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FOREWORD

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

National Instructional Media Institute (NIMI), Chennai has come up with instructional material to suit the
revised curriculum for Electrician 4" Semester Trade Theory NSQF (LEVEL - 5) in Electrical sector
under Semester Pattern required for ITls and related institutions imparting skill development. The
NSQF (LEVEL - 5) will help the trainees to get an international equivalency standard where their skill
proficiency and competency will be duly recognized across the globe and this will also increase the
scope of recognition of prior learning. NSQF (LEVEL - 5) trainees will also get the opportunities to promote
life long learning and skill development. | have no doubt that with NSQF (LEVEL - 5) the trainers and
trainees of ITls, and all stakeholders will derive maximum benefits from these IMPs and that NIMI's effort
will go a long way in improving the quality of Vocational training in the country.

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

Jai Hind

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

New Delhi - 110 001
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PREFACE

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

The trade theory book provides related theoretical knowledge required to enable the trainee to do a job.
The test and assignments will enable the instructor to give assignments for the evaluation of the performance
of 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.

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

This manual for trade Theory is intended for use in the ITI class room. It consists of a series of lessons that are
to be completed by the trainees during the Third semester of course is the Electrician trade under Electrical
Sector. It is National Skills Qualifications Framework NSQF (LEVEL - 5), supplemented and supported by
instructions/information to assist the trainees in performing the exercises. The syllabus for the
4" Semester Electrician NSQF (LEVEL - 5) Trade under Electrical Sector Trade Practical is divided into
Seven modules.The allocation of time for the various modules is given below:

Module 1 - Electronic Practice 15 Exercises 175 Hrs
Module 2 - Control Panel Wiring 5 Exercises 100Hrs
Module 3 - AC/DC Motor Drives 3 Exercises 50 Hrs
Module 4 - Inverter and UPS 6 Exercises 75Hrs
Module 5 - Power Generation and Substation 7 Exercises 50 Hrs
Module 6 - Transmission and Distribution 7 Exercises 50 Hrs
Module 7 - Circuit Breakers and Relays 5 Exercises 25Hrs

Total 48 Exercises 525Hrs

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

The procedure for working through the 48 exercises for the 4" semester with the specific objectives to be achieved
as the learning out comes at the end of each exercise is given in this book.

The symbols used in the diagrams comply with the Bureau of Indian Standards (BIS) specifications.

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

On completion of this book you shall be able to

* Detect the faults and troubleshoot inverter, stabilizer, battery charger
emergency light and UPS etc.

* Plan, assemble and install solar panel

* Erect overhead domestic service line and outline various power
plant layout.

 Examine the faults and carryout repairing of circuit breakers.

* |dentify the control and functional switches in C.R.O and measure
the DC and AC voltage, frequency time period.

e Construct and test a half and fullwave rectifiers with and without
filter circuits.

* Draw and wire up the control panel for forward/ reverse operation
of induction motor.

* Control speed and reverse the direction of rotation of different type
of three phase induction motor using VVVF control /AC drive




ELECTRICIAN 4™ SEMESTER SYLLABUS

Fourth Semester Duration: Six Month

Professional Skills

Week | Learning outcome (Trade Practical) Professional Knowledge
No. Reference With Indicative Hours (Trade Theory)
79 |+ Assemble simple 160. Determine the value of resistance | Resistors - colour code, types and
electronic circuits by colour code and identify types. | characteristics.
and test for (10 Hrs) Active and passive components.
functioning. 161. Test active and passive electronic | Atomic structure and semiconductor
components and its applications. | theory.
(15 Hrs)

80-81 Assemble simple 162. Determine V-l characteristics of | P-N junction, classification,
electronic circuits semiconductor diode. (10 Hrs) specifications, biasing and
and test for 163. Construct half wave, full wave and | characteristics of diodes.
functioning. bridge rectifiers using | Rectifier circuit - half wave, full wave,

semiconductor diode. (10 Hrs) bridge rectifiers and filters.

164.Check transistors for their|Principle of operation, types,
functioning by identifying its type | characteristics and various configuration
and terminals. (10 Hrs) of transistor.

165. Bias the transistor and determine | Application of transistor as a switch,
its characteristics. (10 Hrs) voltage regulator and ampilifier.

166. Use transistor as an electronic
switch and series voltage regulator.
(10 Hrs)

82-83 Assemble simple 167. Operate and set the required | Basic concept of power electronics
Electronic circuits frequency using function generator. | devices.
and test for (12 Hrs) IC voltage regulators
functioning. 168. Make a printed circuit board for | Digital Electronics - Binary numbers,

power supply. (10 Hrs) logic gates and combinational circuits.
169. Construct simple circuits containing

UJT for triggering and FET as an

amplifier. (12 Hrs)
170. Troubleshoot defects in simple

power supplies. (16 Hrs)

84-85 Assemble simple 171. Construct power control circuit by | Working principle and uses of
electronic circuits SCR, Diac, Triacand IGBT. (15 Hrs) | oscilloscope.
and test for 172. Construct variable DC stabilized | Construction and working of SCR, DIAC,
functioning. power supply using IC. (10 Hrs) TRIAC and IGBT.

173. Practice on various logics by use | Principle, types and applications of
of logic gates and circuits. (15 Hrs) | various multivibrators.
174. Generate and demonstrate wave
shapes for voltage and current of
rectifier, single stage amplifier and
oscillator using CRO. (10 Hrs)
86-87 Assemble 175. Design layout of control cabinet, | Study and understand Layout drawing of

accessories and
carry out wiring
of control
cabinets and
equipment.

assemble control elements and

wiring accessories for:

(i) Local and remote control of
induction motor. (15 Hrs)

(i) Forward and reverse operation
of induction motor. (10 Hrs)

control cabinet, power and control
circuits.

Various control elements:

Isolators, pushbuttons, switches,
indicators, MCB, fuses, relays, timers
and limit switches etc.

(x)




ELECTRICIAN 4™ SEMESTER SYLLABUS

Fourth Semester Duration: Six Month

Professional Skills

Week | Learning outcome (Trade Practical) Professional Knowledge
No. Reference With Indicative Hours (Trade Theory)
(iii) Automatic star-delta starter
with change of direction of
rotation. (15 Hrs)
(iv) Sequential control of three
motors. (10 Hrs)

88-89 |+ Assemble 176. Carry out wiring of control cabinet | Wiring accessories: Race ways/ cable
accessories and as per wiring diagram, bunching of | channel, DIN rail, terminal connectors,
carry out wiring XLPE cables, channeling, tying | thimbles, lugs, ferrules, cable binding
of control and checking etc. (15 Hrs) strap, buttons, cable ties, sleeves,
cabinets and 177. Mount various control elements | gromats and clips etc.
equipment. e.g. circuit breakers, relays, | Testing of various control elements and

contactors and timers etc. (10 Hrs) | circuits.
178. Identify and install required
measuring instruments and
sensors in control panel. (10 Hrs)
179. Test the control panel for its
performance. (15 Hrs)

90-91 Perform speed 180. Perform speed control of DC motor | Working, parameters and applications of
control of AC using thyristors / DC drive. (18 Hrs) | AC / DC drive.
and DC motors 181. Perform speed control and | Speed control of 3 phase induction motor
by using solid reversing the direction of rotation | by using VVVF/AC Drive.
state devices. of AC motors by using thyristors /

AC drive. (18 Hrs)

182. Construct and test a universal
motor speed controller using SCR.
(14 Hrs)

92-94 Detect the faults 183. Assemble circuits of voltage | Basic concept, block diagram and
and troubleshoot stabilizer and UPS. (15Hrs) working of voltage stabilizer, battery
inverter, stabilizer, 184. Prepare an emergency light. | charger, emergency light, inverter and
battery charger, (10 Hrs) UPS.
emergency light 185. Assemble circuits of battery | Preventive and breakdown maintenance.
and UPS etc. charger and inverter. (15 Hrs)

186. Test, analyze defects and repair
voltage stabilizer, emergency light
and UPS. (15 Hrs)

187. Maintain, service and troubleshoot
battery charger and inverter.
(10 Hrs)

188. Install an Inverter with battery and
connect it in domestic wiring for
operation. (10 Hrs)

95 Erect overhead 189. Draw layout of thermal power plant | Conventional and nonconventional

domestic service
line and outline
various power
plant layout.

and identify function of different
layout elements. (5 Hrs)

190. Draw layout of hydel power plant
and identify functions of different
layout elements. (5 Hrs)

sources of energy and their comparison.
Power generation by thermal and hydel
power plants.




ELECTRICIAN 4™ SEMESTER SYLLABUS

Fourth Semester Duration: Six Month

Professional Skills

Week | Learning outcome (Trade Practical) Professional Knowledge
No. Reference With Indicative Hours (Trade Theory)
191. Visit to transmission / distribution
substation. (10 Hrs)
192. Draw actual circuit diagram of
substation visited and indicate
various components. (5 Hrs)

96 * Plan, assemble 193. Prepare layout plan and Identify | Various ways of electrical power
and install solar different elements of solar power | generation by non-conventional methods.
panel. system. (05 Hrs) Power generation by solar and wind

+ Erectoverhead 194. Prepare layout plan and Identify | energy.
domestic service different elements of wind power | Principle and operation of solar panel.
line and outline system. (05 Hrs)
various power 195. Assemble and connect solar panel
plant layout. forillumination. (15 Hrs)

97  Erectoverhead 196. Practice installation of insulators | Transmission and distribution networks.
domestic service used in HT/LT line for a given | Line insulators, overhead poles and
line and outline voltage range. (5 hrs) method of joining aluminum conductors.
various power 197. Draw single line diagram of
plant layout. transmission and distribution

system. (5 Hrs)

198. Measure current carrying capacity
of conductor for given power
supply. (5 hrs)

199. Fasten jumper in pin, shackle and
suspension type insulators.
(10 Hrs)

98 * Erectoverhead 200. Erectan overhead service line pole | Safety precautions and IE rules
domestic service for single phase 230 V distribution | pertaining to domestic service
line and outline system in open space. (10 Hrs) | connections.
various power 201. Practice on laying of domestic | Various substations.
plant layout. service line. (10 Hrs) Various terms like - maximum demand,

202. Install bus bar and bus coupler on | average demand, load factor, diversity
LT line. (5 Hrs) factor, plant utility factor etc.

99 + Examine the faults 203. Identify various parts of relay and | Types of relays and its operation.
and carry out ascertain the operation. (5 Hrs) | Types of circuit breakers, their
repairing of 204. Practice setting of pick up current | applications and functioning.
circuit breakers. and time setting multiplier for relay | Production of arc and quenching.

operation. (5 hrs)
205. Identify the parts of circuit breaker,

check its operation. (5Hrs)

206. Test tripping characteristic of circuit
breaker for over current and short
circuit current. (5 hrs)

207. Practice on repair and
maintenance of circuit breaker.
(5hrs)

(xii)




ELECTRICIAN 4™ SEMESTER SYLLABUS

Fourth Semester Duration: Six Month

Professional Skills

Week | Learning outcome (Trade Practical) Professional Knowledge
No. Reference With Indicative Hours (Trade Theory)
100-101 | Project work / Industrial visit
Broad Areas:
a) Battery charger/Emergency light
b) Control of motor pump with tank level
c) DC voltage converter using SCRs
d) Logic control circuits using relays
e) Alarm/indicator circuits using sensors
102-103 Revision
104

Examination

(xiii)
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Electrical
Electrician - Electronic Practice

Related Theory for Exercise 4.1.160

Circuit board soldering and resistor colour coding

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

* distinguish between eyelet board, lug board and PCB

* explain the preparation of components for mounting and method of soldering on boards
» explain the inspection of solder joints and defects in soldered joints
* explain construction, types, function, colour coding and application of resistors in circuits.

In assembling of electronic circuits using components, it
is required to layout (arrange), mount and wire the
componentsinasystematic manner. In wiring the electronic
circuits depending upon the circuit, different types of
boards are used.

Type of boards

1 Eyeletboard

2 Lugortagboard

3 Printed Circuit Boards (PCB’s)

Eyelet Board (Fig 1) : In this, eyelets are riveted on
perforated bakelite boards. Refer Fig 1. In this type of
board, eyelets can be riveted only to a limited number,
depending on the lay-out of the circuits.

Fig 1

EYELET BOARD

ELN4116011

Lug or tag board (Fig 2) : In this type of boards, brass
lugs areriveted inrows on insulated board like bakelite. In
this type, components are to be arranged, and circuits are
to be made without altering the lug position.

Fig 2

LUG BOARD

ELN4116012

PCB (Printed circuit board) : A printed circuit board in
which inter connecting wires are replaced by a thin
conducting surface called copper on silver foil which is
moulded in one side oftheinsulated board. The insulating
board is generally made up of phenolic (or) paper or fibre
glass or epoxy.

The required circuit pattern on the laminated board is
made by process called “etching”. Etchingisthe process
ofremoving the portion of the metal foil, leaving behind only
the required portion refer Fig 3.

an T .
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PRINTED CIRCUIT BOARD

Fig 3
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For general purpose, printed circuit boards are readily
available to design and develop electronic circuits. They
are also called as matrix boards. A strip type matrix board
is shown in Fig 4.

Fig4

GENERAL PURPOSE PCB

ELN4116014

Securing and fixing of components: Mounting of
components on eyeletboard/lugboard/tagboard or PCB
involves 4 main activities, namely,

1 Preparation of component leads and surfaces to be
soldered.

2 Shaping the components leads.

3 Bending and trimming the excess length before
soldering.

4 The orderof mounting and soldering.

Preparation of components leads and surfaces
etc.: Dust, oil, oxide layer paint or any protective
coating on the componentleads and surfaces mustbe
removed at places where soldering has to be done.

2 Shaping the components: The shape to which the
components leads are to be bent depends up on the
manner in which the component is to be mounted.
Care should be taken to reduce the thrust on the
component.



Depending on the type of componentlead, and the space
available on the PCB, component can be mounted either
vertically (or) horizontally as in Fig 5.

Fig 5
VERTICAL MOUNTING
OF COMPONENTS

HORIZONTAL MOUNTING
OF COMPONENTS

/» PCB
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Soldering technique

3 Bending and trimming : Once the components leads
are inserted into the holes of PCB, lead length in excess
(0.5 mm to 3 mm), from the PCB surface should be
trimmed, using side cutting pliers as in Fig 6.

Fig 6

~ L

O = 38-5mm

!

ELN4116016

After cutting the excess lead length, the component lead
must be bend and terminated, on PCB.

4 Order of mounting: Mount the components in the
order as per layout, and should be easy to trace the
circuit, as per connection diagram.

Thetechnique used forsolderingis explainedin subsequent
lesson.

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

* list the critical factors and stages in soldering

* list the steps involved in selecting and preparing the materials

list the different shapes of tips and inspection of soldering iron

« state the functions of soldering iron stand and inspection of soldering iron
« state the technique of soldering electronic components and effect of residual flux

« state the defects in soldering joints.

Soldering

Soldering is the process of joining two metals for a
permanent joint/connections. The bonding of two metals
done by using alloy of two metals-lead and tin called solder
in different ratios to solder electronic component like
resistors, capacitor, transistor etc.

Soldering a joint: Selection and preparation of the
soldering materials and cleaning the surfaces to be
soldered are the mosttime consuming phase of making a
solder joint. Heating the joint and applying solder is the
least time consuming but, all these steps contribute
heavily for the good soldered joint.

Critical factor during soldering
1 Controlling the temperature of the workpiece.

2 Limiting the time that a workpiece is to be held at
soldering temperature.

These factors are specially critical while soldering
electronic components like resistors, capacitors,
transistors, ICs etc., Failure of correct time and
coordinate the heating of the joint and add solder, will
result in a poor quality joint and may even damage the
components.

Stage in soldering: The soldering process can be divided
into several distinct stage or phases as given below:
Selection and preparation of materials

Cleaning the surfaces to be soldered

Heating the joint and adding solder

Cooling the joint

Cleaning the joint

oo g A WO N -

Inspecting the joint.
1 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 solderingiron
specifies the amount of heat it can produce. As a thumb
rule, higher the physical dimension of the workpiece,
higher should be the wattage rating of the soldering iron.
Some ofthe suggested wattage of soldering iron are given
below:

i) Forsoldering, less temperature sensitive component
such as, resistors on lug boards or tag boards, use 25
to 60W iron. For soldering on printed circuit boards,
use 10 to 25 W iron.

2 Electrical : Electrician (NSQF LEVEL - 5) - Related Theory for Exercise 4.1.160



ii) Forsoldering highly temperature sensitive components
such as, diodes, transistors and integrated circuits,
use 10 to 25 watts iron.

Selection of soldering iron tip: To ensure that the joint

is heated to the required temperature ideally,

— the area of the tip 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 the
low temperature at the tips working face.

Inmost solderingirons, the tip can be easily removed and
can be replaced.

Selection of tip shape: Suggested soldering tip shapes
and their application are given below;

Type of soldering tip shape Application

CHISELTIP

Wires, resistor and
the passive components
onlug boards

All miniature electronic BEVEL TIP
components except ICs on
to lug boards and printed

circuit boards (PCB)

Integrated circuits (ICs)
on to printed circuit boards
(PCBs)

CONICALTIP

Selection of solder and flux: For electronic soldering
applications, solder of tin and lead of 60/40 proportion is
used. This solder proportion has a melting pointof 200°C
which is the required temperature for general purpose
solderingirons.

For electrical purpose, resin core solders are used.

For ease of application, the flux used in addition to the
cored flux in solder, should be in paste form.

Fluxis achemical substance which has acidic properties.
Therefore, itis advised not to touch the flux by hand. Use
a stick or a thin stiff brush to apply flux on the work pieces.
Hands should be washed after soldering work.

Soldering stand: Soldering stand plays animportantrole
of retaining the soldering iron tip temperature around the
required soldering temperature. The soldering stand should
not allow the external temperature to cool the bit. Atthe
same time the stand should not contain all the heat
generated.

Soldering stands are specially designed as in
Fig 1 tofulfill the above requirements. Such adesign also
prevents accidental burninjuries to the user ofthe soldering
iron and the stand remains stable mechanically.

Electrical : Electrician (NSQF LEVEL - 5) -

Fig 1

ELN4116021

Inspection of soldering iron: Most soldering irons are
powered by AC main voltage. This voltage levelis highand
can give shock if one is careless. Soldering irons will
generally have lengthy mains cable. While using theiron,
the mains cable gets twisted and will have to bear physical
stain. Because of this strain, the insulation of cable may
getcut. This may lead to live wires protruding out. Thelive
wires give severe electrical shocks if it touches the user.

Hence, athorough inspection of the solderingiron cable is
a must before using it.

Preparation of soldering iron for soldering: The
soldering bit tip should be cleaned, heated and tinned
before starting the soldering work.

Cleaning the surfaces to be soldered: Before joining
two pieces of metal by soldering, the joining surfaces
should be cleaned to remove foreign matters over the
surface. Also the jointing surfaces should be free from
grease grit or oil. this could be achieved by using either
a knife or by a sand paper and cloth.

2 Heating the joint and adding solder: Tips for
heating and applying soldertoajointto be soldered are
given below:

— Do not apply too much flux on a joint in one place.
Apply a small amount of flux around the joint. Do not
allow the flux to flow outside the area to be soldered.

— Place the iron tip at the joint such that the tip gets
maximum contact with parts to be joined as in Fig 2

Fig 2

A.COMPONENT LEAD TO IRON CONTACT AREA
B.IRON TO LUG / TERMINAL /PCB CONTACT AREA
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Slowly feed the solder into the joint starting close to the
soldering tip and moving towards the edge of the joint as
in Fig 3

Fig 3 o
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Continue applying the solder to the joint until complete
wetting of the joint has been achieved and the jointhas a
concave fillet as in Fig 4

Fig 4
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After enough solder has been applied and solder wire
removed, keep the soldering iron tip on the joint for a
momentto ensure thatall the flux on the jointhas 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 jointis
between 3 to 7 seconds from applying the soldering iron
to and removing the soldering iron.

3 Cooling the joint: Tips for cooling a solder joint are
givenbelow:

— Allow the joint to cool without assistance, do not blow
airfrom your mouth or from any other source to cool the
joint. Forced cooling, cools the joint much earlierthan
ithas to, resulting in a dry and brittle solder joint which
will lead to mechanical and electrical defects of the
joint.

— Donotmove any partofthe jointwhileitis cooling. This
disturbs the chemical bonding taking place. Movement
of the joint while it is cooling results in a dry joint.

4 Cleaning the joint : When a solder jointis 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 lefton thejoint. Thisis nothing butthe
fluxresidue. Inits original state this residue is corrosive.
Hence, the flux residue or excess fluxmustbe 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 sticky and, if not removed, will collect
dust and debris leading to circuit failure.

Removal of flux residue requires the use of solvents. The
type of solvent depends on the flux used.

Iso Propyl Alcohol (IPA) is one of the solvents used for
removing residual flux. Itis available either undiluted or
pre-mixed with water and can be obtainedin 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
solvent to the soldered joint. Use a clean brush, or some
other type of stiff brush, to gently scrub the joint as 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 jointwith a
lint-free cloth to remove as much of the dissolved residue
as possible.

Inspection of soldered joints: Soon after making a
solderjoint, as a quick check, the following features of the
solder joint should be checked:

1 Soldered joint must be bright and shiny.

2 Soldered joint must be smooth and symmetrical.
Surface colour- The surface of a correctly soldered joint
will be glossy, silvery and uniform in colour.

Surface texture - The surface texture of a correctly
soldered jointwillbe smooth, even and non-grainy. There
shall be no signs of pitting on the surface of the solder.

Common soldering defects: Defectsin solderjoints can
be grouped as follows:

1 Temperature defects

2 Wetting defects

3 Solderquantity defects

4 Mechanical defects.

Temperature defects: Temperature defects are caused
by excessive or insufficient heating of the joint during the
soldering process.

Defects due to excessive heating: The solder on an
overheated joint will have grainy tenure, dull grey colour
and pitted.
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Too much heat can lead to one or more of the following
defects:

— Overheating of the resin flux, causes the flux to char
and lose its ability to remove oxides. Lumps of charred
flux gets trapped in the solder forming pits and voids.

— Overheating of the solder, causes excessive alloying
between the copper parts of the connection and the tin
content of the solder. This in turn causes localized
depletion of the tin and results in a brittle joint.

— Excessive oxidisation of the solder. The oxidised
solder forms a poor bond with the other parts of the
joint.

Defects due to insufficient heating: Too little heat can

lead to one or more of the following defects:

A defect known as a cold joint. A cold joint occurs when
the flux is unable to remove the tarnish from the joint. At
low soldering temperature the fluxis only partly activated.
Therefore, itis less effective in removing tarnish.
Insufficiently heated solder joint results in,

— poor wetting of the joint

— acourse solder fillet

— solder steps at the edges

The effects of a cold joint are,

— high electrical resistance

— low mechanical strength

— dry solder joint

Adefectknown as adry jointoccurs when the solderis too
viscous to push the flux away from the component lead.
Alayer ofthe fluxbecomes trapped around the lead. This
layer of flux causes a weak bond and hence a poor
electrical connection.

Causes of incorrect soldering temperatures

A commonindicator ofincorrect soldering temperature is
the formation of small peaks at the tip of the joint as the
iron is pulled away. These peaks will be formed at either
too high or too low soldering temperature.

Incorrect soldering temperature may be due to,

— incorrect wattage of the soldering iron

— incorrect soldering tip selection

— insufficient heating of the solderingiron

— poorsoldering technique, leading to poor heat transfer
from the tip of the iron to the joint.

Wetting defects (Refer Fig 6)

The degree of wetting of a joint depends greatly on the
cleanliness of the parts to be joined.

Fig 6

LARGE DIHEDRAL
ANGLE

SMALL GLOBULES
OF SOLDER

DE-WETTED

SURFACE
WETTING DEFECTS

ELN4116026

Wetting defects are easily recognised by the inability of
the solder to cover all the metal surfaces at the joint and
the formation of a large dihedral angles as in Fig 6.

On severely tarnished surfaces, the solder will not flow
over the tarnished surface(non-wetting) or the solder
initially flows overthe tarnished surface, butthenretreats
leaving small globules of solder on the surface (de-wetting)
as in Fig 6.

Solder quantity defects(Refer Fig 7 and 8): Solder
quantity defects are due to either too little or too much
solder applied to a connection.

Too little solder results in a small size of the solderfillet as
in Fig 7. The small solder fillets makes a joint weak.

Fig 7

SMALL SOLDER
FILLET

Y
TOO SMALL SOLDER QUANTITY DEFECTS
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Too much solder results in convex solder fillets as in
Fig 8. This defect is recognised by the large size and the
convex shape of the fillets.

Fig 8
CONVEX
FILLETS

END OF LEAD
HIDDEN

TOO LARGE SOLDER QUANTITY DEFECTS
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Mechanical defects: Mechanical defects of a solderjoint
are caused by;

— the movement of parts of a joint while the solder is
cooling.
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Movementduring cooling causes severe dislocation of the
crystalline structure of the solder. This results in a weak
joint which may fracture later and cause high electrical
resistance or an intermittent fault when the circuit is in
use. A joint moved before cooling will have a frosted
appearance with fractures.

— stresses imposed on the joint as it cools.

Stressesonthejointare usually as aresultofinadequate
stress relief bends in the leads of components. A
stressed joint usually breaks due to the expansion and
contraction of components while in use, due totemperature
variations.

Blowing on the soldered joint to attempt to speed up
cooling willintroduce several additional cooling stresses.

Connections thathave been disturbed as they cool usually
have afrosted appearance.

Never forget the rule, if the quality or reliability of the joint
is in doubt, de-solder the joint and re-solder it fresh.

Resistors: These are the mostcommon passive component
used in electronic circuits. Aresistoris manufactured with
a specific value of ohms (resistance). The purpose of
using a resistor in circuit is either to limit the current to a
specific value or to provide a desired voltage drop (IR). The
power rating of resistors may be from 0.1 W. to hundreds
of Watts.

There are four types of resistors
1 Wire-woundresistors

2 Carboncompositionresistors
3 Metal film resistors
4

Carbon film resistors
1 Wire-woundresistors

Wire-wound resistors are manufactured by using resistance
wire (nickel-chrome alloy called Nichrome)wrapped around
an insulating core, such as ceramic porcelain, bakelite
pressed paper etc.Fig 9, shows this type of resistor.The
bare wire used inthe unitis generally enclosedininsulating
material. Wire wound resistors are used for high current
application. They are available in wattage ratings fromone
wattto 100 watts ormore. Theresistance canbelessthan
1ohmand go upto severalthousand ohms. Theyare also
used where accurate resistance values are required.

Fig 9

QN
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WIRE-WOUND FIXED RESISTOR
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One type of Wire-wound resistor is called as fusible
resistor enclosed in a porcelain case. The resistance is
designed to open the circuit when the current through it
exceeds certain limit.

2 Carbon composition resistors

These are made of fine carbon or graphite mixed with
powdered insulating material as abinderin the proportion
needed forthe desired resistance value. Carbon-resistance
elements are fixed with metal caps with leads of tinned
copper wire for soldering the connection into a circuit.
Fig 10 shows the construction of carbon composition
resistor.

Fig 10

MOLDED
RESISTANCE ELEMENT

TINNED LEADS
CARBON COMPOSITION RESISTOR
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Carbon resistor are available in values of 1 ohm to 22
megohms and of different power ratings, generally 0.1,
0.125, 0.25, 0.5 and 2 watts.

3 Metal film resistors (Fig 11)
Fig 11

)

METAL FILM RESISTOR
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Metal film resistors are manufactured by two processes.
Thick film resistors are pasted with metal compound and
powdered glass which are spread on the ceramicbase and
then backed.

Thin film resistors are processed by depositing a metal
vapour on a ceramic base. Metal film resistors are
available from 1 ohm to 10 MQ, upto 1W. Metal film
resistors can work from 120°C to 175°C.

4 Carbonfilmresistors (Fig 12)

Fig 12
GROOVED CARBON FILM

LEADS ?

END CAP CERAMIC CORE

(a) CONSTRUCTION {b) A CARBON-FILM RESISTOR

CARBON - FILM RESISTOR
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In this type, a thin layer of carbon film is deposited on the
ceramicbase/tube. Aspiral grooveis cutoverthe surface
toincrease the length of the foil by a specialised process.
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Carbon film resistors are available from 1 ohm to few
Meg ohm and up to 2W and can work from 85°C to 155°C.

All the above four types of resistors are coated with
synthetic resin to protect them against mechanical
damages and climaticinfluences, Itis therefore, difficult to
distinguish them from each other externally.

Specification of resistors: Resistors are specified
normally with the fourimportant parameters
1 Typeofresistor

2 Nominalvalue ofthe resistors in ohm (or) kilo ohm (or)
mega ohm.

Tolerance limit for the resistance value in percentage.

Loading capacity of the components in wattage
Example

100+ 10% , 1W, where as nominal value of resistance is
100Q.

The actual value of resistance may be between 90 Q to
110 Q, and the loading capacity is maximum 1 watt.

The resistors can also be classified with respect to their
function as

1 Fixed resistors

2 Variableresistors

Fixed resistors : The fixed resistors is one in which the
nominal value of resistance is fixed. These resistors are
provided with pair of leads. (Fig 10 to 12)

Variable resistors (Fig 13): Variable resistors are those
whose values canbe changed. Variable resistorsincludes
those components in which the resistance value can be
set at the different levels with the help of sliding contacts.
These are known as potentiometer resistors or simply as
apotentiometers.

Fig 13
FLAT KEYWAY

SHAFT

(a) I\@ Y TERMINALS

CARBON
COMPOSITION
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© 9 ©

O0JOJO,

VARIABLE CARBON-RESISTANCE  (a) EXTERNAL VIEW

Itis provided with 3 terminals as shown in Fig 13 and 14.
They are available with carbon tracks (Fig 13) and wire
wound (Fig 14) types. Trimmer potentiometers (or)
resistor which can be adjusted with the help of a small
screwdriver. (Fig 15).

Fig 14
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TRIMMER RESISTOR

ELN411602D

{b) INTERNAL VIEW OF CIRCULAR RESISTANCE ELEMENT
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Resistance depends upon temperature, voltage,
light: Special resistors are also produced whose resistance
varies with temperature, voltage, and light.

PTC resistors (Sensistors) : Since, different materials
have different crystal structure, the rate at which resistance
increases with raising temperature varies from material to
material. In PTC resistor (positive temperature coefficient
resistor), as the temperature increases, the resistance
increases non linearly. For example, the resistance of
PTC atroom temperature may be of nominal value 100 Q
when the temperature rises say 10°C, it may increase to
150 Q and with further increase of another 10°C, it may
increases to 500 Q.

NTC Resistors (Thermistors) : Incase of NTC resistors
(Negative temperature co-efficient resistors) as the
temperatureincreases, the value of resistance decreases
non-linearly, Forexample, NTC resistor, which has nominal
value of resistance is 500 Q at room temperature may
decrease to 400 Q with the rise of 10°C temperature and
further decrease to 150 Q2 when the temperature rises to
another 10°C.

The PTCand NTCresistors can perform switching operation
at specific temperature. They are also used for
measurements and temperature compensators.

VDR (Varistors) : The VDR (Voltage dependent resistor)
resistance falls non-linearly with increasing voltage. For
example, a VDR, may have 100 Qresistanceat 10V, and
itmay decrease to 90 Q atrisein 5V. By furtherincreasing
the voltage to another 5V, the resistance may fall to 50 Q.
The VDRS are used in voltage stabilisation, arc quenching
and over voltage protection.
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Light dependent resistor (LDR): The LDRs are also
known as photo- conductors. In LDRs the resistance falls
with increase in intensity of illumination. The phenomena
is explained as the lightenergy frees some electronin the
materials of the resistors, which are then available as extra
conducting electrons. The LDR shallhave exposed surface
to sense the light. These are used for light barriers in
operating relays. These are also used for measuring the
intensity of light.

Marking codes forresistors

Commercially, the value of resistance and tolerance value
are marked over the resistors by colour codes (or) letter
and digital codes.

Resistance and tolerance value of colour coded
resistors.

The colour codes forindicating the values to two significant
figure and tolerances are givenin Table 1 as per 1S:8186.

Table 1

Values to two significant
figures and tolerances
correspondingto colours

Fig 16

I
|
% |
|
1ST BAND J

2ND BAND

L 4TH BAND

3RD BAND
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Colour | First Second | Third Fourth
Band/ Band/ Band/ Band/
Dot Dot Dot Dot
First Second | Multiplier| Tolerance
Figure | Figure
Silver — — 102 £10%
Gold — — 107 5%
Black — 0 1 —
Brown 1 1 10 1%
Red 2 2 102 2%
Orange 3 3 108 —
Yellow 4 4 104 —
Green 5 5 10° —
Blue 6 6 108 —
Violet 7 7 107 —
Grey 8 8 108 —
White 9 9 10° —
None — — — 20 %

The two significant figures and tolerances colour coded
resistors have 4 bands of colours coated on the body as
in Fig 16.

The first band shall be the one nearest to one end of the
componentresistor. The second, third and four colourbands
are shown in Fig 16.

Thefirsttwo colour bandsindicate the firsttwo digitsin the
numeric value of resistance. The third colour band
indicates the multiplier.The first two digits are multiplied
by the multiplier to obtain the actual resistance value. The
forth colour band indicates the tolerance in percentage.

Example
Resistance value : If the colour band on aresistor are in

the order-Red, Violet, Orange and Gold, then the value of
the resistor is 27,000 ohms with +5% tolerance.

First Second Third Fourth
colour colour colour colour
Red Violet Orange Gold
2 7 1000(10%) | 5%

Tolerance value: The fourth band (tolerance) indicates
the resistance range within which is the actual value falls.
Inthe above example, the tolerance is £5%. £5% of 27000
is 1350 ohms. Therefore, the value of the resistor is any
value between 25650 ohms and 28350 ohms. The
resistors with lower value of tolerance (precision) are
costlier than normal value of resistors.

Forlessthanten ohms, the third band will be either golden
orsilver.

The colours are,

Gold - 107 = 1/10=0.1

Silver- 102 = 1/100 = 0.01
Example (Refer Fig17)

Colourof Colourof Colourof

Ist Band 2nd Band 3rd Band

Orange White Gold

3 9 1/10

thus, the value of resistor is 39/10 or 3.9 ohms.

Fig 17
+— NO COLOR BAND
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Large value resistances are expressed in kilo ohms and
megohms. Letter 'k' stands for kilo and M stands for
mega. One kilo equals 1000 (10%) and one mega equals
1000000 (108). The resistance values are expressed as
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Table 2 contd.

1000 ohms = 1k
1800 ohms = 1k 8
100 ohms = 0.1k
10000 ohms = 01 M
1500000 ohms = 1M5.

Preferred values for resistors: It is not possible to
manufacture all values of resistors right from one ohm to
a million ohms. So only a set of preferred values of
resistors are generally made. Also in the manufacturing
process, in which thousands of resistors are made in a
day, it is not possible to adjust every ordinary resistor to
anexactvalue. Theterm ‘tolerance’ denotesthe acceptable
deviation in the resistance value of a resistor.The usual
specified tolerances are +5%, +10% and +20% for the
ordinary resistors. The precision resistors may have
selected tolerances as close as +0.1%. Ineachtolerance
range, a setof preferred values are available refer Table 2.

Table2

Preferred series of values for resistors
with ordinary tolerances

E 24 Series E12 Series E 6 Series
Tolerance Tolerance Tolerance
*5 percent * 10 percent *20 percent

1.0 1.0 1.0

1.1 — —

1.2 1.2 —

1.3 — —

1.5 1.5 1.5

1.6 — —

1.8 1.8 —

2.0 — —

22 22 22

24 — —

27 27 —

3.0 — —

3.3 3.3 3.3

3.6 — —

3.9 3.9 —

4.3 — —

4.7 4.7 4.7

5.1 — —

Electrical : Electrician (NSQF LEVEL - 5) -

E 24 Series E12 Series E 6 Series
Tolerance Tolerance Tolerance
*5 percent * 10 percent *20 percent

5.6 5.6 —

6.2 — —

6.8 6.8 6.8

75 — —

8.2 8.2 —

9.1 — —

Letter and digit code for resistance values: In this
system of coding, numbers and letter are used. Generally
three or four, or five characters consisting of

1 Twofigures and letters

2 Threefigures and letter,

3 Fourfigures and letters are used as the case may be.
The letter R.K. and M. shall be used for multipliers of the

resistance values expressedinohms R=(10°)=1,k=103
=1000, M =10 6=1 000000

For example (Fig 18)

0.1Qis coded as R10 and 1200 Q or 1.2k Q is coded as
1.2 kQ similarly 1500000 Q or 1.5 M Q is coded as
1M5.

For symmetrical tolerance in percentage the following
letter shallbe used forindicating tolerance of the resistance
5% = J, +10% = K, £20% =M

For example (Refer Fig 18)

1 1.5Q+10% 1 W is letter coded as K 1R51W

2 330Q+20% 0.5 W s letter coded as M 330R 0.5W
3 2.7KQ 15% 2W is letter coded as J 2K72W

4 1M Q +¥20% 1 W is letter coded as M 1M1W

Fig 18
R10

1K2

1M5

LETTER CODING OF RESISTORS
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Electrical
Electrician - Electronic Practice

Related Theory for Exercise 4.1.161

Semiconductor theory-Active and passive components

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

* explain atom conductor, semiconductor, insulator and atomic structure

« state the function of N and P type semiconductor, PN junction, depletion region
« state the coding of semiconductor devices and its meaning

» explain active and passive components, symbols - uses.

Atom

The very tiny fundamental unit of an element which is
capable of independent existence is the atom. An atom
of any element consists of a central core called Nucleus.
Anumber of small particles called electrons move around
the central core.

The nucleus contains protons and neutrons. A proton in
the nucleus possess a positive electrical charge. An
electroninan atom possess negative electrical charge. In
normal state, the atom is electrically neutral, that is the
number of electrons is equal to the number of protons in
the nucleus.

For stability of materials (solids), the valence (outer most)
shell of an atom should contain either 8 or more number
of electrons, if it is to be complete.The above stability
keeps the atoms and the molecules together in a solid
state.

There are three important kinds of bonding amongst the
atoms and the molecules of a solid. They are i) ionic ii)
covalent and iii) metallic bonds.

Examples of solids under different bondings are,
lonic bond sodium chloride
Covalentbond

Metallic bond

silicon and germanium

metals like copper

Difference between conductors insulators and semi
conductors: We are familiar with conductingandinsulating
materials. Conducting materials are good conductors of
electricity. Insulating materials are bad conductors of
electricity. There is another group of materials called as
semiconductors, such as germanium and silicon. These
are neither good conductors nor good insulators.

The conductors on valence electrons are always free. In
an insulator the valence electrons are always bound.
Whereas in semi conductors the valence electrons are
normally bound but can be set free by supplying a small
amount of energy. Several electronic devices are made
using semi conductor materials.

Semi conductors - Atomic structure: Germanium (Ge)
and silicon (Si) are examples of semi conductors. Fig 1a
shows a germanium atom. Inthe centre is a nucleus with
32 protons. 32 revolving electrons are distributed

10

themselves indifferent orbits. There are 2 electronsinthe
firstorbit, 8 electronsin the second orbit, and 18 electrons
inthe third orbit. The fourth orbitis the outer or valence orbit
which contains 4 electrons.

Fig 1b shows a silicon atom. It has 14 protons in the
nucleus and 14 electronsin 3 orbits. There are 2 electrons
in the first orbit and 8 in the second orbit. The remaining
4 electrons are in the outer or valence orbit.

Fig 1

(A) GERMANIUM ATOM (32)

NUCLEUS

FORBIDDEN

H

FIRST STABLE ORBIT

SECOND STABLE ORBIT

\ THIRD STABLE ORBIT

(B) SILICON ATOM (14)
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In semiconductor materials, the atoms are arrangedinan
orderly pattern called a crystal lattice structure. If a pure
silicon crystal is examined we find that the four electrons
in the outer (valence) shell of an atom is shared by the
neighbouring atoms as in Fig 2.

Fig 2

OUTER SHELL APPEARS
FILLED WITH 8 ELECTRONS

CRYSTAL LATTICE STRUCTURE OF SILICON ATOMS
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The union of atoms sharing the valence electrons is called
a covalent band.That means a valence electron being
shared by two adjacent atoms. Each atom appears to
have a full outer shell of eight electrons.

Types of semiconductors : A pure semiconductor is
called an intrinsic semiconductor. For example, a silicon
crystalis anintrinsic semiconductor because every atom
in the crystal is a silicon atom. One way to increase
conductivity in a semiconductor is by ‘doping’. This
means adding impurity atoms to anintrinsic semiconductor.
The doped semi-conductor is known as an extrinsic
semiconductor.

The residual heatatroom temperature (300K) is sufficient
to make a valence electron of an intrinsic semiconductor
tomove away fromthe covalentbond and then the covalent
bondis broken, and the electron becomes afree electron
to move in the crystal. This is shown in Fig 3.

Fig 3

FREE ELECTRON
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When an electron breaks a covalent bond and moves
away, a vacancy is created in the broken covalent bond.
This vacancy is called a ‘hole’. A hole has a positive
charge. When a free electron is liberated, a hole is
created.

N -type semiconductor : A semiconductor with excess
of electrons is called N-type. To obtain excess free
electrons the element doped with the semiconductor
material is arsenic, or antimony or phosphorus. Each of
these atoms has five electrons in its outer orbit. (Fig 4)

Fig 4
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Because the outer orbits of the atoms can hold eight
electrons, no hole is available for the fifth electron in the
arsenic atoms to move into. It, therefore, becomes afree

electron. The number of such free electrons is controlled
by the amount of arsenic added to the crystals.

In N-type, the free electrons are called the majority
carriers, and the holes minority carriers.

P-type semiconductor : To obtain more holes, a pure
silicon crystal is doped with elements such as aluminum
orboron orgallium. The atoms of each ofthese elements
have three electrons only in their outer orbit. Adding
galliumto pure silicon crystals allows the atoms of the two
elements to share seven electrons. (Fig 5)

Fig 5
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Ahole is created in the place of the eighth electron. Now
that the number of holes exceeds the number of free
electrons the substance becomes ‘P’ type material. The
holes in P-type are the majority carriers, and the free
electrons are the minority carriers.

PN Junction : A PN junction is formed by combining P
and N type materials. The surface where they meet is
called the PN junction. A PN junction is illustrated in
Fig 6.

Fig 6
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P — N JUNCTION

The free electrons in the N-regions diffuse across the
junctionsinto the P-region. The free electronslose energy
and recombine with the holes in the P-regions.This
recombination eliminates a free electron and a hole.
When the electron moved from the N-region and diffused
across the junction, itleaves the atom to be a positive ion.

The positive ionis notbalanced by a negative charge inthe
N-region. The hole is eliminated in the P-region by
recombination. The elimination of the hole and its positive
chargeleavesthe atomtobe anegative ionin the P-region.

Electrical : Electrician (NSQF LEVEL - 5) - Related Theory for Exercise 4.1.161 11



The ions in the crystal structure are fixed and cannot
move. Thus, alayer of fixed charges is formed on the two

sides of the junctions. This is shown in Fig 7.
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There is a layer of positively charged ions on the N-side
and on the P-side of the junction there is a layer of
negatively chargedions. Anelectricfield is created across
the junction between the oppositely chargedions. Thisis
called a junction field. The junction field is also known as
‘barrier’. The distance between the sides of the barrier is
the ‘width’ of the barrier.

Depletion region : The carrier in the vicinity of the
junction are involved in forming the junction. Once the
junctionfield is established, no carriers can move through
the junction. Hence the junction field is called ‘depletion
region’ or ‘space charge region’. This layer is called the
depletion layer, because there are neither free electrons
nor holes present. This depletion region prevents further
movement of electrons from the N-material to the
P-material and thus an equilibrium is reached.

The intensity of the field is known as ‘barrier height’ or
‘potential’ hill’. The internal voltage set up due to positive
and negative ions at the junctionis called barrier potential.
If any more electrons have to go over from the N-side to
P-side, they have to over come this barrier potential. This
means, only whenthe electrons on the N-side are supplied
with energy to overcome the barrier potential they can go
overto the P-side.

In order to cancel the barrier potential and the electrons
to cross over a potential difference of 0.7 V is required for
a silicon diode and 0.3 V for a germanium diode. The
barrier voltage is more for silicon because its lower atomic
number allows more stability in the covalent bonds. The
barrier potential decreases at higher temperatures.

Old system : Some earlier semiconductor diodes and
transistors have type numbers, consisting of two or three
letters followed by group of one, two or three figures. The
first letter is always ‘O’, indicating a semi-conductor
device.

The second (and third) letter(s) indicate the general class
ofthe device.

A - diodeorrectifier

AP — photo-diode

AZ - voltageregulatordiode
C - transistor

CP — phototransistor

The group of figures in a serial number indicating a
particular design or development.

Present system : This system consists of two letters
followed by a serial number. The serial number may
consists of three figures of one letter and two figures
depending on the main application of the device.

Thefirstletterindicates the semiconductor material used.

A Germanium

B Silicon

C Compound materials such as gallium arsenide
R Compound materials such as cadmium sulphide

The second letter indicates the general function of the
device.

>

detection diode, high speed diode, mixer diode
variable capacitance diode

transistor for I.F. applications (not power types)
power transistor for A.F. applications (not power types)
tunnel diode

transistor for A.F. applications (not power types)
multiple of dissimilar devices, miscellaneous devices
power transistor for a.f. applications

photo-coupler

T Z G Mmoo W

radiation sensitive device such as photo-diode, photo-
transistor, photo-conducive cell, or radiation detector
diode

Q radiationgenerating device such aslight-emitting diode

R controlling and switching devices (e.g. thyristor) having
a specified breakdown characteristic (not power types)

S transistor for switching applications (not power types)

—

controlling and switching power device (e.g. thyristor)
having a specified breakdown characteristic.

power transistor for switching applications
multiplier diode such as varactor or step recovery diode

rectifier diode, booster diode, efficiency diode

N < X C

voltage reference or voltage regulator diode, transient
suppressordiode.
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The remainder of the type number is a serial number
indicating a particulardesign ordevelopment, andisinone
of the following two groups.

a Devices intended primarily for use in consumer
applications (radio and television receivers, audio-
amplifiers, tape recorders, domestic appliances, etc.)
The serial number consists of three figures.

b Devicesintended mainly for applications otherthan (a)
e.g. industrial, professional and transmitting
equipments.

The serial number consists of one letter (Z,Y,X,W etc)
followed by two numbers (digits)

The International System follows letters 1N, 2N, 3N etc
followed by four numbers.

1N indicates single junction
2N indicates two junction
3N indicates three junctions.

The numberindicates internationally agreed manufacturer’s
code e.g. 1N 4007, 2N 3055, 3N 2000.

Again, manufacturers use their own codes for
semiconductordevices. Manufacturersin Japanuse 2SA,
2SB, 2SC, 2SD etc. followed by a group of numbers e.g.
2SC1061,2SA934,2SB 77. Indian manufacturers have
their own codes too.

Passive and active electronic components

Introduction: The Components used in electronic circuits
can broadly grouped under two headings.

— passive components

— activecomponents

Passive components: Components like resistors,
capacitors, and inductors used in electronic circuit are
called as passive components. These components by
themselves are not capable of amplifying or processing an
electrical signal. Howeverthese components are equally
importantin electronic circuit as that of active components,
withoutthe aid of passive components, a transistor (active
components) cannot be made to amplify electrical signal.

Circuits formed with passive components obey the electrical
circuits laws such as ohm’s law, Kirchoff’'s Laws etc.,

Resistors: The components whose purpose tointroduce
resistance in the circuit is called as resistors. Other
details of resistors are dealt in earlier lessons.

Capacitor: The components whose purpose tointroduce
capacitance in the circuit is called as capacitor. The unit
of capacitance is ‘FARAD’. Commercially capacitors are
available in Microfarad (uF), Nanofarad (nF) and
Picofarads (pF).

The colour coding of capacitors and resistors are same.
Where as, in the case of fixed capacitors, the colour coded
unit shall be in Picofarads.

For letter coding, incase of capacitor, the letter ‘p’, ‘n’, ‘W’
shall be used as multipliers. Where p=10-'2, n=10-°and
u=10*%farads, and letter code for tolerance on capacitor
is the same as in resistor.

Inductor: The ability of the conductortoinduce voltage in
itself, when the current changes in it is called as self
inductance (or) simply inductance. A coil introduced in a
circuit to have inductance is called as inductor. Different
type ofinductors are shownin Fig 8. The unitofinductance
is “Henry”. Commercially a coil may have inductance in
Millihenry (10-H), or in Microhenry (10-€H).

Fig 8

b) AIR-CORE INDUCTOR

a) SHIELDED INDUCTOR

(o
L
c) IRON-CORE INDUCTOR

TYPES OF INDUCTORS
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While specifying the inductance the following factors to be
considered

* nominal value of inductance in Henry / Millihenry /
Microhenry.

+ tolerancein percentage (+5/10/20%)

» typeofwindinglike single layer, double layer, multilayer
and pie (p) etc.

» type of core like air core, iron core, ferrite core
+ type of application like audio frequency (AF), Radio
frequency (RF) coupling coil, filter coil etc.,

Inanelectronic circuitsometime, itis alsorequired to vary
the inductance.

The inductance of a coil can be varied by:-

« providing tapped inductive coil, as in Fig 9 or

+ adjusting the core of a coil as in Fig 10.

However, allinductor coils have inherentresistance due to
the resistance of the winding wire in the coil. Further the

maximum currentthat can be safely carried by aninductor
depends upon the size of the winding wire used.
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Fig 9

(a) (b)
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Fig 10

ColL

ELN411611A

Active components

In electronic circuit, the components, other than passive
are known as active components. Namely, transistors,
diodes, SCRs Vacuum tubes etc.,

Active components : In electronic circuits, components
other than resistors, capacitors and inductors are also
used. Namely, transistors, diodes, vacuum tubes, SCRs,
diacs, zener-diode (Fig 11) etc. The application of electrical
circuit laws (Ohm’s law etc.) in the circuit containing the
above components will not give correctresults. i.e. these
components do not obey. Ohm’s law, Kirchoff's law etc.
These components are called active components.

The different active components and the method of
representing them by symbols in the circuit diagram are
given below (Fig11)

Fig 11

a )

e=3 )

a) PHYSICAL APPEARANCE OF DIODES
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b) SYMBOL OF DIODE
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The different types of diodes (Fig 12) used for specific
purposes are represented by the symbols given.

Transistor : Figure 13a shows the physical appearance of
transistors. There are two symbolstorepresentatransistor.
(Fig 13b). The selection of asymbolis based on either the
NPN or the PNP type of transistor.

Fig 12
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Fig 13
TO-92 TO-05 TO-03

MOUNTING

TN

tj HOLE
METAL HEAT
SINK

a) TRANSISTOR

C C
E

b) SYMBOL

m

ELN411611D

SCR (Silicon controlled rectifier) : Figure 14a shows
the physical appearance of one type of SCR and the
symbol is shown in Fig 14b. SCRs are also called
thyristors and used as switching devices.

Fig 14

TO-220

MOUNTING
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a) PHYSICAL APPEARANCE OF SCR b) SCR SYMBOL

Diac : A diac (Fig 15a) is a two-lead device like a diode.
Itis a bidirectional switching device. Its symbol is shown
in Fig 15b.

Fig 15

—(C I —

MT1

MT2

I DIAC
SYMBOL

(@) (b)
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Triac : A triac is also a semiconductor device with three
leads like two SCRs in parallel. The triac can control the
circuit in either direction. (Fig 16)

Bridge rectifier or diode bridge : Itis a single package
of four semiconductor diodes connected in bridge circuit.
The input AC and the output DC leads are marked and
terminated as shown in the Figure 17.

UJT (Uni-junction transistor) : Ithas two doped regions
with three leads and has one emitter and two bases
(Fig 18).
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Fig 16
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Fig 18
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FET (Field effecttransistor) : Fig 19a give a pictorial view
ofthe component, and the related symbol to represent the
field effect transistoris shownin Fig 19b. The selection of
the symbol is based on whether the FET is a ‘N’ channel

or a ‘P’ channel one.

¢) STANDARD DIODE BRIDGE SYMBOL

AC INPUT

L @ -DC OUTPUT @ +DC OUTPUT

AC INPUT
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Fig 19
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Inthe active components few basic components discussed
have and many more advanced components associated

with modern circuits are in use.

Related Theory for Exercise 4.1.161
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PN Junction - semi conductor diodes

Objectives: At the end of this lesson you shall be able to
¢ explain diffusion in PN junction and barrier potential

¢ explain forward and reverse biasing of PN junction and semi conductor diodes and its VI characteristics
« state the applications specifications and classification of diodes
« state the different industry standards for diode numbering and finding equivalents of diode
« state the method of testing diode and identifying the polarity

« state special diodes and their functions and PIV.

PN junction: A diode is made by combining P and N
materials. The surface at which these materials meet is
the PN junction.

Diffusion occurs when P and N materials are joined
together.(Fig 1) some electrons in the N material, nearthe
junction, are attracted to the holes in the P material, thus
leaving holes in the N material. The diffusion of electrical
charges produces a potential difference in a small area
near the junction (Fig 2).As a result, the material will
conductin one direction but not in the opposite direction.
Forthis reason, the area in which this emf exists is called
abarrier.

Fig 1
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The internal barrier potential (V,) : Although it is an
internal contact potential that cannotbe measured directly,
the effect can be overcome by 0.3V fora Ge junctionor0.7
VforSi. The barrier voltage is more for Sibecause its lower
atomic number allows more stability in the covalentbonds
as already stated.

The PN junction, with the depletion zone magnified, shows
theironthathas +ve and -ve charges produce the internal
contact potential V, at the barrier. (Fig 2)

APNdeviceis knows asadiode. The diode and its symbol
arein Fig 3. This type of construction permits the current
to flow in one direction but not in the opposite direction.

Biasing the PN junction
Forward Bias : A forward-biased PN junction is in Fig 4
The positive terminal is connected to the P-side and the

negative terminal of the DC supply is connected to the
N-side of the junction.
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Fig 3
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A current will flow through the diode as in the
Fig 4. The positive terminal for the battery attracts
electrons from P material, leaving an excess of holes.
Because electrons are drifting away from the junction, the
excess holes tend to accumulate nearthe junction. Atthe
same instant, electrons from the negative terminal of the
battery are attracted to the less negative N material of the
diode. This action overcomes the barrier at the junction
and allows the electrons to move into the excess holes of
the P material, the resultis a continuous flow of electrons
inonedirection. The voltage required to move the charge
carries in forward bias conduction called the barrier
voltage.

ELN4116213

Reverse Bias: If the polarities of the DC supply are as
shown in Fig 5, the PN junction is said to be reverse-
biased. That s, the P side is connected to the negative
andthe N-sideis connected to the positive terminals of the
supply. Fig 5 shows the battery connection reversed
(reverse bias). Atthe same instant, a shiftin electronsin
the P material causes the positive holes to appear further



away from the junction near the end for the diode, which
is connected to the negative terminal of the battery. This
action produces a wider barrier atthe PN junction through
which the electrons cannot flow. (A very small current
leakage may however occur).

Fig4
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V-l characteristic of PN junction : The static current
voltage characteristic is in Fig 6.

Fig 6
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CHARACTERISTICS OF DIODES

The currentin the forward direction increases rapidly upon
reaching the forward voltage V, which is known as the
barrier potential or the junction potential and the barrier
potential for germaniumis 0.3 V and for silicon itis 0.7 V.

The behaviour ofthe PN junctionis limited by the maximum
forward current, as too much of current may destroy a
diode due to the excess heat generation.

The currentin the reverse direction of the junction is very
small. Upon reaching —V, in the reverse direction, the
reverse current suddenly increases. —V, in the reverse
direction where the current starts increasing is called the
knee potential or breakdown voltage. Normally the diode
should not be operated in this region. The knee voltage
depends on the type of diode which varies from 3V to 20
kV or more.

Application of diodes : Semi conductor 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 digital circuits
» Low powerand 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 make diodes to caterto varied
applications with different specifications. Before using a
diode for a particular application, it is a must to find out
whether the voltage, current, and temperature
characteristics of the given diode match the requirement
ornot.

Important specifications of a diodes

The material : The diode is made-of dopped semi-
conductor material. This could be Silicon or Germanium
or Selenium.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 0.3V,
whereas in Si diodes the cut-in voltage is around 0.7V.

Maximum safe reverse voltage : Denoted as V_ or V.
that can be applied across the diode. This is known as
peak-inverse-voltage or PIV. If a higher reverse 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.

Forward voltage drop : V_orV, that appears across the
diode when the maximum average current, | flows through
it continuously
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Maximum reverse current : | that flows through the
diode when the maximum reverse voltage, PI1Vis applied.

Maximum forward surge current : |_ that can flow
through the diode for a defined short period of time.

The maximum junction temperature: The temperature
upto which the diode junction can withstand without mal
functioning or gettingdamaged.

Manufacturer’s code of Diodes : The diodes are printed
with a type number. When this type number is referred to
inthe manufacturer’s manual, the detailed specifications
foraparticulartype, number ofthe diode, can be obtained.

To bring standardization for the diodes and other
components manufactured by different manufacturers.
The Manufacturer 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.

1 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.

1N is used as a prefix for semiconductors with one
junction. For example all 1N components refer to diodes
because diodes have one junction. Similarly, prefix 2N is
used with components with two junctions and so on.

2 The PRO-ELECTION type code : The Association
International pro-electronin Europe maintains aregister
of Pro-electron type which have wide acceptance in
Europe.

Components in the Pro-electron system have,

« two letter and numeral code for consumer devices
(Example, BY127 and so on)

» 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. Refer to diode data book for further details
and examples.

The second and third letter indicate the applications of the
component. Example, in the type code BY127, 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
specification.

3 The JIS type code: In Japan, the JIS, (Japanese
Industrial Standards) code is used. This system of
component numbering is almost universal. In this
system, all component numbers start with 2S, followed by
a letter and several numbers. Example. 2SB364.

The letters after the S has the following significance:

A = pnphf
B = pnpif
C = npnhf
D = npnif

Some components will have a type numberwhich does not
match with any of the above said International Standards.
Then, these type numbers are particularly known to the
individual manufacturer. 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 equivalent: There are several occasions, especially
while servicing electronic circuits, it may not be possible
to get a replacement for a diode 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, and if TN4007 is not available in stock, then
instead of 1N4007, BY 127 can be used as it is the
equivalentfor 1IN4007.

Some data books give these lists of equivalents.
Classification of Diode

1 Basedontheircurrentcarrying capacity/powerhandling
capacity, diodes can be classified as

+ low power diode

It can handle power of the order of several milliwatts
only

* medium power diode
It can handle power of the order of several watts only
* high power diode

It can handle power of the order of several 100’s of
watts.

2 Based on their principal application, diodes can be
classified as,

+ Signal diode

Low power diodes are used in communication circuits
such as radio receivers etc. for signal detection and
mixing

+ Switching diode

Low power diodes are used in switching circuits such
as digital electronics etc. forfast switching ON/OFF of
circuits
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* Rectifier diode

Medium to high power is used in power supplies for
electronic circuits for converting AC to DC voltage.

3. Basedonthe manufacturing techniques used, diodes
can be classified as,

* point contact diode

A metal needle is connected with pressure on to a
small germanium (Ge) or silicon (Si)

* Junction diode

They are made by alloying or growling or diffusing P and
N materials on a semiconductor substrate.

Types of diode packaging: The type of packaging given
todiodesis mainly based on the current carrying capacity
ofthe diode. Low power diodes have either glass or plastic
packaging. Medium power diodes have either plastic or
metal can packaging. High power diodes will invariably
have either metal can or ceramic packaging. High power
diodes are generally of stud-mounting type.

Testing 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 condition is checked to confirmits condition.

Recall that there will be a battery inside an ohmmeter or
amultimeterin the resistance range. This battery voltage
comes in series with the leads of the meter terminals as
in Fig 7.In Fig 7 the lead A is positive, lead B negative.

If the polarity of the meter leads are not known
at first, the polarity of the meter leads can be
determined by using a voltmeter across the
ohm meter terminals.

If the positive lead of the onmmeter, lead Ainthe Fig 7 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 meter will indicate low resistance.

On the other hand, if the meter leads are reversed, the
diode will be reverse-biased. Very little current will flow
because agood 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,

Fig 7
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then, the diode undertest musthave gotdamaged ormore
specifically shorted. On the other hand, a diode is said to
be openifthe meter shows very high resistance bothinthe
forward and reverse biased conditions.

Polarity marking on the diodes: The cathode end of a
diode is usually marked by a circular band or by a dot or
by plus (+) sign. In some diodes the symbol of the diode,
which itselfindicates the polarities, is printed on the body
of the diode.

Special diodes: All diodes are basically PN junction
diodes and are made according to the application. There
are many special purpose diodes are in use in which zener
diodes widely used for voltage regulation.

Zener diode: This diode specially designed for voltage
regulation. A wide range of voltage regulated zener diodes
are available.

It is a PN junction diode doped heavily for regulation
purpose. It has a normal VI characteristic when it is
forward biased. But the characteristic are changed abruptly
when it is connected in reverse bias.

In the reverse bias condition a leakage current in the order
of Microamps will flow. When the reverse voltage reaches
to a particular designed voltage a sudden breakdown
known as avalanche breakdown happens.

When a heavy current flows at constant voltage, the
voltage continue to remain constant. Further increase in
voltage, the current suddenly increases. Fig 8 shows the
reverse characterises of zener diode.
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Fig 8
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Few more special diodes listed below in Table 1
SL.No Name Purpose Symbol
/7/
1 LED Light emitting diode - exhibits light in conduction A <
2 TUNEL or ESAKI | Un effected by change in temperature A—W
A
3 SCHOTTKY Fast switching
K
4 VARICAP Varactor -Variable capacitance diode or tuning diode A >| |7K
5 SCHOKLEY Constant current diode ’g%
K
I
6 PHOTO DIODE Light dependent diode
g p %K
K
7 IMPATT DIODE Heavily doped PN layers
A
8 PIN DIODE Low capacitance switching #ZA
K
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Rectifiers

Objectives: At the end of this lesson you shall be able to
* state the purpose of rectifier in power supply circuit

» explain the working of half-wave, full-wave and bridge rectifier circuit

e state the need of filter circuit to rectifier circuits

» state the different types filter circuit for rectifiers and their working.

Most of the electronic equipment, both entertainmentand
professional, need DC voltage for operation. The power
supply converts AC supply voltage into DC. Diodes are
used as rectifier in a power supply circuit.

Half wave rectifier: This simplest form of AC to DC
converter is by using one diode such an AC to DC
converter is known as half-wave rectifier as in Fig 1.

Fig 1
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A diode D, and a load resistance R in series are
connected across the secondary of a step down transformer
(Fig 1(a). The transformer steps up or steps down the
supply voltage as needed. Furtherthe transformerisolates
the power line and reduces the risk of electrical shock.
During the positive half-cycle of the input line frequency,
(Fig 1b) the diode anode is made positive with respect to
the cathode. The diode D, conducts becauseitis forward-
biased. Currentflows from the positive end of the supply
through diode D, and R, to the negative terminal of the
input. During this period of time, a voltage is developed
across R, . The polarity of the voltage is as indicated in
Fig1C.

During the negative half cycle of AC inputline frequency,
the diode is reverse-biased. Practically no current flows
through the diode and the load R, and there is no voltage
output.

DC output: The voltage drop across the forward biased
diodeislow, because the resistance of the forward-biased
diodeisverylow. Ge diode drops 0.3V and Sidiode drops

0.7V. Ignoring the small voltage drop across the diode.
We can find the relationship between AC input and DC
outputvoltage.

The AC input wave-form is shown in Fig 1b.

vV, =0.707 V,

\Y/

V _ rms

P 0.707

In Fig 1C, the DC output is shown. The diode produces
only half cycle of the Ac input. The average value of this
half wave is the DC output voltage.

Ve= 0318V,

dc

=0.318 x Vems_
0.707

= 045V,

S

For example if the input AC voltage is 24 volts the output
DC of the half wave rectifier willbe V, = 0.45x24=10.8
\Y,

. _ Vdc
The DC load currentis |, = R,

Ripple frequency: From Fig 1 it is evident that the
frequency of the rectified pulsating DC is same as the
frequency of the input AC signal. This is true for all half-
wave rectifiers.

Peak inverse voltage: Fig 1(a) shows the half-wave
rectifier at the instant the secondary voltage is at its
maximum negative peak.

