and the driven circuits.
These resistances will be of the order of hundreds or
thousands of megohms.

Relay contacts

The contacts on arelay are the parts that actually perform
the electrical switching of the controlled circuits. Also,
these contacts are the ones that cause most trouble and
require frequent maintenance as compared to any other
part of a relay.

Contact materials and design

The relay contacts are made of material which are very
good conductors as well as corrosion-resistant.

An arc is created when the contacts open and close. This
arc burns and oxidises the contacts. An oxide coating
make the contacts either poor conductors or non-
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conductors. For this reason, contacts are made of silver,
palladium and palladium-iridium alloys, gold alloys, gold
plated silver, tungsten and alloys of other highly corrosion-
resistant materials that do not oxidize easily.

Even with these materials, some oxidation still takes
place. To getrid of the oxide, the contacts are designed to
have a wiping action. As the contacts close and open, the
surfacesrubtogether. This action rubs off any oxide or dirt
which might cause poor contact.

Contacts come in many shapes and sizes, and in a variety
of contact arms. These contact arms are generally called
contactsprings because they maintain good contactpressure.

Size of the contacts determines the current handling
capability. The larger the contacts, the more currentthey
can switch without excessive deterioration.

The contact arms or springs are made thick and wide
enough to carry the current for which the contacts are
rated. They are also made spongy enough to ensure good
contact. If the springs are too soft they may vibrate when
therelay opens, causing contactbounce when the contacts
open and close repeatedly. This bounce canalso occuron
closing. The bouncing of contacts is always undesirable.
Contact debouncing circuits are used to overcome the
undesirable effects of contactbouncingin sensitive circuits
such as digital electronic circuits.

Multimeter, use of meters in different circuits

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

¢ define multimeter
e state use of meters in different circuits.

Multimeter

The three most commonly measured electrical quantities
are current, voltage and resistance. Current is measured
by an ammeter, voltage by a voltmeter and resistance by
anohmmeter.

Asingle instrumentused formeasuring allthe above three
quantities is known as a multimeter. It is a portable, multi
rangeinstrument.

Construction of a multimeter

A multimeter uses a single meter movementwith ascale
calibrated in volts, ohms and milliamperes. The necessary
multiplier resistors and shunt resistors are all contained
withinthe case. Front panel selector switches are provided
to select a particular meter function and a particularrange
for that function.

On some multimeters, two switches are used, one to
selectafunction, andthe other the range. Some multimeters
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. (Fig 1)

Rectifiers are provided inside the meterto convert ACtoDC
in the AC measurement circuit.

Parts of a multimeter

A standard multimeter consists of the main parts and
controls, as shown in Fig 2.

Controls

The meter is set to measure the current, voltage (AC and
DC) or resistance by means of the FUNCTION switch.

The meteris settothe required current, voltage or resistance
range - by means of the RANGE switch. The switch is set
to 2.5 volts or mA, depending on the setting of the
FUNCTION switch.

Fig 1

ION131571

Scale of multimeter
Separate scales are provided for:
e resistance

» voltageandcurrent.(Fig 3)
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The scale of current and voltage is uniformly graduated.

The scale of the ohmmeter is non-linear. That is, the
divisions between zero and infinity (e) are not equally
spaced. As you move from zero to the leftacross the scale,
the divisions become closer together.
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Fig 2
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Shuntresistors across the metermovementbypass current 9

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 currentmeasurement.

A circuitry when working as a voltmeteris shown in Fig 5.

The voltage drop across the meter coilis dependenton the
currentand the coil resistance. Toindicate voltages greater
than50 mV at FSD as perthe circuit, multiplier resistances
of different values are connected in series with the meter
movementthrough the range switch forthe required range
of measurement.

A circuitry when working as an ohmmeter is shown in Fig 6.

To measure resistance, the leads are connected across
the external resistorto be measured as shownin Fig 6. This
connection completes the circuit, allowing the internal
battery to produce current through the meter coil, causing
deflection of the pointer, proportional to the value of the
external resistance being measured.

Zero adjustment

When the ohmmeter leads are open, the pointer is at full
left scale, indicating infinite ¥ resistance (open circuit).
When the leads are shorted, the pointer is at full right
scale, indicating zero resistance.

Rx100 2k

Rx1k  20kQ

RESISTOR BEING MEASURED
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The purpose of the variable resistor is to adjust 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.
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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. For each range, a
different value of shunt resistance is switched on. The
shuntresistance increases for the higheronmranges and
is always equal to the centre scale reading on any range.

Digital Multimeter (Fig 7)

Digital multimeters are high input impedance and better
accuracy andresolution. Itconverts aninputanalog signal
into its digital equivalent and displays it. the analog input
signal might be digital voltage, an a.c. voltage, aresistance
or an a.c/d.c current. The Figure 7 shows the top view of
the digital multimeter

Fig 7
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Measurement of resistance using multimeter

A moving coil meter can be used to measure unknown
resistance by using a circuit configuration. With the test
probes short circuited, the ohms adjust control is turned
so that the current through the total circuit resistance
deflects the meterto the full scale. Now by connecting the
test probes across the unknown resistance, the currentis
decreased, and the deflection on the scale gives you the
resistance value. Ohms law states the output current is
proportional to the applied voltage. Unit of resistance is
ohms.

Measurement of voltage

The moving coil meter has constantresistance so thatthe
current through the meter is proportional to the voltage
across it. so the current meter can be used to measure
voltage. To extent, the voltage range of the meter, it is
necessary to add resistance in series with the meter
circuit. In order to measure a.c. voltage, rectification is
required. The principle of generating a.c. is by
electromagnetic induction is higher. While measuring
unknowing voltage levels with multimeter, always range
switch should be set to the highest available range and
work down from there Unit of voltage is volts.

A simple meter is shown in Fig 8.

The electrical quantity to be measured is givento the input
terminals (A) ofthe meter. The internal metermovementor
mechanism moves the pointer(D) over the graduated
scale(C) marked on a plate called the dial plate(B). The
pointer stops at a point on the scale which corresponds to
the magnitude of the input given atthe input terminals(A).

Fig 8
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Any simple meter must have the following minimum
specifications.

[1] The electrical parameter it can measure.

Example: DC voltage, AC voltage, DC current, AC
current, resistance and so on.

[2] The maximum quantity that it can measure.
Example: 10 volts, 100 volts, 1 ampere and so on.

The simple meter shownin Fig 8 can measure DC voltage.
This can be found out from the symbol V_marked on dial
plate of the meter. All meters will have such symbols by
which the user canidentify the electrical parameterthat the
meter can measure. The different symbols used and their
meanings are shown in Charts 1 at the end of this lesson.

Example 1: A symbol V on a meter dial indicates,
V  for measuring voltage
~  for measuring AC.

This means, a meter with V symbol is for measuring AC
voltage.

Example 2: A symbol V on the meter dial indicates,
V for measuring voltage
~ for measuring AC
for measuring DC.

This means, a meter with V. symbol is for measuring AC
and DCvoltages.

The meter scale as shown in Fig 8, is graduated/marked
from 0 to 10. This means that this meter can measure up
to a maximum of 10 volts. This is referred to as the
maximum measurable value in that meter.

The meter scale of 0 to 10 is divided to 5 parts in steps of
2 volts as shown in Fig 9. Each division is called the Main
Scale Division (MSD) of the meter scale.

Each main scale division in Fig 2 corresponds to 2 volts.
Further each main scale division (say 0 to 2) is further
divided into 4 more divisions as shown in Fig 10. These
divisions are called Small Scale Divisions (SSD).
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Each small scale division therefore corresponds to,
Value of onemainscaledivision

Numberof smallscaledivisionpermainscaledivision

2 volts

for fig.1,eachSSDis, =0.5volts

Hence the smallestvoltage thatcan be accurately measured
using this meter is 0.5 volts. This is nothing but the value
of one small scale division of the meter.

Example: To find the maximum and minimum values that
can be measured using a meter having a graduated scale
as shown in Fig 11.

Fig 11
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Maximum quantity the meter shownin Fig 11 can measure
is equal to the full scale deflection value or the highest
numeric on the right edge of the of scale = 5 volts.

Minimum quantity the meter can measure is equal to value
of one small scale division.

value of one main scale

No. of smallscale div/main div

1 Volt
10 div
The minimum values thatcan be measured using the meter

in Fig 11is 0.1 volts and the maximum values that can be
measured is 5 volts.

= 0.1 volts.

On the dial scale of any meter, in addition to the symbols
indicating the electrical parameter (voltage, current etc) it
can measure and the type of parameter (AC, DC, AC/DC),
there are several other symbols. One of the important
symbols to be identified before using the meter is the
position symbol.

Fig 12(a) indicates a typical position symbol on the dial
plate of a meter.

‘| “symbol on the dial plate indicates that, the meter has
to be positioned vertically (at right angle to the Table) as
showninFig 12(b). Ifthis meteris placed horizontally while
taking measurement then, the readings shown by the
meter will not be accurate.

Fig 12
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Other symbols indicating the position in which a meter is
to be kept while taking readings is given in the Chart 1 of
this lesson.

[H.IUse Chart 1 and elaborate the meaning ofthe symbols
in the classroom.]

One ofthe mostcommon errors in metersis the Mechanical
Zero error. This error is caused due to the mechanical
movements involved inthe meters. This errorin metersis
correctable. The steps involved to correct this error is
called Mechanical zero setting of meters.

All meters will have a screw on it as shown in Fig 13.
Keeping the terminals of the meter open, the screw is
turned slowly to bring the pointer exactly to O position on
the meter scale. This means, with no voltage applied, the
meter is made to show exactly zero volts.

Fig 13
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Care has to be taken while turning this screw as this screw
is directly connected with the sensitive and delicate meter
movement. Turning the screw inlarge amounts orin jerks
may damage the meter movement permanently making
the meterunusable.

Before using a meter formeasurements, itis necessary to
check if the meter needle is moving freely over the
graduated scale. There are possibilities that the meter
movement may be sticky due to dust collection on the
meter movement or due to the bent pointer needle.

A simple way to check sticky pointer/meter movement is
to hold the meter in hand and tilt the meter back and forth
gently, checking forthe free movement of the pointer. Ifthe
pointer is not moving freely, it is advised not to use that
meter for making measurements.

Voltmeters used for measuring DC voltages will have their
input terminals marks +ve and -ve. For making voltage
measurement, the +ve terminal of the meter must be
connected to the +ve terminal of the battery and the -ve
terminal of the meter to the -ve terminal of battery. If the
terminals are reversed, the meter deflects below zero.
This may cause temporary or sometimes permanent
damage to the meter movement.

Measuring Instruments
a Introduction

* The instruments, which are used to measure any
quantity are known as Measuring Instruments.

* Measurement of electrical quantities is necessary
while installing, operating, testing & repairing electrical
& electronic equipment’s and circuits.

* To make electrical measurements the most popular
instruments used are called Meters. Meter is a tool
used to measure the basic electrical quantities such
as Current, Potential difference (Volt) and Resistance.

» Following are the most commonly used electronic
instruments.

i Voltmeter

i Ammeter

i Ohmmeter

v Multi-meter

v Clamp Meter
b Ammeter

* Ammeter is an electronic instruments device used to
determine the electric current flowing through a circuit.
Ammeters measuring currentin milli-ampere rangeis
known as milli-ammeters.

*  Ammeters are connected in series to the circuitwhose
current is to be measured. Hence this electronic
instruments are designed to have as Very Low
resistance/ loading as possible.

* There are two types of ammeters: DC ammeter, and
AC ammeter.

DC ammeter measures the DC current that flows
through any two points of an electric circuit. Whereas,
AC ammeter measures the AC current that flows
through any two points of an electric circuit.

An example of practical AC ammeteris shown in figure
which is a (0?100A) AC ammeter. Hence, it can be
used to measure the AC currents from zero Amperes
to 100 Amperes.

0 40 &0 B8O |
0 \\\\\\mufm/,//ﬁn

AC AMPERES

BLUE SEA SYSTEMS

Voltmeter

Voltmeter is an electronic instruments used in an
electric circuit to determine the potential difference or
voltage between two different points.

Voltmeters are usually connected in parallel (shunt) to
the circuit. Hence they are designed to have High
resistance as possible to reduce the loading effect.

There are two types of voltmeters: DC voltmeter, and
AC voltmeteri.e RMS value of Voltage.

DC voltmeter measures the DC voltage across any two
points of an electric circuit, whereas AC voltmeter
measures the AC voltage across any two points of an
electric circuit.

An example of practical DC voltmeteris showninfigure
whichisa(0?10V)DC voltmeter. Hence, itcan be used
tomeasure the DC voltages from zero volts to 10 volts.

Ohmmeter

Ohmmeteris used to measure the value of Resistance
between any two points of an electric circuit. It can also
be used for finding the value of an unknown resistor.

There are two types of ohmmeters: series ohmmeter,
and shuntohmmeter.

In series type ohmmeter, the resistor whose value is
unknown and to be measured should be connectedin
series with the ohmmeter. It is useful for measuring
high values of resistances.
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In shunt type ohmmeter, the resistor whose value is
unknown and to be measured should be connected in
parallel (shunt) with the ohmmeter. It is useful for
measuring low values of resistances.

An example of practical shunt ohmmeter is shown in
the figure, whichisa (0?100?)shuntohmmeter. Hence,
it can be used to measure the resistance values from
zero ohms to 100 ohms.

Multimeter

Multi-meteris an electronicinstrumentused to measure
the quantities such as voltage, current & resistance
one at a time.

This Multi-meter is also Known as Volt-Ohm-
Milliammeter (VOM).

Itcan be used tomeasure DC & AC voltages, DC & AC
currents and resistances of several ranges.

A practical multi-meter is shown in the figure, which
can be used to measure various high resistances, low
resistances, DC voltages, AC voltages, DC currents, &
AC currents. Different scales and range of values for
each of these quantities are marked in the figure.

98

Clamp meter

A clamp meter is an electrical test tool that combines
a basic digital multi-meter with a current sensor. Itis
also called a Tong Tester.

Clamps measure current. Probes measure voltage.
Having a hinged jaw integrated into an electrical meter
allows technicians to clamp the jaws around a wire,
cable or other conductor at any point in an electrical
system, then measure current in that circuit without
disconnecting/de-energizingit.

Beneath their plastic mouldings, hard jaws consist of
ferrite iron and are engineered to detect, concentrate
and measure the magnetic field being generated by
current as it flows through a conductor.

Principle and parts of simple meter

a

Simple meter

The electrical quantity to be measured is given to the
Input Terminals of the meter. The internal meter
movement or mechanism moves the Pointer over the
Graduated Scale marked on a plate called Dial Plate.

The pointer stopes at a point on the scale which
corresponds to the magnitude of the input given atthe
input terminals.

Any simple meter must have the following minimum
specifications.

The electrical parameteritcan measure. Example: DC
Voltage, AC Voltage, DC Current, AC Current,
Resistance and so on.

The maximum quantity that it can measure. Example:
10Volts, 100 Volts, 1 Ampere and so on.

The simple meter shown figure can measure DC
voltage. This can be found outfrom the symbol Vmarked
on dial plate of the meter.

All meters will have such symbols by which the user
can identify the electricl parameter that the meter can
measure.
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L.C.R. Meter

The LCR meter is an electronic test equipment used to
measure among other parameters the impedance of a
component (Fig 14 and 15).

Usually the device under test (DUT) is subjected to an AC
voltage source, then the voltage over and current through
device under test are measured. The measured inpedance
consists of real and complex components. The phase angle
is also an important parameter.

Fig 14

CEC52711

Signal generators

L.C.R. METER

CEC52712

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

« list the classifications of signal generator based on signal waveform produced
« list the classification of signal generator based on frequency coverage

« explain principle, specification and applications of function generator

¢ explain the advantage of digital frequency synthesizers.

A signal generator with a multimeter and an oscilloscope
forms the trio work-horse instrument of an electronic
mechanic. The signal generator generate a wide variety of
signal waveforms covering broad signals. Therefore, signal
generators are classified in two main subdivisions based
on waveforms produced and frequency ranges covered.
Based on the signal waveforms produced the following
main types are popular;

1 The sine-wave generator

It is most common for general-purpose testing. It is
widely used in both continuous-wave (CW) and
amplitude-modulated (AM)forms.

2 The square-wave generator

Itis alsocommonly found in laboratories and is used for
amplifierresponse testing and in performing otherwave-
shaping functions.

3 Pulse generator

With a facility for broad selection of pulse duration and
repetition rates, these are employed for example for timing
and testing electronic circuits both analog and digital.

Square-wave generators

Generators for producing this type of waveform fall into two
main groups: the combination sine and square-wave
generators and the square-wave generators.

Thefirstgroup offers a choice of either waveform butdoes not
give the precision of square-wave outputofthe second group.
The square wave generators provides only square waves with
high precision. In relatively inexpensive combination
generators, a pseudosquare wave is often produced by
simply clipping the original sine wave either by diode clipping
or overdriven amplifier action. As a result, the products of
such action retain the rise and fall portions of the sine wave.
Insuch cases, only anapproximate square waveis produced,
suitable only for limited wave-shaping observations.

Combination generator

Atypicallaboratory combination generator generates true
square waves as shown in Fig 1 with a Schmitt-trigger
circuit. ltgenerally provides frequency ranges of 10 hertzto
100 kilohertz for the square wave section. The rise time of
the square wave at full-scale deflection will be generally
less than 750 nanoseconds and the tilt is approximately 5
percentat 20 hertz. The peak-to-peak square-wave output
will be generally 6 volts, with provision for attenuation in
steps of 10 decibels each. Direct output upto 73 volts (p-
p) is also provided by-passing the attenuator section.

Square wave generator

A typical laboratory square-wave generator, produces
square waves with flat horizontal portions, free of any
noticeable overshoot and ringing. The square waves will
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generally have a rise time of less than 0.02 microsecond
(20 nanoseconds) over the frequency range of 25 hertz to
1 megahertz. The frequency, obtained by the setting of a
step switch and a continuously variable fine-frequency
control can be read directly from the meter provided on the
equipment.

Signal Generator

* Inelectronics laboratory we need to produce different
types of signal waveforms with variable, frequencies
and shapes of Signal Waveforms such as Square
Waves, Rectangular Waves, and Triangular Waves,
Saw tooth Waveforms and a variety of pulses and
spikes.

* An understanding of testing and test equipment is
essential within any area of electronics. Testing and
test instruments are keys to any electronics design,
development, production and maintenance activity.

* |tis used in the test setup, electronic developments,
and troubleshooting the electro-acoustic devices and
circuits.

» It is also used for testing complex communication
systems, measuring the frequency response of the
amplifier, aligning of radioreceivers, for testing complex
telecommunication circuits and networks.

The signal generator produces only a Sine wave signals. It
has Limited Frequency stability and No capability of phase
locking with the external source. Whereas, Function
generators go beyond signal generators and it generates
various waveforms like sine, square, saw tooth, triangular,
etc. It has High-Frequency Stability and the capability of
phase-locking with the external source. Frequency is
controlled by varying the magnitude of the current which
drives the integrator circuit in it.

Function Generator

» The function generator is one of the very important
electronic equipment that generates different types of
waveforms like sine wave, square wave, triangularwave,
a saw-tooth wave, (ramp up/down) and other types of
outputwaveforms.

» Thefrequency and amplitude of these waveforms can
be varied overawiderange.

* Anotheruseful feature of the function generator is that
it can be phase-locked to an external signal source so
thattwo output signals can be displaced in phase by an
adjustable amount.

Function generators are normally used within electronics
development, manufacturing testand service departments.
They provide aflexible form of waveform generation thatcan
be used in many tests.

Function generator capabilities: Function generators
are capable of producing the following variety of repetitive
waveforms;

Sine wave: This is the standard waveform that oscillates
between two levels with astandard sinusoidal shape. (Fig 1)

Using the function generator as a sine wave generator is
one ofthe more commonly used applications. Sine waves
are widely used in testing applications.

Fig 1
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Square wave: The square wave consists of a signal
moving directly between high and low levels. Used as a
square wave generator, this testinstrument provides a very
useful source of a basic digital waveform. (Fig 2)

Fig 2
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Pulse: A Pulse is a waveform or signal in its own right. It
has very different Mark-to-Space ratio compared to a high
frequency square wave clock signal oreven arectangular
waveform. (Fig 3)

The purpose of a"Pulse" and that of atriggeris to produce
a very short signal to control the time at which something
happens forexample, tostarta Timer, Counter, Monostable
or Flip-flop etc, or as a trigger to switch "ON" Thyristors,
Triacs and other power semiconductor devices.

Fig 3
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Triangular wave: Triangular wave formis shownin Fig 4.
This form of signal produced by the function generator
linearly moves between a high and low point. This form of
waveform is often generated using an operational amplifier
actingas anintegrator. The triangular waveform generator
typically also has a square wave output as well, and it is
used as the basis for generating all the waveforms in a
function generator testinstrument.
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The triangularwaveformis often used in testing amplifiers
-itisfareasierto see distortion and clipping on atriangular
waveform than itis on a sine waveform.

Fig 4
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Sawtoothwave: Again, thisis atriangularwaveform, but
with the rise edge of the waveform faster or slower than the
fall, making a form of shape similar to a saw tooth. It is
generated by the same circuit as the triangular waveform,
butwith the differentrise and fall times created by changing
the charge rate for the rise and fall elements of the
integrator. (Fig 5)
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Also a function generator can be adjusted to vary the
characteristics of the waveforms, changing the length of
the pulse, i.e. the mark space ratio, or the ramps of the
differentedges of triangular or saw tooth waveforms, butit
is only be able to create the waveforms that are builtin to
the function generator.

The front panel of a typical Function Generator. You can
see different controls on the front panel of function generator.
Read and identify the controls, their functions and
understand the technical informations given by the
manufacturer in the instruction manual before operating
this test equipment thoroughly.

Functionbuttons: Tochange the type of waveform selection
ofthe basicwaveforms thatare available, other controls on
the function generator may include;

Frequency: As would be expected, this control alters the
basic frequency at which the waveform repeats. It is
independent ofthe waveformtype.