In this condition, since the diode is reverse biased, it
behaves as an open switch as in Fig 2b. Since the diode
is reverse biased, there is no voltage across the load R .
Therefore, from Kirchhoff's Voltage law, all the secondary
voltage appears across the diode as shownin Fig 2a. This
is the maximum reverse voltage that appears across the
diodeinthereverse biased condition. This voltageis called
the peak reverse voltage or more commonly as the peak
inverse voltage (P1V). Therefore, in a half-wave rectifier the
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peak inverse voltage across the diode is equal to the -ve
peak value of the secondary voltage Vs(peak). Sincethe-ve
peak voltage and +ve peak voltage in a sinusoidal wave
is same in magnitude, the peak inverse voltage (PIV)

across the diode in a halfwave rectifier can be taken as a

s(peak)”

Fig 2

(a) (b)
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In the example considered earlier, the PIV across the
diode will be,

v
Ystms) 24 _ 339 _34v0lts
0.707 _ 0.707

Vs(peak) =

Toavoid break down of the diode used, the PIV appearing
across the diode of the designed HW rectifier mustbe less
thanthe PIV rating ofthe diode. Forinstance, inthe above
example to avoid break down of the diode, the PIV rating
of the diode should be greater than 34 volts.

However this condition changes when afilter capacitoris
used in the output DC circuit.

Full wave rectifier (FW): A full wave rectifier circuitis in
Fig 3. The secondary winding of the transformeris centre-
tapped. The secondary voltage is divided equally into two
halves, one end of the load R is connected to the centre
tap and the other end of R to the diodes.

It is seen that two half-wave rectifiers are conducting on
alternate half cycles of the input Ac.

During the positive half cycle of the secondary voltage,
diode D, is forward-biased and diode D, isreverse-biased.
(Fig 3b) The current flows through the load resistor R ,
diode D, and the upper half of the secondary winding.

During the negative half cycle of secondary voltage, diode
D, is forward-biased and diode D, is reverse-biased.
Therefore, current flows through the load resistor RL diode
D, and the lower half of the secondary winding. (Fig 3c)

The load current is in the same direction during both the
half-cycles of the AC input. The output of the full-wave
rectifier is shown in Fig 3d.

DC output : Since a full wave rectifier is nothing but a
combination of two half-wave rectifiers, the average or DC
value of a fullwave rectifier is naturally twice the output of

ahalfwave rectifier driven by the same secondary voltage.

Fig 3
(@) TRANSFORMER —

-

OUTPUT

INPUT

OUTPUT

/TCONDUCTION BY THE DIODE
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0 ‘ n 2n 3n 4n Sn —=t
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From Fig 3 itis evident that the average of DC value of
a full wave rectified outputis

Ve =0318V ., +0318V
V4 =0.636 V.
where, Vs(peak) is the equal peak voltage between the

centre-tap and any one end A or B of the transformer
secondary.

Interms of V_ V. of full wave rectifier is given by,

rms

VS e = 0.707 V

(rms s(peak)

v
Therefore, Vg, =0.636 = Of;fg;) 0.9 Vy me)

Example

Suppose the secondary voltage of the transformer is 24-
0-24V(rms), the Dc output voltage of a full wave rectifier
using this transformer will be,

For a two diode full wave rectifier

V,, =09V,

rms)
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Therefore, inthe given example
V,.=09x Vs(rms) =0.9x 24 =21.6 volts

Ripple frequency in a full wave rectifier: From
Fig 3c it can be seen that two cycles of output occur for
each input cycle of AC voltage. This is because, the full
wave rectifier has inverted the negative half cycle of the
inputvoltage. As aresult, the output of a fullwave rectifier
has frequency double the input AC frequency. Ifmains AC
supply is used as input to a full wave rectifier, the mains
frequency is 50 Hz, the output frequency of the pulsating
DC will be 100 Hz.

Note: Thisincreasedripple frequency has certain
advantages when the pulsating DC is smoothed.
This will be dealt with in further lesson.

Peak inverse voltage: Fig 4 shows the full wave rectifier
attheinstantthe secondary voltage reaches its maximum
positive value.

Fig 4
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Applying Kirchhoff’s law around the outside loop, we get,
2V ..y~ Reversevoltage(PIV)

s(peak

across D, + Forward voltage across D, =0

Neglecting the small forward voltage across D, we have,
2V, peay = PIV across D, +0 =0

orPIVacross D, =2V
Fromthe aboveitcan be seenthateachdiodeinafullwave
rectifier musthave PIV rating greater than the peak value
ofthe full secondary voltage. 2V,
In the example considered earlier, the PIV of diodes
should be 2V

s(peak)”

Vs(rms) 2x Vs(rms)
Vo) =707 = 2 Vsteea =5 707
2x24
= =68 volts (approx.
0.707 (app )

Current rating of diodes in a full wave rectifier : If the
load, R _connected inthe fullwave rectifieris, say 10Qthe
DC current through it will be,

I — Vdc
dc " 100

In the example considered above, V= 21.6 volts

21.6
Therefore, Iyc = 0 2.16 amps.

Itis interesting to note this current |, _is shared by the two
diodes D, and D,. This is because each diode conducts
only forone half cycle. Therefore, the DC currentthrough
eachdiode is halfthe total DC load current| . Hence, the
maximum current through each diode with 10Q load will be
2.16/2 =1.08 amps. From this it follows that the current
rating (If(max)) of each diode need only be half the
maximum/rated load current.

NOTE: Inahalfwave rectifier, since there is only one diode,
the currentrating of the diode used should be the maximum
current through the load unlike in the case of a full wave
rectifier in which the current rating of the diodes used is
only half the maximum current through the load.

Example: In a two diode full wave rectifier, with a load
current requirement of 1.8 amps, what should be the
current ratings of the diodes used?

Sinceitis atwo diode full wave rectifier, the currentrating
of each diode should be = 1/2 the total load current.

Therefore | (max) of diodes should be = 1.8 amps/2=0.9
amps.

Itis fine if a diode of 1 amp current rating is used for this
rectifier circuit.

Disadvantages of TWO DIODE full wave rectifier: The
fullwave rectifier using two diodes and centre tap transformer
has the following disadvantages

* A centre-tapped transformer that produces equal
voltages on each half of the secondary winding is
difficultto manufacturer and, hence, expensive.

» Centre-tapped transformers are generally bulkier than
ordinary transformers, and, hence, occupy larger space.

* In a two diode full wave rectifier, only half of the
secondary voltage is made use at a time although it
works in both +ve and -ve half cycles.

Bridge rectifier :Itis a full-wave rectifier. The circuitis in
Fig 5a. Inthe bridge rectifier four diodes are used. There
is no centre tap on the secondary of the transformer.
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During the positive half of the secondary voltage, diodes D,
and D, are forward-biased. Hence current flows through
diode D, load resistance R and D, to the other end of the
secondary. This is illustrated in Fig 5b. During the
negative half ofthe secondary voltage, diodes D, and D, are
conducting . The current flows through diode D, resistor
R _anddiode D, tothe other end of the secondary. Thisis
illustrated in Fig 5c.

In both cases the current flows through the load resistorin
the same direction. Hence, afluctuating DC is developed
across the load resistor RL. This is shown in Fig 5d.

DC output: Fig 6 shows the input AC and the output
pulsating DC wave-form of a bridge rectifier.

This wave-form is similar to that of the full wave rectifier
using a centre-tap transformer. Hence, the average DC
value of the output s,

Ve =0836V .

orV, =09 Vs(

where, Vs(rms) is the full secondary AC rms voltage.

rms)

NOTE: In a two -diode full wave rectifier Vs(rms)
refers to only half for the total secondary
voltage whereas in a bridge rectifier V

refers to full secondary voltage.

s(rms)

Fig6
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Example: In Fig 5, if the transformer secondary voltage
V. ms) IS 24 volts, the rectified DC voltage V, across the

load R, will be,

From equation ....2, V _for a bridge rectifier is given by,
Ve =09V

rms)

In the given example, Vs(rms) =24 volts

Therefore, VdC =0.9x24 =21.6 volts

NOTE: Using the same transformer, a two-diode
full wave rectifier would have given only 10.8
volts which is half of that of bridge rectifier
output.

Ripple frequency - Bridge rectifier: The pulsating DC
output of a bridge is similar to the two diode full wave.
Hence asin atwo diode fullwave rectifier, the outputripple
frequency of the bridge rectifier is also twice the input AC
frequency.

Peak inverse voltage - Bridge rectifier: Fig 7 shows
a bridge rectifier at the instant the secondary voltage has
reached its maximum value.

Fig 7

PEAK
REVERSE
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Diode D, is ideally short (as it is conducting) and D, is
ideally open. summing the voltages around the outside
loop and applying Kirchhoff's law,

24 Electrical : Electrician (NSQF LEVEL - 5) - Related Theory for Exercise 4.1.163



V -PIVacross D, +0=0

s(peak)

or PIVacross D, =V .
Therefore, the peak inverse voltage across D, is equal to
the peak secondary voltage Vs(peak)
In a similar way, the peak inverse voltage across each
diode will be equal tothe peak secondary voltage Vs(peak) of
the transformer secondary. Hence the PIV ratings of the
diodes used should be greater than Vs(peak)

Example

In Fig 7 if the transformer secondary voltage V is 24

s(rms)
volts, find the minimum PIV of diodes used. In a bridge
rectifier PIV across the diodes is same and is equal to

\Y

s(peak)

Therefore, inthe given example,

Vs(rms) 24
PIV = Vsd(peak) = W = m = 34 VO|tS

Currentrating of diodes in bridge rectifiers : Asinthe
case of a two diode fullwave rectifier even in a bridge
rectifier is in Fig 5, diode pairs D,, D, and D, D, carry half
the totalload current1. Thisis because each diode pairis
conducting only during one half of the AC input cycle.

Theonly disadvantage of bridge rectifiers,D,,D,andD,, D,
is that, this circuit uses four diodes for full wave rectification
instead of two as in two-diode fullwave rectifier. But this
disadvantage is compensated by the simple transformer
requirement of the bridge rectifier and higher DC output
level. Hence, bridge rectifiers are the most popular AC to
DC rectifiers for most applications.

Encapsulated bridge rectifiers are available as a single
pack with two terminals for AC input and two terminals for
DC output.

Thefollowing table provides data for a normally used diode
having the current rating of one ampere.

Maximum ratings

Rating Symbol

Type Number Unit

IN4001| IN4002

IN4003 | IN4004| IN4005| IN4006 | IN 4007

Peak repetitive VRM(rep) 50 100
reverse voltage

Working peak
reverse voltage

DC blocking voltage

VRM(wkg)

200 400 600 800 1000 | Volts

Non-repetitive Ve ronrep) 75 150
peakreverse

voltage (halfwave,
single phase,

50 Hz peak)

300 600 900 1200 1500 | Volts

RMSreverse Vr 35 70
voltage

140 280 420 560 700 Volts

Average rectified lo
forward current
(Single phase,
resistive load, 50Hz,
T,=75°C)

1.0 Amp

Non-repetitive IFM
(Halfsine
wave t=10m sec)

30

Maximum thermal TJA
resistance junction
temperature to
ambient (lead length
=25 mm)

85

Maximum 'I'J.Tstg
Operatingand

storage junction
temperaturerange

-65t0 175
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Other diode specifications can be obtained from the
data book).

A comparison of half-wave, fullwave and bridge rectifier
is given below in a tabular form

Half wave Full wave Bridge
Number of diodes 1 2 4
required
Transformers peak Fig8 | {
outputvoltage Vs(peak)
Vs(peak) 4 Ve
Vs(peak)
4 {
DC outputvoltage
in terms of
s(peak) 0.318Y ca) 0.636VV, .. 0.636VV_, ..
DC outputvoltage
interms of V_ 045V o 0.9V, 0.9V, e
Diode current
rating Lmex) 0.51 o 0.5 o
Peakinverse
VOItage Vs(peak) 2Vs(peak) Vs(peak)
Ripple frequency oot ZA T -
Filter circuits : Alternating current is rectified to provide 2 RCfilter
a steady DC voltage similar to the output of a battery as 3 Seriesinductorfilter
shownin Fig 9a. But the output of rectifiers in a pulsating
DC as in Fig 9b. 4 Choke input LC filter
Fig9 5 nrfilter.
\% \Y

t | + + + + t

b} PULSATING DC OQUTPUT OF RECTIFIERS

a) PURE DC OUTPUT OF BATTERIES

\

— PEAK TO PEAK RIPPLE

—=TIME
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¢} AFILTERED HALFWAVE OUTPUT

Pulsating DC voltages cannot be used in most of the
electronic circuits. For example a buzzing sound will be
obtained from aradio ifthese pulsations are notremoved
in the output of the rectifiers. The circuits used to filter off
or reduce the pulsation in the DC output of rectifiers are
known as smoothing circuits or popularly as Ripple filters.

Ripple : The small voltage fluctuations in the output of a
filter like those shown in figure 9c are called Ripple.

Filter circuit components : Filter circuits are normally
combinations of capacitors, inductors and resistors.

Types offilter circuits : The differentfilter circuitsin use
are

1 Capacitorinputfilter.

-—

Capacitorfilter: A capacitorfilteris the most simplest
and cheapest filter. Here a large value capacitor C is
connected across the load resistor RL as in
Fig 10a. The capacitance offers a low reactance path
to the AC components of current and offers very high
resistance to DC. So all the DC current passes
through the load.

Working : When the rectifier output voltage is increasing
the capacitor charges to the peak voltage Vm. After
reaching the positive peak the rectifier output voltage tries
tofall. Observe the wave formin Fig 10b. Atpoint ‘B’ the
capacitor has +V_ volts across it. Since the source
voltage becomes slightly less than Vm, the capacitor will
try to send current back through the diode, which reverse
biases the diode.

The diode disconnects the source fromload. The capacitor
starts to discharge through the load. Thus the voltage
across load will not fall to zero. The capacitor continues
to discharge until the source voltage becomes more than
the capacitor voltage at point C. The diode again starts
conducting and the capacitor is again charged to peak
valueV_. During the charging period for the capacitor the
rectifier supplies the charging current I _through capacitor
as well as the load current I . Thus the current is
maintained through the load always.
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g) TT FILTER CIRCUIT

The rate at which the capacitor discharges between points
Band CinFig 10b depends upon the time constantR C.
longer this time constant is, the steadier is the output
voltage.

Calculation of Ripple : While designing afilter circuit the
following methods can be used to calculate theoretically
the ripple voltage in the output of the filter circuit.

Method 1

Knowing the required load current, | , for a given value of
frequency f and capacitance C, the peak-to-peak ripple
voltage can be found using the formula,

I
Vi o0y = = e (2)
rip(p-p) F.C
Where
Vr(p_p) = peak-to-peak ripple voltage in volts

I, =required Dcload current, in Amps
F.=ripple frequency, in Hz

C = capacitance in Farads

Fixing the permissible V op and knowing f and | the
required value for C can also be found using this formula

Method 2

Another method of expressing the ripple inthe outputDC
is by ripple factor r defined as,

Vr(rms)

Ripple factor, r =
dc

where,
r = ripple factor (dimension less)

V =rms value for ripple voltages.

r(rms)

V,. is the measured dc voltage at the output.

2 RCfilter

A simple RC filter circuit is in Fig 10c. It consists of a
resistor R, and capacitor C, connected as shown . The
resistor R, help the filtering provided by the capacitor by
lengthening the discharge time of the capacitor.

3 Series inductor filter

The figure 10d shows a series inductor filter circuit. An
inductoris adevice which has the fundamental property of
opposing any change in current flowing through it. This
property is used in the series inductor filter.

Working : Whenever the current through an inductor
tends to change, a back emf is induced in the inductor
which prevents the current from changing its value. The
operation of a series inductor filter depends upon the
current through it. Therefore this filter can be used
togetherwith a full wave rectifier only. furtheranincrease
in load current resultin reduced ripple.

4 Choke-input LC filter

A choke input filter consists of an inductor L in series and
a capacitor C in shunt with load as shown in Figure 10e.

Working : An LC filter combines the features of both the
seriesinductorfilter and shunt capacitorfilter. The choke
(iron-core inductor) allows the DC component to pass
through easily because it offers no resistance to DC.
While the capacitor allows AC ripples to pass through but
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blocks DC. As aresultall the DC current passes through
the loadresistor R . The outputwave form of a LCfilter is
an shown in Figure 10f.

Bleeder resistor: Aninductor functions betterwhenlarge
steady current flows. For optimum functioning of choke
filter a bleeder resistance R, , which by passes the
fluctuating current is included in the circuit as shown in
Fig 10e.

5 PI-Filter (x filter)

This circuit is shown in Fig 10g. It is also called as a
capacitor input filter. This circuit uses one inductor and
two electrolytic capacitors. It is called capacitor-input
filter because C, is the first filtering component. Itis also
called Plfilter because the circuitlooks like t (Greek letter)

Working : The rectifier output first goes to C, which
alternately charge and discharges as in the case of a
capacitor filter. The capacitor C, also provides a similar
filtering action. The inductor opposes the changes in both
the outputof C,andin the currentdrawn by the load. Also
the LCfilters are capable of removing the voltage spikes at
the input.
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Electrical
Electrician - Electronic Practice

Related Theory for Exercise 4.1.164

Transistors

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

+ explain the construction of bipolar transistors

» explain the classification and working of PNP and NPN transistors
* state the important packages and type number systems of transistor

* explain the methods of testing transistor.

Introduction: Transistoris an active device which canbe
compared to the heart of modern electronics. It accepts
small electrical signal either in the form of current or
voltage at the input and then amplifies (increase the
amplitude) and provides a large signal at the output as in
Fig 1. Transistors are usedin almost all electronic gadgets
such as radio, TV, tape recorder, computer etc.,

Fig 1
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AMPLIFIER

Beforethe transistors were invented (1947), certain devices
are used known as vaccum tubes or valves which were
used in amplifiers.

Compared with the present day transistors the vacuum
tubes were big in size, consumed more power, generated
lot of unwanted heat and were fragile. Hence vaccum
tubes became obsolete 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 vaccum tubes transistors have several
advantages. Someimportantadvantages are listed below.

* Very small in size

» Lightin weight

»  Minimum power loss in the form of heat
» Lowoperating voltage

* Ruggedinconstruction

» Longlife and cheap.

Tosatisfy the requirements of different applications, several
types of transistors in different types of packaging are
available. Asindiodes, depending uponthe characteristics,
transistors are given a type number such as BC 107, 2N
6004 etc., The characteristics data corresponding to
these type numbers are given in Transistor data books.

Transistor are available as bi polar, field effect and
unijunction etc.,

A bipolar junction transistor uses two opposite polarity of
doped semiconductor i.e. ‘N’ type and ‘P’ type.

Afield-effect transistor uses electrostatic field of charged
carriers for its working.

An unijunction transistor uses a single junction of ‘P’ and
‘N’ type semiconductor.

Construction of bipolar junction transistors : The
bipolarjunction transistoris athree-elementdevice (emitter,
base, collector) made up of silicon or germanium materials
by various methods like point contact, grown junction,
alloy junction, diffusion junction and epitaxial. The
construction of the transistor and the symbols, NPN and
PNP, are shown in Fig 2.

Fig 2
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a) pnp - TRANSISTOR

COLLECTOR(C) COLLECTOR
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b) NPN - TRANSISTOR
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A transistor is represented with the symbol shown. The
arrow at the emitter shows the current flow through the
transistor.
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In most of the transistors, the collector region is made
physically largerthan the emitter region since itis required
todissipate more heat. The base is very lightly doped and
is very thin. The emitter is heavily doped. The doping of
the collector is more than that of the base butless than of
the emitter.

Classification of transistors

1 Based on the semiconductor used
« Germaniumtransistors
e Silicon transistors

Like in diodes, transistors can be made, using any one of
the above two important semiconductors. However, most
ofthe transistors are made using silicon. this is because,
silicon transistors work better over a wide temperature
range (higher thermal stability) compared to germanium
transistor.

Method of finding the semi conductor used in
Transistor

Transistor data books give information about the semi
conductor used in any particular transistor.

In the absence of data, still a quick check can be made
with an ohmmeter to determine whether a transistor is
made from silicon or germanium. In the test of a PNP
transistorin Fig 3 first connectthe ohmmeter negative lead
to the collector and the positive lead to the emitter. With
this hook-up a high resistance reading from the emitter to
the collector will be shown.

Fig 3
COLLECTOR
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EMITTER

OHMMETER TEST RESULTS PROVE WHETHER THE PNP TRANSISTOR
UNDER TEST IS MADE FROM GERMANIUM OR SILICON
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Then reverse the ohmmeter lead connections, and the
resistance reading will go even higher. Ifit is possible to
read the ohms on the meter scale, it is germanium
transistor. If the reading is in the megohms-to-infinity
range, it is a silicon transistor.

2 Basedonthewaythe P and N junctions are organised
asin Fig 4
* NPNtransistor
* PNP transistor
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.

Fig 4
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Operation of NPN transistor : During the normal operation
of the transistor for amplifications the emitter base
junction must be forward-biased, and the base collector
junction must be reverse-biased, as in Fig 5.

Fig 5
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If V., is greater than the barrier potential (0.3 V for
germanium and 0.7 V for silicon), the electrons in the
emitter are repelled by the negative polarity of V_; and sent
to the base. After filling a few holes in the base, these
electrons can flow in either of the two directions. A few of
the electrons are attracted to the positive terminal of V,
producing base currentl,. Many electrons in the base and
collector are attracted by the high position potential of V ,
producing collector current | . Emitter current I_is equal
to base and collector currents.

le=1g+1,

Working of PNP transistor: For proper operation of a
PNP transistors as amplifier the base emitter junction
must be forward-biased and the collector-base junction
must be reverse-biased as in Fig 6.

Holes which are the majority carries are injected from the
emitterinto the baseregion. By the reverse biasing of the
base-collection junction, the collector region is made
negative with respectto the base, and hence holes, which
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carry a positive charge, penetrate into to base and flow
across the collector junction and flow into the external
applied voltage.

Fig6
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Method of identifying PNP and NPN transistors :
Whether a transistoris PNP or NPN can be found with the
help of transistor data book.

In the absence of data the following procedure may be
adopted toidentify the type of transistor whetheritis PNP
or NPN.

PNP identification : Toidentify the type of transistor first,
make sure which is the positive lead and which is the
negative lead fromthe ohmmeter. Ifnecessary, take ofthe
back for the instrument and check the polarity of the
battery againstthe lead connections (positive to positive,
negative tonegative).

To test the transistor for its type:

1 Hook the positive lead from the ohmmeter to the base
of the transistor. Fig 7

2 Connectthe negative lead from the ohmmeter first to
one transistor lead, then to the other.

3 If both readings shows high resistance, hook the
negative ohnmmeter lead to the base of the transistor.
(Fig7)

4 Connect the positive lead from the ohmmeter first to
one transistor lead, then to he other.

5 If both readings show low resistance, then itis a PNP
transistor.

Fig 7

@

BOTH READINGS ARE HIGH BOTH READINGS ARE LOW

RESULTS OF THESE OHMMETER TESTS PROVE THAT
TRANSISTOR IS THE PNP TYPE
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NPN identification : Suppose the ohmmetertests show
high resistance with the negative ohmmeterlead connected
tothe base ofthe transistor and the other lead is switched
from transistor lead to transistor lead. See Fig 8 for
reference.

B

BOTH READINGS ARE LOW

BOTH READINGS ARE HIGH

RESULTS OF THESE OHMMETER TESTS PROVE
THAT TRANSISTOR IS THE NPN TYPE
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Continue testing as follows:

1 Reverse the ohmmeterleads, connecting the positive
lead to the base of the transistor.

2 Connect the negative lead from the ohmmeter first to
one transistor lead, then to the other.

3 If the readings show low resistance, then itis a NPN
transistor.

3 Based on the power handling capacity of
transistors, they are classified as

1 Low power transistors less than 2 watts
2 Medium power transistors is 2 to 10 watts
3 High power transistors more than 10 watts

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 sink is
to, take away the heat from the transistor and passitto the
surrounding air.

Transistor data books give information about the power
handling capacity of different transistor.

4 Based on the frequency of application

* Low frequency transistor (Audio Frequency of A/F
transistors)

« High frequency transistor (Radio frequency of R/F
transistors)

Amplification required for signals of low or audio range of
frequencies in Tape recorders, PA systems etc., 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.

Transistors data books give information for any particular
transistor as to whether it is a AF of RF transistor.
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5 Based on the manufacturing method
« Grownjunction
« Alloy junction
* Planar contact
+ Epitaxial

« Mesa

The aim of each manufacturing process is to yield
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
transistor manufacturer.

6 Based on the type of final packaging
* Metal
+ Plastic

« Ceramic

Metal packaged transistors are generally used in medium
and high power amplifications. 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.

Threelead devices such as transistors, SCRs, triacs etc.,
are casedin packages numbered as TO (transistoroutline)
or SOT (semi-conductor outline for transistors) followed
by a number. A number of packages after designs are
rarely used by circuitdesigners and have become obsolete.

Testing of transistor : A transistor can be tested for all
specifications shown in the data book. But verification of
almostall specifications, exceptafew requires an elaborate
step up and can damage the transistor permanently.

The condition of a transistor with two diodes connected
back to back will be as shown in Fig 9(a) & (b)

Fig 9
C C C

QL 0
E E E

a) NPN b) PNP

C

E
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An ohmmeter can be used to check the junction either for
anopen circuitor a short circuit. The shortis indicated by
R practically zeroohms. Avery high Rof many megohms,
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in the direction of infinite ohms, means an open circuit.
Power must be off in the circuit for ohmmeter readings.
Preferably, the device is out of the circuit to eliminate any
parallel paths that can affect the resistance readings fora
transistor, low resistance from base to emitter or base to
collector indicate forward bias and when the ohm-meter/
multimeterleads are transferred the resistance should be
very highindicate reverse bias.

Probable possibilities are

1 Whentheratio ofreversetoforward Ris very high, the
junction is good.

2 When both the forward and reverse R are very low,
close to zero, the junction is short-circuited.

3 When both the forward and reverse R are very high,
close to infinity, the junction is open.

4 When both junctions are good transistor is good.

For a transistor without terminal details, base can be
identified easily by identifying between collector and
emitter terminal.

Normally for any power transistor, collector is
connected to the metallic part/case to dissipate
excess heat generated.

6 Withahigh voltage multimeter (MOTWANE multimeter
with 9 V cell in Q x 100 range), emitter base junction
shows some reverse resistance due to zener action
which should be treated as high resistance for all
purpose.

Agermanium transistor has very low forward resistance for
each of junction and a high resistance in the reverse
direction, while a silicon transistor has moderate forward
resistance and infinity reverse resistance.

Fig 10

a) NPN TRANSISTOR

+ D, C-B - D,
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b) PNP TRANSISTOR
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Fig 10ashows a NPN transistorand Fig 10b shows a PNP
transistor. Theimaginary diodes1and 2 canbe tested as
similar to testing any diode. When a diode is tested, ifthe
ohmmeter shows high resistance in one direction and low
resistance in another direction, then the diode
corresponding to that diode junction can be regarded as
GOOD. Oneimportant pointto note in a transistoris that,
both the diodes of the transistor should be GOOD to
declare the transistor as GOOD.

Whentesting, atransistorusingohmmeter, itis suggested
to use the middle ohmmeter range (Rx 100) because,
ohmmeters in low range can produce excessive current
and ohmmeters in high range can produce excessive
voltage which may be sufficient to damage small signal
transistors.
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Transistor biasing and characteristics

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

« state the need and type of transistors biasing

» state the reason for shifting Q point due to temperature and B, changes
* state the necessity and importance of transistor characteristics
« state the importance of DC load line and meaning of Q point in transistors characteristics.

Need of biasing of transistor

Before any one rides a motor cycle or drives a car, he has
to startthe engine and keep the engine running. In simple
termsbiasing transistors is similar to keeping the transistor
started before making the real use of it. Once the
transistoris started, like the engine of a car, it can be made
to amplify, like covering the distance by driving the car.

Before an AC signal is fed to a transistor, it is necessary
to set up an operating point or the quiescent(Q) point of
operation. Generally this Q pointis set atthe middle of the
DC load line. Once the Q point is set, then the incoming
AC signals can produce fluctuations above and below this
Q point as in Fig 1.

Fig 1

INPUT

RTATATR

| | AMPLIFIED
I outPUT
|

|

Forthe normal operation of a transistor amplifier circuit, it
is essential that there should be
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a) aforward bias on the emitter-base junction and
b) reverse-biasonthe collector-base junction

In addition, the amount of bias required is important for
establishing the Q point which is dictated by the mode of
operationdesired.

If the transistor is not biased correctly, it would
1) workinefficientlyand

2) produce distortion in the output signal.
It is desirable, that once selected, the Q point should
remain stable i.e. should not shift its position due to

temperature rise which cause variation in § (V,.) or
leakage currents.

34

Furtherthe amplitude variations in current and voltage of
the input signal must not drive the transistor either into
saturation of cut off.

Stable Q point: A setQ pointofatransistoramplifier may
shiftdue toincreased temperature and transistor 3 value
changes. Therefore, the objective of good biasing is to
limit this shifting of the Q point or to achieve a stable Q
point.

The Q pointis nothing buta pointin the output characteristic
of the transistor. This point corresponds to a particular
value of I, I, and V.. Further, the collector current |
depends both on | and B of the transistor. Ifl; changes,
|, also changes, and hence, the Q point changes. If
changes, again | changes, and hence, the Q point gets
shifted.

Shifting of Q point due to temperature: Remember
that a transistor is a temperature sensitive device. Any
increase in the junction temperature results in leakage
current. this increased leakage currentin turnincreases
the temperature and the effect is cumulative. This chain
reaction is called thermal run away. If this thermal run
away is not stopped, it may result in the complete
destruction of the transistor due to excessive heat. In
transistors, due to this increased leakage current, the
base current increases, and hence, the Q point gets
shifted. This change in the set Q point affects the
performance of the amplifier resulting in distortion.

Shifting of Q point due to B,  changes: Practically two
transistors of the same type number may have different
value of B. this is due to the manufacturing process of
transistors. Hence, when a transistor is replaced or
changed, due to different 3 of the replaced transistor, the
Q point again gets shifted.

Therefore, a stable biasing is one which does not shift the
Q-point even if temperature varies and/or the B of the
transistor changes.

Different methods for transistor biasing: There are
several ways to bias a transistor for linear operation. This
means, there are several ways of settingup a Q pointnear
the middle of the dc load line.



The methods used for providing a bias for transistors
are 1 fixed bias or base bias

2 self-bias or emitter bias or emitter feed back bias

3 voltage dividerbias

Fixed bias or base bias: The circuitin Fig 2 provides a

fixed bias by means of the power source V_ and the base
resistor R

Fig 2

+Vee

R
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c
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Self-bias arrangements are not practicable for small values
of current because the DC Q point changes due to

— poor Beta sensitivity

— bias voltages and current do not remain constant
during transistor operation due to temperature variation.

Hence, in a base-biased transistor, it is impossible to set
up astable Q point. Therefore, base biasing of transistors
is notgenerally donein linear amplifier circuits. However,
base biasing is commonly used in digital circuits
(discussed in further lessons) where transistor are used
as a switch and not as a linear amplifier.

2 SELF BIAS or EMITTER BIAS or emitter feedback
bias: Fig 3 shows a emitter-biased transistor. This
type of biasing compensates for the variations in
temperature and keeps the Q point fairly stable.

Fig 3

Vee
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Letthe temperature rise-causingrisein|_and consequently
riseinl_. Thenthe currentin R_increases. Theincreased
current in R_ increases the DC voltage drop across R,
reduces the net emitter to the base bias, and the base
current, and hence reduces the collector current. Thusthe

presence of the self-biasing resistor R. reduces the
increase in Ic and improves the operating point stability.

However if B, increases, the collector currentincrease.
This inturn increases the voltage at the emitter. This
increased emitter voltage decreases the voltage across
the base-emitter junction and therefore, the base current
reduces. This reduced base current results in less
collector current, which partially offsets the increase in | _
due to increase B,

Emitter bias is also referred to as emitter feedback bias.
This is because an output quantity, i.e., the collector
current, produces a change in an input quantity i.e., the
base current. The term feedback means a portion of the
output is given back to the input. In emitter bias, the
emitter resistor is the feedback element because it is
common to both the output and input circuits.

Referring Fig 3, if we go for further analysis of the circuitwe
find if we add the voltages around the collector loop, we
get,

IR, + Vo LRV, =0 ... (1)

Since | approximately equals|_(as |,is comparatively very
small), equation ..(1) can be arranged as,

Il _Veo-Vee (2)
Rc +Re

If we add voltages around the base loop, we get,
IRg + Ve + IR - V. =0 ...(3)
Since I_=I_and I, =1/, we can rewrite the equation as,

lo _ Vee-Vee (4)
Rg +Rop/Bac

From equation...(4), the presence of term Bindicates that
|,isdependenton B. Theintention femitter-feedback bias
to swamp out the effect . This is possible when R_ is
made much larger than R,/ B,. However, in practical
circuits R cannotbe made very large because, large value
of R_ takes the transistor out of the linear operating region.
Due to this problem, the emitter-feedback bias is almost
as sensitive to changes in B, as in the base-bias.
Therefore, emitter-feedback bias is also not a preferred
form of transistor bias and should be avoided.

In emitter-bias, the saturation current will be,

| :M (1)

C(Sat) RE + RC ...........

When the transistor is saturated, the value of V _ will be
between 0.2 to 0.3V. Hence can be neglected for all
practical purposes.
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In Fig 3, the saturation current is,

12V

lopo = ———2¥  —10.71mA
€ = 1000Q + 1200

Note:
Vceea ©F 0-2 vOlts is neglected.

When B, =100, equation...(4) gives,

~ 12V -0.7V ~
©120Q + 330 KQ/100

c 3.3mA

When B, =300, the same equation...(4) gives,

. 12v-07v
1200 + 330 KQ/300

c =9.262mA

Fig4 summarizes the calculations by showing the DCload
line and the two Q points. As can be seen, a 3:1 change
in B, produces almost a 3:1 change in the collector
current. This change is unacceptable as a stable-biased
state.

Fig 4

— - cCc
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TIP: Forlinear operation of the transistor, the base resistor
RB should be greaterthan BR . Abase resistance ofless
than B, R, produces saturation in an emitter feedback-
biased circuit.

3 VOLTAGE-DIVIDER bias: Collector to base bias:
Fig 5 shows atypical voltage-divider bias. This type of
biasing is also called the universal bias because, this
is the most widely used type of biasing in linear
circuits.

Fig 5
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This type of biasing is known as voltage divider bias
because of the voltage divider formed by resistors R, and
R,. The voltage drop across R, should be such that it
forward biases the emitter diode.

Emitter current in voltage divider bias : Assume that
the base lead is open as shown in Fig 6b. Looking back
atthe unloaded voltage divider,

R
Vo = 2 —V...
TH R, +R, cc

NOTE: V., is known as the Thevenin’s voltage.
Refer reference books for Thevinin’s theorem.

Now assume that, the base lead is connected back to the
voltage divider as in Fig 6a. then, voltage V_, drives the
base of the transistor. In otherwords, the circuit simplifies
to Fig 6a and the transistor acts like the controlled current
source.

Fig 6
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(a) (b)

The collector current |_will be approximately equal to I...

Notice that B, does not appear in the formula for emitter
current. This means that the circuit is not dependent on
variations in B,. This means that the divider-biased
transistor has a stable Q point.

Because of the stable Q point, voltage-divider bias is the
most preferred form of bias in linear transistor circuits.
Hence, divider bias is used almost universally.

Transistor characteristics

Inatransistorthere are two PN junctions followed by three
voltage parameters V.., V.. V. and three current
parameters |, I, I isin Fig 7.

Any change in any one parameter causes changes in all
the other parameters. Hence it is not very easy to
correlate the effect of one parameter with the others. To
have a clear understanding of their relationship a minimum
of two characteristics graphs should be plotted for any
transistor. They are,
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Fig 7
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— Output characteristics

For simplicity in understanding, consider a common-
emitter amplifiers circuit (Fig 8). The two characteristics
graphs are in Fig 9 and Fig 10.

Fig 8

0-10V
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Fig 9
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The graph at Fig 9 shows the relationship between the
inputvoltage V. andinputcurrent|; for different values of
VCE

To find the input characteristics from the circuit as in
Fig 8 keep V. =0 constant; increase V_atregular steps
of 0.1V and note the value of |, at each step. Repeat the
above procedure for different value of V _say V. =5V and
10V.

Input characteristic curves can be obtained by plotting |,
on the Y axis against V. on the X axis. A typical input
characteristic is in Fig 9.

Thereason for deviation of the characteristic curve forV .,
5V and 10V from V__ 0 voltis, at higher values of V _ the
collector gathers afew more electrons flowing through the
emitter. This reduces the base current. Hence the curve
with higher V _ has slightly less base current for a given
V- This phenomenon is known as early effect.

However for the practical purposes the differenceingapis
so small it can be regarded as negligible.

The CE input characteristic curves resemble the forward
characteristic of a PN diode. The inputresistance can be
calculated by using the formula.

R _Vee _ 072-07 _ 002
ol 20uA-10uA 10uA
(4 =micro)

=2kQ

The voltage gain can be calculated by using the formula:

o Vee 10V-5V 5V
@ g 0154 A-065uA 0.1uA

\ 50

Output CE characteristics: To find the output
characteristics, keep I,=0 micro-amp constant, increase
V. inregular steps of 1V and note the value of |, at each
step. Repeatthe above procedure for |, =20 micro-amp,
40 micro-amp and 60 micro—amp.

Output characteristics curves can be obtained by plotting
|,onthe Y axis against V__ on the X axis. Atypical output
characteristics curve is shown in Fig 10.

Fig 10
BREAKDOWN
I

I mA
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OUTPUT CHARACTERISTICS

It is seen that as V__ increases from zero, |  rapidly
increases to a near saturation level for a fixed value of |..
As shown, a small amount of collector current flows even
when|,=0. Itis called leakage current| . Since the main
collector currentis zero, the transistor is said to be cut-off.

For simplicity in understanding consider on the output
characteristic curve where |, = 40 pA.
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The output resistance can be calculated by the formula

Vee 8-2 6
lc 215mA-2mA  0.15mA

Ry= =40k ohms.

Current gain can be calculated by the formula

Betaﬁzli— 4mA -3 mA 1TmA

= = =50
g 80uA-60uA 20uA

Inthe common base configuration, the currentgain can be
calculated by the formula:

Alphag e £ _ 0

=——= =0.
e 1+ 1+50

Analysis of common emitter output characteristics

Active region : In the active region the collector junction
is reverse-biased and the emitter junction is forward-
biased. In the active region, the collector current is Beta
times greater than the base current. Thus, a small input
current |, produces a large output current | .

Saturation regions : In the saturated region, the emitter
and collector junctions are forward-biased. When the
transistor is operated in the saturated region, it acts as a
closed switch having V. = 0 and |_maximum.

Behaviour of Ic for different values of V. is explained
below:

* WhenV__is 0, the collector-base diode is notreverse-
biased. Therefore, the collector current is negligibly
small and this continues upto knee point.

« For V. between 0.7V and 1V, say up to knee point
voltage the collector diode gets reverse-biased. Once
reverse biased, the collector gather all the electrons
that reach its depletion layer. Hence the collector
current rises sharply and then becomes almost
constant.

+ Above the knee voltage and below the break down
voltage, the collector current does not rise steeply or
the current is almost constant even if the value of V.
isincreased. Thus the transistorworks like a controlled
constant current source in this region.

 Assumingthatthetransistorhasafy, ofapproximately
50, the collector current is approximately 100 times
the base current as in Fig 4 (1mA is 50 times
20 pA).

* IfV_isfurtherincreased, beyondthe break downlevel,
VCE(maX), the collector-base diode breaks down and
normal transistor action is lost. The transistor no
longer acts like a current. As the collector-base gets
ruptured, the junction is shorted and hence current
increases rapidly above the breakdown point as in

Fig 10.

Cut off region : In the cut off region, the emitter and
collectorjunctions are reverse-biased. When the transistor
is operated in the cut off region, it acts as an open switch,
havingV_.=V_and| =0

Break down region : When the collector voltage is too
large, the collector diode breaks down by arapid increase
of collector current. Usually, a designer should avoid
operation inthe breakdown region because the excessive
power dissipation may destroy the transistor.

Forinstance,a2N3904 has a collector break down voltage
of 40V. For normal operation, therefore, V. should be
less than 40V.

Maximum power dissipation region : The maximum
power dissipation (P_ ), defined as the product of
maximum collector current | and maximum collector
emittervoltage V. _ ,restricts the operationtoanareaon

the output characteristic bounded by a hyperbola.

To understand the function of the transistor at active, cut
off, saturation regions and breakdown regions, refer to
Fig 11.

Fig 11
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The collector curves are very important because, from
these curves the following importantinformation required
while designing an amplifier circuit using a particular type
of transistor can be obtained;

+ DCcurrent gain B of the transistor at different set DC
values of |, and V.

+ Maximum value of V _ that can be applied for a set
valueofl and .

+ Maximum value of |_thatcan be made to flow for a set
value of |
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Operation point: The position of the operating point on
the DC load line determines the maximum signal that we
can get from the circuit before clipping occurs. The
operating pointor quiescent pointis a pointonthe DC load
line which represents the values of |_and V__ that existin
a transistor circuit when no input signal is applied. The
best position for this point is midway between cut-off and
saturation point where V. =1/2V_.

DC load lines of transistors : To have a further insight
into how a transistor works and in what region of the
collector characteristics does it work better can be seen
using DC load lines.

Consideraforwardbiased transistorasin Fig 12a. Fig12b
shows the collector characteristics of the transistor used.

Fig 12

lB = lB {sat)
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In the circuit at Fig 12a, consider the following two
situations,
— Maximum collector current, Ic(max)

— Minimum collector current, |

For situation (1) assume that V. is zero or collector is at
short. In that case, the collector current is limited only by
the collector resistor R .

Therefore
V,

IC :& at ICE = 0
Re

Under such a condition for the circuit at Fig 12al_will be
equal to 10V/kQ = 10mA

Mark this 1 =10mA point along V=0 on the collector
characteristics of the transistor as shown in Fig 13 at
point A.

Fig 13
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Forsituation (2), assume thatV .. is maximum or collector
emitteris open. Inthat case, the collector currentis zero.

Therefore,
Ve =V, Inthe circuit at 6a, V. =V, = 10V

Mark this point of I, =0 and V. = 10 V on the collector
characteristics of the transistor as in Fig 13 at
point B.

Connectthe two marked points Aand B through a straight
line as shown in Fig 13. This line is called the load line.

The point at which the load line intersects the I, =0 is
known as the cut off point. Atcutoff, I, = 0; hence emitter
diode is out of forward bias and the transistor actionis lost.

The point at which the load line intersects I, = | (sat) is
called the saturation point. At this point the base current
is maximum and the collector current is also maximum.
Atsaturation, the collector diode comes outofthe reverse
bias, and hence, the normal transistor action is lost.

Foratransistortoworkinanormalway, i.e. as a controlled
current source, it must not be made to work either in the
cutofforin saturation. Therefore the ideal pointwould be
somewhere in the middle of these extreme points on the
load line. This middle point is known as Quiescent point
or Q-pointas in Fig 13. knowing the Q point we can fix up
the value of resistors RC and RB of the circuit.
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Transistor as a switch, series voltage regulator and amplifiers

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

« explain the function of the transistor at cut-off and saturation condition
« explain the operation of a transistor as a switch and its application
* state the working of series voltage regulator using transistor

« state the classification of amplifiers.

The function of a transistor at cut-off condition: The
transistoris operated at cut—off condition when the emitter
and collector junctions are both reverse-biased.

Consider the circuit in Fig 1.

Ve = Ve - (I XR)) . (1)

Since, I;=0and | =0V, =V,

The transistoris said to be cutoff for the simple reason that
it does not conduct any current as in Fig 1a.This

corresponds to a switch in an open state. Therefore, a
transistor at cut off is said to be at open state.

Fig 1
Voo

a) TRANSISTOR AT CUT OFF
CONDITION

b) TRANSISTOR AT
SATURATED CONDITION
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The function of a transistor at saturated condition :
The transistor is operated at saturated condition when
both the emitter and the collector junctions are forward
biased.

InFig 1b, if the value of R ;and R, are suchthatV _tends
tozero, then the transistor is said to be saturated. Putting
Ve = 0in the equation (1) we get

VCE = O =Vcc_ IcRL or Ic=Vcc_ RL

It should be noted that a transistor, when saturated, acts
as closed switch of negligible resistance.

Itis obvious that under saturation conditions,

+ the whole of V_ drops across R

40

» the collector current has maximum possible value
called IC(SAT)

The operation of transistor as switch: The switching

actionforQ, in Fig 2illustrates how the output currentcan

be controlled at the input. Note the following important

operating characteristics.

+ The transistor is normally off, without any output
current unless forward voltage is applied in the base-
emitter circuit.

+ The forward voltage controlling the base current
determines the amount of output current.

In Fig 2 the control circuit of the input determines the base
current. Forthe power circuit, the output is the collector
current. An NPN transistor is used for Q,. This type
requires positive V,_forward voltage. The emitteris common
toboth (a) the control circuitatthe inputand (b) the power
output circuit.

Fig 2
,@‘LAMP
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N
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The base emitter junction of Q,, in Fig 2 can be forward
biased by the battery B,. Switch S, must be closed to
apply the forward voltage. Reverse voltage for the collector
of Q, is supplied by B,. The reverse polarity means that the
N collector is more positive than the base. With switch S,
open, no current flows in the base-emitter (or control)
circuit.

The reason is that the forward voltage is not applied.
Therefore, the resistance from the emitter to the collector
ofthe transistoris very high. No currentflows in the power
circuit, and the lamp does not light.

Next, assume that switch S, is closed. This causes a
small current to flow in the control circuit. R, is a current
limiting resistor for the base circuit. Therefore, the resistance
from the emitter to the collector of the transistor drops.



Consequently, a large current flows in the power circuit,
causing the lamp to light.

Finally, the opening of the switch S, in the control circuit
cause the lamp in the power circuit to go out. This is
because the resistance from the emitter(E) to the collector
(C) of Q, has again increased to near infinity.

In summary, a small current in the control circuit causes
alarge currentto flow in the power circuit. With no current
in the control circuit, the transistor acts like an open
switch. With some current in the control circuit, the
transistor acts like a closed switch.

Operation of transistor switching circuit: The schematic
circuitin Fig 3 shows the measured voltages and collector
current|_in the ‘transistor off’ circuit. Note thatonly a tiny
leakage current of 1micro amp flows from the emitter to
the collector. The resistance from E to C is calculated as

\ Y

=—=——————=9megohm
I 0.000001A
Fig 3
1 pA R,
f—‘ 1
| S|
100k
c
Ry
——— B
— @ al B _;: v
1kQ = v 2 =
51 ov .
+ = 2
= 8
v RN ;

The transistor has aresistance of 9 Megohm, whichis like
the open or off condition of a switch.

The schematicin Fig4, shows the measured voltages and
currentsinthe ‘transistoron’ circuit. First, the voltage from
the emitter to the base has been increased by adjusting
B,. The forward-biased voltage of 0,86V at the emitter-
base junction of the transistor causes 1.8 mAtoflowinthe
control circuit. This currentin turn causes the resistance
of the transistor from E to C to drop. The effect is that a
large current of 85mA flows from the collector of the
transistor. TheresistancefromEto CinFig4is calculated
as

V. 04V

R=—=————=4.70hm
| 0.085A
Fig 4
Ry
| |
. 1%Q
1.8mA Ry 5 V \ .

=
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The resistance of the transistor from E to C has dropped
fromits previous high value of 9 megohm to alow value of
4.7 ohm. As aresult, the transistor is acting like a closed
switch.

The transistor in Fig 3 is said to be at cut off position. It
has reached its maximum resistance from E to C and has
cutoffthe current. The very tiny current still flowing is due
to minority current carriers in the transistor, which is the
leakage current.

The transistor in Fig 4 is said to be at saturation. It has
reached its minimum resistance from E to C, which
produces the maximum collector current. When used as
a switch, the transistor is driven to cut off or to saturation
by the base current caused by the emitter-base voltage.

Transistor switching times : Now let us pay attention to
the behaviour ofthe transistor as itmakes a transition from
one state to the other. Consider the transistor circuit in
Fig 5a, driven by the pulse wave-formin Fig 5b. This wave-
form makes transitions between the voltage levels V, and
V,. At V, the transistor is at cut off, and 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 in the wave-
form Fig 5b.

Fig 5
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The response of the collector current|_to the input wave-
form, togetherwith its time relationship to that waveform,
isin Fig 5¢c. The currentdoes notimmediately respond to
theinputsignal. Instead, thereis adelay, and the time that
elapses during this delay, together with the time required
for the current to rise to 10 percent of its maximum
(saturation) value |, =V_/R , is called the delay time t,.
The current waveform has a nonzero rise time tr which is
the time required for the current to rise from 10 to 90
percentof | .. The total turn-on time t_ is the sum of the
delay and rise time,

tON = td + tr

When the input signal returns to its initial state att=T
(Fig 5b), the current again fails to respond immediately.
The interval which elapses between the transition of the
input waveform and the time when i has dropped to 90
percent of ICS is called the storage time t_. The storage
interval is followed by the fall time tt, which is the time
required fori_to fall from 90 to 10 percentof | ... The turn
offtimetot.. is defined as the sum of the storage and falll
times,

e =8+ E

The application of transistor switch: The transistor
switch is used

« as an electronic ON and OFF switch

* in the stable, mono-stable and bi-stable or filp-flop
multi-vibrator circuits

* inthe counter and pulse generator circuit
* in the clipping circuits

+ as a sweep starting switch in the cathode ray
oscilloscope equipment

« asarelay, butunlike the mechanicalrelay, the transistor
has no moving mechanical parts.

Classification of the Switching Transistor: Transistor
switches are used very often as they are small and are of
lightweight, and they consume low power. The important
specifications of a switching transistor are the numerical
values of delay time, rise time, storage time and fall time.
For the TEXAS INSTRUMENTS n-p-n silicon transistor
2N3830, under specified conditions canbe aslow as t, =
10 nsec, t = 50 nsec, t, = 40 nsec and t, = 30 nsec.

Series voltage regulator

Voltage regulated power supply using zener diode is the
simplest form of voltage regulator. But, zener voltage
regulators have two main disadvantages:

1 Whentheload currentrequirementis higher, say of the
order of afew amperes, the zener regulator requires a
very high wattage zener diode capable of handling high
current.

2 Inazenerregulator, the load resistor sees an output
impedance of approximately the zenerimpedance, R,
which ranges from a few ohms to a few tens of ohms
(typically 5Q to 25Q). This is a considerably high
outputimpedance because the outputimpedance ofa
ideal power supply should be zero ohms.

These two disadvantages of zenerregulators are overcome
in a simple series regulator shown in Fig 6.

The simple series regulator is in Fig 6a, redrawn in
Fig 6b is nothing but a zener regulator followed by an
emitterfollower. A circuitlike this can hold the load voltage
almost constant, thus working as a voltage regulator.

Fig6 Vee!Vin
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The advantages of this circuit are listed below;
1 Less load on the zener diode

Current through R, is the sum of current just required to
keep the zener fired and the small base current 1.

emitter curent I I

By of transistor - Bac - Bac

Ig =

Since the base current is very much smaller than the
emitter current or the load current, a very small wattage
zener diode itself is sufficient.

For instance for a load of say 1 amp, if the B of the
transistoris 100, then the zener diode need to handle only,

42 Electrical : Electrician (NSQF LEVEL - 5) - Related Theory for Exercise 4.1.166



I 1Amp
Iz = 1z(miny + IB_dc = Iz(miny + 100
Since 1, will generally be in the range of 5 to 10mA,

I,=10mA + 10mA = 20mA.
2 Lower output impedance

If the zener resistance, R, is say 7€, then, in a zener
regulatordiscussedin unit9, the outputimpedance ofthe
power supply will be approximately equal to R, = 7€.

Fig 7 shows the output equivalent circuit of the series
regulatorat Fig6. Asin Fig 7, the outputimpedance of the
power supply will be,

Fig 7 f+Be

___  Vz-VeE RL
—

IJ'e = AC RESISTANCE OF TRANSISTOR
Rz =INTERNAL RESISTANCE OF ZENER

= CURRENT GAIN OF TRANSISTOR
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Since 1_isverylarge (load current), ' willbe comparatively
small, hence the term r'_ can be neglected. Therefore, in
Fig 6 the output impedance will be,

This low output impedance of 0.07Q is close to the ideal
outputimpedance of zero required for a power supply.

Working of a simple series regulator

InFig 6b, the currentthrough R, should be atleast equal
to zener breakdown current, plus, base current for the
transistor Q.

The voltage across the zener, V, drives the base of the
emitter follower. Therefore, the DC output voltage is
bootstrapped to within one V_ drop of the zener voltage.
The regulated dc output voltage will be,

V,.=V,-Ve. [1]

The collector - emitter voltage across the transistor will be
the difference in the voltage between the inputand output.

VCE = Vin - Vout

If the input voltage V, increases, the output voltage V_,
remains constant due to the bootstrapped zener voltage.
Therefore, the drop across the collector-emitter, V. of the
transistor increases compensating the rise in the input
voltage V.

For example, in the series regulator shown in Fig 6, if V,_
is 15V and V_ is 12 volts, then, V__ will be,

V=V, -V, =15-12=3V.

IfV, increasestosay 20V, thenV__increasesto 20-12=8
V, thus keeping the output voltage unaltered at 12 volts.
Since the collector and emitter of the transistorin Fig 6 is
in series with the input and output terminals, this type of
regulators are known as series voltage regulators.

Because the transistor is in series, all the load current
must pass through the transistor. Hence the transistor is
referred to as the pass transistor.

Because of the fact, that all the load current must flow
through the pass transistor and that the value of V .
increases when V, increases, the wattage rating of the
pass transistor should be high enough to handle the
dissipation.

For instance, while supplying a load current of 300 mA,
withV,_at20VandV_, at12V,V_willbe 8V. Therefore,
the dissipation at the transistor will be,

P. =V, x I, =8 x 300 mA = 2400 mw = 2.4 watts

To accommodate this, the wattage rating of the chosen
pass transistor should be greater than 2.4 watts.

TIP: Allow at least 20% higher rating. For the example
above, choose a transistor of rating 2.4 + 0.48 watts=
3 watts.

Because there will be quite a high dissipation depending
on load current requirement, medium to high power
transistors are used as pass transistors.

Temperature effect on output voltage

When temperature increases, V_decreases. Therefore,
V. decreases by the change of currentin V..

Data sheets of transistors usually give information about
how much V. changes with temperature.

For all practical purposes, an approximate of 2 mV
decreasesinV_foreach degreeriseintemperature. For
instance when the temperature of the transistor rises from
25°C (roomtemperature)to 75°C (due to power dissipation
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atthe transistor), V. decreases approximately 100 mV.
Hence, the output will increases by 100 mV. This is
relatively small, and hence, can be neglected.

Temperature also has an effect on the voltage across the
zener. Anyincrease ordecrease in the voltage across the
zenerisreflected at the output. Hence, while choosing the
zener, it is equally important to know the temperature
coefficient of the zener, specially when the power supply
is connected to higherloads of the order of afew amperes.

Classifications of amplifiers : An amplifieris an electronic
circuit which is used to amplify or increase the level of
weakinputsignalsinto very high output signals. Transistors
are used as amplifiers in most circuits. In addition,
resistors, capacitors and a biasing battery are required to
form complete amplifier circuits.

Almost all electronic systems work with amplifiers. We
are able to hear the news or other programmes on our
radio, simply because the amplifierin the radio amplifiers
the weak signals received by its antenna.

Classification of amplifiers: Linear amplifiers are
classified according to their mode of operation, i.e. the
way they operate according to a predetermined set of
values. Various amplifier descriptions are based on the
following factors.
1 Based on the transistor configuration

a common emitter (CE) amplifier

b common collector (CC)amplifier

¢ common Base (CB) amplifier
2 Based on the output

a voltage amplifier

b currentamplifier

c poweramplifier
3 Based on the input

a small signal amplifier

b large signal amplifier
4 Based on the coupling

a RCcoupledamplifier

b transformercoupled amplifier

¢ impedance coupled amplifier

d directcoupled amplifier
5 Based on the frequency response

a audiofrequency (AF)amplifier

b intermediate frequency (IF) amplifier

¢ radiofrequency (RF)amplifier

d VHF and UHF amplifiers

6 Based on the feedback
a currentseriesfeedback amplifier
b currentparallel feedback amplifier
¢ voltage seriesfeedback amplifier
d voltage parallel feedback amplifier
7 Based on the biasing conditions
a Class Apower amplifier
b Class B poweramplifier
¢ Class AB power amplifier
d Class C poweramplifier

Ofthe above mentioned, serial numbers one and two are
explained atthis state. Some of the amplifiers dealtin this
book for detailed study the students can refer to any
standard books for the remaining portions depending on
their special interest.

Common-emitter amplifier: This type of circuitis by far
the most frequently used. Ithas the greatest power gain,
substantial current and voltage gains, and is specially
advantageous in multistage application when a high gain
is a primary requirement. A common-emitter amplifier
stage with biasing from a single D.C supply battery is in
Figure 8.

Fig 8
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The A.C. signal is applied between the base and the
emitter and the outputis taken from the collector. Forthe
transistor to operate, the emitter base junction must be
forward-biased, the resistors R, and R, setting the base
voltage so thatthe emitter is forward-biased. The collector
currentflows through the load resistors R andR_and the
voltage developed by R, at the collector is the output.

The voltage gain of a transistor is largely determined by
the value of this particular resistor since the voltage
developed acrossitdue to change in the collector current
is far greater than that developed across the base resistor
from the input signal.
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Resistor R isincluded to minimise the effect oftemperature
changes in the collector current. To prevent R_ from
reducing the signal gain by current feedback, a capacitor
C, may be included in parallel with R_.

The capacitors C, and C, are provided to prevent (block) the
flow of direct current so that the D.C. bias conditions are
in no ways affected by the signal circuit. In this way, the
D.C. conditions at one stage are prevented from affecting
the following stage, so that only D.C. signals are passed
from one stage to the next one.

Common-collector ampilifier : In this configuration, the
collector is the common point for the input and output
circuits, the input signal being applied between the base
and collector and taken off between the emitter and
collector, Fig 9. The notable feature is the large input
impedance virtually equal to that of the parallel circuitof R,
andR,. The outputresistanceis, however, lowand, hence
it follows that the voltage gain is low, but a high current
amplification can be obtained.

Fig 9
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The functions ofthe capacitors C, and C, are the same as
for the common-emitter stage, as the potential networks
R,and R, which provide forward bias for the emitter-base
junction. The main advantage of the common-collector
circuit is the readiness with which it may be directly
coupled to any point in a circuit regardless of voltage.

The circuitis often called the emitter-follower because the
emitter voltage tends to follow the input voltage, the
difference between the two being only the AC voltage
across the base-emitter junction of the transistor whichiis
quite small. Hence the output gain is less than 1.The
current gain 50 to 500 is, however, high, being
approximately equal to that of the common-emitter circuit.
The output resistance is very low (less than 100 ohms)
since the emitter-to-collector resistance is low and there
is not resistance in the collector circuit.

The external resistance of the collector circuit, thatis, the
impedance presented by the transistor to the load is,
however, very high (300 KQ) and hence the emitter
follower, circuit, transforms a very high inputimpedance
into a low output impedance; it is in fact an impedance
transformer. Hence its main applicationis as a buffer, i.e.
animpedance matching device in whichitcanbe connected

between a high impedance source and alow impedance
load without excessive loss of power due to mismatching
or not suitable.

Common-base amplifier: In this circuit the base is the
common terminal between the emitter terminal and the
collector terminal. The emitter current |_is the input
current and the collector current | _is the output current.
(Fig10)Sincel_ =1, +1_andsinceinthis circuitle is greater
than |, by the value of | , the current gain | /I_ will always
be slightly less than one. Therefore, there can be no
currentgain inacommon-base circuit. However, because
of the low impedance of the forward-biased emitter-base
junction and the high impedance of the reverse-biased
collector-base junction a sizable voltage gain is obtained.

Fig 10
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Forinstance, if we assume that input resistance of 20042,
a load resistance of 50K and a current gain of 0.98, the
voltage gain is 0.98 x 50k/200 = 245
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The common-base circuit is not suitable for multi-stage
amplification because its current and power gain are low
when compared with the common-emitter. Also its low
inputimpedance shunts the load resistance of any previous
stage, thereby reducing the output voltage from that stage
causing a corresponding fall in overall gain.

However, its ability to operate at high frequencies makes
itusefulinv.h.f.amplifiers. Atsuch frequencies this circuit
is more stable than the common-emitter amplifiers because
of the very small capacitance linking input and output
circuits (the emitter-collector capacitance).

Voltage amplifier: Anamplifieris a circuit thatincorporates
one or more transistors and is designed to increase an
alternating signal applied to the inputterminals. Itis called
a voltage amplifier. If the size or magnitude of the output
voltage is considerably greaterthan the input voltage, itis
called the voltage gain of the amplifier.

The main function of a voltage amplifier is to produce a
given gain with the minimum of distortion, i.e. the output
voltages should have the same wave-form as the input
wave-form, but should of course be much higher in
magnitude. Examples for the voltage amplifier are the
common base and the common emitter amplifiers.
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Current amplifier: The function of the currentamplifieris
when the currentinjected in the base, load can influence
to much greater current to flow in the emitter-collector
circuit.

The remarkable result is that, if the base current is
increased by a certain proportion, the base currentin the
collector current gives rise to a corresponding, but much
larger changesin the collector current. We have achieved
currentamplification. The ratio of the output currentto the
input current is called the current gain of the amplifier.

An example for the current amplifier is the common-
emitter, common-collector amplifier. The current gain of
common-emitter amplifier is 50 to 300 and that of the
common-collector amplifier is 50 to 500.

Power amplifier : Power amplifiers are used to drive the
outputmechanism, e.g. aloudspeaker, apairof earphones,
a moving coil meter or some other type of indicating
device. The mainfunction of a power amplifieris to deliver
agood deal of undistorted power into the output device or
load circuit. Examples for the power amplifiers are class
A, class B, class AB and class C.

Fig 11 shows the complementary symmetry Class B
push-pull power amplifier circuit. Inacomplementary pair
of power amplifiers, one of them is an NPN type and the
other a PNP type. With no input signal, neither transistor
conducts and the outputis zero. When the input signal is
positive going, the NPN transistor T, conducts and the
PNP transistor T, is cut off. When the signal is negative
going, T, is tuned of while T, conductors. The maximum
efficiency of this circuit is about 78%.

Fig 11
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Electrical
Electrician - Electronic Practice

Related Theory for Exercise 4.1.167

Function generator and cathode ray oscilloscope (CRO)

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

+ explain the use and control of function and AF (audio frequency) generator

+ explain the function of CRO with block diagram
- state the functions of various controls in CRO
« state the use of CRO in electronic circuits.

Introduction: Afunction generatoris an equipmentcapable
of providing sine, square and triangular wave outputs at
differentfrequencies and amplitude. Ithas a maximum of
20 volts peak to peak single amplitude. A function
generator finds applications in frequency modulations,
tone control, Audio electronic, otherlaboratory and research
work.

Panel controls and features of function generator

The front panel controls of function generator. (Fig 1)

Fig 1
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1 Power ON-OFF switch: To turn on the function
generatorthis button should be depressed. To turn off
the same button should be pressed to release.

2 Range selectors: The range selection is of decade
frequency type. The output frequency is given by the
productofrange selected and frequency dial indication.
Forexampleifthe 10 Krange buttonin depressed and
frequency dial is at 2, then the output frequency is 20
KHz.

3 Functionselectors: These selectors selectthe desired
outputwaveform. (square, sine or Triangle)

4 Outputjack: The wave forms selected by the function
switches are available at this jack.

5 VCOinputjack: Anexternal voltage (notexceeding +
20V peak) input will vary the output frequency. The
changeinfrequency is directly proportional to the input
voltages.

6 TTLJACK: ATTL (Transistor, Transistorlogic)square
wave is available atthis jack. This outputisindependent
of the Amplitude.

7 Amplitude control: This controls the amplitudes of
the output signal.

8 Offset control: This controls the DC offset of the
output.

9 Fine frequency dial: The output frequency of the
wave forms is given by the product of the setting of this
dial and the range selected.

Operating information: The function generatoris powered
by 240V. AC mains. When the power ON switch is
depressed the LED will glow.

The desired frequency is setby depressing the frequency
range switch an positioning the fine frequency dial.

The desired wave from is selected by depressing the
appropriate function button from sine, square or triangle.

The amplitude of the selected output signalis adjusted by
Amplitude control knob. Avariation of the display amplitude
from 0-20 V peak is possible. The TTL output is not
affected by the amplitude control.