Waveformtype: This enables the differentbasic waveform
types to be selected: Sine wave Square wave, Triangular
wave etc.

DC offset: This alters the average voltage of asignal relative
to OV orground. Apartfrom just generating the waveforms
themselves, this type of test instrument has the capability
to add a DC offset to the signal. This can be very useful in
a number of testing applications.

Coarse and Fine knobs: These knobs are used to set
different input frequency. Coarse is used to vary the
frequency with large difference. Fine knob is used to
precisely vary frequency in decimals.

Frequency Range Buttons: These are to change the
range of frequency after it's control we change frequency
with the help of Coarse and Fine Knobs.

Duty Cycle knob: It changes the duty cycle of wave.
INV button: Itinverts the signal.

Duty cycle: This control on the function generatorchanges
theratio of high voltage to low voltage time in a square wave
signal, i.e. changing the waveform from a square wave with
a 1:1 duty cycle to a pulse waveform, or a triangular
waveform with equal rise and fall times to a sawtooth.
Function generatorusage

Direct Digital Synthesis (DDS)

By using this digital synthesizer circuits (DDS), function
generators are cable of generating even a fraction of one
Hertz thatis 0.355 pHz(too much low values) of frequency
precision. DDS works by first storing a large repetitive
waveforminon board memory. Single cycle of awaveform
(sine, triangle, square, arbitrary) can be represented by
exactly 16,384 distinct points and stored into the on board
memory.

Once the waveform is stored into memory, it can be
generated at any precise frequencies. DDS uses a phase
accumulator, a look-up table containing a digital
representation of the waveform, and a DAC (Digital to
analog convertor).

The phase accumulator moves another position each time
it receives a clock pulse. The next position in the look-up
table is then accessed giving the digital value for the
waveform at that point.

This digital value is then converted into an analog value
using adigitalto analog converter, DAC. Atthe output alow
pass filter is connected, to get low frequencies. (Fig 6)

Fig 6
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The front panel of atypical Digital type Function Generator
isshowninFig 7. You can see different controls on the front
panel of this modern function generator. Ithas LCD display
screen which shows the set waveform as well as the
frequency and other parameters on the screen. The user
can observe it even before connecting its output to the
Oscilloscope.
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Advantages of digital function generators

Adigital function generator provides high level of accuracy
and stability.

DDS based digital function generators generate much
wider frequency range than an analog function generator.

The disadvantage of the digital function generators is that
they require a high performance Digital to Analogue
Converter and other digital circuitry to operate. So they are
more complicated and costly.

Function generator usage

Function generators are normally used for electronics
development, manufacturing testand service departments.
They provide aflexible form of waveform generation thatcan
be used in many tests

A wide variety of synthesized electrical signals and
waveforms can be created for testing, repairing and
diagnostic applications.

It produces different types of waveforms such as sine,
square, triangle and saw tooth over a wide range of
frequencies.

Itcan be implemented with basic expensive components.
The sawtooth wave and triangular-wave outputs of function
generators are commonly used for those applications
which need a signal that increases (or reduces) at a
specific linear rate.

Theyare also usedindriving sweep oscillators in the X-axis
of X-Y recorders oscilloscopes.

Ifthe zero crossing of both the waves is made to occur at the
sametime, alinearly varyingwaveformis available which can
be started at the point of zero phase of a sine wave.

Operate the front panel controls of a digital storage oscilloscope

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

 define digital storage oscilloscope
* compare DSO and analog CRO

» draw the block diagram and explain the functions of each block

* list the functions of each control on the front panel.

Electronic equipments can be divided into two types:
analog and digital. Analog equipment works with
continuously variable voltages, while digital equipment
works with binary numbers (1 and 0's) that may represent
voltage samples. For example, a conventional cassette
player is an analog device; a compact disc player is a
digital device.

Oscilloscopes also come in analog and digital types. An
analog oscilloscope works by directly applying a voltage
being measured to an electron beam moving across the
oscilloscope screen. The voltage deflects the beam up
and down proportionally, tracing the waveform on the
screen. This gives an immediate picture of the waveform.
In contrast, a digital oscilloscope samples the waveform
and uses an analog-to-digital converter (ADC) to convert
the voltage being measured into digital information. Then
uses this digital information to reconstruct the waveform
on the screen. Some of the advantages of a digital
oscilloscope over analog oscilloscope include the scope's

ability to store digital data for later viewing, upload to a
computer, generate a hard copy or store on a disk and its
capacity to instantly make measurements on the digital
data.

A digital oscilloscope also has the ability to examine
digitized information stored in its memory and make
automatic measurements based on the selected
parameters of the user, such as voltage excursion,
frequency and rise times.

Digital Storage Oscilloscopes (DSO)

Digital oscilloscopes are often referred to as digital storage
oscilloscope (DSO) or digital sampling oscilloscopes
(DSO).

The concept behind the digital oscilloscope is somewhat
different to an analog scope.

Rather than processing the signals in an analog fashion,
the DSO converts them into a digital format using an analog
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to digital converter (ADC), then it stores the digital data in
the memory, and then processes the signals digitally,
finally it converts the resulting signal in a picture format
to be displayed on the screen of the scope.

Since the waveform is stored in a digital format, the data
can be processed either within the oscilloscope itself, or
even by a PC connected to it. One advantage of using the
DSO is that the stored data can be used to visualize or
process the signal at any time. The analog scopes do
not have memory therefore the signal can be displayed

only instantaneously. The transient parts of the signal
(which may vanish even in milliseconds or microseconds)
can not be observed using an analog oscilloscope. The
DSO's are widely used in many applications in view of
their flexibility and performance.

Figure 1 shows the block diagram of DSO as consists of,

1 Data acquisition
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Data acquisition is earned out with the help of both analog
to digital and digital to analog converters, which is used
for digitizing, storing and displaying analog waveforms.
Overall operation is controlled by control circuit which is
usually consists of microprocessor.

Data acquisition portion of the system consist of a Sample-
and-Hold (S/H) circuit and an analog to digital converter
(ADC) which continuously samples and digitizes the input
signal at a rate determined by the sample clock and
transmit the digitized data to memory for storage. The
control circuit determines whether the successive data
points are stored in successive memory location or not,
which is done by continuously updating the memories.

When the memory is full, the next data point from the
ADC is stored in the first memory location writing over
the old data. The data acquisition and the storage process
is continues till the control circuit receive a trigger signal
from either the input waveform or an external trigger source.
When the triggering occurs, the system stops and enters
into the display mode of operation in which all or some
part of the memory data is repetitively displayed on the
cathode ray tube.

In display operation, two DACs are used which gives
horizontal and vertical deflection voltage for the CRT Data
from the memory gives the vertical deflection of the electron
beam, while the time base counter gives the horizontal
deflection in the form of staircase sweep signal.

The screen display consist of discrete dots representing
the various data points but the number of dot is very large
as 1000 or more that they tend to blend together and
appear to be a smooth continuous waveform.

The display operation ends when the operator presses a
front-panel button and commands the digital storage
oscilloscope to begin a new data acquisition cycle.

This chapter describes the menus and operating details
associated with each front-panel menu button or control.

Digital Storage Oscilloscopes are small, lightweight, bench
top packages that you can use to take ground-referenced
measurements.

Understanding Oscilloscope Functions

This chapter contains information on what you need to
understand before you use an oscilloscope. To use your
oscilloscope effectively, you need to learn about the
following oscilloscope functions:

» Setting up the oscilloscope

« Triggering

» Acquiring signals (waveforms)

» Scaling and positioning waveforms
* Measuring waveforms

Setting Up the Oscilloscope

You should become familiar with three functions that you
may use often when operating your oscilloscope: Autoset,
saving a setup, and recalling a setup. Using Autoset the
function obtains a stable waveform display for you. It
automatically adjusts the vertical scale, horizontal scale
and trigger settings. Autoset also displays several
automatic measurements in the graticule area, depending
on the signal type.
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Saving a Setup

The oscilloscope saves the current setup if you wait five
seconds after the last change before you power off the
oscilloscope. The oscilloscope recalls this setup the next
time you apply power. You can use the SAVE/RECALL
Menu to permanently save up to ten different setups.

Recalling a Setup

The oscilloscope can recall the last setup before power
off, any of your saved setups or the default setup.

Default Setup

The oscilloscope is set up for normal operation when it is
shipped from the factory. This is the default setup. To
recall this setup, push the DEFAULT SETUP button.

Triggering

The trigger determines when the oscilloscope starts to
acquire data and display a waveform. When a trigger is
set up properly, the oscilloscope converts unstable
displays or blank screens into meaningful waveforms.

When you push the RUN/STOP or SINGLE SEQ buttons
to start an acquisition, the oscilloscope goes through the
following steps:

» Acquires enough data to fill the portion of the waveform
rec frequency and displays the frequency in the lower
right corner of the screen.

» Continues to acquire data while waiting for the trigger
condition to occur

» Detect the trigger condition
» Continues to acquire data unti thwwaveformrecord full
» Displays the newly acquired waveform

For edge and Puse triggers, the osciloscope counts the
rate at which triggedr events occur to determine trigger
frequency and displays the frequency in the lower right
corner ofthe scren.

Source

You can use the Trigger Source options to select the
signal that the oscilloscope uses as a trigger. The source
can be any signal connected to a channel BNC, to the
EXT TRIG BNC or the AC power line (available only with
Edge triggers).

Types

The oscilloscope provides three types of triggers: Edge,
Video, and Pulse Width.

Modes

You can select a Trigger Mode to define how the oscilloscope
acquires data when it does not detect a trigger condition.
The modes are Auto and Normal. To perform a single
sequence acquisition, push the SINGLE SEQ button.

Coupling

You can use the Trigger Coupling option to determine
which part of the signal will pass to the trigger circuit.
This can help you attain a stable display of the waveform.

To use trigger coupling, push the TRIG MENU button, select
an Edge or Pulse trigger, and select a Coupling option.

Trigger coupling affects only the signal passed to the
trigger system. It does not affect the bandwidth or coupling
of the signal displayed on the screen.

To view the conditioned signal being passed to the trigger
circuit, push and hold down the TRIG VIEW button. Trigger
coupling affects only the signal passed to the
triggersystem. It does not affect the bandwidth or coupling
of the signal displayed on the screen.

Position

The horizontal position control establishes the time
between the trigger and the screen center.

Slope and Level

The Slope and Level controls help to define the trigger.
The Slope option (Edge trigger type only) determines
whether the oscilloscope finds the trigger point on the
rising or the falling edge of a signal. The TRIGGER LEVEL
knob controls where on the edge the trigger point occurs.

Acquiring Signals

When you acquire a signal, the oscilloscope converts it
into a digital form and displays a waveform. The acquisition
mode defines how the signal is digitized and the time
base setting affects the time span and level of detail in
the acquisition.

Acquisition Modes

There are three acquisition modes: Sample, Peak Detect,
and Average.

Sample

In this acquisition mode, the oscilloscope samples the
signal evenly spaced intervals to construct the waveform.
This mode accurately represents signals most of the time.
However, this mode does not acquire rapid variations in
the signal that may occur between samples. This can
result in aliasing and may cause narrow pulses to be
missed. In these cases, you should use the Peak Detect
mode to acquire data.

Peak Detect

In this acquisition mode, the oscilloscope finds the highest
and lowest values of the input signal over each sample
interval and uses these values to display the waveform. In
this way, the oscilloscope can acquire and display narrow
pulses, which may have otherwise been missed in
Sample mode. Noise will appear to be higher in this mode.

Average

In this acquisition mode, the oscilloscope acquires several
waveforms, averages them, and displays the resulting
waveform. You can use this mode to reduce random noise.

Time Base

The oscilloscope digitizes waveforms by acquiring the value
of aninput signal at discrete points. The time base allows
you to control how often the values are digitized. To adjust
the time base to a horizontal scale that suits your purpose,
use the SEC/DIV knob.
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Scaling and Positioning Waveforms

You can change the display of waveforms by adjusting
their scale and position. When you change the scale, the
waveform display will increase or decrease in size. When
you change the position, the waveform will move up, down,
right, or left. The channel reference indicator (located on
the left of the graticule) identifies each waveform on the
display. The indicator points to the ground level of the
waveform record.

Vertical Scale and Position

You can change the vertical position of waveforms by
moving them up or down in the display. To compare data,
you can align a waveform above another or you can align
waveforms on top of each other.

You can change the vertical scale of a waveform. The waveform
display will contract or expand about the ground level.

Horizontal Scale and Position;

Pretrigger Information You can adjust the HORIZONTAL
POSITION control to view waveform data before the trigger,
after the trigger, or some of each. When you change the
horizontal position of a waveform, you are actually
changing the time between the trigger and the center of
the display. (This appears to move the waveform to the
right or left on the display.) For example, if you want to
find the cause of a glitch in your test circuit, you might
trigger on the glitch and make the pretrigger period large
enough to capture data before the glitch. You can then
analyze the pretrigger data and perhaps find the cause of
the glitch. You change the horizontal scale of all the
waveforms by turning the SEC/DIV knob. For example,
you might want to see just one cycle of a waveform to
measure the overshoot on its rising edge.

The oscilloscope shows the horizontal scale as time per
division in the scale readout. Since all active waveforms
use the same time base, the oscilloscope only displays
one value for all the active channels, except when you
use Window Zone.

Taking Measurements

The oscilloscope displays graphs of voltage versus time
as shown in Fig 2 and can help you to measure the
displayed waveform. There are several ways to take
measurements. You can use the graticule, the cursors,
or an automated measurement.

Fig 2
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Graticule

This method allows you to make a quick, visual estimate.
For example, you might look at a waveform amplitude
and determine that it is a little more than 100 mV. You
can take simple measurements by counting the major
and minor graticule divisions involved and multiplying by
the scale factor. For example, if you counted five major
vertical graticule divisions between the minimum and
maximum values of a waveform and knew you had a scale
factor of 100 mV/division, then you could easily calculate
your peak-to-peak voltage as follows: 5 divisions x 100
mV/division = 500 mV.

Cursors

This method allows you to take measurements by moving
the cursors, which always appear in pairs, and reading
their numeric values from the display readouts. There are
two types of cursors:

Voltage and Time

When you use cursors, be sure to set the Source to the
waveform on the display that you want to measure. To
use cursors, push the CURSOR button.

Voltage Cursors

Voltage cursors appear as horizontal lines on the display
and measure the vertical parameters.

Time Cursors

Time cursors appear as vertical lines on the display and
measure the horizontal parameters.

Automatic

The MEASURE Menu can take up to five automatic
measurements. When you take automatic measurements,
the oscilloscope does all the calculating for you. Because
the measurements use the waveform record points, they
are more accurate than the graticule or cursor
measurements. Automatic measurements use readouts to
show measurement results. These readouts are updated
periodically as the oscilloscope acquires new data.

Acquire

Push the Acquire button to set acquisition parameters

Options | Settings | Comments
Sample Use to acquire and accurately
display most waveforms; this
is the default mode
Peak Use to detect glitches and
Detect reduce the possibility of aliasing
Average Use to reduce random or
uncorrelated noise in the signal
display; the the number of
averages is selectable
Averages 4 Select number of averages
16
64
128
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RUN/STOP Button: Push the RUN/STOP button when
you want the oscilloscope to continuously acquire
waveforms. Push the button again to stop the acquisition.

SINGLE SEQ Button: Push the SINGLE SEQ button
when you want the oscilloscope to acquire a single
waveform and then stop. Each time you push the SINGLE
SEQ button, the oscilloscope begins to acquire another
waveform. After the oscilloscope detects a trigger it
completes the acquisition and stop.

Acquisition mode Single Seq button

Sample, Peak Detect Sequence is complete
when one acquisition is

acquired

Scan Mode Display: You can use the Horizontal Scan
acquisition mode (also called Roll mode) to continuously
monitor signals that change slowly. The oscilloscope
displays waveform updates from the left to the right of the
screen and erases old points as it displays new points.

A moving, one-division-wide blank section of the screen
separates the new waveform points from the old. The
oscilloscope changes to the Scan acquisition mode when
you turn the SEC/DIV knob to 100 ms/div or slower, and
select the Auto Mode option in the TRIGGER Menu.

To disable Scan mode, push the TRIG MENU button and
set the Mode option to Normal.

Stopping the Acquisition. While the acquisition is running,
the waveform display is live. Stopping the acquisition (when

Average Sequence is complete you push the RUN/STOP button) freezes the display. In
when the defined number either mode, the waveform display can be scaled or
of acquisitions is positioned with the vertical and horizontal controls.
reached

Auto set
When you push the AUTOSET button, the oscilloscope
identifies the type of waveform and adjusts controls to
produce a usable display of the input signal.

Function Setting

Acquire mode
Display format
Display type

Horizontal position
Trigger coupling
Trigger holdoff
Trigger level
Trigger mode
Trigger source
Trigger slope
Trigger type
Trigger video sync
Trigger video standard
Vertical bandwidth

Vertical coupling

Adjusted to sample to peak detect
Setto YT

Set to dots for a video signal, set to vectors for an FFT
spectrum; otherwise, unchanged

Adjusted

Adjusted to DC, Noise reject , or HF reject
Minimum

Set to 50%

Auto

Adjusted; cannot use Autoset on the EXT TRIG signal
Adjusted

Edge or Video

Adjusted

Adjusted

Full

DC (if GND was previously selected); AC for a video signal;
otherwise, unchanged

The Autoset function examines all channels for signals
and displays corresponding waveforms. Autoset
determines the trigger source based on the following
conditions:

» If multiple channels have signals, channel with the
lowest frequency signal

* No signals found, the lowest-numbered channel
displayed when Autoset was invoked

* No signals found and no channels displayed,
oscilloscope displays and uses channel 1

Cursor

Push the CURSOR button to display the measurement
cursors and cursor menu.

IT & ITES : loT Technician (Smart Healthcare) : (NSQF Revised 2022) - R.T. for Exercise 1.3.13-26 4q7



Options Settings Comments
Type* Voltage Select and display the measurement cursors; voltage measures
Time amplitude and time measures time and frequency
Off
Source CH1 Choose the waveform on which to take the cursor measurements
CH2
CH3**
CH4** The readouts display this measurement
MATH
REFA
REFB
REFC**
REFD**
Delta Displays the difference (delta) between the cursors
Cursor 1 Displays cursor 1 location (time is referenced to the trigger position,
voltage is referenced to ground)
Coursor 2 Displays cursor 2 location (time is referenced to the trigger position,

voltage is referenced to ground)

*For a math FFT source, measures magnitude

and Display

Contrast Increase

Contrast Decrease

frequency. Push the DISPLAY button to choose how waveforms are
presented and to change the appearance of the entire display.
Options Settings Comments
Type Vectors Vectors fills the space between adjacent sample points in the
display.
Dots displays only the sample points
Persist OFF
1 sec
2 sec
5 sec
Infinite Sets the length of time each displayed sample point remains
displayed
Format YT YT format displays the vertical voltage in relation to time (horizontal

scale)

XY format displays a dot each time a sample is acquired on channel
1 and channel 2

Channel 1 voltage determines the X coordinate of the dot (horizontal
and the channel 2 voltage determines the Y coordinate (vertical)

Darkness the display; makes it easier to
distinguish a channel waveform from persistence.

Lightens the display
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For a math FFT source, measures magnitude and
frequency.

Utility
Push the UTILITY button to display the Utility Menu.

Options Settings Comments
Systems status Displays summaries of the oscilloscope settings
Options Display Style* Displays screen data as black on white, or as white on black
Printer Setup* Displays the setup for the printer; see page 131
RS232 Setup** Displays the setup for the RS-232 port; see page 134
GPIB Setup** Displays the setup for the GPIB port; see page 143
Do self cal Performs a self calibration
Error Log Displays a list of any errors logged This list is useful when
contacting a Tektronix service center for help
This list is useful when contacting a Tektronix Service Center for
help
Language English Selects the display language of the operating system
French
German
Italian
Spanish
Portuguese
Japanese
Korean
Simplified Chinese
Traditional Chinese

Capturing a single shot signal

Objectives : At the end of this lesson you shall be able to
» capture a single shot signal

* optimizing the acquisition

* measure the propagation delay.

Capturing

Some events which do not occur frequently, but occurs
very rarely for short duration of time can be viewed with
the help of digital storage oscilloscope. In other words,
the transient part of the signal which vanish even in few
milliseconds or microseconds can be observed using a
digital oscilloscope.

For example

The transient response of Rh, Rc circuits, Aand E signal
in microprocessors, switch bouncing signal etc.

The DSO can display captured data in various ways.
Capturing a Single-Shot Signal

The reliability of a reed relay in a piece of equipment has
been poor and you need to investigate the problem. You
suspect that the relay contacts arc when the relay opens.
The fastest you can open and close the relay is about
once second so you need to capture the voltage across

the relay as a single-shot acquisition.
Optimizing the Acquisition

The initial acquisition shows the relay contact beginning
to open at the trigger point. This is followed by a large
spike that indicates contact bounce and inductance in
the circuit. The inductance can cause contact arcing and
premature relay failure. You can use the vertical,
horizontal, and trigger controls to optimize the settings
before the next single-shot event is captured. When the
next acquisition is captured with the new settings (when
you push the SINGLE SEQ button again), you can see
more detail about the relay contact opening.

Measuring Propagation Delay

You suspect that the memory timing in a microprocessor
circuit is marginal. Set up the oscilloscope to measure
the propagation delay between the chip-select signal and
the data output of the memory device.
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Interface the DSO to external devices

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

* state the applications of USB rear and host port
» uses of save/recall menu

* state the advantages of using a USB flash drive
interface the USB port to the external device

* understand the printer setups before printing the waveforms.

A typical DSO may come with two USB ports that allow
flexible communications with a number of devices.

The USB host port on the front of the oscilloscope can
transfer

*  Wave form and setup data to and from a USB flash
drive

» Screenimages to a USB flash drive

The USB device port on the rear of the oscilloscope can
transfer

+  Waveform and setup data to and from a computer
» Screen images to a computer
» Screenimages directly to a PictBridge compatible printer

The USB port Host port on the front of the oscilloscope is
designed to support a single USB flash drive. The port
will not support multiple USB flash drives by use of a
USB hub.

The USB device port on the rear of the oscilloscope can
either be connected to a computer or to a PictBridge
compatible printer, but not both simultaneously.

SAVE/RECALL waveforms

You can use the SAVE/RECALL menu, Save Waveform
options to save wave from data points and acquisition
parameters information to a USB flash drive. You can use
the Recall Waveform menu option to display saved
waveforms. Also called as reference waveforms. Reference
waveforms are displayed with a lower intensity than live
waveforms

You can use Print button or SAVE /RECALL menu, Save
option to save the current screen image to a file on a
USB flash drive. The PRINT button is more versatile than
the option button, because it can send to any menu

Saving setups on a USB flash drive has several advantages
over savings setups in internal memory;

+ A USB flash drive has much greater capacity then
internal memory.

* You can copy the setup into a word processing or
spreadsheet program on a computer.

* You can give the setup file a meaningful name.

* You can use the USB flash drive to copy the setup to
a different oscilloscope.

You can set the print button to do the following

» Send the current image to a Pictbridge compatible
printer or computer to the rear USBport

» Save the current screen image to a USB flash drive
choosing among a number of formats.

« Save the current image, the waveform data points of
each displayed waveform, and the current set up
parameters to a USB flash drive, with a single button
push

You can also set the following options before printing

Ink saver: ON prints colour waveforms on a whites back
round. OFF prints colour waveforms on a black
background, as they appear on the screen

Abort printing : select to stop sending data to the printer
and to end printing

Layout: Select the orientation of the screen image to be
printed either portrait or landscape.

Pape size: (Select from a lot for paper sizes supported
by your printer.) The default choice allows the printer to
select its default paper size.

Image size: Select from a list of image sizes supported
by your printer. The default choice is generally the largest
image size which will fit on the default to allow the printer
to control paper type.

Print quality: Select from a list of print qualities supported
by your printer. Select default to allow the printer to control
print quality.

Data print: Select On to print the date and time on the
hard copy. Some printer do not support this option.

The selected printer options will be saved when you turn
off the oscilloscope power whenever you start a print, the
oscilloscope compares your selected printer settings, and
it changes them to Default.

Differentiate a CRO with DSO

Diffrerence between Cathods Ray Oscilloscope (CRO) &
Digital storage Oscilloscope (DSO):

The Following points will make you understand the basic
diffrent between cathode ray oscilloscope and digitalstor
-age oscilloscope.

» The advantage of the analong storage oscilloscope
(CRO) is that it has a higher bandwidth and writing
speed than adigital storage oscilloscope, being capable
of operating speeds about 15 GHz.

« The digital storage oscilloscope is primarily limited in
speed by the digistising capability of the analog to
digital converter. Aliasing effects also limit the useful
storage bandwith(usb) of the oscilloscope to a value
given by the ratio.
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The Value of constant Cis dependenton the interpolation
method used between the dots. For a dot diaplay C
should be about25, to give an eligible display: for
straightline interpolation it should be about 10, and for
sinusoidal interpolation C should be about 2.5.

The digital storage oscilloscope has a CRT which is
much cheaper than an anlong storage oscilloscope,
making replacement, more economical. The digital
storage time, using its digital memory.

Furthermore, it can operate with a constant CRT
refreshtime, so giving a brightimage even at very fast
signal speeds. The digital storage oscilloscope is not,
however, capable of functioningin a variable persistance
storage mode.

The time base in a digital storage oscilloscope is
generated by a crystal clock so thatitis more accurate
and stable than a CRO, where the time base is
generated by a ramp circuit.

The analong to digital converter used in a digital
storage oscilloscope also gives it a higher resolution
than an anlong oscilloscope(CRO). For example, a
twelve bit digitizer can resolve one part in 4096. A
convertional analong oscilloscope typically resolves to
about one part in 50, equivalnet to 6 bit resolution.

+ Digital storage oscilloscopes are also capable of operting
in a look back mode, as described for waveform
recorders. An anlong oscilloscope(CRO) collects data
after it has been triggered.

+ A digital storage oscilloscope (DSO) is always
collecting data, and trigger tells it when to stop. The
oscilloscope can stop immediately on trigger, so that
all the stored information is pretrigger, if the delay is
longer than the storage capability of the oscilloscope,
then all the stored information is post trigger, as foran
analog oscilloscope.

» Thedigital storage oscilloscopeis also able to operate
in a babysitting mode. When the scope is trigered it
print out the stored results onto a hard copy recorder
( or disc storage), and then re-arms itself ready for
anotherreading.

Uses of Digital Storage Oscilloscope

» Used for testing signal voltage in circuit debugging.
» Testinginmanufacturing

» Designing

+ Testing of signals voltage in radio broadcasting
equipment.

* Inthefield of research

* Audioand videorecording equipment.

Analog Oscilloscope

Digital Oscilloscope

Directly reads voltage and displays its on screen.

Its reads the analong and converts it into digital form
before being dispaly on the screen.

Do not require ADC, microprocessor and acquision
memory.

Require ADC, microprocessor and acquisition memory.

Can only analyze signal in real time as there is no
storage memory available.

Can analyze signal in real time as well as can analyze
previously acquired large sample of data with facility of
storage available.

Can not analyze high frequency sharp rise time
transients.

Can not analyze high frequency transients due to
advanced DSP algorithms available and ported on
microprocessor with can operate on stored samples of
inputvoltage.

Fig 1
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Arbitrary waveform generator

Arbitrary waveform generator (AWG) is sophisticated
electronictestequipmentthatgenerates waveforms based
on stored digital data. The AWG can create virtually any
type of waveform with high precision and accuracy. It is
designed forgenerating a wide variety of basicwaveforms
such as Sine, Square, Ramp, Pulse, Noise signals and
arbitrarily defined wave shapes also as its output.

AWG can generate repetitive or single shot waveforms
either with internal or outside triggering source. It can
create very specificwaveform for use in testing a variety of
applications. The outputis from less than 1 Hz to several
MHz with variable amplitude and adjustable DC offset.

AWG uses synthesizer circuits by the digital signal
processing techniques, they generate desired output
signal waveform and it is available across two channels
either CH1 or CH2 using BNC connector with 50 Ohms
outputimpedance.

Italsoinclude additional features such as higher frequency
capability, variable symmetry, frequency sweep, AM, FM,
PM, PWM, ASK, FSK, PSK modulations either with
internal source or external source for modulation. The front
panel and the rear panel of a typical Arbitrary waveform
generator is shown in Fig 5 below.

Fig 5 .
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FRONT PANEL

AWGs are contained within digital oscilloscope with a
minimum of 10cm TFT colour LCD display. The content
displayed on the LCD screen that shows you the picture
of outputwaveform also be saved onto USB storage media
device as a picture file (*.BMP) and the saved file can be
read on / or edited in the AWG.

A numeric key pad is provided on the front panel for
inputting parameters and arotary knobis provided tomove
the direction of cursor to select the digit or character to be
edited.

AWG features though menus controlled by function keys
provided to setdesired output waveform. By pressing that
particular key on the panel, Sine, Square, and Ramp,
Pulse, Noise signals or arbitrary waveform signals
generated. There is backlight provided to turn on the
selected function key.

In addition a digital frequency counter is a special feature
of AWG. By connecting the unknown frequency signal and
pressing the key for counterfunctionitdirectly display the
result on the screen.

Therear panel of a typical Arbitrary waveform generatoris
shown in Fig 6.

Fig 6
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On the rear panel sockets/ connectors are provided for
Chl/Ch2/Sync/Ext.ModITrig/FSK

functions. BNC female connector with suitable impedances
are used for the functionality.

In some models a 10MHz- In/Out socket is provided to
connectthe clock signal generated by the internal crystal
oscillator inside the generator or 'accept the external
10MHz clock signal when external source selected.

USB socket for connectivity toacomputer orto a PictBridge
printer to print the contents displayed on the screen. And
of course a three pin panel mount socket for 240V AC
mains power supply input also provided.

Dual Tracking Power supply

There are many types of adjustable DC power supply units
available tobe usedinlaboratories, industries, field testing
and many other applications for powering analog circuitas
well as digital circuits.

Front panels of both Old model and Latest model Typical
Dual Tracking Power supply units are shownin Fig 7a&b.

This instrument consists of two identical independently
adjustable DC power supply units with Coarse and Fine
controls. Itis designed with the output voltage and current
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of each supply are controlled separately and each supply
is isolated from output to chassis or output to output.

Fig7
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It is designed as one power supply is used as a Master
supply controlling the other one Slave supply for furnishing
various voltage or current for any system. It has two sets
of output terminal sockets for Positive and Negative
polarity of supply. Toindicate output parameters two sets
of panel meters are provided for both voltage and current
readingsindependently.

The front panel switches selects the modes of operation
suchas 1) Independentoperation, 2) Positive and Negative
supply, 3) Series operation (Single supply), 4) Parallel
Tracking operations as explained below:

1 Independent Operation of Dual tracking power supply
is shown in Fig 8.

The "MASTER" and "SLAVE" supplies each provide any
desired setoutput voltage or rated current. When used in
the INDEPENDENT operating mode, disengage both
TRACKING mode switches (both switches out) so that the
operating controls of the two power supplies are completely
independentand either supply can be used individually or
both can be used simultaneously to control the desired
outputvoltage and current.

Fig 8
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2 Positive and Negative supply operation of Dual tracking
power supply is shown in Fig 9.

Positive and Negative supply operation is used to power
Op-Amp and Logic circuits where separate positive and
separate negative supply lines with respect to Common
ground line, that is three lines are taken out from this
instrument following the connections as shown in Fig 9.

3 Series Tracking Operation of Dual tracking power
supply is shown in Fig 10.

Fig 9
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Fig 10
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Setthe TRACKING SERIES mode switch of power supplies
to the respective Tracking switch and release the other.
The maximum SLAVE supply voltage is automatically set
to the same value as the MASTER supply by using the
MASTER VOLTAGE controls. The MASTER display is
setforvoltage metering and the SLAVE display for current
metering.

In the series tracking mode of operation, the maximum
output voltage of both MASTER and SLAVE supplies can
be simultaneously varied with one control. Inthis case, the
outputvoltage (across the two supplies)is actually double
the displayed value.

The actual output currentwould be the value read from the
SLAVE LED Display (since the two supplies are wired in
series, current flowing through each supply must be
equal).

4 Parallel Tracking Operation of Dual tracking power
supply is shown in Fig 11.

In the parallel tracking mode of operation, both supplies
are strapped together (in parallel). Setthe power supply to
the TRACKING PARALLEL mode by engaging both
TRACKING switches.
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Fig 11
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PARALLEL TRACKING OPERATION

Adjust the output voltage to the desired level using the
MASTER VOLTAGE controls.

This allows for a rated voltage supply with a double rating
current capability.

Only the MASTER output terminals are used for parallel
tracking operation.

In the parallel tracking mode, the SLAVE supply output
voltage and current are tracking the MASTER supply
outputvoltage and current.

Because both voltage and current of the SLAVE supply
track the MASTER supply,

the maximum current and voltage are set using the
MASTER controls. Remember that the actual current
output at the MATER supply output jack is double the
reading on the SLAVE indicator meter.

Using the MASTER supply output jacks, follow the
instructions for "Setting Current Limit".
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IT & ITES

Related Theory for Exercise 1.4.27 - 40

loT Technician (Smart Healthcare) - Soldering / Desoldering,SMD Components

Different types of soldering guns, related to temperature and wattages, types

of tips

Objectives : At the end of this lesson you shall be able to
* explain the purpose of solder and flux and their types

» describe the soldering technique
» describe the features of soldering iron
» explain desoldering and desoldering tools

* study the soldering and desoldering station and their specification
» explain the desoldering methods using pump and wick.

Need for soldering
Requirements of an electrical joint,

» Theelectricaljointmust provide ideally zero resistance
or at least a very low resistance path, for the flow of
current.

» The electrical joint made should be strong enough to
withstand vibrations, physical shock, bumps etc, without
causing any deterioration to the quality and strength of
the joint.

» Theelectrical jointshould be able to withstand corrosion
and oxidation due to adverse atmospheric conditions.

All the above requirements of an electrical joint can be
achieved by making a solder joints.

Solder

In a soldered joint, the solder is a mixture of metals,
generally TIN and LEAD. It is made to melt at a certain
temperature. It acts as a filler between the parts of the
connection/joint to form a continuous, low resistance
metallic path for conduction of electricity.

In soldering, as the metal surface is wetted (free flow of
liquid solder over a surface) by the solder, a complex
chemical reaction, bonds the solder to the metal surface.

The tin content of the solder diffuses with the metal surface
to form a layer of a completely new alloy. The alloy so
formed will have the same structure as the constituent
metals and retain their metallic properties and strength.

Soldering and soldering irons

While soldering, the solder is made to melt between the
metallic surfaces of the joint, using a soldering iron, as
shown in Fig 1. A soldering iron is an instrument used
to produce the required heat to carry out soldering.

Solderingirons of different wattage ratings starting from 10
watts to more than 150 watts are available commercially.
Depending on the type, size and heat sensitivity of the
components being soldered, the most suitable wattage
soldering iron should be chosen. Most of these soldering
iron work on 240V, 50Hz AC mains supply. There are
special type irons which work on dc supply also. For
soldering delicate components, soldering irons with
temperature controlling facility are used. These are known
as soldering stations.

Fig 1
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Soldering iron tips

Solderingirons are designed to take, a variety of tip sizes
and shapes as shownin Fig 2. The choice of the iron and
the tip to use depends on, the nature of the joint to be
soldered. A proper selection of the soldering iron and tip
is important for obtaining good quality soldered joint. To
solder effectively, the tip of the soldering iron must be kept
clean all times.

Fig 2
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COMMON SOLDERING IRON TIP SHAPES

Types of solders

Solders are available in many forms. The type to be
chosendepends on, the type of soldering to be carried out.
The wire type solder is the most commonly used solder for
hand soldering work, using low wattage soldering iron.

Solders available inthe market may have differenttin-lead
proportion in it. For general electronic circuit soldering
work, solder with 60% tin and 40% lead is most suited.
This solder is commonly called 60/40 solder. This solder
has been specially developedto possess superior properties
required for electronic circuit work.
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Soldering FLUX

A protective oxide layer forms on the exposed surface of
most metals. The rate at which the oxide layer is formed
varies from metal to metal. The layer forms quickly on
newly exposed metal, and over time, the layer slowly
become quite thick.

This oxide layer on metals interferes with soldering. Hence,
it must be removed before a soldered joint can be made.

The purpose of fluxis tofirstdissolve the thin layer of oxide
from the surface of the metals to be joined, and then form
aprotective blanket overthem until the solder can flow over
the joint surfaces to form the joint.

However, thick layers of oxide must be removed using an
abrasive method as all types of flux are not capable of
dissolving their oxide layers.

Types of flux

There are several types of fluxes used in different types of
soldering. The type of flux used for soldering electronic
components is called rosin. Rosin is made from a resin
obtained from the sap of trees.

Rosin flux is ideal for soldering electronic components
because, it become active at the soldering temperature,
but revert to an inactive state when cooled again. An
additional advantage is that it is non-conductive.

The rosin has activators or halides added to it. The
activators used in rosins are mild acids that become very
active atsoldering temperatures. These acids dissolve the
oxide layer on the metals to be soldered.

Organic and inorganic acid fluxes are available. These
fluxes are not suitable for soldering electronic circuits.

Common forms of flux

Fluxis available in a variety of forms to suit various types
of application. Fluxis available as aliquid, paste or a solid
block. For most applications flux is often putin the solder
itself during manufacture.

Not all flux types are available in all forms. For
hand soldering work on electronic circuits, the
best form for the flux is either as a liquid or a
paste.

Rosin cored solder

Several manufacturers produce solder wire with the flux
already included in one or more cores running along its
length. This is known as cored solder.

The most populartype of cored solder for electronic hand
soldering contains rosin type flux. Such solder is known
as rosin cored solder.

When the solder is heated, the rosin flux melts before the
solder. The rosin then flows out over the surface to be
soldered ahead of the solder.

The amount of flux contained in the core is carefully
controlled by the manufacturer and for most applications
it will be sufficient. However, it is a common practice to

apply additional liquid flux or flux paste to the joint, just
prior to making the joint. This additional flux ensures that,
sufficient flux available while the jointis being made. When
the soldering has been completed, excess flux if any has
toberemoved.

Rosin-cored solderis available in differentgauges as. Itis
important to choose a size suitable for the job at hand as
given below;

» use 22 gauge for small joints.

» use 18 gauge for medium joints.
» use 16 gauge for large joints.
Soldering Technique

Soldering a joint

Selection and preparation of the soldering materials is the
mosttime consuming phase of making asolderjoint. Heating
the jointand applying solderis the leasttime consuming but,
it is the most important part of the soldering process.

Critical factors during soldering
« Controlling the temperature of the workpiece.

« Limiting of time that a workpiece is held at soldering
temperature.These factors are specially critical while
soldering electronic components like resistors,
capacitors, transistors, ICs etc., Failure to correctly
time and coordinate the heating of the joint and add
solder, will result in a poor quality joint and may even
damage the components.

Stages in soldering

The soldering process can be divided into several distinct
stages or phases as given below:

» Selection and preparation of materials.

* Heating the joint and adding solder.

* Cooling the joint.

* Cleaning the joint.

* Inspecting the joint.

SELECTION AND PREPARATION OF MATERIALS
Selection of soldering iron wattage

Soldering irons are available in different wattage ratings
starting from 10 watts to several 100 watts. The wattage
of a soldering iron specifies the amount of heat it can
produce. As a thumb rule, higher the physical dimension
ofthe workpiece, higher should be the wattage rating of the
soldering iron. Some of the suggested wattage choices
are given below:

i Forsoldering less temperature sensitive components
such as, resistors onlug boards, tag boards, use 25to
60W iron. For soldering on printed circuit boards, use
10 to 25 W iron.

i Forsoldering highly temperature sensitive components
such as, diodes, transistors and integrated circuits,
use 10 to 25 watts iron.
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Selection of soldering iron tip

Toensurethatthe jointis heated tothe required temperature
ideally,

» theareaofthetip face should be approximately equal
to the area of the joint to be soldered.

» thetip should be long enough to allow easy access to
the joint.

» thetip should not be too long, as this may resultin too
low temperature at the tips working face.

Inmost solderingirons, the tip can be easily removed and
replaced.

Selection of tip temperature

Good quality solderingirontips have numbers punched on
them. These numbers indicate the temperature to which
the tip can be heated.

Tip No. | Temperature °C Temperature °F
5 260 500
6 316 600
7 371 700
8 427 800

Selection of tip shape

Suggested soldering tip shapes selection table is given
below;

Type of soldering work Soldering tip
shape to choose

Wires, resistors and other CHISELTIP

passive components on to

lug/tagboards

All miniature electronic BEVEL TIP

components except ICs on

to lug boards and printed

circuit boards (PCB)

Integrated circuits (ICs) on to CONICALTIP

printed circuit boards (PCBs)

Selection of solder and flux

There are several sizes of the cored solders whose choice
depends on the size of the joints to be soldered. Also the
tin and lead percentage of the solder should be checked
before using the solder. Differenttin and lead combinations
of solder need different temperatures for it to melt and
reach the liquid state.

Forelectronic soldering applications, solder oftinandlead
of 60/40 proportion is used. This solder proportion has a
melting pointof 200°C which is the required temperature
forgeneral purpose solderingirons.

While soldering to make a strong solder joint the flux
should melt first, and then the solder. Therefore, while
using rosin cored solder, cut off the first 5 to 10mm of the
solder using a side cutter,so that any earlier melted
portion of the solder blocking the rosin core is removed.

For ease of application, the flux used in addition to the
cored flux in solder should be of paste form.

Fluxis achemical substance which has acidic properties.
Therefore, it is advised not to touch flux by hand. Use a
stick or a thin stiff brush to apply flux on workpieces.
Hands should be washed after soldering work.

Soldering stand

Soldering stand plays an important role of retaining the
solderingirontip temperature around the required soldering
temperature. The soldering stand should not allow the
external temperature to cool the bit. At the same time the
stand should not contain all the heat generated.

Soldering stands are specially designed as shown in
Fig 3 tofulfillthe above requirements. Such adesign also
prevents accidental burninjuries to the user of the soldering
iron.

Fig 3

ON143613

Another important requirement of a soldering stand is its
mechanical stability. When the iron is taken out or placed
in the stand frequently, the stand should not topple. An
unstable stand is sure to cause burninjuries while carrying
out serious soldering work.

Inspection of soldering iron

Most soldering irons are powered by AC mains voltage.
This voltage level is high and can give shock if one is
careless. Soldering irons will generally have lengthy mains
cable. While using the iron, the mains cable gets twisted
and will have to bear physical strain. Because of this
strain, the insulation of cable may get cut. This may lead
to live wires protruding out. The live wires give severe
electrical shocks if it touches the user.

Hence, a thorough inspection of the soldering iron is a
must before using through it.

Preparation of soldering iron for soldering
HEATING THE JOINT AND ADDING SOLDER

Tips for heating and applying solder to a joint to be
soldered are given below:

» Do not apply additional flux required for a joint in one
place. Apply a smallamount of flux around the joint. Do
not allow the flux to flow outside the area to be
soldered.
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* Place the iron tip at the connection such that the tip
gets maximum contact with parts to be joined.

+ Slowlyfeedthe solderintothe joint starting close to the
soldering tip and moving towards the edge of the joint.

» Continue applying the solderto the joint until complete
wetting of the jointhas been achieved and the joint has
a concave fillet as shown in Fig 4.

Fig 4
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» After enough solder has been applied and solder
removed, keep the soldering iron tip on the joint for a
moment to ensure that all the flux on the joint has
reached the soldering temperature. This will allow
majority of the acids within the joint to break down, which
otherwise will corrode the joint after a period of time.