Audio Frequency (AF) Generator (Fig 2): Audio
frequency generators produce sine wave signals from 20
Hzto20kHZ. Certain type of AF generators produce sine
wave upto 100 kHZ. In addition to sine wave there may be
provision to produce square waves too.

Fig 2
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AUDIO FREQUENCY GENERATOR

These generators contain a variable amplitude control
which changes the signal amplitude from 10 mv to 20V.
With the help of this generator the audio amplifier stages
inradio, TV recorders and audio amplifier could be tested.

While the frequency range switch selects the desired
frequency range switch selects the desired frequency
range, the frequency dial is used to select the frequency
within the desired range.
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Cathode ray oscilloscope (CRO)

Introduction: The oscilloscope is an electronic measuring
device which provides a visual presentation of any wave
form applied to the input terminals. Cathode ray tube
(CRT) like a television tube provides the visual display of
the signal applied as a wave form on the front screen. An
electron beam is deflected as it sweeps across the tube
face, leaving a display of the input signal.

An oscilloscope usually consists of:

— saw-tooth generator

— gateamplifiers or Z-amplifier

— Trigger

— CRT (cathoderaytube)

— powersupply

The block diagram of a simple cathode ray oscilloscope is
shown in Fig 3.

Attenuator : The input signal should be attenuated to a

— Attenuator suitable magnitude before itis applied to the amplifier. The
_ amplifiers attenuators are employed at the input of both vertical and
P horizontal amplifiers.
Fig 3
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Amplifier : The amplifiers of an oscilloscope consistof a
vertical amplifier and a horizontal amplifier. The vertical
amplifiers amplify the vertical input signal before it is
appliedtothe Y-plates. The horizontal amplifieramplifies
the signal, before it is connected to the X-plates.

Saw-tooth generator: The measuring signal of any
shape is connected to the Y-input(plates) and then it
appearsonthe screen. The signal on X-plates should be
such that the image on the screen is similar to that on the
Y-plates. Hence a saw-tooth signal is required to be
connected to the X-plates which makes the image on the
screen like the signal connected atthe vertical plate. The

saw-tooth signal is called the time base signal, and is
produced by the saw-tooth generator. The shape of the
saw-tooth signal is shown in Fig 4. The time-base signal
consists of trace, retrace and hold off period.

Fig 4
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Gate amplifier or Z-amplifier: It is desirable that the
image seen onthe screen ofthe CRT mustbe continuous,
thatis, the electron beam is desired to appear only in the
trace period of the time-base signal. The retrace period of
the electron beam must not be visible on the screen.
Therefore, the gate amplifier is required to control the
electron beam in order that it appears only in the trace
period.

The signal from the gate amplifieris a square wave andis
related to the time-base signal. Thisisillustratedin Fig 5.

Fig5
Ux RETRACE
]
TRACE HOLD OFF

Uz
1 T e
g
0 s
OUTPUT OF GATE AMPLIFIER z
w

Trigger (Gate amplifier output) : As mentioned earlier,
the measuring signal-wave form is connected to Y-input,
which appears onthe screen. In orderto make the wave-
form stationary on the screen, it is required that the
starting point ofthe time base signal has to be fixed related
to the signal connected to the Y-input. This is known s
‘synchronization’. The functional stage which performs
synchronization is the trigger.

Thetriggerwill produce a pulse orimpulse for triggering the
time-base. Every time the time-base is triggered, one
saw-tooth wave-formis produced.

There are three forms of triggering in an oscilloscope.

Internal triggering : The signal which is supplied to the
triggeris the internal signal of the CRO produced by using
the signal from the vertical input signal. The sequence of
signal processing is shown in Fig 6.
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External triggering : The signal which is supplied to the
triggeris the external signal, produced by using the signal
from the external, sync.

Line triggering : The signal which is supplied to the
trigger is the signal from the power supply of CRO. (Not
shown in the block diagram)

Switches are provided to select the form of triggers as
required. In a CRO, suitable timing can be selected that
causes the image on the screen to be stationary.

CRO (The Cathode ray tube): The constructional features
are explained later in this text.

Power supply: Low voltage and high voltage DC supplies
whichare requiredforthe oscilloscope functionare produced
by rectifier filters and switch mode power supply circuits.

Controls and their functions in a CRO: The operating
controls onthe frontpanel of a general purpose oscilloscope
is shown in Fig 7. The names of the controls and their
functions are listed below.

Fig 7
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Power-on (1): Itis toggle switch meant for switching on
power. In the ON position, power is supplied to the
instrument and the neon lamp (3) glows.

Intensity (2): It controls the trace intensity from zero to
maximum.

It controls the sharpness of the trace. Aslightreadjustment
of this control may be necessary after changing the
intensity of the trace.

X-Magnification (5): Itexpands length of the time-based
from 1 to 5 times continuously, and makes the maximum
time-base to 40ns/cm.

Square wave (6): This provides a square wave of 2 V
(p-p) amplitude to enable the user of the scope to check
the Y-calibration of the scope.
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Saw-tooth wave (7): This provides a saw-tooth, wave-
form output coincident to the sweep-speed switch withan
outputof5V (p-p). The load resistance should notbeless
than 10 k ohms.

Vertical section

Y (10) : This control enables the movement of the display
along the y-axis.

Y (13): Itconnects the input signal to the vertical amplifier
through the AC-DC-GND coupling switch (14)

AC-DC-GND coupling switch (14): Itselects coupling to
the vertical amplifier, in DC mode, it directly couples the
signalto the input; in AC mode, it couples the signal to the
inputthrough a 0.1 MF, 400-V capacitor. In GND position,
the input to the attenuator (12) is grounded, whereas the
Y-input is isolated.

Volts/cm (Attenuator) (12): Itisa 10-position attenuator
switch. It adjusts the sensitivity of the vertical amplifier
from 50 m VV/cm to 50 V/cm in 1,2,5,10 sequence. The
attenuator accuracy is +3%.

x1 or x 0.1 switch (9)

When switched in x 0.1 or position, it magnifies the basic
sensitivity to 5 m V/cm from 50 m V/ cm

CAL switch (8): When pressed, a DC signalof 15mV or
150 mV is applied to a vertical amplifier depending upon
the position of x1-x0.1 switch (9) position.

DC bal (11): It is a preset control on the panel. It is
adjusted forno movement ofthe trace when either x1-x0.1
switch (9) is pressed, or the position of AC-DC-GND
coupling switch (14) is changed.

X-Position (21): This control enables the movement of
display along the X-axis.

Trigger level (18): It selects the mode of triggering. In
AUTO position, the time-base line is displayed in the
absence of the input signal. When the input signal is
present, the display is automatically triggered. The span
of the control enables the trigger point to be manually
selected.

Time-base (19): This sector switch selects sweep speeds
from 50 ms/cm to 0.2Ms/cm in 11 steps. The position
marked EXT is used when an external signal to be applied
to the horizontal input (24)

Vernier (22): This controlis afine adjustment associated
with the time-based sweep-selector switch (19). ltextends
the range of sweep by afactor of 5. It should be turned fully
clockwise tothe CAL position for calibrated sweep speeds.

Sync. selector (15, 16, 17): The INT/EXT switch (15)
selects internal or external trigger signal. The +ve or -ve

switch (16) selects whether the wave-formis to be triggered
on +ve or-ve step. NORM/TV switch (17) permits normal
or TV (line frequency ) frame.

Stab (20): Itis a preset control on the panel. It should be
adjusted so that you just get the base line in the AUTO
position of the trigger level control (18). In any other
position of the trigger level control, you should not get the
base line.

Ext. Cap (23): This pair of connectors enables the time-
base range to be extended beyond 50 ms/cm by connecting
a capacitor at these connectors.

Hor. input (24): In connects the external signal to the
horizontal amplifier.

Ext. sync. (25): It connects the external signal to the
trigger circuit for synchronization.

Application of CRO

AC voltage measurement: The screen of the cathode
ray oscilloscope usually has a plastic gratitude overlay,
marked in centimeter divisions. The vertical amplitude of
any wave formindicates peak-to-peak voltage.

To measure unknown AC voltages the main supply AC
should beisolated through aisolation transformer and the
attenuatoris setto 50 V/ div. The AC-DC switch is set to
AC position (out). Voltage to be measured is connected
to the input and common terminal. Set the time base
switch to display several cycles of the wave form. Adjust
the V/div switch to geta wave form ata convenient height
suchthatthe positive and negative peaks appears with-in
the screen.

Measure the vertical amplitude (no. of divisions peak-to-
peak) of the voltage on the screen. Now multiply the
amplitude by the volts/div setting to find the peak-to-peak
voltage value.

Example : Assume avertical deflection of 6.4 divisions
as in Fig 8 and a volt/div setting of 5 volts.

Fig 8

6.4 DIV

Peak-to-peak voltage =6.4x5=32V
therefore peak voltage =16V
thereforeRMSvoltage =16x0.707 =11.31V
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or RMS voltage = Peak to peak voltage _ Vpp

32

_2x«/§

DC voltage measurement : The input selector switch is
set to DC position. Adjust the Y shift position to get the
trace atthe centre ofthe screen. Thisline represents zero
DC volts. Connect the +ve of the DC voltage to be
measured to input terminal and the -ve to the common
terminal. Now the horizontal line willmove up. (Down for
reverse polarity) the volts/div switch is set as required.

=11.31v

Now measure the vertical distance in divisions form the
zeroreferenceline.

The DC voltage can be found by multiplying the vertical
distance (division) with VOLT/DIV setting.

An example is worked out with reference to Fig 9

Fig 9
DC VOLTAGE MEASUREMENT

\ 2.6 Div

ZERO
REFERENCE
LINE

T e et

I A A A
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Assume a vertical deflection of 2.6 division and a Volts/Div
setting of 20 V.

DC voltage = 2.6 x 20 = 52V.

Measurement of time and frequency : The wave-form
tobe measuredis connected tothe Vinput. The volts/Div
switchis setto display a suitable vertical amplitude of the
wave-form. The Time/Div switch is set to display

approximately two cycles of the wave-form to be measured.
Adjust the Y-SHIFT control to move the trace so that the
measurement points are on the horizontal centreline. The
X-SHIFT control is adjusted to move the start of the
measurement points to a convenientreference line.

The distance (divisions) between the points of one cycle
is measured as in Fig 10.

Fig 10
PERIOD AND FREQENCY MEASUREMENT

5DIV

(NN NN NN

T O T T

TIME /DIV
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The product of the divisions of one cycle and the setting of
time/div switch gives the period of one cycle.

The frequency can be determined by the formula

1

Frequency=————
g Y Time period

where frequency is in hertz and time in seconds.

Example
Time = Div x time base setting
= 5x0.2ms
= 1ms
1 1
therefore frequency = — = 3= 1000 Hz
T 1x10°

Frequency =1 kHz.
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Electrical
Electrician - Electronic Practice

Related Theory for Exercise 4.1.168

Printed circuit boards (PCB)

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

« state the types of etchants used for etching and preparation of etchant solution
« state the reasons for agitating the etchant solution while etching

¢ list the important points while drilling holes on PCBs

* list the advantages of marking component positions on PCBs.

Introduction

Printed circuit board in which the connecting wires are
replaced by a thin conducting path called copper or silver
foil which is moulded in one side of the insulated board.
The insulating board is generally made up of phonetic,
paper or fibre glass or epoxy.

The moulded conducting path generally known as tracks
size depend on the power of the circuit. The width of
tracks are varied few millimeters to less than one millimeter
depend on the circuit.

The thin tracks less than one millimeter made up with
silver tracks where IC circuits and micro controller circuits
are to be made. Several process moulded to make PCB
and itis explained below.

Etching

Once the required portions on the copper foil side of the
laminate is painted/masked and dried, the next step is to
remove the copper present in the unmasked portions of
the laminate. This process is known as etching.

Only after etching the unwanted areas of the copper foil,
the metal side of the laminate gets the actual shape of the
circuit connection required.

Etchingis done using any one of the following chemicals;

Alkaline ammonia

Sulpuric-hydrogen peroxide

Ferric chloride

Cupricchloride

The most popularamongstbeginners and economical way
of etching, is the manual etching process. This is done
generally using a solution of ferric chloride. Ferric chloride
is available in liquid, powder and crystal forms.

While preparing the etching solution, concentrated ferric
chloride solution/powder is mixed with lukewarm
water(27°F) and stirred well using a glass rod. This forms
adiluted acid (FeCl,) solution.

The ratio of ferric chloride and water decides the rate of
etching. The typical ratiois, 100mg of concentrated ferric
chloride powder/liquid for one litre of water. This Fecl, is
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prepared in a plastic tray of suitable size such that the
painted laminate to be etched can be fully immersed as
shown in Fig 1.

Fig 1

PAINTED PATTERN
FACING UPSIDE

SOLUTION
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Since ferric chloride is an acid solution, although diluted,
it is harmful to the skin. Hence, rubber gloves are to be
used while working with this solution.

The painted laminate to be etched is slid into the Fecl,
solution of required quantity, with the painted surface of
the laminate facing the top as in Fig 1, such that, as the
process of etching progresses, the extent of etching is
visible.

Toensure speedy and uniform etching, the etchant solution
is agitated lightly by shaking and tilting the tray as shown
in Fig 2. Too much of agitation of the solution should be
avoided, as this may peel off the ends of the painted tracks
and remove those portions which were notintended to be
etched.

Fig 2
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As the etching progresses, the copper in the unwanted
portionis gradually removed. Whenthe etchingis complete,
allthe copperinthe unwanted portion disappears and the
etched portion will have the colour of the insulator of the
laminate board.

Once the unwanted portions of copper are completely
etched, the board is taken out of the solution and is
cleaned using fresh water to remove the remaining Fecl,
solution. This stops any further etching process.

After cleaning the board using water and drying, the etch-
resistantink/paintonthe lay out patternis removed using
solvents, such as, thinner or petrol. The cleaned board will
then have bright copper stripes and pads, only in the
required portions representing the circuit as in
Fig 3.

Fig 3

O

T S ©

T

Drilling holes on PCBs

F
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The next step after etching and removing the mask/paint
is to drill holes of required diameter at the pad centers for
inserting the components, input/outputand V__ &

ground(Gnd) connections. Extra care is to be taken while
drilling holes because carelessness while drilling may
peel off the pad area of the copper. Some hints for drilling
on PCB’s are given below;

— If the point where drilling is to be made is not clear,
punch the point again such that the drill bit sits at the
punched point before starting the drilling.

— Use a high speed drill gun/machine.

— Use drill bits of the required size. If an exact size drill
bit is not available, use a drill bit one size smaller but
neveronesizelarger.

— Fixthe PCB firmly on a vice using a wooden block so
thatthe PCB does not become loose while drilling and
peel of the pad area copper.

— Ensurethatallthe points required are drilled because,
once the components are mounted, drilling holes on
the PCB may damage the mounted components due
tovibration.

After drilling holes, clean the PCB such thatitis free from
burr and dust. Apply varnish on the layout pattern, to
protect the copper pattern from corrosion.

Preparing and marking component lay out

Atypical component side ofa PCB with the components
marked on it is in Fig 4.

Fig 4 <
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COMPONENT SIDE LAYOUT

Marking the position of the components on the component
side of the PCB has two main advantages,

— Increases the speed of mounting the components as
the need of searching for the correct place for mounting
the component is eliminated.

— Polarities ofthe components’ terminals can be marked
on the board itself such that the possibility of polarity
errors committed while assembling the board is
eliminated.

The standard procedure of component marking is to mark
either the symbol of the component along with its code
number or justthe code numberacross the pads as shown
in Fig 4.

Aseparate componentlist sheet, containing the component
code number along with its value as shown below, is
prepared for reference while collecting the components
and assembling the PCB.

Component Code Specification

1K Ohms,1W, 5%
680 Ohms,1/4W,10%

Resistors R1
R2,R3

Capacitors | C1 1000uF, 50V,
axial 0.01uF,
C2to C7 100V, ceramic disc
Diodes D1,D2, 1N4007
D3,D4

For circuits using less number of components, instead of
a separate component list the component values are
marked directly on the printed circuit board as in Fig 5.

To prepare manually the component side layout of the
PCB, thereverse of the pad positions of the PCB’s solder
side lay out is traced on to a graph sheet, and the
componentpositions and polarities indicated using standard
symbols. The components are numbered and acomponent
listis prepared.
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Fig 5
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The component side layout is then traced on to the
insulator side (component side) PC board using a carbon
sheet and pencil. The traced portions on the board are
redrawn/touched using a permanent marker pen or using
paint and a thin brush.
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Electrical
Electrician - Electronic Practice

Related Theory for Exercise 4.1.169

Power electronic devices - UJT and FET

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

« state the construction and working characteristics of SCR and its testing

« state the use of UJT for triggering gate circuits
 explain the function of DIAC and TRIC

state the FET principle working, biasing, applications
state the JFET principle, biasing, application as an amplifiers.

Introduction

Thyristors are four layer device which can be switched
‘ON’ or ‘OFF’ electronically to control relatively large
amounts of current for motors and other electrical
equipment. The Silicon Controlled Rectifier (SCR)andthe
Triac are examples of Thyristor. Almost all electronic
controls used in modern industries consist of electronic
circuits with Thyristors.

Construction of SCR: The cross-sectional view of a
typical SCR and the symbol are shownin Fig 1. Basically,
the SCR consists of a four-layer pellet of P and N type
semiconductor materials. Silicon is used as the intrinsic
semiconductor to which the properimpurities are added.

Fig 1
ANODE

GATE g

Jy °

P
N
92
P
N
“IE b) SYMBOL
CATHODE

a) CONSTRUCTION
SILICON CONTROLLED RECTIFIER
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Working of SCR: The SCR is a four-layer device with
three terminals, namely, the anode, the cathode, and the
gate. Whenthe anode is made positive withrespecttothe
cathode (Fig 1), junction J, is reverse-biased and only the
leakage current will flow through the device.

The SCRis then said to be in the forward blocking state
or off-state. When the anode-to-cathode voltage is
increased, the reverse-biased junction J, will break down
due to the large voltage gradient across the depletion
layers. Thisis the avalanche breakdown. Since the other
junctions J, and J, are forward-biased, there will be free
carriermovement across all the three junctions, resulting
inalarge anode-to-cathode forward current I_. The voltage
drop V_across the device will be the ohmic drop in the four
layers, and the device is then said to be in the conduction
state or on-state.

In the ON-state, the current is limited by the external
impedance. If the anode-to cathode voltage is now
reduced, since the original depletion layer and the reverse-
biased junction J,nolonger exist due to the free movement
ofthe carriers, the device will continue to stay ON. When
the forward current falls below the level of the holding
current I, the depletion region will begin to develop around
J,duetothe reduced numberof carriers, and the device will
go to the blocking state. Similarly, when the SCR is
switched on, the resulting forward current has to be more
than the latching current T .

This is necessary for maintaining the required amount of
carrier flow across the junctions; otherwise, the device will
return to the blocking state as soon as the anode-to-
cathode voltage isreduced. The holding currentis usually
lower than, but very close to the latching current; its
magnitude isin the order of afew milliampere(mA). When
the cathode is made positive with respect to the anode,
junctions J, and J, are reverse-biased, and a smallreverse
leakage current will flow through the SCR. This is the
reverse blocking state of the device.

When the SCRis reversed biased the device will behave
in the same manner as two diodes connected in series
with the reverse voltage applied across them. The inner
two regions of the SCR will be lightly doped as compared
to the outer layers.

Hence, the thickness of the J, depletion layer during the
forward-bias condition will be greater than the total thickness
of the two depletion layers at J, and J, when the device is
reverse-biased. Therefore, the forward break-overvoltage
V., Will be generally higher than the reverse break-over
voltage V..

SCR has two stable and reversible operating states. The
change over from off-state to on-state, called turn-on, is
achieved by increasing the forward voltage beyond V.
There reverse transition, termed turn-off, is made by
reducing the forward currentbelow I,. Amore convenient
and useful method of turning on the device employs the
gatedrive.
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Characteristics of SCR

SCR voltage current characteristic: Fig 2 shows the
voltage current characteristic ofan SCR whose gate is not
connected(open). When the anode-cathode circuit is
reverse biased a very small currentin micro ampere called
reverse blocking current flows through the SCR. Whenthe
reverse break over voltage reaches a value equivalent to
peakreverse voltage V., the SCR conducts due toreverse
avalanche breakdown and the current increases sharply
intoampere.

In most ofthe cases the SCR gets damaged in this mode.
The behaviour ofthe SCR atreverse bias mode is shown
by VI characteristic of Fig 2.

When the SCR is forward biased, there is small forward
leakage current (as in Fig 2) called forward blocking
currentwhich remains small, until the forward breakdown
voltage V. is reached. This is the forward avalanche
region.

Fig 2
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At that point current increases suddenly to higher
conduction level. At this point the anode to cathode
resistance of the SCR becomes very small and the SCR
acts like a closed switch. The voltage across the SCR
dropstoabout 1.4V. Hence we can say thatin forward bias
mode when the applied voltage is less than B_, the SCR
behaves as open switch and when the applied voltage
exceeds B_, the SCR behaves as closed switch. The
current through SCR is limited by the external load
resistance.

Holding and latching currents: The holding current is
the +I value necessary in the anode circuit to keep the
SCRin conduction while itis ON. The latching currentis
+| value needed to switch the SCR anode circuit ON from
the OFF condition. This T (current)is typically aboutthree
times more than the holding current. When the SCR is
switchedinto conduction, the gate voltage mustbe onlong
enough for the anode current to reach the value for
latching.

Triggering of SCR: SCR can be switched into conduction
either by increasing the forward voltage beyond V,  or by
applying a positive gate signal when the device is forward-
biased. Ofthese two methods, the latter, called the gate-

control method, is used as it is more efficient and easy to
implement for power control.

Gate-current control: Injecting gate currentintothe SCR
lowerthe break over voltage, as showninFig 3. Here T
is for zero gate current. This situation is the same as that
shown in Fig 2, but the other examples in Fig 3 are for
increasing gate current. Note that, as gate current is
increased, the break over voltage is reduced.

Fig 3

-1
ON
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EFFECT OF GATE CURRENT IN LOWERING
THE BREAKOVER VOLTAGE OF AN SCR
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Whenthere is enough gate current, the break over voltage
becomes lower than the operating voltage or the forward
blocking voltage ofthe SCR. Thatis howthe SCRis used.
The injection of gate currentlower the break over voltage
toavalue below that of the applied voltage, thereby turning
the SCRon.

Note thatthe ‘ON’ state is the same for all different values
ofgate currentin Fig 3. The gate currenttriggers the SCR
‘on’; but when the SCR conducts the amount of forward
current is determined by the anode circuit impedance.

Applications: The following are the major applications of
SCR

— Powercontrol

— Overvoltage protection

— Time delay circuit

— Soft start circuit

— Logic and digital circuits

— Pulse circuits references

— Phase control in AC power control
— full-wave control circuit

— Speed control of motors

— Regulated DC power supplies

— DC motor control

Testing of SCR by multimeter

SCR can be tested in the multimeter in the following
sequence.
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Set the multimeter to a low range. Adjust to zero and
infinity with the adjustment knob. Connect the SCR as
shown in Fig 4. The meter will not indicate any reading.
Even the test prods are interchanged because of the
junctions. The multimeter shows infinite resistance.
Connect the SCR as in Fig 4. When the gate is touched
momentarily with the anode prods, the meter reads low
resistance between 30 and 40 ohm. When the gate is
removed, the meter still continues toread the same value

of 30 and 40 ohm.
1. ANODE CONNECTS TO
/POSITIVE OF OHMMETER

! A

Fig 4

2. GATE
MOMENTARILY
CONNECTED TO
ANODE

3. OHMMETER READING
DROPS TO LOW RESISTANCE
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This means that the SCR is in good working condition. If
the meter does not show any reading, the SCR is faulty.
When the gate is given a small forward bias, the gate
switching the SCR and the internal resistance of the
junction is low, so the current can flow easily from the
cathode tothe anode. Once the SCRis conducted, even
if the gate’s forward bias is removed, the SCR anode-to-
cathode current will flow through the meter, and the
multimeter will continue to read a low resistance, ie 30 to
400hm.

The DIAC and TRIAC

Like UJTs, DIAC is a semi-conductor device used
extensively as atrigger device for triacs and thyristors gate
circuit. Inits most elementary form, DIAC is a three layer
device as in Fig 5 without gate terminal.

Fig 5
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a) BASIC CONSTRUCTION OF DIAC

As can be seen from Fig 5, DIAC is a three layer, two
terminal semi-conductor device capable of conducting
current in both directions.

DIACs resembles an NPN or PNP bipolar transistor with
no base connection. Unlike bipolar transistor, the diac
possess uniform construction. This means, N-type and P-
type doping is essentially the same at both junctions. As
in Fig 5, diac may be constructed as eitheran NPN or PNP
structure.

Fig 6a shows the experimental setup for testing the diac.
Theisolation transformeris used toisolate the circuit from
the supply mains. The variable transformer is used to
apply the variable voltage to diac under test. The
characteristic curve of a typical diac is shown in Fig 6b.

Fig 6
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As shown in the experimental setup at Fig 6a, when a
small voltage of either polarity is applied across a DIAC,
the current flow is very small as can be seen from its
characteristics in the first and the third quadrants. If the
applied voltage is steadily increased, the current will
remain at a low value until the applied voltage reaches a
value known as the breakover voltage of the DIAC as in
Fig 6b.

Once this point is reached the diac current increases
rapidly and the diac voltage falls to a low value. At this
point, the diac exhibits negative resistance characteristics
(currentconductionincreases while the voltage across the
device decreases). The diac will continue to conduct
current as long as the current is greater than the holding
currentof the device.

A diac acts in a similar manner to two zener diodes that
are connectedinreverse parallel andittherefore itis able
to rectify AC voltage during both half cycles. The symbol
used for DIAC is in Fig 5b.

Application of DIAC: DIAC can be usedtotriggertriacor
SCR at specified voltage levels.

DIAC testing: DIACs are similarto two diodes connected
back to back and break down in either direction once the
applied voltage reaches the breakdown voltage of the
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diode. While testing a diac using a ohmmeter, it should
show high resistance (infinite resistance) when checked
in either direction. The quick test only confirms that the
DIAC is not shorted; however this quick test is worth
carrying out before using the Diac in a circuit.

TRIAC

TRIAC s athree terminal gated semi-conductor device for
controlling AC ineither direction. Theterm TRIAC stands
for TRIODE AC semi-conductor. TRIAC is very similar to
that of two SCR connected in reverse parallel. A Triacis
able to conduct a large current in both directions, being
trigged ON in one direction or the other by a gate pulse of
the appropriate polarity.

UJT and its applications of triggering circuits

UJTs are employed in a wide variety of circuits involving
electronic switching and voltage or current sensing
applications. These include

— triggers for thyristors

— as oscillators

— as pulse and sawtooth generators
— timing circuits

— regulated power supplies

— bistable circuits and so on.

Letus analyse the waveform generated across the capacitor
and R, with respect to the relaxation oscillator or free
running oscillator as in Fig 7.

Fig 7
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The negative - resistance portion of the UJT characteristic
isusedinthe circuitshownin Fig 7 to develop arelaxation
oscillator.

The wave form developed across the capacitoris shownin
Fig 7 as V, whereas the waveform produced across the
resistor R;, is shown as a pulse V,,.

The frequency of oscillation

1
f=ReC

Where R_is the value of variable resistorinohms and Cis
the value of the capacitorin farad.

By varying the value of R_, the frequency of the oscillator
can be varied. Although such an oscillator using a DC
supply voltage could be used to triggera SCR, there would
be trouble in synchronizing the pulses with the cycles of
alternating current. Fig 8 shows a stable triggering circuit
foran SCRin which the firing angle can be varied from 0°
to 180°.

Fig 8
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Thelow outputimpedance ofthe UJT (39 ohms)is ideal for
drivingthe SCR, which has arelatively low inputimpedance
from gate to cathode.

Resistor R, is used as a dropping resistor to restrict the
peak voltage across the UJT to within its specifications.

By varying the variable resistor R_the oscillator frequency
can be varied thereby the frequency of trigger pulses which
are used to trigger the SCR. Time used for delay in
switching the SCR could be measured through a stop
watch from the time of switching on.

Basic construction of a Triac, its symbol and a typical
Triac is shown in Fig 9a, 9b and 9c. As can be noticed in
Fig 9, the electrodes of a Triac are labelled as,
— Mainterminal-1 (MT),)
— Mainterminal-2 (MT,)and

Gate (G)

Theterminals are solabelled because, this device operated
in both directions and hence the terms anode and cathode
does not apply.
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CONSTRUCTION AND SYMBOL OF TRIAC

TRIAC triggering : Triac can be triggered/turned-ON by,
1 applying a gate current,

2 applyingavoltage exceedingthe avalanche breakdown
voltage V,

3 allowingthe MT, -MT, applied voltage toincrease ata
rate in excess of the maximum dv/dt figure.

Methods 2 and 3 above are not employed in normal Triac
operation but they may be considered as limiting factors
in circuit design. Hence, in all further discussion it is
restricted to triggering the Triac via the gate. Since Triac
isabidirectional device, itcan be triggeredinto conduction
by a negative or a positive gate signal. Triacs potentials
are considered with respect to main terminal - 1 (MT,).
This gives the following possible operating situations or
modes;

— MT, +ve with respect to MT, - Gate signal +ve
(1stquadrant +)

— MT, +ve with respect to MT, - Gate signal —ve

(1stquadrant—)

— MT, —ve with respect of MT, - Gate signal +ve
+(3rd quadrant +)

— MT, —ve with respect to MT,
(3rd quadrant-)

Gate signal —ve

Unfortunately, Triac is notequally sensitive in all the above
said modes. ltis leastsensitive in 3rd quadrantmode (MT,
negative with respect of MT, and triggered by a +ve gate
signal) so this mode is very rarely used in practice. When
aTriacis ON the currentflowing between MT, and MT, is
known as principal current. The TRIAC willremain ON as
long as the current flowing through it is larger than the
holding current as in the static characteristics ofa Triacin
Fig 10.
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CHARACTERISTIC OF TRIAC

h

From the Triac static characteristics. When MT,
positive with respect to MT,, the (Fig 6) Triac operates in
the first quadrant of its static characteristics, if it is not
triggered, the smallforward currentincreases slowly with
increase in voltage until the breakdown voltage V, is
reached and then the current increases rapidly. The
device can be, and usually is, turned ‘ON’ at a smaller
forward current by injecting a suitable gate currentand the
characteristics shows the effect of increasing the gate
current from zero to 4mA.

The gate current must be maintained untilthe main current
is atleast equal to the latching current. Whenterminal MT,
is positive with respect to MT, the Triac operates in the
third quadrant and the current flows in the opposite
direction.

Full wave controlusinga TRIAC: Fig 11ashowsa Triac
used for controlling the current flowing in an AC circuit.
Fig 11b shows the wave forms with different settings of
POTV,,.

Fig 11
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b) TRIAC CONTROL WAVEFORMS
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Note: In Triac the terms forward and reverse do
not arise since it is bidirectional.

Quick testing TRIAC: A quick test can be carried out on
triac using an ohmmeter. If the readings taken are
comparable to the one shownin table below, the Triac can
be considered as satisfactory and can be used in circuit;

Meter polarities + Resistance
MT, MT,>1M
MT, MT,> 1M
MT, G>1M
G MT,> 1M
MT, G > 300Q
G MT,>300Q

Field-effecttransistor (FET)

The main difference between a Bi-polar transistor and a
field effect transistor is that,

Bi-polar transistor is a current controlled device

In simple terms, this means that the main current in a bi-
polartransistor (collector current)is controlled by the base
current.

Filed effect transistor is a voltage controlled device

This means that the voltage at the gate(similar to base of
a bi-polar transistor) controls the main current.

In addition to the above, in a bi-polar trasistor (NPN or
PNP), the main current always flows through N-doped and
P-doped semiconductor materials. Whereas, in a Field
effecttransistor the main current flows either only through
the N-doped semiconductor or only through the P-doped
semiconductor as in Fig 12.

Fig 12
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If the main current flow is only through the N-doped
material, then such a FET is referred as aN-channel or N-
type FET. The currentthrough the N-doped material in the
N-type FET is only by electrons.

If the main current flow is only through the P-doped
material, then such a FET is referred as a P-channel or P-
type FET. The currentthrough the P-doped material in the
P-type FET is only by Holes.

Unlike in bipolar transistors in which the main current is
both by electrons and holes, in contrastin FETs depending
on the type(P or N type) the main current is either by
electrons or by holes and neverboth. Forthisreason FETs
are also known as Unipolartransistors or Unipolar device.

There are a wide variety of FETs. In this lesson one of the
fundamental types called as Junction Field Effect Trasistor
(JFET) is discussed.

Junction Field effect Transistor(JFET)
Itis athree terminal device and looks similar to a bi-polar

transistor. The standard circuit symbols of N-channel and
P-channel type FETs are shown in Fig 13.

Fig 13
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The internal diagram of a N-channel FET is shown i
Fig 14.
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FET notation listed below are essential and worth
memorizing,

1 Source terminal: It is the terminal through which
majority carriers enter the bar(N or P bar depending
upon the type of FET).

2 Drain terminal: It is the terminal through which
maijority carriers come out of the bar.

3 Gate terminal: These are two internally connected
heavily doped regions which form two P-N junctions.

4 Channel: It is the space between the two gates
through which maijority carriers pass from source to
drainwhen FET is working(on).

Working of FET

Similar to Biploar transistors, the working point of
adjustment and stabilization are also required for FETs.

Biasing a JFET

— Gates are always reverse biased. Therefore the gate
current |, is practically zero.

— The source terminal is always connected to thatend of
the supply which provides the necessary charge carriers.
Forinstance, in an N-channel JFET source terminal S
is connected to the negative of the DC power supply.
And, the posive of the DC power supply is connected
to the drain terminal of the JFET.

WhereasinaP channel JFET, Sourceis connected tothe
positive end of the power supply and the drainis connected
tothe negative end of the power supply forthe drain to get
the holes from the P-channel where the holes are the
charge carriers.

Letus now consideran N channel JFET, the drainis made
positive with respect to source by voltage V. as shownin
Fig 15a. When gate to source voltage V ., is zero, there is
no control voltage and maximum electron current flows
from source(S) - through the channel -to the drain(D). This
electron currentfrom source todrainis referred to as Drain
current, 1.

When gate is reverse biased with a negative voltage(V ;¢
negative) as shownin Fig 15b, the static field established
atthe gate causes depletion regionto occurinthe channel
as shown in Fig 15b.

This depletion region decreases the width of the channel
causing the drain current to decrease.

IfV . is made more and more negative, the channel width
decreases further resulting in further decrease in drain
current. When the negative gate voltage is sufficiently
high, the two depletion layers meet and block the channel

Fig 15
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cutting off the flow of drain current as in Fig 15¢. This
voltage at which this effect occurs is referred to as the
Pinch off voltage, V..

Thus, by varying the reverse bias voltage between gate and
source(-V ), the drain current can be varied between
maximum current (with -V .=0) and zero current(with -
Vs=pinch off voltage). So, JFET can be referred as a
voltage controlled devices.

P channel JFET operates in the same way as explined
above except that bias voltages are reversed and the
majority carrier of channel are holes.
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Important specifications of typial JFETs

BF245B BFW10
Polarity of the device
(N-type/P-type) Nj Nj
Maximum drain-source
voltage, V¢ 30V 30V
Maximum gate-source
voltage, V ;¢ 30V 30V
Maximum drain current, |, | 25 mA 20 mA
Maximum forward gate
current, | 10 mA 10 mA
Pinch-off Voltage
(at1,=0), V, 8V
Maximum power
dissipation, P_ 300mwW | 300mw
Package type TO92 TO72
Pin Diagram figW141e| figW158b
(Refer 6605 data manual)
The term Nj in the specification indicates that
it is a N-type junction FET.

4 they have low interelectrode capacity.

Typical applications of JFET

One very important characteristic of JFET is its very high
input impedence of the order of 10° ohms. This
characteristicof FET, has made it very popular atthe input
stage of a majority of electroinc circuits.

As discrete components FETS are mainly used in,

+ DCvoltage amplifiers

» AC voltage amplifiers(input stage amplifers in HF and
LFranges)

» Constantcurrentsources

» Integtated circuits of both analog and especially in
Digital technology.

1 FET AC voltage amplifier

In the circuit at Fig 17, the amplification is determined by
the design. itcan be varied within certain limits of the drain
resistance and the source resistance are made variable.
Potentiometer can be connected in series for this purpose.

As discussed earlier FETs also need a proper biasing
arrangement foritto work. Like transistors, FETs canalso
be connected in different configuration. Fig 16 gives a
summary and comparision of basic FET configurations.

Advantages of FET

1 Sincethey are voltage controlled amplifier this makes
theirinputimpedence very high

2 Theyhavealow noise output. This makes them useful
as preamplifiers where the noise must be very low
because of high gain in the following stages.

3 Theyhave betterlinearity
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Related Theory for Exercise 4.1.170

Power supplies-troubleshooting

Objectives: At the end of this lesson you shall be able to
* list the initial activities involved in troubleshooting

* list the three general steps involved in troubleshooting
* list and explain the two popular methods of troubleshooting

* list the possible defects in a power supply

 state the meaning and use of Problem Trees (PT) and service flow diagram (SFD).

Introduction

Troubleshooting in any equipment or in a circuitinvolves
the following activities:

— Toidentify the exact nature of the problem.

— Toidentify the section causing the problem.

— Toisolate and arrive at the exact cause(s).

— To confirm the causes by necessary tests.

— Toreplace the problem-causing parts.

— Tore-test and confirm the satisfactory working.

The following are the general steps involved in
troubleshooting.

i Physicaland sensory tests

— Look for the most common physical faults, such as
broken wires, cracked circuit boards, dry solders and
burntoutcomponents.

— Smell for hot or burning components.
— Feel with the fingers for unduly hot components.

ii Symptom diagnosis

Learn the operation of the system to be repaired with the
help of its block diagram and its input and output
specifications.

Observe the symptoms produced by the defective system,
and determine which section or function would produce
the symptoms.

iii Testing and replacing defective components

When the probable defective section has been diagnosed,
check the probable components in that section of the
circuitthatare mostlikely to go defective in the ordergiven
below:

Components should be checked in the order given below
because thatis the order in which they fall in most cases.

— Active high power components: For example,
components such as transistors, ICs, and diodes.
High power devices are physically largein size and are
used for handling the high power, generally in output
circuits.

— Activelowpowercomponents: These are the same
as in (a) but are physically small and can handle
smaller amounts of power.

— High voltage/power passive components: Such
components are resistors, capacitors, transformers,
coils, etc. which handle large amounts of voltage/
power. They are found in power supplies and output
circuits.

— Low power passive components: These are the
same as in (c) but are physically smaller and handle
comparatively less power and are low in value (ohm,
microfarad, microhenry, etc.)

Note: This procedure may not turn out to be
true always. Hence, do not attempt to replace
common sense and meter measurements with
the procedure.

While troubleshooting any electronic system, two main
methods are generally adopted. They are:

Step-by-step method of troubleshooting: This approach
is preferred by the beginners. In this approach, the
problem causing part or sectionis identified by testing the
parts or sections from the beginning to the end as shown
in Fig 1.

Fig 1
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Although this approach may take more time, this is the
most suited approach for the beginners.
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Shortcut or logical approach method of
troubleshooting: This method is used by the experienced
servicing people. Inthis method, the problem causing part
or section is identified from the nature of the problem
symptom. Divide and conquer procedure is adopted to
arrive at the exact cause. This method takes less time
comparatively.

Troubleshooting power supplies: All electronic systems
can be broken down into blocks, generally based on their
function. Fig 1 shows the various blocks of a simple power
supply. Each block has a particular function to perform.

Before carrying outthe troubleshooting of power supplies,
the first thing to be done is to isolate the load connected
tothe power supply. This is because the connected load
itself may be the cause of the problem as shown in the
problem tree (PT) in Fig 2.

Fig 2
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Step-by-step approach totroubleshoot power supply:
Inthe step-by-step approach of troubleshooting, the various
blocks of the power supplyisin Fig 1 and the components
of the blocks are checked one by one, starting with block
1 and in steps as given below.

Step 1: Confirm the presence and satisfactory level of the
mains supply from which the power supply is powered.

Step 2: Switch the power ON and test and note down the
exact nature of the problem. Although the nature of the
problem has been already told, it is essential to confirm
the exact nature of the problem. Thisis because, inareal
life situation, the customer may not be a technical person
to inform the exact nature of the problem.

Step 3: Carry out physical and sensory tests.

Step 4: Trace the circuit to identify any wrong polarity
connections.

Step 5: Remove the power cord of the power supply from
the mains and test the power cord.

Step 6: Test the transformer.

Step 7: Test the diode(s) of the rectifier section.

Step 8: Test the capacitor(s) of the filter section.

Step 9: Testthe bleederresistor, surge resistor and other
resistors, if any.

Step 10: Test the output indicator lamps/LEDs.

After completing all the above steps, from the defective
components identified, analyze the root cause for the
problem and confirm that the cause will not reoccur if the
identified components are replaced.

Step 11: Replace the identified defective component(s).

Step 12: Switch the power ON and testthe power supply,
first without load, and then connecting it to the load.

Logical approach to troubleshoot power supply: In
this approach steps 1 to 4 of the step-by-step approach
are the same. The next step is to refer to the Logical
Service Flow Diagram (SFD)for the identified problemand
proceed with the troubleshooting as directed in the SFD.

SFDs are very good tools in troubleshooting as they take
into account, the divide and conquer technique, thus
reducing the overall time taken to troubleshoot the defect
in the power supply.

The possible types of defects that can occur in a simple
power supply consisting of a bridge rectifierand capacitance
inputfilter are listed below alongwith their SFD numbers.

Possible defects in a power supply using bridge
rectifier and filter capacitor

i No output voltage

This defectinthe power supply may be due to one or more
componentofthe circuit. Problem Tree-1 (PT-1) given at
the end of this lesson for the causes of the problem.

This PT shows the cause-effect relationship of the defective
components with the problem. The cause is given at the
top and the effect at the bottom for the only reason that it
is a normal tendency to read a page from the top to the
bottom.

PT-1 shows two problem trees. The first in Chart 1,
indicated as Level-1is a simple tree which gives the level-
1 causes of the problem. Level-2 is an extension of the
same problem tree, which gives one more level of the
causes for the causes given in the simple tree at level-1.

Hints to Instructor: Instructor to discuss PT-1
and ensure that trainees clearly understand
the need and meaning of PTs.

Chart 2 at the end of this lesson, shows the sequence to
be adopted while servicing adefective power supply. The
Service Flow Sequence - 1(SFS-1) at Chart 2 is self-
explanatory. Howeverthe following tips make iteasy togo
through the SFS.
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— The flow is from top to bottom.

— Rectangular blocks indicate work to be done or action
to be taken.

— Follow the path of the arrow.

— Diamond blocks indicate a decision to be taken after
conducting a test or making a measurement. If the
answer to the question in the diamond block is YES,
follow the path of YES and continue. If the answer is
NO, follow the path of NO and continue.

— Rounded rectangular ;block indicates the end of the
job.

i Low output voltage/increased ripple in output

Here, note that two defects are combined. The reason
being, that these two defects generally occur

simultaneously. Ifthe output voltage is low, the cause(s)
for this also results inincreased ripple and vice versa. Of
course with one exception that, if the mains level itself is
low or if the secondary voltage of the transformer itself is
low due to shorted windings, a low output voltage is not
associated withincreasedripple. The cause for this defect
are givenin problemtree PT-2in Chart3. Chart4 shows,
the service flow diagram (SFS-2) for servicing the defect.

NOTE: The SFSs and PTs for a fullwave rectifier
with a capacitance filter is almost similar to
that of a bridge rectifier. However, it is
suggested that the trainees shall make SFSs
and PTs for a fullwave rectifier power supply
on their own for practice and better
understanding of the method.
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Problem Tree - PT1

NATUREOFDEFECT No Output voltage
TYPE OF SYSTEM : Bridge rectifier with capacitor filter
LEVEL 1

Open wire connections

Dry solder points

No voltage across Transformer |
Primary or Secondary winding

Filter capacitor

Possibility
order

OF  beeeeesssssssssssseeesssseeesssssssssassss s eessssassaass e @

shorted
Rectifierdiodes [
open
No output
Voltage
LEVEL 2
Bad soldering Mishandling No Mains supply Defective transformer
Open wire connections No voltage across
or transformer Primary or
Dry solder points Secondary winding
- Low capacitor
Ageing voltage rating Shorted load Low I_/PIVrating

Filter capacitor
shorted

Rectifier Diodes
open
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NATURE OF DEFECT

Service flow

sequence (SFS-2)

[ Start servicing )

Carry out physical defect checkings
and rectify defects found.
(Step 1 of Task 1)

v

Carry out component polarity,
trace, check and rectify defects.

(Step

2 of Task 1)

NO

Power cord may be

defective. Power-off,

Test, repair/replace

Tr. Pri.
voltage
present

v
Transformer may be
defective. Power-
off, Test, repair/

power cord. replace
transformer
Y v
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NATURE OF DEFECT
TYPE OF SYSTEM

LEVEL 1

Filter capacitor
open or leaky

LEVEL 2

Problem Tree - PT2

Low Output DC/Increased ripple

Bridge rectifier with capacitor filter

One or pair of

Ageing

Diode(s)open
Tr. Sec. voltage
low
\ 4
Low output voltage/

increased ripple in output
Low capacitor
voltage rating Shorted load

Filter capacitor
open or leaky

Mains voltage
low

Low I./PIVrating

One or pair of
Diode(s)open

Some windings of
sec. shorted

Transformer secondary
voltage low
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Power control circuit using SCR,DIAC,TRIAC & IGBT

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

+ explain the construction and working of SCR,DIAC,TRIAC & IGBT

+ explain power control circuits using SCR
+ explain power control circuit using DIAC & TRIAC
» explain the construction and using of IGBT.

Introduction to power electronics devices

Industrial electronicsis concerned primarily with electronics
applied to industries such as industrial equipments,
controls and processes. An important application of
electronics in industries is in controlling of machinery.

In communication electronics, domestic & entertainment
electronics, generally, the electronic devices operate with
currents in the order of Microamper to Milliamper. For
industrial applications, mostfrequently, devices are required
to handle currents in the range of ampere to several
thousands of ampere. This, therefore calls for high power
electronic devices. One such high power electronic device
frequently used in industrial electronic application is the
SCR,TRIAC,IGBT and DIAC for associate triggering
circuits.

This devices can be used to run, dc motors from an ac
power source, control power tool speed,also to control
motor speeds of small appliances like, mixers and food
blenders, illumination control, temperature controland so
on.

Silicon Controlled Rectifier (SCR)

Before Silicon controlled rectifiers were invented(1956), a
glasstube device called Thyratron was used for high power
applications. Silicon Controlled Rectifier (SCR) is the first
device of the thyristor family. The term thyristor is coined
from the expression Thyratron-transistor.SCR is a
semiconductordevice. SCR does the function of controlled
rectification. Unlike a rectifierdiode, SCR has an additional
terminal called the gate which controls the rectification(gated
siliconrectifier).

The basic principle application of SCRs is to control the
amount of power delivered to aload(motor, lamp, etc.,).A
rectifier diode will have one PN junction. SCRs on the other
hand will have two PN junctions (P-N-P-N layers). Fig 1
shows the electrical symbol, basic construction and a
typical SCR packages.

Basic operation of SCR

When a gate directcurrentis applied to the gate terminal,
forward currentconduction commencesinthe SCR(latched
into conduction). When the gate current is removed, the
forward current through the SCR does not cut-off. This

means, once the SCRis latched into conduction, the gate
loses control overthe conduction. The currentthrough the
SCRcan be turned off only by reducing the current through
it(load current) below a critical value called the Holding
current.

Fig 1 ANODE ANODE
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Fig 2 shows how an SCR can be gated into conduction or
turned off.

In Fig 2a, with switched S1 open the SCR s in OFF state
and no current is flowing through the load.

InFig 2b, when S is closed, a small gate current(around
1/1000 or less compared toload current) turns-ON (fires)
the SCR. A heavy load current starts flowing through the
SCRandloadR,.

InFig 2c, when S, is opened, gate currentbecomes zero.
This will have no effect on the currentthrough the SCRand
the heavy load current continues to flow through the SCR
in the DC gate supply.

InFig 2d, ifa shorting wire is placed across the anode and
the cathode terminals, the current though the SCR gets
by-passed and all the current starts flowing through the
shorted wire instead through the SCR. This means the
current through the SCR is reduced below the rated
holding current(minimum currentrequired through SCR to
keepitlatched). This turns-OFF the SCR. Even when the
shorting wire is removed the SCR remains to be in OFF
state.

Fig 2e shows an alternative method of turning-OFF the
SCR. In this instead of shorting the anode and cathode
terminals ofthe SCR, theload currentis cut-off by opening
the Switch S,. This reduced current through the SCR
below the holding current and thus turns- OFF the SCR.
Oncethe SCRisturned_OFF, the SCRdoes notturn-ON
eveniftheswitch S, is closed. To make the SCRfire again,
with the switch S, closed, the gate current should be made
to flow by closing the switch S..
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Fig 2
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Since the SCR does not conduct in the reverse direction,
the anode of the SCR should always be positive with
respect to cathode for conduction.

Importantfeatures of SCR,

* Averysmallgate currentwill control the switching OFF
alarge load current.

SCR operation with AC supply

Operation of SCR with AC circuit is similar to SCR
operation . Fig 3 illustrates working of SCR in AC control
circuits.

The SCR gate circuitconsists of resistor R, potentiometer
R, and silicon diode D,. Resistors R, and R, act as a
variable voltage divider. By adjusting the value of R, the

gate current| can be suitably modified. Diode D, prevents
negative voltage being applied to the gate when the ac
supply is in the negative half cycle.

[X] During the +ve half cycle of the AC power source, as
the positive half cycle voltage increases, the gate
currentlincreases. When | reaches the triggerlevel,
SCRfires and allows current|, toflow throughthe load.

Fromthis pointonwards the SCRimpedanceislowand
current | continues to flow throughout the +ve half
cycle eventhough the gate currentreduces below the
trigger value(recall: once SCR is fired it continues to
conductevenifthe gatetriggeris decreased orremoved).

[Y]Atthe end of the +ve half cycle of AC power source, the
+ve voltage drops to zero and SCR ceases to
conduct(recall: one method of turning off SCR is to
reduce the current through the SCR to below the
holding current. This can be done by either opening the
load circuit or reducing the supply to zero). Thus the
SCRremains in off state throughout the negative half
cycle.

Cycle [X] and [Y] repeats and current through the load
flows in pulses as in Fig 3d.

Fig 3b,3c shows the voltage wave forms of source and
gatevoltage.
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Ifthe value of R, is varied, the pointat which SCR triggers
also varies changing the firing point shown in Fig 3d. Inthe
circuit shown in Fig 3a, the firing of SCR can be adjusted
any where between almost 180 degrees(maximum)to 90
degrees(minimum).
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This simple AC control circuit shown in Fig 3a using SCR
can be used to control the current through the load during
the +ve half cycle of AC. During the -ve halfcycle the SCR
remains turned off. Thus, SCR can be used as an excellent
switching device in AC control circuits.

The circuit in Fig 3 is useful only in limited
applications such as temperature control of
soldering iron etc.,

Power control using SCR

» DC Motor speed control

» AC Motor speed control

» Regulated DC power supplies

» Powercontrol

+ Circuitbreakers

» Time delay circuits

+ Soft start circuits

» Pulse, logic and digital circuits and so on.

Speed control of DC motors: In this Related Theory
information only brief outline of power circuits is discussed.
Due variation of motor load currents, inductance effectin
winding, the practical circuit should be modified to suit the
requirement. DC motors consists of field winding and
armature winding. The speed of DC motors can be varied
by two methods,

1 controlling the field current
2 controllingthe armature voltage

The first method is used for controlling the motor speed
above the rated speed of the motor. The second method
is used for controlling the motor speed below the rated
speed of the motor.

Speed control of DC shunt motor by controlling the
armature voltage: This is the most popular method of
controlling the speed of DC shuntmotors. Fig4aillustrates
the speed control of a DC shunt motor with separate field
excitation. The DC supply to the field winding is given from
afullwave bridge rectifier. The DC supply to the armature
is given using a ‘symmetrical half controlled bridge rectifier’.
By controlling the SCRs 1 and 2, the DC voltage to the
armature can be varied by varying the motor speed. The
principle of operation of the circuit at Fig 4a can be
understood by examining the current and voltage wave
forms showninFig4b. SCR-1and 2 arefiredin halfcycles.

During the positive ;half cycle, SCR, and D, will conduct.
The SCR firing angle is set to desired angle as in Fig 4b.
Hence the reduced applied armature voltage is shown
shaded (Fig4b). This applied voltage to the armature can
be varied by changing the firing angle using a suitable
phase control circuit thus controlling the motor speed. A
similar operation will take place during the negative half
cycle as in Fig 4b when SCR, and D, conduct.

Fig 4
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There are few more details to be known
specially while designing and setting the firing
angles. For details refer reference books of
SCR.

Fig 5a shows another simple circuitfor speed control of DC
motors. The speed controlis based on controlled full wave
rectified supply to the armature through an SCR. This
control circuit is applicable only to shunt or separately
excited motors. The voltage and current wave forms are
givenin Fig 5b. Please note that DC series motor cannot
be controlled by this circuit. For reasons refer reference
books on motor control circuits.

Fig 5
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Fig 6 shows a speed controller by armature control
method for a separately excited 415volts DC motor.

Other DC motor's speed control circuits are discussed in
further lessons after learning afew more components that
go along with SCR in motor speed control.
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Speed control of AC motors: Phase control can be very
conveniently used for speed control of AC motors also.
Thisis achieved by applying a variable voltage to the motor
whose speed is to be controlled. As the speed of the
synchronous motors does not change when the input

voltageis varied, this method is useful only for commutator
orinduction motors.
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For AC motors, full wave phase control circuits are
required. Fig 7 shows a schematic arrangementfor speed
control of single phase and three phase induction motors.
When the firing angle of SCR are varied the RMS input
voltage to the motor can be changed thus changing the
speed of the motor.

Fig 7
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Power circuit using TRIAC and DIAC

TRIAC or SCRfor speed control of AC motors: Compared
to SCR, Triacis most popular and works satisfactorily for
lamp dimmer circuits and speed control of universal
motors. Although both SCR and TRIAC can be used to
phase control and vary the current through the lamp or
motor, TRIAC being a full wave device, symmetrically
controls the phase of both half cycles of the applied AC.

The resultant full wave current format then produces
smooth lamp or motor operation that can be attained from
the half wave rectification using SCRs. Thisis particularly
noticeable during low/dim light requirement or low speed
for motors.

The circuitat Fig 8 shows a TRIAC phase control circuit for
controlling the brightness of the lamp or speed of universal
motors.

The load shown in circuit at Fig 8 is a general load rather
than a motor symbol because, this circuit can also be
used for light dimmers and for the control of heaters.

Fig 8
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This circuit features a double time constant phase-shift
network. This reduces hysteresis in firing of the triac,
thereby making the manual adjustment of dimmer operation
or control off speed more repeatable.

The DIAC used as trigger device, adds to the reliability of
the circuit. The elemental low-pass filter comprising L.
and C_attenuates much ofthe radio-frequency interference
(RFI) that gets generated and tries to get into the power
line. This high frequency RF1 energy is generated by the
extremely rapid turn-on time of the TRIAC. Which should
be eliminated to avoid radio interference due to higher
frequency content of the rectified wave form Otherwise,
the frequency may interfere with reception at nearby
places or in the main line circuit elsewhere.

Lamp dimmers: Lamp dimmer is a circuit which controls
as AC power supplied to an incandescent lamp thereby
controlling the intensity of light emitted by the lamp from
almost zero to full brilliance.

Conventional and soft-start dimming ofincandescent
lights: Advantage of semi-conductor based lightdimmers
over the auto transformer connected light dimmers

Old technology lightdimmers used high wattage rheostats
adjustable auto-transformers or saturable reactors, which
were large, expensive generated considerable heat and
power loss. Present day semi-conductor light dimmers
have overcome these difficiencies and have therefore
become very popular for many applications.

Modern semi-conductordimmers are inexpensive, reliable,
small generate little heat, and are easy to control remotely.
These properties have notonly permitted semi-conductor
dimmers to supersede older types in theatres and
auditoriums with excellentresults, buthave made dimmers
practical for built-in home lighting, table and floor lamps,
projection equipment and other uses.

Semi-conductor based light dimmers: Two light
dimmers forincandescentlightbulbs are discussed below.
Both these dimmer circuits control light intensity by
adjusting the angle of conduction of a triac connected in
series with the bulb. The first dimmer uses a very simple
circuitthatis ideal for highly compact applications requiring
minimum cost. The second dimmer features soft starting
forlowinrush currentand consequentlong lamplife. Soft
start lamp dimmers are especially useful with expensive
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lights with short lives, such as projection lamps and photo-
graphic bulbs.

Simple light dimmer: The circuitshownin Fig9is awide
range light dimmer using very few parts. The circuit can
be operated using any mains supply source (240V, 50Hz)
by choosing appropriate value of circuitcomponents. The
circuitcan control upto 1000watts of power toincandescent
bulbs.

Fig 9
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The power to the bulbs is varied by controlling the
conduction angle of Triac. Many circuits can be used for
phase control, but the single Triac circuit used is the
simplest and is therefore chosen for this particular
application.

The control circuit for this Triac must function as shown in
Fig 9b. The control circuit must create a delay between
the time voltage is applied to the circuit and the time it is
applied to the load. The Triacis triggered after this delay
and conducts current through the load for the remaining
part of each alteration. This circuit can control the
conductionangle from 0° toabout 170° and provides better
than 97% of full power control.

Lightdimmer with soft-start option: The circuitatFig 10
is a light dimmer with soft start option. Soft starting is
desirable because ofthe very low resistance of a cold lamp
filament compared to its hot resistance. At the time of
initial switching ON, the low resistance of the lamp causes
very high inrush currents which leads to short filament/
lamp life. Lamp failures caused by highinrush currents is
eliminated by the soft start feature, which applies current
to the bulb slowly enough to eliminate high surges.

Operation of the circuit at Fig 10 begins when voltage is
appliedto the diode bridge consisting of D, throughD,. The
bridge rectifies the input and applies a DC voltage to
resistor R, and zener diode D,. The zener provides a
constant voltage of 20volts to unijunction transistor Q,,
exceptatthe end of each alternation when the line voltage
drops to zero. Initially the voltage across capacitor C, is
zero and capacitor C, cannot charge to trigger Q,. C, will
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begin to charge, but because the voltage is low, C, will
have adequate voltage totrigger Q, only nearthe end ofthe
half cycle. Although the lamp resistance is low at this
time, the voltage applied to the lamp is low and the inrush
currentis small. Thenthe voltage on C, rises, allowing C,
to trigger Q, earlier in the cycle.

At the same time the lamp is being heated by slowly
increasing applied voltage and by the time the peak
voltage applied to the lamp has its maximum value, the
bulb has been heated sufficiently so that the peak inrush
current is kept to a reasonable value.

Resistor R, controls the charging rate of C, and provides
the means to dim the lamp. Power to the load can be
adjusted manually by varying the resistance of R,. T1is
apulsetransformer. Inaddition to supplying the trigger to
Triac, this transformerisolates the high currentload circuit
fromthe low power triggering circuit (gate isolation methods
for Triacis discussed in further paragraphs).

Fig 10 LoAD
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A simple lamp dimmer cum Universal motor speed
controller: In the lamp dimmer cum universal speed
controller circuit is in Fig 11, a Triac is used as control
device. Phase control technique is used to control
conduction angle of the triac which inturn control the power
fed to the lamp.

Fig 11
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Alamp L is connected in series with AC mains supply to
the Triac. The trigger pulsesto Triac gate is given through
Diac. The Diacistriggered atthe same breakover voltage
level (30V) during both positive and negative half cycles.

Potentiometer R, provides the facility for varying the
intensity of light or speed of a universal motor.

Snubber circuit: One problemwith the Triac controlis the
sudden application of reverse voltage across the triac
immediately after it has stopped conduction. This is a
serious problem when the load is a highly inductive as in
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motors. This reapplied voltage denoted by dv/dt can
trigger-on (unwanted or false triggering) the device losing
the phase control.

Toavoid this false triggering, an Rand C series network is
placed across the circuit R, and C, as shown in Fig 11.
This RC network slows down the rate of rise of voltage
applied across the Triac. This RC circuit connected
across the Triac circuit is called snubber circuit.

Theinductance L and capacitor C, forms a low pass filter
to substantially reduce the radio frequency interference
(RF) generated by the rapid turn-on and turn-off the triac.

Fan speed regulator: The lamp dimmer circuit at Fig 11
can be used equally well as a fan speed regulator. The
only change to be made is to connectafanin place of the
lamp shown in the circuit at Fig 11. The speed can be
varied from almost zero to full speed by just rotating
POTR,.

IGBT (Insulated Gate Bipolar Transistor)

The insulated Gate Bipolar Transistor (IGBT) is the latest
device is power electronics. It is obtained by combining
the properties of BJT and MOSFET. We know that BJT
has lower on - state losses for high values of collector
current. But the drive requirement of BJT is little
complicated. The drive of MOSFET is very simple (i.e only
voltage is to be applied between gate and source). But
MOSFET has high on - state losses.

The gate circuitof MOSFET and collector emitter circuits
of BJT are combined togetherto form a new device. This
deviceiscalled IGBT. Thus IGBT has advantages of both
the BJT and MOSFETs. Fig 12 shows the symbol of IGBT.
Observerthatthe symbol clearly indicates combination of
MOSFET and BJT.

Fig 12
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The IGBT has three terminals : Gate (G), collector (C) and
emitter (E), Currentflows from collector to emitterwhenever
a voltage between gate and emitter is applied. The IGBT
is said to have turned 'ON'. When gate emitter voltage is
removed, IGBT turns - off. Thus gate has full control over
the conduction of IGBT. When the gate to emitter voltage
is applied, very small (negligible) current flows. This is
similar to the gate circuit of MOSFET. The on - state
collector to emitter drop is very small like BJT.

Structure of IGBT

The structure of IGBT is similar to that of MOSFET. Fig 13
show the vertical cross section of IGBT . In this structure
observe that there is additional P+ layer. This layer is
collector (Drain) of IGBT.

Fig 13
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This P+ injection layeris heavily doped. It has the doping
intensity of 10" per cm®. The doping of other layer is
similar to that of MOSFET. n+ layers have 10" per cm?.
P-type body region has doping level of 10'® percm3. The n-
drift region is lightly doped (10" per cm?3).

Punch through IGBT

The n+ buffer layer is not necessary for the operation of
IGBT. The IGBTs which have n+ buffer layer are called
punch through IGBTs. Such IGBTs have asymmetric
voltage blocking capabilities. Punch through IGBTs have
fasterturn-offtimes. Hence they are used forinverter and
chopper circuits.

Non - punch through IGBT

The IGBTs without n+ buffer layer are called non-punch
through IGBTs. These IGBTs have symmetric voltage
blocking capabilities. These IGBTs are used for rectifier
type applications.

Operation of IGBT

WhenV >V (threshold), thenthe channel of electrons
is formed beneath the gate as in Fig 14. These electrons
attract holes from p+ layer. Hence, holes are injected
from p+ layer into n- drift region. Thus hole / electron
current starts flowing from collector to emitter. When
holes enter p-type body region, they attract more electrons
from n+ layer. This action is exactly similar to MOSFET.

Fig 15 shows the structure of IGBT showing how internal
MOSFETs and transistors are formed. The MOSFET is
formed with input gate, emitter as source and n- drift
region as drain. The two transistors T, and T, are formed
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as in Fig 15. The holes injected by the P+ injecting layer
gotothe n-driftregion. This n-driftregionis base of T, and
collectorof T,. The holesin the n-driftregion further goto
the p-type bodyregion, whichis connected tothe emitter.
The electrons from n+ region (which is emitter) pass
through the transistor T, and further in the n- drift region.
Thus holes and electrons are injected in large amounts in
n- drift region. This reduces the resistance of the n- drift
region. This is called conductivity modulation of n- drift
region. Note that such conductivity modulation does not
existinMOSFET. The connectionof T, and T, is such that
large amount of hole/electrons are injected in n- drift
region.

Fig 14
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The actionof T, and T, is like SCR which is regenerative.
The gate serves astriggerfor T, through internally formed
MOSFET. Fig 16 shows the equivalent circuit. In this
figure observe thatwhen gate is applied (V >V (th)), the
internal equivalent MOSFET turns ON. This gives base
drivetoT,.Hence T, starts conducting. The collectorof T,

isbase of T,. Therefore T,also turns ON. The collector of
T, is base of T,. Thus the regenerative loop begins and
large number of carriers are injected in n- drift region. This
reduces the on- state loss of the IGBT justlike BJT. This
happens due to conductivity modulation of n-drift region.

Fig 16 c
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When the gate drive is removed, the IGBT should turn-
OFF. When gate is removed, the induced channel will be
vanished andinternal equivalent MOSFET will turn-OFF.
Hence T, will turn -OFF if T, turns-OFF T, will turn - OF F if
the p- type body region resistance R, is very very small.
Under such situation, its base and emitter will be virtually
shorted. Hence T, turns - OFF. Therefore T, willalso turn
- OFF. Hence structure of IGBT is organizes such that
body region resistance (R,) is very very small.

IfR, is very very small, than T, will never conduct and the
equivalent circuit of IGBT will be as in Fig 17. IGBTs are
thus different than MOSFETSs because of conduction of
current from collector to emitter. For MOSFETS, on state
losses are high since resistance of drift region remains
same. But in IGBTSs, resistance of drift region reduces
when gate drive is applied. This resistance reduces
because of P+ injecting region. Hence, on state loss of
IGBT is very small.

Fig 17
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Merits, Demerits and Applications of IGBT 2 |GBTs are costlier than BJTs and MOSFETSs.

Merits of IGBT Applications of IGBTs
1 Voltage controlled device. Hence drive circuitis very 1 AC motordrives,i.e.inverters.
simple. 2 DC to DC power supplies, i.e choppers

On - state losses are reduced. 3 UPS systems.

Switching frequencies are higher than thyristors. 4 Harmonic compensators.

No commutation circuits are required. . .
Comparison of Power Devices

Gate have full control over the operation of IGBT

The power devices can be compared on the basis of
switching frequency, gate drive circuit, power handling
Demerits of IGBT capacity etc. Table 1 shows the comparison of SCR, BJT,
MOSFET and IGBT.

o A WO DN

IGBTs have approximately flattemperature coefficient.

1 IGBTs have static charge problems.

Table1

S.No. Parameter SCR BJT MOSFET IGBT

7 : H{ GHJH% o]

1 Symbol

O>

| | } !

s

2 Triggeredi.e Triggered orlatching Lineartrigger Lineartrigger Lineartrigger
latching or linear device

3 Type of carriersin | Majority carrierdevice | Bipolardevice Maijority carrier Majority carrier
device device device

4 Control of gate or Gate has no control Base has full control | Gate has full Gate has full
base once turned on control control control

5 On-statedrop < 2 Volts < 2 Volts < 4-6 Volts < 3.3 Volts

6 Switching 500 Hz 10 kHz up to 100 kHz 20 kHz
frequency

7 Gatedrive Current Current Voltage Voltage

8 Snubber Unpolarized Polarized Not essential Not essential

9 Temperature Negative Negative Positive Approximately
coefficient flat, but positive

at high current

10 | Voltageandcurrent| 10 kV/4kA 2 kV/4kA 1 kV/50 A 1.5 kV/400 A
ratings
11 Voltage blocking Symmetric and Asymmetric Asymmetric Asymmetric
capability
12 | Application AC to DC converters, DC to AC converters,| DC choppers,low | DCto AC
AC voltage controllers, | induction motor powers, UPS, converters, AC
electronic circuit drives, UPS, SMPS, | SMPS, brushless | motordrivers,
breakers Choppers DC motordrives UPS choppers,
SMPS etc,.
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Electrical
Electrician - Electronic Practice

Related Theory for Exercise 4.1.172

Integrated circuit voltage regulators

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

* explain integrated circuit
* state the classification of integrated circuit
state the types of IC voltage regulators

» design voltage regulator for a required output voltage
* modify fixed voltage regulator to variable output regulator, circuit.

IC introduction
Integrated circuit

Electroniccircuits invariably consist of a number of discrete
components connected to each other in a specific way.
For instance, the series regulator circuit discussed in
earlier lessons, consists of transistors, zener diodes,
resistors and so on, connected in a defined way for it to
function as aregulator. Ifallthese components instead of
building on a board, if they are built on a single wafer of a
semiconductor crystal, then, the physical size of the
circuit becomes very small. although small, this will do
the same job as that of the circuit wired using discrete
components. Such miniaturised electronic circuits
produced within and upon a single crystal, usually silicon,
are known as Integrated circuits or ICs. Integrated circuits
(ICs) can consists of thousands of active components like
transistor, diodes and passive components like resistors
and capacitors in some specific order such that they
function in a defined way, say as voltage regulators or
amplifiers or oscillators and so on.

Classification of Integrated circuits: Integrated circuits
may be classified in several ways. However the most
popular classifications is as follows:

1 Based on its type of circuitry

i AnalogICs-Example:amplifierICs, voltage regulator
ICs etc.

i Digital ICs - Example: Digital gates, flip-flops,
address etc.

2 Based on the number of transistors built into IC

i Small scale integration (SSI) - consists of 1 to 10
transistors.

i Medium scale integration (MS]I) - consists of 10 to
100 transistors.

iii Largescaleintegration (LSI)-100to 1000transistors.

v Very large scale integration (VLSI) - 1000 and
above.

3 Based on the type of transistors used
i  Bipolar - carries both electron and hole current.

i Metal oxide semiconductor (MOS) - electron or
hole current.

i Complementary metal oxide semiconductor (CMOS)
- electron or hole current.

Note: The terms MOS and CMOS are another
type of transistor and the trainees are requested
torefer any standard electronic book for further
reference.

ICs are available in different packages and shapes. The
usual packages are:

dual in the packages DIP

single in line package SIP and

metal can packages.

ICs handling power more than IW are provided with heat
sinks.

Advantages of integrated circuits over discrete circuit
(ReferTable 1)

Table 1

Integrated circuits Discrete circuits

Advantages

1 Allin a single chip All are separate discrete

components

2 Requires less space
due to smaller size

Requires more space

Costlier due to individual
components

3 Cheaper due to mass
manufacture

4 Morereliable due to Lessreliable

specific construction

Difficult for servicingand
repairs

5 Easy for servicing and
repairs

Disadvantages

1 ICsare manufactured Discrete devices can be
for specific applications| used for any circuit
having specific circuits

2 IfanypartofICis
defective, the entire
IC is to be replaced

Only particular defective
componentrequires
replacement
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Whenthe advantages are considered, the disadvantages
of IC are negligible. They are widely used for different
applications such as voltage regulators, audio amplifiers,
TV circuits, computers, industrial amplifiers etc. ICs are
available in different pin configurations in different outlines
suitable for different circuits.

Integrated circuit (IC) voltage regulators: The series
voltage regulators discussed in earlierlessons are available
inthe form of integrated circuits (ICs). They are known as
voltage regulatorICs.

There are two types of voltage regulator ICs. They are,
— Fixed output voltage regulator ICs

— Adjustable output voltage regulator ICs.

Fixed outputvoltage regulatorICs: The latestgeneration
offixed output voltage regulator ICs have only three pins as
in Fig 1. They are designed to provide either positive or
negative regulated DC outputvoltage.

Fig 1
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These ICs consist of all those components and even more
in the small packagesin Fig 1. These ICs, when used as
voltage regulators, do not need extra components other
than two small value capacitors as in Fig 2.

Fig 2
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The reason behind using capacitor C, is when the voltage
regulator IC is more than a few inches from the filter
capacitors of the unregulated power supply, the lead
inductance may produce oscillations within the IC.
Capacitor C, prevents setting up of such oscillations.
Typical value of bypass capacitor C, range from 0.220uF
to 1yF. Itisimportantto note that C, should be connected
as close to the IC as possible.

The capacitor C, is used toimprove the transientresponse
of the regulated output voltage. C, bypasses these
transients produced during the ON/OFF time. Typical
values of C, range from 0.1uF to 10uF.

Fixed voltage three terminal regulators are available from
different IC manufacturers for different output voltages
(such as 5V, 9v, 12V, 24V) with maximum load current
rating ranging from 100mA to more than three amps.

The most popular three terminal IC regulators are,

1 LMXXX-Xseries
Example: LM320-5, LM320-24 etc.

2 78XXand79XXseries
Example: 7805, 7812, 7912 etc.

A listof popularthree terminal regulatorsis givenin IC data
book.

Specifications of three terminal IC regulators: For
simplicity in understanding, letus considerthe specification
ofathreeterminal ICuA7812. Thetable 2 given below lists
the specifications of yA7812.

Table2

Parameter Min. | Type. | Max. | Units
Outputvoltage 11.5 12 125 V
Outputregulation 4 120 mV
Short-circuit
output current 350 mA
Drop outvoltage 20 \%
Ripple rejection 55 71 dB
Peak output 2.2 A
current

Output voltage: This specification indicates the regulated
DC output voltage that can be obtained fromthe IC. Ascan
be seen from the sample specification table given above,
the manufacturer specifies minimum, typicaland maximum
output voltage. While using this IC take the typical value
as this value corresponds to the output voltage atIC under
normal input and load conditions.

Output regulation: This indicates the amount by which
the output voltage may vary at rated maximum load
condition. Forexample, in yA78121C, the output voltage
may vary by 4mV from its rated 12V DC when the rated
typical load current is 2.2A.

Short circuit output current: This indicates the shorted
current I, if the output gets shorted. In yA 7812 the
output current is limited to 350mA when the output

terminals are shorted.

These regulators also canbe used fold back current
limiting.
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Drop out voltage: For instance, in yA7812 in which the
outputvoltageis +12V, the input unregulated DC voltage
to the regulator must be higher than the output voltage.
The specification drop out voltage indicates, the minimum
positive different between the inputand output voltages for
the IC to operate as aregulator. Forexample, in, uA7812
the unregulated input voltage should be atleast 2 volts
more than the regulated DC outputof 12V. This means for
MA7812 the input must be atleast 14V.

The difference between the voltage across the input and
output of the IC should also not to be very high as this
causes unwanted dissipation. As athumb rule, the input
voltage to the regulator shall be restricted to a maximum
of twice the output voltage of the regulator. Forexample,
for uA7812, the unregulated input voltage should be more
than 14V, but less than 24V.

— Ripplerejection

This indicates the ratio of ripple rejection between the
output to input, expressed in decibels,

— Peakoutput current

This indicates the highest output or load current that can
be drawn. Above this rated maximum current the safety
of the IC is not guaranteed.

Identification of output voltage and rated maximum
load current from IC type number

— 78XXand 79XXseries are 3 Terminal voltage regulators.
— All78XX series are positive output voltage regulators
— All79XX series are negative output voltage regulators

The term XX indicates the rated output regulated voltage.

Example
7805
Indicates positive Indicates output
outputregulator —— —— voltageis +5V
7912
Indicates negative T T Indicates output
outputregulator —— —— voltageis—12V

Itis important to note that, different manufacturers of 78
XX/ 79XX series such as Fair Child (MA/Mpc), Motorola,
Signetics (SS) adopt slightly different coding schemes to
indicate the rated maximum current of the three pin
regulated. ICs. One such scheme is given below.

78L.XX - L indicates rated maximum load
currentas 100mA.

78MXX - M indicates rated a maximum load
current as 500mA

78XX - Absence of an alphabet between 78

and XX indicates that the rated
maximum load current is 1A.

785XX - S indicates rated maximum load
current is 2amp.
Example

uPC 78 M 15H

Indicates positive Indicates

Fair Child Regulated output

(Manufacturer's voltage is 15V

code)

Rated maximum
load current is
500mA

LM 3XX series of 3 terminal voltage regulators: In LM
series of three terminalregulators, tofind the specifications,
it is suggested to refer to its data manual. However, the
following tips will help inidentifyingwhetherthe IC s a fixed
positive or fixed negative regulator.

Positive regulator

LM320-XandLM320-XX - Fixed—vevoltage

regulators.
LM340-XorLM340-XX - Fixed +vevoltage
regulators.
Examples
LM 320 -5
RCA T Output
(Manufacturer) voltage -5V

Fixed negative
voltage regulator

LM 340 - 15

RCA JT L Output

Fixed positive
voltage regulator
Practical 78XX and 79XX voltage regulator: Fig 3

shows the circuit connections of a 12V, 1A regulated
power supply using 7812.

Fig 3
L+ IN 7812 ouT N
1 COM 3 RED
2 LED
NS
270nF + 10uF N
Cy — Cy M

25V
R1

REGULATED
DC VOLTAGE
122v

UNREGULATED
DC VOLTAGE
16V-22V

820Q

T

+12V FIXED OUTPUT VOLTAGE REGULATOR CIRCUIT

ELN4117213

The output voltage of a 3-terminal regulator IC is with
reference tothe IC’s common terminal (COM). When the
COM terminal is grounded, the output voltage of the
regulator will be the specified output voltage ofthe IC as in
Fig 3. But the output voltage of the IC can be increased
above the specified value by rising the voltage atthe COM
terminal as in Fig 4. Because of 6.1V zener, the output
voltage of the IC can be increased above the specified
value by raising the voltage at the COM terminals
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asinFig4. Because of 6.1V zener, the output voltage will
be 6.1V + 12V = 18.1V or approximately 18V as in Fig 4.

Fig 4

L+

IN 7812

+

RED
LED

& |10uF
Co 1~

| 25v

Cy == 270nF

R1

UNREGULATED
DC VOLTAGE
20V-24V
REGULATED
DC VOLTAGE
18V

1KQ

z Zfe.w

-+18V FIXED OUTPUT VOLTAGE REGULATOR CIRCUIT

v
I

ELN4117214

When the COM terminal of the IC is grounded as in Fig 2,
the quiescent current flowing from the COM terminal to
groundin 78 seriesisaround 8uA. This currentdecreases
astheload currentincreases. When azeneris connected
at COM terminal as in Fig 4, to ensure that the zener is
always in the reverse ON condition, resistor R is used. If
R, =1.8K, 1_will be 7mA which is sufficient to keep the
zener ON always.

Fig 5 shows a variable output voltage regulator. The
variable reference voltage at COM terminal is obtained
using a POT.

Fig 5

IN 7812

+

L+

RED
LED

270nF + [ 10uF
S p— L Co<

|28V
POT/@/MOQ

UNREGULATED
DC VOLTAGE
20V-24V
REGULATED
DC VOLTAGE
12v-18V

R | | 8200

—
[

VARIABLE OUTPUT VOLTAGE REGULATOR CIRCUIT

ELN4117215

Four-terminal regulators: These are adjustable output
voltage regulators and are also available as +ve and -ve
regulators. These ICs haveinternal reference voltages and
are protected internally for thermal overload, short circuit
etc. Table 1 provides important specifications for most
common ICs.

Fig 6 to 8 shows the common ICs used as voltage
regulators with their terminal marking and Fig 9 to 11
shows the circuit configuration.

Fig 6 g
comm [ |1 4 [N
o
s
IN [ % le .
CONT [ |2 3 Jour g,
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8
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w
Fig 8
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g 3—=
O 2, cont -
A £
COMM ;
IN 2
w
Fig 9
BASIC POSITIVE REGULATOR
+our
out ‘o)
*In A
O IN 78G
CONTROL == 0.1u
083 — COMMON
4 L >
- R, + R &
Vour= Vcont <71 2 > 3
2 5
w
Fig 10
POSITIVE 5 TO 30V
ADJUSTABLE REGULATOR
*Vour
out O
+VIN HA 25K
o N 79G
CONTROL —— 01u
033y ==
COMMON
5K
<
8
f— e g
= = 2
w
Fig 11
~30V To -2.2V
ADJUSTABLE REGULATOR
—Vour
ouT O
156
o N 50K
CONTROL —=10u
200 =
M COMMON

22K

ELN411721B

Related Theory for Exercise 4.1.172




Specifications of a 4-terminal voltage regulator

Sl. No. IiC MA78G MA78MG MA79G MA79MG
1 Inputvoltage range 7.5V to 40V 7.5V to 40V -7V to -40V -7V to 40V
2 Outputvoltagerange 5V to 30V 5V to 30V -2.23Vto-30V | —2.23V to-30V
3 Line regulation « better than 1% for all »
4 Load regulation « better than 1% for all >
5 Drop outvoltage 3V 3V 2.5V 2.5V
6 Peak output current 2.2A 800mA 2.2A —-800mA
7 Control pin current 5uA 5uA 2 A 2uA
8 Short circuit current 750mA 300mA 250mA 100mA
9 Internal reference voltage 5V 5V 2.23V 2.23V
10 Ripple reflection {When the « better than 1000 >

[(V|N) - (VOUT)] >10 V}
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Electrical
Electrician - Electronic Practice

Related Theory for Exercise 4.1.173

Binary numbers, logic gates and combinational circuits

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

explain hexadecimal number system

explain the digital electronics principle and positional notation and weightage
explain decimal to binary conversion, binary odometer

convert decimal to hexa, hexa to decimal and BCD system
explain logic gates principle - NOT, OR and AND gates with truth table
explain combinational gates - NAND, NOR with truth table and logic pulser.

Introduction

Whenwe hearthe word 'number'immediately we recall the
decimal digits 0,1,2....9 and their combinations. Digital
circuits do not process decimal numbers. Instead, they
work with binary numbers which use the digits '0' and '1"'
only. The binary number system and digital codes are
fundamental to digital electronics. But people do not like
working with binary numbers because they are very long
when representing larger decimal quantities. Therefore
digital codes like octal, hexadecimal and binary coded
decimal are widely used to compress long strings of binary
numbers.

Binary number systems consists of 1s and 0s. Hence this
number system is well suited for adopting it to the digital
electronics.

The decimal number system is the most commonly used
number systeminthe world. ltuses 10 different characters
to show the values of numbers. Because this number
system uses 10 different characters it is called base-10
system. The base of anumber system tells you how many
different characters are used. The mathematical term for
the base of a number system is radix.

The 10 characters used in the decimal number systems
are0,1,2,3,4,5,6,7,8,9.

Positional notation and weightage

A decimal integer value can be expressed in units, tens,
hundreds, thousands and so on. For example decimal
number 1967 can be written as 1967 = 1000 + 900 + 60 +
7. In powers of 10, this becomes.

1x103%=1000

108 102 10 10° 9x10%2= 900
6x10'= 60

1 9 6 7 7x100= 7
1967

i.e.[1967],, = 1(10%) +9(10%) + 6(10") + 7(10°)

82

This decimal number system is an example of positional
notation. Each digit position has aweightage. The positional
weightage for each digit varies in the sequence 10°, 107,
102, 103 etc starting from the least significant digit.

The sum of the digits multiplied by their weightage gives
the total amount being represented as shown above.

In a similar way, binary number can be written in terms of
weightage.

Togetthe decimal equivalent, then the positional weightage
should be written as follows.

[1010], = 1(2%) + 0(22) + 1(2') + 0(2°)
=8+0+2+0
[1010],=[10],,

Any binary number can be converted into decimal number
by the above said positional weightage method.

Decimal to Binary conversion

Divide the given decimal number by 2 as shown below and
note down the remainder till you get the quotient - zero.

Example

0

2/ 1 1 —— MSB
22 o

2. 4 0

2|8 0

2 17 1

> s o ——LSB

The remainder generated by each division form the binary
number. Thefirstremainder becomesthe LSB and the last
remainder becomes the MSB of binary number.

Therefore, [34],,=[100010],



Counting binary number

To understand how to count with binary numbers, let us
see how an odometer (KM indicator of a car) counts with
decimal numbers,

The odometer of a new car starts with the reading 0000.
After traveling 1KM , reading becomes 0001.
Successive KM produces 0002, 0003 and so on upto 0009

At the end of 10th KM , the units wheel turns back from 9
to 0, atab on this wheel forces the tens wheel to advance
by 1. Thatis why the number changed from 0009 to 0010.
Thatis, the units wheelisresetto 0 and senta carry to the
tens wheel. Let us call this familiar action as reset and
carry. The other wheels of odometeralsoresetand carry.
Forinstance, after covering 999KM, the odometer shows
0999.

After the next KM , the unit wheel resets and carries, the
tens wheelresets and carries, the hundreds wheel resets
and carries and the thousands wheel advances by 1 to get
the reading 01000.

Binary odometer

Visualize a binary odometer, adevice whose wheels have
onlytwodigits 0 and 1. When each wheel turns, itdisplays
0 then 1 and then back to 0 and the cycle repeats. A four
digit binary odometer starts with 0000.

After 1km, it indicates - 0001.
The next km forces the units wheel to reset and sends
carry. So the number changes to 0010.

The third km results in 0011.

After 4km, the units wheel resets and sends carry, the
second wheel resets and sends carry and the third wheel
advances by 1. Hence it indicates 0100.

Table below shows all the binary numbers from 0000 to
1111 equivalent to decimal O to 15.

Decimal Binary

o

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001

© 0O N O OO B~ WODN =

Decimal Binary
10 1010
11 1011
12 1100
13 1101
14 1110
15 1111
Addition of binary numbers
Sum Carry
0+0=0 0
1+0=1 0
0+1=1 0
1+1=0 1 (one plusoneis equal
tozero with carry one)
Ex: 1 Ex: 2
10 1+1+1=1
+ 11 +1  (Oneplusoneplus
oneisequaltoone
with carry one)
10
+1
101 11

Hexadecimal number system: In hexadecimal system
there are 16 characters. They are 0,1,2,3,4,5,6,7,8,9,
A,B,C,D.E,F where A=10, B=11, C=12, D=13, E=14,
F=15 in decimal. In this system, the base is 16. This
system is mainly used to develop programmes for
computers.

For Example

[23],,=[35],,; 16" X 2 + 16° X 3 =32 + 3 = 35;
[2C],, = [44],,;16'x 2 + 16°x 12 = 32 + 12 = 44;

10’

Decimal to hexadecimal conversions

The conversion of decimal to hexadecimal is similar to
binary conversion. Only difference is thatdivide the decimal
number successively by 16, and note down the remainder.

0
16| 1 1 —> MSB
16| 27 11 or B
16| 432 0 ——> LSB

[432],,=[1BO],,
Hexadecimal to Decimal

This conversion can be done by puttingitinto the positional
notation.
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Ex:223A,, =2x16°+2x16°+3x 16"+ Ax 16°
=2x4096+2x256+3x16+10x1
=8192+512+48 +10
=8762,,

BCD (Binary Coded Decimal)

Binary Coded Decimal (BCD) is away to express each of
the decimal digits with a binary code, since there are only
ten code groups in the BCD system, it is very easy to
convert between decimal and BCD. Because decimal
systemis used for read and write, BCD code provides an
excellent interface to binary systems. Examples of such
interfaces are keypad inputs and digital readouts.

8421 code

The 8421 code is a type of binary coded decimal (BCD),
binary coded decimal means that each decimal digit, 0
through 9is represented by a binary code of four bits. The
designation 8421 indicates the binary weights of the four
bits (23, 22,2, 2°). The ease of conversion between 8421
code numbers and the familiar decimal numbers is the
main advantage of this code. Allyou have torememberare
the ten binary combinations that represents the ten
decimal digits as shown in the Table.

Decimal | O 1 2 3 4
digit
BCD 0000 | 0001 | 0010 0011 | 0100
Decimal | 5 6 7 8 9
digit
BCD 0101 0110 | 0111 1000 | 1001

The 8421 codeis the pre-dominant BCD code, and when
we refer to BCD, we always mean the 8421 code unless
otherwise stated.

Inverters (NOT Gate)
An inverter is a gate with only one input signal and one

output signal. The output state is always the opposite of
the input state. Logic symbol is shown in Fig 1.

Fig 1 [

Transistorinverter

ELN4117311

The Fig 2 shows the transistor inverter circuit. The circuit
isacommon emitter amplifier which works in saturation or
in cut off region depending upon the input voltage. When
V, isinlowlevel, say less than the transistor cutin voltage
0.6Vinsilicontype, the transistor goes to cut off condition
and the collector current is zero. Therefore, V_, = +5V
whichis taken as highlogiclevel. Onthe otherhand, when
V., isin high level, the transistor saturates and V_ =V_,
=0.3Vi.elow level.

Fig 2

Vout

10KQ

VIN Bdc >>10

LOGIC 0
LOGIC 1

TRANSISTOR INVERTER

ELN4117312

The table summarizes the operation

V. \

Low(0) High(1)
High(1) Low(0)

The logic expression for the inverter is as follows: Let the
input variable be ‘A’ and the outputvariable be Y, then the

output Y = A.

OR and AND gate circuits

OR Gate

The output of an OR will be in 1 state if one or more of the
inputsisin 1 state. Only when all the inputs are in O-state,

the output will go to O-state. Fig 3 shows the schematic
Symbol of an OR Gate :

Fi93 A Y=A+B
B

ELN4117313

The boolean expression for OR gate is Y=A+B.

The equation is to be read as Y equals A ORed B. Two-
inputtruth table given below is equivalent to the definition
of the OR operation.

Truth table for OR gate
A B Y=A +B
0 0
1 0 1
0 1 1
1 1 1

Electrical equivalent circuit

The Fig4ashows the electrical equivalent circuitofan OR
gate. Itis evident that if any one of the switch is closed,
there will be output.

2 in-put OR gate using diode

The Fig 4b shows one way to build a 2-input OR gate,
usingdiodes. The inputs are labeled as Aand B, while the
outputis Y.
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Assume logic 0 = 0V (low)

logic 1 = +5V (high)

Sincethisis a 2input OR gate, there are only four possible
cases,

Case 1: Ais low and B is low. With both the input voltage
low, both the diodes are not conducting. Therefore the
output Y is in low level.

Case 2: Ais low and B is high, The high B input voltage
(+5V)forward biases the lower diode, producing an output
voltage thatisideally +5V (actually +4.3V taking the diode
voltage drop 0.7V into consideration). That s, the output
isin high level. During this condition, the diode connected
to input A is under reverse bias or OFF condition.

Case 3: Ais high and B is low, the condition is similar to
case 2. Input A diode is ON and Input B diode is OFF and
Y is in high level.

Case 4: Aiis high, B is high. With both the inputs at +5V,
both diodes are forward biased, since the input voltages
are in parallel, the output voltage is +5V ideally [+4.3V to
a second approximation]. That is, the output Y-is in high
level.

ORgates areavailableinthe ICform.1C7432isaT.T.LOR
gate IC having 4 OR gates inside it.

Simple application of OR gate
Intrusion detection

Simplified portion of an intrusion detection and alarm
system is two windows and a door. The sensors are
magnetic switches that produce a high(1) output when
windows and doors are opened and alow(0) outputwhen
closed. Aslong as the windows and the door are secured,
the switches are closed and all three ofthe OR gate inputs
are in low(0). When one of the windows or the door is
opened, a high(1) output is produced on that input of the
OR gate and the gate output goes high. It then activities
an alarm circuit to warn of the intrusion.

AND gates

The AND gate has two or more inputs but only one output.
All input signals must be held high to get a high output.

Even if one of the inputs is low, the output becomes low.

AND gate symbols for 2 inputand 3 input gates are shown
in Fig 5a and 5b.

Fig 5

b D e

ELN4117315

Y=AB 2-INPUT AND GATE ~ Y=ABC  3-INPUT AND GATE
R-S FLIP FLOP
Truthtable
Two input AND gate
A B Y=AB
0 0 0
0 1 0
1 0 0
1 1 1
Three input AND GATE
A B C Y=ABC
0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 0
1 1 1 1

Electrical equivalent circuit of an AND gate

The output is available only when both the switches are
closed. IC7408isa T.T.L quad AND gate IC. (Refer data
book for pin diagram). The electrical equivalent of AND
gate and AND gate using diodes are shown in Fig 6a
and 6b.

Fig 6

(@) o oo o
12v _— & 12V LAMP

+5V

Y=AB

@
ELN4117316

Two input AND gate using diode
I condition

A=0, B=0, Y=0 as in Fig 7.
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Fig 7 +5V

@
% |
ELN4117317

During the above condition I/P A and B are connected to
ground to make logic low inputs. During this condition,
both the diodes conduct, and pulls the O/P Y to logic-0.
Il condition

A=0, B=1, Y=0 as in Fig 8.

Fig 8 +5V

D2

A+5V ] ]
B —KH—

= D4

ELN4117318

In the Il condition shown in the figure above, diode D, is
connected logic-0inputand diode D, is connected to +5V
[Logic high]. Diode D, is in forward bias and conducts.
Diode D, is having equal potential (+5V) at anode and
cathode. So potential difference between anode and
cathode is 0. Hence diode D2 does not conduct. The
outputY is pulled downto logic zero, since D, is conducting.

Il condition

A=1, B=0, Y=0 as in Fig 9.

Fig 9 +5V

5 o—K—

+5V Dy

ELN4117319

The lll condition is similar to the Il condition. D, is forward
biased. D, is reverse biased. Hence output Y is pulled to
logic-0.

IV condition

A=1, B=1, Y=1 as in Fig 10.

Fig 10 45V

D
+5V 2

NG
5 o}

+5V Dy

ELN411731A

In this condition both the diodes are reverse biased. So
both the diodes act as open circuit. Therefore output y is
+5V i.e yis in logic-1 condition.

AND gate as an Enable/Inhibit device

A common application of the AND gate is to enable (i.e to
allow) the passage of a signal (pulse waveform)fromone
pointto another at certaintimes and to inhibit (prevent) the
passage at other times.

In Fig 11a AND gate controls the passage of a signal
(waveform A) to a digital counter. The purpose of this
circuit is to measure the frequency of waveform ‘A’. The
enable pulse has awidth of precisely 1 second. When the
enable pulse applied at B is high, waveform A passes
through the gate to the counter, and when the enabled
pulse is low, the signal is prevented (inhibited) from
passing through. Refer Fig 11b for the waveforms of the
above process.

Fig 11
9 (a) A ;’:DYi DIGITAL
B COUNTER

B 1SEC
1 L

.

A

ELN411731B

During the 1 secondinterval of the enabled pulse, a certain
number of pulses in waveform A pass through the AND
gate tothe counter. The number of pulses counted by the
counter is equal to the frequency of the waveform A. For
example, if 1000 pulses pass through the gate in the 1
second interval of the enabled pulse, there are 1000
pulses/sec. That is, frequency is 1000Hz.

Combinational gate circuits - NOR and NAND
NOR Gate

In Fig 12a the output y of the circuit equals to the
complement of AOR B, because the circuitis an OR gate
followed by a NOT gate. To obtain high output [Logic-1],
both the inputs should be tied to low input [Logic-0]. For
the rest of the otherthree possibilities, output will be zero,
the combination of this ORand NOT gateis calledas NOR
gate.

Fig 12(a)
A Y =A+B
B

Symbol (Fig 12b) :

A Y =A+B
B

ELN411731C

Fig 12(b)

ELN411731C
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We can define a NOR gate as follows:

The output of a NOR gate is 0, even if one of the inputs is
in logic-1. Only when both the inputs are in logic-0, the
output is in logic-1.

Truth table
A B A+B
0 0 1
0 1 0
1 0 0
1 1 0

IC7402isa T.T.LNORgate IC. It contains 4 NOR gates.
For pin details, refer data book.

NAND gate

An AND gate followed by aNOT gate forms the NAND gate
asin Fig 13a. In this gate to get a low output (logic=0), all
the inputs must be in high state and to get high output
state, any one of the inputs or both inputs must be in low
state.

Fig 13
(a) A Y=AB (b) A Y =AB
B B

Fig 13b is the standard symbol for a NAND gate. The
invertertriangle has been deleted and the bubble is moved
to the AND-gate output.

ELN411731D

Truth table for NAND gate

A B Y =AB
0 1

0 1 1

1 0 1

1 1 0

Pulsed operation

OutputwaveformY is low only for the time intervals when
both inputs A and B are high as shown in the timing
diagram Fig 14.

Logic pulser

Fig 15 shows the circuit diagram of logic pulser, the circuit
essentially consists of NAND gates connected debouncer
circuitandits outputis Double inverted. The LED indicates,
pulses ON or OFF status.

Fig 14 \ \
| |
| |
A 0 T I |
[ [
[ | | |
1 [ | | |
[ I | I
[ | | |
B 0 T | T |
. I I I
Yy 1 w
E
0 3
—
w
Fig 15 +5V
R2 R1
820Q 820Q

s1
OFF

LOGIC PULSER

ELN411731F

When switch S, is not pressed, (OFF position) B input of
NAND gate No.2is grounded, henceits output v isforced

to gologic HIGH. This HIGH output is feedback to NAND
gate 1, Ainput of NAND gate 1 is also held HIGH through
R, resistor (820€2) and thus the output of NAND gate-1'Y"
is atlow. Thislogiclow output keeps LED in OFF condition
and this logic low is again double inverted at the logic
pulsertip through NAND gate 3 and 4 to getlogic low level
at pulser tip.

When S, is pressed to ON, Ainput of NAND gate is forced
to go logic-low. Hence the output of this NAND gate is
forcedto gologic-HIGH. Therefore the "Y' outputis atlogic-
1, so LED glows and a logic-HIGH appears at probe tip.
Also note that with HIGH at Y output, the inputs of NAND
gate 2 are also at logic-HIGH and the output of NAND
gate-2 is forced to go low. As long as switch S, is at ON
position the probe tip is HIGH. When it is released it
springs back to OFF position, and the outputreturnsto a
logic-LOW condition.

Electrical : Electrician (NSQF LEVEL - 5) - Related Theory for Exercise 4.1.173 87



Electrical
Electrician - Electronic Practice
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Wave shapes - oscillators and multivibrators

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

« state the working principle and gain of oscillator

« explain the RC phase-shift oscillator and frequency calculation
« state the features, gain and frequency of Hartley, colpitts and crystal oscillators
« state the working principle and frequency calculation of bistable and monostable multivibrator using

CRO.

Oscillator: Anoscillatoris a circuit for producing voltages
that vary in a regular fashion with respect to time. The
output wave forms of oscillators are repeated exactly in
equal successiveintervals oftime asin Fig 1aand Fig 1b.

Fig 1

(b) SINUSOIDAL OSCILLATIONS

| |

SQUARE WAVE

VAVAVAVAN

TRIANGULAR WAVE

AN

SAWTOOTH (RAMP) WAVE

ELN4117411

The outputwave-form of an oscillator may be sinusoidal as
in Fig 1a. Such oscillators are known as sine wave
oscillators or harmonic oscillators.

The output of oscillators may be square, triangular or saw-
tooth wave forms asin Fig 1b. Such oscillators are known
as non-sinusoidal oscillators or relaxation oscillators.

It was discussed earlier that positive feedback results in
converting an amplifier into an oscillator. To provide
positive feedback the feedback signal should be inphase
with the input signal such that it adds up with the input
signal.

In practice, an oscillator will have noinput AC signal atall,
butitstillgenerates AC signal. An oscillator willhave only
aDC supply. The oscillator circuit, makes use of the noise
generated inresistors atthe switching ontime of dc supply
and sustains the oscillations.
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To build an oscillator, the following are essential;
— Anamplifier

— Acircuitwhich provides positive feedback from output
to input.

The gain of an amplifier with feedback is given by,

AV
v T 1-KA,

A

kA, is known as the loop gain of the amplifier. Inthe case
of the amplifiers when the sign associated with kA is
negative, the denominator has value more than 1. And,
hence the value of Avtwill always be lessthan A (negative
feedback). But, if the value of kA is made larger, such
that, it approaches unity, and, if the sign associated with
kA is negative thenthe value ofthe denominator decreases
to less than 1, and hence, A  will be larger than A .

In case of oscillators, if the loop gain kA, is made positive,
i.e. by feeding back signal whichis in-phase with the input
signal, then there will be an output signal even though
there is no external input signal. In other words, an
amplifieris modified to be an oscillator by positive feedback
such that it supplies its own input signal.

Example

An amplifier has a voltage gain of 40 without feedback.
Determine the voltage gains when positive feedback of the
following amounts is applied.

i) k=0.01

i) k=0.02

i) k =0.025

Solution

A
) A == 40 _40 467
v~ 1-kA, 1-0.01x40 0.6

=200

) Ay __ 40 40
) A= 1-kA, 1-0.02x40 02



A, 40 40,
i) A, = A, “T-0025x40 0 (nfinity)

In (iii) the gain of the amplifier become infinite when the
loop gain kA =+1. This is known as the critical value of
the loop gain kA,. It is important to note that the output
voltage cannot be infinite. Instead the amplifier will start
working as an oscillator without the need of any separate
input. Ifthe feedback path contains a frequency selective
network, the requirementofkA =1 canbe metatonly one
particularfrequency, such that, the output of the oscillator
will be a sinusoidal signal of a particular frequency. Such
oscillators are known as sine wave oscillators.

One of the simplest form of sine wave oscillators is the
phase shiftoscillator. Fig2 shows the principle behind an
RC phase shift oscillator.

Fig 2
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The feedback network shownin Fig 3 consists of resistors
and capacitors which provide the required phase shift of
180°. Due to the presence of capacitors in the feedback
network, the feedback network can be so designed to
provides the required phase shift of exactly 180° at a
particular frequency f given by,

Fig 3
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The other condition to be satisfied oscillations to occur is
that the loop gain KA should be equal to unity. To satisfy
this condition, using classical network analysis, it can be

found that, the value of K should be, k=1/29 . Therefore,
the voltage gain of the amplifier A stage mustbe greater
than 1/k or greater than 29 so that kA, becomes equal
to 1.

Transistor RC phase shift oscillator: Fig 3 shows a
single transistor phase shift oscillator using resistors and
capacitors in a feedback network.

There are three sections of R and C in the feedback
network. Each RC section provides a 60° phase shift at
a specific frequency, resulting in a 180° phase shift as
required for positive feedback. This satisfies one ofthe two
required conditions for oscillations.

In Fig 3, the feedback signals coupled through afeedback
resistor R'in series with the amplifier stage input Resistance
R,. resistor R' can be made variable for adjusting the
oscillator frequency. For each of three sections of R,
phase shift network to produce 60° phase shift, it is
necessary thatC,=C,=C,andR,=R,=R +R .

The other required condition for oscillation, i.e. loop gain
KA, to be unity is satisfied by the circuit at Fig 2, when f3
of the transistor used in the circuit is,

— R _ RC
hfe:B—23+29§—+4? ______ (2)

where, R, =R, =R

When Bis atleast the value given by equation (2) or greater
than, the circuit at Fig 2 it will oscillate.

Practical transistor RC phase shift oscillator

Fig 4 shows a practical transistor RC phase shift oscillator
which is similar to that shown in Fig 2.

In Fig 4 note that resistor R, (in Fig 2 it is denoted as R’)
used for frequency adjustments is connected in series
with one of the resistors of the RC section. Resistor R,
provides the necessary bias stabilisation for the transistor
operation. Note thatasmall value capacitor C, is connected
in parallel with the input. The purpose of C, is to bypass the
unwanted high frequency oscillations to ground. The value
of R, can be varied to adjust the frequency of oscillations.
However, the variation that can be obtained by R, is
limited.

Forthe circuitat Fig 3, the frequency of oscillation is given
by,
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1
f=orc6RZ+4RR. (3)

where, C=C,=C,=C,

The minimum value of hfe or  of the transistor used in the
circuit at Fig 3 should be,

R R
h =p=23+29 1 4+4_C%
fe Re R1

using the componentvalues atFig 3, the § of the transistor
used should be a minimum of,

B= 23+29ﬁ+4ﬁ=47.89
5.6K 1.2K

The frequency of oscillations can be increased
by decreasing the value of R or by decreasing
the value of C.

In the practical circuit at Fig 3, collector feedback bias is
employed to ensure that the transistor will never go to
saturation. Other biasing techniques such as voltage
divider bias can also be used for DC biasing of the
transistor. Since the frequency of oscillations is decided
only by the feedback phase shift network, biasing resistors
willnot have any effect of the frequency of oscillations. The
important point to be noted is that the B of the transistor
should be higher than the minimum j given in equation 2
to have sustained oscillations.

Hartley oscillator

Principle of sinusoidal or harmonic oscillations:
Fig 5a shows an inductor and a capacitor connected in
parallel as a parallel LC resonant circuit. A parallel LC
circuit is also known as tuned circuit or tank circuit.

In Fig 5a, when switch S is put into position A, the
capacitor gets charged with the bottom plate being negative
and the top plate positive. This means, energy is stored
in the capacitor in the form of an electric charge.

When switch S is put into position B, as in Fig 5b, the
capacitor starts discharging through the inductor, creating
an expanding magneticfield around L. Since the inductor
has the property of opposing any sudden changein current
through it, the current builds up slowly.

Once the capacitor gets fully discharged, the magnetic
fieldaround L begins to collapse. The collapsing magnetic
field, induces a voltage (back-emf) in L. This back emf
tends to maintain the electron flow through L in the same
direction as when C was discharging. Hence, this back
emf in the inductor starts charging the capacitor with
opposite polarity asin Fig 5¢. Afterthe magneticfield has
totally collapsed, C would have got chargedin the opposite
direction as in Fig 5c.

Sinusoidal wave form: However, owing tothe resistance
in a practical inductor and the losses in the capacitor due
toresulting 12R (heatloss) the amplified of the oscillation
decreases gradually (damped) and ultimately the
oscillations die down as in Fig 5d.

Fig 5
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The frequency of oscillation produced by the resonant
frequency is given by,

1

= e

Overcoming losses in tank circuit for sustained
oscillations: To avoid the damping of oscillations, when
the energy fed into the circuit has been used up, it is
necessary to supply more energy by charging the capacitor
again. As shown in Fig 5a, by switching S between A and
B at proper time, the oscillations can be maintained thus
obtaining sinusoidal waveform of constant amplitude and
frequency.

Another method of making the LC tank circuit to give
undamped oscillationsis, to connectthe tank circuitin the
output of an amplifier as in Fig 6.
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The amplifier is kept at cut-off by the dc supply V, which
reverse-biases the base-emitter circuit. A sine wave is
injected to the base circuit with such an amplitude that the
collector currentflows atthe peak of the negative alterations
of the input sine wave. This excites the LC circuit in the
collector of the transistor and the tank keeps oscillating.
If the input sine wave has the same frequency as the
frequency of oscillations of the tank circuit, the oscillations
in the LC tank is maintained.

Fig 7 shows a modified form of circuit at Fig 6. In Fig 5a
transistor amplifier connected in such a way that it will
cause undamped oscillations withoutrequiring any external
signal. Such a circuit is known as an oscillator.

Fig 7
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The oscillator circuit at Fig 7 is known as tickler-coil
oscillator. Here L1 is inductively coupled to L. When
power is first switched ON to the circuit, current flows in
the transistor. As the current flows through L, itinduces
a voltage in L1 which is coupled to the base of the
transistor and is amplified.

If the phase of the feedback voltage is adding, then there
is an increase in the collector current. This action builds
up a large current pulse which excites the LC tank into
oscillations. The signal fed by L1 to the base of the
transistor is a sine wave of the same frequency as thatin
the LC circuitand of proper phase to sustain the oscillations.

The signal induced in the base thus eliminates the need
for an external input to the oscillator and the LC tank will
oscillate as long as the DC power to the circuit is ON.

The feedback given to the amplifier in Fig 7 in the proper
phase so as to sustain (keep going) oscillations is referred
to as positive feedback or regenerative feedback.

Barkhausen criterion: The mathematical analysis foran
amplifier to oscillate on its own is given below:

* Inthe amplifiershownin Fig 7, assume that the gain of
the amplifier is A and the feedback factors is p. If the
product of AB is less than 1 (AB<1), then the output
signal willbe adamped oscillations which will die down
as is shown in Fig 8a.

« IfAB>1, the output voltage builds up as shownin Fig 8b.
Such oscillations are called growing oscillations.

+ If AB=1, the output amplitude of oscillations remains
constant as in Fig 8c.

Fig 8
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¢) SUSTAINED OSCILLATIONS

When the feedback is positive (regenerative), the overall
gain of the amplifier with feedback (A,) is given by,

A

A= 12AB
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When AB = 1, the denominator of the equation will be zero,
and hence A = Infinity. The gain becominginfinity means,
thereis output withoutany input. i.e. the amplifierbecomes
anoscillator. This condition AB =1, is known as Barkhausen
criterion for oscillations.

Summarizing, the basic requirements for an oscillator are;
+ Astable DC power supply source

* Anamplifier

» Aregenerative (positive) feedback from output toinput

« A LC tank circuit to determine the frequency of
oscillations

Starting signal for oscillators: As discussed above an
oscillator gives alternating output voltage without an input
signal once the amplifieris given aregenerative feedback.
Butin a practical oscillator circuit, to start off oscillations,
no starting input signal is provided. However, the starting
signal of an oscillator is generated by the noise voltage
while switching on the oscillator circuit. Such noise
voltages are produced due to the random motion of
electrons in resistors used in the circuit.

Noise voltage contains almostall the sinusoidal frequencies
ofsmallamplitude. However, itgets amplified and appears
atthe outputterminals. The amplified noise now drives the
feedback network, which is a resonant tank circuit.
Because of this tuned tank circuit, the feedback voltage
AB is maximum at a particular frequency f, which will be
the frequency of oscillations.

Further more, the phase shift required for positive feedback
is correctatthis frequencyf only. Thus although the noise
voltage contains several frequency components, the output
of the oscillator will contain a single sinusoidal frequency
f the resonant frequency of the tank circuit.

To summarize, the following are the requirements of an
oscillator circuit to take-off with oscillations and have
sustained oscillations,

» there must be positive feedback.
+ Initially the loop gain product Ap must be >1.

+ Afterthe circuit starts oscillating, the loop gain product
AP must decrease to 1 and remain at 1.

Hartley oscillator: One of the simplest of sinusoidal
oscillators is the Hartley oscillator shown in Figs 9a
and 9b.

As in Fig 9a is a series fed Hartley oscillator. This circuit
is similar to the tickler coil oscillator shown in
Fig 7, but the tickler circuit coil L, is physically connected
toL, and is hence a part of L (like an auto-transformer).
This oscillator is called series-fed because, the high
frequency oscillations generated and the DC paths are the
same, just as they would be in a series circuit. Series fed
Hartley oscillators are not preferred due to their poor
stability of oscillations.

Fig 9
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Fig 9b is parallel fed Hartley oscillator commonly used in
radioreceivers. Parallelfed Hartley oscillators are known
for their high stability of oscillations.

The circuit at Fig 9b is actually an amplifier with positive
(regenerative) feedback to have sustained oscillations.
The capacitor C, and inductor L, form the path for RF
current in the collector to ground circuit.

RF current through L, induces a voltage in L, in proper
phase and amplitude to sustain oscillations.

The position of the tap at the junction of L, and L,
determines how much signal is fed back to the base
circuit.

The capacitor C and the inductors L, + L, forms the
resonant tank circuit of the oscillator which determines the
frequency of oscillations. Capacitor C can be made
variable capacitor for tuning the oscillator to different
frequencies. C, and R, formthe RC circuitwhich develops
the bias voltage at the base.

The RF choke atthe collector keeps the high frequency ac
signal outofthe V_ supply. In cheaper oscillator circuits
the RF choke is omitted and is replaced by a resistor.
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Resistor R, connected in the emitter provides DC
stabilization. R, is by-passed by C, to prevent AC
degeneration.

The Hartley oscillator coil has three connections. These
are usually coded onthe coil. Ifthey are not, itis generally
possible to identify them by a resistance check. The
resistance between the taps Tand P asin Fig 10, is small
compared with the resistance between Tand G., Ifthe coil
connections are not made properly, the oscillator will not
work.
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Checking oscillator frequency: The frequency of an
oscillator can be computed if the values of L (L=L, +L,)
and C are known using the formula,

1

= ol

where, fis in hertz, L in henry, and C in farad.

The frequency of an oscillator may be measured in two
ways,

» Usingadirectread-outfrequency meteralsoknown as
frequency counter which is mostaccurate, popularand
easy to use.

» Using an oscilloscope with a calibrated time base to
measure the period of the wave-form. From the
measured period, ‘T’ frequency is calculated using the
formula

where, fis the frequency in Hz and ‘T’ the time period in
seconds.

A practical Hartley oscillator circuit using medium-wave
oscillator coil as L is shown in Fig 10.

The advantage of using a medium wave oscillator coil for
L is that the output can be taken out of the secondary
winding (4 and 5) of the coil.
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The transistor used is a silicon high frequency transistor
(BF series) as the oscillator frequency is in the range of 1
MHz.

Thedividerbiasingis provided to make the DC conditions
such that the amplifier works as Class A. With the heavy
feedback (large B), the large feedback signal drives the
base ofthe transistor into saturation and cut-off. Thislarge
feedback signal produces negative DC clamping at the
base, changing the operation from Class A to Class C.
This negative clamping automatically adjusts the value of
AB to 1. If the feedback is too large, it may result in loss
of some of the output voltage because of the stray power
loses.

When you build an oscillator, you can adjust the amount
of feedback to maximize the output voltage. The trick is
to use enough feedback to start under all conditions
(differenttransistors, temperature, voltage etc.), butnotso
much that you lose more output than necessary.

The frequency of oscillations of the oscillator circuit at
Fig 10 can be varied by varying the position of the shaft of
the gang of the gang capacitor (C,).

Colpitt's oscillator: Colpitt's oscillator is another type of
sinusoidal oscillator or harmonic oscillator which uses a
tank circuit for oscillations. Colpitt's oscillators are very
popular and are widely used in commercial signal
generators and communication receivers.

A typical Colpitt's oscillator is in Fig 11 is similar to a
Hartley oscillator. The only difference is that the Colpitt's
oscillator uses a split capacitor for the tank instead of a
split inductor used in Hartley oscillators.

The parallel-fed or shunt-fed Colpitt's oscillatorisin Fig 11,
uses the common emitter configuration. The capacitors
C,, & C,; from the voltage divider used to provide the
feedback signal. The voltage drop across C,; determines
the feedback voltage. All other components in this circuit
have the same function as in the Hartley circuit.

Fig 11
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The frequency of oscillations of the Colpitt's oscillator is
givenby,

1

= ol

where,

fis the frequency of oscillation in hertz,
L is the inductance of the coil in henry
C is the total capacitance in farad given by,
B Cia XCyp
Cia +Cip

The frequency of oscillations can be changed by using a
miniature ganged capacitor forC,, & C ..

By varying the shaft of the ganged capacitor, both the
capacitances C,, and C,; get varied, and hence, the
frequency of oscillations of the oscillator varies.

Colpitt's oscillators are generally used for generating
frequencies above 1 MHz.

A practical Colpitts oscillator circuit using a ganged
capacitor for C,, and C,; and a medium wave oscillator
coil for L is in Fig 12.

Fig 12
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Crystal oscillators: The LC oscillator circuits such as
Hartley and Colpitts have the problem of frequency in-
stability. The mostimportantreason for the frequency drift
inLC oscillators is, the change in value of capacitance and
inductance of the tank circuit that occurs when temperature
changes.

Asthe temperature increases or decreases, the values of
L and C deviate causing the circuit to oscillate at a
frequency different from the desired resonant frequency.
Other reasons for frequency deviation are, the leads of
transistor, inter electrode and wiring capacitances.

The problem of frequency drift can be largely overcome by
using high Q coils and good quality capacitors. But, with
ordinary inductors and capacitors, Q-values in excess of
afew hundred is very difficult or impossible to achieve.

Largeimprovements in frequency stability can be achieved
by using a quartz crystal in the place of the conventional
tuned circuit. Such oscillator circuits are referred to as
crystal controlled oscillators.

Piezo-electric effect: It was discovered that certain
crystals such as quartz and Rochelle salt, exhibit a
special property known as piezo-electric property. A
quartz crystal looks like a piece of thin frosted glass
usually cutinto 1/4 to 1 inch squares as in Fig 13.
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When such a crystal is held between two flat metal plates
and pressed together, a small emf will be developed
between the plates as if the crystal became a battery for
an instant. When the plates are released, the crystal
springs brings back to its original shape and an emf of
opposite polarity is developed between the two plates. In
this way, mechanical energy/force is converted to electrical
energy by the crystal.

This property is made use of in the pick-ups forgramophone
records. In a gramophone record, small mechanical
vibrations are produced when the stylus tracks the groove
onthe gramophone plate. This vibrating force givesrise to
corresponding voltages representing the recorded sound
at the pick-up terminals.

In addition to the above property of the crystal, when an
emf is applied across the two plates of the crystal, the
crystal will distort from its normal shape. If an opposite
polarity emfis applied, the crystal will reverse its physical
distorted shape. In this way, these crystals also convert
electrical energy into mechanical energy.
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The above two reciprocal actions of a crystal are known as
piezo-electric effect. Such crystals are housed in crystal
holders as in Fig 13.

Amongst several crystals having this piezo-electric
property, the quartz crystal is most popular because,
mechanical oscillations are started in this crystal it takes
a long time for the oscillations to die away. Quartz
crystals therefore, have a very high mechanical Q.

Sofarasthe electrical properties are concerned, a quartz
crystal is equivalent to the LC resonant circuit is in
Fig 14.

Fig 14
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ThevaluesofL,R,CandC_dependuponthe physical size
of the crystal and how the crystal is cut from the original
mass. Capacitance C_ represents the mounting
capacitance. For using the crystal in electronic circuits,
two conducting electrodes are placed onto its two faces.
Connecting leads are then joined to these electrodes.
When the leads are connected to a source of oscillating
voltage, mechanical vibrations are set up within the crystal.

If the frequency of the oscillating voltage is close to a
resonant frequency of the crystal, then the crystal forces
the oscillating voltage to coincide with the oscillating
frequency of the crystal. Hence, in an oscillator, by using
the crystal in the place of an LC resonant circuit, the
frequency of oscillation is determined almost entirely by
the crystal. Q values in excess of 20,000 are easily
obtained with readily available crystals resulting in highly
stable oscillating frequency.

Hence, when accuracy and stability of the oscillation
frequency are important, a quartz crystal oscillator is used
instead of Hartley or Colpitt's oscillators. The frequency
range of crystals is usually between 0.5 to 30 MHz.

Pierce crystal oscillator: The pierce crystal controlled
oscillatorisin Fig 15is often used becauseitrequires very
few components and has good frequency stability.

The pierce crystal oscillator is similar to the Colpitts
oscillator butforthe inductance coil replaced by a crystal.
Here the crystal across the collector and the base terminals

ofthe transistor determines the oscillating frequency. As
in a colpitts oscillator, capacitors C, and C, form a
capacitive voltage divider for feedback. The ac voltage
across C, provides the necessary positive feedback to the
base.
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In Fig 15, the crystal acts like an inductor that resonates
withC, and C,.. Inthe base circuit, the R, R, divider supplies
forward bias voltage from the V.. Bias stabilization is
provided by the R_.C_ combination in the emitter circuit.

In Fig 15, if the crystal resonant frequency is, say
3579.545 Hz, then the oscillator oscillates at the same
frequency and gives a sinusoidal output of 3579.545 Hz.

Crystal oscillators are generally used in,
* mobileradiotransmitters and receivers

¢ broadcasttransmitters

+ test equipments such as signal generators where
exactfrequency and very high frequency stability are of
utmost importance. The frequency drift in crystal
controlled oscillators will be less than 1 Hz per 10® Hz.

Multivibrator

Itis a free running oscillator which gives repetitive pulse
wave form output, and other types of multi-vibrators which
are classified depending upon the mannerin which the two
stages of the multi-vibrator interchange their ON and OFF
states. They are:

* Mono-stable multivibrator (having one stable state).
+ Bistable multivibrator (having two stable states).
Mono-stable Multivibrator

Fig 16 shows a typical mono-stable multi-vibrator also
known as mono-shot or one-shot.

A mono-shot has one stable state with one transistor
conducting and the other off. This state can be changed
only temporarily by giving an input pulse generally known
as trigger pulse to the transistor which is off. But this

Electrical : Electrician (NSQF LEVEL - 5) - Related Theory for Exercise 4.1.174 95



changed state returns back toits original stable state after
a period decided by the values of R and C.
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Fig 17 shows a practical mono-stable multi-vibrator with
triggerinput. Fig 17 also shows the wave-forms at different
points of the circuit.
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The periodt forwhich Q, is kept offtemporarily is given by,
t=0.69 RC.

Mono-stable multi-vibrators are extensively used astimers
in electronic timing control circuits.

Bistable multivibrator

An astable multi-vibrator automatically switches from one
state to other (ON-to-OFF or OFF-to-ON...). Whereas, a
bistable multi-vibrator will change the state(ON to OFF or
OFF to ON) when triggered and remain in the new state
(ON or OFF). This means, a bistable multi-vibrator has two
stable states. Fig 18 shows a typical bistable
multi-vibrator circuit.

The circuit at Fig 18 is completely symmetrical. The
potential dividers R,, R, and R,, R, form identical bias
network at the base of transistors. Each transistor is
biased fromthe collector of the othertransistor. Due tothe
slightest difference in parameters of the transistor, when
the circuit is switched ON, any one of the two transistors
will turn-ON, and the other remain in OFF condition.

In the circuit at Fig 18, the two identical CE amplifier
stages are so connected thatthe output of one is fed to the
inputofthe other, throughresistors R, R, and shunted by
capacitors C,, C,. The purpose of the capacitor is nothing
but to speed up the switching characteristic of the circuit
to getdistortion-less outputwave-form. Capacitors C, &C,
are also known as commutating capacitors.
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outputterminals are generally identified as Q & q (Q-bar)
as in Fig 19.

When Q is in high state (also known as Logic-1 state in

digital electronics),  (Q-bar) will be in low state (also

known as Logic-0 state), and vice versa. This circuit is
known as aflip-flop circuitbecause, if one outputflips(high/
logic-1) the other output automatically flops(low/logic-0).
A flip-flop can be switched from one state to the other by
applying asuitable triggering input. Flip-flops are used as
a basic memory cell in digital computers for storing
information. Flip-flops are used in various forms in almost
all digital system as counters, frequency dividers and so
on.
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Fig 19
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Practical bistable multi-vibrators with unsymmetrical and
symmetrical triggering arrangement are shown in

Fig 20a and 20b.

Fig 20
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Electrical
Electrician - Control Panel Wiring

Related Theory for Exercise 4.2.175 to 4.2.177

Control elements, accessories - layout of control cabinet

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

» explain the layout marking methods and necessity

« state the methods of marking, cutting, drilling, fixing of accessories and components
¢ explain the methods of mounting and wiring the accessories
« state the various control elements used for control panel board

list the different wiring accessories used in control panel wiring.

Introduction

Preperation of layout drawing and marking on control
cabinet is very much essential, we must have a clear
vision of mounting components and their location on panel
board/ control cabinet.

There is no such important method inpratice to make the
layout on control cabinet. However a neat layout on control
cabinet is very much required.

The display and indicating instruments should be selected
on the top position of the cabinet. Heavy and rare operated
devices such as fuse breaker etc; are to be fixed on the
bottom of the cabinet.

The components and fixtures should have sufficient space
in between to carryout future repair (or) replace
requirements. But too much space should not be provided,
that will increase the size of the cabinet unnecessarily.
While finalising the layout plan the relevent IE rulers to be
followed for better result.

Layout marking

Wiring diagrams for power and control circuit should be
developed for sequence of operation of automatic star -
delta starter with forward and reverse. Types of protection,
control, indication and measuring accessories needed
should be finalized.

To wire up the above starter in a control panel the well
designed and easily understandable layout should be
finalized. Layout of the finalized wiring diagram should
developed keeping important features of the control panel
in mind. While designing the control panel the outside
dimensions, the swing area of cabinet doors and area
required for maintenance and tools kit have to be
considered.

Control panel may be often used near the process area
with high temperature, humidity and dust hence the
arrangement for cooling fan and dehumidifier along with
filters and intake and exhaust vents should be needed.

Suitable size of control panel which can accommodate
all the controlling, protective, measuring, indicating and
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wiring accessories required for said wiring should be
obtained or fabricated.

While selecting the control and protective accessories of
the control panel the full load current of the individual load,
total load and duty cycle, simultaneous operation of the
load and 25% additional load capacity of the motors have
to be considered.

The over load and short circuit protection may be given
either ahead of the control panel by calculating the highest
rating of the branch circuit or individual motors depends
on space available, cost factor and sensitiveness of the
operation.

The finalized layout may vary depends the individual design
and mind application. However a sample layout marking
for the above starter is given in the Fig 1.

Fig 1
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Once the panel layout is designed we must find out where
and how to fit the accessories.

The finalized layout of accessories can be marked in the
control panel using suitable marking device.

Cutting and drilling
The mounting or fixing holes along with necessary tap or

die in suitable size (if any) can be prepared in the front
door and inside of the control panel as in Fig 2.



Fig 2
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Fig 3
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CONTROL PANEL WITH MOUNTING AND FIXING HOLES

Din rail is a metal rail made from cold rolled carbon steel
sheet with zinc plated or chromate bright surface finish
used to mount the circuit breakers and control accessories
without using screws as in Fig 2. DIN rail being fixed to
the chassis before fitted the contactors and other
accessories as in Fig 3.

The standard specification of widely available DIN rail is
top hat rail EN 50022 which dimension is 35 mm width
and a 15 mm or 7.5 mm depth. They can be cut in to the
required length and then screwed or bolted inside the panel
before mounting any accessories and wiring begins as
in Fig 4.

Fig 4
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Race way is one form of cable ducting used to carry the
wiring between components and keeping the wires neat.
The leads wires and cables are laid inside the raceways
brought out through the holes / slots in the sides and can
be inspected by removing the cover of the raceways.

The minimum spacing between components and raceways
should be 100 mm for 415V systems and 50 to 75 mm for
less than 415V system. The next stage is to clip the
accessories to the rail and wire them.

Mounting and wiring the accessories in control panel

The accessories can be mounted on the DIN rails allowing
sufficient space for easy maintenance, wiring and
troubleshooting. The mounting should not move orlean in
the DIN rail due to vibration or strain due to cables.

Contactor can be either flush mounted to the chassis or
DIN rail - mounted . Contactor mounting type over load
relay which have three pin connectors engage into the
contactor terminals may be used to reduce the mounting
and wiring time and labour.

To mount the contactor on rail first place the back top
groove on the top of rail and turn it downwards against the
lower rail which will cause the spring of the contactor to
retract and snap into place behind the rail. There is a slot
in the spring clip of the contactor so that the clip can be
retracted using small screw driver or connector to remove
the contactor if required. To avoid fouling the underneath
of the accessories use screws with low profile heads.

The contactor arrangements and terminals are usually
labeled which conforms to BS 5583. For example 1 and 2
for NC contacts, 3 and 4 for NO contacts, odd numbers
like 1, 3 and 5 for incoming terminals and even numbers
like 2,4 and 6 for outgoing terminals of the main contacts
of contactors and OLR.

The conductor should be timmed OFF to that the conductor
does not insert more than the half way through the
connectors. Single strand wire should be folded back to
give additional thickness. The over tightening of screw
have to be avoided otherwise this can crush the strand
and give a weak connection.

All the internal wiring should be terminated in the top and
external wiring in the bottom of the connectors to avoid
the crossover of both wirings. Flexible conduit and cables
have to be installed in such a way that the liquid or water
if any can drain away from the fitting and grommets.

An earth terminal usually green or green yellow to be
clamped to the rail and ensure the cabinet and door are
earthed properly.

An insulated separator can be used to isolate the high
voltage connections from others. End stops are used to
clamps the connectors together and close the open
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terminals on one end, sometimes the earth terminal will
do the same job as in Fig 5.

The control panel should be grounded properly so that
control panel should have proper earthing bolts / nuts. If
more ground points are used a common earth plate should
be fixed inside the cabinet as in Fig 5.

7

TERMINAL CONNECTORS / EARTH TERMINAL WITH
SEPERATOR

ELN4217515

U loops of the cables as long as possible facing down
and anchored on each side of the hinged doors and panel
with screws or bolts and do not use adhesive. Place the
sleeve and spiral flexible conduits of suitable size over
the cables running between the hinged doors and panel
as in Fig 6.

Fig 6
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U LOOP OF CABLES

The care to be given to the bundle of wires which is
mounted on the hinged doors should not restrict the
opening and closing of the door or the doors should not
damage the wires.

Minimize the use of cable ties if the raceways are used.
They may be cut OFF during troubleshooting and rarely
replaced.

Routing and bunching
Routing

Conductors and cables should run from terminal to
terminal without any intervening joins and cross over. Extra
length should be left at connector / terminals where
assembly needs to be disconnected for maintenance and
servicing. Multi core cable terminations have to be
adequately supported to avoid undue strain on the
terminals.

Different colour may be used to aid identification of group
of controls and functions.

The associated earth and neutral conductor should be
routed close to the respective live conductors to avoid
undue loop resistance.

Select the race ways to leave some slacks or looping of
the cable inside it. The wires inside the race way should
not more than the half fill.

Bunching and tying

Run the wires in horizontal and vertical lines avoid diagonal
runs as possible. Do not run the wire over the other
devices or race ways. Uses of spring cage terminals
instead of standard screw terminals can reduce the
termination error, the wiring and maintenance time which
in turn reduce the cost and labour.