Generally the time taken to make a good soldered joint
is between 3to 7 seconds from applying the soldering
iron.

COOLINGTHE JOINT
Tips for cooling a solder joint are given below:

» Allow the joint to cool without assistance. Do not blow
airfrom your mouth orfrom any other source to cool the
joint. Forced cooling, cools the joint much earlier than
it has to, resulting in a dry or brittle solder joint which
will lead to mechanical and electrical defects of the
joint.

* Donotmove any partofthejointwhile itis cooling. This
disturbs the chemical bonding taking place. Movement
of the joint while it is cooling results in a dry joint.

CLEANINGTHE JOINT

When a solder joint is made, the amount of flux applied
should be just sufficient to make a good joint. But, quite
often, there will be a brown waxy substance left on the
joint. This is nothing but the flux residue. In its original
state this residue is corrosive. Hence, the flux residue or
excess fluxmust be removed from the joint before soldering
can be considered as complete.

If the flux residue and excess flux are not properly
removed, their corrosive nature of the flux will gradually
destroy the component leads and the circuit board. The
flux residue is also tacky and, if not removed, will collect
dust and debris often leading to circuit failure.

Removal of flux residue requires the use of solvents. The
type of solvent depends on the flux used.

IsoPropyl Alcohol (IPA) is one of the solvents used for
removing residual flux. Itis available either undiluted or pre-
mixed with water and can be obtained in pump sprays,
aerosols, cans and drums depending on the quantity and
style of use.

Cleaning using water/IPA solution

Determine the right method of application. (spray or
liquid). Apply the solventto the soldered joint. Use aclean
acid brush, or some other type of stiff brush, to gently
scrub the joint as shown in Fig 5, to help dissolve the
residue, taking care to avoid splashing the mixture.

Fig 5

SOLUTION SOAKED BRUSH

SOLDER PAD
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When the residue has been dissolved, dry the joint with a
lint-free cloth to remove as much of the dissolved residue
as possible.

Don't 's While Soldering
+ Do not use a poorly tinned soldering tip.

¢ Do not cool the tip of the iron by wiping it
excessively on a damp sponge.

¢ Do not allow the solder to be carried to the
joint on the tip of the soldering iron.

¢ Do not attempt to speed up the cooling of
the joint by blowing on it.

* Do not move the soldered joint until the
solder has cooled to solid state.

* Do not try and improve a bad solder joint
by reheating. All the original solder must
be removed and the joint preparation and

soldering should be redone.

Features of soldering iron

There are a number of features that the soldering irons
posse need to be examined before a choice of a particular
soldering iron is made. These include: size, wattage or
power consumption, voltage method of temperature control,
anti-static protection, type of stand available, and general
maintenance and care issues.

Size: There is a wide variety of sizes of soldering iron
available. Obviously those that are smaller will be more
suited to fine work, and those that are larger will be more
suited to the solder of items that are less delicate. The
physical size will also run in parallel with the wattage or
power consumption of the iron.

Wattage or power consumption: The powerconsumption
orwattage of asolderingironis often quoted. The wattage
can vary. For basic non-temperature controlled irons, a
wattage of 40 watts may be good for general work, and
higher if heavy soldering is envisaged. For small PCB
work, 15 or 25 watts is good value. For temperature
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controlled irons slightly higher wattages are common as
the temperature control acts more quickly if more heat can
be directed to the bit more quickly to compensate for
removal of heat via the work item.

Voltage: While most soldering irons on sale in a
particular will country have the correct mains voltage,
230V AC and there are also soldering irons that can run
from 12 V. Some irons may be made for specialist
applications where they need to run from low voltages.

Temperature control: Soldering irons use two main
varieties of temperature control. The less expensiveirons
are regulated by the fact that when they come up to
temperature, the loss of heat is the same as the heat
generated. In otherwords they employ no form of electronic
regulation. Other, more costly types have thermostatic
contol. This naturally regulates the temperature far
better.Usually the temperature can be adjusted to the
required value.These irons come into their own because
when heat is drawn away by a large object being
soldered,they will maintain their temperature far better.
Those with no regulation may not be able to maintain their
temperature sufficiently when soldering alarge object,with
the result that it is more difficult to melt the solder under
these conditions.

Anti-static protection: With the increasing susceptibility
of many electronic components,particulary the very
advanced integrated circuit chips,static protection is
becoming more of an issue. While most components
being used by home constructors are often not damaged
by static,some are. It is therefore a wise precaution to at
least consider whether the soldering iron thatis boughtis
one that has static protection.

Maintenance: When using any solderingironitis essential
that spare parts can be obtained. The soldering iron “bits”
used to undertake the actual soldering have a limited life
and eventhough the rest of the iron may work for many
years,it will be necessary to change the bits at regular
intervals. Additionally it is worth ensuring for the more
expensive soldering irons,such as those with temperature
control,that spare parts are available should they need
repair.

Desoldering and desoldering tools
Desoldering

Many a time it may be necessary to disconnect/remove
components and wires from a soldered or wired circuitdue
to the following reasons;

» Componentfailure(open,shortetc).
* Incorrectcomponentinstallation(polarity,position etc).
» Faulty ordefective solder connections(dry solder etc).

+ Circuitmodifications(replacing,removing components
etc).

Disconnecting a component or wire from any soldered
circuitinvolves two separate actions. These are:

1 Desoldering the connetcrion - this action involves
removal of the solder from a joint

2 Removal of the component - this action involves
removing the component lead from the joint.

De-soldering the connection

De-soldering is a process of heating a soldered joint, to
melt the existing solder and removing the molten solder
from the joint.

De-soldering makes it easy to separate or pull-out the
components,wires from the joint without unnecessary
damage to the components and wires.

The heat required to melt the solder is supplied by a
soldering iron. But removal of the molten solder from the
joint requires the use of one of the following;

* Plungerde-soldering tool or desoldering pump.
»  Wicking braid.

But, inmany cases, desoldering is done using a nose plier
and a soldering iron. First, the joint to be disconnected is
heated using the soldering iron. Once the solder at the
joint melts, the component lead is pulled away using a
nose plier. This method of desoldering can be used for
heavy components with strong leads. But this method
should not be used for desoldering thin lead delicate
components such as transistors, integrated circuits etc.,
This is because, in this method there is likelyhood of
component getting overheated or the leads getting cut or
leads getting detached from the body of the component.

Plunger De-soldering tool

A typical plunger de-soldering tool is shown in Fig 6.

Fig 6
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Plungertype desoldering toolis the most commonly used
desoldering tool. This tool works on the principle of air
suction. When the plunger head is pushed fully inside
gets locked with the help of the plunger button. This is
known as cocking tool.
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In this condition, the nozzle of the desoldering tool is kept
almost touching the joint to be desoldered. If the joint is
heated, the solder at the joint melts. If the plunger button
ofthe desoldering pumpis pressed, itreleases the spring
tension and moves the plunger up with a jerk. This causes
the air to be sucked-in through the nozzle. Since the
nozzle is now in contact with the molten solder, the molten
solder is also sucked-in through the nozzle and gets
collected in the collection chamber.

When the solderis removed using a plunger de-soldering
tool, all the molten solder of a joint may not be sucked by
the de-soldering tool at the first attempt, the joint must be
reheated and the solderremoved in two or three attempts.

After doing one suction of molten solder, while cocking the
tool for second suction, face the nozzle into a dirt collector.
This is because, the solder collected at the tip of the
nozzle gets pushed out every time the tool is cocked.

After several operations, the waste solder collected within
the tool will begin to interfere with its operation. To prevent
clogging of nozzle, this solder mustbe removed periodically
and the tool must be cleaned and lubricated.

Wicking Braid

Wicking braid as shown in Fig 7 is another simple
de-soldering aid. This is made of copper and is soaked
in flux. Wicking braid is nothing but a tape made of thin
strands of copper knitted to form a mesh Fig 7.
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Awicking braid relies on the tendency of the hot solder to
flow towards the heat source. When a soldered joint is
heated via a wicking tape as shownin Fig 23a, the molten
solder gets drawn into the wicking braid as shown in Fig
23b. Thus the joint is now free from solder and the
component can be removed easily.

The flux content of the wicking braid varies from brand to
brand. Generally, the higherthe level of fluxin the braid, the
more efficientitwill be at drawing the solder from the joint.

Wicking braids are available in small, hand-held rolls and
is supplied in a range of sizes from 0.8 to 6 mm wide so
that the correct width of wicking braid can be selected for
the joint to be de-soldered.

De-soldering using a wicking braid is commonly used for
removing miniature components soldered on printed circuit
boards(PCB’s).

Removal of component

When solderis removed from the joint, the component can
then be removed from the circuitboard. Ifacomponentwas
soldered using clinched lead method. it is essential to
remove the bridge of solder holding the lead.

To remove the solder bridge, follow the steps.

There are other special tools used for de-soldering such as
De-soldering iron and multi-contact de-soldering block.

Soldering and desoldering station

Printed circuitboard have changed the face of Electronics
industry. Comparing the today's PCBs with the old
hardwired, steel chassis devices, they lack the strength
making them vulnerable to cracks and related defects. It
may sometimes be possible to repair a broken PCB but it
is very difficult process. Locating the cracked copper trace
onthe PCB is the mostdifficult part of the repair PCBs get
damaged very easily. A little rough handing during
installation or troubleshoot will invite a crack in the trace.
While placing or removing PCBs from their sockets, one
needs to put little extra force. This itself might cause a
crack in the trace. Similarly when a componenton a PCB
is removed or inserted a little more heat for a little long
period will make copper trace to come off the board's
substrate. There may result a microscopic crack in the
trace.

Soldering and Desoldering Stations

A typical competitive soldering station with ESD safe by
design will comprise of hot air station soldering, LED
double digital display. This kind of stations will come with
PID controlled closed loop of sensor. The desolder station
can give rapid heating, precise and stable temperature,
suitable for soldering and de-soldering surface mounted.
Suchas QFPMPLCC, SOP,BGA etc package of ICs. Hot
air station and intelligent cooling system, adopts imported
heating wire, for a long life. There are normally light
portable handle and suitable for mounting and reworking
SMD component by hand for a long time.

Typical specifications of a Solder and Desolder
stations:

Hot Soldering Station :

Air Flow 0.16-1.2Nm3/h
Pump Consumption ;. 45W

Temp. Control 150-450°C
Heater 250W Metal
Rated Voltage 110V/220V 50/60Hz AC
Power Consumption 270W

Air Pump Membranous
Solder Equipment

Power Consumption 60w

Output Voltage 24V AC

Temp. Control 200-480

Ground Resistance 20 ohms

Heater : Ceramic Heating Element
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A typical hot soldering station is shown in Fig 8.

Fig 8

Desoldering by using pump and wick

DESOLDERING is the process of removing soldered
components from a circuit made on PCB. Desoldering
pump along with the soldering ironis used for this purpose.
A desoldering pump also known as solder sucker is a
small mechanical device which sucks the liquid/molten
solderfrom the jointwhere the components are mounted.
In order to desolder a component from the PCB,we first
heatup the solderjointwith the solderingirontill the solder
liquefies/melts. At the same moment we actuate the
soldering pump by pressing the trigger lever and bring the
tip over the molten metal and pull the trigger back by
pressing a button. At this instant the lever is pulled back
and the tip of the pump sucks the molten solder. This
process is repeated until all the residue solder is sucked
by the pump and the hole on the PCB is clear to solder a
fresh component.

To actuate the pump the lever is pressed until there is a
click sound which indicates that the lever will remain
locked in the same position.

The desoldering pump’s buttom head contians a hole
through which the molten solderis sucked when the pump
istriggered. The head is designed such thatthe extracted
solder does not solidify and block it, consequently the
sucked metal can be removed and discarded easily.

Desoldering Wick/ braid

Place the braid over a connection and heat the opposite
side with an iron Sometimes adding a small amount of
solder to the iron tip can actually speed up the process
because that solder will help the iron transfer heatinto the
braid faster. Cut offand discard tyhe dused wick. The only
concern with using desoldering wick/braid is that the
components and pads can easily become overheated,
especially surface mount pads. As always, try to minimize
the time parts are heated. This wick is 1” wide and 5 feet
long, which should be statisfactory for most through-hole
and many surface mount connections. Width isimportant
because it dictates how much solder a certain length of
braid can hold. Too thin, and the solder will quickly fill up
the braid and stop it from absorbing. Too thick, and it will
be hard not to touch neighboring joints. This particular
braid is coated in pure resin - based flux that will leave a
non-corrosiv e, non-conductive, and environmentally friendly
residue the residue can be cleaned with alcohol if desired
for cosmetic reason, but unless you are making military

spec devices, cleaning should not be necessary. The
casing is ESD safe.

Switches

Electrical accessories: An electrical accessory is a
basic part used in wiring either for protection and adjust-
ment or for the control of the electrical circuits or for a
combination of these functions.

Controlling accessories: The accessories which are
used to control the circuits or an electrical point like
switches are called “controlling accessories'. All the
switches are specified in accordance with their function,
place of use, type of mounting, current capacity and
working voltage. For example - S.P.T. (Single pole
tumbler) flush-mounted switch 6 amps 240 volts.

Types of switches according to their function and
place of use

« Single pole, tumbler switch

» Single pole, two-way switch

* Intermediate switch

» Bell-push or push-button switch

* Pull or ceiling switch

« Single pole single throw switch (SPST)

» Single pole double throw switch (SPDT)
» Double pole single throw switch (DPST)
» Double pole double throw switch (DPDT)

Ofthe above 1,2,3,4 and 6 may be either surface mounting
type or flush-mounting type.

Single pole, tumbler switch: This is a two terminal
device, capable of making and breaking a single circuit
only. Aknob is provided to make or break the circuit. Itis
used for controlling light or fan or 6 amps socket circuits.
One - way switch is as shown in Fig 9.

Fig 9

ON143619

6 AMP SINGLE-WAY SURFACE MOUNTING SWITCH (COVER REMOVED)

Single pole, two-way switch: This is a three terminal
device capable of making or breaking two connections
from a single position as shownin Fig 10. These switches
are used in staircase lighting where one lamp s controlled
from two places. Though fourterminals could be seen, two
are short circuited and only three terminals are available
for connection.However, both single way and two-way
switches with their coverlook alike as shown in Fig 2b but
can be differentiated by looking at the bottom. Single way
switches will have two terminal posts whereas two-way
switches will have four terminal posts.
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Fig 10

(a) 6 AMP 2-WAY SURFACE MOUNTING
SWITCH (COVER REMOVED)

(b) A 2-WAY SWITCH
WITH A METAL CAP

ION14361A

Intermediate switch: This is a four-terminal device
capable of making or breaking two connections from two
positions as shown in Fig 11. This switch is used along
with 2 way switches to control a lamp from three or more
positions.

Fig 11
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ION143618

INTERMEDIATE SWITCH CONNECTIONS

Bell-push or push-button switch: Thisis atwo-terminal
device having a spring-loaded button. When pushed it
‘makes'the circuittemporarily and attains "break’ position
whenreleased.

Pull or ceiling switch (Pendent switch): This switch
shownin Fig 12is normally a two-terminal device functioning
as a one-way switch to make or break a circuit.

Fig 12

PULL SWITCH

ION14361C

This switch is mounted on ceilings. As the user could
operate the switch from a distance through the insulated
cord, this could be used safely for operating water heaters
in bathrooms or fan or lights in bedrooms.

Double pole switch (D.P.switch): This is a switch with
two poles, the two poles being mechanically coupled
together. Itis operated with aknob. Itis also provided with
afuse and aneutrallink. These switches are used as main
switches to control main or branch circuits in domestic
installation.

Double pole iron-clad main switch : This switch shown
inFig13isalsoreferredtoas D.P.1.C. switchandis mainly
used for single phase domesticinstallations, to control the
main supply. It controls phase and neutral of the supply
simultaneously. This switch consists of two fuse-carriers.
The one in the phase circuitis wired with the fuse and the

otherinneutralis linked with a brass plate or thick copper
wire. These switches should be earthed properly to
safeguard the user. The current rating of the switch varies
from 16 amps to 200 amperes.

o o)
cﬁﬁﬂj H”ﬂﬂﬂﬂﬂ”””ﬂ (i

DPIC MAIN SWITCH

ION14361D

Specification of these switches should have:
« currentrating
» voltagerating
» type of enclosure
(sheet steel or cast iron).

Triple (three) pole iron-clad main switch: This is
shownin Fig 14 andis alsoreferred to as TPIC switch and
is used in large domestic installation and also in 3-phase
power circuits, the switch consists of 3 fuse carriers, one
for each phase. Neutral connection is also possible as
some switches are provided with a neutral link inside the
casing.

Fig 14
COVER TERMINALS FOR OUTGOING
CONNECTIONS

EARTHING
[ TERMINALS

| — NEUTRAL LINK
0l |=— CASING

g L~ SPRING
— INTERLOCKING

#1711 MECHANISM
@%HANDLE

SWITCH BLADE

INSULATED SPINDLE
FUSED ICTP "N' SWITCH

ION14361E

These switches need to be earthed through an earth
terminal or screw provided in the outer casing.

The currentrating of the switch varies from 16 to 400 amps.
Specification of these switches should have

« currentrating

» voltagerating

» type of enclosure (sheet steel or cast iron)

» whether with neutral link or otherwise

» rewirabletypefuse carriers or HRC type fuse carriers.
Switches used in electric industry

Switchingis the mostfundamental functionin electronics
and plays a vital role in every system.
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Most widely used switch configurations in the industry
today are:

» Single Pole Single Throw (SPST)
» Single Pole Double Throw (SPDT)
» Double Pole Double Throw (DPDT)

Single Pole Single Throw (SPST) is an analog switch
used in many industrial instruments and consumer devices
to implement test interfaces etc. It consumes very low
power with maximum current in the range of 690 nA

Normally open SPST switch canisolate multiple peripherals
from source and select the required one. (Fig 15)

Fig 15

| ENABLE

o—
SPST
(NO)

SINGLE POLE SINGLE THROW
NORMALLY

ION14361F

Normally closed SPST switch can connect at all times to
aperipheral and when not desired the output can be totally
stopped by a press of a switch. (Fig 16)

Fig 16

ENABLE

ION14361G

SINGLE POLE SINGLE THROW

Some SPDT switches have aselect pin and otherwillhave
a enable pin. The master in the design for digital control
chooses the required trigger action. (Fig 17)

Fig 17
SELECT

ION14361H

SINGLE POLE DOUBLE THROW

Schmitt trigger action at select and enable control pins
results in higher reliability.

Digital bus switches are widely used multiple peripheral
and host selection functions, powerand clock management,
sample and hold circuits, test and debug interfaces etc.

A dual SPDT switch in (Fig 18) can be used

1 toroutethe audio signalfromeitherbase band processor
to speaker.

2 towirelessly route the audio signals between cell phone
and an external hands-free device.

Fig 18

SELECT

ION143611

The dual SPDT and dual SPST switches are available
either for simultaneous selection or for simultaneous
enable.

Simultaneous select is to connect one of the two signal
points or peripherals

Simultaneous enable is normally open and upon control by
master gets enabled remain enabled till disabled.

The symbol of dual SPST switch is shown in (Fig 19)

Fig 19

ENABLE

O_

SPST 2X
(NO)

ION14361J

A DPDT switch is a dual SPDT switch into a single select
pin as shown in (Fig 20).

Fig 20

| SELECT

e
e

DPDT

ION14361K

DOUBLE POLE DOUBLE THROW
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Introduction to SMD technology identification of 2, 3, 4 terminal SMD

components

Objectives: At the end of this lesson you shall be able to
 explain briefly SMT & SMD

* state the need for SMD

¢ list the advantages of SMDs

« state the safety precautions required while handling SMDs

¢ list the tools and equipments used in SMT

¢ understand to perform test and measurement of the circuit.

Introduction

Surface Mount Devices (SMDs) are used in a growing
number of commercial and industrial products. Due to their
small size, prototype manufacturing, rework and repair
can be difficult and are best performed using specialized
techniques specific to this technology. Learning these
techniques will help you succeed when working with these
small components. The SMT technique opens advantages
and new applications through miniaturizing of the
components and increasing of reliability.

Surface Mounted Devices (SMD) are active and passive
electronic components without conventional connecting wires.

In the conventional through - hole technology (THT) the
components are placed on the "components side" of the
printed circuit board (PCB), wires inserted into holes, and
soldered to the copper pads on the opposite, "solder side"
of the PCB.

The SMD components will be placed on the 'solder side'
of the PCB and their metal caps soldered to the copper
pads of the PCB. Therefore both layers of the PCB could
be used as active areas. A thickness of PCBs used for
SMD is between 0.8 and 1.00mm. Historically roots of
SMD are hybrid circuits on the ceramic substrates (middle
of seventies) but a huge industrial applications of SMD
started in the beginning of eighties.

The industrial standard unfortunately allows that most of
the SMD components do not have a clear description.
Since a tiny size of the components they are labeled with
a code. Therefore a sure identification of the components
is impossible without appropriate technical documentation.
Moreover the polarity and pin-outs of different components
could be not identified without data sheets. For these
reasons SMD for beginners became a very hard job.

Need of surface mount technology

SMDs have improved performance over through-hole
components due to their smaller size, shorter internal
leads, and smaller board layouts. These factors reduce
the circuit's parasitic inductance and capacitance. SMDs
can also be more cost effective than traditional through -
hole components due to the smaller board size, fewer
board layers, and fewer holes. SMDs can be challenging
to solder, so it is best to learn general soldering skills on
larger components before attempting to work with SMDs.

Advantages of SMDs are given below

» PCBs area much smaller than by conventional through
- hole components

+ Since the both layers of the PCB could be used for
assembling, the final PCBs area for the same circuits
could be decreased by 50%.

+ Simple assembling-no bending and cutting of the wires.

* Automatic assembling very easy. Low cost of the
assembling.