To connect the accessories, cut the individual control
wires to the proper lengths, strips the insulation, mark
wire identification, insert ferrules at the ends of wires,
use suitable lugs or thimbles.

The wires should be neatly bundled, run in the race ways
and routed with smooth radius bends.

All the terminals, wires and components should have
identification marks and labels. A good labelling and
identification will reduce the errors in termination, testing,
maintenance and repairs. A legible and durable label in
an efficient and cost effective manner may be chosen.

To the possible extent the power and control wiring should
be run in separate race way or cable management which
will reduce the radio interference, trouble shooting time
and make the future alteration if any is easier.

By taking some extra cares like pest control, dust control,
adequate terminal pressure, selection of proper wires and
accessories, it can be ensured that the control panel has
no failure time and with moderate maintenance it will be
trouble free panel for entire life.

Where the multiple earths are used it is necessary to
use a common earth terminal or connectors as in Fig 5.
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Tests

Before energizing the control panel all necessary tests
should be carried out like open, short, earth continuity
and earth soundness etc. The supply voltage and
frequency are also to be checked.

Control elements
Difference between control panel and switch board

A panel board contains a single panel or a group of
panel units as single panel that includes bus-bars,
protective devices and control switches, instruments and
more starters etc.

In a panel board, the interior are designed to place the
accessories and wires in a cabinet or cut out box or
partition and accessible only from the front.

A switch board consists of a large single panel or frame
or assembly of switch gears, with or without instruments,
but the term switch board does not apply to a group of
local switches in the final circuit. Unlike panel boards,
switch boards are generally accessible from the rear as
well as from the front and are not intended to be installed
in cabinets. However the terms, panel board and switch
board, are used normally without much discrimination.

For wiring of control panel board the following control
elements / components and accessories are required.
They are

- Isolating switch

- Push button switch

- Indicating lamp

- MCB (Miniature Circuit Breaker)

- Contactors

- Electro mechanical relays

- Thermal over load relays

- Time delay relay (timers)

- Rectifiers

- Limit switches

- Control transformers etc.

Control elements for control panel
1 Isolating switch (Fig 7)

Isolating switch (Isolator) is a manually operated
mechanical switch which isolates/disconnects the circuit
which are connected with it from the supply system as
and when required. It should be normally operated at
“OFF” load condition.

Itis available in different current, voltage rating and size.

Fig 7
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2 Push button switch (Fig 8)

Fig 8
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Push button is a simple push switch mechanism for
making or breaking the circuit as and when required. Itis
made out of hard plastic or metal. An indicating lamp is
incorporated with the push button switch to indicate start
or stop is also available.

3 Indicating lamp (Fig 9)

Fig 9

INDICATING LAMP WITH HOLDER
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It is a low voltage, low wattage filament or neon or LED
lamps used to indicate the various indication like
availability of supply or motor ON/OFF, mains/motors
fails or trip etc.

Itis available in different size, colour and wattage. It should
be generally fitted in the front side of the control panel
with suitable holder.
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4 MCB (Fig 10)

Fig 10
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MINIATURE CIRCUIT BREAKER

Miniature circuit breaker (MCB) is an electro mechanical
protective device which protect an electrical circuit from
short circuit and over load . It automatically turns off, when
the current flowing through it exceeds the maximum
allowable limit.

5 Fuses
Itis a protective device which is connected is series with
the live wire to protect the circuit from short circuit and

earth fault.

6 Contactors (Fig 11)

Fig 11
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MINIATURE CIRCUIT BREAKER

A contactor is an electrically controlled double break
switch used for switching ON / switching OFF the electrical
circuit, similar to a relay with higher current ratings. Itis
controlled by a circuit which has a much lower power
level than the switched circuit.

7 Electro mechanical relays (Fig 12)

Fig 12
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Electromechanical relays are electrically operated
switches used to control a high powered circuit
accessories using low power signal. When an electric
current passes through its coil it produces a magnetic
field that activates the armature to make or break a
connection.

current passes through its coil it produces a magnetic
field that activates the armature to make or break a
connection.

8 Thermal overload relays (Fig 13)

Fig 13

THERMAL OVERLOADED RELAYS

ELN421751D

It is a thermally operated electromechanical device that
protects motors from over heating and loading.

9 Time delay relay (timers) (Fig 14)

Fig 14
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TIMER

Time delay relays are simply the control relays in - built
with a time delay mechanism to control the circuit based
an time delay.

In time delay relays its contact will open or close after
the pre-determined time delay either on energising or on
de-energising its no volt coil. It can be classified into two
types as ON delay timer and OFF delay timer.

10 Rectifiers (Fig 15)

Fig 15
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RECTIFIER
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A rectifier is a static device consists of one or more
diodes that converts alternating current (AC) to direct
current (DC). Adiode is like a one -way valve that allows
an electrical current to flow in only one direction.

11 Limit switches (Fig 16)

Fig 16

LIMIT SWITCHES
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Limit switch is a switch with an actuator which is operated
by the motion of a machine part or an object.

When an object or parts comes into contact with actuator,
it operates the contacts of the switch to make or break
an electrical connection. They are used to control the
distance or angles of movement of any machine parts or
axis or objects.

12 Control transformer

It is a transformer which is used to supply the power to
the control or auxiliary circuit or equipment which does
not intend for direct connection to the main supply.

13 Panel meter (voltmeter and ammeter)

They are the measuring instruments used to measure
the various electrical parameter of the circuits such as
voltage and current etc.

Wiring accessories for control panel wiring

1 PVC channel / Race ways (Fig 17)

Fig 17
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PVC CHANNEL

It is an inspection type PVC enclosed channel which
provides a pathway for electrical wiring inside the control
panel. It has the opening slots on both sides to facilitate
the good ventilation and visual inspection.

It protects the wires from dust, humidity, corrosion, water
intrusion, heat, mechanical damage and physical threats.

2 DIN rail (Fig 18)

Fig 18
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DIN RAILS

Itis a zinc - plated or chromated metal rail which is used
for mounting the control accessories like MCB, contactors
and OLR etc, with out using screws inside the control
panel.

3 G Channel (Fig 19)

Fig 19
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'G' CHANNEL

It is a zinc - coated metal channel which is especially
used for mounting the feed through or spring load or double
deck terminal connectors without using screw inside the
control panel.

4 Terminal connectors (Fig 20)

Fig 20

TERMINAL CONNECTORS
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It is the set of insulated screw terminals at both sides
used to connect the accessories of the control panel with
external control switches, limit switches, input supply
and motor terminals etc.

Terminal connectors with barrier strips and clamping plates
provide a tight and electrically sound termination. It is
available in various size, current and voltage ratings.
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5 Wire ferrules (Fig 21)

Fig 21
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WIRE FERRULES

It is a small circular ring made up of polymer plastics or
rubber or fibre, used to easily identify the ends of wires
which are to be connected into a particular terminals or
accessories. It should be inserted on the both ends of a
wire as collar or bracelet.

It is available is different size like 1 sq.mm, 1.5 sqg.mm
and 2.5 sq.mm etc generally in yellow colour printed with
either numerical or alphabet letters on it.

6 Lugs and thimbles (Fig 22)

Fig 22

LUGS AND THIMBLES
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It is a cylindrical barrel along with circular rings or
cylindrical rod or U shape or flat surface made up of
aluminum or copper or brass, used to ensure the sound
electric connection of the cable / wire on to the terminals.
It prevent flare out of stripped and stranded cable, increase
the conductivity of the connection, support the cable /
wire and avoid the loose connection and sparking. Suitable
crimping tool has to be used to connects them with cables
[ wires. It is available in different size like 1 sq.mm, 4
sq.mm, 25 sg.mm, 70 sqg.mm, 125 sq.mm and so on.

» Thimbles may also be referred as sockets.
7 Cable binding straps and button (Fig 23)
Itis made up of PVC or polymer belt with a small holes at

regular intervals, used to tie up, bunching, binding and
dressing the cable / wires with help of buttons.

Itis reusable and good insulator to the heat and electricity.
Itis generally available 8mm, 10 mm and 12 mm width.

Fig 23

CABLE BINDING STRAPS AND BUTTON
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8 Nylon cable ties (Fig 24)
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NYLON CABLE TIES

+ ltis atype of fastener used to hold or tie or bunch the
wires / cable or group of cables.

» It is made of nylon tape or belt which has teeth that
will engage with head of the pawl to form a ratchet and
tightens the wires.

* Ingeneral the tie can not be loosened, or removed or
reused. However some reusable ties are also available.

 itis available in different colour, length and width.

* Because of its low cost and easy to use, it is widely
used in general purpose application also.

9 Sleeves (Fig 25)

Fig 25

WIRE SLEEVES
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+ It is flexible tubular / cylindrical insulator into which
the electric wire or cable or group of cables can be
inserted.
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* Apart from the electrical insulation and easy
identification of wires, it also protect the wires from
abrasion, heat, chemical, physical damage and radio
interference.

» Itis available is different colour, style, materials like
carbon fibre, fabrics, Teflon, fibre glass, nylon, poly
ethylene (PET) wrap, braided metal and heat shrink
sleeves.

10 Grommets (Fig 26)

Fig 26
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GROMMETS

Itis a type of bushing which is used to insulate and hold
the cables when they pass through a punched / drilled
holes of panels or enclosures. It is generally made of
rubber, plastic, plastic coated metal and protect the cable
from twist, tug, cut, break, strain, vibration etc and prevent
the entry of dirt, dust, water, insects and rats into the
panel. It may also called as glands.

11 Wire clips (Fig 27)

It is a type of fixing or fastening device which is used to
fix and hold the cables or punch of cables in a secure
manner.

Rotary type switches (Fig 28)

Rotary switches are most commonly used in lathes, milling
and drilling machines due to their exact visual position

and easiness in operation. These switches are operated
by levers or knobs which in turn operate cams inside the
switch to contact various terminals in sequence by the
internal contact blocks. These cams and blocks are made
of hard P.V.C. and are designed to withstand many
operations. Itis possible to get many circuit combinations
by combining various cams and contact blocks. As the
contact blocks, terminals and cams are spring-loaded,
these switches should not be opened by inexperienced
persons for repairs. Fig 28 shows 250V AC 15 Amps 2-
pole three position flush mounting coin-slot operator.

Function: This switches can do a number of functions,
depending upon the cover and contact block combinations.
According they can be used for ON/ OFF switch, manual
Forward / Reverse operation, Manual star delta switches,
Pole changing switches, Selection switch for meaning
instrument etc..

Fig 27
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WIRE CLIPS

Fig 28

ROTARY SWITCH
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Power and control circuits for three phase motors

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

* state the necessity of starters for a 3-phase induction motor to start and name the types of starters
» explain the basic contactor circuit with a single push-button station for start and stop

« state the function of DOL starter, semi and fully automatic start - delta strater

» explain the function of jogging inching forward and reverse control circuit

» explain the remote station control circuit
» explain the sequential control of motors.

Necessity of starter: A squirrel cage induction motor just
before starting is similar to a polyphase transformer with
ashort-circuited secondary. If normal voltage is applied to
the stationary motor, then, asinthe case of atransformer,
a very large initial current, to the tune of 5 to 6 times the
normal current, will be drawn by the motor from the mains.
This initial excessive currentis objectionable, because it

will produce large line voltage drop, which in turn will affect
the operation of other electrical equipment and lights
connected to the same line.

The initial rush of current is controlled by applying a
reduced voltage to the stator winding during the starting
period, and then the fullnormal voltage is applied when the
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motor has run up to speed. For motors, up to 3 Hp, full
normal voltage can be applied for starting. However, to
start and stop the motor, and to protect the motor from
overload currents and low voltages, a starteris required in
the motor circuit. In addition to this, the starter may also
reduce the applied voltage to the motor at the time of
starting.

Types of starters: Following are the different types of
starters used for starting squirrel cage induction motors.

+ Directon-line starter

» Star-delta starter - semi and fully automatic
+ Step-downtransformer starter

+ Auto-transformer starter.

Inthe above starters, except for the direct on-line starter,
reduced voltage is applied to the stator winding of the
squirrel cage induction motor at the time of starting, and
regular voltage is applied once the motor picks up the
rated speed.

Selection of starter: Many factors must be considered
when selecting starting equipment. These factors include
starting current, the full load current, voltage rating of
motor, voltage (line) drop, cycle of operation, type of load,
motor protection and safety of the operator.

Contactors: The contactor forms the main partin all the
starters. A contactor is defined as a switching device
capable of making, carrying and breaking aload circuit at
a frequency of 50 cycles per second or more. It may be
operated by hand (mechanical), electromagnetic,
pneumatic or electro-pneumatic relays.

The contactors shown in Fig 1 consist of main contacts,
auxiliary contacts and no-volt coil. As per Fig 1, there are
three sets of normally open, main contacts between
terminals 1 and 2, 3 and 4, 5 and 6, two sets of normally
open auxiliary contacts between terminals 23 and 24, 13
and 14, and one set of normally closed auxiliary contact
between terminals 21 and 22.

Auxiliary contacts carry less current than main contacts.
Normally contactors will not have the push-button stations
and O.L. relay as an integrated part, but will have to be
used as separate accessories along with the contactor to
form the starter function. The main parts of a magnetic
contactor are in Fig 1, and Fig 2 shows the schematic
diagram of the contactor when used along with fused
switches (ICTP), push-button stations and OL relay for
connecting asquirrel cage motor for starting directly from
the main supply. Inthe same way the direct on-line starter
consists of a contactor, OL relay and push-button station
in an enclosure.

Functional description

Power circuit: Asin Fig 2, when the main ICTP switch is
closed and the contactor K, is operated, all the three

windings UV & W ofthe motor are connected to the supply
terminals R Y B via the ICTP switch, contactor and OL
relay.

Fig 1
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The overload currentrelay (bimetallic relay) protects the
motor from overload ("motor protection'), while the fuses
F1/F2/F3 protect the motor circuit in the event of
phase-to-phase or phase-to-frame short circuits.

Control circuits

Push-button actuation from one operating location:
As shown in the complete circuit Fig 2, and the control
circuitFig 3, whenthe "ON'push-button S, is pressed, the
control circuit closes, the contactor coil is energised and
the contactor K, closes. An auxiliary, a normally open
contact 13,14 is also actuated together with the main
contacts of K,. If this normally open contactis connected
in parallel with S,, it is called a self-holding auxiliary
contact.

Fig 3 S
ON O/ RELAY'Q' K N
Lq S L 1 ‘
L L .
| — 1 2 3 4 9% 95 al |b
FUSE OFF
240 V NO-VOLT COIL
CONTACTOR
K1
L .
13 14 g
S
CONTROL CIRCUIT 2
w

After S, is released, the current flows via this self-holding
contact 13,14, and the contactor remains closed. In order
to open the contactor, S, mustbe actuated. If S,and S, are
actuated simultaneously, the contactor is unaffected.

Inthe eventof overloads in the power circuit, the normally
closed contact 95 and 96 of overload relay "O' opens, and
switches off the control circuit. Thereby K, switches "OFF'
the motor circuit.

Oncethe contactbetween 95and 96, is opened due to the
activation of the overload relay “O', the contacts stay open
and the motor cannot be started again by pushing the "ON'
button S,. Ithas to be reset to normally closed position by
pushing the reset button. In certain starters, the reset
could be done by pushing the "OFF'button whichisinline
with the overload relay "O'.

Push-button actuation from two operating locations
(remote control): Ifitis desired to switch a contactor OFF
and ON from either of the two locations, the corresponding
OFF push-buttons should be connected in series, and the
ON push-buttons in parallel, as in the complete diagram
Fig 4 and the control diagram Fig 5.

If either of the two ON push-buttons is actuated, K, is
energised and holds itself closed with the help of
normally-open contact 13 & 14 whichis closed by contactor
K,. Ifeither of the two OFF push -buttons is actuated, the
contactor opens.

Fig4
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Tripping of starters: A starter may trip due to the
following reasons.

» Lowvoltage orfailure of power supply

* Persistent overload on the motor

No-volt coil: A no-volt coil consists of generally more
number of turns of thin gauge of wire.

Coil voltages: Selection of coils depends on the actual
supply voltage available. A wide variety of coil voltages like
24V,40V,110V, 220V 230/250V, 380V 400/440V AC or
DC are available as standard for contactors and starters.

Troubleshooting in contactor: Table 1 gives the common
symptoms their causes and remedies.
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Table1

Symptoms

Causes

Remedies

Motor does not start when the
'start' button is pressed. However on
pressing the armature of the
contactor manually, motor starts
and runs.

Motor starts when "ON' button is
pressed. It however stops
immediately when "ON' button is
released.

is not closing.

Motor does start when the start-
buttonis pressed. However, a
humming or chattering noise comes
from the starter.

Failure of contactor due to too much
heating of the "No' volt coil.

Motor does not restart immediately
after tripping of OL relay even
though OL relay was reset.

Coil does not get energised even
though supply voltage is found
across the no-volt coil terminals.

Relay coil has been changed.
However motor does not start
when the start-button is pressed.

Humming or chattering noise. Low voltage.

Open in no-volt coil circuit.

Auxiliary contact in
parallel with the start-button

Movable armature and fixed
limb of electromagnet are
not stably attracted.

Higherincoming supply rating.
No-volt coil rating is not high.

It takes a little time for the thermal
bimetal to cool and reset.

Open-circuited NVC.
NVC burnt out.

Control circuit of relay open.

Magnetic face between yoke
and armature is not clean.
Shading ring on iron core missing.

Check the main voltage for lower
than acceptable value. Rectify the
main voltage. Check the control
circuit wiring for loose connection.
Check the resistance of the no-volt
coil winding. If found incorrect
replace the coil.

Check the parallel connection from
"ON'button terminals to the auxiliary
contact of the contactor.

Rectify the defect.

Check the auxiliary contact points
of the contactor for erosion and
pittings.

Replace, iffound defective.

Dustordirtorgritbetween the mating
surfaces of the electromagnetic core.
Clean them.

Low voltage supply. Find the cause
and rectify the defect.

Breakinthe shadingringinthe case
of AC magnet.

Higher supply voltage than normal.
Reduce the incoming voltage.
Voltage rating of the no-volt coil is
less. Replace with standard rating,
according to the main supply.

Wait for 2 to 4 minutes before re-
starting.

Check the nylon strip on relay.
Check the nylon button below the
start button

Replace, if necessary.

Check the control circuit for open.
Clean the control station contacts.
Overloadrelay not reset.

Feedthe rated voltage.

Clean the surfaces of yoke and
armature.

Provide shadingringintheiron core.

D.O.L. starter

A D.O.L. starter is one in which a contactor with no-volt
relay, ON and OFF buttons, and overload relay are
incorporated in an enclosure.

Construction and operation: A push-button type, direct
on-line starter, which is in common use, is in
Fig 6. Itis a simple starter which is inexpensive and easy
to install and maintain.

There is no difference between the complete contactor
circuit explained in Exercise 4.2.175(i) and the
D.O.L.starter, except thatthe D.O.L. starter is enclosed
inametal or PVC case, and in most cases, the no-volt coll
is rated for 415V and is to be connected across two
phases as in Fig 6. Further the overload relay can be
situated between ICTP switch and contactor,or between
the contactor and motor as in Fig 6, depending upon the
starter design. Trainees are advised to write the working of
the D.O.L. starter on their own by going through the
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explanation given in Exercise 4.2.175(i) which is for a
complete contactor circuit.

Forward and reversing of 3 phase induction motors

In many machines like large milling machine, it is
essential to run the motor in both directions in forward &
reverse. In lift also the forward & reverse operation is
essential.

By changing the phase sequence of any two phases the
direction of rotation of a 3 phase motor can be changed but
it is not practically possible of interchanging any two
phases of 3 phase supply when even needed. It consumes
time and also damages the equipments.

Soitis necessaryto have a circuit forforward and reversing
of 3 phase induction motors. (Fig 7)

The supply terminal L, is connected with motorterminal A,
in both direction of runing (Fig 7)

Supply terminal L, &L ,are connected with motor terminal
B, & C, in forward direction. While the reverse contact
energiser supply terminal L, connected with motor terminal
C,andL terminal connected with B, thus the sequence of
phase changed the direction of rotation also changed.
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The inter locking protection is in corporated by normally
closed (NC) contacts of forward and reverse contactors
(Fig 7b) By this when forward contactor is working, if
reverse push buttonis wrongly pressed, without any break
the motor run in same direction continuously.

The direction only can be changed by switch OFF and
press the reverse direction push button.

Table of relay ranges and back-up fuses for motor protection

Sl. Motorratings Motorratings Relay range Nominal back-up
No. 240V 1-phase 415V 3-phase A fuse recommended
hp | kW |Full load| hp | kW |Full load a c
current current

1 0.05| 0.04 0.175 0.15- 0.5 1A

2 |0.05]|0.04 0.1 1 0.075 0.28 025- 04 2A

3 0.25| 0.19 0.70 06 - 1.0 6A

4 10.125| 0.11 0.50( 0.37 1.2 1.0 - 16 6A

5 | 05018 20 1.0 | 0.75 1.8 15 - 25 6A

6 | 05| 04 3.6 15| 1.1 26 25 - 40 10A

7 20| 15 35 25 - 40 15A

8 |0.75]|0.55 25| 1.8 4.8 40 - 65 15A

9 30| 22 5.0 40 - 65 15A

10 | 1.0 | 0.75 7.5 50| 37 7.5 6.0 - 10 20A

1 | 20| 15 9.5 75| 55 11.0 9.0 - 14.0 25A

12 | 3.0 | 225 14 10.0| 7.5 14 10.0 - 16.0 35A.
Semi-automatic star-delta starter Fig 8 oL L

The standard squirrel cage induction motors with both
ends of each of the three windings brought out (six
terminals) are known as star-delta motors. If the starter
used has the required number of properly wired contactors,
the motor can be started in star and run in delta.

The proper use of manual star-delta starter demands a
special skillinhandling the starter. The sluggish operation
of the manual lever often causes damage to the moving
and fixed contacts in a manual star-delta starter.

The contactors are employed for making and breaking the
main line connections. Figure 8 shows the wiring diagram
and Fig 9 shows the line diagram of power circuit and the
control circuit.

Operation: Refer to the control circuit and power circuit
diagrams shownin Fig 9a,9b. When the startbutton S, is
pressed the contactor coil K, energises through P,, P, and
K, normally closed contact 12 and 11. When K, closes,
itopens the normally closed contactK, between 11and 12
and makes contact between 10 and 9 of K,. The mains
contactorK, energies throughP,, 10 and 9 ofK,. OnceK|,
energises the NO contact of K, point 8 and 7 establishes
a parallel path to K, terminals 10 and 9.

B1C1A1A2B2[C2 MOTOR TERMINALS

SUPPLY
TERMINALS

~
4
>
A
3

STOP‘E_IEESET

-/ / |

\L
K1 2l 4 6l 8o K12

VAN 5—+7|+g—+11
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WIRING DIAGRAM OF SEMI AUTO STAR DELTA STARTER

The star contactor K, remains energised so long as the
start button is kept pressed. Once the start button is
released, the K, coil gets de-energised. The K, contact
cannot be operated because of the electrical interlock of
K, and normally closed contacts between terminals 12
and11.
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When the K, contactor get de-energised the normally
closed contact of K, between terminals 11 and 12
establishes contact in the contactor K, - coil circuit. The
delta contactor K, closes.

The operator has to observe the motor starting and
reaching 70% of the synchronous speed for satisfactory
starting and running of the induction motor.

Figure 9c shows the alternative form of drawing control
circuit.

Automatic star-delta starter

Applications : The primary application of star-delta motors
is for driving centrifugal chillers of large central air-
conditioning units forloads such as fans, blowers, pumps
or centrifuges, and for situations where areduced starting
torque is necessary. A star-delta motor is also used
where a reduced starting current is required.

In star-delta motors all the winding are used and there are
no limiting devices such as resistors or auto-transformers.
Star-delta motors are widely used on loads having high
inertia and a long acceleration period.

Overload relay settings : Three overload relays are
provided on star-delta starters. Theserelays are used so
thatthey carry the motor winding current. This means that
the relay units must be selected on the basis of the
winding current, and not the delta connected full load
current. The motor name-plate indicates only the delta
connected full load current, divide this value by 1.73 to
obtain the winding current. Use this winding currentas the
basis for selecting and setting the motor winding protection
relay.

Operation : Fig 10a, 10b & 10c shows the line diagram
of the power circuit and the control circuit and alternative
form of control circuit of the automatic star-delta starter.
Pressing the start button S-energises the star contactor
K,. (Currentflows through K, T NC terminals 15 & 16 and
K, NC terminals 11 & 12). Once K, energises the K, NO
contactcloses (terminals 23 & 24) and provide path for the
currentto close the contactorK,. The closing of contactor
K, establishes a parallel path to start button via K, NO
terminals 23 & 24.

Fig 11 shows the currentdirection and closing of contacts
as explained above.
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Fig 13 shows the connections established while the motor
is running in delta with the contactors K, and K, closed.

112

Automatic star - delta starter with forward and
reverse control

Itis a starter which is used to start the three phase motor
in star and after some pre-determined time it
automatically runs in delta either in forward or reverse
direction depends upon the requirement. Like all other
starters it reduces the starting current, protects the motor
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from over load and disconnects the motor from supply
during power failure.

The Fig 14 and 15 shows the power and control circuit of
the automatic star-delta starter with forward and reverse
operation.

Its main components are, five numbers of power
contactors, one ON-delay timer, three numbers of push
buttons and one thermal over load relay (OLR). The five
power contactors are intended one each for forward
direction (C,), reverse direction (C,), main contactor (C,),
star contactor (C,) and delta contactor (C,).

Six numbers of indicator lamps are also used to indicate
the availability of the three supplies, availability control
voltage and to indicate whether the motor is running either
in forward or reverse direction. These neon indicators lamps
are to be mounted in the front door of the control panel
along with three push buttons.

Three push buttons are intended one each for stop push
button with one NC (Normally Closed) contact, for forward
and for reverse operation with one NO (Normally Opened)
contact.
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The choosing of control circuit voltage and power depends
on the no volt coil rating of the contactor, whether it needs
AC or DC. Here a separate 415/240V, 200 VA control
transformer is used for control circuits.

The choice of contactor depends upon the type of supply
voltage, load power, load characteristics and duty cycles.
The standed duty cycles of the contactors is given below.
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For AC loads

AC1 - Resistive load switching example heaters and
furnace.

AC2 - Resistive and inductive load starting and stopping
example slip ring induction motor.

AC3- High inductive load switching and breaking for
continuous running operation.

AC4- High inductive load switching and breaking with
frequent and short time operation i.e., intermediate
operation like inching and jogging examples cranes, lifts
and hoists.

For DC loads

DC1- Resistive loads except motor load

DC2- Starting and stopping of shunt motors.

DC3- Starting and stopping with inching and braking
DC4- Starting and stopping of series motors.

DC5- Starting and stopping of series motor with inching
and plugging.

The auxiliary contact can be fitted to the top or to the
sides of the contactors depend its design.

Working of starter : When the three phase supply is
switched ‘ON’ by the isolator switch (S) the indicator lamps
(L,, L, and L,) will indicate the availability of supply
(Fig 14), the control transformer gets the supply through
MCB2 and the indicator lamp (L) indicates the availability
of control voltage.

Sequence of operations for forward direction

1 If forward push button (F) is pressed, the NVC of the
forward contactor (C,) gets control voltage through over
load relay trip contact (OLTC), stop push button and
NC contact of the C,. Now the C, energized and get
self holding through its own NO contact. So even after
releasing the 'F' push button the C, will continuous in
energized condition.

2 The one more NO contact of C, is closed, so the NVC
of the star contactor (C,) and timer get the control
supply simultaneously through the delta and timer NC
contact hence the C, and timer (T) getting energized.

3 The NO contact of C, closes and the NVC of the main
contactor (C,) getting energized. Now the motor is
started in star in forward direction and the main
contactor (C,) is getting self holding through its own
NO contact whereas the delta contactor (C,) will not
energize because of the NC contact of C, which
connected in series with C, is already in open
condition.

4 After some pre-determined time delay, the timer NC
get open causes the C, to de-energize and the delta
contactor (C,) is getting energized though the NC
contact of C,. Now the motor is running in delta
connection in forward direction.

5 When the motor is running in the forward direction,
even by a mistake if the reverse push button (R) is
pressed the reverse contactor (C,) will not get the
control voltage because of the interlock NC contact of
C, is connected in series with C,,.

6 If the stop bush button (OFF) is pressed the C,, C,
and C, contactors get de-energized simultaneously
and the motor stops. In other hand if either the OLTC
open due to over load or the supply fails, the motor
will stop. Then the motor could be started only by
pressing either forward or reverse push button as
required after resetting the OLTC and it could not get
started automatically even if the OLTC getting reset
after cooling down or the power resumes.

Sequence of operations for reverse direction

1 Ifthe reverse push button (R) is pressed, the NVC (No
Volt Coil) of the reverse contactor (C,) get control voltage
through over load relay trip contact (OLTC), stop push
button and NC contact of the C,. Now the C, energized
and get self holding through its own NO contact. So
even after releasing the "R" push button the C, will
continuous in energized condition.

2 The one more NO contact of C, is closed, so the NVC
of the star contactor (C,) and timer get the control
supply simultaneously through the delta and timer NC
contact hence the C, and timer (T) getting energized.

3 The NO contact of C, closes and the NVC of the main
contactor (C,) getting energized. Now the motor is
started in star in reverse direction and the main
contactor (C,) is getting self holding through its own
NO contact whereas the delta contactor (C,) will not
energize because of the NC contact of C, which
connected in series with C, is already in open
condition.

4 After some pre - determined time delay, the timer NC
get open causes the C, to de-energize and the delta
contactor (C,) is getting energized through the NC
contact of C,. Now the motor is running in delta
connection in reverse direction.

5 When the motor is running in the reverse direction even
by a mistake if the forward push button (F) is pressed
the forward contactor (C,) will not get the control
voltage because of the interlock NC contact of C, in
series with C,.

6 If the stop push button (OFF) is pressed the C,, C,
and C, contactors get de-energized simultaneously
and the motor stops. In other hand if either the OLTC
open due to over load or the supply fails, the motor
will stop. Then the motor could be started only by
pressing either forward or reverse push button as
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required after resetting the OLTC and it could not get
started automatically even if the OLTC getting reset
after cooling down or the power resumes.

Jogging (inching): In some industrial applications, the
rotating part of a machine may have to be moved in small
increments. This could be done by a control system called
jogging (inching). Jogging is defined as the repeated
closure of the circuit to start a motor from rest, producing
small movements in the driven machine. By pressing the
jog push-button the magnetic starteris energised and the
motor runs; when the jog push-button is released, the
motor stops.

When ajogging circuitis used, the motor can be energised
only as long as the jog-button is depressed. This means
the operator has instantaneous control of the motordrive.

Purpose of jogging/inching controls: Normallyjogging
(inching) controls are incorporated in the following machines
for operational convenience shown againsteach.

» Lathe machine controls - for checking the trueness of
the job and setting the tool initially.

* Milling machine controls - for checking the concentric
running of the cutter atinitial setting and also to set the
graduated collar for depth of feed of the cutter.

» Grinding machine controls - for checking proper
mounting of the wheel.

» Paper cutting machine - for adjusting the cut.

Apartfromthe above, the inch control is the prime control
in cranes, hoists and conveyor belt mechanism so that
incremental movements either vertically or horizontally
could be achieved in the driven machinery.

Jogging may be accomplished by the following methods.
+ Selector switch

* Push-button

» Push-button with a jog relay

Jogging control using a selector switch: By using a
selector switch, the existing start button can be used as
a jogging push-button in addition to its function as a
starting push-button. The holding contacts of the contactor
which are in parallel to the start-button are disconnected
and the selector switch is placed in the jog position as
shown by the circuit in Fig 16 and the panel layout in
Fig 17.
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The motor can be started or stopped by jogging/inching
the start button. The motor will operate as long as the
start-button is held pressed.

Jogging control using a push-button: Fig 18 shows the
control circuit of a D.O.L. starter connected to a
start-jog-stop push-button station. When the "ON'
push-button is pressed, coil Kis energised as the no-volt
coil circuit is complete through the normally closed “jog'
button contacts 30 & 31, thereby closing the main contactor,
and the motor runs. The self-holding auxiliary contact K,
between terminals 13 and 14 gets closed, and keeps the
no-volt coil circuit in function though the "ON' button is
released.

Fig 18
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As soon as the jog push-button is pushed, as the circuit
of the no-volt coil opens initially, the contactor is
de-energised and the motor stopsiifitisrunning. Thenthe
jog-button closes the bottom contacts 32 & 33, thereby
the no-volt coil circuit closes and the motor runs as long
asthejog-buttonis held pressed. By pushing and releasing
the jog-button repeatedly, the motor starts and stops
causing the driven machinery to “inch' forward to the
desired position. On the other hand, pressing the
start-button will make the motor to run normally.

Jogging controlusing arelay: Fig 19 shows the control
circuitofaD.O.L. starter connected to a control relay with
the other usual components. When the start button is
pressed, the control relay coil CRis energised and closes
the contacts R, and R,, thereby momentarily completing
the no-volt coil "K' circuit through relay contactR,,. This in
turn closes the self-holding auxiliary contact K, of the
no-volt coil relay K, and the motor runs continuously even
though the pressure on the start-button is released.
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When the motoris not running, if the jog-buttonis pressed
the no-volt coil, K circuit, is completed, and the motor runs
only as long as the jog-button is held pressed as the
holding circuit through R, is not completed for the starter
coil as the control relay CR is not energised.

For a 3-phase, D.O.L. starter having the jog control
through relay, four normally open contacts (3 formainand
1 for auxiliary) are required and the control relay should
have two normally open contacts as in Fig 19.

Sequential control of motors

Itis a kind of multiple motor's control in a specified manner
by means of timer or limit switches or sensor depend the
requirements of industries or application.

In this method generally the operation of two or more
individual motors are controlled with respect to the
specified time lapse or reaching of the specified level or
completion of the specified operation. The operation of
first motor will control the operation of the second or other
motors and operation of second motor will control the
operation of other motors and so on.

This type of the control system reduce the error due to
human and man power, increase the accuracy of the
operation cycle, minimize the ideal time of the machines
and increase the efficiency and production of the
industries.

The example of such sequential control system might be
found in some of the industrial agitator system which
explained in details below.

Industrial agitator

Itis the machine consists of an electric motor along with
impeller in its long shaft and fitted in the agitator tank
which used in the chemical, food and pharmaceutical
process industries to

* Mix the different type of liquid or chemical
homogeneously.

* Improve the chemical properties of the liquid or
substance.

+ Keep and stir the stored liquid in the specified heat
and properties.

Fig 20 show a typical industrial agitator used to remove
the sludge and improve the chemical properties of the
liquid or chemical before feeding to the process reactor. It
has the feeding pump, agitator and discharge pump. The
liquid to be treated is fed into the agitator tank through
the feed pump which is started manually.

Fig 20
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INDUSTRIAL AGITATOR SYSTEM

After some time lapse the agitator motor starts by means
of timer and stir the liquid continuously till the level of the
liquid reaches the minimum level. When the liquid level in
agitator reaches the maximum level, the sensor or limit
switch installed in the tank is switched off the feed pump.

After specified time lapse of starting the agitator motor
the discharge motor is started by means of one more
timer and discharge the liquid to further process. When
the liquid level in agitator reaches the minimum level, the
sensor or limit switch installed in the tank is switched
OFF the discharge pump.

The agitator also have the submerged aerator through
which the air is fed, a sludge discharge line with valve to
discharge unwanted sludge, minimum and maximum level
sensor or limit switches to maintain the liquid level in the
tank.

A control panel with necessary wiring and protection are
designed and installed to control the sequential control of
all the three motors. The Fig 21 and 22 show the power
and control circuit of the sequential control of the typical
agitator system with three motors.

All the three motors have individual power circuit of DOL
starter with over load and short circuit protection. The
total control panel has an isolation switch to ON and OFF
the supply. It has indicator lamps to indicate the availability
of the power supply and control supply and also indicates
the running status of feed pump, agitator motor and
discharge pump.

Sequence of operations of the sequential control of
the agitator system having three motors

When the start push button is pressed the NVC of the
feed pump motor contactor (C,) and timer 1 (T,) is getting
the control voltage through the stop push button, OLTC of
OLR1 and NC contact of the maximum level limit switch.
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Now the C, and T, energized and get self holding through
the NO contact C,. So even after releasing the 'start’ push
button the C, and T, will continuously be in energized
condition.
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After some pre-determined time lapse the NO contact of
the timer 1 closes and the NVC of the agitator motor
contactor (C,) and timer 2 (T,) get control voltage through
the minimum level limit switch and OLTC of OLR 2. Now
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the C, energized and get self holding through its own NO
contact. So even if the C, if get de-energized due to
maximum level limit switch, the C, will continuously be in
energized condition.

After the some time lapse the NO contact of the timer 2
closes and the NVC of the discharge pump motor
contactor (C,) is getting the control voltage and get
energized.

If the liquid level of the agitator reduces to the minimum,
the NO contact of the minimum level limit switch open
causes C, and C, get de-energized.

When the all the three motors are working, in case if the
OLTC of OLR1 opens the C, will only get de-energized
and C2 and C3 continuously in energized condition through
the self holding contact of C,,.

In case if the OLTC of OLR 2 opens due to over load the
C, will only get de-energized if the C, is in energized
condition. In other handifthe C, is already of OFF condition
due to activation of maximum level limit switch, the C,
also will get de-energized.

In case if the OLTC of the OLR3 opens due to over load
the C, alone will get de-energized.
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Electrical
Electrician - Control Panel Wiring

Related Theory for Exercise 4.2.178 & 4.2.179

Installation of instruments and sensors in control panel and its performance

testing

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

* state the sensor main specification, application necessity and types
* state the specification and types of sensors required in panel board
» explain the performance testing of panel control board.

Instruments in panel board

Industrial operation for any process requires many
machines, apparatus for usual supply and maintain
continuous production. Some machines requires operator
always to operate many control on process forexample a
lathe machine is required always its operator assistance
tododifferentjob, turning, shaping etc, butin some cases
the machine not required continuous manual operator for
single job operations.

Inaworkshop AC motor or DC motoris to operate for many
ofitsintended job. Once the machine starts it will continue
towork forits assigned job and requires only ON and OFF
operation. This operation may need many job completion
in different places located in the work shop. This operation
has to be controlled and monitored in time intervelsand a
constant watch also may require.

The instruments are used to measure the electrical
quantities, which in turn gives the feed back of load
conditions and performance. A motor draws a constant
current, which can monitor by a ammeter connected to
them similarly the rated voltage, frequency, power factor
etc, are also to be checked through the meters. Ifnumber
of machines and meters are moreitis difficult to watch the
parameters individual places. A panel board having this
meters are installed helps to collect the data at one place
where different machines are working.

Selection of meters are in accordence with the machine
ratings and working voltage limits. A low range meter
cannot be connected in a heavy load machine for its
readings it may damage the meter and its wiring.

Sensors types, classification and its application

Sensors is a device that detects/measures a physical
quantity. A motor is running with its rated rpm but some
casesload variations on motor affects the rpm. The quality
ofthe product may depend on the machine accuracy, then
it is very important to run the motor at its rated rpm.
Automatic rpm correctionis possible with relevant circuits
but a sensor has to feed back the working rpm to the
control circuit. Inthis case a Tacho generatoris the device
to produce the feed back of rpm of motor. Tacho generator
can be fixed on the shaft of the motor and the resultant feed
back quantity(V or I) can be brought to the control panel
board.

Similarly, the temperature measurementalso can be done
by suitable sensors. Since the temperature is the big
problem for all electrical applications, a constantwatch on
the temperature helps to increase the life of the machine
and a uniform production with specified quality. In this way
temperature can be controlled by installing suitable sensor
preferably with athermistor-PTC or NTC will help to control
the temperature within safe limits. The sensor element will
kept in the winding and the cable is brought up in the
control panel, to connect the temperature indicating unit
forindication.

A sensor is a special kind of transducer which is used to
generate an input single to a measurement,
instrumentation or control system. The signal produced
by a sensor in an electrical analogy of a physical quantity,
like acceleration, temperature, pressure, distance,
velocity, light, level etc.

Types of sensors: There are two types of sensors
a) Passive sensor

b) Active sensor.

a) Active sensor: Self generating sensor is that one can
generate a signal without any external power source.
Eg. photovoltaic cell, thermo couple, piezoelectric
device .

b) Passive sensor: It requires external power supply to
generate the signal. Eg. Diaphragm used to convert
pressure or velocity, oscillations, or sound wave's into
movements of a solid sheet.

Classification of sensors: It is classified into many
categories according to the output, application etc. It is
mainly divided into two groups, they are; a) Digital sensor
and b) Analog sensor.

Digital sensor: The resolution of this sensor is most
accurate and maximum speed. Its ability to detect a
change in the sensed quantity is excellent. The output is
always taken as 180, high and low, or yes or no.

Analog sensor: The resolution of this sensor in less
accurate corporate to digital and it records very small
changes or variations resulting more error. It is usually
used to record very small changes, or variations.
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Further, the sensors are mainly used to measure
temperature and RPM in the electrical circuits. The
following sensors are used to measure temperature. They
are;

a) Thermo couple

b) RTD (Resistance Temperature Detector)
c) Thermistor

d) IR sensors (Infra Red)

e) Semi conductor sensors - VDR, LDR, Photo diode
etc.,

The sensors used to measure RPM of motor; are in
different types; they are

a) Shaft encoders (rotary type) 1-5000 pulses
b) Photoelectric (optical type)

c) Magnetic rotational speed (proximity type) - medium
or low RPM.

d) Photo sensor reflection target- Tachometer - 20-20,000
range

Sensor assembly and measurements

Temperature measurement using resistance temperature
detector (RTD)and /4 assembly with position adjustment,

tachometer sensor assembly and a AC tachometer
generator is in Fig 1. The AC is rectified by a bridge circuit.
The amplitude and frequency of the induced emf are
equivalent to the speed of the shaft. Thus either amplitude
or frequency is used for measuring the angular velocity.

Performance testing of panel board

It is important to see that the panel board is to install
carefully asitcarrys a number of connection and controls.
Any loose connection or wrong connection to any device
will affect the performance and it may cost more.

While testing the performance make sure that all
connections and wiring are correct and as per IE rules.
Wrong connection and substandard materials will cause
heavy damage to the panel board. The continuity of cable,
earth resistance values are to be keptin the safe level as
per IE rule normal.

Fig 1
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The panelboard should be earthed properly and all metal
parts have to be connected to earth. If the currentin the
panel board is heavy; a separate earthing has to be
provided and maintained within the standard.

Connection to machine from panel board has to be made
on short as possible. If the machine draws less current,
line drop will be minimum and resultant power is low hence
in cable is also low and even negligible. If the connecting
cable length is much more than line loss will be too high
and it will turn shorten the life of machine and cables
connected. Running of cable can be made as per the
situation and facilities. Keep away from direct sun light wet
condition, and near fire or any other polluted areas.

A simple model panel board to the load power is given for
your guidance in Fig 2.

Fig 2
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Electrical
Electrician - AC/DC Motor Drives

Related Theory for Exercise 4.3.180

AC/DC drives

Objectives: At the end of this lesson you shall be able to
« state the classification and working of AC & DC drives

« state the applications of AC & DC drives

» describe the block diagram, parts of DC drive and advantages and disadvantages of DC drives.

Electrical drives

An electric drive can be defined as an electromechanical
device for converting electrical energy into mechanical
energy to feed motion to different machines and
mechanisms for various kinds of process control.

Motion control is required in large number of industrial
and domestic applications like transportation, systems,
rolling mills, paper machines, textile mills, machine tools,
fans, pumps, robots, washing machines etc.

Systems employed for motion control are called Drives,
and may employ any of prime movers such as diesel or
petrol engines, gas or steam turbines, steam engines,
hydraulic motors and electric motors; Supplying
mechanical energy for motion control Drives employing
electric motors are known as Electrical drives.
Classification of electric drives

i According to mode of operation

- Continuous duty drives

- Short time duty drives

- Intermittent duty drives

i According to means of control

- Manual

- Semi automatic

- Automatic

iii According to number of machines

- Individual drive

- Groupdrive

- Multi - motor drive

v According to dynamics and transients

- Uncontrolled transient period

- Controlled transient period

V According to methods of speed control

- Reversible and non - reversible uncontrolled constant
speed

- Reversible and non - reversible step speed control

- Variable position control

- Reversible and non - reversible smooth speed control
Advantage of electrical drives
1 They have flexible control characteristics.

2 Drives can be provided with automatic fault detection
systems. Programmable logic controller (PLC) and
computers can be employed to automatically control
the drive operation in a desired sequence.

3 They are available in wide range of torque, speed and
power.

4 They are suitable to almost any operating conditions
such as explosive and radioactive environments.

5 ltcan operate in all the four quadrants of speed - torque
plane.

6 They can be started instantly and can immediately be
fully loaded.

7 Control gear requirement for speed control, starting
and braking is usually simple and easy to operate.

Choice (or) selection of electrical drives

- Choice of an electric drive depends on the important
factors are.

1 Steady state operating conditions requirements.
Nature of speed torque characteristics, speed
regulation, speed range, efficiency, duty cycle,
quadrants of operation, speed fluctuations if any, rating
etc.

2 Transient operation requirements

Values of acceleration and deceleration, starting,
braking and reversing performance.

4 Requirements related to the source. Types of source
and its capacity, magnitude of voltage, voltage
fluctuations, power factor, harmonics and their effect
on other loads, ability to accept regenerative power.

5 Space and weight restriction if any.

6 Environment and location.

7 Reliability

Group electric drive

This drive consists of a single motor, which drives one or
more line shafts supported on bearings. The line shaft

may be fitted with either pulleys and belts or gears, by
means of which a group of machines or mechanisms
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may be operated. It is also some times called as shaft
drives.

Advantages

A single large motor can be used instead of number of
small motors.

Disadvantages

There is no flexibility. If the single motor used, develops
fault, the whole process will be stopped.

Individual electric drive

In this drive each individual machine is driven by a separate
motor. This motor also imparts motion to various parts of
the machine.

Multi motor electric drive : In this drive system, there
are several drives, each of which serves to actuate one of
the working parts of the drive mechanisms.

e.g : Complicated metal cutting machine tools

Paper making industries.

Rolling machines etc.

A modern variable speed electrical drive system has the
following components

- Electrical machines and loads

- Power modulator

- Sources

- Control unit

- Sensing unit

Electrical machine

Most commonly used electrical machines for speed control
applications are the following.

DC machines

Shunt, series, compound, DC motors and switched
reluctance machines.

AC machines

Induction, wound rotor, synchronous, permanent magnet
synchronous and synchronous reluctance machines.

Special machines

Brush less DC motors, stepper motors, switched
reluctance motors are used.

Power Modulators (Controller)

Functions

* It modulates flow or power from the source to the
motor is imparted speed - torque characteristics
required by the load.

« During transient operation, such as starting, braking
and speed reversal, it reduces the motor current with
in permissible limits.

» It converts electrical energy of the source in the from
of suitable to the motor.

+ It selects the mode of operation of the motor (i.e)
motoring and braking.
Types of power modulators (Controllers)

- Inthe electric drive system, the power modulators can
be any one of the following.

- Controlled rectifiers (AC to DC converter)

- Inverters (DC to AC converters)

- AC voltage controllers (AC to DC converters)
- DC choppers (DC to DC converters )

- Cyclo converters (Frequency conversion)
Electrical sources

Very low power drives are generally fed from single phase
sources. Rest of the drives is powered from a 3-phase
source. Low and medium power motors are fed from a
415V supply. For higher ratings, motors may be rated at
3.3KV, 6.6 KV and 11 KV. Some drives are powered from
battery.

Sensing unit

- Speed sensing (from motor)

- Torque sensing

- Position sensing

- Current sensing and voltage sensing (from lines or from
motor terminals from load)

- Temperature sensing
Control unit
Control unit for a power modulator are provided in the

control unit. It matches the motor and power converter to
meet the load requirements.
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Comparison between DC and AC drives

DC Drives

AC Drives

The power circuit and control circuit are simple

The power circuit and control circuit are complicated

It requires frequent maintenance

Less maintenance

The commutator makes the motor bulky, costly,
and heavy

These problems are not there in these motors and
are inexpensive, particularly squirrel motors

Fast response and wide speed range of control, can
be achieved smoothly by conventional and solid
state control

In solid state control the speed range is wide and
conventional method is stepped and limited

Speed and design ratings are limited due to
commutations

Speed and design ratings have upper limits

Applications

+ Paper mills

+  Cement mills

» Textile mills

» Sugar mills

+ Steel mills

+ Electric traction

* Petrochemical industries

» Electrical vehicles

Another one type of electric drive is ‘Eddycurrent drive’

Eddy current drives

An eddy current drive consists of a fixed speed motor
and an eddy current clutch. The clutch contains a fixed
speed rotor and an adjustable speed rotor separated by a
small air gap. A direct current in a field coil produce a
magnetic field that determines the torque transmitted from
the input rotor to the output rotor. The controller provides
closed loop speed regulation by varying clutch current,
only allowing the clutch to transmit enough torque to
operate at the desired speed. Speed feedback is typically
provided via an integral AC tachometer.

Eddy current drives are slip - controlled systems the slip
energy of which is necessarily all dissipated as heat. Such
drives are therefore generally less efficient than AC/DC-
AC conversion based drives. The motor develops the
torque required by the load and operates at full speed.
The power is proportinoal to torque multiplied by speed.
The input power is proportional to motor speed and times,
operating torque while the output power is output speed
and times operating torque. The difference between the
motor speed and the output speed is called the slip
speed. Power proportional to the slip speed times
operating torque is dissipated as heat in the clutch.

Working principle of DC drives

In DC motors, the speed is proportional to the armature
voltage and inversely proportional to the field current .

And also, the armature current is proportional to the motor

E
torque.’\l"cl—fband la < T Therefore, by increasing or

reducing the applied voltage, the speed of the motor is
varied. However, it is possible up to the rated voltage. If
the speed greater than the base speed is required, the
field current of the motor has to be reduced.

By reducing the field current, the flux in the motor reduces
and it reduces the armature counter emf. Further, this
armature current increases the motor torque and the speed
willincrease. These are the two basic principles employed
in DC drives to control the speed of the motor.

In armature controlled DC drives, by varying the armature
voltage, variable speed is obtained as in Fig 1.

Fig 1
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Generally, a fixed field supply is provided in these DC
drives. As the torque is constant (which describes a load
type) over the speed range, the motor output horse power
is proportional to the speed. The motor characteristics of
this drive are in Fig 1.

Constant torque operation

In case of armature and field controlled drives, the armature
voltage to the motor is controlled for constant torque-
variable HP operation up to the base speed of the motor.
And for the above base speed operation, drive switches
to the field control for constant HP- reduced torque
operation up to maximum speed as in Fig 2 In this case,
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reducing the field currentincreases the speed of the motor

up to its maximum speed as in Fig 2.

Fig 2
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In most instances the shunt field winding is excited, with
a constant - level voltage from the controller. The SCR
(silicon controller rectifier), also known as thyristor, which
converts the alternating current (AC) of the power source
to variable DC output which is applied to the armature of
a DC motor. Speed control is achieved by regulating the
armature voltage to the motor.

A thyristor bridge is a technique commonly used to control
the speed of a DC motor by varying the DC voltage.
Important to note that the voltage applied to a DC motor
can not be greater than the rated name plate voltage.

The tachometer ( feedback device) converts actual speed
in to an electrical signal that is summed with the desired
reference signal. The output of the summing junction
provides an error signal to the controller and a speed
correction is made.

In modern DC drives, SCRs are completely replaced
by MOSFET s and IGBTs in order to achieve high speed
switching so that distortion to the AC incoming power
and currents during switching is eliminated. Hence, the
drive becomes more efficient and accurate.

Silicon controlled rectifier (SCRs) are widely used
thyristors for large DC motor drives in its power conversion
unit. An SCR conducts when a small voltage applied to
its gate terminal. Its conduction continues till the starting
of negative cycle and it turned OFF automatically once
the voltage across the SCR goes through natural zero till
next gated signal.

The purpose of using these SCRs in DC drives is to convert
the fixed AC supply to variable DC supply that controls
the motor speed. Some SCR DC drives are supplied
from single phase AC supply and use four SCRs in the
form of bridge for the DC rectification. In case of high
power DC drives, a three phase supply with six SCRs is
used for DC rectification.

In case of four quadrant operation (forward motoring,
forward braking, reverse motoring and reverse braking) of
the DC drive, a bridge rectifier consisting of 12 SCRs
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with a three phase incoming supply is used. During each
quadrant operation, SCRs are triggered at a phase angle
in order to provide required DC voltage to the motor.

Drive operation

The drive applications can be categorized as single -
quadrant, two - quadrant, three-quadrant or four- quadrant;
the chart’s four quadrants (Fig 3) are defined as follows.
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ELECTRIC MOTOR SPEED-TORQUE CHART

Quadrant | : Driving or motoring forward accelerating
quadrant with positive speed and torque

Quadrant Il : Generating or braking, forward braking-
decelerating quadrant with positive speed and negative
torque.

Quadrant lll: Driving or motoring, reverse accelerating
quadrant with negative speed and torque.

Quadrant IV : Generating or braking, reverse braking -
decelerating quadrant with negative speed and positive
torque.

Most applications involve single quadrant loads operating
in quadrant |, such as in variable - torque (e.g. centrifugal
pumps or fans. etc.

Certain applications involve two - quadrant loads operating
in quadrant | and Il where the speed is positive but the
torque changes polarity Some sources define two -
quadrant drives as loads operating in quadrants | and 11|
where the speed and torque is same (positive or negative)
polarity in both directions.

Certain high - performance applications involve four -
quadrant loads (Quadrants | to IV) where the speed and
torque can be in any direction such as in hoists, elevators
and hilly conveyors. Regeneration can occur only in the
drive’s DC link bus when inverter voltage is smaller in
magnitude than the motor back - EMF and inverter voltage
and back - EMF are the same polarity.

The connection of SCRs for four quadrant operation of
the drive) from incoming three phase AC supply to the DC
output is in Fig 4. In this, the motoring SCR bridge and
regeneration SCR bridge achieve the drive four quadrant
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operation by receiving the appropriate gate signals from
(analog or digital) controller.

Fig 4
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If the SCRs were gated with a phase angle of zero
degrees, then the drive function as a rectifier which feeds
the full rectified rated DC supply to the motor and by
varying the firing angle to the SCRs, a variable DC supply
is applied to the motor.

The DC output voltage waveform is related to the AC
waveform for above circuit is in Fig.5. This average DC
output voltage is obtained for 40°, 32° and 24° firing phase
angles. By this way, the average output is controlled by
varying the firing phase angles to the SCRs.

Fig 5
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As the field winding also requires the regulated DC supply,
only four SCRs are used in the field bridge converter. This
is because field never requires a negative current and
hence another set of SCRs is not required, which were
used in armature for reversing the motor.

Block diagram of DC drive

The block diagram of a DC drive system is in Fig 6

DC drive input : Some thyristor based DC drives operate
on a single phase supply and use four thyristors for full
wave rectification. For larger motors 3 phase power supply
is needed because the waveforms are much smoother. In
such cases, six thyristors are needed for full wave
rectification.
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A six - thyristor bridge (in case of three phase converter)
rectifies the incoming AC supply to DC supply to the motor
armature. The firing angle control of these thyristors varies
the voltage to the motor.

Field Supply Unit (FSU) : The power is to be applied to
the field winding is much lower than the armature power.

In many cases a two - phase supply is drawn from the
three phase input (that supplies power to the armature)
and hence the field exciter is included in the armature
supply unit.

The function of the field supply unit s to provide a constant
voltage to the field winding to create a constant field or
flux in the motor. In some cases, this unit is supplied
with thyristors to reduce the voltage applied to the field
so as to control the speed of the motor above the base
speed incase of permanent magnet DC motors, the field
supply unitis not included in the drive.

Speed Regulation unit : It compares the operator
instruction (desired speed) with feedback signals and
sends appropriate signals to the firing circuit. In analog
drives, this regulator unit consists of both voltage and
current regulators. The voltage regulator accepts the
speed error as input and produces the voltage output
which is then applied to the current regulator.

The current regulator then produces required firing current
to the firing circuit. If more speed is required, additional
current is drawn from the voltage regulator and hence
thyristors conduct for more periods. Generally, this
regulation (both voltage and current) is accomplished with
proportional -integral- derivative controllers.

The field current regulator is also provided where speed
greater than the base speed is required.

Parts of DC drive

DC drives of various brands with different ratings are
available in the market. It is generally assembled in a
metallic enclosure. The front panel has the power terminals,
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control terminals, keypad for controlling the drive etc. It
has provision for connecting to PC for programming the
drive.

The main parts of DC drive are given below.(Fig 7)

F|g 7 FRONT VIEW (WITH ITEMS REMOVED})

13 7
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PARTS OF DC DRIVE

Main drive assembly

Terminal cover

Terminal cover retaining screw

Blank cover

Keypad

COMMS technology box (optional)

Speed feedback technology card ( optional)
Gland plate

© 00 N O O b~ W DN -

Power terminal shield

10 Power terminals

11 Control terminals

12 Earthing / grounding points
13 Keypad part

14 Programming part

15 Auxiliary power, external contactor, blower and isolated
thermistor terminals

Power and control terminals

In DC drive, the front panel has the power terminals L1,
L2 and L3 where 3 phase input supply of 415V can be
connected.

There are control terminals given for speed adjust
potentiometer, Torque adjust potentiometer, START/RUN/
STOP switch, JOG/RUN/ switch, AUTO/MAN switch,
FORWARD/REVERSE switch etc. Terminal A1 & A2 and

B, & B, are meant for armature and field connections
respectively. Names and locations are illustrated in Fig 8

Fig 8 415V
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Advantages of DC drive

+ DC drives are less complex with a single power
conversion from AC to DC.

+ DC drives are normally less expensive for most
horsepower ratings.

+ DC motors have a long tradition of use as adjustable
speed machines and a wide range of options have
evolved for this purpose.

» Cooling blowers and inlet air flanges provide cooling
air for a wide speed range at constant torque.

* Accessory mounting flanges and kits for mounting
feedback tachometers and encoders.

» DC regenerative drives are available for applications
requiring continuous regeneration for overhauling loads.
AC drives with this capability would be more complex
and expensive.

* Properly applied brush and commutator maintenance
is minimum.

+ DC motors are capable of providing starting and
accelerating torques in excess of 400% of rated value.

+ Some AC drives may produce audible motor noise
which is undesirable in some applications.

Disadvantages of DC drive

* More complicated because of commutators and
brushes.

* Heavier than AC motors.
« High maintenance is required.
+ Large and more expensive than AC drive.

» Not suitable for high speed operation.
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Electrical
Electrician - AC/DC Motor Drives

Related Theory for Exercise 4.3.181 & 4.3.182

Speed control of 3 phase induction motor by VVVF/AC drive

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

« state about AC drives (VFD/VVFD) and changing of speed of AC motor by AC drive

* explain the operation of AC drive with block diagram
* list out the advantages and disadvantages of AC drive

« explain the components / parts and power and control terminals of AC drive
* state the parameter setting - speed control changes of direction of AC & DC drives / VFD/VVVFD (variable
frequency drive/ variable voltage variable frequency drive)

« state the speed control of universal motor.

Variable Voltage Variable Frequency Drive (VVVFD)

The AC drive industry is growing rapidly and it is now
more important than ever for technicians and maintenance
personnel to keep AC drive installations running smoothly.
AC drives change the speed of AC motor by changing
voltage and frequency of the power supplied to the AC
motor. In order to maintain proper power factor and reduce
excessive heating of the motor, the name plate volts /
hertz ratio must be maintained. This is the main task of
VFD (Variable frequency drive).

Applications of AC drives

1 ACdrives are used to stepless speed control of squirrel
cage induction motors mostly used in process plants
due toits ruggedness and maintenance free long life.

2 AC drives control the speed of AC motor by varying
output voltage and frequency through sophisticated
microprocessor controlled electronics device.

3 AC drive consists of rectifier and inverter units. Rectifier
converts AC to DC voltage and inverter converts DC
voltage back to AC voltage.

Changing of speed of AC motors by using AC drive

From the AC motor working principle, that the synchronous
speed of motor N_in rpm, is dependent upon frequency.
Therefore by varying the frequency of the power supply
through AC drive, it can control the synchronous speed.

Speed (rpm) = Frequency (Hertz) x 120 / No. of poles.
Where

Frequency = Electrical frequency of the power supply in
Hz., No. of poles = Number of electrical poles in the
motor stator. Thus the speed of AC motor can conveniently
be adjusted by changing the frequency applied to the
motor. There is also another way to make the AC motor
work on different speed by changing the no. of poles, but
this change would be a physical change of the motor.
The VFD provides the controls over frequency and voltage
of motor input to change the speed of a motor. Since the
frequency is easily variable as compared with the poles
variation of the motor. AC drives are frequently used.

Constant V/F ratio operation

If the same voltage is applied at the reduced frequency,
the magnetic flux would increase and saturate the
magnetic core, significantly distorting the motor
performance. The magnetic saturation can be avoided by
keeping the ¢ constant.

All AC drives maintain the voltage -to- frequency (V/F)
ratio constant at all speeds for the reason that follows.
The phase voltage V, frequency F and the magnetic flux ¢
of motor are related by the equation.

V=4.444fN¢_

or

VIf=4.444xN¢_

Where N = number of turns per phase
¢, = magnetic flux

Moreover, the AC motor torque is the product of stator
flux and rotor current. For maintaining the rated torque at
all speeds the constant flux must be maintained at its
rated value, which is basically done by keeping the voltage
- to - frequency (V/f) ratio constant.

An AC drive is capable of operating a motor with constant
flux (®) from approximately zero (0) to the motor’s rated
nameplate frequency (typically 50Hz). This is the constant
torque range. As long as a constant volts per hertz ratio
is maintained the motor will have constant torque
characteristics. AC drives change frequency to vary the
speed of a motor and voltage proportionately to maintain
constant flux. The Fig1 is the graph illustrates the volts
per hertz ratio of a 415 volt, 50 hertz motor. To operate
the 415 volt motor at 50% speed with the correct ratio,
the applied voltage and frequency would be 207.5V volts,
25 Hz. The voltage and frequency ratio can be maintained
for any speed up to 50Hz. This usually defines the upper
limits of the constant torque range.

Some applications require the motor to be operated above
base speed. The nature of these applications requires
less torque at higher speeds. Voltage, however, cannot
be higher than the available supply voltage. This can be

127



illustrated as in Fig 2. Voltage will remain as 415 volts for
any speed above 50Hz. A motor operated above its rated
frequency is operating in a region known as a constant
horsepower. Constant volts per hertz and torque is
maintained up to 50Hz. Above 50Hz the volts per hertz
ratio decreases. The V/Hz ratio at 25 Hz is 8.3, at 50Hz
is 8.3, at 70Hz is 5.93 and at 90Hz is 4.61. Flux (®) and
torque (T) decrease. Operation of the motors above rated
nameplate speed (base speed) is possible, but is limited
to conditions that do not require more power than the
nameplate rating of the motor. This is sometimes called
“field weakening” and, for AC motors, means operating at
less than rated V/Hz and above rated nameplate speed.

Fig 1
415
- VMz = 415/50 = 207.5/25
R =8.3V/Hz
_| 3
207 5——> S VI
L —
[0
<
- —
)
8]
Y -
0 T T 1T T 11
0 25 50 -
FREQUENCY —= H, s
s
V/F RATIO CHART z
w
Fig 2
415
DECREASING
— V/iHz
| &
é\v‘\
] ooéﬁz‘w
3y
207.5— & CONSTANT
| HORSEPOWER
CONSTANT
— HOURSEPOWER
0 —|
T T
0 25 50 90

FREQUENCY
V/F CHART

ELN4318112

Block diagram of AC drive

The Insulated - Gate - Bipolar- Transistor (IGBT) is in the
past two decades come to dominate VFD as an inverter
switching device.

IGBTSs (insulated gate bipolar transistor) provide a high
switching speed necessary for PWM (Pulse width
Modulation) inverter operation. IGBTs are capable of
switching ON and OFF several thousand times a second.
An IGBT can turn on in less than 400 nanoseconds and
off in approximately 500 nanoseconds. An IGBT consists
of a gate, collector and an emitter. When a positive voltage
(typically +15 VDC) is applied to the gate the IGBT will
turn on. This is similar to closing a switch. Current will
flow between the collector and emitter.

An IGBT is turned off by removing the positive voltage
from the gate. During the off state the IGBT gate voltage
is normally held at a small negative voltage (-15 VDC) to

prevent the device from turning on. So the gate can control
the switching on/off operation of an IGBT.

Fig 3 shows the block diagram of AC drive and Fig 4
shows the internal connection diagram. There are three
basic sections of the AC drive; the rectifier, DC bus, and
inverter.

Fig 3
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INTERNAL CONNECTION OF AC DRIVE

The rectifier in an AC drive is used to convert incoming
AC power into direct current (DC) power. Rectifiers may
utilize diodes, silicon controlled rectifiers (SCR), or
transistors to rectify power . An AC drive using transistors
in the rectifier section is said to have an “active front end.

After the power flows through the rectifiers it is stored on
a DC bus. The DC bus contains capacitors to accept
power from the rectifier, store it, and later deliver that power
through the inverter section. The DC bus may also contain
inductors, DC links, chokes, or similar items that add
inductance, thereby smoothing the incoming power supply
to the DC bus.

Inverter : Aninverter is a device which converts DC into
AC. The inverter contains transistors that deliver power
to the motor. The “Insulated Gate Bipolar Transistor” (IGBT)
is @ common selection in modern AC drives. The IGBT
can switch on and off several thousand times per second
and precisely control the power delivered to the motor.
The IGBT uses a method named “Pulse Width Modulation”
(PWM) to simulate a current sine wave at the desired
frequency to the motor.

The following example, explains how one phase of a three-
phase output is developed and controlled. Switches
replace the IGBTs for convenience. A voltage that
alternates between positive and negative is developed by
opening and closing switches in a specific sequence. For
example, during steps one and two A+ and B- are closed.
The output voltage between and Aand B is positive. During
step three A+ and B+ are closed. The difference of
potential from A to B is zero. The output voltage is zero.
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During step four and five A- and B+ are closed. The output
voltage from Ato B is negative. During step 6. A- and B-
closed. The difference of potential A to B is again zero.

The same action from step 1 to 6 is repeated from step 7
onwards. This will continue. The Fig 5 shows the internal
connection of inverter which converts DC into AC. The
Fig 6 shows the output wave form of inverter. Only one
single waveform due to switching action between Aand B
is shown. There are other two waveforms betweenB & C
and A & C together which form a 3 phase AC supply. The
magnitude and frequency of output voltage is dependent
on the speed of the switching action of IGBTs.

Fig 5

e I I I
A+ B+ C+
DC VOLTAGE

/MOTOR
FROM
CONVERTER 1

Special AC motor enclosure types are more readily
available at lower prices.

* Multiple motors in a system must operate
simultaneously at a common frequency/speed.

Disadvantages

+ Astandard motor can not adequately cool its winding
at slow speed or handle the irregular electrical
waveform from the AC drive.

* AnAC drive requires installation of motor with heavier
windings.

+ AC drive has complicated electronics circuit, so fault
rectification is costly.

» AC drives produce a simulated waveform, not a perfect
sine wave. That degrade the power equality.

Components of AC drive

A variable frequency drive is a device used in a drive system
consisting of the following three main sub-systems. AC
motor, main drive controller assembly, and drive / operator
interface as in Fig 7.

A B- C
©
() o 2
o
INVERTER CONNECTION %
w
Fig 6
STEPS
1 2 3 4 5 6 7 8 9
—60°—
A
+ —
B o0
’ : :
AB o
Output
©
- o
3
OUTPUT WAVE FORM OF INVERTER =

Advantages and disadvantages of AC drive
Advantages

* They use conventional low cost 3 phase AC induction
motors for most applications

» AC motors require virtually no maintenance and are
preferred for application where the motor is mounted
in an area not easily reached for servicing or
replacement.

* AC motors are smaller, lighter, more commonly
available and less expensive than DC motors.

» AC motors are better suited for high speed operation
(over 2500 rpm) since there are no brushes, and
commutation is not a problem.

» Whenever the operating environment is wet, corrosive
or explosive, special motor enclosures are required.

Fig7
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AC motor

The AC electric motor used in a VFD system is usually
three - phase induction motor. Some types of single -
phase motors can be used, but three - phase motors are
usually preferred. Various types of synchronous motors
offer advantages in some situations, but three - phase
induction motors are suitable for most purposes and are
generally the most economical motor choice. Motors that
are designed for fixed - speed operation are often used.
Elevated - voltage stresses imposed on induction motors
that are supplied by VFDs require that such motors are
designed for definite - purpose inverter-fed duty.

Controller

The VFD controller is a solid - state power electronics
conversion, system consisting of three distinct sub-
systems, a rectifier bridge converter, a direct current (DC)
link, and an inverter. Voltage - source inverter (VSI) drives
are the most common type of drives. Most drives are AC
to AC drives in that they convert AC line input to AC inverter
output. However, in some applications such as common
DC bus or solar applications, drives are configured as
DC-AC drives. The most basic rectifier converter for the
VSl drive is configured as a three -phase, six -pulse, full-
wave diode bridge.
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In a VSI drive, the DC link consists of a capacitor which
smooths out the converter's DC output ripple and provides
a stiff input to the inverter. This filtered DC voltage is
converted to quasi-sinusoidal AC voltage output using the
inverter’s active switching elements. VSI drives provide
higher power factor and lower harmonic distortion than
phase- controlled current - source inverter (CSl) and load
- commutated inverter (LCI) drives.

In variable -torque applications suited for volts - per- Hertz
(V/Hz) drive control. AC motor characteristics require that
the voltage magnitude of the inverter’s output to the motor
be adjusted to match the required load torque in a linear
V/Hz relationship. For example, 415V, 50Hz motors, this
linear V/Hz relationship is 415/50=8.3V/Hz.

Although space vector pulse- width modulation (SVPWM)
is becoming increasingly popular, sinusoidal PWM
(SPWM) is the most straight forward method used to vary
drives motor voltage ( or current) and frequency. With
SPWM control quasi- sinusoidal, variable - pulse-width
output is constructed from intersections of a saw-toothed
carrier signal with a modulating sinusoidal signal which
is variable in operating frequency as well as in voltage (or
current).

An embedded microprocessor governs the overall
operation of the VFD controller. Basic programming of
the microprocessor is provided as user - inaccessible
firmware. User programming of display, variable, and
function block parameters is provided to control, protect,
and monitor the VFD, motor, and driven equipment.

Operator interface

The operator interface provides a means for an operator
to start and stop the motor and adjust the operating
speed. Additional operator control functions might include
reversing, and switching between manual speed
adjustment and automatic control from an external
process control signal. The operator interface often
includes an alphanumeric display and /or indication lights
and meters to provide information about the operation of
the drive.

An operator interface keypad and display unit is often
provided on the front of the VFD controller shown in the
Fig 7. The keypad display unit can often be cable -
connected and mounted a short distance from the VFD
controller. They are also provided with input and output (I/
O) terminals for connecting push buttons, switches, and
other operator interface devices or control signals. Aserial
communications port is also often available to allow the
VFD to be configured, adjusted, monitored, and controlled
using a computer.

Operation of AC drive
When the VFD is started the applied frequency and voltage

are increased at a controlled rate or ramped up to
accelerate the load. This starting method typically allows

a motor to develop 150% of its rated torque while the
VFD is drawing less than 50% of its rated current from
the mains in the low - speed range. AVFD can be adjusted
to produce a steady 150% starting torque from standstill
right up to full speed. However, motor cooling deteriorates
and can result in overheating as speed decreases such
that prolonged low -speed operation with significant torque
is not usually possible without separately motorized fan
ventilation.

With a VFD, the stopping sequence is just the opposite
as the starting sequence. The frequency and voltage
applied to the motor are ramped down at a controlled
rate. When the frequency approaches zero, the motor is
shut off. Additional braking torque can be obtained by
adding a braking circuit (resistor controlled by a transistor)
to dissipate the braking energy.

Part of AC drive (Fig 8a & 8b)
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AC drives of various brand with different ratings are
available in the market. It is generally assembled in a
metallic enclosure. The front panel has the power input
and output terminals, control terminals, keypad (operator
interface) for controlling the drive etc. It has provision for
connecting to PC for programming the drive.

130 Electrical : Electrician (NSQF LEVEL - 5) - Related Theory for Exercise 4.3.181 & 4.3.182



The main parts are given below and shown in Fig 8a and
8b.

—_

Mounting screw holes
Name plate label
Bottom cover

Digital keypad

Upper cover
Ventilation hole

Input terminals

Control Input/Output terminals

© 00 N OO O b~ W DN

External brake resistor terminal
10 Output terminals
11 Grounding

Power and control terminals

In AC drive, the front panel has the input power terminals
viz R/L,, S/L, and T/L, where 3 phase AC 415V, 50Hz
supply is connected. The 3 phase induction motor is
connected of output power terminals viz. U/T1, V/T2 and
WIT3.

There are control terminals viz MO, M1, M2, M3, GND,
+10V, AV1 etc. for starting/stopping/ reversing and speed
control actions. Names and locations are given in Fig 9

Fig 9

Main Circuit Power

MCCB

RLI—0  >——0 RILI um O
N

s/L2 — >——O SiL2 ViT2 ©

TIL3 —o/\zj I3 WIT30

Factory Default Settings +18v

Forwardlstg —~

—OR_A( MULTI-FUNCTION
INDICATION OUTPUT
RCL CONTACTS
120VAC/28VDC 3A
FACTORY DEFAULT:
FAULT INDICATION

Reverse/Stop

Reset

RJ-11

14EV
2:GND

3:5G-
61 | 415G+
RS-485

COMMUNICATION
PART

Multi-step 1

Common Signal

Power Supply For
Potentiometer
+10V 10mA(MAX)
Master Freq.
setting 3

© MAIN CIRCUIT (POWER)
TERMINALS

o CONTROL CIRCUIT
AV1 TERMINALS

O SHIELDED LEADS

+10V

= 2
Analog Voltage
0~10VDC

VR : 3K~5KQ
Analog Current 4~20mA

o GND

CONNECTION DIAGRAM OF AC DRIVE & MOTOR

ELN4318119

Parameter settings of DC drive

As discussed in previous chapter, the speed of DC motor
is directly proportional to the armature voltage (E,) and

inversly proportional to the field current(l) and also the
armature current (la) is proportional motor torque.

In armature controlled DC drives, the drive unit provides a
rated current and torque at any speed up to rated speed.

The Fig 10 shows Basic Operator Panel (BOP) keypad
provided on the front panel meant for controlling the drive.

Fig 10
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The LCD is used to monitor the parameter. To start the
motor, 'ON' key is to be pressed, and to stop the motor
'OFF' key is to be pressed. There is 'JOG' key provided
for inching operation.

There is a key 'P' given for operator interface, changing
over the parameter setting can be done by using this key
in association with (A) key and key (V). Parameters like,
voltage current, Torque etc will be displayed turn by turn
on each pressing of 'P' key /button.

The (A) or (V) keys are used to increase or decrease the
values. Numeric keys are also can be used to enter the
values directly.

LED indicators are provided to indicate the status of drive.
Green LED indicates the system running where as Red
LED indicates when fault is occurred.

Programming of DC drive is possible through, personal
computer (PC) also. For this purpose a connector for
connecting PC through interfacing cable is provided at
the rear panel.

There may be variations in terms of names of
key, display setting etc for different brands.

Operation of motor through DC drive

Fig 11 shows the operation of controls arrangement which
is called as basic operator panel (BOP) .

The input supply connections and armature and field
connections are well illustrated in Fig 11. Input 3 phase
AC, 415V, 50Hz supply can be connected L, L, and L.
The armature is connected across A, and A, where as the
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field is connected across B and B, (The terminal names
may vary depends on the type and make) an equipment
ground conductor ( Ground wire) must be connected to
the controller mounting panel. Separate equipment
grounding conductors from other major components Viz,
motor, drive enclosure isolation transformer case (if used)
in the system must also be connected continuously to a
control connection point.

Fig 11 415v
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The AC input supply is provided should match the voltage
and frequency given on the controller's name plate.
Improper voltage may damage the equipment and
insufficient current will cause erratic operation of the drive.

The shielded cable is recommended for the tachometer
and all low level signal circuit to eliminate the possibility
of electrical interference.

In some DC drives a speed adjusting potentiometer is
provided to vary motor speed by controlling armature input
voltage after the controller has been started. Some time
a torque adjusting potential meter is used in place of
speed adjusting potentiometer. It controls motor torque
by controlling the DC current in the motor armature.

Starting and controlling the speed of DC motor

When the ‘ON’ button in BOP is pressed, the motor will
start running. The desired speed can be attained by using
‘P’ button and A & V buttons.

When the “OFF” button is pressed the motor will stop but
AC line voltage remains connected to the controller and
full field voltage is present. Armature voltage is reduced
to zero. When pressing the “ON” button again the motor
will accelerate to the preset speed.

Inching operation

For inching operation the ‘JOG’ position should be
selected. Then the controller will operate only as long as
the “ON” button is held pressed.

Changing the direction of rotation

In some model a ‘reversing switch’ is provided to change
the direction of rotation of the motor. This switch is
responsible for changing the polarity at the motor armature
connection. First start the motor by pressing ‘ON’ button.
The motor will run in forward direction. To change the
direction of rotation, press “OFF” button and ensure that
the motor is completely stopped. Now press the reversing
button and then press the “ON” button. The motor will
now run in the reverse direction. The reversing key has a
provision which prevents direct transfer from one direction
to the other.

Precautions during installation, connection and
operation of DC drive

« Ensure all screws are tightened to the proper torque
rating.

» During installation, follow all local electrical and safety
codes.

« Ensure that appropriate protective devices (circuit
breaker MCB or fuses) are connected between the
power supply and DC drive.

+ Make sure that the drive is properly earthed.

+ Do not attach or remove wiring when power is applied
to the DC drive.

Parameter setting of AC drive

As explained earlier the speed (N) of AC induction motor
is directly proportional to the voltage (V) and frequency (f)
of the applied power supply. Within the base speed limit,
the torque (T) can be kept constant by maintaining a
constant voltage / frequency (V/F) ratio. By increasing of
speed to above base speed limit is also possible but at
the cost of the torque.

(VFD /VVVFD (Variable Voltage Variable Frequency Drive)
drives are used for efficient speed control of AC motors.
The advantages of using drives to control the speed is
already explained.

The AC drive has a front panel which includes two parts.
Display panel and keypad. The display panel is provided
with the parameter display and shows operation status of
the AC drive. Keypad provides programming interface
between users and AC drives. The Fig 12. shows the
location of buttons and display unit on the front panel of
AC drive.
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Fig 12
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um vimwirs (3
Mode /Reset button

By pressing this button repeatedly the display will show
status at the AC drive such as the reference frequency
and output current. If the drive stops due to a fault, correct
the fault first, then press this button to reset the drive.

Prog/Data button

By pressing this button will store the entered data or can
show factory stored data.

Run/Stop button

To ‘start’ or ‘stop’ the AC drive operation this button is to
be pressed.

This button can only be used to ‘stop’ the AC drive, when
it is controlled by the external control terminals.

UPA / down V button

By pressing the ‘Up’ or ‘Down’ button momentarily
parameter setting can be changed. These key may also
be used to scroll through different operating values or
parameters. Pressing the ‘Up’ or ‘Down’ button
momentarily it will change the parameter setting in single
unit increments. To quickly run through the range of
settings, press ‘Down’ and hold the button.

Frequency setting knob
By using this knob, the frequency variation can be done.
‘RS 485’ communication port

Programming of AC drive can be done through personal
computer (PC) also. For this, the drive should be interfaced
with PC through ‘RS 485’ port.

LED displays are also given in the display unit to indicate
the status of drive like ‘RUN’, ‘FWD’ and ‘REV’.

Operation of AC motor through drive

The motor and drive connections are well illustrated in
Fig 13.A39, 415V, 50Hz AC supply is connected to the
drive input terminals R/L,, S/L, & T/L,. Similarly output
terminals of this drive is such as U/T,, V/T, & W/T, are
connected to 3 phase induction motor. (The terminal
names may vary depends on the type and make)

Fig 13
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ELN431811D

Both input end and output ends are earthed separately.

Changing of speed

The AC input supply provided, should match the voltage
and frequency given on the nameplate. Improper voltage
may damage the drive.

Programming can be done through ‘MOD/RESET’ button
in association with A and V button and the drives speed
can be changed by using these buttons. The drive is started
through ‘RUN’/STOP’ button.
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The motor can be run at different speed by programming
for the required speed.

Changing the direction of rotation

The direction of rotation can be changed. To do this,
press ‘RUN/STOP’ button. When the motor is completely
stopped, select ‘rev’ parameter and press ‘RUN/STOP’
button again. Now the motor will run in opposite direction.

Same procedure can be followed to change
the direction of rotation of double cage
induction motor also.

Precautions to be observed during installation,
connection and operation of AC drive

« Do not connect the AC power to the U/T1, V/T2, W/T3
terminals, as it will damage the AC drive.

» Ensure all screws are tightened to the proper torque
rating.

+ During installation, follow all local electrical and safety
codes.

» Ensure that the appropriate protective devices (circuit
breaker or fuses) are connected between the power
supply and AC drive.

» Make sure that the leads are connected correctly and
the AC drive is properly grounded. (Ground resistance
should not exceed 0.1Q)

» Use ground leads that comply with standards and keep
them as short as possible.

* Multiple VFD-L units can be installed in one location.
All the units should be grounded directly to a common
ground terminal.

+ Make sure that the power source is capable of
supplying the correct voltage and required current to
the DC drive.

» Do not attach or remove wiring when power is applied
to the AC drive.

» Do not monitor the signals on the circuit board while
the AC drive is in operation.

« [ffilter is required for reducing EMI (Electro Magnetic
interference), install it as close as possible to AC drive.

Speed control of universal motors using SCR : Majority
of domestic appliances like electric drilling machine, mixer
etc., incorporate universal electric motors. Any of the half
wave or full wave controls discussed earlier can be used
to control speed of universal motors. Universal motors
have some unique characteristics which allow their speed
to be controlled very easily and efficiently with a feedback
circuit is in Fig 14.

The circuit at Fig 14a provides phase controlled half wave
power to the motor; that is, one the negative half cycle,
the SCR blocks current flow in the negative half cycle,
the SCR blocks current flow in the negative direction
causing the motor to be driven by a pulsating direct current

whose amplitude is dependent in the phase control of the
SCR. The operation of the circuit shown in Fig 14 is as
follows.

Fig 14
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- Assuming that the motor is running, the voltage at
point A in the circuit must be larger than the forward
drop of diode D, the gate to cathode drop of the SCR,
and the emf generated by the residual mmf in the motor,
to get sufficient forward flow to trigger the SCR.

- The wave form at point A (V,) for one positive half cycle
is in Fig 14b and with V., V, and motor generated
emf V,,. The phase angle at which the SCR would
trigger is shown by the vertical dotted line.

- Forany reason if the motor speed increases, then V|
will increase, the trigger would move upwards and to
the right along the curve so that the SCR would trigger
later in the half - cycle thus providing less power to
the motor, causing it to slow down. Similarly, if the
motor speed decreases, the trigger point will move to
the left and down the curve, causing the SCR to trigger
earlier in the half cycle providing more power to the
motor thereby speeding it up.

- Resistors R, R,, R, along with diode D, and C, forms
a ramp generator. Capacitor C, is charged by the
voltage divider R,, R, and R, during the positive half
cycle. Diode D, prevents negative current flow during
the negative half cycle, therefore C, discharges through
R, and R, during negative half cycle. Varying the value
of R, varies the trigger angle c.

A practical version of the circuit for controlling the speed
of universal motors is in Fig 15.

Fig 15

SCR

Z/

SCR C106D1
CIRCUIT DIAGRAM OF UNIVERSAL MOTOR SPEED CONTROLLER
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As can be seen, the circuit at Fig 15 is quite similar to
that at Fig 14 but for the addition of two transistors and a
few resistors.

In Fig 6, the action of Q, - Q, is to provide adequate gate
current to trigger the SCR into conduction.

Q, - Q, and their associated resistors acts as a voltage
sensitive switch. In each half cycle, C, is able to charge
via R,. As soon as voltage across C, rises to suitable
value. Q, and Q, both switch- on and partially discharge
C, into the gate of the SCR, thus delivering a pulse of

high current to the SCR gate, independent of any current
drive limitations of RV1. The Q, - Q, and C, network thus
enables virtually any SCR to be used in the circuit almost
irrespective of its sensitivity characteristics.

The universal motor speed control circuit is in Fig 15
enables the motor speed to be smoothly varied from zero
to 75% of maximum via a single control. It also
incorporates built - in feedback compensation to maintain
the motor speed virtually constant at any given speed
setting, regard-less of load changes.
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Electrical
Electrician - Inverter and UPS

Related Theory for Exercise 4.4.183

Voltage stabilizer and UPS

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

« state the basic concept of stabilizer

« draw the block diagram and explain the function of each blocks

« state the working various types of voltage stabilizers

« state the basics of UPS system

¢ explain the block diagram of OFF line UPS and its various controls and functions
¢ explain the block diagram ON line UPS and advantages and disadvantages.

Voltage stabilizer

It is an electrical supply device controlled by electronic
circuitwhich gives the constant output voltage irrespective
ofthe variationin the highinput supply voltage or disconnect
the outputcircuitifthe input voltage is very low or very high.

Every electrical device is designed to operate at a certain
rated voltage for optimum efficiency and maximum length
of service. Power supply voltages should not drop or rise
by more than 5% of rated voltage as per IS.

The effect of voltage variations in commonly used electrical

appliances are given below.

SI.No. Name of the equipment Low voltage High voltage
1 Incandescentlamp Lamp efficiency decreases Life of the lamp decreases or the
if the voltage is decreased. lamp fuses in extreme cases.
2 Fluorescentlamp If voltage is too low, lamp Life of the tube/choke
will not light up. decreases.
3 Electric stove, electric Increases the heating time Shortens the life of heating
iron, water heaters, as heat produced is low. elements or heating elements
toasters etc. burnt out.
4 Fans, vacuum cleaners Efficiency decreases. Life of the equipment is
decreased
5 Washing machines, Motor of the machine will draw The motor insulation may fail and
refrigeratorsand more current from the line that draw excess current which can
air-conditioners results in overheating of the lead to burn out.
motor which may lead to burn out.
6 Radios and television sets Poor quality of reception, Life of the equipment is decreased
picture will not be clear in the
television sets.
Some of the electronic equipment such as colour television sets are designed by the manufacturers with
built in electronic stabilizers like Switch Mode Power Supplies (SMPS). Hence there is no need to
provide an additional external stabilizers for these equipments.

Types of AC voltage stabilizers

1 Stepped voltage stabilizer
a) Manual
b) Automatic relay type
2 Servovoltage stabilizer

Constant voltage transformer
Stepped voltage stabilizer

In the stepped voltage stabilizer, an auto-transformer is
used forregulating the output voltage. Amanually operated
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switch as in Fig 1 regulates the output voltage in the
manual type. In automaticrelay type stabilizers a sensing
circuit actuates the relays which regulates the output
voltage. The schematic diagram is in Fig 2 is for an
automatic relay type stabilizer.

INPUT 4
VOLTAGE 1

Fig 1 L 3
mSWITCH
O~ —/ OT L

OUTPUT
VOLTAGE

N N

MANUAL STABILIZER
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Fig 2

CONTROL

MAINS TX CIRCUIT RELAYS LOAD
F.B

BLOCK DIAGRAM OF VOLTAGE STABILIZER
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Mains Tx

Thistransformer supplies two level voltagei.e, low voltage
and high voltage, which is to be supplied according to the
needs. Some stabiliser working in buck boost operation to
meet special application forload requirements. The auxiliary
supply also provides for control circuit requirements by the
mains transformer.

Control circuit

Inthe ordinary voltage stabilisers, control circuit regulate
the relay operation, irrespect or output voltage. When
input voltage falls below the set voltage H.T side relay will
operate and incase high voltage condition LT side relay will
operate and maintain the stipulated operate voltages. The
relay operation controls by controlling relay coil supply
which is set for separate DC regulated voltage levels.

Relays

It is a electromagnetic relay which operates two different
coil voltage. the DC coil voltage decides which relay has
to be operate depends on the input AC voltage supplied
to the transformer. Fig 3 shows an automatic relay type
stabilizer.

Fig3 L

INPUT

VOLTAGE OuUTPUT

VOLTAGE

SENSING CIRCUIT
AUTOMATIC STABILIZER RELAY TYPE
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Feed back

Innon automatic voltage stabiliser DC voltage are takenon
the feed back quantity, which operates the relay coil. The
coil DC voltage will be two different voltage to activate the
relay in case of low and high voltage AC input conditions.

Load

Load can be anything connected to the stabiliser. Some
electrical equipments requires a constantinput voltage to
operate. such case astabiliseris required. Butinautomatic
stabiliser have the disadvantage of transientline (Change
overtoone voltage to othervoltage level) which may cause
the stabiliser to OFF condition few milli seconds.

Stepped voltage stabilizer - manual type : Fig 4 shows
an auto-transformerin which the output voltage increases
as the tap changing switch S, is turned clockwise. The
output voltage can be seen by connecting a voltmeter in
the output side as in Fig 4. Increasing or decreasing the
outputvoltage nearto the setvalue is possible by rotating
the tap changing switch S, in the appropriate direction
within £10% of the desired output voltage. A push-button
switch S, enables to measure the incoming voltage.

Fig 4

MANUAL
MODE
Sy
A, oL
L.

Ml

300V v) OUTPUT

L

INPUT

NG

ON
STEPPED VOLTAGE STABILIZER-MANUAL

ELN4418314

Stepped voltage stabilizer - automatic type : Fig 5
shows a stepped voltage stabilizer of the automatic type
operated by relays. T, is an auto-transformer with multiple
tappings. S, and S, are two secondaries for relay operation.
The secondary voltage of S, is rectified andfiltered forthe
use of the sensing circuit while voltage S, is rectified and
filtered forthe use ofthe relay operation. P, and P, are pre-
setresistors (variable resistors) used for adjustment. R,
P,andR, provide sensing voltage to the zenerdiode. DZ,
andR,P,andR, tothe zenerdiode DZ,. Q, and Q, are two

transistors used as switches. RL, and RL, are tworelays.
Fig5

L 1’
INPUT
170-260V

ARANAST]

N
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STEPPED VOLTAGE STABILIZER-AUTOMATIC 240V

When the input voltage is low, say less than 200V, both
DZ,and DZ,do not conduct as the voltages at the preset
tappings are less than their zener diode voltages. This
causes both transistors to cut off and the relays are in the
off position. At the off position of the relays, NO contacts
ofboththe relays connectterminal R of the auto-transformer
to output which results in booster output voltage.

Whenthe input voltage increases above 210V, but below
240V voltage across S, increases proportionally. This
increases the pre-settap voltage, thereby the zenerdiode
DZ, conducts and hence make the transistor Q, to ON.
The relay RL, operates and connects the supply voltage
directly to the output through NO. contact of RL, and NC
contactof RL,. By this operation the output voltage will be
the same as the input voltage.
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When the input supply voltage increases above 240V the
zenerdiode DZ, gets voltage from P, and hence conducts
which makes Q, to ON. This results relay RL, energise
and output is taken from NO. point of RL,. The output
voltage reduces or bucks.

Usually 12V DC relays with the required currentratings of
contacts are preferred for stabilizers. Diodes or capacitors
are used across the relay coil to protect the transistors
from reversedinduced emfwhen the relays become OFF.
LED indicators are sometimes used to indicate the mode
of operation such as buck, normal, boost etc.

Stepped voltage stabilizers are available with different
types of electronic circuits with one to three relays to
provide an output voltage of 200-240V. They are specified
for maximum input voltage variation and for their output,
KVAratings say 170to 270 volts 1 KVA or 135t0 260 volts
0.5 KVA.

Some of the stabilizers are provided with over-voltage and
under-voltage cut offto protect the connected equipment.

Applications : Stepped voltage stabilizers are used along
with refrigerators, air conditioners, TVs, VCRs etc. Colour
TVs with self-contained switch mode power supplies do
not require voltage stabilizer as they are designed to
operate from 130 to 260 volts.

Servo - voltage stabilizer

The servo voltage stabilizer employs a toroidal auto-
transformer and a servo motor driven by a sensing circuit
which senses the voltage. The difference between the
outputand nominal voltage is sensed by a sensing circuit
which drives the servo motor. Any variations in mains
cause the motor to move clockwise or anticlockwise thus
correcting the voltage.

Aservovoltage stabilizeris provided with three transformers
function along with control circuits and a servo motoras in
Fig6. T, isacontinuously variable toroidal auto-transformer
(variac) driven by a servo motor M.

Fig 6 BUCK/BOOST
TRANSFORMER

L \AANS L

T2
t T1 VARIABLE
TAP ARM

SWITCH

INPUT
200-260V 4@

FIXED

ARM SENSER

AND
AMPLIFIER RECTIFIER OUTPUT

' ‘ 2301%
_N_
[ ]

T3

4
4
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SERVO VOLTAGE STABILIZER

REFERENCE
The output from the variac, drives a series buck/boost
transformer T, so thatboost takes place when the variable
tap arm moves down and bucks the voltage when the arm
moves up. Thetransformer T, provides the required reference
voltage and sensing voltage for the electronic circuitwhich
drives the motor.

Whenthe outputvoltageis less than the reference voltage,
the electronic circuit senses the difference, drives the
motor in one direction which results in increase in the
outputvoltage.

When the output voltage increases above the ratings, the
motoris drivenin the opposite direction so that the output
voltage increases. When the voltage difference in output
and the reference are equal, the servo motor is switched
off by the circuit.

A servo stabilizer provides constant voltage toan accuracy
around 1% or +0.5% and a correction range 10to 30 volt/
sec.

A servo stabilizeris more accurate and also costlier, and,
therefore, used with costlier equipments such as
computers, xerox machines, medical electrical equipments
etc.

Constant voltage transformer

A constant voltage transformer works on ferro-resonant
principle. The variation in the primary flux with an
unsaturated iron core does not affect the secondary flux
with saturated iron core. Thus, the secondary induced
voltage remains relatively independent of the voltage
impressed upon the primary winding.

In an ordinary transformer, the primary and secondary
coils are closely coupled. Any change in primary voltage
is directly transferred to the secondary in the ratio of the
numberofturns. InaCVT, the primary and secondary coils
areloosely coupled. These are wound on separate sections
of the transformer core as in Fig 7. In between the coils,
aseparate shunt pathis provided for the flux to flow butan
air gap is provided in the shunt path. A capacitor is
provided in parallel with the secondary.

Fig7 r AIR GAP
f/,:\ e
AN N
‘ j ‘ :
1 | =jj:t: i PRIMARY
| T i i ON
\ A —
1 1 l l —— SHUNT PATH
9 L T O
::i:l.: l SECONDARY
1 —7 1 WITH
=FE: T CAPACITOR
'} b 4 O
'\ 14 Al ~
- — :
3
WINDINGS ARRANGEMENT IN CVT 2
w

Now imagine what will happen when voltage is applied to
the primary. Starting from zero, if the voltage increases
slowly, initially, all the flux generated by the primary
voltage will pass through the lower half of the transformer
core because the air gap in the shunt path will prevent it
from taking this path. This is shown by bold arrows in Fig
6. As aresult, therisein secondary voltage is proportional
to the primary. But as voltage in the secondary coil rises,
at a certain point the impedance of the coil will become
equal to the impedance of the capacitor, i.e.
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This is the condition of resonance, and at this pointa high
current will flow in the LC circuit. This high current will
result in a sudden rise of voltage across the secondary
(Fig 6), and the core in this section of the transformer will
saturate.

Once the core gets saturated, it prevents the entry of
further flux coming from the primary side. Therefore, any
increase in flux due to increase in primary voltage has to
take an alternate shunt path asin Fig 7. Hence, very little
increase in the secondary voltage takes place. This little
increase can also be nullified by a feedback-FB winding
connected asin Fig 8. The outputwinding can be separated
from the capacitor circuit if the voltage required is low or
tappings can be taken out of the capacitor.

Fig 8
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CVT may not be suitable for an instrument in which SCR
power supply is used or an inductor or a capacitor is
cominginthe AC circuitoramotordrawing aheavyin-rush
currentis used inside the instrument. Butitis suitable for
electronic machines such as TVs, computers, FAX
machines etc.

Testing a stabilizer : To test a stabilizer for its operating
range, a variac and rated load along with voltmeters/
ammeters are necessary. A simplified circuit for testing
the stabilizer is given in Fig 9.

Fig 9
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By connecting the stabilizer as shown in the figure above
and varying the input voltage to the range specified in the
name-plate detail suchas 170to 260V or 130t0 270V etc.
The output voltage should be satisfied with the specified
voltage such as 200 to 240V. There should not be any
undue heating or failures with the rated load for a continuous
working.

Basics of UPS systems

Most people take the mains AC supply forgranted and use
italmost casually without giving the slightest thoughttoiits

inherent defects and the danger posed to sophisticated
and sensitive electronicinstruments. Forordinary household
appliances such as incandescent lamps, tubes, fans, TV
and fridge, the mains AC supply does not make much of a
difference, but when used for computers, medical
equipments and telecommunication systems, a clean,
stable, interruption-free power supply is of utmost
importance.

As more and more personal computers, word processors
and data terminals find their way into small business, UPS
systemsthat meetthe powerrequirements and pricerange
needs forsmallbusiness and offices are being manufactured.

The ever increasing importance of computers in industry
and commerce will increase the need for quality, high
stability and interruption-free power supplies.

Earlier Data Operating System (DOS) does not have any
shut-down procedure. Soin case power failure it does not
affect the operating system. Latest operating system
Windows 9x and application softwares require proper
shuting down and exit procedures. This procedures requires
time which is provided by UPS in case of mains power
failure.

UPS (Uninterrupted Power Supply) is the only solution
available to anindividual customer faced with the problem
of ensuring high quality of power for critical loads. AllUPS
designs contain a battery charger to keep the battery fully
charged by the power from mains. Small UPS normally
comes with a sealed maintenance free (SMF) batteries
which can provide 10 to 15 minutes of power backup, the
backup time increases with the capacity of the battery.
Tubular batteries or automotive batteries are used in
medium and large capacity UPSs.

UPS classification

There are two broad categories of UPS topologies - OFF
line, and ON line . These topologies differ in the way they
serve the load when the mains is present and is healthy.
They vary in features & pricing.

OFF-Line and ON-Line

OFF-Line UPS filters the mains and feeds it directly to the
load for most of the time. When the mains is unhealthy,
perhaps due to a slightdrop in voltage, the load is switched
by a fast relay, in typically less than half a cycle, to an
inverter deriving its power from a battery. The inverter
generates a square or stepped waveform to emulate the
mains-satisfactorily for most computers. This particular
technique represents the lowest cost solution.

Online UPS converts AC mains into DC before inverting
again to AC to power the load with a synthetic sine wave.
Abattery connected across the DC link acts as the backup
power source.
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This gives a supply for the computer that totally isolates the
input mains from the load, removing all mains noise and
with no break when the mains fails.

Standby/OFF Line block diagram (Fig 10)

In the off line UPS, the load is connected directly to the
mains when the mains supply is available. When working
over voltage/under voltage conditions are detected on the
mains, the off line UPS transfers the load to the inverter.
When the line is present, the battery charger charges the
battery and the inverter may either be shut down or will be
idling. Thus in an off line UPS, there is a load transfer
involved every time, the mainsis interrupted and restored.
This transfer is effected by change- over relays or static
transfer switches. In any case there will be a brief period
duringwhichthe load is not provided with voltage.Ifthe load
isacomputerand the transfertime is more than 5ms, then
there is a chance that the computer will reboot.

Some modified designs incorporate a limited range of
voltage regulation by transformer tapping and a certain
degree of transient protection by using RF filters and
MOV’s (Metal Oxide Varistor). Offline UPS is an economical
and simple design and henceitis preferred for small rating,
low costunits aimed atindividual PC user's market. When
the load is really a critical one an off line UPS is not
acceptable. Usually square wave output off line UPS are
available in market with lower loading capacities.

Advantages of OFF line UPS: High efficiency, small
size, low cost.

Disadvantages: There can be change over complaintin
offline UPS. Off line very much depends on battery. If
battery fails entire systemfails. Sometimes during change-
overcomputer re-boots which causes loss of files. Another
disadvantage is that output voltage will be a varying one.
Usually inthe range of 200V-240V and hence not suitable
to all electronic gadgets.

Fig 10
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MAIN SENSING CHANGE REGULATION FORMER + ouT
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SUPPRESSOR CIRCUIT (AVR) TRANSFORMER PUT
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| .|  CHARGER DC TO AC
CIRCUIT BATTERY CONVERSION
& REGULATION
<
3
Front panel indications and rear panel sockets/
switches used in UPS Fig 11 REPLACE BATTERY
INDICATOR (RED LED)
All UPS systems have &\\ BACK UP INDICATOR
O\ (YELLOW LED)
» Fuse/Fuse holder O\
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« Switches N (GREEN LED)
(" ,/ N
+ Sockets g
+ Panelindicator (LED and Neon lamp) [N— ON/OFFTEST/
SILENCE BUTTON
* Meters (Volt/Ampere)
Fig 11 and 12 shows the front and rear panel controls/
sockets.
UPS
- J

Switches: On/Off switch and reset switch are commonly
used in UPS. Reset switch is used to cut off an overload
circuit and restart the supply. This is a push to off switch.
In normal position this switch keeps the circuit on and
when pushed, it cuts off the circuit.

UPS FRONT PANEL
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Socket: Acommon 5 Amp. or 15 Amps. three pin power
output socketis used in UPS to provide UPS outputto the
various devices. One can connect an ordinary 5/15Amp.
plug to the UPS output.

Different LED indications/buzzers that are used in
UPS

Mains ON indication: It indicates mains input is present
and UPS is working on mains.

Mains Low indication: Itindicates that mainsinputis low
and is below a rated value.

Mains high indication: It indicates mains input is high.

Inverter ON indication: Itindicates that UPS is working
in the battery mode and mains is absent.

To get the output from UPS switch ON the ‘Inverter
ON’ switch.

UPS Trip indication: Itindicates that UPS output is Off
ortripped.

Overload indication: Which indicates that the load
currentis above a pre-determined value.

Overload buzzer: It beeps whenever overload occurs.

Low battery warning: Itindicates battery voltage is below
a pre-determined value along with a buzzer .

Battery charging indication: It indicates that battery is
charging properly.

Output voltage low indication: It indicates that output
voltage is below a pre-determined value.

General specifications & UPS protections

UPS are available from 500VA to 20KVA or above.VA s
voltampere.

Power factor specification will be different for different
manufactures. Suppose for 1 KVAUPS with a power factor
0.6 the load will be 1000 x0.6 = 600 watts.

Normally a single PC takes around 180 watts. There are
sine wave, square wave and quasi square wave output
UPS. Usually sine wave out UPS is better than square
wave output UPS.

General specifications

Output capacity = Output capacity will be in volt amperes
(VA)

Input voltage = 230V AC +20%, 50 Hz single phase sine
wave

Output voltage = 230V AC £10%, 50 Hz square wave or
sinewave

=230V AC £2%, 50 Hz (for ON-Line)

Battery =7 AH, 12V Sealed Maintenance Free (SMF) for
OFF-Line (depends on the capacity of the UPS)

=Tubular batteries from 40 AHto 160 AH (12V to 120V) for
ON-Line (depends on the capacity of the UPS).

Availability of Automatic Voltage Regulation (AVR) feature.

Typical recharge time to charge 90% of the full capacity of
the battery is 5 hours.

Different types of protection in UPS

Input fuse on mains: It protects the system from high
voltage inputs, line disturbances and short circuiting etc.

MOV (Metal Oxide varistor) protection: MOV conducts
when high input voltage appears thereby blowing the fuse

Polyester capacitor for lightening protection: This is
connected across the transformer winding. Itburns when
lightening occurs and protects the transformer.

Fuses to protect the MOSFETS: MOSFETS are highly
sensitive to rapid changing currents. These fuses are used
to protect the MOSFET.

Charger fuse to protect the charger circuit: If any fault
in charger circuit occurs, fuse blows to protect SCRs.

Output high voltage protection MOV: This MOV is
connected across output sockets phase and neutral. If
feedback circuit fails the output voltage will jump to more
than 300 volts. In such situation the MOV conducts to
protect the load.

Overload protection: It protects the UPS especially
MOSFET/IGBT when output current exceeds a preset
value (overloading the UPS). When this occurs, UPS
output becomes OFF along with an indication.
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Battery over charge/discharge protection: It protects
the battery from charging to a high value (SMF batteries will
charge upto 15.8V) and tubular batteries upto 14.1V. It
also protects the battery from getting discharged below a
level (low battery protection). If the battery voltage is
discharged below 10.5V, thenthe UPS gets automatically
switched OFF.

General tips for testing a UPS

+ Connectthe battery to the terminals using a fuse wire.
Ifany faultoccurs in testing the fuse will blow to protect
the UPS.

+ Do the testings on no load condition.

* Check the gate voltages of the two MOSFET banks it
should be the same. If PWM gate pulses are not
present gate voltage will be around 5.6V. If the PWM
gate pulses are present then the gate voltage will be
around 2-2.5volts.

» Some frequency meters are designed to measure pure
AC frequency only. Ifthe UPS outputis square wave,
then the reading will not be correct. To mea- sure the
correct frequency connect a 60/100W load at the
output ofthe UPS. Then the frequency meter shows a
near correctfrequency.

» Foroverload setting in ON-Line UPS, the load current
is calculated by dividing the maximum load with the
output voltage. This can also be measured using a
clamp meter on the outputterminal. Overload is set at
this value of load current.

« While using extension boxes eitherin the input or on
the outputof an UPS, ensure proper earth connection.
Improper earthing may lead to poor line filtering and
shock hazards.

* Ifnumberof MOSFETs are connected in parallel,care
should be taken to see that allthe MOSFETs are of the
same Rds. For MOSFET Rds value (drain to source
resistance) and current rating are important.

Changeover in OFF-Line UPS system

In this type of UPS, the relay controls the battery voltage
whichis applied for relay coils. Ifthe battery voltage is too
low then relay coil will not get sufficient supply to trigger
the switch. This may lead to the absence of mains voltage,
even if mains is present and is healthy. This type of OFF-
Line systems are battery dependent.

Some OFF-Line systems are battery independent. The
coil supply is provided by the mains itself. Mains supply
is reduced and rectified. This rectified supply is given to
the changeover relay coil . Battery low voltage does not
affect the relay coil supply. This type of OFF-Line UPS
provides mains output irrespective of the battery condition.

Isolation of inverter

Anotherimportant pointis that the isolation of the inverter
section during the presence of mains, this is done by the
change overrelay. Forinverter side isolation a switching
transistor is used . This switching transistor controls the
shutdown pinvoltage of oscillator IC. This transistor makes
this pin high when mains is present.

Once shut down pin becomes high, oscillator IC stops
generating pulses to MOSFETs. MOSFEET becomes
OFF and inverter section becomes inactive. When mains
failure occurs this pin voltage is changed by the transistor
to generate gate pulses.

The inverter section of OFF-Line and ON-Line UPS are
almost same expect in the mains section.

OFF-Line UPS employs a mains delay capacitor. Thisis
a prevention to fast varying mains input voltage. If mains
condition is changing rapidly (Mains ON/OFF) then the
UPS has to switch alternately to battery mode and mains
mode. Since MOSFET cannot respond to these fast
varying currents itwillburn.To avoid this, a delay capacitor
in mains mode (.1Mf)to delay the mainsinput. As soonas
mains is sensed by the opto coupler, mains on indication
glows. Changeoverrelay will respond after afew seconds
tomains because of this capacitor. Removing this capaci-
tor decreases changeover time. But this may cause
damage of MOSFET.

ON line UPS

In an ON line UPS, the inverter always supplies the load
irrespective of whether mains poweris available ornot. The
loadis always left connected to inverterand hence there is
no transfer process involved. When the mains power is
present, it is rectified and applied in parallel with the
battery. Hence all the supply system transients are isolated
at the battery and the inverter always delivers pure sine
wave of constant amplitude to the load.

Fig 13 represents a basic block diagram of an ON Line
UPS.

In the block diagram (Fig 13), the mains input is stepped
downtoalowerlevel and applied to a thyristor based phase
controlled AC to DC converter, employing firing angle(o)
control. The PWM inverter which usually employs pulse
width modulation using triangular/square wave carrier runs
in battery mode. The outputisfiltered and given to the load.
The PWM inverter is switched in the frequency range
(50Hz) depending on the power rating and hence the DC
side current drawn by the inverter will contain switching
frequency components.
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Along with the charging current the second harmonic Advantages

componentof DC side currentofthe inverteralso flowsinto
the battery. This second harmonic is quite large in value
and this represents unnecessary strain on the battery. This
is one of the major disadvantages of this design since it
affects the battery life adversely.

When the mainsis presentthe load power flows though the
converter, reaches the battery node and from there flows
intotheinverteri.e there is double conversion of power. The
converter, Inverter and the two level shifting transformers
incur power losses in this process. Hence the efficiency
of this design is lower than the OFF line design.

In a properly designed control system the battery voltage
is measured and compared with a set float voltage. The
error is processed in a proportional controller and the
processed error decides the charging current that should
flow into the battery. Charging current will be a constant
one for ON line UPS.

Oftenitis found thatthe batteryisin discharge mode even
when mains is present i.e the battery shares the load
current with the mains. This happens when the mains
voltage islow and/orthe outputisloadedto above 75%. The
efficiency of ON line UPS can be increased by using boost
type power factor correction circuit.

+ Constant output voltage (No AVR card) free from
changeover problem.

+ Constantcharging current.
Disadvantages

+ complexindesign, lower efficiency, higher cost, bigger
in size and strain on the battery.

Presets of an ON-Line UPS

The presets of ON Line UPS are different from the OFF
Line.

ON-Line UPS presets

Output high cut preset: Suppose there occurs afailurein
PWM or feedback section. The output voltage will jump
above 300V AC. This much output voltage causes harm to
the output load. To prevent this output high cut preset is
used. When the output voltage reaches set limit, this
preset cuts the output. To set this limit, increase the output
voltage using the PWM output voltage control presettill it
reaches 265V and set the output high cut preset to shut
off the output.
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Related Theory for Exercise 4.4.184

Emergengy light

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

¢ explain the block diagram of emergengy light

« explain the emergency light circuit diagram and charging of battery.

Emergency light

Emergency lighting system is commonly used in public
building, work places, residences etc., The main function
of the emergency lamp in the industry are

+ toindicate ESCAPE routes

+ to provide illumination to path ways and exit

+ indicate the location of the fire fighting equipments.
The block diagram of an emergency lightis in Fig 1. The
circuit is discussed here are basic circuits without over

charging protection for battery or trickle charging facility.
Modern emergency lights have these facilities.

Fig 1
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As shownin the block diagram AC main supplyisfed to the
step down transformer, then it is rectified to charge the
battery through asensorrelay. Alampis connectedinthe
battery circuitthrough the relay. When AC supply fails the
relay enables the battery to the connected lamp circuit
through the normally closed contact and the lamp will glow.

Whenthe AC supply is restored, the battery will be getting
charged through the normally open contact of the relay.
The charging currentis regulated by the series resistances
of 2.2 ohm, 5 watt. as in Fig 2. The two LEDs, one is red

andthe otheris green are providedin the circuittoindicate
the presence of AC and the lighting of the lamp through the
battery supply respectively.

One 1000 microfarad capacitor is used in the rectifier
circuit to smoothen the output D.C. supply and one 10
microfarad capacitor is used across the relay to increase
the efficiency of relay operation.

Emergency tube light circuit: The emergency light
which is connected to an ordinary incandescent lamp will
givelesslight. Ifthe fluorescenttube is used inemergency
light it will give about 3 times more light consuming same
wattage. Hence most of the emergency lights are
incorporated with fluorescent tube lights.

The inverter circuit is incorporated with the ordinary
incandescent lamp could be replaced by a tube light as
showninthe block diagram, (Fig 3). The tube lightrequires
a high voltage for its operation. The inverter is used to
convert DC supply to AC and thenitis stepped up to light
the fluorescenttube. The inverter circuitis made operative
by the sensor (relay). When AC supply is not available,
during power failure battery voltage operates theinverter, in
which DC is converted to AC and then stepped up to high
voltage to enable the fluorescent tube to light up.

Fig 3
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Fig 4

GREEN LED
B
1K, 1/4W = RS 1K, 1/4W
A —
< [
RED LED R
25A S
o\c
L S 0.5A 21 SWG
r—T——1 2
1N5402 1N5402 22Q,028W ¢ b= | TURNS
N — ! |
L1 | S | NO |
1 PHASE | |
240V, 50Hz — ; | +
SUPPLY 220, 0.25W [ [ T— 10An 2N3055
o ! ' = & {
WF L |
| — _ —
i sz w T ) 15 TURNS
L==11000uF Lt ——4
N 240/7.5-075V 25V
2A TRANSFORMER

2.2uF 250V

TUBE
20W

ELN4418414

Inverters are basically transistorised oscillators as in Fig 4.
They can be made to oscillate at the frequency of about 6.6

the relay.

kHz. The frequency of the circuit can be changed by

changing the value of resistor and capacitor in the circuit

which is connected in the base of the transistor.

and the inverter circuit is disconnected from the circuit by

Forkeeping the temperature of the power transistor within

its temperature range suitable heat sink should be mounted

overthe powertransistor.

Whenthe AC supply is resumed the sensor relay connects
the battery terminalstothe rectified DC circuitfor charging
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Related Theory for Exercise 4.4.185

Battery charger and inverter

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

¢ explain the working of battery charger with the help of block diagram

« describe various batteries and its maintenance, rating, methods of charging
¢ explain the battery charging circuit and its auto-cut-off

« state the principle of inverter with the help of block diagram

« explain power inverter and input output voltage, frequency, power relations.

Battery charger

Proper selection and maintenance of the battery is very
essential for the proper working of battery wherever is used:
such as inverter,UPS etc

Many types of battery used for different purpose.Each have
more advantages and disadvantages.

Commonly the following four types of batteries are used
with the inverter systems, UPS etc.

* Automobile batteries
» Tubular/Industrial lead acid batteries
» Sealed maintenance free (smf )batteries

* Nickel cadmium batteries
Automobile batteries

This type of batteries are commonly used in automobile,
cars, trucks etc. Itis cheapest of the other batteries used.
It has many draw backs one major draw back with these
batteries are during stand by use.(i.e) In long duration under
float charger they develops positive grid corrosion, which
will reduce the back up time provided by it.

A good quality of automobile lead acid battery has a life
an of only about 250-300 full charge /discharge cycle.

Tubular/Industrial lead acid battery

This type of batteries are designed for the heavy duty
charge required .

The operating life is more than 1000 charge/discharge
cycles. These type of battery requires regular maintenance.
Because of the acid in these batteries irritating smell gases
and It can not be kept in computer rooms and other AC
rooms.

Sealed maintenance free (SMF)batteries

These batteries are completely sealed, so they do not
require any kind of regular maintenance. In side of battery,
do not contain any wet acid, (ie) lead paste batteries. Itis
smallin size, and it can be kept in the ac room along with
inverter.
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Itis more expensive when compared to the other batteries.
It is more sensitive than other batteries. If the operating
temperature is more than 40 degree centigrade half the
capacity and life of batteries are reduced to half.

Nickel cadmium batteries

These are very expensive batteries and used in defence,
space, nuclear science etc applications.It has extra any
life operation .

Rating of battery

Commonly the batteries are available in 6V,12V,24V,48V,
and 120V and so on. Normally 6 ,12 and 24 V rating are
mostly available. The capacity of the battery is rated the
Ampere/Hour(AH)

The back up time depends on the AH capacity of the battery.
higher the AH capacity more the back up time.

Charging of battery

The life of battery is very much depends on the charging
method used to charge the battery.

Three types of charging used to change the batteries.

» Constant voltage

+ Constant current

» Constant voltages- constant current

Constant voltage

This type of charging method using series regulators is
suitable for the SMF batteries but not useful in automobile
and tubular lead acid batteries.

Constant current

This charging method using shunt regulators, is useful for

automobile and tubular /Industrial lead acid batteries, but
it can damage the SMF batteries by overcharging them.



A simplified block diagram of battery charger
is explained to understand the function of
battery charger. (Fig 1)

Fig1
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3
BLOCK DIAGRAM OF BATTERY CHARGER é
Transformer

The mains transformer primary is connected through auto
transformer and the supply to auto transformer controlled
through relays. The automatic charge control supply is
always present at the primary of charge control unit
transformer.

Relay unit

The relay unit supplies the DC rectifier input supply to the
required DCinputto the battery for charging. This relay unit
also cut-off the rectifier input AC in case of the battery is
fully charged.

DC rectifier

This rectifier unit always is a full wave bridge rectifier to
handle heavy charging current. High current metal rectifiers
are found mostly used in this circuit, but high current
capacity semi conductor diode are in use.

Charging unit

This indicates the charging current taken by the battery
and itis controlled by ON-OFF switches. A test switch is
provided to test the charging condition of the battery.

Battery section

The battery under charger is always to kept in a well
ventilated room and also open the vent plug for easy
evaporation of exhausted gases from cells.

Charge control unit

Once the battery fully charged; then the DC supply to
battery to be cut-off automatically. The voltage sensing
circuit enables the control unit to trip the AC input to the
rectifier unit thereby stop the charging voltage.

Constant voltage
This type of charging method using series regulators is

suitable for the SMF batteries but not useful in automobile
and tubular lead acid batteries.

Constant current

This charging method using shunt regulators, is useful for
automobile and tubular /Industrial lead acid batteries, but
it can damage the SMF batteries by overcharging them.

Constant voltage and constant current

This charging method contains more advantages .This
method is suitable for automobile and tubular /Industrial
lead acid batteries and also for SMF batteries.

This method provide regulated charging to improve the
battery life.

Charging operation of battery

When the mains A.C is available, the mains supply is
connected to 0-240V taping of auto transformer through a
relay.

The transformer works on step down which has 0-240 V,
taping at the primary and 12-0-12 V at the secondary.

The voltage at the secondary is used to charge the batteries
connected.

Trickle charging

In aninverter, when the mains A.C is available the battery
get charged. After the battery is fully charged the charger
is cut-off. After the battery get fully charged if the charger
is not cut off then the battery will get damaged.

Trickle charging is a special charging method used to keep
the battery constantly in full charge position by keeping
the battery charged constantly.

This method of charging is slightly different from the normal
charging method.

For trickle charging 100" part of the normal charging current
is provided to the battery.

A Simple battery charger

The charger can charge 6V,12Vand 24V battery at Suitable
current rate. This circuit has many protection built in it to
protect the battery from overcharge and reverse polarity
etc.

The charger consist of an auto transformer X, (Fig 2) for
supplying constant current and voltage.

A charger transformer X’ is connected to the auto
transformer and the secondary of the X, (Fig 2)is rectified
through full wave bridge rectifier and supplied to the battery
under charger through. Ammeter voltmeter and a
potentiometer (Fig 2)
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A step down transformer X is used to keep cut off relay is
energised condition when the mains AC supply is cut off
to the charger circuit. Relay RL, used to cut off the AC
mains supply to the charger circuit. Pole P of relay RL, is
connected to AC mains supply and pole P, is connected
to cut off circuit.

Relay is energised by the centre tapping of potentiometer,
which is set such that, the current in the charger circuit
exceeds then it is energised and poles P& P, are
connected to normally opened (NO)pin, switching ‘Off’ A/
C mains supply to the circuit.

The test switch S, is connected to check battery polarity,
reset switch S, is used to reset the charger, when any
fault occurs. Then the charger is cut off and the Switch
‘S," is mains ON/OFF switch.

A fully charged lead acid battery must be 2.1 volt/cell during

on charge.lt will increase upto 2.7V/cell. The voltage of a
battery is multiple of the number of cells.
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In discharged condition the voltage is 1.8V/cell,it should
not be further discharged in this condition as it may
permanently damage the cell.

E.g A 100AH (ampere hour)battery requires (100 AH/
10Hr=10 Amp) 10 Amp. Charging current for 10 hours for
fully charged. To get complete discharge at the rate of
5Amps will require 20 Hrs.

The fully discharged battery requires about 11/2 times more
to get charged .If the battery is in dead (or )not in use for
long time even in normal changing current is passed. These
dead batteries require higher charge voltage to start the
charging current.

Checking of battery
Acid level and specific gravity of electrolyte, will indicate

the condition of battery whether it requires charging or
not.
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The hydro meter is used for checking the acid level in a
battery .The scale in marked in the hydrometer from 1100
to 1300.when it is inserted in the battery, the reading

i) 1100-1150 -indicates battery is down
i) 1200-1250- indicates battery is 0.k.

iii) 1250-1300 indicates excess acid
Voltage testing

By using high rate discharge tester, the voltage the each
cell must be 2.1V, If it indicates below than 1.8V, then it
shows the battery is in fully discharged. It is still below
1.8V.Then the battery becomes dead condition.

Never connect the high rate discharge tester for long dura-
tion while checking voltage, it will load the battery heavily
and the cell, will discharge.

If the electrolytic level down in the container shell of the
battery, top up with distilled water. Never add electrolyte
prepared separately to the battery.

In a lead acid battery the electrolyte level of the battery
should be checked and maintained every 15 days in
summer season.

Inverter

It is an electronic device, which converts a D.C potential
(voltages) normally derived from alead-acid battery into a
stepped-up AC potential (voltage) which is similar to the
domestic AC voltage.

Locatingthe faultand troubleshooting of an inverters which
provide sine wave outputs or the use of PWM(Pulse Width
Modulation) technology is very difficult. (Fig 3)

Fig 3
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BLOCK DIAGRAM OF A DRIVEN INVERTER

Switching circuits

Itisthe input stage of ainverter. This circuits supplying the
power to further stages and connected to battery. The DC
supply of battery in this supplies to the switching circuits
forvarious needs.

Oscillator

It is an electronic circuit which generates the oscillating
pulses either through an IC circuit or a transistorized
circuit. This oscillations are the production of alternate
pulse of positive and negative (ground) voltage peaks of a
battery and ata specified frequency (No.of positive peaks
per second). These are generally in the form of square
waves and theinverters are called square wave inverters.

The complete circuitdiagram of a static 50Hz staticinverter
is in Fig 4.

The oscillator section of the inverter used a IC circuit to
produce control signal frequency to the control and driner
section. The received oscillating frequency is amplified to
a high currentlevel using power transistoror MOSFET.IC
7473(JKFliptype) used to power amplification and control
the frequency to the driver transistors T1 and T2 driving the
power transistor to the required level as in the Fig 4.

Vb
i
Q
AVVV
bl
N

T4
BDX14

X1

= R9
>10
~ L] ltow
180|
1% T5 T6

CONTROL SECTION

COMPELETE CIRCUIT DIAGRAM OF 50Hz STATIC INVERTER

4 3 4 6
TI RaL ’ 8 2 M 2N3055 | 2N3055 ¢ | sl o
NECN T
D1 1K o 38Y | | Lnim [0anT OuTRUT
51V 6 |
7 !
1w L 2 5 11 2V s B } IN3085 0~
c2 C3 10K 2N2222A
L0470 10010 | 1/2W I RS
100V 50V ‘ 10
| 10W
° |
|

POWER SECTION

ELN4418514

Electrical : Electrician (NSQF LEVEL - 5) - Related Theory for Exercise 4.4.185 149




Thetwo parallel connected powertransistor 75, T6and T7,
T8 are connected to the output transformer which is used
tostep up the lowlevel AC from the amplifies stage into the
specified level.

Thetransformer secondary is supplied the required level of
AC 240V. The generation of the oscillations due to which
the process of voltage induction is able to take place
across the windings of the transformer.

The inverter does not produce any power and the power
produced by DC source. The inverter requires arelatively

stable power source capable of supplying of enough
current for the intended power demands of the system.

Aninverter can produce square wave, modified sine wave,
pulsed sine wave, pulse width modulated wave (PWM) or
sine wave depending on circuit design.

The inverters more than three stages are more complex
and expensive. Most of the electric devices are working
with pure sine wave and AC motors directly operated on
non-sinusoidal power may produce extra heat, and have
different speed-torque characteristics.
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Related Theory for Exercise 4.4.186 & 4.4.187

Stabiliser, battery charger, emergency light, inverter and UPS

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

* state the general precaution to carryout for preventive maintenance

« explain the steps to follow the break down maintenance

* service the voltage stabilizer, emergency light, battery charger, inverter and UPS
* analyse the trouble shooting chart and find the problem/ repair the equipment.

Use of flow chart and troubleshooting charts for fault
location : The circuit diagram is in Fig 1 is given for your
reference. The working of the mains cord, fuse, relay
contacts, windings of the auto-transformer etc. can easily
be ascertained by using a test lamp and/or a series lamp
or by a voltmeter for checking the electronic circuit and
relay coil winding. A multimeter in appropriate range is a
must to localise the fault. A series lamp or test lamp
should not be used to test these as they are liable to spoll
while testing.

Method of trouble shooting : Referring to Fig 1, we find
that the absence of control voltage from S,, S, or DC
voltages willmake both the relays inoperative, and, hence,
will be in the off position resulting in higher output voltage
than input voltage with boost indication. The same result
also occurs when both transistors are open.

When both the transistors are shorti.e. collector to emitter
is short or both zener diodes are short the relays are
energised and the output voltage will be lower than input
voltage.

When one of the relay circuit is only not operating that
particular function will be absenti.e. either back or boost
function will be absent.

When a component mounted on PCB is suspected to be
defective, first ascertain from all possible tests with in the
circuit and then remove the component from PCB only
when it is absolutely necessary. Even removing
components for testing should be done as rarely as
possible.

While removing the components from PCB, the component
position with respectto the PCB, the terminal connections
and hook up wire connections should be noted to enable
the electrician to reconnect the component properly.
When replacing the components procure the component
of the same specification or equivalent so that the
performance of the equipmentis not affected after repair.

Troubleshooting chart given in Table 1 illustrates the
problem, section to be suspected possible cause and
action required for a stepped automatic voltage stabilizer.

Fig 1
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General precautions for preventive maintenance

Maintenance for any equipmentneeds aworking knowledge
of that machine is very much essential to the person
concerned. For example the voltampere rating of voltage
stabilizer is very important to carryout the preventive
maintenance. Low quality, substandard components or
materials never be used orrecommended for use. Necessary
steps to taken for safe temperature controlling and over
loading conditions. Proper operating sequence or working
steps to follow of all the equipments under maintenance.

Steps to follow break down maintenance
Break down can happen anytime, anywhere. Adequate

protection might have provided to all equipments, for its
smooth working. However continuous running or usage,

lack of maintenance, human error and some unexpected
reasons break down is happening.

Once break down maintenance or repair is required a
detailed study of that equipment is essential. Always
involve more persons pertain to the repair work or
maintenance work for achieving agood result. A collective
and competitive effort only will produce good results. Give
valueforeveryones suggestion, expertise and workmanship.
There must be a clean idea and vision to finalise the
maintenance and repair. Ensure the services of experts,
availability of spares, details of pastrecords, diagrams and
past history of the equipment such as its installation date,
service records, number of break downs and its frequency
etc; Servicing of voltage stabilizer by trouble shooting
method.

Table 1
Trouble shooting chart for stepped automatic stabilizer
Sl. Problem Section to be Possible cause for Action
No. suspected defective
1 No output voltage Input Mains cord, switch, Locate and repair
at output socket. buck/boost relays. fuse, transformer and relays | orreplace
2 The output voltage is Electronic circuit or Open/shorted rectifier Locate the defec-
more, do not regulate. relays. / diodes, or open zener tive part and
diodes replace.
3 Output voltage is same Transformer or Transistor or held up Test, repair
as input. Do not regulate. | Electronic circuit relay contacts or orreplace.
Partial open transformer
/ leads.
4 Output voltage is low. Electronic circuit Shorted zener diode or Testand
Do not regulate. transistor or open resistors replace.
5 Chattering inrelays Electronic circuit/relays Leakage capacitors Replace.

Trouble shooting of UPS

The trouble shooting and repair of UPS is difficult as this
circuitis so complicated with so many functions. A step by
step trouble shooting approach with areasonable analysing

is very important to carryout the troubleshootinginthe UPS
circuit.

Atrouble shooting chartof UPS is givenforyourreference
in table - 2.