+ Small size of components makes very high packing
density possible. For the same circuits a volume of a
module assembled with SMD could be reduced to 30%
of the device assembled with the conventional
technique. Therefore a size of the whole instrument
decreases, too.

» Very high resistance to mechanical shock and vibration.
» Low store and transport cost. Low store area and volume.
» Lack of hole's drilling and metallization.

* Thin pads.

* Forlarger volumes, low manufacturing cost.

SMD safety precautions

Surface mount components are very small, and therefore
special precautions (in addition to those required when
working with through - hole components) must be taken

* Do not eat or drink when working with surface mount
components.

« Do not use cups, plates, or any food related items to
hold or store surface mount components.

» Keep surface mount components away from children
and pets.

» Always wear safety goggles.

*  Work away from the edge of a desk or workbench to
ensure that components will not fall on the floor.

» Keep a strong light and magnet available to search for
components that have dropped on the floor.

Work area for dealing with SMD

Because SMDs are very small, it is important to make
them "look" bigger. This can be accomplished by
illuminating the work surface with a very bright light. A
swing - arm desk lamp with a 100-watt frosted bulb
positioned close to the work surface works very well. The
lamp should be adjustable from 6 to 24 inches above the
desktop. Regular room lighting or shop lights just are not
bright enough. The second trick is to work on an absolutely
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clean, bright white surface. The SMD work tray works very
well. The white paper gives contrast to the components and
the small sides help prevent the SMDs from getting lost.

Tools and Equipment required for SMD

The tools and equipment required for SMD used are self -
locking tweezers which work much better than regular
tweezers. Vacuum pick-up tools can also be used, but
are considerably more expensive. Select a low wattage
(15 or 25 watt) or temperature controlled (600°F) pencil
soldering iron with a pointed tip.

List of tools & equipments
» Safety Goggles

» Self locking tweezers (Fig 1)

Fig 1
TOP VIEW
; T,
== S =3
SIDE VIEW
i F.'_ —— -
e ——— 0

EMN3218421

» 600°F or low wattage soldering gun with sharply pointed
tip

» Small diameter solders wire (63/37)

*  RMA solder paste

» Desoldering braid

» Plastic scouring pads

» Decocement

*  Magnet

* Flexible neck lamp with 100w frosted bulb.

* Magnifying glass.

To clean the circuit board before soldering you will need a
nonconductive abrasive pad. Don't use steel wool or a steel
wool scouring pad, since they may leave small (almost
microscopic) steel wires behind. A strong magnet is
useful for finding dropped components. You will also need
a magnifying glass. Use this to read the component
markings on chip resistors and electrolytic capacitors.

Types of SMD components

Now a days, almost all active components are available in
SMD packages for example diodes, transistors, FET, Triac
etc. Butin passive components only resistor and capacitors
are available in different sizes and values. Due to size and
mounting limitations -inductors and transformers are not
available in SMDs. In active devices, some power electronic
components are available in limited varieties due to large
current drawing and problems for mounting heat sink on
SMDs. Large surface space is required for mounting the
heat sinks whereas SMDs are in small size.

SMD resistors

SMD resistors are in shape of rectangle with metalized in
both ends of body for convenient to solder on PCBs.

SMD resistors are constructed with use of the thick film
technique on a ceramic substrate. They have metallic areas
on the narrow ends of the chip, which allows soldering.
The resistive path is covered wtih a protective glaze. Chip
resistors could be soldered with all common soldering
techniques:reflow, wave and solder iron. A sample of SMD
resistor is shown in Fig 2.

Fig 2

agigtive layer

insuiative c&ing

{optact area

Leramic ship

EMN3218422

Case forms of same SMD components ae tabulated table1.
SMD resistor packages

SMD resistors are available in different types of packages
and they are mostly differ some part of specifications
from manufacturer to manufacturer. The size of resistors
are also reduced day by day due to technological
enhancement. The most common packages and their
sizes are shown in table 1.

Table 1
Form Power (watt) | Length (mm) | Width (mm)
0402 0.063 1.0 0.5
0503 0.063 1.27 0.75
0505 1.27 1.25
0603 0.062 1.60 0.80
0705 1.91 1.27
0805 0.1 2.00 1.25
1005 0.125 2.55 1.25
1010 2.55 2,55
1206 0.25 3.2 1.6
1210 0.25 3.2 26
1505 3.8 1.25
2010 0.5 5.08 2,55
2208 5.72 1.90
2512 1.0 6.5 3.25
MELF 55 22
MINIMELF 3.6 14
MICROMELF 20 1.27
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SMD resistor specifications

SMD resistor specifications differ from one manufacturer
to other. For selecting a SMD resistor, one needs to refer
to manufacturer ratings.

Some most important specifications are shown below.

a Power rating: The size of the resistor will increase by
power rating and current drawn by it. The power rating
of resistor should be always smaller than PCB layer
current rating. Some power ratings are shown in table.

b Tolerance: SMD resistors are mostly metal oxide film
resistor which are having more accurate values. So
they mostly having tolerance of 1% to 5%. Butin some
special applications they may available in less than
1% tolerance.

¢ Temperature coefficient: SMD are having very good
temperature coefficient than normal resistors due metal
oxide film material. Generally they may available in 25
to 100 ppm/c.

SMD Resistors Code Table
swoe | [ o ][ s ]
[ I
Product Resistance ; Resistance
i i Function Code
Type Dimensions Tolerance Package Code Valve
01005 B:+0.1% L:Standard & High Precision 0:7" Reel 15Kpcs ---1R2: 1.2Q
0201 C:+0.25% E: TC50 4:7" Reel 4Kpcs ---3K3: 3.3Q
0402 D:+0.5% P: High Power 6:7" Reel 10Kpcs ---10K:10KQ
0603 F:x1% H: Ultra High Power 7:7" Reel 5Kpcs ---100:100KQ
0805 J:£5% 9:10" Reel 8Kpcs --- to fill up
1206 A:10" Reel 10Kpcs 6 spaces
1210 B:10" Reel 20Kpcs
2010 C:13" Reel 40Kpcs
2512 D:13" Reel 20Kpcs
F: Bulk
SMD capacitors marked by white line, or white "M". The case forms depend

SMD capacitors are mostly used components after SMD
resistors in practical electronic circuits. SMD capacitors
are similar to general capacitors in construction and the
only difference is that instead of leads SMD capacitors
have metalized connections at their both ends.

Advantages of SMD over a general capacitors

* Due no leadless, manufacturers are using different
techniques and they are available in small in size.

« Easy to assemble and mount in automated
manufacturing techniques.

* Less effected by static field and electro-magnetic
effects.

Types of SMD capacitors

+ SMD Ceramic capacitors

» SMD tantalum capacitors

+ SMD electrolytic capacitors
Ceramic multilayer chip capacitors

Ceramic multilayer chip capacitors are available with a
very wide range of values, from 0.47pF to 1 F. This values
are covered by seven cases forms. The forms depends of
the capacitors values. The most popular case are 0805
and 1206.

SMD tantalum capacitors

SMD tantalum capacitors are available in different case
forms, partly without printed values. The + polarity is

of capacitance value and nominal voltage.
SMD tantalum capacitors standard sizes are:
3.2x 1.8 mm

3.5x2.8 mm

6.0 x 3.2 mm

7.3 x4.3 mm

The values are coded with digits, or with alphanumerical
characters.

Fig 4

EMN3218424

They are low cost and smaller size than general capacitors.

Electrolytic capacitors are now being used increasingly in
SMD designs. SMD capacitors are available in two types
are value marking

1 Directvalue printing
2 Coding technique

Generally, SMD ceramic and tentalum capacitors are
having coding technique for reading values and they may
differ from one manufacturer to other. Most of Electrolytic
capacitors are having values with their working voltage
printed on their surface because of their large surface area.
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SMD diodes and transistors

SMD diodes and transistors are available mostly in similar
packages. Diodes are avilable in mainly two forms as
shown in below fig.

Fig 5
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Fig6
DIODE PAKAGE LEAD CODE
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SIMFLE DUAL DUAL
DIODE ANODE CATHODE

Fig A SINGLE DIODE SMD TYFPES
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1 2 1 2 1 - 2
COMMON COMMON SERIES DUAL
ANODE CATHODE DIODE FAIR

Fig B. DUAL DIODE SMD TYPES

EMN3218426

Those are

1 Single diode form
a Simple diode
b Dual anode

¢ Dual cathode

2 Dualdiode form
a Common anode
b Common cathode
¢ Series diodes
d Dual pair

Almost all standard diodes and transistors are available
as SMD components in SOT - 23, SOT - 89 and SOT -
143 cases. In general electrical parameters of SMD diodes
and transistors are the same as comparable standard types
in conventional cases. SOT - 23, and SOT - 143 cases
are used for components with power dissipation 200 to
400 mW. SOT - 89 cases are used for power dissipation
500 mW to 1W. SMD LEDs are available in SOT - 23
cases. All SMD transistors are marked with codes.

Similarly FET and MOSFET in SMD forms are shown in
below figures.

Fig 7 COULECTOR
a

MARKING DIAGRAM

EMN3218427

SMD code Package Device name Manufacturer Data
A7 SOT-23 BAV99 National Switching diodes
A7 SOT-23 BAV99 Zowie Switching diodes
A7 SOT-323 BAVIO9WT1 Motorola Switching diodes
A7 SOT-523 MMBD4448H TC BL Galaxy Electrical Switching diodes
A7 - SOT-23 BAV99 NXP Switching diodes
A7 SOT-23 BAV99 National Switching diodes
A7 SOT-23 BAV99 National Switching diodes
A7 SOT-23 BAV99 Zowie Switching diodes
A7 SOT-323 BAVOOWT1 Motorola Switching diodes
A7 SOT-523 MMBD4448HTC BL Galaxy Electrical Switching diodes
A7 SOT-23 BAV99 National Switching diodes
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Fig® TO-236 SMD
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Fig 9
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Fig 10
SMD MOSFET
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Examples of SMD transistors coding.

MARK | COMPONENT CASE
1J BC848A SOT -23
4G BC860C SOT-23
1F* MMBT5550 SOT -23
1F* BC847B SOT-23
AA* BCWG0A SOT -23
AA* BCX51 SOT -89

* Hint

The same mark does not means the same component!

If SMD transistors with the same marks have different case
forms their technical specifications are different as well!

SMD Integrated circuits

The first SMD ICs were manufactured on begin 70' for hybrid
technique. Nowadays (February 1999) are many of new
ICs design manufactured in SMD only.

ICs in SMD cases are electrically fully compatible to types
in DIL cases therefore both of them have the same
marking. The different for SMD (SO-xx case )is only the
last character of the mark; i.e. LM 324 N (DIL) =LM 324 D
(SO).

SO cases are produced with two different pin forms:
1 pins bent outside of the case

2 pins bent under the case

Fig 11
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Pin 1 is marked by a white line on atop of the case or
cut on a front of the case.

Abbreviate the full form of term used in surface Mount
technology

SMD  Surface Mounted Devices
(active, passive and electromechanical
components)

SMT  Surface Mounted Technology
(assembling and montage technology)

SMA  Surface Mounted Assembly.
Solder paste and its Application in SMT

Solder paste or solder cream is simply a suspension of
fine solder particles in a flux vehicle. In electronic industry,
solder paste is used in surface mount technology ( SMT)
to solder SMDs on to the printed circuit board, The
composition of the particles can be tailored to produce a
paste of the desired melting range. Additional metals can
be added to change paste compositions for specialized
applications. Particle size and shape, metal content and
flux type can be varied to produce pastes to varying
viscosity. Availability of solder paste

Solder paste is available in both leaded (with lead) and
lead-free (with no lead) forms. It can be no-clean or water
soluble. With no-clean solder paste, there is not need to
clean the board after soldering. Water soluble solder paste
is easily soluble in water with no harm.
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How to Get the Best Solder Joints from Solder Paste
Application?

In order to achieve good solder paste printing results, a
combination of the right solder paste material, the right
tools and the right process are necessary. Kester is a
trusted brand in manufacturing solder paste and other
soldering material including solder wire, solder bar, solder
flux etc. Although the supplier is essentialy responsible
for providing the desired solder paste and screens or
stencils and the squeegee blades, the user must control
process and equipment variables to achieve good print
quality. Even the best solder paste, equipment, and
application methods are not sufficent by themselves to
ensure acceptable results.

Using solder paste

Start by applying flux to the circuit board pads. Then apply
solder paste on the all pads of the components you want
to solder.

Using tweezers, place the component in its correct position
and hold it there. Place the tip of the soldering iron onto
each of the pads so that the solder melts and makes
good connections between the component and the board
Flood with solder

This method is for soldering chips.

As usual start by applying flux too the pads on the circuit
board. Fasten one of the corner pins of the chip to its pad
by using a bit of solder. Make sure the chip is properly
aligned on the pads.

Hold the chip in place while touching the corner pad with
the tip of the soldering iron so that the solder melts the pin
and the pad together.

Check the alignment of the chip. if it is not in its place,
use your soldering iron to loosen the pin chip and align
the chip properly. Continue soldering on the opposite corner
by putting a bit of solder on the soldering iron tip then
touching the circuit board pad and pin at the same time.
Do this for all the pins of the chip one by one.

After all the pins have been soldered you should inspect
the solder joints carefully with microscope or loupe to
check for bad joints or solder bridges.

Surface Mount Technology (SMT)

Reflow solder process Description

The basic reflow solder process consists of: Application
of a solder paste to the desired pads on a printed circuit
board (PCB) Placement of the parts in the paste. Applying
heat to the assembly which causes the solder in the paste
to melt (reflow). wet to the PCB and the part termination
resulting in the desired solder fillet connection.

A Solder paste the solder paste mixes are improving as
the demands of reflow soldering of SMT increase. Selection
and specification of the optimum paste is a key item in
the reflow solder process.

B Placement of the parts in the paste is not difficult if the
pad design considers all the application tolerances. (see
KEMET Application Bulletin “Surface Mount- Mounting Pad
Dimensions and Considerations”). Care should be taken
during the transportaion of the PCB,s not to smear the
solder paste or move parts. Inspection of palcement
accuracies and subsequent to increase repair rates after
soldering.

C Appplication of heat to result in the eventual solder joint
must consists of the following discrete items:- Preheat
cycle is intended to drive off most of the volatile solvents
contained in the paste before the flux begains to work.
This assists in intiating fluxing action on the solder powder
and the metal surface to be joined.- Additional preheat
time to elevate the temperature of the PCB, Solder paste,
and terminations to a temperature near the melting point
of the solder.- Additional heat transfer to elevate the
temperature over the liquidous point of the solder.-
Temperature to be achieved are the liquidous melting point
of solder. Liquidous points for-60 Sn/40 Pb solder is...
188C 63 Sn/37 Pb solder is... 183C 62 Sn/36 Pb/2 Ag
solder is 179C Additional heat is reuired to insure activation
of the rosins. However, heat should be limited to minimize
the time some parts are above critical temperature. As
temperature cooldown to the solder solidification
temperature, followed by gradual (static) cooling to
temperature near cleaning temperature.Equipment unique
to surface mounting in electronics has not matured yet.
There are two main types of automated inspection
equipment on the market: x-ray and laser. However, most
electronic companies depend on visual inspection at 2 to
10x, using either microscope of magnifying lamp.

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

» explain surface mount technology

» describe advantages and disadvantages surface mount components.

Surface-mount technology (SMT) is a method for
producing electronic circuits in which the components
are mounted or placed directly onto the surface of printed
circuit boards (PCBs). An electronic device so made is
called a surface-mount device (SMD). In the industry it
has largely replaced the through-hole technology
construction method of fitting components with wire leads
into holes in the circuit board. Both technologies can be
used on the same board for components not suited to

surface mounting such as large transformers and heat-
sinked power semiconductors.

An SMT component as shown in Fig1 is usually smaller
than its through-hole counterpart because it has either
smaller leads or no leads at all. It may have short pins or
leads of various styles, flat contacts, a matrix of solder
balls (BGAs), or terminations on the body of the
component.
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SMT COMPONENT

Virtually all of today's mass produced electronics hardware
is manufactured using surface mount technology, SMT.
The associated surface mount devices, and SMDs provide
many advantages over their leaded predecessors in terms
of manufacturability and often performance.

It was not until the 1980's that surface mount technology,
SMT became widely used. Once SMT started to be used,
the change from conventional leaded components to
surface mount devices, SMDs took place quickly in view
of the enormous gains that could be made using SMT.

Mass produced electronic circuit boards need to be
manufactured in a highly mechanized manner to ensure
the lowest cost of manufacture. The traditional leaded
electronic components do not lend themselves to this
approach. Although some mechanisation was possible,
component leads needed to be pre-formed. Also when
the leads were inserted into boards automatically problems
were often encountered as wires would often not fit
properly slowing production rates considerably.

It was reasoned that the wires that had traditionally been
used for connections were not actually needed for printed
circuit board construction. Rather than having leads placed
through holes, the components could be soldered onto
pads on the board instead. This also saved creating the
lead holes in the boards which added cost to the production
of the bare PCBs.

As the components were mounted on the surface of the
board, as shown in the Fig 2, rather than having
connections that went through holes in the board, the
new technology was called surface mount technology or
SMT and the devices used were surface mount devices,
SMDs. The idea for SMT was adopted very quickly
because it enabled greater levels of mechanisation to be
used, and it considerably saved on manufacturing costs.

To accommodate surface mount technology, SMT, a
completely new set of components was needed. New SMT
outlines were required, and often the same components,
e.g. ICs were sold as shown in Fig 3 in both traditional
leaded packages and SMT packages. Despite this, the
gains of using SMT proved to be so large that it was
adopted very quickly.

Fig 2

TYPICAL SMT BOARD WITH TRANSISTORS, AND
PASSIVE COMPONENTS

Fig 3

ICS WERE SOLDERED IN PCB BOARD

SMT board with typical IC packages
SMT Components

Surface mount devices, SMDs by their nature are very
different to the traditional leaded components. They can
be split into a number of categories.

Passive SMDs: There is quite a variety of different
packages used for passive SMDs. However the majority
of passive SMDs are either resistors or capacitors for
which the package sizes are reasonably well standardized.
Other components including coils, crystals and others
tend to have more individual requirements and hence their
own packages.

Resistors and capacitors have a variety of package sizes.
These have designations that include: 1812, 1206, 0805,
0603, 0402, and 0201. In other words the 1206 measures
12 hundreds by 6 hundreds of an inch. The larger sizes
such as 1812 and 1206 were some of the first that were
used. They are not in widespread use now as much smaller
components are generally required. However they may
find use in applications where larger power levels are
needed or where other considerations require the larger
size.

The connections to the printed circuit board are made
through metallised areas at either end of the package.

Transistors and diodes: These components are often
contained in a small plastic package. The connections
are made via leads which emanate from the package and
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are bent so that they touch the board. Three leads are
always used for these packages. In this way it is easy to
identify which way round the device must go.

Integrated circuits: There is a variety of packages which
are used for integrated circuits. The package used depends
upon the level of interconnectivity required. Many chips
like the simple logic chips may only require 14 or 16 pins,
whereas other like the VLSI processors and associated
chips can require up to 200 or more. In view of the wide
variation of requirements there is a number of different
packages available.

For the smaller chips, packages such as the SOIC (Small
Outline Integrated Circuit) may be used. These are
effectively the SMT version of the familiar DIL (Dual In
Line) packages used for the familiar 74 series logic chips.
Additionally there are smaller versions including TSOP
(Thin Small Outline Package) and SSOP (Shrink Small
Outline Package).

The VLSI chips require a different approach. Typically a
package known as a quad flat pack is used. This has a
square or rectangular footprint and has pins emanating
on all four sides. Pins again are bent out of the package
in what is termed a gull-wing formation so that they meet
the board. The spacing of the pins is dependent upon the
number of pins required. For some chips it may be as
close as 20 thousandths of an inch. Great care is required
when packaging these chips and handling them as the
pins are very easily bent.

Other packages are also available. One known as a BGA
(Ball Grid Array) is used in many applications. Instead of
having the connections on the side of the package, they
are underneath. The connection pads have balls of solder
that melt during the soldering process, thereby making a
good connection with the board and mechanically
attaching it. As the whole of the underside of the package
can be used, the pitch of the connections is wider and it
is found to be much more reliable.

A smaller version of the BGA, known as the micro BGA is
also being used for some ICs. As the name suggests itis
a smaller version of the BGA.

Advantages

The main advantages of SMT over the older through-hole
technique are:

» Smaller components. As of 2012 smallest was 0.4 x
0.2mm (0.016 x 0.008 in: 01005). Expected to sample
in 2013 are 0.25 x 0.125 mm (0.010 x 0.005 in, size
not yet standardized)

* Much higher component density (components per unit
area) and many more connections per component.

* Lower initial cost and time of setting up for production.
* Fewer holes need to be drilled.

» Simpler and faster automated assembly. Some
placement machines are capable of placing more than
136,000 components per hour.

» Small errors in component placement are corrected
automatically as the surface tension of molten solder
pulls components into alignment with solder pads.

+ Components can be placed on both sides of the circuit
board.

¢ Lower resistance and inductance at the connection;
consequently, fewer unwanted RF signal effects and
better and more predictable high-frequency
performance.

» Better mechanical performance under shake and
vibration conditions.

* Many SMT parts cost less than equivalent through-
hole parts.

» Better EMC performance (lower radiated emissions)
due to the smaller radiation loop area (because of the
smaller package) and the smaller lead inductance

Disadvantages

* Manual prototype assembly or component-level repair
is more difficult and requires skilled operators and more
expensive tools, due to the small sizes and lead
spacings of many SMDs.

» SMDs cannot be used directly with plug-in breadboards
(a quick snap-and-play prototyping tool), requiring
either a custom PCB for every prototype or the
mounting of the SMD upon a pin-leaded carrier. For
prototyping around a specific SMD component, a less-
expensive breakout board may be used. Additionally,
strip board style proto boards can be used, some of
which include pads for standard sized SMD
components. For prototyping, "dead bug" bread
boarding can be used.

+ SMDs' solder connections may be damaged by potting
compounds going through thermal cycling.

» Solder joint dimensions in SMT quickly become much
smaller as advances are made toward ultra-fine pitch
technology. The reliability of solder joints becomes
more of a concern, as less and less solder is allowed
for each joint. Voiding is a fault commonly associated
with solder joints, especially when re- flowing a solder
paste in the SMT application. The presence of voids
can deteriorate the joint strength and eventually lead
to joint failure.

» SMT is unsuitable for large, high-power, or high-voltage
parts, for example in power circuitry. It is common to
combine SMT and through-hole construction, with
transformers, heat-sinked power semiconductors,
physically large capacitors, fuses, connectors, and
so on mounted on one side of the PCB through holes.

* SMT is unsuitable as the sole attachment method for
components that are subject to frequent mechanical
stress, such as connectors that are used to interface
with external devices that are frequently attached and
detached.
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Identification of lose / dry solders, broken tracks on printed wiring assemblies

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

 define conformal coating & its types
* explain how to coat the conformal coating

» describe various method of removal of conformal coating.

Conformal coating is a protective chemical coating or
polymer film 25-75um thickness that is applied onto the
printed circuit board .It is used to protect PCB from
damages due to contamination, salt spray, moisture,
fungus, dust and corrosion and also a physical barrier.
When coated, it is clearly visible as a clear and shiny
material as shown in Fig 1.

Fig 1

CONFORMAL
COATING
APPLIED

AREA IN PCB

Types of Conformal Coating

Conformal coatings can be classified in to five main
categories by their chemical composition.

1 Silicone Resin (SR)

2 Epoxy Resin (ER)

3 Acrylic Resin (AR)

4 Poly para xylylene (XY).

5 Polyurethane(Urethene) Resin (UR)
Silicone

Fig 2 shows the silicon conformal coating pack.

Fig 2 -

.

e | —
SILICONE
(ONFORMAL COATIN

Epoxy

Epoxy coatings are available as a two part thermosetting
mixture. These conformal coatings are very hard and good
humidity resistance, chemical resistance and high
abrasion. Epoxy coating is quite easy to apply but
impossible to remove without damaging the components.

Fig 3a shows SMD IC on PCB.

Fig 3a

Fig 3b shows how to apply epoxy coating on SMD IC’s.

Fig 3b

Fig 4 Shows the epoxy applied COB (chip on board).

Fig 4

Silicone conformal coatings provide excellent protection
in high temperature environments. It has good moisture
,humidity, chemical résistance and salt-spray resistance.
It's typical temperature range is -65 °C to 200 °C. It is
very flexible. Removal of this coating requires specialized
solvents and long soak time.

Acrylic

Acrylic coatings are solvent based. It provides Fair
elasticity and general protection.

They are low cost, easy to apply and remove. It exhibits
low moisture absorption and have short drying times.

These types of coating have high di-electric strength,
abrasion resistance. It typical dielectric withstand is
greater than 1500 volts and has a temperature range of -
59°Cto 132 °C.
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Fig 5 Shows the acrylic type conformal coating.

Fig 5

Para - Xylylene

Paraxylene coatings are applied by chemical vapour
deposition (CVD). These coatings provide excellent di-
electric strength and resistance to solvents.

Poly Urethene

Urethene coatings are hard and durable which has excellent
resistance to solvents. It has similar moisture resistance to
acrylic and silicon. It is difficult to apply and hard to be
removed. Temperature range is quite similar to acrylic.

Fig. 6 Shows as urethane containers.
Coating process

The coating material can be applied by various methods,
from brushing, spraying and dipping.

Before coating a printed circuit board must be cleaned
and de-moisturized.

The following steps are used for coating.
1 Boardis cleaned.

Fig 6

Clear
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SEAL COAT
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COATING INSULATOR
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2 Protected areas like terminal pins, connectors are
masked off or removed.

3 Coating is applied using a spray process on both sides
of the PCB and its edges.

4 Coating isto be cured according to the coating type.
(air dry, oven dry or UV light cure.)

5 Masking is removed and any removed parts are

reassembled.

Characteristics Conformal Coating Type

Characteristics Conformal Coating Type

Epoxy| Acrylic Polyurethane Silicone Paraxylylene
Hard v v v
Medium Hard v v
Soft v v
Heat Reaction v v v
Surface Bond, Very Strong v v 4
Surface Bond, Strong 4 v
Surface Bond, Meduim v v
Surface Bond, Light v
Solvent Reaction v
Smooth Surface v 4 v v v
Nonporous Surface v v 4 4
Glossy Surface v v v
Semi glossy Surface 4
Dull Surface v
Rubbery Surface 4
Brittle v v
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Conformal Coating Removal Methods

On occasion it is necessary to remove a conformal
coating from the circuit board to replace damaged
components. The methods and materials used to remove
coatings are determined by the coating resins as well as
the size of the area. The basic methods are as follows.

+ Solvent

* Peeling

e Thermal/Burn - through
* Micro Blasting

» Grinding /Scraping

Solvent Removal: Most conformal coating are
suscepitble to solvent removal, however it must be
determined if the solvent will damage parts or components
on the circuit board. Acrylics are the most sensitive to
solvents hence their easy removal; epoxies,urethanes and
silicones are the least sensitive. Parlylene cannot be
removal with solvent.

Peeling: Some conformal coating can be peeled from
the circuit board. Silicone conformal coating and some
flexible conformal coatings can be removed by peeling
method.

Thermal/Burn - through: Acommon technique of coating
removal is to simply burn through the coating with a
soldering iron as the board is reworked. The process can
be used to remove small areas of conformal coating.

Micro blasting: Micro blasting removes the conformal
coating by using a concentrated mix of soft abrasive and
compressed air to abrade the coating. The process can

be used to remove small areas of conformal coating. Itis
most commonly used when removing Parylene and epoxy
coatings.

Grinding/Scraping: In this method the conformal coating
is removed by abrading the circuit board. This method is
more effective with harder conformal coatings, sucha as
parylene, epoxy and polyurethane. This method is only
used as a method of last resort, as serious damage can
be incurred.

Thermal: The thermal removal technique (including using
a soldering iron to burn through the conformal coating) is
the least recommended technique of coating removal.
Most conformal coatings require a very high temperature
and /or long exposure times. Thermal removal can cause
the lifting of surface mount pads from boards also,
temperature - sensitive components may be damaged.
Extreme caution must be taken when burning through
conformal coating because some coatings emit very toxic
vapors that are hazardous to the people doing the stripping
and those around them.

Mechanical

Mechanical removal techniques include cutting, picking,
sanding or scraping the area of coating to be removed.
However, most of the conformal coating are very tough
and abrasion- resistant, making the probability of damage
to the board very high.

Chemical: Chemical removal techniques were the most
popular techniques for the removal of conformal coatings
without affectingthe board or its components. But there
is no one perfect solvent for all applications, and in some
cases no solvent will be suitable at all.

Introduction to rework and repair concepts

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

» explain the solder mask, solder joints, tracks, pads and plated through hole.

Solder mask

Solder mask or solder stop mask or solder resist is a thin
layer of polymer applied to the copper traces of a printed
circuit board (PCB) for protection against oxidation short
circuits, corrosion, and other problems. Solder mask is
athin layer of polymer and to prevent solder bridges from
closely spaced solder pads. A solder bridge is an
unintended electrical connection between two conductors
by means of a small blob of solder. Once applied, openings
must be made in the solder mask wherever components
to be soldered. This is done by photolithography. Solder
mask is mostly green in color, but is now available in
many colors.

» Green
+ Matte Green

* Red
* Blue
*  Yellow
«  White

« Black
« Matte Black

Mostly Green colours used as solder mask as shown in
Figs 1a & 1b.

Fig 1a

*--..r-/

Solder mask as shown in fig 2a & 2b comes in different
media depending upon the demands of the application.
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Fig 2b

SOLDER MASK COVERS UP THE SIGNAL TRACES BUT LEAVES
THE PADS TO SOLDER.

The lowest-cost solder mask is epoxy liquid that is
silkscreened through the pattern onto the PCB. Other
types are,

Liquid photoimageable solder mask (LPSM) inks.
Dry film photoimageable solder mask (DFSM).

LPSM are silkscreened and sprayed on the PCB, exposed
to the pattern and developed to provide openings in the
pattern for parts to be soldered to the copper pads.

DFSM is vacuum laminated on the PCB then exposed
and developed.

All three processes go through a thermal cure after the
pattern is defined.

Solder joints

The solder joints are very much important in construction
of PCB as shown in Figs3a & 3b.

Fig 3a
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If the solder joints are poor
* It will cause the equipment to not to work.

» There is a possibility that the solder joint could fail
intermittently.

« |t will introduce noise into the circuit.

Fig 4 Shows the method of solder joints on PCB

Fig4
GOQOD JOINT BAD JOINT
(volcano shape) (dry joint)
shiny V E“
solder copper tracks solder
PCB
oompoga;;L I I I J stripb-?:-rard
component

Good solder joint

Most solder joints are good and do not cause any
problems. A good solder joint will have a shiny finish to i,
and it should not have too much solder as shown in Fig 5.

The contour of the solder around the joint should be slightly
concave.
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Fig 5
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Poor solder joints

Too much solder on a joint may lead to poor joints as
shown in Figs 6a, 6b&6c¢.

Fig 6a

Fig 7a

Excess solder on joints

On printed circuit boards if too much solder is used then
it could spill over onto another track, causing a short circuit
as shown in Figs 7a & 7b.

Dry joints

Dry joints are the main problem of solder joint. These
solder joints may be completely open circuit, or they may
be intermittent, high resistance or noisy. Therefore it is
essential that no dry solder joints are present in any
electronics equipment.

Fig 7b
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It is easy to identify dry joints as shown in Fig 8a & 8b.
Good solder joints are shiny, where as dry joints have a
dull or matt finish.

When a dry joint is found, the solder on the joint should
be removed and care to be taken when re-soldering it, to
ensure that a good joint is made.
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Fig 8a

Fig 8b

Tracks

Commonly there is no recommended standard for track
sizes. Size of track will depend upon the requirements of
the design, the routing space and clearance. Every design
will have a different set of electrical requirements which
can vary between tracks on the board. As a general rule
bigger the track width is better. Bigger tracks have lower
DC resistance, lower inductance, can be easier and
cheaper for the manufacturer to etch, and also easier to
inpsect and rework. The lower limit of track width will
depend upon the “track/space” resolution. For example,
a manufacturer may quote a 10/8 track /space. This
means that tracks can not be less than 10 thou wide,
and the spacing between tracks, or pads, or any part of
tracks are the copper, can not be less than 8 thou. Always
quoted in thou’s, with track width first and then spacing.
IPC standard recommands 4 thou as being a lower limit.

A “thou” is 1/1000th of an inch = 1 thou (0.001 inch)
Fig 9 shows the tracks on the PCB.

Fig 10 shows the damaged track on PCB which is to be
repaired.

Pads
Fig 11 shows the pads of PCB.
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Pad sizes, shapes and dimensions will depend upon the
component used to assemble the board. There is an
important parameter known as the pad/hole ratio. This is
the ratio of the pad size to the hole size. The pad should
be at least 1.8 times the diameter of the hole, or at least
0.5 mm larger. This is to allow for alignment tolerances
on the drill and the artwork on top and bottom layers.
This ratio gets more important the smaller the pad and
hole become, and particularly relevant to vias. Pads for
components like resistors, capacitors and diodes should
be round, with around 70 thou. diameter being common.
Dual in line (DIL) components like IC’s are oval shaped
pads.
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Pin.1 of the chip should be rectangular shape and other
pins are circular or oval.

Fig 12 shows the damaged pad which is to be reworked.

Fig 12

Plated-Through Hole

"Through-hole technology", refers the mounting system
used for electronic components inserted into holes in PCBs
and soldered to pads on the opposite side either by manual
assembly or automated insertion mount machines. PCBs
are initially had tracks printed on one side only. Later two
sides are used, and then multi-layer boards are using
now a days. Similarly, through holes became plated-
through holes (PTH), Fig 13 is a Plated-Through Hole ina
ten layer board.

Plated-through holes are used to make the components
contact with required conductive layers and making
interconnections between the layers called vias.

In PTH electrolysis deposition are done after the holes
are drilled, then copper is electroplated to build up the
thickness, Finally the boards are screened, and plated
with metal. The amount of plating used in the hole depends
on the number of layers in the printed circuit board, however
only the least amount of metal is used for this process.
Holes through a PCB are typically drilled with small-
diameter, drill bits are made up of solid coated tungsten
carbide. Fig 14 shows the eyelets, which can be used to
repair if PTH or vias are damaged.

Fig 13

Fig 14
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IT & ITES

Related Theory for Exercise 1.5.41 - 46

loT Technician (Smart Healthcare) - Diodes and Transistors

Semiconductor materials, components, number coding for different electronic
components such as diodes and zeners etc

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

* define semiconductors

* state the types of semiconductors

* state the unique property of a PN junction

« explain the classifications of diodes

* list out type numbers/code numbers of diodes.

Semiconductors

Semiconductors are materials whose electrical property
lies between that of Conductors and Insulators. Because
ofthis fact, these materials are termed as semiconductors.
In conductors the valence electrons are always free. Inan
insulatorthe valence electrons are always bound. Whereas
in a semiconductor the valence electrons are normally
boundbutcan be setfree by supplyingasmallamountofenergy.
Several electronic devices are made using semiconductor
materials. One such device is known as Diode.

Semiconductor theory

Basic semiconductor materials like other materials have
crystal structure. The atoms of this structure, are bonded
to each other as shownin Fig 1. This bonding is known as
covalentbonding. In such abonding, the valence electrons
ofthe atoms are shared to form a stable structure as shown
in Fig 1.

Fig 1
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ION155011

Intrinsic semiconductors

The mostimportantofthe several semiconductor materials
are Silicon (Si) and Germanium (Ge). Both these

semiconductor materials have four valence electrons per
atomas shownin Fig 1. These valence electrons, unlikein
conductors, are not normally free to move. Hence,
semiconductors in their pure form, known as Intrinsic
semiconductors, behave as insulators.

However, the valence electrons of a semiconductor canbe
setfree by applying external energy. This energy will tear-
off the bound electrons from their bond and make them
available as free electrons as shownin Fig 2. The simplest
method of turning bonded valence electrons into free
electrons is by heating the semiconductor.

Fig 2

O
FREE ELECTRON

ION155012

The higherthe temperature to which the semiconductoris
heated, more the bound electrons becoming free and will
be able to conduct electric current. This type of conduction
in an intrinsic semiconductor (pure semiconductor) as a
result of heating is called intrinsic conduction.

Fromthe above said phenomena, itisimportantto note that
semiconductors are temperature-sensitive materials.

Extrinsic semiconductor

The number of free electrons set free by heating a pure
semiconductor is comparatively small to be used for any
useful purpose. It is found experimentally that, when a
small quantity of some other materials such as Arsenic,
Indium, Gallium etc. is added to pure semi conductor
material, more number of electrons become free in the
mixed material. This enables the semiconductor to have
higher conductivity.

These foreign materials added to the pure semiconductor
are referred to as impurity materials.

The process of adding impurity to an Intrinsic semiconductor
materialis known as Doping. Since the doped semiconductor
materials are no longer pure, they are called impure or
extrinsic semiconductors.
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Depending upon the type of impurity used, extrinsic
semiconductors can be classified into two types;

1 N-typesemiconductors

When a pentavalent material like Arsenic (As) is added to
apure Germaniumor pure Silicon crystal, one free electron
results perbond as shownin Fig 3a. As every arsenicatom
donates one free electron, arsenic is called the donor
impurity. Since a free electron is available and since the
electronis of a Negative charge, the material so formed by
mixing is known as N type material.

When a N-type material is connected across a battery, as
shownin Fig 3b, current flows due to the availability of free
electrons. As this current is due to the flow of free
electrons, the current is called electron current.

Fig 3
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In N type semi conductor the current is due to electrons,
therefore the electrons are the majority charge carriers.

The semi conductor materials are temperature sensitive,
heating causes the covalent bonds to break down by
creating electron-hole pair. The holes are minority charge
carriers - in N type semi-conductors.

2 P-typesemiconductors

When a trivalent material like Gallium(Ga) is added to a
pure Germanium or pure Silicon crystal, one vacancy or
deficit of electron results per bond as shown in Fig 4a. As
every gallium atom creates one deficit of electron or hole,
the material is ready to accept electrons when supplied.
Hence galliumis called acceptorimpurity. Since vacancy
for an electron is available, and as this vacancy is a hole
whichis of Positive charge, the material so formed is known
as P-type material.

When a P-type material is connected across a battery as
showninFig4b, current flows due to the availability of free
holes. As this currentis due to flow of holes, the current is
called hole current.
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The holes are the majority charge carriers in P type semi
conductorand the electrons are the minority charge carriers.

P-N junction

When a P-type and a N-type semiconductors are joined,
a contact surface between the two materials called PN-
junction is formed, as shown in Fig 5. This junction has a
unique characteristic. This junction, has the ability to pass
current in one direction and stop current flow in the other
direction. To make use of this unique property of the PN
junction, two terminals one on the P side and the other on
the N side are attached. Such a PNjunction with terminals
attached is called a Diode.

Fig 5 PN
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When a P and N material is put together, atthe junction of
P and N materials, as shownin Fig 6, some electrons from
the N-material jump across the boundary and recombine
with the hole near the boundary of the P-material. This
process is called diffusion. This recombination makes
atoms near the junction of the P-material gaining electrons
and become negative ions, and the atoms near the
junction of the N-material, after losing electrons, become
positive ions. The layers of negative and positive ions so
formed behave like a small battery. This layeris called the
depletion layer because there are neither free electrons
norholes present (depleted of free carriers). This depletion
region prevents further the movement of electrons from the
N-material to the P material, and thus an equilibrium is
reached.

Fig 6
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BATTERY EQUIVALENT OF JUNCTION

The internal voltage set up due to +ve and -ve ions at the
junction is called barrier potential. If any more electrons
have to go over from the N side to the P side, they have to
overcome this barrier potential. This means, only when the
electrons on the N side are supplied with energy to
overcome the barrier potential, they can go over to the P
side.

Interms of voltage applied across the terminals of the PN
junction diode, a potential difference of 0.7V is required
across the terminals in the case of silicon diode and 0.3V
inthe case of Germanium diode for the electrons, in order
to cancel off the barrier potential and cross overthe barrier
asshowninFig7.Once the barrier potential gets canceled
due to external voltage application, current flows through
the junction freely. In this condition the diode is said to be
forward biased.

BARRIER POTENTIAL

Fig 7 CANCELLED
BY BATTERY VOLTAGE
DIRECTRION OF

CONVENTIONAL
CURRENT

o
[}
[}
o
o

FOR SILICON

BATTERY
0.3V FOR GERMANIUM
0.7v

FORWARD BIASED P N JUNCTION

ION155017

When the applied external battery polarity is as shown in
Fig 8, instead of canceling the barrier potential, the
external battery voltage adds up to the barrier potential,
and, hence, no current flows through the junction. In this
condition the diode is said to be reverse biased.
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REVERSE BIASED P N JUNCTION

Since currentflows through a PN junction diode whenitis
forward biased and does not when reverse biased, the
diode can be thought of to be a unidirectional current
switch.

The two leads connected to the P and N terminals are
known as Cathode and Anode.

To forward-bias a diode, the Anode should be connected
to the +ve terminal of the battery and the Cathode to the
-ve terminal of the battery. When a diode is in the forward
biased condition, the resistance between the terminals
will be of the order of a few ohms to a few tens of ohms.
Hence, currentflows freely when a diode is forward biased.

On the other hand, when a diode is reverse biased, the
resistance between the terminals will be very high, of the
order of several tens of megohms. Hence, currentdoes not
flow when a diode is reverse biased. As a rule, the ratio
ofresistancein forward to reverse bias should be of at the
minimum order of 1:1000.

Types of diodes

The PN junction diodes discussed so far are commonly
referred to as rectifier diodes. This is because these
diodes are used mostly in the application of rectifying AC
toDC.

Classification of Diodes

¢ Based on their current carrying capacity/power
handling capacity, diodes can be classified as

- lowpowerdiodes: can handle power of the order
of several milliwatts only.

- medium power diodes: can handle power of the
order of several watts only.

- highpowerdiodes: can handle powerofthe order
of several hundreds of watts.

* Based on their principal application, diodes can

be classified as,

- Signal diodes: low power diodes used in
communication circuits such as radioreceivers etc.
for signal detection and mixing.
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- Switching diodes: low power diodes used in
switching circuits such as digital electronics etc. for
fast switching ON/OFF of circuits.

- Rectifier diodes: medium to high power used in
power supplies for electronic circuits for converting
AC voltage to DC.

¢ Based on the manufacturing techniques used,
diodes can be classified as,

- Point contact diodes: a metal needle connected
with pressure on to a small germanium(Ge) or
silicon(Si) tip.

- Junction diodes: made by alloying or growing or
diffusing P and N materials on a semiconductor
substrate.

Types of diode packaging

The type of packaging given to diodes is mainly based on
the current carrying capacity of the diode. Low power
diodes have either glass or plastic packaging. Medium
power diodes have either plastic or metal packaging. High
power diodes will invariably have either metal can or
ceramic packaging. High power diodes are generally of
stud-mounting type.

Testing rectifier diodes using ohmmeter

A simple ohmmeter can be used to quickly test the
condition of diodes. In this testing method, the resistance
of the diode in forward and reverse bias conditions is
checked to confirm its condition.

Recall that there will be a battery inside an ohmmeter or a
multimeter in the resistance range. This battery voltage
comes in series with the leads of the meter terminals as
shown in Fig 9 and lead A is positive, lead B negative.

Fig 9
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If the positive lead of the ohnmmeter, lead A in the Fig 10,
is connected to the anode of a diode, and the negative
(lead B) to the cathode, the diode will be forward-biased.
Currentwill flow, and the meterwillindicate low resistance.