Table2
Troubleshooting chart of UPS

Si.No. Fault

Possible Reason

Troubleshooting

1 UPS works on 240V VAC mains
but does not operate on battery

1 Battery fuse is blown out | 1 Check the battery fuse. If fuse is
2 Battery is discharged

blown, replace it, if it is loose,
tighten

2 Recharge the battery, also check
the polarity of battery

2 When UPS is switched on,
charger does not turn on

1 Mains input fuse may be
blown

1 Change mains fuse, if fuse blown
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Sl.No. Fault Possible reason Troubleshooting
2 Charger input fuse 2 Check the battery polarity and
blown out conditions, correct it if wrong,
replace the fuse
3 Check the supply from mains, if
OK, then check relay wiring, check
relay coil.
3 240 VAC mains supply NOT 1 Mains supply fails 1 Check the supply of mains
available 2 Input AC mains is very 2 Check the voltage
low 3 Tight the connection of wiring
3 Loose connection in input|  coming from distribution board
wiring

4 DC voltage is OK, but UPS shows 1 Inverter fuse is blown 1 Replace fuse

DC under voltage and trips 2 Rust/loose connection in | 2 Check the connection
battery

5 When the UPS is switched ON 1 Load too high 1 Check the load, add loads

with out load but DC under voltage gradually.

indicator turns ON at load. 2 Loose connection of 2 Tight the connections and check
battery terminal the polarity of battery

3 Short or earth fault in 3 Check the load circuit wiring

load

6 Where there is no AC mains supply | 1 Battery is discharged 1 Recharge the battery, use proper

and the UPS is operating on 2 Battery terminal dust current capacity cable in the
battery, DC under voltage indicator or loose battery circuit.
turns ON 2 Check the connection
7 DC fuse blows OFF 1 Overload or short circuit | 1 Change DC fuse
2 Reduce the overload. If power
transistors are short or leaky,
replace them.

8 UPS does not switch ON 1 Supply fails due to blown | 1 Replace fuse, check the cables
out fuse or some break in| 2 Check and correct dry soldering
cable and de-soldering

2 No DC supply in the 3 Check control card wiring
control card due to dry
soldering or desoldering
9 UPS trips when full load is 1 Overload setting is wrong | 1 Adjust the overload setting, check
connected the power consumption of the load.
Gradually increase the load.

10 UPS output is high 1 Some connection is 1 Check feedback transformer wiring
broken in the feedback and adjust feedback voltage preset.
loop 2 Check /Replace control card

2 Control card is not 3 Check overload sensing circuit
functioning properly

3 Over voltage sensing is
faulty

11 UPS does not switch on in 1 Mains earthing is not 1 Check the earth connection
battery mode proper 2 Check battery, MOSFET, oscillator
2 Problem in inverter circuit section, driver section, output
section
12 Battery wire getting burned 1 The relay points are 1 Check/ Replace relays

joined together
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Sl.No.

Fault

Possiblereason

Troubleshooting

problem
2 Battery get short
circuit/discharge

13 Change overtime high, computer 1 Check oscillator circuit 1 Check /replace IC and other
connected to the UPS reboots components of oscillator section
duringchangeover.

14 Low backup time 1 Main filter capacitor 1 Check and replace capacitor

2 Check battery, replace if required

Trouble shooting of battery charger and emergency

light

As you have seen that the battery charger is a simple
circuit compare to UPS. The main function of the charger
circuitis to feed the DC voltage to battery at a prescribed

levelwe discuss only the trouble shooting of charger circuit
anditsrepair. Battery maintenance is notdiscussedin the
trouble shooting chart.

Analyse the faultin battery charging circuit (Fig 1) with the

help of trouble shooting chart given in Table 3 and 4.

Table3
Sl. Problems Section to be Possible cause Action
No. suspected for defects
1 No DC voltage 1 Faulty Ammeter Aged/over Replaced
at charging (open circuit) current Ammeter
terminal
2 Blown fuse Over current Replace fuse
3 Faulty rectifies diode Aging/over loading Replace all diodes
4 Defective transformer Aging/over loading Replace transformer
5 Faulty Relay contacts Repeated closed open | Replace contact
6 Open Relay coil Over voltage/current Replace relay
7 Main fuse blown Overloading Replace fuse
8 No link between Loose connection Tighten the connection
meter to battery
9 Defective auto transformer| Overloading Replace transformer
2 Low terminal Anyone pain diode Ageing Replace all four diodes
voltage open circuited
Partial short in transformer | Over heat Replace transformer
3 No automatic Defective Long use Replace new
charging voltage potentiometer potentiometer
cut off
Driver diode open Ageing Replaced 2 diodes(D7)
Defective electrolytic Ageing Replace capacitor (C,)
capacitor
Defective bleeder resistor Over current Replaced same value
resistor(R,)
Control circuit rectifier Ageing Replace both
diode open Over current diodes(D, & D,)
LT winding transformer open| Ageing/over current Replace new transformer (x,)
LT fuse open Over current Replace fuses (F,)
Defective auxiliary relay Repeated operation Replace contact RLI(B)
terminal
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Table 3 contd...

Sl. Problems Section to be Possible cause Action
No. suspected for defective
4 Irregular over Defective Loose contact replace new
voltage cut off potentiometer in the disc (track) potentiometer (VP1)
Shorted driver diode ageing/over current replace new diode (d7)
Loose in relay contacts Repeated contacts replace contacts
leaky electrolytic capacitor | ageing replace electrolytic capacitor
Table 4
Trouble shooting chart for emergency light
Sl Problems Section to be Possible cause Action
No suspected for defective
1 Lamp dead Defective tube Ageing Replace tube lamp
in both condition
lamp
Defective inverter Over loading/ageing Replace inverter
transformer transformer
Defective driver Over loading/ageing Replace transistor
transistor (213055)
2 Lamp out Low/ dead battery Ageing Replace New
glowing if AC fails battery

Servicing of equipment are discussed based on a sample
circuits. When servicing of other equipments with different
circuits may differ from the troubleshooting sequences.
However the basic principle based on the block diagram
may be taken for guidance to service/repair the equipment.

Trouble shooting of inverter

DC to AC inverter is quite complicated circuit, it consists
of many functions. The switching circuit, oscillator circuit,
control circuit power amplifier circuit, driver, finally the
output circuit through the transformer. A feed back is also

taken from the output transformer to regulate the output
through the control circuits.

Aconstant DC source; either from a converter or battery is
very much essential to keep the power outputin a constant
stage. DCto AC conversion with a specified frequency and
a particular wave is difficult.

Analyse the faultin a inverter is explained (Fig 2) with the
help of trouble shooting chartis givenin Table 5. However
the faultand problem are discussed while considering the
50Hz static inverter circuit is in Fig 2.
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Table5

Sl Problems Section to be Possible cause Action
No suspected fordefects
1 Output - Dead - Outputtransformer - Transformer open or short Rectify transformer
- DC source - CT &transformer open Rectify the CT
connection
- No DC from battery Replace battery
- Battery dead
2 Low or high - Oscillator IC (555) - Faulty IC Replace IC
frequency
- Control IC JK Flip-Flop - Faulty IC ReplacelC
- No supply to IC Replace resistor
(series resistor open)
- Capacitor connected Charge faulty
to IC 555 shorted capacitor
3 Lowvoltage - Drivertransistor Faultin driver transistor Chargethe transistor
frequency ok
- Power transistor
(outputtransistor) Faultin power transistor Replacethe
power transistor
Faultin output transformer Rectify the transformer
Partial short in winding / cave fault or Replace the
transformer
4 Frequent cut-off - Battery - Low A/H capacitor Replace Battery
the output of battery
-FaultinIC -OverheatinIC Provide heat
- Faultin power - Over heatin power Sink to IC
transistor transistor Sink to transistor
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Electrical
Electrician - Inverter and UPS

Related Theory for Exercise 4.4.188

Installation of inverter in domestic wiring

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

* enumerate the important points to be kept in your mind to select the inverter to be installed
» state how to select the place to install the inverter and battery

» explain how to install the inverter with battery and load, and check for its performance

* state the rating of inverter and its sample calculation.

Important points to be considered before installing
an inverter

Many time when a new inverter is not giving proper service,
the faultis due to improper installation only, notin inverter.

Another most important point is when connecting an
inverter to the line is, the total load connected to the
inverter should not exceed 80% of capacity of inverter.

Before providing points to connect the loads to the inverter,
the total connected load must be considered.

If over load occur, then the overload protection will ‘cut
OFF’ the output and reduce the load then the reset key
must be pressed, and if the inverter is not provided with
overload protection, it may get damaged at the time of
over load than the capacity of the inverter.

Selection of place for installation of inverter

To connect inverter to the supply line, suitable place for
the inverter is to be located. That place must be nearer to
the service energy meter and ICDP switch and provide a
3 pin output socket from the mains supply line for the
inverter and connect the inverter to the socket as in

(Fig 1).
Installation of inverter

Collect the suitable inverter with sealed free maintenance
battery to be installed, and check for their proper function

Place the inverter’s battery to a suitable place near the
inverter and connect the battery to the inverter.(Fig 1)
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Keep the battery as close as possible to the inverter, so
that the wire connecting the battery terminals to the inverter
can be small and current loss is reduced. Make sure the
battery is fully charged before installation.

The positive terminals of battery (red wire) is connected
to the place provided for the positive terminal on the inverter
and the negative terminal of the battery (blue or black
wire), which is to be connected to the place provided for
the negative terminal on the inverter.

When connecting battery terminals to the inverter, use
special auto wires do not use common mains wiring with
wires such as ‘3/20’ and 7/20 etc.connecting battery using
these wires will not provide proper connection between
the battery and the inverter.

After connecting the battery, put some grease (or) vase-
line on the battery terminals, which reducing the terminal
corrosion.

All the connection is completed take the output from the
inverters output socket and use it to power the load. Use
1/18 copper wire to the output of the load. Do not use
3/20, 3/22 or 7/20 wires, commonly used in house wiring.

The output is taken from the phase out ‘pin of inverter’
output socket, and is provided to the ON/OFF switches
on the wall pause.(Fig 1)

The neutral line is common for both the inverter output
and the mains A/C line. So, only one wire for the phase

line can be drawn from the inverter output socket to the
switches.

In Fig 1, one bulb, one fan and a 2 pin output socket are
connected to the inverter output and the other devices in
the room. (ie) the tube light, fan (2) and a 3 pin output
socket are directly connected to the mains A/C line.

In the two pin socket, should not be connected with heavy
load during power ‘OFF’ only small load like mosquito
repeller can be connected.

As in (Fig 1) the load connected to the inverter will get the
mains A.C supply. If the mains supply is ‘On’ at the same
time, other devices will also work on the main supply,
because they are connected directly to the mains A.C

supply.

But at the time of power shut down, the devices directly
are connected to the mains A.C will stop functioning and
the devices, which are connected to the inverter output
will keep on working on the inverter output.

Later, if the mains A.C supply returns, the inverter will
once again connect the load, which are connected to its
output to the main supply. This process is in
Fig 2.

Inverter rating calculation
Generally, the inverters are available with ratings such as

200w, 300w,400w,500w,600w,1000w,1200w,1500w and so
on.
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The cost of the inverter is proprotional to their capacity in
wattage (or) VA. It must be considered before buying the
Inverter.

Calculation of power consumption

True power = Apparent power x power factor
Let us assume,

The loads are - 2 tube lights,(ie) 2x40W = 80W

-1 fan (ie ) 1x60W = 60W
- 1 bulb (ie) 1x40W = 40W
Total load =180 W

If the total load is 180W, the inverter capacity is to be
selected for 300W, giving some safe margin.

Always, the inverter with high rating must be purchased
by considering the future the household appliances may
be added.

Power consumption Table

Device Approx P.f-0.8 Running
time Watts (app) for 1 unit of
VA consumption

(approx.)
Hrs. - Min.

Incandecent |25W 20 40-00

bulbs

(B.C bulbs)

Incandecent |40W 32 25-00

bulbs

Incandecent |60W 48 16-40

bulbs

Incandecent | 100W 80 10-00

bulbs

Fluorescent |20W 16 50-00

tube 61 cms

Fluroescent |40W 32 25-00

tube 122 cms

4 feet 15W 12 66-40

night lamp

Mosquito 5w 4 200-00

repellent

Fans 60W 48 16-40

Air - coolers  [170W 136 5-50

Air- 1500W 1200 0-40

conditioners

(1to 1.5ton)

Refrigerators | 225W 180 4-30

(165 liters)

Mixer/blender |450W 360 2-15

fjuicer

Toaster 800w 640 1-15
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Device Approx P.f-0.8 Running
time Watts (app) for 1 unit of
VA consumption
(approx.)
Hrs. - Min.
Hot plate 1000W 800 1-00
Oven 1000W 800 1-00
Electric kettle |1000W 800 1-00
Iron 450W 360 2-15
Water heater: |3000W 2400 0-20
(a)Instant
geysers
1.5 -2 liter)
Water heater: |2000W 1600 0-30
(b)Storage type
(10-12 liter)
Water heater: [1000W 800 1-00
(c) Immersion
rod
Vacuum 700W 560 1-25
cleaner
Washing 325W 260 3-00
machine
Water pump |750W 600 1-20
™V 60W 48 16-00
Radio 15W 12 66-00
Video 40W 32 25-00
Tape recorder |20W 16 50-00
Stereo system |50W 40 20-00
PC Cop. 120W 150 8-20
PC/XT cop. 185W 230 525
PC/AT Cop. |255W 320 3-55
386& Higher [320W 400 3-08
Cop.
Mono chrome |44\W 55 22-45
monitor
CGA monitor |64W 88 15-35
EGA monitor |80W 100 12-30
VGA monitor |120W 150 8-20
80-column 64W 80 1540
dot-matrix
printer
160-240cps |[100W 125 10-00
printer
132-column |140W 175 7-08
dot matrix
printer
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Device Approx P.f-0.8 Running
time Watts (app) for 1 unit of
VA consumption

(approx.)
Hrs. - Min.

Image writer 11| 80W 80 12-30

Laser write 880W 1100 1-08

plus

HP Laser jet | 840W 1050 1-11

Printer

External 80W 100 12-30

Hard Disks

Tape Back up| 140W 175 7-08

Preventive and breakdown maintenance

Preventive maintenance : It improves the performance
safety of a business instead of a large repairs being needed
and major problems arising. Consistent maintenance is
carried out to reduce these risks. This improves the
performance of all equipment. It also helps to avoid
unplanned repairs and unexpected maintenance needs.

Preventive maintenance further divided into two parts they
are;

a Planned preventive maintenance and

b Unplanned preventive maintenance

a Planned preventive maintenance

A planned preventive maintenance cut-down maintenance
cost and ensure the long life of equipment and a steady

quality output. The following is the benefits of planned
preventive maintenance.

a overtime costs reduced

b reduced risk of problems
¢ reduced no. of repairs
d

small repairs can be carried out regularly

e ensures all equipment safe in good conditions
f If meets safety and environment standards

g Improves the safety and health of workers.

b Unplanned preventive maintenance

The unplanned preventive maintenance is nothing but a
routine maintenance work. For example lubricating,
cleaning, tightening of nuts and bolts etc, are same of
the maintenance. This not involves any predetermined work
associated. The following is the draw backs of unplanned
preventive maintenance.

a Increases overall material cost
b Improper usage of manpower

¢ Not guaranteed of quality or quality or quantity in
production

d No guarantee of machine condition
e Increased risk of problems
f Unexpected problems in production and quality.

Breakdown maintenance is a form of material or equipment
remediation that is performed after the equipment or
material has lost its functioning capabilities or properties.

Breakdown maintenance is maintenance performed an
equipment that has broken down and is unusable. It is
based on a breakdown maintenance trigger.

Demerits of breakdown maintenance

a Loss of production and business unexpected

b Huge expenses for restoration

¢ Non availability of spares and experts

d Accidents, environmental problems

e Leads to major accidents loss of life

f Wastage of raw material if time based supply

A well planned preventive maintenance can avoid
breakdown of machines and keep maintain steady quality
production and maintain company standards.
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Electrical

Related Theory for Exercise 4.5.189

Electrician - Power Generation and Substation

Sources of energy - Thermal power generation

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

* explain conventional and non-conventional energy source

* state the various source of energy
* state the type of fuels used for power generation

» explain the working principle of thermal power station - cool and nuclear based
* explain schematic arrangement and constituents of thermal, diesel and gas turbine power plants.

Introduction of power generation

Energy is the basic necessity for the economic
development of a country and it exists in different forms
in nature. But the most important form is the electrical
energy . The modern society is fully depend on the
electrical energy and it has close relationship with
standard of living. The per capita consumption of energy
is the measure of standard of living of people.

Sources of electrical energy

Since electrical energy is produced from energy available
in various forms in nature, it is desirable to look into the
various sources of energy. The natural sources of energy
which are used to generate the electricity are :

i Sun

i Wind

iii Water

v Fuels

v Nuclear energy

vi Tidal

Out of these sources, the energy due to Sun and wind
has not been utilized on large scale due to a number of
limitations. At present, the other three sources viz, water,

fuels and nuclear energy are primarily used for the
generation of electrical energy.

i Sun:The Sunisthe primary source of energy. .Solar
cells are the one of the methods which uses the heat
energy of the sun to generate the electrical energy in
present days. this method came into large application
of solar cells to produce electricity.however, than the
limitations as:

a) It requires a large area for the generation of even a
small amount of electric power.

b) It cannot be used in cloudy days or at night

c¢) ltis an uneconomical method compared to conventional
method

ii Wind: This method can be used where wind flows for
a considerable length of time. The wind energy is
used to run the wind mill which drives a small generator.

In order to obtain the electrical energy from a wind mill
continuously, the generator is arranged to charge the
batteries which supply the energy even the wind stops.
This method has the advantages that maintenance and
generation costs are negligible. However, drawbacks
of the method are that it is unreliable because of
uncertainly about wind pressure and power generated
is quite small.

iii Water: When water is stored at a suitable place, it
possesses potential energy because of the head
created. This water energy can be converted into
mechanical energy with the help of water turbines. The
water turbine drives the alternator which converts
mechanical energy into electrical energy. This method
of generation of electrical energy has become very
popular because it has low production and
maintenance costs.

iv Fuels: The main sources of energy are fuels viz. solid
fuel as coal, liquid fuel as oil and gas fuel as natural
gas. The heat energy of the fuels is converted into
mechanical energy by suitable prime movers such as
steam engines, steam turbines, internal combustion
engines etc. The prime mover drives the alternator
which coverts mechanical energy into electrical energy.
Although fuels continue to enjoy the place of chief
source for the generation of electrical energy, yet their
reserves are diminishing day by day. Therefore, the
present trend is to harness water power which is more
or less a permanent source of power.

v Nuclear energy: Towards the end of Second world
Wair, it was discovered that large amount of heat energy
is liberated by the fusion of uranium and other
fissionable materials. It is estimated that heat
produced by 1 Kg of nuclear fuel is equal to that
produced by 27,50,000 kg of coal. The heat produced
due to nuclear fission can be utilized to raise steam
with suitable arrangements. The steam can run the
steam turbine which in turn can drive the alternator to
produce the electrical energy.

Comparison of energy sources
The main sources of energy used for the generation of

electrical energy are water, fuels and nuclear energy. Below
is given their comparison in a tabular form in Table 1.
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Table 1

SI.No Terms Water Power Fuels Nuclear Energy
1 Initial cost High Low Highest

2 Running cost Less High Least

3 Reserves Permanent Exhaustible Inexhaustible

4 Cleanliness Cleanest Dirtiest Clean

5 Simplicity Simplest Complex Most complex

6 Reliability Most reliable Less reliable More reliable

Types of fuels used for power generations
Fuels are categorized into Three; They are

1 Solid fuels

2 Liquid fuels

3 Gaseous fuels

Solid Fuels

This can further be classified an

a Natural solid fuel

b Artificial soild fuel

The natural solid fuels are wood and different variation of
coal, while the artificial solid fuels are charcoal, coke and
pulverized fuel.

Liquid Fuels

This can replace coal for the production of steam. The
major petroleum products, considered an liquid fuels are
the following.

1 Gasoline (Petrol)

2 Kerosene

3 Gasall

4 Diesel

Gaseous Fuels

This fuel can be divided in the following categories.

1 Natural Gas - It is obtained from soil by mean of dup
wells and it is pumped out.

2 Producer Gas - This is a mixture of CO and H, with a
little CO,,.

3 By product gases - This gas is obtained from blast
furnace and coke ovens.

Advantages and disadvantages of liquid fuel
Advantages

i The design and layout of the plant where liquid fuel
is used are quite simple and it occupies less space
as the number and size of the auxiliaries are small.

i Liquid fuel plant can be started quickly and can pick
up the load in a short time.

iii There are no stand by losses.

v The overall cost is much less than that of coal.

v The thermal efficiency is higher than that of a coal.
Vi If requires less operating staff.

Disadvantages

i The plant where liquid fuel is used has high running
cost as the fuel (i.e. diesel) used is costly.

i The plant can generate only low power.
Advantage and disadvantage of solid fuel :-
Advantages

i The fuel (i.e coal) used in quite cheap.

i The coal can be transported to the site of plant by rail
orroad.

li Solid fuel plant requires less space as compared to
the hydro-electric power station.

v The cost is lesser than that of diesel.
Disadvantages

i It pollutes the atmosphere due to the production of
large amount of smoke and fumes.

i It's handling cost is high.

Types of electrical power generation

Basically power generation are of two types

a Conventional power generation

Power generations by using non- renewable sources of
energy through various methods such as hydro, thermal

and nuclear etc is called conventional power generation.
It contributes to the major power requirement.

b Non conventional power generation

Power generation by using renewable energy sources
such as wind, Tide and sun etc, is called non-
conventional power generation. They are small scale power
generation used for specific purpose.
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Generating stations

Bulk electric power is produced by special plants known
as generating station or power plants. A generating station
employs a prime mover coupled with an alternator or
generator for the production of electric power. The
generated power is further transmitted and distributed to
the customers.

Depending upon the form of energy converted into
electrical energy the generating station are classified into,
Steam power stations /Thermal power stations
Hydro - electric power stations

Diesel power stations

Nuclear power stations

Gas - turbine power stations

= 0 W DN -

Thermal /steam power station

A generating station which converts the heat energy of
coal combustion into electrical energy is known as a
steam power station.

The scheme of generation can be divided into two phases
(i) Formation of steam in the boiler house (ii) Generation
of electrical power in the generator room.

In the boiler the fuel is burnt and the water is converted
into high pressure steam which is further super heated in
a super - heater. The super - heated steam is passed in
to the turbine to rotate the turbine blades, thus it converts
the heat energy into electrical energy.

The turbine is the generation room acts as a prime mover
of the alternator which generates electric energy. The
alternator is connected through the circuit breaker to the
bus bars.

This type of power station is suitable where coal and water
are available in abundance and a large amount of electric
power is to be generated.

2 Hydro - electric power station

A generating station which converts the energy posses
by the water into the electrical energy is known as hydro-
electric power station.

Water is a great source of energy. There are two types of
energies which the water can posses. The flowing water
in stream may have only kinetic energy. The flowing steam
of water may have both kinetic as well as potential energy
or simply potential energy at some elevation with respect
to a lower datum level. The practical examples of which
are water - falls or water stored at the back of a dam. The
water stored in the reservoir is allowed to fall on the blades
of a water turbine placed at the foot of the dam.

The initial cost of harnessing water and converting the
potential energy into electrical energy is quite high but
recurring expenses etc. are quite less. So, the overall
system will be very economical.

3 Nuclear Power Station

A generating station which converts the nuclear energy
into the electric energy is called as nuclear power station.

The nuclear power obtained by nuclear fission is fast
entering into arena of energy sources. The heat produced
by nuclear fission of atomic material is utilized in special
heat exchangers to produce steam to run steam turbines.
The atomic materials utilized for nuclear fission are thorium
and uranium. Another reason of fast development of
nuclear power is that the natural resources of coal and
petroleum will exhaust early if the pace of industrial
development remained so fast.

4 Non conventional energy

It is evident that all energy resources based on fossil
fuels has limitations in availability and will soon exhaust.
Hence the long term option for energy supply lies only
with non-conventional energy sources. These resources
are in-exhaustible/do not deplete for the next hundreds of
thousands of years.

For example electrical energy from solar energy, Bio-
energy, Wind energy, Geothermal energy, Wave, Tidal
and Micro-hydro.

Choice of site for steam power stations

In order to achieve overall economy, the following points
should be considered while selecting a site for a steam
power station.

i Supply of fuel : The steam power station should be
located near the coal mines so that transportation
costs of fuel is minimum. However, if such a plant is
to be installed at a place where coal is not available,
then care should be taken that adequate facilities
exists for the transportation of coal.

ii Availability of water : As huge amount of water is
required for the condenser, therefore, such a plant
should be located at the bank of a river or near a canal
to ensure the continuous supply of water.

iii Transportation facilities : A modern steam power
station often requires the transportation of materials
and machinery. Therefore, adequate transportation
facilities must exist. i.e., the plant should be well
connected to other parts of the country by rail, road
etc.

iv Cost and type of land : The steam power station
should be located at a place where land is cheap and
further extension, if necessary is possible. Moreover,
the bearing capacity of the ground should be adequate
so that heavy equipment could be installed.
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v Nearness to load centers: In order to reduce the
transmission cost, the plant should be located near
the center of the load. This is particularly important if
DC supply system is adopted. However, if AC supply
system, is adopted, this factor becomes relatively
less important. It is because AC power can be
transmitted at high voltages with consequent reduced
transmission cost. Therefore, it is possible to install
the plant away from the load centers, provided other
conditions are favourable.

vi Distance from populated area : As huge amount of
coal is burntin a steam power station, therefore, smoke
and fumes pollute the surrounding areas. This
necessitates that the plant should be located at a
considerable distance from the populated areas.

Conclusion: Itis clear that all the above factors cannot
be favorable at one place. However, keeping in view the
fact that now- a -days the supply system in AC and more
importance is being given to generation than transmission,
a site away from the towns may be selected. In particular,
a site by river side where sufficient water is available and
fuel can be transported economically, may perhaps be
an ideal choice.

Schematic arrangement of steam power station

Although steam power station simply involves the
conversion of heat of coal combustion into electrical
energy, yet it embraces many arrangements for proper
working and efficiency. The schematic arrangement of a
modern steam power station is in Fig.1. The whole
arrangement can be divided into the following stages for
the sake of simplicity.
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Coal and ash handling arrangement
Steam generating plant

Steam turbine

Alternator

Feed water
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Cooling arrangement

Constituents in steam power station

A modern steam power station is highly complex and
has numerous equipment and auxiliaries. However, the
most important constituents of a steam power station
are:

Steam generating equipment

Condenser

Prime mover

Water treatment plant

Electrical equipment

= 0 W N -

Steam generating equipment

This is an important part of steam power station. It is
concerned with the generation of superheated steam and
includes such items as boiler, boiler furnace, super heater,
economizer, air pre-heater and other heat reclaiming
devices.

i Boiler : A boiler is closed vessel in which water is
converted into steam by utilizing the heat of coal
combustion. Steam boilers are broadly classified into
the following two types.

a Water tube boilers
b Fire tube boilers

In a water tube boiler, water flows through the tubes and
the hot gases of combustion flow over these tubes. On
the other hand, in a fire tube boiler, the hot products of
combustion pass through the tubes surrounded by water.
Water tube boilers have a number of advantages over fire
tube boilers viz. require less space, smaller size of tubes
and drum, high working pressure due to small drum, less
liable to explosion etc. Therefore, the use of water tube
boilers has become universal in large capacity steam
power stations.

ii Boiler furnace : Aboiler furnace is a chamber in which
fuel is burnt to liberate the heat energy. In addition, it
provides support and enclosure for the combustion
equipment i.e burners. The boiler furnace walls are
made of refractory materials such as fire clay, silica,
kaolin etc. These materials have the property to
resist change of shape, weight or physical properties
at high temperatures.

The size of furnace has to be limited due to space, cost
and other considerations. This means that furnace of a
large plant should develop more kilo calories per square

metre of furnace which implies high furnace temperature.

iii Super heater : Asuper heater is a device which super
heats the steam (i.e) it further raises the temperature
of steam. This increases the overall efficiency of the
plant. A super heater consists of a group of tubes
made of special alloy steels such as chromium-
molybdenum. The steam produced in the boiler is led
through the super heater where it is superheated by
the heat of flue gases. Super heaters are mainly
classified into two types according to the system of
heat transfer from flue gases of steam viz.

a Radiant super heater
Convection super heater

iv Economiser : Itis a device which heats the feed water
on its way to boiler by deriving heat from the flue gases.
This results in raising boiler efficiency, saving in fuel
and reduces stresses in the boiler due to high
temperature of feed water. An economizer consists of
a large number of closely spaced parallel steel tubes
connected by headers of drums. The feed water flows
through these tubes and the flue gases flow outside. A
part of heat of flue gases is transferred to feed water,
thus raising the temperature of the latter.

v Air Pre-heater : Super heaters and economizers
generally cannot fully extract the heat from flue gases.
Therefore, pre - heaters are employed which recover
some of the heat in the escaping gases. The function
of an air pre-heater is to extract heat from the flue
gases and give it to the air being supplied to furnace
for coal combustion. This raises the furnace
temperature and increases the thermal efficiency of
the plant. Depending upon the method of transfer of
heat from flue gases to air, air pre-heaters are divided
into the following classes.

a Recuperative type
Regenerative type

2 Condensers

A condenser is a device which condenses the steam and
the exhaust of turbine. It serves two important functions.
Firstly, it creates a very low pressure at the exhaust of
turbine, thus permitting expansion of the steam in the
prime mover to a very low pressure. This helps in
Converting heat energy of steam into mechanical energy
in the prime mover. Secondly, the condensed steam can
be used as feed water to the boiler. There are two types
of condensers, namely

a Jetcondenser

b Surface condenser

3 Prime movers

The prime mover converts steam energy into mechanical
energy. There are two types of steam prime mover viz.,

steam engines and steam turbines. A steam turbine has
several advantages over a steam engine as a prime mover
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viz., high efficiency, simple construction, higher speed,
less floor area requirement and low maintenance cost.
Therefore, all modern steam power stations employ steam
turbines as prime movers.

Steam turbines are generally classified into two types
according to the action of steam on moving blades viz.

a Impulse turbines
b Reaction turbines

In an impulse turbine, the steam expands completely in
the stationery nozzles (or fixed blades), the pressure over
the moving blades remaining constant. In doing so, the
steam attains a high velocity and the impulsive force on
the moving blades which sets the rotor rotating.

In a reaction turbine, the steam is partially expanded in
the stationery nozzles, the remaining expansion take
place during its flow over the moving blades. The results
is that the momentum of the steam causes a reaction
force on the moving blades which sets the rotor in motion.

4 Water treatment plant

Boilers require clean and soft water for longer life and
better efficiency. However, the source of boiler feed water
is generally a river or lake which may contain suspended
and dissolved impurities, dissolved gases etc. Therefore,
itis very important that water is first purified and softened
by chemical treatment and then delivered to the boiler

The water from the source of supply is stored in storage
tanks. The suspended impurities are removed through
sedimentation, coagulation and filtration. Dissolved gases
etc, are removed by aeration and degasification. The water
is then ‘softened’ by removing temporary and permanent
hardness though different chemical processes. The pure
and soft water thus available is fed to the boiler for steam
generation.

Nuclear based thermal power stations

Composition of an atomic nucleus

A matter is said to be composed of small particles called
atoms and the atom itselfis composed protons, neutrons
andelectrons, arranged in a particular fashion. The centre
of the atom consists of a very dense nucleus formed by
protons and neutrons. Around the nucleus the electrons
revolve in orbit. The system so formed is similar to that of
planetary system as shown in Fig 2. The radius of the
nucleus is about 10-'2cm. While that of electron orbit is
about 10° cm.

The important properties of the atomic structure are:

The mass of proton and neutrons is almost same while the
mass of each electron is 1/1840 times that of a proton or
neutron which shows that the mass ofan atomis only due
tothe nucleus. From avogadro’s hypothesis, the number
of atoms in a gram atom is 6.03 x 102 (actually its mass
is 1.008 gm)

Fig 2 SECOND SHELL ORBIT
/ OF ELECTRONS
/

ELECTRONS IN THE
SECOND SHELL

AN / ~
N_/ %
REPRESENTATION OF SPINNING OF ELECTRONS %
~1.008
6.03x10%
=1.67 x 102 gm = 1.67 X 102 Kg......c.......... (1)

The mass of 1 electron

_1.67x 107

=9.10x103"Kg.vovvevern 2
1840 X 9 (2)

Ithas been practically observed that, to deposit 1 molecule
gram of hydrogen 96,493.7 coulombs of electricity are
required.

So, charge on each electron

_96.493.7
6.03x10%

= 1.602 x 107"° coulombs ........cccccereviiiiinnenne (3)
The charge of proton is the same as that of electron
= 1.602 x 10"® coulombs ...........cceevreereeennne 4)

The charge and mass of an electron, proton and neutron
can be summarized as.

Name of Electric Massin Massin
atomic charge in kilogram atomic
ingredient | coulomb mass unit
(a.m.u)*
1. Electron |-1.602x10-'°| 9.10x10%' | 0.000, 548
2. Proton +1.602x10"° | 1.67x10% | 1.00,758
3.Neutron |0 1.67x10% 1.00,898

*1 a.m.u=1.6597 x 10"° kg.
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Atomic number and mass number: The chemical
properties of an atom depend on the number of protons
present in the nucleus.

The atomic number of an atom s defined as the number of
protons presentinthe nucleus ofanatomandis represented
asZ.

Let, N be equalto numberof neutronsinthe nucleus. The
mass number (A) is given as.

A=Z+N

The advantage of atomic numberand mass number is that
this represents an atom uniquely. Thus, for example
sodium atom is represented as ,,Na**, where, the prefix
represents the atomic number (Z) and suffix represents
mass number (A),i.e 12is atomicnumberand 23 is mass
number.

The number of neutron (N) presents in the atom can be
determined by

N=A-Z=23-12

=11

The atomic number, mass and number of neutrons for
some elements are listed in Table 1.

Table 1
Element | Symbol | Atomic Mass | Neutrons
number | No=A|A-Z
=Z
Hydrogen | H, 1 1
Helium ,He, 2 4
Oxygen O 8 16
Uranium oYU 92 238 146

Nuclear power station

Agenerating station in which nuclear energy is converted
into electrical energy is known as a Nuclear power station.

Innuclear power station, heavy elements suchas Uranium
(U%%%) or Thorium (Th?32) are subjected to nuclear fissionin
aspecial apparatus known as areactor. The heatenergy
thusreleasedis utilizedin raising steam athigh temperature
and pressure. The steam runs into the steam turbine
which converts steam energy into mechanical energy.
Theturbine drives the alternator which converts mechanical
energy into electrical energy.

The mostimportant features of a nuclear power station is
that huge amount of electrical energy can be produced
from arelatively smallamount of nuclear fuel as compared
to other conventional types of power station. Although the
extracting of the nuclear fuels (i.e Uranium and Thorium)
is difficultand expensive, yet the total energy contentare
considerably higher than those of conventional fuel, viz.
coal, and gas.

Advantages

i Theamount of fuel required is quite small. Therefore,
there is a considerable saving in the cost of fuel
transportation.

i Anuclearpower plantrequiresless space as compared
to any other type of the same size.

iii Ithaslow running charges as a smallamount of fuel is
used for producing bulk electrical energy.

v Thistype of plantis very economical for producing bulk
electric power.

v Itcanbelocated neartheload centers becauseitdoes
not requires large quantities of water and need not be
near coal mines. Therefore, the cost of primary
distribution is reduced.

vi There are large deposits of nuclear fuels available all
over the world. Therefore, such plants can ensure
continued supply of electrical energy for thousands of
years.

vii It ensures reliability of operation.
Disadvantages
i The fuel used is expensive and is difficult to extract.

i The capital cost on a nuclear plant is very high as
compared to other types of plants.

iii The erectionand commissioning of the requires greater
technical know - how.

v Thefission by products are generally radio - active and
may cause adangerous amount of radioactive pollution.

v Maintenance charges are high due to lack of
standardization. Moreover, high salaries of specially
trained personnel employed to handle the plant further
raise the cost.

vi Nuclear power plants are not well suited for varying
loads as the reactor does not respond to the load
fluctuations efficiently.

vii The disposal of the waste, which are radioactive, is a
big problem. They should either be disposed off in a
deep trench or in the sea away from the sea- shore.

Schematic arrangement of nuclear power station
The schematic arrangement of a nuclear power station is
in Fig 3. The whole arrangement can be divided into the
following main stages.

i Nuclearreactor

i Heatexchanger

iii Steamturbine

v Alternator

i Nuclearreactor: Itis an apparatus in which nuclear
fuel (U?%)is subjected to nuclear fission. It controls the
chain reaction that starts once the fission is done. If
the chainreactionis notcontrolled, the result willbe an

Electrical : Electrician (NSQF LEVEL - 5) - Related Theory for Exercise 4.5.189 167



explosion due to the fast increase in the energy
released.

Anuclearreactoris acylindrical stout pressure vessel and
houses fuel rods of Uranium, moderator and control rods

(Fig4).

The fuel rods constitute the fission material and release
huge amount of energy when bombarded with slow moving
neutrons. The moderator consists of graphite rods which
enclose the fuel rods. The moderator slows down the
neutrons before they bombard the fuel rods. The control
rods are of cadmium and are inserted into the reactor.
Cadmium is strong neutron absorber and thus regulates
the supply of neutrons for fission.

When the control rods are pushed in deep enough, they
absorb most of fission neutrons and hence few are
available forchain reaction which, therefore, stops. However,
as they are being withdrawn, more and more of these
fission neutrons cause fission and hence the intensity of
chainreaction (or heat produced)isincreased. Therefore,
by pulling outthe control rods, power of the nuclear reactor
is increased whereas by pushing them in, it is reduced.

In actual practice, the lowering or raising of central rods
is accomplished automatically according to the
requirement of rod. The heat produced in the reactor is
removed by the coolant, generally in asodium metal. The
coolant carries the heat to the heat exchanger.

Fig 3
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ii Heat exchanger : The coolant gives up heat to the
heat exchanger which is utilized in raising the steam.
After giving up heat, the coolant is again fed to the
reactor.

iii Steam turbine : The steam produced in the heat
exchangeris led to the steam turbine through a valve.
After doing a useful work in the turbine, the steam is
exhausted to condenser. The condenser condenses
the steam which is fed to the heat exchanger through
feed water pump.
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iv Alternator : The steam turbine drives the alternator
which converts mechanical energy into electrical
energy. The output from the alternator is delivered to
the bus- bars through transformer, circuit breaker and
isolators.

Selection of site for nuclear power station

The following points should be keptin view while selecting
the site for a nuclear power station.

i Availability of water : As sufficient water is required
for cooling purposes, therefore, the plant site should be
located where ample quantity of wateris available e.g.
across ariver or by sea - side.

ii Disposal of waste : The waste produced by fissionin
anuclear power station is generally radioactive which
must be disposed off properly to avoid health hazards.
The waste should either be buried in a deep trench or
disposed off in the sea quite away from the sea shore.
Therefore, the site selected for such a plant should
have adequate arrangement for the disposal of
radioactive waste.

iii Distance from populated areas : The site selected
foranuclear power station should be quite away from
the populated areas as there is a danger of presence
of radio - activity in the atmosphere near the plant.

However, as the precautionary measure, a dome is
usedinthe plantwhich does not allow the radioactivity
to spread by wind or underground waterways.

iv Transportation facilities : The site selected for a
nuclear power should have adequate facilities in order
totransport the heavy equipmentduring erection and to
facilitate the movement of the workers employed in the
plant.

From the above mentioned factors it becomes apparent
thatidel choice for a nuclear power station would be near

sea or river and away from thickly populated areas.

Nuclear reactors

Nuclear reactors may be classified on the following basis.

A) On the basis of neutron energy

1 Thermalreactors

2 Fastbreederreactors

B) On the basis of fuel used

1 Naturaluranium

2 Enriched uranium

C) On the basis of moderator used

1 Graphitereactors

2 Berylliumreactors

D) On the basis of coolant used

1 Water cooled reactors (ordinary or heavy)
i Boilingwaterreactor

i Pressurized waterreactor

iii Heavywater cooled and moderated reactor
2 Gas cooled reactors

3 Liquid metal cooled reactors

4 Organicliquid cooled reactors

E) On the basis of type of core used

1 Homogenousreactors

2 Heterogeneousreactors

Boiling water reactor (BWR)

In this reactor fuel used is enriched uranium. Water is
used as both the moderator and coolant. As is clear from
its name it utilizes light water as a coolant. In this case the
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steamis generatedinthe reactoritself. Feed water enters
the reactor tank at the bottom and takes up the heat
generated due to the fission of fuel and gets convertedinto
steam.

Steam leaves the reactor at the top and flows into the
turbine. Uraniumfuel elements are arranged in a particular
lattice form inside the pressure vessel containing water.
Feed water passes through fuel elements in the core as
coolantand also as moderator. Fig 5 shows a boiling water
reactor.

Advantages

1 Heat exchanger circuit is eliminated and as a result
thereis reductionin costand gainin thermal efficiency
(30% to 20% for a pressure water reactor (PWR)).

2 As water is allowed to boil inside the reactor the
pressure inside the reactor vessel is considerably
lowerthaninthe case ofa PWR. As aresultthe reactor
vessel can be made much lighter reducing its cost
considerably.

3 The BWR cycle is more efficient than the PWR cycle
since for a given containment pressure the outlet
temperature of steamis appreciably higherina BWR.

4 The metal surface temperature is lower than in the
case of a PWR since boiling of water is inside the
reactor.

5 ABWR is more suitable than a PWR, (In fact BWR is
commonly known as a self - controlled reactor)

Disadvantages

1 Thereis apossibility of radio - active contamination in
the turbine mechanism should there occur any failure
of fuel elements. Therefore more elaborate safety
measures are needed. This increases the cost.
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Thefuelusedis enriched uranium clad with stainless steel
or zirconium alloy and water under pressure is used as
both moderator and coolant. This type of reactor is
designed to prevent the boiling of the water coolantinthe
uranium core. A pump circulates water at high pressure
(as high as 140 Kg/cm?) round the core so that water in
liquid state absorbs heat from the uranium and transfer it
to the secondary loop-the boiler. The boiler has a heat
exchanger and a steam drum.

A pressuriser and surge tank tapped into the pipe loop
maintains constant pressure inthe water system throughout
the load range. An electric heating coil in the pressuriser
boils the water to form steam which is collected in the
dome; this steam pressurizes the entire coolant circuit.
Water spray is used to condense the steam when
pressure is desired to be reduced.

Since wateris passing through the reactor becomes radio
- active the entire primary circuitincluding heat exchanger
has to be shielded.

Advantages

1 A PWRis relatively compact in size compared with
other types.

2 Thereisapossibility of breeding plutonium by providing
a blanket of U-238.

The reactor has a high power density.

Due to use of heat exchanger containment of fission
products is possible.

5 Aninexpensive substance (lightwater) canbe used as
moderator - cum-coolant-cum-refractor.

6 Thereactorresponds to supply more power whenthe
loadincreases. (The positive power demand co-efficient
makes this almost automatic)

Disadvantages

1 Themoderatorremains under high pressure; a strong
pressure vesselis required.

2 Expensive cladding material is required to prevent
corrosion.

There is heat loss due to use of heat exchanger.

In comparison to other types more elaborate safety
devices arerequired.

5 Thereactorlacks flexibility; this requires the reactor to
be shutdown before recharging and there is difficulty
in fuel element design and fabrication.

6 The thermal efficiency of a PWR is as low as 20%

Less compared with that required for PWRs and BWRs.
Amongst disadvantages are : the extremely high cost of
heavy water, problem of leakage and very high standard of
design etc.

Nuclear fission and fusion

Nuclearfission: When an uranium nucleus is bombarded
with a slow moving neutron, it exploded into two nearly
equal fragments of Barium and Krypton.

The process of breaking up of the nucleus of aheavy atom
into two fragments with the release of large amount of
energy is known as fission. The fission is accompanied by
the release of three neutrons and energy in the form of -
rays.

Fig 8 shows that the compound nucleus undergoes
distortion due to the excitation energy to attain the shape
of a dumb-bell and finally splits up into fission products
Ba'#" and Kr®2 with the release of three neutrons.

Fig 8
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NUCLEAR FISSION

Itwas observed that Barium and krypton were not the only
products of fission, the isotopes of different elements in
the atomic number range from 34 to 58 were also obtained
as the fission products.

Chain reaction

The process of nuclear fission usually results in the
emission of two or three free neutrons perfission besides
the other fission fragments.

When ,,U?* nucleus splits up, it generally release three
neutrons. One of the neutrons may escape without hitting
any otheruranium nucleus and thus getlost. The othertwo
may strike against other fissionable nuclei to produce
further fission, accompanied by the release of still more
neutrons and so on. Thus more than one neutron per
fission is produced on the average.

The number of fissions taking place at each successive
stage goesonincreasing atarapidrate, giving rise to what
is called chain reaction. A chain reaction can be set up
only if the mass of the fissionable material is greater than
a critical mass.
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Electrical

Related Theory for Exercise 4.5.190

Electrician - Power Generation and Substation

Hydel power plants

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

« state the types of hydro- electric power station

« state the advantage & disadvantage of hydro electric power station over thermal power station
* list out the reason for selecting the site of a hydro electric power station

¢ explain the schematic arrangement of hydro electric power station

* state the turbines used in hydro electric power station with suitable reasons

« state the classification of hydro electric power station.

Hydro - electric power stations

A generating station which utilizes the potential energy of
water atahighlevel for the generation of electrical energy
is known as "Hydro-electric power station".

A basic model of a H.E.P generation is illustrated in
Fig 1 is known as hydro - electric power station.

Fig 1
9 DAM POWER HOUSE

RESERVOIR

TRANSFORMER POWER LINES

GEN ERATOR\
T

\ OUTFLOW
PENSTOCK TURBINE

HYDROPOWER PLANT

INTAKE.  CONTROL
GATE

ELN4519011

Hydro - electric power stations are generally located in
hilly areas where dams can be built conveniently andlarge
water reservoirs can be obtained. Fromthe dam, wateris
led to a water turbine. The water turbine captures the
energy in the falling water and changes the hydraulic
energy (i.e product of head and flow of water) into
mechanical energy at the turbine shaft.

Theturbine drives the alternatorwhich converts mechanical
energy into electrical energy. Hydro electric power stations
are becoming very popular because the reserves of fuels
(i.e coal and oil) are depleting day by day.

Advantages

i Itrequires nofuel as wateris used for the generation of
electrical energy

i It is quite neat and clean as no smoke or ash is
produced

ii Itrequires very small running charges because water
is the source of energy which is available free cost.

v Itiscomparatively simple in construction and requires
less maintenance.
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v It does not requires a long starting time like a steam
power station. In fact, such plants can be put into
service instantly.

vi Itis robust and has a longer life.

vi Such plants serve many purposes. In addition to the
generation of electrical energy, they also help in
irrigation and controlling floods.

viii Although such plants require the attention of highly
skilled persons at the time of construction, yet for
operation, a few experienced persons may do the job
well.

Disadvantages
i Itinvolves high capital costdue to construction of dam

i There is uncertainly about the availability of huge
amount of water due to dependence on weather
conditions.

iii Skilled and experienced hands are required to build the
plant

v Itrequires high cost of transmission lines as the plant
is located in hilly areas which are away from the
consumers.

Choice of site for hydro - electric power stations

The following points should be taken into account while
selecting the site for a hydro - electric power station

i Availability of water : Since the primary requirement
of a hydro - electric power stations is the availability
of huge quantity of water, such plants should be built
at a place (e.qg. river, canal) where adequate water is
available atthe good head.

ii Storage of water: There are wide variations in water
supply from ariver or canal during the year. This makes
it necessary to store water by constructing a dam in
ordertoensure the generation of power throughout the
year.

iii Costand type of land : The land for the construction
of the plant should be available at a reasonable price.
Further, the bearing capacity of the ground should be
adequate to withstands the weight of heavy equipment

to be installed.



vi Transportationfacilities : The site selected for hydro
-electric plant should be accessible by railand road so
that necessary equipment and machinery could be
easily transported

Schematic arrangement of hydro - electric power
station : (Fig 2)

Fig 2
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The schematic arrangement of a modern hydro - electric
plantis shown in Fig. 2. The damis constructed across a
river orlake and water from the catchment area collects at
the back of the dam to form areservoir. A pressure tunnel
is taken offfrom the reservoir and water broughtto the valve
house at the start of the Penstock.

The valve house contains main sluice valves and automatic
isolating valves. The former controls the water flow to the
power house and the latter cuts of supply of water flow to
the power house whenthe penstock bursts. Fromthe valve
house, water is taken to water turbine through ahuge steel
pipe known as penstock . The water turbine converts
hydraulic energy into mechanical energy. The turbine
drives the alternator which converts mechanical energy
into electrical energy.

Constituents of Hydro - Electric Plant

The constituents of hydro - electric plantare (1) hydraulic
structures (2) water turbines and (3) electrical equipment.

1 Hydraulic Structures

Hydraulic structures in a hydro electric power station
include dam, spillways, headworks, surge tank, penstock
and accessory works.

i Dam:Adamisahigher barrier which stores waterand
creates water head. Dams are built of concrete or
stone masonry, earth or rock fill. The type and
arrangement depends upon the topography of the site.
The type of dam also depends upon the foundation
conditions, local materials and transportation available,
occurrence of earthquakes and other hazards.

ii Spillways : There are times when the river flow
exceeds the storage capacity of the reservoir. Such a
situation arises during heavy rainfall in the catchment
area. Inorderto discharge the surplus water from the
storage reservoir into the river on the down - stream
side of the dam, spillways are used.

ili Headworks : The headworks consists of the diversion
structures at the head of an intake. They generally

include booms and racks for diverting floating debris,
sluices for by - passing the debris and sediments and
valvesfor controlling the flow of waterto the turbine. The
flow of waterinto and through head works should be as
smooth as possible to avoid the head loss and
cavitation. For this purpose, it is necessary to avoid
sharp corners and abruptcontractions orenlargements.

iv Surge tank : Open conduits which leading the water
to the turbine require no protection. However, when
closed conduits are used, protection becomes
necessary tolimitthe abnormal pressure in the conduit.
Forthis reason, closed conduits are always provided
with a surge tank. a surge tank is a small reservoir or
tank (open atthe top) in which water level rises or fails
to reduce the pressures swings in the conduit.

Asurge tank is located near the beginning of the conduit.
When the turbine is running at a steady load, there are no
surges in the flow of water through the conduit is just
sufficient to meet the turbine requirements. However,
when the load on the turbine decreases, the governor
closes the gates of turbine, reducing water supply to the
turbine.

The excess water at the lower end of the conduit rushes
back tothe surge tank and increases its waterlevel. Thus
the conduitis prevented from bursting. On the other hand,
when load on the turbine increases, additional water is
drawn from the surge tank to meet the increased load
requirement. Hence, a surge tank overcomes the abnormal
pressure in the conduitwhen load on the turbine falls and
acts a reservoir during increase of load on the turbine.

(v) Penstocks : Penstocks are open or closed conduits
which carry water to the turbines. They are generally
made of reinforced concrete or steel. The thickness of
the Penstock increases with the head or working
pressure

Various devices such as automatic butterfly valve, air
valve and surge tank are provided for the protection of
penstocks. Automatic butterfly valve shuts off water flow
through the penstocks promptly of its ruptures. Air valve
maintains the air pressure inside the penstock equal to
outside atmospheric pressure.

When water run out of a penstock faster than it enters, a
vacuum is created which may cause the penstocks to
collapse. Under such situations, air valve opens and
admits air in the penstock to maintain inside air pressure
equal to the outside air pressure. A typical penstock
protective device is in Fig 3.

(vi) Tail race : The tail race is the channel which carries
water (known as tail water) away from the power house
after it has passed through the turbine. It may be the
natural stream channel or a specially excavated channel
entering the natural stream at some point down stream
fromthe powerhouse. The water surface inthe tailrace is
known as tail race level or simply the tail race.
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(vii) Draft tube : In the case of a reaction turbine there is
apressure difference existing between waterin the turbine
and atmosphere. Therefore this type turbine must be
completely enclosed. Accordingly it is necessary to
connectthe turbine outlet by means of a pipe ora passage
of gradually increasing cross sectional area up to tail -
racelevel.

A draft tube has two important purposes to serve.

1 Itpermits a negative or suction headto be established
atthe runner exit thus making it possible to install the
turbine above the tail race level without loss of head.

2 It converts a large proportion of the velocity energy
rejected from the runner into useful pressure headi.e
it acts as a recuperator of pressure energy.

2 Water turbine

Water turbines are used to convert the energy of falling
waterinto mechanical energy. The principal types of water
turbines are :

i Impulseturbines
i Reactionturbines

i Impulse turbines : Such turbines are used for high
heads. In an impulse turbines, the entire pressure of
water is converted into kinetic energy in a nozzle and
the velocity of the jetdrives the wheeli.e, pelton wheel
as in Fig 4. It consists of a wheel fitted with elliptical
buckets along it periphery. The force of water jet
striking the bucket onthe wheel drives the turbine. The
quantity of water jetfalling on the turbine is controlled
by means of needle or spear (not shown in the figure)
placed in the tip of the nozzle.

The movementofthe needle is controlled by the governor.
Ifthe load on the turbine decreases the governor pushes
the needle into the nozzle, there reducing the quantity of
water striking the bucket. Reverse action takes place if
the load on the turbine increases.

ii Reaction turbines : Reaction turbines are used for
low and medium heads. In a reaction turbine water
enters the runner partly with pressure energy and

partly with velocity head. The important types of reaction
turbine are.

Fig 4
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a. Francisturbines
b. Kaplan turbines

A fancies turbine is used for low to medium heads. It
consists of an outer ring of stationary guide blades for to
the turbine casing and an inner ring of rotating blade
forming the runner. The guide blades control the flow water
tothe turbine. Water flows radically inwards and changes
to a downward direction while passing there the runner.
As the water passes over the rotating blade of the runner,
both pressures and velocity of water reduced. This
causes a reaction force which drive turbine.

AKaplanturbineis used forlow heads and large quantities
of water. ltis similar to Francis turbine except that the
runner of Kaplan turbine receives water axially. Water
radially inwards through regulating gates all round sides,
changing direction in the runner to axial flow causes a
reaction force which drives the turbine.

3 Electrical equipment

The electrical equipment of a hydro - electric power
includes alternators, transformers, circuit breaker and
switching and protective devices.

Types of hydro - electric plants

There are three differentmethods of classifying the electric
plants. The classification may be based on,

a Quantity of wateravailable

b Availablehead

¢ Natureofload

Classification of Hydro - electric plants according to

quantity of water available.

Accordingto this classification, the plants may be divided
into.

i Run-offriver plants without pondage
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i Run-offriver plants with pondage

i Reservoirplants

i Run off river plants without pondage

As the name indicates this type of plant does not store

water. The plant uses water as it comes. The plant can
use water only as and when available.

ii Run- off river plants with pondage

Usefulness of a run - off river plant is increased by
pondage. Pondage permits storage of water during the off
- peak periods and use of this water during the peak
periods.

iii Reservoirplants
Wateris stored behind the dam and is available to the plant

with control as required. Such a plant has better capacity
and can be used efficiently throughout the year.

Classification of hydro - electric plants according to
available head

Hydro - electric plants may be classified into high - head,
medium - head and low head plants. A plant may be
classified as high - head if operating on a head above 300
meters. Low - head plants work under heads below 30
metres. Medium - head plants are those lying between the
above two classes.

In the case of high - head plants water in due to rains or
melting of snow is stored at high elevation. Alow - head
plant stores water by the construction of a dam across a
river and the power plantis installed near the base of the
dam of the down - stream side. The medium - head plant
is similar to the low - head plant but works on a head of
about 30 to 300 m.

Classification of Hydro- electric plants according to
nature of load

Hydro - electric plants may be classified in to base load
peak load and pumped storage plants for peak load.
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Electrical

Related Theory for Exercise 4.5.191 & 4.5.192

Electrician - Power Generation and Substation

Visiting of electrical substation

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

« state the initial preparatory work before commencing the visit
¢ explain the individual trainees main areas and its importance for preparation

¢ list out the supporting materials to carry for visit
 prepare a list of do’s and dont’s during visit.

Introduction

A industrial visit is a very important step to tap actual
working environments. During practical exercises practicing
in the lab or workshop never provides actual working
condition because itis a part of structure training planned
to complete within a stipulated time and a assessment at
later stage.

Initial preparatory work

The trainees should be in a position to interact well at the
actual site. Every industry technical experts execute the
work on ateamand produce better results. The technician
or operator concerned will be able to give a clear idea of
working or procedure of a particular work and you have to
extract it fully

To understand the whole process from the concerned
technician or operator, you must have a sound knowledge
of that particular abject or process. You should prepare
wellto meetthe challenge wheneveryou go industrial visit
in a factory or work place.

Preparation areas and its importance

If the process is complicated or multi level procedure
involved; in that case trainees should be made small
batches to interact or involve the whole process. In such
cases each batch should be formed in advance and
decided the section or partto be interacted. Finally all the
batches together to make the end result.

Supporting materials

When the visitis at generating stations, have must collect
the following:

Installed capacity of the plant.

Maximum load demand .

Load factor .

Distance of the nearest sub station.

a W0 N -

Total number of alternators installed and its working
conditions.
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6 Details ofthe fuel used (Coal- Nuclear - Its availability,
quality etc) and the daily expenditure for fuel.

7 Solutions to meet extra fuel in case of environmental
emergency.

Location Map of the plant and its surroundings.

Gather maximuminformation regarding generationand
distribution techniques other than guided or studied.

10 Maximum hazardous Area - PPE facility Emergency
root in case of emergency.

Do’s & Dont’s
Do’s
1 Wear uniform with name badge.

2 Ensurethe protective gadgets are available otherwise
carry them.

3 Follow the safety norms imposed in the particular
areas, listen the instruction carefully.

4 Carrymaterials torecord yourfindings and assessments
to make then and their.

5 Follow strict discipline and punctuality .

6 Obey all the instructions and rules.

7 Walk in the prescribed areas only.

Dont’s

1 Avoid wearing loose clothes and ornaments.
Not to carry any bag or attachments.

Do not cross-over any prohibited areas .

A W N

Do notoperate, touch or play with any part ormachine
you pass over.

5 Donotsitorlearn overany machine orplace you come
accross.

6 Do not shout or make any unusual noices when the
visit is in progress or inside the factory.

7 Do not involve any kind of horse play at the time of
visiting various sections, areas.

8 Do notavoid or neglect any instruction passed on you
at any time.



9 Do notindulge any horse play or encourage others to
do. The person responsible for leading the visit has to
arrange the programme wellin advance and informs all
concerned. Taking permission to visit and arrange
transportationtoreachintime. Arrangementmay also
be done to carry or provide hospitality is also the
responsibility of the person concerned.

Fig 1 shows a typical single line layout diagram of a
transmission and distribution substation.

Electrical substations

Fig 1
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Objectives: At the end of this lesson you shall be able to

« state the functions and purpose of electrical substations

* classify the different types of substation

* list out the equipment and components used in substation
« state the single line diagram of electrical substation with symbols.

Substations

Electric poweris produced atthe power generating stations,
which are generally located far away from the load centers.
Between the power generating station and consumers a
number of transformations and switching stations are
required. These are generally known as substations.

Substations are important part of power system and form
alink between generating stations, transmission systems
and distribution systems. It is an assembly of electrical
components such as bus-bars, switch gear apparatus,
power transformers etc.

Function

Their main functions are to receive power transmitted at
high voltage from the generating stations and reduce
voltage for switching operations of transmission lines.
Substations are provided with safety devices to disconnect
equipment or circuit at the time of faults.

Substations are the convenient place for installing
synchronous condensers for the purpose of improving
power factor and it provides facilities for making
measurements to monitor the operation of the various
parts of the power system.

Classification of substation

The substations may be classified in according to service
requirements and constructional features. According to
service requirements they are classified in to transformer
substations, switching substations and converting
substations.

1 Transformersubstations : Majority of the substations
in the power system are in this type. They are used to
transform the power from one voltage level to another
voltage level. Transformer is the main component in
such substations. Transformer substations are further
classified into step-up substations, primary grid
substations, secondary substations and distribution
substations.

a Step-upsubstations: These substations are usually
located at the generating stations. Generating voltage
of the order of 11KV needs to be stepped up to a
primary transmission voltage level of the order of
220KV or 400KV.

b Primary grid substations : These substations are
located at the end of primary transmission lines and
the primary voltage is stepped down to suitable
secondary voltages of the order of 66KV or 33KV.
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Secondary substations : The voltageis further stepped
down to 11KV. Large consumers ar supplied with
power at 11KV.

Distribution substations : These substations are
located near the consumer localities to supply power
at 415V three phase or 240V single phase to the
consumers.

Switching substations : These substations are meant
for switching operations of power lines without
transforming the voltage. Different connections are
made between the various transmission lines.

Converting substation : Such substations are meant
foreither converting AC to DC or vice versa. Some are
used to change the frequency from higher to lower or
vice versa for industry utilizations.

According to constructional features substations are
classified into indoor substations, outdoor substations,
under ground substations and pole mounted substations.

1

Indoor substations : All equipment of the substation
are installed within the station buildings.

Outdoor substations : All equipments such as
transformers, circuit breakers, isolators, etc, are
installed outdoors.

Underground substations : In thickly populated areas
where the space is the major constraint, and cost of
landis higher, under such situation the substations are
laid underground.

Pole mounted substations : This is an outdoor
substation with equipment installed overhead of a H
pole or 4 pole structure.

The substations can also be classified in several ways
including the following.

1
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Classification based on voltage levels : eg. AC
substation : EHV, HV, MV, LV : HVDC substation.

Classification based on outdoor orindoor: Outdoor
substation is in open air. Indoor substation is inside a
building.

Classification based on configuration
Conventional airinsulated outdoor substation or
SF Gas insulated substation (GIS)

Composite substations having combination of the above
two.

Classification based on application

Step up substation : Associated with generating
station as the generating voltage is low.

Primary Grid substation : Created at suitable load
centre along primary transmission lines. It receive the
power from EHV lines at 400KV, 220 KV, 132KV and
transform the voltage to 66KV, 33KV or 22KV ( 22KV
isuncommon) to suitthe local requirements in respect
of both load and distance of ultimate consumers.

These are also referred to EHV substations.

Secondary substation : Along secondary transmission
line. Itreceive the power at 66/33KV which is stepped
down usually to 11KV.

Distribution substation: Created where the
transmission line voltage is stepped down to supply
voltage.

Bulk supply and industrial substation : Similar to
distribution substation but created separately foreach
consumer.

Mining substation : Needs special design
consideration because of extra precaution for safety
needed in the operation of electric supply.

Mobile substation : For emergency replacement of
transformeretc.

Distribution substations : It receive powerat 11KV,
6.6 KV and step down to a volt suitable for LV
distribution purposes, normally at 415 volts.

The parts, equipment and components installed in
substation

Each substation has the following parts and equipment.

1

Outdoor switchyard

Incominglines

Outgoinglines

Busbar

Transformers

Bus post insulator & string insulators

Substation equipment such as circuit-breakers,
isolators, earthing switches, surge arresters, CTs,
PTs neutral grounding equipment

Station earthing system comprising ground mat, risers,
auxiliary mat, earthing strips, earthing spikes & earth
electrodes.

Overhead earthwise shielding againstlightning strokes.

Galvanized steel structures for lower equipment
supports.

PLCC equipmentincludingline trap, tuning unit, coupling
capacitor, etc.

Power cables

Control cables for protection and control
Road, cable trenches

Station illumination system

Main office building

Administrative building
Conferenceroometc.
6.6/11/22/33/66/132 KV switch gear LV

Indoor switch gear
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4 Switchgear and control panel building

* Lowvoltage AC switchgear

» Control panels, protection panels

5 Battery room and DC distribution system

» DC battery system and charging equipment

» DC distribution system

6 Mechanical, electrical and other auxiliaries
» Fire fighting system

* D.G (Diesel Generator) set

* Oil purification system

An important function performed by a substation is
switching, which is the connecting and disconnecting of
transmission lines or other components to and from the
system. A transmission line or other component may
need to be de-energized for maintenance or for new
construction, foradding or removing atransmission line or
a transformer. All work to be performed, from routine
testing to adding new substations, must be done while
keeping the whole system running.

A fault may develop in a transmission line or any other
component. Some examples of this a line is hit by
lightning and develops an arc, or atoweris down by a high
wind. The function of the substation is to isolate the faulty
portion of the system within the shorted possible time.

Substation layout and their components

Fig 1 shows the typical substation layout. It consists of the
following components and explained below.

Power transformer : Power transformers are used for
generation and transmission network for stepping-up the
voltage at generating station and stepping down the
voltage for distribution. Auxiliary transformers supply
power to auxiliary equipment at the substations. (Fig 2).

Current transformers (CT) : The lines in substations
carry currents in the order of thousands of amperes. The
measuring instruments are designed for low value of
currents. Current transformers are connected in lines to
supply measuring instruments and protective relays. For
examplea100/1A CT is connected inaline carrying 100A,
and then the secondary current of CT is 1A. (Fig 3).
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Potential transformers (PT) : The lines in substations
operate athigh voltages. The measuring instruments are
designed forlow value of voltages. Potential transformers
are connected in lines to supply measuring instruments
and protective relays.