Ontheotherhand,ifthe meterleads are reversed, the diode
will be reverse-biased. Very little current will flow because
a good diode will have very high resistance when reverse
biased, and the meter will indicate a very high resistance.

While doing the above test, if a diode shows a very low
resistance in both the forward and reverse biased conditions,
then, the diode undertest musthave gotdamaged or more
specifically shorted. On the other hand, a diode is said to
be openifthe meter shows very highresistance bothin the
forward and reverse biased conditions.

Testing of diodes using digital Multimeter

If the digital multimeters are used for testing the diodes,
first the selector switch must be kept at diode testing
position. The +ve terminal of the MM (lead A as in the
Fig 10 must be connected to the anode of a diode and the
negative terminal (lead)to the cathode, the diode is forward
biased the MM will display the barrier voltage of the diode
in the forward biased condition.

Fig 10
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Onthe otherhand, ifthe meterleads are reversed, the diode
will be reverse biased and MM will display 1.

BYxxx, xxx- from 100 examples:

onwards, BY127, BY128 etc.
DRxxX, xxx- from 25 examples:

onwards. DR25,DR150 etc.,
TNXXXX examples: 1IN917  1N4001, 1N4007 etc.

Behaviour of diode when FORWARD BIASED

Fig 11a shows a forward biased silicon PN junction diode
using a variable DC supply. When the applied voltage is
slowly increased starting from O volts as long as the voltage
acrossthediode V_is less than that of the depletion barrier
potential (0.7 volts for Sidiodes), no current or a negligible
current flows through the diode, and, hence, through the
circuit. This is shown in the graph at Fig 11b.

Butonce the voltage V _across the diode becomes equal to
or greater than the barrier potential 0.6 to 0.7V, there will
be acanceling effect of the barrier potential. Hence, the free
electrons from the N region get pushed away by the -ve
battery terminal(remember like charges repel) and cross
over the junction, pass through the P region and get
attracted by the + terminal of the battery. Thisresultsinthe
electron current passing through the diode, and, hence,
through the Load.

Inasimilarway, the holesin the P region are pushed away
by the +ve battery terminal, cross over the junction, pass
through the N region and get attracted by the -ve terminal
of the battery. This results in  hole current through the
diode, and, hence, through the Load.
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Thus currentflows through the diode when the forward bias
potential is higher than the barrier potential. This current
flow through the diode is because of both electrons and
holes. The total currentin the circuit is the sum of the hole
currentand the electron current. Hence, diodes are called
bipolar devices in which both hole current and electron
current flows.

From the graph at Fig 11b, it can be seen that, once the
forward voltage goes above 0.6V the diode starts conducting,
resulting in considerable current through the circuit. This
voltage level across the diode is referred to as cut-in or
knee or threshold voltage.

Fig 11 FORWARD BIASED
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If the applied forward voltage is further increased beyond
the cut-involtage, the depletion layer further narrows down
allowing more and more current to flow through the diode.
It can be seen from the graph at Fig 11b, that beyond the
cut-involtage, the currentincreases sharply for very small
voltage increase across the diode. Inthis region, above the
cut-in voltage, the forward biased diode behaves almost

like a closed switch. The only limiting factor for the current
atthis stage is the maximum currentthe diode can handle
without getting burnt or the junction getting punctured
permanently. This currentlimitis givenin diode data books
as maximum forward current, |

7 “fmax.

Behaviour of diode when reverse biased

When an external DC voltage is connected across the
diode with the polarity as shownin Fig 12, the diode is said
to be reverse biased.

Fig 12 REVERSE BIASED
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Inthis condition, when the battery voltage isincreased from
Otoseveraltens ofvolts, the polarity of the applied voltage
instead of canceling the barrier potential, aids the barrier
potential. This, instead of narrowing the depletion layer,
widens the depletion layer. The widening of the depletion
layerresultsin, notallowing the current to flow through the
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junction, and, hence, the load. In other words, the polarity
of the applied voltage is such that the holes and electrons
are pulled away from the junction resulting in a widened
depletion region.

Referring tothe graph shownin Fig 12b, it can be seen that
there is no current even when the voltage V_ across the
diode is several tens of volts.

Itthe applied reverse voltage is kept on increased, say to
hundred volts (this depends from diode to diode), at one
stage the applied voltage V across the junctionis solarge
that it punctures the junction damaging the diode. This
results in shorting of the diode. This short results in
uncontrolled heavy current flow through the diode as shown
ingraph atFig 12b. This voltage at which the diode breaks
down is referred to as reverse break-down or avalanche
breakdown.

The maximum reverse voltage that a diode can withstand
varies fromdiodetodiode. Thisreverse voltage withstanding
capability of a diode is referred to as the peak-inverse-
voltage or PIV of the diode. This value for diodesis givenin
the diode data manual. The PIV of diodes varies from a
minimum of 50 volts in small signal diodes to several
thousands of volts in high power diodes.

Minority current in Diodes

When aPNjunctionis reverse biased, due totheincreased
width ofthe depletion layer, there can be no currentthrough
the diode. But, in practice there will be a small current of
the order of a few nano-amperes or a few micro-amperes
through the diode as shown in Fig 13.
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The reason for this small current is due to the creation of
a very limited number of free electrons and holes on both
sides ofthe junction due to thermal energy. Semiconductors
are highly sensitive to temperature. Even atemperature of
25°Cis sufficientto create a small number of electrons and
holes resulting in a current of the order of a few nano-
amperes. These current carriers created are referred to as
minority current carriers. This current, due to minority
current carriers, which flows through the diode when
reverse biased, is known as reverse current or leakage
currentor saturation current, i. Based on experiments, for
all silicon diodes, this reverse current doubles for each
10°Criseintemperature. Forexample, if itis 5SnAat25°C,
it will be approximately 10nA at 35°C and so on.

Effect of temperature on barrier voltage

It is known that semiconductors are highly sensitive to
temperature. Since the functioning of a diode is basically
due to the unique property of its junction and its barrier
voltage, the barrier voltage also depends on the junction
temperature. Ifthe temperature of the junctionisincreased
beyond a limit (25°C), electrons are produced due to
thermal agitation in the semi-conductor crystal structure.
These electrons, having sufficientenergy, driftacross the
junction. This decreases the barrier voltage. It is
experimentally found thatthe barrier voltage decreases by
2 mV/°C increase in temperature. This reduced barrier
voltage allows more current through the junction. More
current heats up the junction further, reducing the barrier
voltage further. If this cumulative effect continues, the
junction will get damaged making the junction no more
useful. Therefore, diodes should notbe allowed togoabove
a specified temperature. This maximum limit a diode
junction can withstand safely is given in the diode manual
as junction temperature, T,

jmax

Diode specification
Introduction

Semiconductor diodes are used for various applications.
Some of the major areas of application are listed below.

* Modulation and demodulation in communication
receivers.

» Switching high speed and digital circuits.

« Low power and high power rectification.

» As surge protectors in EM relay and other circuits.
» Forclipping, clamping wave-forms.

Fordifferentapplications, diodes of different current carrying
capacity, different PIV capacity and so on are required.
Therefore, manufacturers of diodes make diodes to cater to
varied applications with different specifications. Before
using adiode for a particular application, itisamusttofind
out whether the voltage, current, and temperature
characteristics of the given diode match the requirementor
not.

Important specifications of a diodes

* Thematerial the diode is made-of: This could be Silicon
or Germaniumor Selenium orany other semiconductor
materials. This is important because the cut-in voltage
depends upon the material the diode is made-of. For
example, in Ge diodes the cut-in voltage is around 0.3
V, whereas in Si diodes the cut-in voltage is around
0.7V.

+ Maximum safe reverse voltage denotedas V_orV that
can be applied across the diode. Thisis also known as
peak-inverse-voltage or PIV. Ifahigherreverse voltage
than the rated PIV is applied across the diode, it will
become defective permanently.

* Maximum average forward current, |_or | that a diode
can allow to flow through it without getting damaged.
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 Forward voltage drop, V_or V that appears across the
diode when the maximum average current, |_ flows
through it continuously.

+ Maximum reverse current, | that flows through the
diode when the Maximum reverse voltage, PIV is
applied.

* Maximum forward surge current, | _.that can flow through
the diode for a defined short period of time.

» Themaximumjunctiontemperaturein degree centigrade
the diode junction can withstand without malfunctioning
orgettingdamaged.

» Suggested application indicates application for which
the diode is designed and produced.

The above listed specifications go with all rectifier diodes.
As all these specifications cannot be printed on the
physically small size diodes, the diodes are printed with a
type numberinstead. When this type numberis referred to
in the manufacturer’'s manual, the detailed specifications
for a particular type number of the diode can be obtained.

There are hundreds and thousands of diode manufacturers
all over the world. To bring standardization for the diodes
and other components manufactured by different
manufacturers, the manufacturers and standards
associations have set certain international standards for
the benefit of users of the components. The principal
industry standard numbering systems are dealt with here:

a The JEDEC type code

The EIA in USA maintains a register of 1N, 2N types
familiarly known as Jedec types, which have world wide
acceptance.

1Nis used as a prefix for semiconductors with one junction.
For example all 1N components refer to diodes because
diodes haveonejunction. Prefix 2N is used with components
having twojunctions.

b The PRO-ELECTRON type code.

The Association International Pro-electron in Europe
maintains a register of Pro-electron types which have wide
acceptance in Europe.

Components in the Pro-electron system have,

i two letter and numeral code for consumer devices
(Example, BY127 and so on).

i three letter and numeral code for industrial devices.
(Example, ACY17 and so on).

The first letter in the pro-electron type code indicates the
type of semiconductor material used in making the device.
Example, device numbers starting with A are made of
germanium.

The second and third letter indicate the applications of the
component. Example, inthe type code BY 127, the second
letter Y indicates that it is a rectifier diode.

The numeral after the second or third letter is the code
number of its detailed voltage, current and temperature
specifications.

c The JIS type code

InJapan, the JIS, (Japanese Industrial Standards) code is
used. This system of component numbering is almost
universal. Inthis system, all component numbers start with
28S, followed by a letter and several numbers. Example.
2SB364. The letters afterthe S has the following significance:

A =pnp hf

B=pnplf
C =npn hf
D=npnlf

Some components will have type numbers which does not
match with any of the above said international standards.
Then, these type numbers are particular to the individual
manufacturers. These codes are generally referred to as
manufacturer’s house code. However, these type numbers
may conform to one or more of the international standards.
Almost all standard diode data books lists popular
manufacturers house codes.

Diode equivalents

There are several occasions, especially while servicing
electronic circuits, it may not be possible to get a
replacementforadiode of a particular type number. In such
cases one can obtain a diode having specification closest
to the one to be replaced. Such diodes are referred to as
equivalents.

Example: In a circuit, diode 1N 4007 is found to be
defective. If IN4007 is notavailable in stock, then, instead
of 1N4007, BY127 can be used because BY127 is the
equivalentfor 1N4007.

Classification of Transformers

1 Classification based on the type of Core Material
used

Transformers can be classified according to the type of
material used for the core as;

a Air core transformers : As shown in Fig 14, air core
transformers consists of a hollow non magnetic 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 usedin high frequency applications because
these willhave no iron-loss as there is no magnetic core
material.

Iron-loss is a type of transformer loss due to core
material. Transformerlosses are discussed in detail in
furtherlessons.

b Iron core transformers: Fig 15 shows a laminated
iron-core transformer. These transformers have stacked
laminated sheets of silicon steel overwhich the windings
arewound. Thisis the most common type of transformer
used with mains power supply(240V,50Hz). In these
transformers, since the core is amagnetic material and
due to the shape of the core, the value of k is almost
equal to 1.
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¢ Ferrite core transformers: These transformers have
Ferrite material as its core. In most cases, the primary
and secondary windings are wound on a hollow plastic
core and the ferrite material is then inserted into the
hollow core. These transformers are used in high
frequency to very high frequency applications as they
have the advantage of introducing minimum losses. In
these transformer, the position of core can be changed,
thus changing the value of M.

2 Classification based on the shape of core and
relative position of primary and secondary
windings:

a Coretypetransformers: In Coretype oftransformer,
the primary and secondary windings are on two separate
sections/limb of core. Core type transformers are less
frequently used as their efficiency is low because the
magnetic flux spreads out reducing the number of
useful flux lines.

b Shelltype transformers: In this type, both the primary
and the secondary windings are wound on the same
section/limb of the core. As the portion of the core
surrounds the two windings, almost all the flux is
confined to the core of the transformer. Shell type
transformers have a higher efficiency as compared to
core type transformers. These are widely used as
voltage and power transformers.

¢ Ringtypetransformers: Inthis, the core is made up of
circular or semicircular laminations. These are stacked
and clamped together to form a ring. The primary and
secondary windings are then wound on the ring. The
disadvantage of this type of construction is the difficulty
involved in winding the primary and secondary coils. Ring
type transformers are generally used as instrument
transformers formeasurementofhigh voltage and current.

3 Classification based on the Transformation ratio:

a Step-up Transformers: Transformers in which, the
induced secondary voltage is higher than the source
voltage given atprimary are called step-up transformers.

b Step-down Transformers: Transformersinwhich, the
induced secondary voltage is lower than the 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
source voltage given at primary are called one-to-one or
isolationtransformers. Inthese transformers the number
ofturns in the secondary will be equal to the number of
turns in the primary making the turns ratio equal to 1.

3 Auto-transformers:

Auto-transformer as shownin Fig 16 is a special variety of
transformers which have only a single winding. Because of
single winding, there is no isolation between primary and
secondary side. Auto-transformers are used whenisolation
between input and output is not important. Auto-
transformers can be used for variable voltage operation by
using a sliding contact like a potentiometer. But, it is
important to note that an auto-transformer does not
function as a simple voltage divider.

Fig 21
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Auto-transformers are smaller in size and uses less iron
than a conventional two winding transformer of the same
rating.

Auto-transformers used for variable voltage operation are
referred to the trade name of VARIAC.

As shown in Fig 15, auto-transformers has a step-up
section (shown in dotted lines) which enables the
transformerto develop a variable voltage outputfrom 0 to
270V from a 240V input AC supply.

Auto-transformers are mostly used in laboratories for
conducting experiments.

6 Single phase and three phase transformers:

Transformers are designed for use with single phase AC
mains supply. Hence these transformers willhave asingle
primary winding. Such transformers are known as single
phase transformers. Transformers are also available for 3
phase AC mains supply. These are known as poly-phase
transformers. In a 3-phase transformer, there will be three
primary windings. Three phase transformers are used in
electrical distribution and for industrial applications.
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Phase relationship between primary and secondary
With Open secondary winding

Forease of understanding the phase relation ship between
voltages and currents in primary and secondary of a
transformer, consider a transformer having an open sec-
ondary. Referring to Fig 17, with open secondary, the
primary winding works similar to that of an inductor.

This means that,
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e The primary current lags behind the applied volt-
age V, by 90°.

* FromLenzs’lawthe back-emfproducedinthe primary,
which opposes the cause, therefore lags behind the
primary current by 90°.

The voltage induced in secondary is maximum when
the primary back-emf is maximum. That means,

» Thesecondary voltage lags behind the primary current
by 90 degrees and hence the secondary voltage(V )
is 180° out of phase with the primary voltage.

Fig 18
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With loaded secondary

Whenaloadis connected tothe secondary of atransformer,
current flows in the secondary. As in any inductance,

e the current through the secondary winding lags
behind the secondary voltage that producesitby 90
degrees.

Since the secondary voltage lags behind the primary
current by 90°, and since the secondary current lags
behind the secondary voltage by 90°,

¢ the secondary current is 180° out of phase with
primary current.

As the secondary current changes, it generates its own
magnetic field, whose flux lines oppose those of the
magneticfield created by the primary current. Thisreduces
the strength of the primary magneticfield. As aresult, less
back-emfis generated in the primary. With less back-emf
tooppose the applied voltage, the primary currentincreases.
The amount of increase in primary current is directly
proportional to the amountofincrease in secondary current.
Thus, when secondary current in a transformer
increases, the primary current automatically also
increases. And when secondary current decreases, the
primary current also decreases.

Applying rated primary voltage, if the secondary of a
transformer is shorted, excessive current will flow in the
primary as well as inthe secondary. This excessive current
will not only burn out the transformer, but there is a
possibility that the source supplying power to the primary
would also be damaged.

The power in a DC circuit can be calculated by using the
formula.

e P =E x| watts.
« P =E?R watts.

The use of the above formulae in AC circuits will give true
power onlyifthe circuit contains pure resistance. Note that
the effect of reactance is present in AC circuits.

Power in AC circuit: There are three types of power in AC
circuits.

» Active power (True power)
* Reactive power
* Apparentpower

Active power (true power): The calculation of active power
in an AC circuit differs from that in a direct current circuit.
The active power to be measured is the product of
V x1x Cos 6 where Cos6 is the power factor (cosine of the
phase angle between currentand voltage). Thisindicates
thatwith aload which is not purely resistive and where the
current and voltage are not in phase, only that part of the
current which is in phase with the voltage will produce
power. This can be measured with a wattmeter.

Reactive power: With the reactive power (wattless power)
Pq =VxIxSino
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only that part of the current which is 90° out of phase (90°
phase shift) with the voltage is used in this case.
Capacitors and inductors, on the other hand, alternatively
store energy and return it to the source. Such transferred
power is called reactive power measured in volt/ampere
reactive orvars. Unlike true power, reactive power can do
no useful work.

Apparent power: The apparent power, P, =V x |.

The measurement can be made in the same way as for
direct current with a voltmeter and ammeter.

Itis simply the product of the total applied voltage and the
total circuit current and until it is volt-ampere (VA).

The powertriangle: A powertriangle identifies three different
types of power in AC circuits.

* True power in watts (P)
* Reactive powerinvars (P )
+ Apparentpower VA (P,)

The relationship among the three types of power can be
obtained by refferring to the power triangle. (Fig 10)

Therefore

P2=P+ Pq2 Volt- amperes (VA)

where 'P_'is the apparent power in volt-ampere (VA)
'P' is the true power in watts (W)

Pq is the reative power in volt-amperes reactive.
(VAR)

Power factor : The ratio of the true power delivered to an
AC circuitcompared to the apparent power that the source
must supply is called the power factor of the load. If we
examine any power triangle (Fig 19), the ratio of the true
power to the apparent power is the cosine of the angle q.

P
PowerFactor =V x —=Cos8
Pa
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Fromthe equation, you can observe thatthe three powers
arerelated and can be representedinarightangled power
triangle, from which the power factor can be obtained as the
ratio of true power to apparent power. Forinductive loads,
the power factor is called lagging to distinguish it from the
leading power factor in a capactive load.

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 require a magnet current
than a unity power factor circuit.

Efficiency of transformers

In practice, ideal transformers cannot be made. This is
because some amount of power is always wasted in
transferring the power from primary to secondary. Hence,
the power consumed in primary will always be higher than
that available in secondary. This difference in the power
between primary and secondary is lost or wasted as a
result of transformer losses.

Transformers can be designed and made so that the
transformerlosses are minimum. The degree to which any
transformer approaches the ideal condition is called the
efficiency ofthe transformer. Efficiency of atransformeris
generally expressed in percentage as,

Output power
put p i

100
Input power

Efficiency n (in %) =

Lossesin Transformers

Thelossesinthe transformer convert some of the electrical
energy into heatenergy. As athumb rule, if a transformer
is heating-up while in operation, the losses in the
transformeris high.

Most common types of transformer losses which always
exist with almost alliron-core transformers are explained
below;

1 Copperlosses

Transformer windings are made of many turns of copper
wire. Copper wire although a very good conductor, stillhas
some resistance. The value of this resistance depends
upon the type of material and the length of wire. As the
number of turns in windings increase, the longer is the
length of wire, and greater will be the resistance. When
primary and secondary currents flow through the windings,
due to the ohmicresistance of the windings, power(I?R)is
dissipated in the form of heat.

These IR losses are called Copperlosses. Copperlosses
increase if the currents through primary and secondary
increases. Total copper loss in a transformer is equal to;

=12 2
Copper loss = Ip ot |2r,

Copperlosses can be minimised by using a thicker gauge
copper wire, but this increases the size, weight and cost
ofthe transformer.

2 Corelossesorlronlosses

Core/lron losses in transformer are due to two different
types of losses namely;

i Hysteresis loss
i Eddy current loss
i Hysteresisloss

The magneticfieldinthe iron-core ofatransformerundergoes
a complete reversal 50 times each second for a mains-
supply frequency of 50Hz. Every time the polarity of the
supply reverses, the molecules of iron with its N-S poles
change its direction, such that the direction of magnetic
fieldreverses.
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Energy has to be supplied to the molecules of the iron core
to make them catch-up with the new direction of magnetic
field. This turning around of molecules, or reversing the
magnetism of iron core, consumes energy in the form of
heat. This loss of energy, appearing in the form of heat, is
proportional to the area of the B-H curve or Hysteresis loop
of the core material as shown in Fig 20.

This loss of energy in the primary of the transformer in
reversing the magnetism ofthe iron coreis called hysteresis
loss of the transformer.

Fig 20

AREA = HYSTERESIS LOSS

HYSTERESIS LOSS

ION15501K

It should be noted that air core transformer will not have
hysteresis loss as air core transformers do not use
magnetic core material.

ii Eddycurrentloss

Iniron-core transformers, the core materialis aconducting
material. So, the changing magnetic field of transformer
induces a voltage in the core. This induced voltage in the
core cause small current to circulate within the core. This
currentis called eddy current.

The induced eddy current is large if the resistance of the
core materialis small. Due to this circulating eddy currents
and the resistance of the core material, powerloss occurs
in the form of heat as shown in Fig 21.

Inaddition, the induced eddy currents set-up an opposing
flux(@,)inthe core as shownin Fig 21. This results inmore
primary current trying to maintain the magnetic field in the
core. Thisfurtherincreases the eddy currentand hence the
losses due to it.

Fig 21
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This loss of power in a transformer due to eddy current in
the transformer core is referred to as eddy current loss.

Eddy currentlossin atransformer core can be reduced by
making the core, into thin flat sections. These thin flat
sections are called laminations.

Since these laminations have very small cross-sectional
areas, the resistance offered to the setting up eddy current
is greatly increased and hence the loss due to it is also
reduced.

Suchlaminations, are stacked together. These laminations
are insulated from each other by means of an insulation
coating, generally shellac. Due to the insulation between
laminations, the eddy currents can only flow in individual
laminations. Hence the overall eddy current loss of the
transformer is greatly reduced.

The powerloss due to eddy currentsis directly proportional
to,

a thefrequency of current.
b the magnitude of current.

Ifiron-core transformers are used at high frequencies, the
eddy current losses become high. Hence iron-core
transformers are not preferredin high frequency applications.

Itshould be noted that air core transformerwill nothave any
eddy currentloss as they do not have core materialin which
the eddy current can flow.

Otherlossesintransformers

In addition to copperlosses and iron losses, transformers
have two more types of losses. They are:

1 Loss due to flux leakage
2 Core saturation loss
Loss due to flux leakage

All the flux lines produced by the primary and secondary
windings does nottravel through the iron core. Some of the
magnetic lines leak from the windings and go out into
space. These leaked magnetic lines cannot do useful
work. This leakage of the flux lines represents wasted
energy, reducing the efficiency of the transformer.

Loss due to core saturation

When the current in the primary winding of an iron-core
transformer increases, the flux lines generated follow a
path through the core to the secondary winding, and back
through the core to the primary winding, As the primary
currentfirst begins to increase, the number of flux lines in
the coreincreases rapidly. Additional increasesin primary
current will produce only a few additional flux lines less
thanwhatitshould have produced. The coreis then said to
be saturated. Any furtherincrease in primary current after
core saturation, results in wasted power.

Summing the differenttypes of losses in a transformer, the
total loss is given by,

Total transformer loss = Copperlosses(primary +
secondary) + Iron losses
(Hysteresis + eddy current) +
Flux leakage loss + Core satu-
ration loss.
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Compared with the other two losses, the flux leakage loss
andthe core saturation loss are negligible. Also these two
losses can be greatly reduced by good transformer design
and safe current level operation. Hence, the total losses
that occur in a transformer can be found after knowing its
copper losses and iron losses.

Measuring transformerlosses

To determine losses in a transformer, its turns ratio and
efficiency, two simple tests are conducted. These tests
are, the no-load test and the full-load test.

No-load test or open circuit test (O-C test)

Fig 22 shows the circuit arrangement for O-C test on a
transformer.

Fig 22

VOLTAGE

ION15501M

OPEN - CIRCUIT TEST ON A TRANSFORMER

The AC input voltage (V) is set ata rated primary voltage.
Theinputpower (P )is measured by the wattmeter (W). The
input current (Ip) is measured by ammeter.

The open-circuit secondary voltage (V) is measured by
voltmeter.

Since the secondary is open there is no currentin second-
ary.

As the transformer secondary is open-circuited(l =0), the
primary current (I ) is very small. Since | |is very small, the
voltage drops across the ammeter and wattmeter can be
neglected. Sotheinputvoltage (V,) can be taken as primary
voltage (V). Therefore, the ratio of the two voltmeter
readings gives turns ratio of the transformer.

H NP VP
Turns ratio of transformer = N— = 7 .

S S

Theinputpower (P ) measured by the wattmeter (W) gives
the total transformer core losses because with very small
primary current and zero secondary current the copper
losses in the windings are negligible and hence can be

taken as zero.
Total losses in a transformer = Copper loss + Iron loss

=0 + Iron loss

With copperloss being zero, the input power measured on
the wattmeter(W)is the total transformer Core loss or Iron
loss (W,).

Full load test or short circuit test (S-C test)

Fig 23 shows the circuitarrangementfor S-C testonagiven
transformer.

Fig 23 NORMAL FULL LOAD
INPUT CURRENT

(=)
N
\AAAS
YV
SHORT CIRCUIT

SHORT - CIRCUIT TEST ON A TRANSFORMER
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With the secondary terminals shorted, the input voltage
(V) is increased slowly from zero till the ammeter in the
primary circuitindicates rated full-load primary current, Ip.
When this occurs, the rated full load secondary current |_
will be circulating in the secondary winding.

Because the secondary terminals are shorted, the voltage
required at primary,Vp to produce full-load primary and
secondary current is just around 3% of the rated input
voltage (V).

In this condition, the wattmeter measuring input power (P,)
indicates the full-load copper losses for the reasons given
below;

+  Withalowlevel ofinputvoltage (3% of rated), core flux
is minimum. Hence the core losses are so small that
they can be neglected and taken as zero.

» Since the winding, both primary and secondary are
carrying rated full-load currents, the input is supplying
the rated full-load copper losses only.

Total losses = Copper loss + Iron loss
Total losses = Copper loss + 0 + Iron loss

With Iron loss being zero, the input power measured(W )
on the wattmeter is the total transformer copper loss at
rated full-load current.

Using the results of the SC test, the phase angle difference
(o) between the currentand the voltage can be determined
asgiven below;

True power

Power factor,cos6 =
Apparentpower
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Construction, working of a PNP and NPN transistors, purpose of E, B & C

terminals

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

» perform construction, working of PNP and NPN transistors

* state the purpose of E,B & C terminals.

INTRODUCTION-TRANSISTORS

Transistors are the semiconductor devices having three or
fourleads/terminals. Fig 1a shows some typical transistors.
Fig 1b shows the symbols used for different types of
transistors.

Fig 1
TO-05 TO-05 TO-03

(a)

SOT-25

(BOTTOM) (BOTTOM)
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SYMBOLS
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B
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Transistors are mainly used for enlarging or amplifying
small electric/electronic signals as shown in Fig 2. The
circuit which uses transistors for amplifying is known as a
transistor amplifier.

One otherimportant application of transistors is its use as
a solid state switch. A solid state switch is nothing but a
switch which does not involve any physical ON/OFF
contacts for switching.

Fig 2
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Transistors can be thought of as two PN junction diodes
connected back to back as shown in Fig 3.

Fig 3
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Before the transistors were invented (1947), there was what
were known as vacuum tubes which were used inamplifiers.
A typical vacuum tube is shown in Fig 4a.

Compared with the present day transistors the vacuum
tubes were bigin size , consumed more power, generated
lotof unwanted heatand were fragile. Hence vacuum tubes
became absolute as soon as transistors came to market.

Transistors were invented by Walter H. Brazil and John
Barlow of Bell Telephone Laboratories on 23rd Dec. 1947.
Compared to vacuum tubes (also known as valves),
transistors have several advantages. Some important
advantages are listed below;

* Very small in size (see Fig 4b)

« Lightin weight

¢ Minimum or no power loss in the form of heat
» Lowoperatingvoltage

* Rugged in construction.

Fig 4
(a)

(b) TO-92

I

TRANSISTOR

VACUUM TUBE
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Tosatisfy the requirements of different applications, several
types of transistors in different types of packaging are
available. Asindiodes, depending upon the characteristics,
transistors are given a type number such as BC 107, 2N
6004 etc., The characteristics data corresponding tothese
type numbers are given in Transistor data books.

Classification of Transistors

* Based on the semiconductor used.
- Germaniumtransistors
- Silicon transistors

Like in diodes, transistors can be made, using any one of
the above two important semiconductors. However, most
of the transistors are made using silicon. This is because,
silicon transistors work better over a wide temperature
range (higher thermal stability) compared to germanium
transistors.

Transistor data books give information about the
semiconductor used in any particular transistor.

e Based on the way the P and N junctions are
organized as shown in Fig 5.

- NPN transistors
- PNP transistors

Both NPN and PNP transistors are equally useful in
electroniccircuits. However, NPN transistors are preferred
for the reason that NPN has higher switching speed
compared to PNP.

Details of switching speed is discussed in further lessons.

¢ Basedonthe powerhandling capacity oftransistors
as shown in Table below (Fig 6).

Low power | Medium power High power

transistors transistors transistors

(less than (2 to 10 watts) (morethan

2 watts) 10 watts)
TO-92 TO-05 TO-03

&

Fig 5 COLLECTOR(C) COLLECTOR
(a)
B - C JUNCTION
c
N
BASE &— P B
N
E
B - E JUNCTION
NPN
EMITTER(E)

COLLECTOR(C)

=]
B
T {>
P E

EMITTER(E)
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Whether a transistoris PNP or NPN can be found with the
help of transistor data book.

Low power transistors, also known as small signal
amplifiers, are generally used at the first stage of
amplification in which the strength of the signal to be
amplified is low. For example, to amplify signals from a
microphone, tape head, transducers etc.,

Medium power and high power transistors, also known as
large signal amplifiers are used for achieving medium to
high power amplification. Forexample, signals to be given
to loudspeakers etc. High power transistors are usually
mounted on metal chassis or on a physically large piece
of metal known as heat sink. The function of heat sinkis to,
take away the heat from the transistor and pass it to air.

Transistor data books give information about the power
handling capacity of different transistor.

* Based on the frequency of application

- Low freq. transistors (Audio frequency or A/F
transistors)

- High freq. transistor (Radio frequency or R/F
transistors)

Amplification required for signals of low or audio range of
frequenciesin Taperecorders, PA systemsetc., make use
of A/F transistors. Amplifications required for signals of
high and very high frequencies as, in radio receivers,
television receivers etc., use R/F transistors.

* Based on the manufacturing method
- Grownjunction
- Alloy junction
- Planartype
- Point contact
- Epitoxial
- Mesa

The aim of each manufacturing processistoyield transistors
most suitable for a particular type of application.

Transistor data books generally do not give information
about the adopted manufacturing process of transistor.
However, the relevant details can be obtained from the
transistormanufacturer.

152 IT & ITES : loT Technician (Smart Healthcare) : (NSQF Revised 2022) - R.T. for Exercise 1.5.41 - 46



* Based on the type of final packaging
- Metal
- Plastic
- Ceramic

Metal packaged transistors are generally used in medium
and high poweramplifications. Plastic packaging is generally
used for low power amplification. Some plastic packages
come with a metal heat sink. Such transistors are used for
medium power amplification. Ceramic packaging is used
for special purpose very high frequency applications, for
higher temperature stability etc.,

Some examples of packaging type codes used with
transistors are, TO-3, TO-92, SOT-25 and so on.

Transistor data books give information about the type of
packaging and its case outline.

Inside atransistor

Inside a transistorthere are two PN junctions connected to
each other as shown in Fig 3 and Fig 5. Outside a
transistor, one can see only three leads. These leads are
known as base, emitter and collector as shownin Fig 5.
As shown in Fig 5, the three leads/pins/pigtails called
base, emitter and collector are taken fromeach of doped
semiconductor material.

Insimpleterms, as showninFig 7, the function of the base,
emitter and collector regions of a transistor are,
Emitter - emitscurrentcarriers(electrons/holes)
Collector - collects current carriers

- controls flow of current carriers from emitter to
collector.

Base

EMITTER

l

Fig 7 EMITTER

d

BASE
CURRENT

BASE

u COLLECTOR

COLLECTOR
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While connecting a transistor to a circuit, it is necessary
to identify the base, the emitter and the collector pins. A
Transistor data book gives information on pin identification
oftransistors. However, itis convenientto put sleeve wires
over the transistor pins for the following reasons;

- foreasy identification while wiring
- sleevesactas spacers while mounting and soldering

- they ensure the required minimum lead distance
from the solder joint to the transistor body.

Following colour scheme is suggested for putting sleeves
totransistor pins although, any convenient colour scheme
may be adopted.

Base pin - Bluecoloursleeve
Emitter pin - Redcoloursleeve
Collectorpin - Yellowcoloursleeve
Shieldpin - Black coloursleeve

Transistor applications as switch and CE amplifier

Objectives: At the end of this lesson you shall be able to
* explain the function of the transistor
» explain the operation of a transistor as a switch

* describes the operation of a transistor switching circuit

* state the application of transistor switch.

The function of a transistor at cut-off condition: the
transistoris operation at cut-off condition when the emitter
and collector junction are both reverse biased

Consider the circuit in Fig 1
V =V A(R) (1)
Since | =0and | =0V_=V_

The transistoris said to be cut off for the simple reason that
itdoes notconductany currentasin Fig 1a.this corresponds
toaswitchinan open state, therefore a transistor at cut off
is said to be open state.

The function of a transistor at a saturation condition:
The transistor is operated at a saturated condition when
both the emitter and collector are in forward bias.

Fig 1

+Vee

Veg =V, _
ce =Vce Vo0

a) TRANSISTOR AT CUT OFF
CONDITION

b) TRANSISTOR AT
SATURATED CONDITION
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In Fig 1b if the value of R and R are such thatV__ tends to
zero, then the transistor is said to be saturates. Putting
V_=0inthe eqn (1) we get,

V_=0=V_-IRorl=V_-R

cc ¢ |

The operation of a transistor as a switch: The switch
actionfor Q, in Fig 2 illustrated how the output current can
be conducted at the input .note the following importance
operating characteristics.

+ transistor is normally off without output current unless
forward voltage is applied in the base emitter circuit.

+ theforward voltage controlling the base current mines
the amount of output current.

In Fig 2 the control circuit of the input determines the base
current determines the amount of output current.

In Fig 2 the control circuit of the input determines the base
current. For the power circuit the output is the collector
current. An NPN transistor is used for Q,.the emitter is
common to both (a) the current circuit at the input and (b)
the power output circuit

The base emitter junction of Q in Fig 2 can be forwards
biased by the battery B,.Switch S, must be closed apply
the forward voltage. reverse polarity means that the N
collector is more positive than base, with switch S, open
,no current flow in base emitter .The reason is that the
forward voltage is notapplied .therefore the resistance of the
emittertothe collector ofthe transistoris very high. No current
flows in the power circuit and the lamp does not glow.

,@\LAMP

o o

Fig 2

", Q, ( COLLECTOR
N
——— BASE /7 b POWER CIRCUIT |+

L 7 =
N N By = ov
\, EMITTER T
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CIRCUIT
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|
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Next assume that switch that S, is closed this cause a
small change in current flow in the control circuit .R is the
currentlimiting resistor for the base current. Therefore the
resistance from the emitter from the collector for the
transistor drops. Consequently a large current flow in the
power circuit causing the lamp to glow.

Operation of transistor switching circuit: The schematic
circuit in the Fig 3 shows the measured voltage and
collector current Ic in the ‘transistor OFF' condition. Note
thatonly atiny leakage current of 1micro amp flow fromthe
emitterto collector. Theresistance from E to Cis calculated
as

R=V/I=9V/0.000001A=9M Q

The transistor has a resistance of 9 mega ohms, which is
like the open or off condition of a switch.

Fig 3
1pA R,
r—» —2
LI
100kQ
C
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The fig 4 shows the measured voltage and currentin the
‘transistor ON condition. First, the voltage from the emitter
to the base has been increased by adjusting B1,The
forward —biased voltage of 0.86V at the emitter-base
junction of the transistor cause the resistance of the
transistor from E to C drop this resistance from E to C is
calculated as,

R=V/I1=0.4V/0.085A=4.7 ohms

The transistor in Fig 4 is said to be at saturation, when it
has reached its maximum collector current. when used as
switch, the transistor is divided into cut off and saturation
by the base current varied by the emitter —base voltage.

Fig 4

A
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Transistor switching time: Now let pay attention to the
behavior of the transistor as a transistor from one state to
the other. consider the transistor circuit shown in Fig5b.this
wave form makes transistor between the voltage level V,
andV, atV, the transistor is at cut offand at V., is applied
between the base and the emitter through a resistor R,
which may be included explicitly in the circuit or may
represent the outputimpedance of the source furnishing
thewave form.

Inthe fig the currentdoes notimmediately responds to the
inputsignal. Instead there is a delay and the time escaped
during this delay,

toffztd-'-tr

Whentheinputsignalis atstate t=T the currentagainfalls
to the responds. Immediately,

toff:ts+tf

The application of transistor as a switch:

The transistor switch is used as

+ as an electronic on off switch

+ inthe mono stable and bi-stable multi vibrators.

* Incounter and pulse generator circuit
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* inclipping and clamping circuit

* as a sweep starting switch in the cathode ray
oscilloscopic equipments

» asarelay, butunlike the machanical relay the transistor
has no moving mechanical parts.

Fig 5
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c) RELATIONSHIP BETWEEN I INPUT WAVE FORM AND t

Transistor relay switch: Transistor driven relay electronic
switch circuit shown in Fig 6. This type of circuits are
mostly used in electronic circuits to drive high currentand
voltage circuits by using a small input voltage or current.

Circuit in Fig 5 is same as transistor switch. In this relay
will be the load for transistor. Transistor will ON-OFF relay
by operating base current and relay will be operated high
by current or voltage load.

When is connected to small current (in Fig 6 switch
connected to Vcc through current limitting resistor Rs. ),
transistor will go in saturation, so transistor will act as
close switch so, currentflows throughrelay. Due to current
flowingin Relay. Relay will be magnetised and N/O contact
will close. So, bulb load connected to the AC supply will
ON.

Fig 6

LOAD

Q1 ACSUPPLY

TRANSISTOR RELAY SWITCH

|
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When in put switch is OPEN, there is no current flowing
to base of transistor. Transistor will goes in cut off, so
transistor willactas OPEN switch *** current how through
relay. Relay will notbe energized and N/O contactremains
open. So, bulb load is not getting current, it will not glow.

Gain and impedance of common emitter amplifier

Objectives: At the end of this lesson you shall be able to
* state the meaning and method of finding voltage gain

 state the meaning and method of finding input impedance
* state the meaning and method of finding output impedance

 state the meaning and method of finding power gain

 state the phase relationship between input and output in a CE amplifier.

After a transistor is biased with the Q point near the
middle of the DC load line, the transistor can be made to
amplify AC and DC signals as shown in Fig 1a. When we
use atransistor to amplify a small AC signal, the small AC
signal to be amplified is coupled to the base of the
transistor using a capacitor. A capacitor is used for AC
coupling because as discussed in earlier lessons
capacitors behave as short for AC signal and openfor DC
signal. The varying amplitude and frequency of the coupled
AC signal produces greater value variations in the collector
current of the same shape and frequency as shown in
Fig 1b.

As shown in Fig 1a, if the input is a 1 kHz sine wave, the
outputwillbe an enlarged 1 kHz sine wave. The small sine

wave given atthe base of the transistor produces variations
in the base current. Hence, the collector current is an
amplified sine wave ofthe same frequency. The sinusoidal
collector current flows through the collector resistor and
produces an amplified sine wave output. Such amplifiers
which retain the shape of the input signal at the output are
called linearamplifiers.

Fig 1b, shows the DC load line, the Q point and AC input
and output signals. This is generally referred to as the AC
load line. As can be seenfrom Fig 1b, the AC input voltage
produces variations in the base current. This results in
sinusoidal variations about the Q point. Variations in Q
point are nothing but the variations in the collector current
resulting amplified form of the input signal.
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Forsmallinputsignallevels, generally referred to as small
signal operation, the peak to peak swing in the collector
current should be less than the £10% of the collector
current at Q point to keep the distortion in the amplified
output with in acceptable limits.

Forlarge inputsignal levels, generally referredto as large-
signal operation, the peak to peak swing in the collector
current will be larger(more than 10%). If the swing is very
large, the transistor may go into saturation and cut off. This
swing into saturation and cut off will clip the positive and
negative peaks of the output signal. This clipping is nothing
but distortion, meaning, the output will not be an exact
replicate of the input signal.

AC Current Gain A, of a CE amplifier

The AC current gain of a CE amplifier shownin Fig 1isthe
ratio ofthe AC component of the collector currenti , tothe
AC base current i, .

AZIL
i
b

Small letter i is used to represent AC current
whose value keeps changing with time.

Itis to be noted thatin mostlinear CE amplifier circuits the
current gain A, is almost equal to b, of the transistor.
Therefore the following approximation can be used for A..

A aB

In the amplifier at Fig 1, if b, of the transistor is 100, then
the current gain A of the amplifier can be taken as 100.

Voltage gain, A or A of CE amplifier
v

The voltage gain of an amplifier is the ratio of AC output
voltage to the AC input voltage. This is represented as,

\Y

out

Voltage gain, AV =

in

Small letter v is used for voltage because it is
AC voltage whose amplitude keeps changing
with time.

For example, in Fig 1, if the input voltage v, is80mV
and the corresponding output voltagev ,is 7.2 V(p_p), then
the voltage gain A, is given by,

7.2(D—p) o

80mV
(P-p)

A voltage gain of 90 means that, in this amplifier, a base
voltage of 1 mV produces an output voltage of 9 mV.

Voltage gain, Av =

The input and output voltage may be rms,
peak, peak-to-peak, as long as the input and
outputare measured the same way consistently.

Input impedance, Z_of CE amplifier

Recall that the maximum transfer of power takes place
when the impedances of the supplying and receiving
circuits are matched.

Ifimpedances are to be matched for best circuit operation,
both impedances must be known. If a single device such
as a microphone, speaker, relay, etc. is to be used, its
impedance will be given by the manufacturer. The amplifier
to be designed for such a circuit must have an input or
outputimpedance to match the input-output devices.

The AC source driving the amplifier has to supply AC current
tothe amplifier. The less the currentthe amplifier draws from
the source, the better because the supplying source does not
getloaded. Theinputimpedance of the amplifier determines
how much of current the amplifier takes from the ac source
or the preceding stage of the amplifier.

Inthe normal frequency range of an amplifier, the coupling
and by pass capacitors behave as a short forac. The AC
input impedance Z_ sometimes referred to as input
resistance R_is defined as the ratio ofinput signal voltage

to input signal current.
V.
Zj, = -
Iin

where, V. andi_are rms or peak or peak-to-peak values.

Fig 2 shows the AC equivalent circuit of the CE amplifier
shown in Fig 1.

From the AC equivalent circuit the inputimpedance Z,_is
givenby,

Zo s Ro||Ro I BFe (1]
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where,

R, and R, are the voltage divider resist