These transformers make the low voltage instruments
suitable for the measurement of high voltages. For
examplea 11KV/110V PTis connected to a powerline and
theline voltageis 11KV then the secondary voltage will be
110V. (Fig 4).

Fig 4
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Circuit breaker (CB) : Circuit breakers are used for
opening or closing a circuit under normal as well as
abnormal (faulty) conditions. Different types of CBs which
are generally used are oil circuit breaker, air - blast circuit
breaker, vacuum circuit breaker and SF circuit breaker.

ELN4519124

Isolators forisolating switches : Isolators are employed
in substations to isolate a part of the system for general
maintenance. Isolator switches are operated only under
load condition. They are provided on each side of every
circuit breaker.

Lightning arresters (LA) : Ligtning arresters are the
protective devices used for protection of equipment from
lightning strokes. They are located at the starting of the
substation and also provided nearthe transformerterminals.

Earth switch : It is a switch normally kept open and
connected between earth and conductor. Ifthe switchiis
closeditdischargesthe electric charge to ground, available
on the uncharged line.

Wave trap : This equipmentis installed in the substation
for trapping the high frequency communication signals
sentonthe line from remote substation and diverting them
to the telecom panel in the substation control room.

Coupling capacitor : A coupling capacitor is used in
substations where communication is done by AC power
line. Itoffers very lowimpedance to high frequency carrier
signal and allows them to enter the line matching unitand
blocks the low frequency signals.

Bus - bar : When number of lines operating at the same
voltage levels needs to be connected electrically, bus -
bars are used. Bus - bars are conductors made of copper
or aluminium, with very low impedance and high current
carrying capacity. Different types of bus -bararrangements
are single bus bar arrangements, single bus - bar with
sectionalization, double bus- bar arrangements,
sectionalized double bus - bar arrangement, double main
and auxiliary bus - bar arrangement, breaker and a half
scheme /1.5 Breaker scheme, andring bus - bar scheme.

Single bus-bar arrangement : It consists of single bus
- bar. Both incoming and outgoing lines are connected to
the single bus - bar (Fig 5). The advantages of this
arrangement are low maintenance, low initial cost and
simple operation. The drawback of this arrangement is if
any repairworkis to be done on bus-bar, complete system
getinterrupted.
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Single bus-bar with sectionalization: Single bus-baris
divided into sections. Any two sections are connected by
circuitbreakerandisolators. During fault or maintenance
particular section can be de-energized. This eliminates
complete shutdown of the system. Fig 6 shows that two
incoming and two outgoing lines are connected bus
section | and other two incoming and two outgoing lines
are connected bus section. 2 by using bus coupler.

Double bus - bar arrangements : This arrangement is
alsoknown as duplicate bus-bar system. It consists of two
bus -bars ‘main’ and a ‘spare’ of same capacity. Incoming
line and outgoing lines can be connected to either bus by
means of bus coupler breaker and isolators. Continuity of
supply of the circuitcan be maintained during maintenance
of main bus-bar or fault occurring on it.

Single line diagram for substation

Any complex power system even though they are three
phase circuits, can be represented by a single line
diagram, showing various electrical components of power
system and their interconnection. In single line

representation of substation the electrical components
such as power transformers, incoming and outgoing lines,
bus- bars, switching and protecting equipments, are
represented by standard symbols and their
interconnections between them are shown by line. Single
line diagrams are useful in planning a substation layout.

Fig 6
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SINGLE BUS-BAR WITH BUS COUPLER SUBSTATION

Standard symbols used for single line diagram of substation

SI. No. Electrical components Symbosl
1 AC Generator @
3 Power transformer - Two winding LQ&QJ (or) %
4 Three winding transformer m (or) <§%€
5 Currenttransformer (CT) —@(
6 Voltage transformer or Potential transformer (PT) %‘ g (or) 3[
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Sl. No.

Electrical components

Symbosl

7 CircuitBreaker (CB)
y
8 Circuit breaker with isolator Iil
b
9 Isolator or Group Operating Switch (GOS)

10 Lightning Arrester (LA)

11 Earth Switch (ES)

12 Wave or Line trap

13 Coupling Capacitor (CC)

e
IR

Fig 7 & 8 show the examples ( 1 & 2) of substation layout
drawings with all equipments represented by symbols.
Example 1

Draw the single line diagram of substation having the
following equipment.

i Incominglines : Two, 110KV

i Outgoing lines : (a) One, 110KV (b) Four, 11KV

iii Transformers : (a) Two, 100MVA, 110/11KV, A/Y (b)
one, 2MVA, 11KV/ 415V, YIY

iv) Bus-bars : 110KV- Duplicate bus - bar, 11KV single
bus - bar shows the positions of CTs, PTs isolators,
lightning and arresters, circuit breakers.

Fig 7 shows the single line diagram of the substation.
Example - 2
Draw the single line diagram of a pole mounted substation.

Fig 8 shows the typical single line diagram of pole
mounted substation.
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Electrical

Related Theory for Exercise 4.5.193

Electrician - Power Generation and Substation

Electrical power generation by non conventional methods

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

« state the non - conventional energy

¢ explain the methods of generators power from, bio-gas, micro-hydel, tidal, magnetic hydro dynamic power

generation

¢ list out the merits and demerits of non-conventional power generation.

Non - conventional energy

Energy generated by usingwind, tides, solar, geothermal
heat and biomass including farm and animal waste is
known as non-conventional energy. Allthese sources are
renewable orinexhaustible and do not cause environmental
pollution.

Mertis of non - coneventional over conventional
sources of energy
1 Provide more energy

Reduce security risk associated with the use of
nuclearenergy.

Reduce pollutants
Less running and maintenance cost

Neverdestroyed

o 0 b~ W

Despite the high initial investment and several
limitations, use of solar energy to meet our ever
increasing energy demand seems to be the only
answer.

7 Greenhouse effect and global warming is avoided
8 Lessenvironmentproblems.

Demerits of non conventional over conventional
sources of energy

1 Many non-conventional sources are stillin theirinfant
stages and required a lot of development efforts. The
use of solar energy is a completely a very gentle /
minutes operation. Cadmiumis used in fabricating thin
film solar cells, which is both poisonous and radio
active.

But it is very small quantity of cadmium is released
from discarded PV panels, Carbondioxide produced
while forming silicon from silica increases atmospheric
temperature.

2 High initial cost

3 Lessreliable and efficiency

4 Can not be used for base load demand.
Bio-gas power generation

The method of generating the electrical energy by using
bio-gas is termed as bio-gas power generation.
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Bio-gas

Biogas is a good fuel. Bio mass like animal excreta,
vegetable wastes and seeds undergo decomposition in
the absence of oxygen in abiogas plantand forma mixture
of gases. This mixture is the biogas. Its main constituent
ismethane. Thisis used as a fuel for cooking and lighting.

Aerobic and anaerobic bio- conversion process

There are mainly three aerobic and anaerobicbio conversion
process for the biomass energy applications. There are;

Bio products : Converting biomass into chemicals for
making products that typically are made from petroleum.

Bio fuels : Converting biomass into liquid fuels for
transportation.

Bio power : Burning biomass directly, or converting itinto
a gaseous fuel or oil, to generate electricity.

Properties of biogas

Main properties of biogas are :

1 Comparatively simple and can be produced easily.

2 Burns without smoke and does not leave any ash as
residues.

3 Household wastes and bio-wastes can be disposed
off, usefully and in a healthy manner.

4 Reduces the use of wood and to a certain extent
prevents deforestation.

5 The slurry from the biogas plant is excellent manure.
Biogas plant technology & status
The important parts of biogas plant are :

1 The tank where biomass undergoes decomposition
(digester)

2 The tank where biomass is mixed with water (mixing
tank)

3 Thetankwhere slurry of biomassis collected (out flow
tank)

4 Arrangement to store gas.



Due to the action of bacteria in the absence of oxygen,
biogas is produced in the plant. This is collected in the
tank. In the gasholder type plant, the cylinder rises up as
the gasfills the tank and the storage capacity increases.
The gas storage capacity of dome type will be less than
that of gasholdertype. Residue of biomass (slurry) canbe
used as good manure.

Biogas plants are builtin several sizes, small (0.5 m3/day)
tovery large (2500 m®/day). Accordingly, the configurations
are simple to complex.

Biogas plants are mainly classified into following two
types.

- Continuous type and batch type
- Drum type and dome type

Continuous type

Continuous type biogas plant delivers the biogas
continuously and is fed with the biomass regularly.
Continuous type biogas plant is of two types.

(A) Single stage continuous type biogas plant

In such a plant phase - | (Acid formation) and phase -II
(methanation) are carried outin the same chamber without
barrier. Such plants are simple, economical, easy to
operate and control. These plants are generally preferred
for small and medium size biogas plants. Single stage
plants have lesser rate of gas production than the two
stage plant.

(B) Two stage continuous type biogas plant

In such a plant phase - | (Acid formation) and phase -
(methane formation) take place in separate chambers.
The plant produces more biogas in the given time than the
single stage plant. However, the process is complex and
the plantis costlier, difficult to operate and maintain. Two
stage plant is preferred for larger biogas plant systems.

Batch type biogas plant

The infeed biomass is fed in batches with large time
interval between two consecutive batches. One batch of
biomass infeed is given sufficient retention time in the
digester (30to 50 days). After completion of the digestion,
the residue is emptied and the fresh charge is fed. The
fresh biomass charge may be subjected - to aeration or
nitrogenation after feeding and then the digester covers
are closed for the digestion process. Thereafter, the
biogas is derived from the digester after 10 to 15 days.
Fermentation continues for 30 to 50 days.

Salient features

1 Batchtype biogas plantdelivers gas intermittently and
not continuously.

2 Batch type biogas plant may have several digesters
(reactors) which are fed in a sequential manner and

discharged in a sequential mannerto obtain the output
biogas continuously.

3 Batch type biogas plants have longer digestion time
and are therefore more suitable for materials which are
difficult for anaerobic digestion (e.g. harder, fibrous
biomass).

4 Batch type biogas plant needs initial seeding to start
the anaerobic fermentation.

5 Batch type biogas plant needs larger volume of the
digester to accommodate larger volume of the batch.
Hence initial cost is higher.

6 Operationand maintenanceis relatively more complex.
Batch type biomass plants need well organized and
planned feeding. Such plants are preferred by European
farmers. Such plants are not yet popular in India.

Fixed dome type digester (Fig 1)

Fig 1
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In the fixed dome type digester biogas plant, the digester
and gas collector (gas dome) are enclosed in the same
chamber. This type of construction is suitable for batch
type biogas plant. The digesteris conveniently built at or
below ground level in comparatively cooler zone. The
construction of the digesteris with locally available materials
like, bricks, terracotta.

The pressure inside the digesterincreases as the biogas
is liberated. The biogas gets collected inthe upper portion
ofthe digesterin a dome shaped cavity. The outlet pipeis
provided atthe top of the fixed dome. Alternatively, the gas
collector (gas holder) is a separately installed chamber.
The digestertank and gas collector chamber are separated
by a water seal tank.

The arrangement of a separate gas collector is preferred
as the tapping of gas from the gas holder does not affect
the pressure and the digestion process in the main
digester. The water sealtank prevents the return ofthe gas
from the gas collector to the digester chamber.

An additional displacement chamber may be provided for
providing space to the displacement slurry in the digester,
due to gas pressure in the upper dome of the fixed type
digester. The fixed dome type digester can be fed on daily
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basis with small quantities of the slurry. The excess slurry
in the digester gets accommodated in the displacement
chamber.

The level of the slurry in the main digester and the
displacement collector can vary in accordance with the
pressure and volume of the biogas in the fixed type of
dome. The pressure in the fixed dome and the displacement
gas collector are almost the same as they are connected
by the outlet from the main digester.

Floating gas holder type (Fig 2)

Fig 2
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In this design a dome made floats above the slurry in the
disaster. In the Fig 2 the digester tank is of cylindrical
masonry construction. The floating dome is of fabricated
steel construction. The dome guide shaft provides the
axial guide to the floating dome.

As the gas is collected in it, the sliding bearing provides
smooth sliding surface and guide to the floating dome. The
gas generatedinthe slurry gets collected inthe dome and
the dome arises. The water seal tank provides separation
between the gas in the dome and the outlet gas.

Electricity generating plant

Generating plant fuelled by biomass uses conventional
steam turbine as used in thermal power stations with
maodifications to the combustion chamber and fuel handling
systems to handle the bulkier fuel. The schematic
arrangement is in Fig 3.

Fig 3
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Co - generation

Because of the poor energy conversion efficiencies of
biomass fuels, practical generating systems often employ
a co-coal generation to achieve reasonable utilization of
the generating plant.

Environmentalissues

While biomass crops provide an environment friendly fuel
source for generating electrical energy. Theland used for
disposing the slurry (waste) may be better employed for
cultivation.

Micro hydel power generation
Micro-Hydel Power (MHP)

The method of generating electrical power by using low
head or small flow rate of water is termed as micro hydel
power generation.

Small -scale micro hydro power is both an efficient and
reliable form of energy, most of time. However, there are
certain disadvantages that should be considered before
construction a small hydro power system. With the right
research and skills, micro hydro can be excellent method
of harnessing renewable energy from small streams.

Advantages
a Efficientenergy source

It only takes a small flow rate of water (as little as two
gallons per minute) orahead as low as twofeetto generate
the electricity with micro hydro.

b Reliable electricity source

Hydro produces a continuous supply of electrical energy
in comparison to other small - scale renewable
technologies. The peak energy season is during the
winter months when the large quantities of electricity are
required.

¢ Noreservoir required

Microhydro is considered to function as a ‘run- of-river
system, meaning that the water passing through the
generator is directed back into the stream with relatively
little impact on the surrounding ecology.

d Cost effective energy solution

Building a small -scale hydro - power system can cost
less amount depending on site electricity requirements
and location. Maintenance cost are relatively small in
comparison to other technologies.
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e Power for developing countries

Because of the low-cost versatility micro hydro, the
developing countries can adopt and implement the
technology to help supply much needed electricity to
small communities and villages.

f Integrate with the local power grid

If your site produces a large amount of excess energy,
some power companies will buy back your electricity
overflow.

g Suitable site characteristic required

Inorder to take fulladvantage of the electrical potential of
small streams, a suitable site is needed. Factors to
consider are; distance from the power source to the
location where energy is required, stream size (including
flow rate, output and head), inverter, batteries, controller,
transmission line and pipelines.

Disadvantages
a Energy expansion not possible

The size and flow of small streams may restrict the future
site expansion as the power demand increases.

b Low - power in the summer months

In many locations stream size will fluctuate seasonally.
During the summer months there will likely be less flow
and therefore less power output. Advanced planning and
research will be needed to ensure adequate energy
requirements are met.

¢ Environmental impact

The ecological impact of small - scale hydro should be
minimal. Stream water will be diverted away from a portion
of the stream, and proper caution must be exercised to
ensure there will be no damaging impact on the local
ecology or civil infrastructure.

Micro-hydel electric system basic components

Here are some brief descriptions of the common equipment
used in grid- intertied and off- grid micro hydro electric
systems. The basic components of the systems may
vary, where all the following equipmentis not necessary for
every system.

* Intake

» Pipeline
» Turbine

+ Controls

* Dumpload

» Battery bank

* Metering

* Main DC disconnect
* Inverter

* ACbreakerpanel

Intake

Intakes can be as simple as a screened box submerged
in the water course, or they can involve a complete
damming ofthe stream. The goalis to divert derbis and air-
free waterinto a pipeline. Effectively getting the waterinto
the system’s pipe line is a critical issue that often does not
getenough attention. Poorly designed intake oftenbecome
the focus of maintenance and repair effort for hydro-
electric systems.

Pipe line

Most hydro turbines require at least a short run of pipe to
bring the water to the machine, and some turbines require
piping to move water away from it. The length can vary
widely depending on the distance between source and the
turbine. The pipeline’s diameter may range from 1inch to
1 foot or more, and must be large enough to handle the
design flow. Losses due to friction need to be minimized
to maximize the energy available for conversion into
electricity.

Turbine

Theturbine converts the energy in the water into electricity.
Many types of turbines are available, so it is important to
match the machine to the site’s conditions of head and
flow.

Controls

The function of a charge controller in a hydro system is
equivalent to turning on a load to absorb excess energy.
Battery-based micro hydro systems require charges
controllers to prevent the overcharging of the batteries.
Controllers generally send excess energy to a secondary
(dump)load, such as an air or water heater. Unlike a solar
- electric controller, a micro hydro system controller does
not disconnect the turbine from the batteries. This could
create voltages that are higher than some components
can withstand, or cause the turbine to over speed, which
could resultin dangerous and damaging over voltages.

Dump load

A dump load is an electrical resistance heater that must
be sized to handle the full generating capacity of the micro
hydro turbine. Dump loads can be airorwater heaters, and
are activated by the charge controllerwheneverthe batteries
or the grid cannot accept the energy being produced, to
preventdamage tothe system. Excess energyis “shunted”
to the dump load when necessary.

Electrical : Electrician (NSQF LEVEL - 5) - Related Theory for Exercise 4.5.193 187



Battery Bank

By using reversible chemical reactions, a battery bank
provides a way to store the surplus energy when more is
being produced than consumed. When demandincreases
beyond what is generated, the batteries can be called on
to release the energy to keep your household loads
operating.

Metering

System meters measure and display several different
aspects of microhydro - electric system’s performance
and status - tracking the condition of battery, amount of
electricity produced and used / consumed.

Main DC disconnect

In battery-based systems, a disconnect between the
batteries and inverteris required. This disconnectisa DC-
rated breaker mounted in a sheet-metal enclosures. It
allows the inverter to be disconnected from the batteries
for services and protects the inverter to battery wiring
against the electrical faults.

Inverter
Inverter transform the DC electricity stored in battery into
AC electricity for powering household appliance. Grid tied

inverters synchronize the system’s output with the
utility’s AC electricity, allowing the system to feed hydro

Tidal power generation

electricity to the utility grid. Battery- based inverters for
off -grid or grid - tied systems often include a battery
charger, whichis capable of charging a battery bank from
either the grid or a backup generator.

Micro hydel power working principle

Hydro power is based on simple concepts. Moving water
turns a turbine, the turbine spins a generator, and
electricity is produced. Many other component’s may be
inasystem, butitall begins with the energy already within
the moving water.

Water power is the combination of head and flow. Both
mustbe presentto produce electricity. Consider a typical
hydro system. Water is diverted from a stream into a
pipeline, whereiitis directed downhill and flow through the
turbine. The vertical drop (head) creates pressure at the
bottom end of the pipeline. The pressurized water drives
the turbine. More flow or more head produces more
electricity. Electrical power output will always be slightly
less than water powerinputdue to the turbine and system
efficiencies.

Flow is water quantity, and is expressed as “volume per
time”. such as gallons per minute (gpm), cubic feet per
second (cfs) or litres per minute (Ipm). Design flow is the
maximum flow for which your hydro system is designed.
Itwill likely be less than the maximum flow of your stream
(especially during the rainy season), more than your
minimum flow, and a compromise between potential
electrical output and system cost.

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

* explain the features of tidal power generation

* state the system on which the tidal power generation works
* state the advantages and disadvantages of tidal power generation.

The generation of electricity using tidal poweris termed as
tidal power generation. Itis basically the transformation of
tidal power found in tidal motion of water in seas and
oceans into electrical energy.

Tidal power

Tidal poweris the powerinherentintides at sea oroceans,
that is power of motion of water actuated by tides. Tides
are defined as the increase and decrease in water levels
due to the motion of water from one place to the other. Thus
there is a renewable source of energy in the tidal motion
of water at seas and oceans. This source of energy could
be used to generate other types of energy that could be
useful in industrial applications.

This is done using a very basic idea involving the use of a
barrage or small dam built at the entrance of a bay where
tides are known toreach very high levels of variation. This
barrage will trap tidal water behind it creating a difference
in water level, which will in turn create potential energy.

This potential energy will then be used in creating kinetic
energy as doors in the barrage are opened and the water
rush from the high level to the lower level. This kinetic
energy will be converted into rotational kinetic energy that
will rotate turbines giving electrical energy. Fig 1 shows
the process in very simple terms.

Fig 1
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Physical concepts of the tidal phenomena

Tidalmovementsin seas are due to the increase of water
levels at certain areas in the globe and the decrease of
water levels at other areas. This is basically due to two
factors.

1 The gravitational forces between the Sun, Moon and
Earth.

2 The rotation of the moon and earth.

Asthere are gravitational forces betweenthe moonand the
earth, seas or oceans water is pulled away from earth
toward the moon atthe area where the moon and the earth
are infront of each other. Atthe opposite side of the earth
the water is being pushed away from the earth due to
centrifugal forces. Thus there are two areas where the
waterlevels are high and other areas where the waterlevel
is low. Thus, the tidal motion of water is created. This is
called the lunar tide.

Working of tidal power generation system

Invery simple terms a barrage is built at the entrance of a
gulf and the water levels vary on both sides of the small
dam. Passages are made inside the dam and water flows
through these passage and turbines rotate due to this flow
of water under head of water. Thus, electricity is created
using the turbines. A general diagram of the systemis in
Fig.2.
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The components of a tidal power station are :

1 A barrage : a barrage is a small wall built at the
entrance of a gulfin order to trap water behind it. It will
eithertrapit by keeping it from goinginto the gulfwhen
water levels atthe sea are high oritwill keep water from
going into the sea when water level at the sea is low.

2 Turbines : They are the components responsible for
converting potential energy into kinetic energy. They
are located in the passage ways that the water flows
through when gates of barrage are opened.

3 Sluices: Sluice gates are the ones responsible for the
flow of water through the barrage they could be seen
Fig 2.

4 Embankments : They are caissons made out of
concrete to preventwater fromflowing at certain parts
ofthe dam and to help maintenance work and electrical
wiring to be connected or used to move equipment or
cars over it.

The following is a list of different methods of obtaining
power from tidal power stations.

1 Ebb method

1st - Water starts to ebb or go toward the sea

2nd - The gates are left closed keeping the water trapped
in basin to increase its level.

3rd - Then water is released out toward the sea rotating
turbines creating electrical energy.

2 Flood method

1st - Water is let into the basin when it is empty

2nd-Asthe turbines are rotated and the electrical energy
is created.

3 Ebb plus pumping method

1st- The turbines are operated as pumps and pumping the
water into the basin at the flood period.

2nd - The waterlevelinthe basinisincreased and creating
greaterhead.

3rd - At the ebb phase the water is let out of the basin,
creating energy for longer time than usual due to be
increased head.

4 Two way power generation

1st - Starting with the basin full, the gates are opened,
letting water flow out and generating energy.

2nd-Theturbines are reversed as the flow will be reversed

3rd - The gates are closed when the flood period or cycle
starts.

4th - Water starts to build up behind the dam.

5th - When a sufficient head is achieved, the gates are
opened to start the flood generation cycle as the water
flows into the basin.

5 Two basin generation method

1st- Two basins are built one called a high - level basin
and the other is the low - level basin .

2nd - The turbines are placed in the wall dividing the two
basins.

3rd - The high level basinisfilled at high tide or flood period.

4th - Thenthelow-levelbasinisfilled through the turbines
from the high level basin.

5th - The low level basinis emptied atlow tide ebb period.

Advantages of tidal power generation

There are many advantages of generating power fromthe
tide; some of them are listed below.
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« Tidal power is a renewable and sustainable energy
resource.

+ Itreduces dependence upon fossil fuels.
* |t produces no liquid or solid pollution.
+ It has little visual impact.

» Tidal power exists on a world wide scale from deep
ocean waters.

+ It offers short time scale between investing in the
modular construction and benefiting from the revenue.

+ Tidallydriven coastal currents provide an energy density
four times greater than air, meaning that a 15-m
diameter turbine will generate as much energy as a
60m - diameter windmill.

« Tidal currents are both predictable and reliable, a
feature which gives them an advantage over both wind
and solar systems. Power outputs can be accurately
calculatedfarin advance, allowing for easy integration
with existing electricity grids.

» The tidal turbine offers significant environment
advantages overwind and solar systems; the majority
of the assembly is hidden below the water line and all
cabling is along the sea bed.

+ Seawateris 832 times as dense as air; therefore the
kineticenergy available from a 5-knot ocean currentis
equivalent to a wind velocity of 270 km/h.

Disadvantages and constraint to tidal power
generation

Unfortunately, there are also disadvantages and limitations
to generating tidal power. Some of these are;

« At the present time both tide and wave energy are
suffering from orientation problems, in the sense that
neither method is strictly economical (except in few
locations throughout the world) on a large scale in
comparison with conventional power sources.

« Tidal power systems do not generate electricity at a
steady rate and thus not necessarily at times of peak
demand, so unless a way can be found of storing
energy efficiently - and any storage devices currently
available incur a considerable loss - they would not
help in reducing the overall need for fossil power
stations, butonly allow themtorun atalowerrating for
a certain amount of the time.

» Tidalfences could present some difficulty to migrating
fish.

Magneto hydro dynamic (MHD) power generation

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

» explain the features of magneto hydro dynamic power generation (MHD)
» state and explain the system components of MHD power generation

* state the advantages of MHD power generation.

Magneto hydro dynamic power generation

The way of generating electricity directly from a fast
moving stream of ionised gases without the need for any
moving mechanical parts - no rotating turbines and
generators is termed as magneto hydrodynamic power
generation.

MHD power generation has also been studied as amethod
for extracting electrical power from nuclear reactors and
also from more conventional fuel combustion systems.

Working principle

Fig 1 explains the principle of operations of MHD. The
MHD generator can be considered to be a fluid dynamo.
This is similar to a mechanical dynamo in which the
motion of a metal conductor through a magnetic field
creates a current in the conductor where as in the MHD
generator the metal conductor is replaced by a conducting
gas plasma.

The flow (motion) of the conducting plasma through a
magnetic field causes a voltage to be generated (and an
associated currenttoflow)across the plasma, perpendicular
to both the plasma flow and the magnetic field according
to Fleming’s Right Hand Rule.

EMF-INDUCED VOLTAGE
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MAGNETO HYDRO DYNAMIC POWER GENERATION

The MHD system

The MHD generator needs a high temperature gas source,
which could be the coolant from a nuclear reactor or more
likely high temperature combustion gases generated by
burning fossil fuels, including coal, in a combustion
chamber. The Fig 2 shows the components of this system.

Fig 2
IONISED GAS GENERATOR

+D:>

FUEL COMBUSION EXPANSION MHD EXHAUST DC
CHAMBER OzZLE |GENERATOR|| GASES POWER
AIR >
R
N\\?R‘Ee’so HEAT |
@ EXCHANGER| AIR
EXHAUST
GASES

ELN4519332

OPEN CYCLE USING CONVENTIONAL FUEL
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Expansion nozzle

It reduces the gas pressure and consequently increases
the plasma speed (Bernoulli’s Law) through the generator
duct to increase the power output. At the same time, the
pressure drop causes the plasmatemperature tofall (Gay-
Lussac’s Law)which alsoincreasesthe plasmaresistance,
so a compromise between Bernoulli and Gay-Lussac
must be found. The exhaust heat from the working fluid is
usedtodrive acompressortoincrease the fuel combustion
rate but much of the heat will be wasted unless it can be
used in another process.

The plasma

The prime MHD system requirement is creating and
managing the conducting gas plasma since the system
depends on the plasma having a high electrical
conductivity. The plasma can be the fourth state of matter
after the solid, liquid and gaseous states, in which the
atoms or molecules are stripped of their electrons leaving
positively chargedions. Suitable working fluids are gases
which derived from combustion, noble gases and alkali
metal vapours.

The gas plasma

To achieve high conductivity, the gas must be ionised by
detaching the electrons from the atoms or molecules
leaving the positively charged plasma. The plasma flows
through the magneticfield athigh speed, in some designs,
more than the speed of sound, the flow of the positively
charged particles providing the moving electrical conductor
necessary forinducing a currentin the external electrical
circuit.

Methods of lonising the gas

Various methods for ionising the gas are available, all of
which depend on imparting sufficient energy to the gas.
It may be accomplished by heating or radiating the gas
with Xrays or Gammarays. It has also been proposed to
use the coolantgases such as helium and carbon dioxide
employed is some nuclear reactors as the plasmafuel for
direct MHD electricity generation rather than extracting
the heat energy of the gas through heat exchangers to
raise steam to drive turbine generators.

Seed materials such as Potassium carbonate or Cesium
are often added in small amounts, typically about 1% of
the total mass flow, toincrease the ionisation and improve
the conductivity, particularly of combustion gas plasmas.

Containment

Since the plasma temperature is typically over 1000°C,
the duct containing the plasma must be constructed from
non conducting materials capable of withstanding these
high temperatures. The electrodes mustbe conducting as
well as heat resistant.

The faraday current

A powerful electromagnet provides the magnetic field
through which the plasma flows and perpendicular to this
field, two electrodes are installed on opposite sides of the
plasma across which the electrical output voltage is
generated. The currentflowing across the plasma between
these electrodes is called the Faraday’s current. This
provides the main electrical output of the MHD generator.

Power output

The output power is proportional to the cross sectional
area and the flow rate of the ionised plasma. The
conductive substance is also cooled and slowed in this
process. MHD generators typically reduce the temperature
ofthe conductive substance from plasma temperatures to
justover1000°C.

AnMHD generator produces a direct current output which
needs an expensive high power inverter to convert the
output into alternating current for connection to the grid.

Efficiency

Typical efficiencies of MHD generators are around 10 to
20 percent mainly due to the heat lost through the high
temperature exhaust.

This limits the MHD’s potential applications as a stand
alone device butthey were originally designed to be used
in combination with other energy converters in hybrid
applications where the output gases (flames) are used as
the energy source to raise steamin a steamturbine plant.
Total plant efficiencies of 65% could be possible in such
arrangements.

Experience

Demonstration plants with capacities of 50 MW or more
have been builtin several countries but MHD generators
are expensive. Typical use could be in peak shaving
applications but they are less efficient than combined -
cycle gas turbines which means there are very few
installations and MHD is currently not considered for
mainstream commercial power generation.

Advantages of MHD generation

1 Here only working fluid is circulated, and there are no
moving mechanical parts. This reduces the mechanical
losses to niland makes the operation more efficiency.

2 The temperature of working fluid is maintained the
walls of MHD.

3 It has the ability to reach full power level almost
directly.

4 MHD has very high efficiency
The price of MHD is very low.
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Electrical

Related Theory for Exercise 4.5.194 & 4.5.195

Electrician - Power Generation and Substation

Power generation by solar and wind energy

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

« state the necessity of tapping natural resources for energy

¢ explain the basic principle and construction of the solar cell

¢ explain the characteristic and general specification of a solar cell
¢ explain the features of solar power generation system

¢ explain the features of wind power generation system

« calculate the required series parallel group of solar cells for a given power requirement.

Solar cells: Heat energy is the most sought energy for
human being to cook the food as well as to keep warmiin
cold climate. However the use of wood as the fuel for fire,
has ended up in deforestation and resulted in drought.
Search of fuel lead the man to use coal and then oil.
However these commodities are fast dwindling and after
few hundred years both may completely vanish from earth.
As such it is essential that human race should find
alternative source of energy from nature.

Hence the use of natural resources like heat from sun
thought by several scientists and one of the solutions to
the energy crisis is the invention of solar cells.

The solar cellsis essentially alarge photo diode designed
to operate solely as photo voltaic device and to give as
much output power as possible. When these cells are
under the influence of light rays from sun, they give out
about 100 mw/cm? power.

The construction and cross section of a typical power
solarcellisin Fig 1. The top surface consist of a extremely
thin layer of P-type material through which light can
penetrate to the junction.

Fig 1
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The nickel plated ring around the P-type material is the
positive output terminal, and the button plating is the
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negative output terminal. commercially produced solar
cells willbe available in flat strip form for efficient coverage
ofavailable surface areas. The circuitsymbol of solar cell
is shown in Fig 1.

According to different manufacturing standards, the output
power varies from 50mw/cm?to 125mw/cm? as shown in
Fig2. The graph (Fig 2) shows the characteristicof a solar
cellwhich gives 100mw/cm?. Considering the characteristic
curve it is apparent that the cell will deliver an output
current of 50mA when the output terminals are short
circuited the outputvoltage will be zero. On the other hand
open circuited voltage of the cell will be 0.55mv but the
output currentis zero. Therefore again the output power
is zero. For maximum output power the device must be
operated at the knee of the characteristic. In solar cells
the output power decreases at high temperature.

Typical output characteristics of power photocell for use
as a solar energy converter. (Fig 2)
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Array of solar cells connected as a battery charger.
(Fig3)

Fig 3 shows a group of series-parallel connected solar
cells operating as a battery charger. Several cells must



be series connected to produce the required output
voltage, and number of parallel groups to be provided as
per the required output current.

Fig3 18 PARALLEL
GROUPS
: —— +
[ +
13 SERIES —
CONNECTED | IR EYY BATTERY — 12V
CELLS -
Q
[ - -3
3
ARRAY OF SOLAR CELLS CONNECTED AS A BATTERY CHARGER 2
i}
Example

Avillage welfare club is having a black and white TV which
operates at 24V taking a current of 3amp for four hours.

Normally an array of solar cells are used for charging the
24V batteries and the light source from sun available to
energise the cells for about 10hours a day. Calculate the
total number of solar cells of 125mw/cm?required and the
series parallel grouping of cells.

Solution

Refer Fig 2. As per the graph the solar cells (energy
converters) should be operated at approximately 0.45V
and 57mA. Assuming the charging voltage should be
higher than the battery voltage of 24V the solar cells
should supply 26.4volt for charging the battery circuit.

Number of series connected cells

Output voltage  26.4V
Cell voltage 0.45Vv

= 58.5 = say 59 cells

The charge taken by the batteries after every day of TV
programme will be 3amp x 4hours = 12 ampere hours.
This should be supplied by the solar cells in 10 hours.
Hence the ampere (current) requirement

Ampere hours 12

Current= hours T

=1.2amp

Total number of groups of cells in parallel

_ Output current _ 1.2amp
~ cellcurrent  57mA

= say 21 cells
The total number of cells required

= Numberofcellsinseries xnumber of groupsin parallel

=59 x 21
= 1239 cells.

Solar energy generation

Solarenergyis very large, inexhaustible source of energy.
The power from the sun intercepted by the earth is
approximately 1.8 x 1011 MW, which is many thousands
of time large than the present consumption rate on the
earth of allcommercial energy sources. Thus, in principle,
solarenergy could supply all the present and future energy
needs of the world on a continuous basis. This makes it
one of the most promising of the non conventional energy
sources.

In addition to its size the solar energy has two other
factorsinits favour. Firstly, unlike fossil fuels and nuclear
power, it is an environmentally clean source of energy.
Secondly, itis free and available in adequate quantities in
almost all parts of the world where the people live.

However, there are many problems associated withituse.
The main problem is that it is a dilute source of energy.
Eveninthe hottestregions of earth, the solar radiation flux
availablerarely exceeds. 1 KW/m?2, whichis alow value for
technological utilization. Consequently, large collecting
areas are required in many applications and these result
in excessive costs.

Solar electricity

When sunlight strikes on photovoltaic (PV) solar panel,
the electricity is produced. The method of generating the
electrical energy from the solar panel (cells) is termed as
solarenergy generation.

Generation of electricity by using solar energy depends
up on the photovoltaic effect in some specific materials.
There are certain materials that produce electric current
when these are exposed to direct sun light. This effectis
seen in combination of two thin layers of semiconductor
materials. One layer of this combination will have a
depleted number of electrons.

When sunlight strikes on this layer, it absorbs the photons
ofsunlightray and consequently the electrons are excited
and jump to the other layer. This phenomenon creates a
charge difference between the layer andresultingtoatiny
potential difference between them.

The unit of such combination of two layers of semi
conductor materials, for producing electric potential
difference in sunlightis called solar cell. Silicon is normally
used as solar cell. For building cell, silicon material is cut
into very thin wafers. Some of these wafers are doped with
impurities. Then both doped and undoped wafers are
sandwiched together to build solar cell. A metallic strip is
attached to two extreme layers to collect current.
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A desired number of solar cell are connected together in
both parallel and series to form a solar module for producing
desired electricity.

The solar cell can also work in cloudy weather as well as
is moon light butthe rate of production of electricity low as
and it depends up on intensity of incident light ray.

Fig 4 describes the typical system of solar panels,
controller, energy storage, inverter for converting DCinto
AC and how the system is connected to power grid.

Fig4
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Solar panel installation norms

Solar modules musthave some industry standards known
as the standard test condition (STC).

Itis a set of conditions to test a module, mainly includes
these factors.

Irradiance (sunlight intensity)

Itis the amount of sunlightfalling on a plain surface. Its unit
is watt per square metre. The measurement standard is
unit 1000Kw/m?2,

Airmass

It is the thickness and clarity of air through which the
sunlight passes to reach the modules its standard is 1.5.

Celltemperature: Itis the testing temperature as 250°C.

Module efficiency : Itis the ratio of output power to the
input power is called module efficiency. Module uses the
photons in the sunlight to produce DC electricity.

* Normally 1000W/M? of sunlight strikes 1 square metre
area of a module. If 100W of power is produced from
that square metre, then the module efficiency is 10%
Ifitis 50W power is produced from that square metre
it a has an efficiency of 5%.

* For efficient cell, if must have the following key
factors.

* It must have a high short circuit current.

+ The open circuit voltage is also must be high for
obtaining the above possible character with possible
condition must be fulfilled.

» Bychoosing low band gap materials to get high value
of short circuit current and high open circuit voltage.

Assembling and installation of solar panels

A solar panel is a able to function using the solar energy
which is derived from the sun. The solar panel installed
on the roof top absorb sun's light (photons) from the sun.

Silicon and the conductors in use for solar panel converts
the sunlight into direct current (DC) electricity flows into
the inverter. It is an renewable energy. The process of
converting sunlight to electrical energy and more efficient
than other process.

Solar panel contains many different silicon cells (or) solar
cells. The energy derived from the sun is connected into
electricity with help of solar panels.

1 The solar panels installed on the roof top absorb sun's
light from the sun.

2 Thesilicon and the conductor in the panel convert the
sunlight into DC flows into inverter.
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3 Theinverter then converts DC to AC which can be used
at home.

4 Excess electricity that is not used, can be feedback
to the grid.

5 When the solar panels produce less power than
required at home.

Process of connecting solar panel to electricity

Solar panels is used a special process of connecting
photons to electrons to generate a current by making
use of a special type of cell known as photovoltaic cell.
These cells are commonly found on the front of calculation
and small gadgets are connected together, called as solar
panels (photovoltaic cells) are made up of semiconductor
materials such as silicon, which absorb the light from the
sun. The photons in the sunlight current the electron within
the sunlight.

Basic idea of a solar module, array and balance of
system (BOS)

Module

Solar cells are made in various shapes and sizes. The
smallest of the cells can be seen in devices like an ordinary
calculator, these type of devices are very little amount of
power used in home lighting system needs more power
to run on. The number of cells are put together to produce
more power. The group of cells is packaged together in
an enclosed space is called as a module.

It helps to give higher voltage, high power and protects
the panel from rain, snow and wind etc. voltage and power
output of module depend on the size and number of cells
used. So, more number of modules are to be connected
in a simple assembly of modules is known as array.

(Fig 5)

Fig 5
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Balance of system (BOS)

The cells modules and arrays are the power producing
part, a small devices like radio, needs a small amount of
power, can be directly connected to a small module. But
most of the devices appliances need more power at night.
The assembly of module, battery and an appliance is
simple form a P.V system.

A module cannot be connected directly to a battery, so, a
charge controller ON charge regulator is used in between
module and battery and inverter are required to operate
AC appliances. So, the whole system excepts the module
is known as balance of system (BOS). (Fig 6)
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The main components is BOS assembly are:

» Storage battery

* Charge controller

* Inverter

* Support structure

» Junction boxes

* Wire, cables and fuses

+ Connections and switches

The functions of the above components are explained
briefly below:

Storage battery

The most small systems used for lightening needs only
12V battery for longer system like refrigerator, 24V is used.
If helps to keep the wire size small and system losses to
a minimum. It needs to be handled carefully. If must not
be over charged or fully discharged to prevent from
damage.

Charge controller

If the battery is not able to control charge on its own. This
work is done by a simple automatic device known as a
charge controller in the following way.

* It senses the battery charge and switches ‘OFF’ the
charging current and avoid from damage.

+ Itdisconnects the appliances when the battery charge
goes below a set limit.

» Prevents reverse current and protects from short circuit.
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Inverter

A solar system produces only DC power. But home
appliances need AC power. The device (example CFL) is
required for this purpose to convert DC into AC is called
as inverter.

Support structure

The solar module cannot be simply placed either on ground
or roof. It needs to collect the sunshine at an angle. To
keep the module safe from any strong winds support
structure is used for solar PV system.

Junction boxes

It is meeting point for many wires. These may be from a
raw of modules are from modules to a battery bank. A
junction box is made of an unbreakable material (ie)
polycarbonate. It makes use of copper connectors for a
high current flow. It protects the system from moisture.

Wires and fuses

This solar systems carry a low voltage but high current.
So, the large diameter wire is needed. Fuses keep the
solar equipment safe against the short circuit.

CFL( Compact Fluorescent Lamp)

Itis not only energy saving lamp but also having long life
(8000hrs) and less heat output common available CFL
are:

+ S5W-235Lumens

*+ 7W-370Lumens

* 9W-600 Lumens

+ 11W-900 Lumens

The solar panels are installed for some applications like:
- Solar power plant

- Solarlantern

- Solar lighting system

- Solar water pumping system

- Solar battery charging system

- Solar Hybrid system

- Solar grid connected power plants

- Solar home system

- Solar water heater etc.,

For example the procedure for installing of a solar home
system is explained below:

Fig 7 shows the block diagram of solar panel installation.

- Collect the system from the packing

Fig 7
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- Check forthe any damage from outride on the different
parts of system.

- Connect the load to junction box controller

- Connect all lighting loads charge controller to load
junction box with interconnecting cables.

- Place the charge controller on batter box, keep the
battery inside.

- Fire module on the support structure.
- Wore the system appear box layout.
Mounting of charge controller

- Mount the controller to the wall into screws that fit to
the wall material.

- Connect the battery cable assembly with fuse supplied
along with the controller.

- Connect first controller and then battery and two
modules

- Connect the wires to the load and only then to
controller.

Electrical connection

+ Connect the battery to the system only after getting
fully charged.

» Do not switch ‘ON’ charged the loads for 2 - 3 days
(when battery is ‘ON’ a full charged)

+ Connectthe array cable to charge controller with correct
polarity.

» Keep the switch in ‘OFF’ position and connect the
load cables and battery cables to charge controller.

+ Switch ‘ON’ the load (ie) lamps for the normal
operation.

» Test the solar panel installation for it's functioning.
(Fig 8a & b) shows the installed solar panel with mid
clamp and with frame mounted installation are illustrated.

Functionality of solar panel

Sunlight is the basic fuel for a solar panel. Sunshine is
the cause to keep the panel for normal functioning. But
the environment around the modules will affect it's working.
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Fig 8(a)

MID CLAMP ILLUSTRATELL

Fig 8(b)
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INSTALLED SOLAR PANEL WITH FRAME ILLUSTRATELL

The following few factors will affect it's normal working
cause for power loss.

- Tiltangle

- Dust

- Shading

- Light intensity

- Temperature

- Charge controller

- Semiconductor energy loss

- Cabling losses

- Improper connections

Tilt angle

The solar module must be installed in the proper path of
sun and it is tilted properly at an angle, equal to the latitude

of the place. If any error in the tilt angle will lead to same
amount of power loss.

Dust

If the modules is not cleaned properly, dust will form on
the modules surface in the dry season, and it may cause
for high energy loss 5-10%.

Shading

Solar module faces the sun all day. Their shade should

Wind power generation

not be present on it. In such a place only it must be put
up. But due to extended free transformer, T.V antennas
etc, may cause to present shades.

A solar modules are made of a string of individual solar
cells and connected in series with one another. Suppose
as an example one cell from 36 cells in a module is fully
shaded, the power output from the module will become
zero due to high resistance. But if one cell is 50% shaded
then the power output is reduced to 50% only offers high
resistance.

Light intensity

More power is produced from the panel in bright sunlight.
For 1000W/M? of sunlight, the rated output power will be
full. But, if it is 500W/M? only the rated power output will
be half. The output power is directly proportional with the
increasing of solar in isolation.

Temperature

The higher the temperature the output power is reduced
from a module, due to power loss. It is tested at standard
temperature at 25°C. During the bright sunlight, cell may
reach 70°C also. If crystalline silicon decrease from
0.4 to 0.5% per°C temperature increases above 25°C.
Amorphous silicon module temperature coefficient is 0.2
to 0.25 % per°C of temperature increase.

Charge controller

If the charger controller is in continuous operation and
draws a small current of about 5mA to 25mA, then the
power loss is around 1%.

Semiconductor energy loss

The charge controller is having the components as
MOSFET and blocking diodes, which is cause for heat
energy loss.

Cabling loss

The cables are also cause for power loss, It can be
minimized by choosing a large diameter of wire size.

Improper connection
If the electrical connections are not made properly, it

results in less power is fed to the battery. It can be reduced
by keeping clean, and tight connections.

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

» explain the features of wind power generation

* state the advantages and disadvantages of wind power generation.

The method of generating the electrical energy by using
the wind is termed as wind power generation. Since the
wind has velocity and kinetic energy, it can be used to

produce electricity. For that, we can use windmills. The
important part of a windmillis a structure with large leaves,
fixed at the top of a high tower. The speed of leaves
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changes with the speed of the wind. If the rotation of the
windmill is given to the rotor of a generator, then the
electricity will be obtained from the generator. If the
windmill is connected to a water pump, the leaves of the
windmill rotate the pump and pumping out the water.

Wind power can be usefully exploited for the generation of
electricity as there are large, coastal, hill and desert
areas. Wind turbines comprising of machines with blade
diameter of 17 m, which can generate about 100 kilowatts.
A strike of blowing wind on specially designed blades of a
windmill’s rotor causes both to rotate. This rotation, which
is the mechanical energy, when coupled to a turbine, drive
the power generator.

Operation

The schematic arrangement of wind power stationis given
in Fig 1.

Fig 1
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When the wind strikes the rotor blades, blades start
rotating. Rotor is directly connected to high speed gear
box. Gear box converts the rotor rotation into high speed
which rotates the electrical generator. An exciter is
needed to give the required excitation to the coil so that it
can generate required voltage. The exciter current is
controlled by a turbine controller which senses the wind
speed based on that it calculate the power what we can
achieve at that particular wind speed.

The output voltage of electrical generator is given to a
rectifierand rectifier outputis givento line converter unitto
stabilise the output AC that is fed to the grid by a high
voltage transformer. An extra units is used to give the
power to internal auxiliaries of wind turbine (like motor,
battery etc), this is called internal supply unit. ISU can
take the power from grid as well as from wind. Chopperis
used todissipate extra energy from the Rectifier Unit (RU)
for safety purpose.

Advantages

1 The wind energy is free, inexhaustible and does not
need transportation.

2 Wind power plantonthe otherhand does nottake long
time to construct. Such wind mills will be highly
desirable & economical to the rural areas which are far
away from the existing grids.

3 There is a strong reason why wind power should be
welcome by grids which have some hydroelectricity
inputsin India. The waterlevelin the hydel reservoiris
at its lowest before the onset of the South West
monsoon. If less water is drawn during the monsoon,
a high level could be maintained for longer period.
During the monsoon period wind energy can be used
to feed the grid.

4 ltis non polluting
It does not require high technology.

6 Electricity can be produced at a lower cost after
installation.

Disadvantages

1 Themajordisadvantage associated in the wind power
is that it is not constant and steady, which make the
complications in designing the whole plant.

2 Therotorblades of wind turbine generators must sweep
outlarge areas to produce worthwhile amount of power.

3 Thewindis a very dangerous such storms can cause
tremendous shear stresses which may spoil the whole
plant within no time. To avoid this, special and costly
designs and controls are always required.

4 Among all the disadvantages mentioned above, the
cost factor is the major which has restricted the
developmentof wind power on large scale forfeeding to
the existing grid. The estimated cost of wind electricity
generation, storage & distribution systemis over 1 lakh
rupees which may be considered beyond the means of
most Indian villages.

Modern wind machines are still wrestling with the problem
of whatto dowhen the wind is notblowing. Large turbines
are connected to the utility power network some othertype
of generator picks up theload when there is nowind. Small
turbines are often connected to diesel/electric generators
orsometimes have a battery to store the extra energy they
collect when the wind is blowing hard.

The wind energy is utilized by means of a wind mill or a
series of wind mills. A wind mill consists of few vanes
(normally 3 to 6) which rotate about their axis, when the
wind blows against them. The rotational motion (i.e.
mechanical energy) thus created is utilized for various
applications, such as,

Lifting water from the well
Battery charging
Water pumping

Operating a simple machine

a b 0N -

Wind energy is used for agricultural&rural applications
such as grinding flour mills, wood cutting saw, stone
crushers, mixers, water pumps and irrigation facility
etc.
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Electrical

Related Theory for Exercise 4.6.196 to 4.6.198

Electrician - Transmission & Distribution

Electrical supply system - transmission - line insulators

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

» explain the electrical supply system and layout of AC power supply scheme

* list out the various power transmission
e compare AC and DC transmission

« state the advantages of high voltage transmission

* state single phase and 3 phase - 3 wire system in transmission.

Electrical supply system

The electrical energy generated from the power plants
has to be supplied to the consumers. This is large network,
which can be broadly divided into two stages, (ie.)
Transmission and distribution.

The conveyance of electric power from a power station to
the consumers / premises is called is Electrical supply
system.

The Electrical power supply system consists of 3 main
components viz (i) The power station / plant (ii) The
transmission lines and (iii) The distribution systems. The
power is produced at power plant which is away from the
consumers, It has to be transmitted over long distances
to load centres by transmission and to consumers through
distribution network.

This supply system can be classified into

- DC or AC system

- Over head lines (or) underground system

Now a days, 3 phase, 3 -wire AC system is universally
adopted as an economical proposition. In some places 3
phase - 4 wire AC system is adopted.

The underground system is more expensive than the over-
head system, therefore in our country O.H system is
almost adopted.

Types of power transmission system

Universally, 3 - phase - 3 wire AC system is adopted in
most of the places. However other systems can also be
used for transmission under special circumstances.
Possible systems are :-

1 DC system

i DC two wire

ii  DC two - wire with mid point earthed

iii DC three wire

2 ACsingle phase system

i Single-phase two wire

i Single - phase two wire with mid point earthed

i Single phase three wire

3 AC Two - phase system

i Two- phase three wire

i Two - phase - four wire

4 AC three phase system

i Three - phase - three wire

i Three - phase - four wire

The line network between generating station (Power
station) and consumer of electric power can be divided
into two parts.

- Transmission system

- Distribution system

This system can be categorized as primary transmission
and secondary transmission. Similarly primary distribution
and secondary distribution. This is in Fig 1.

Itis not necessary that the entire steps which are shown
in the diagram must be included in the other power
schemes. There may be difference, there is no secondary
transmission in many, schemes, in some (small) schemes
there is no transmission, but only distribution.

Various stages of a typical electrical power supply
system, are as follows

1 Generating station

2 Primary transmission

3 Secondary transmission

4 Primary distribution

5 Secondary distribution

Generating station

The place where electric power produced by the parallel

connected three phase alternators / generators is called
generating station (i.e power plant).
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Fig 1
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The ordinary power plant capacity and generating voltage
may be 11KV, 11.5 KV, 12KV or 13KV. But economically.
It is good to step up the produced voltage from (11KV,
11.5KV or 12KV) to 132KV, 220KV, 400KV or 500KV or
greater (in some countries, up to 1500KV) by step up
transformer (power transformer).

Primary transmission

The electric supply (132KV, 220 KV, 500KV or greater)
is transmitted to load center by three phase three wire
(3 phase - 3 wires) overhead transmission system.

Secondary transmission

Area far from city (outskirt) which have connected with
receiving station by line is called secondary transmission.
At receiving station, the level of voltage reduced by step-
down transformers up to 132KV, 66 or 33KV and electric
power is transmitted by three phase three wire (3 phase -
3 wires) overhead system to different sub stations. So
this is a secondary transmission.

Primary distribution
At a sub station, the level of secondary transmission

voltage (132KV, 66 or 33KV) is reduced to 11KV by step
down transformers.

Generally, electric supply is given to heavy consumer
whose demands is 11KV, from these lines which carries
11KV (in three phase three wire overhead system) and
they make a separate sub station to control and utilize
this power.

In other cases, for heavier consumer (at large scale) their
demand is about 132 KV or 33KV they take electric supply
from secondary transmission or primary distribution (in
132KV, 66KV or 33KV) and then step down to the level of
voltage by step -down transformers in their own sub station
for utilization (i.e for electric traction etc).

Secondary distribution

Electric power is given to (from primary distribution line
(i.e.) 11KV) distribution sub station. This sub station is
located near by consumers area where the level of voltage
reduced by step down transformers is 415V. These
transformers are called distribution transformers, in
3 phase four wire system ( 3 phase - 4 wires), there is
415 volts (Three phase supply system) between any two
phases and 240 volts (single phase supply) between
neutral and any one of the phase (lives) wire.

Residential load (i.e. Fans, light, and TV etc) may be
connected between any one phase and neutral wires, while
three phase load may be connected directly to the three
phase lines.

Elements of distribution system

Secondary distribution may be divided into three parts.
1 Feeders

2 Distributors

3 Service lines or service mains

Those electric lines which connect generating station
(power station) or sub station to distributors are called
feeders. Remember that current in feeders (in each point)
is constant while the level of voltage may be different, the
current flowing in the feeders depends on the size of
conductor.

Distributors

Those tapings which extracted for supply of electric power
to the consumers or those lines, from where consumers
get electric supply is called distributors
(Fig 2). Current is different in each section of the
distributors while voltage may be same. The selection of
distributors depends on voltage drop and may be designed
according to voltage drop. It is because consumers get
the rated voltage according to the rules.
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Service lines or service mains

The normal cable which is connected between distributors
and consumer load terminal are called service line or
service mains. A complete typical AC power supply
system scheme is in Fig 3.
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A.C.POWER SUPPLY SYSTEM

Comparison of DC and AC transmission

The electric power can be transmitted either by means
of DC (or) AC. Each system has it's own merits and
demerits. Some technical advantages and disadvantages
of two systems are stated below.

AC transmission
Some years ago, the transmission of electric power by

DC has been receiving of the active consideration of
engineers due to it's appreciable advantages.

Advantages of DC electric power transmission
1 Itrequires only two conductors

2 There is no problem of inductance, capacitance and
phase displacement which is common in AC
transmission.

3 Forthe same load and sending end voltage, the voltage
drop in DC transmission lines is less than that in AC
transmission.

4 As there is no skin effect on conductors, therefore
entire cross - section of conductor is usefully utilized
thereby affecting saving in material.

5 For the same value of voltage insulating material on
DC lines experience less stress as compared to those
on AC transmission lines.

6 A DC line has less corona loss and reduced
interference with communication circuits.

7 There is no problem of system instability which is so
common in AC transmission.

Disadvantages of DC transmission

1 Generation of power at high DC voltages is difficult
due to commutation problems and cannot be usefully
utilized at consumer ends.

2 Step up or step -down transformation of DC voltages
is not possible in equipment like transformer.

Advantages of AC electric power transmission

1 Power can be generated at high voltages as there is
no commutation problems.

2 AC voltages can be conveniently stepped up or stepped
down by using transformers.

3 High voltage transmission of AC power reduces losses.
Disadvantages of AC electric power transmission

1 Problems of inductances and capacitances exist in
transmission lines.

2 Due to skin effect, more copper is required.

Construction of AC transmission lines is more
complicated as well as costly.

4 Effective resistance of AC transmission lines is
increased due to skin effect.

From the above comparison, it is clear that high voltage
DC transmission is superior to high voltage AC
transmission. At present, transmission of electric power
is carried by AC and effort is making towards DC
transmission also. The convertor and inverter have made
it possible to convert AC into DC and vice versa easily.
Such devices can operate upto 30MW at 400KV in single
units. The present day trend is towards AC for generation
and distribution at high voltage DC for transmission.

The single line diagram of high voltage DC transmission
is in Fig 4. The power is generated as AC and stepped up
to high voltage by the transformer at sending end (T,) .
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The AC power at high voltage is fed to the convertor which
convert AC to DC. The transmission of electric power is
carried at high DC voltage. At the receiving emf DC is
converted into AC with the help of invertors. The AC supply
is stepped down to low voltage by receiving end transformer
(T) for distribution.

Fig 4
3 PHASE AC.
@% % CONVERTOR INVERTOR %

T (Tr)
(Ts) RECEIVING END 3
SENDING END TRANSFORMER 3
TRANSFORMER 2
HIGH VOLTAGE D.C.TRANSMISSION 3

Advantages of high voltage transmission

Very high voltages are used for transmission systems
because, as a general principle, the bigger the voltage
the cheaper is the supply.

Since power in an AC system is expressed as
P=VI cos0, that means increase in voltage will reduce
the current for a given amount of power. A lower current
will resultin reduced cable switch gear size and the line
power losses, given by the equation P = I2R will also be
reduced.

The 132KV grid and 400KV supergrid transmission lines
are for the most part, steel - cored aluminimum conductors
suspended on steel lattice towers, since this is about 16
times cheaper than the equivalent underground cable.

The conductors are attached to porcelain insulator strings
which are fixed to the cross - members of the tower is in
Fig 5. Three conductors comprise a single circuit of a
three phase system so that towers with six arms carry
two separate circuits.

Fig 5
TOWER CROSS MEMBER

PORCELAIN
INSULATOR
STRING

|
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CROSS MEMBER OF THE TOWER

Primary distribution to consumers is from 11KV
substations, which for the most part are fed from 33 KV
substations, but direct transformation between 132 and
11KV is becoming common policy in city areas where
over 100 MW can be economically distributed at 11KV
from one site.

Fig 6 shows a block diagram indicating the voltage at the
various stages of the transmission and distribution
system.
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Distribution system at 11KV may be radial system offers
continuous supply.

The maintenance of a secured supply is an important
consideration for any electrical engineer or supply
authority because in industrial society, a loss of supply
may cause inconvenience, financial loss and danger to
the consumer or the public.

The principle employed with a ring system is that any
consumer’s substation is fed from two directions, and by
carefully grading the overload and cable protection
equipment a fault can be disconnected without loss of
supply to the consumers.

Fig 7 is a simplified diagram of distribution of electricity
from power station to consumer.

Fig 7
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High voltage distribution

High voltage distribution to primary substation is used by
the electricity boards to supply small industrial,
commercial and domestic consumers.

This distribution method is also suitable for large industrial
consumers where 11KV substations as in Fig 8 may be
strategically placed at load centres around the factory
site.

The final connections to plant, distribution boards,
commercial or domestic loads are usually by simple
underground radial feeders 415V/240V.
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These outgoing circuits are usually protected by circuit
breakers in a distribution board.

The 415 V/240V is derived from the 11KV/415V sub-station
transformer by connecting the secondary winding in star
is in Fig 9.

Line insulators

Fig 9
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The star point is earthed to an earth electrode sunk into
the ground below the substation, and from this point is
taken the fourth conductor, the neutral. Loads connected
between phases are fed at 415V, and those fed between
one phase and neutral at 240V.

Athree - phase 415V, supply is used for supplying small
industrial and commercial loads such as garages, schools
and blocks of flats. A single - phase 240V supply is usually
provided for individual domestic consumers.

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

» explain the types of insulators and their uses
» explain the method of binding of the insulators.

Line insulators

The aim of using a line insulator in an overhead line is to
hold the live conductor to prevent leakage of current from
the conductor to the pole. These are made of porcelain
clay and are thoroughly glazed to avoid the absorption
of moisture from the atmosphere.

Properties of insulators

i High mechanical strength in order to withstand
conductor load, wind load etc.

i High electrical resistance of insulator material in order
to avoid leakage currents to earth.

iii High relative permittivity of insulator material in order
that dielectric strength is high.

v The insulator material should be non - porous, free
from impurities and cracks otherwise the permittivity
will be lowered.

v High ratio of puncture strength to flash over.

The most commonly used material for insulators of
overhead line is porcelain but glass, steatite and special
composition materials are also used to a limited extent.

The following are the common types of insulators in use.
* Pin type insulator

» Shackle insulator

» Suspension insulator

+ Straininsulator

* Postinsulator

+ Stay insulator

« Discinsulator

Pin Insulators : Pin insulators are used for holding the
line conductors on straight running of poles. Pin insulators
are three types. i.e single shed (Fig 1) double shed
(Fig 2) and triple shed (Fig 3) The single -shed pin
insulators are used for low and medium voltage lines. The
double and triple shed pin insulators are used for over
3000V. These sheds are used to drip off the rain water.

The part section of a pin type insulator is in Fig 4a & 4b
As the name suggest, the pin type insulator is secured
to the cross - arm on the pole. There is a groove on the
top of the insulator for housing the conductor. The
conductor passes through this groove and is bound by
the annealed wire of the same material as the conductor.
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Shackle insulators : Shackle insulators are generally
used for terminating on corner poles. These insulators
are used for medium voltage line only. (Fig 5a & 5b)

2115
220

Fig 5

\‘ ! //

100

2100

SHACKLE INSULATOR TYPE I
SHACKLE INSULATOR TYPE Il
(@ (b)
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But now a days, they are frequency used for low voltage
distribution lines. Such insulators can be used either in
horizontal position or in a vertical position. They can be
directly fix to the pole with a bolt or to the cross arm.
Fig 6 shows a shackle insulator fixed to the pole. The
conductor in the groove is fixed with a soft binding wire.

Fig 6
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Suspension type insulators

The cost of pin type insulator increases rapidly as the
working voltage is increased. Therefore, this type of
insulator is not economical beyond 33 KV. For high voltage
(>33KV), it is a usual practice to use suspension type
insulators as in Fig 7. They consist of a number of porcelain
discs connected in series by metal links in the form of a
string. The conductor is suspended at the bottom end of
this string while the other end of the string is secured to
the cross- arm of the tower. Each unit or disc is designed
for low voltage, say 11KV. The number of discs in series
would obviously depend upon the working voltage. For
instance, if the working voltage is 66KV, then six discs
in series will be provided on the string.

Fig 7
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Advantages

1 Suspension type insulators are cheaper than pin type
insulators for voltage beyond 33 KV.

2 Each unit or disc of suspension type insulator is
designed for low voltage, usually 11KV. Depending upon
the working voltage, the desired number of discs can
be connected in series.

3 Ifany one disc is damaged, the whole string does not
become useless because the damaged disc can be
replaced by the sound one.

4 The suspension arrangement provides greater flexibility
to the line. The connection at the cross arm is such
that insulator string is free to swing in any direction
and can take up the position where mechanical
stresses are minimum.
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5 Incase of increased demand on the transmission line
it is found more satisfactory to supply the greater
demand by raising the line voltage than to provide
another set of conductors. The additional insulation
required for the raised voltage can be easily obtained
in the suspension arrangement by adding the desired
number of discs.

6 The suspension type insulators are generally used with
steel towers. As the conductors run below the earthed
cross arm of the tower, therefore, this arrangement
provides partial protection from lighting.

Strain insulators

When there is a dead end of the line or there is corner or
sharp curve, the line is subjected to greater tension. In
order to relieve the line of excessive tension, the strain
insulators are used. For low voltage lines (<11KV) shackle
insulators are used as strain insulators. However for high
voltage transmission lines, strain insulator consists of an
assembly of suspension insulators. The discs of strain
insulators are used in the vertical plane. When the tension
in the lines is excessively high, as at long river spans,
two or more strings are used in parallel.

Post insulators

Cap and pin type (Fig 8a & 8b) : Such insulators can be
used for mounting of buses, dropout fuses, line
conductors, G.0.A.B (Gang Operated Air Break) switches.
These are of outdoor type and are available in 11, 22 and
33KV ranges.

Fig 8
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Stay insulators (Fig 9) : Stay insulators are also known
as strain insulators and are generally used up to 33 KV
line. These insulators should not be fixed below three
metres from the ground level. These insulators are also
used where the lines are strained.

Fig 9

STAY INSULATOR
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The supporting wire which is used in the opposite direction
of tension on the pole due to overhead conductors is
known as ‘stay wire’. It prevents the bending of the pole

due to tension of the conductor. These stay wires consist
of 4 to 7 strands of Gl wire is in Fig 10. The correct size to
be used depends upon the tension on the pole.

Fig 10
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Stays and struts: Stays and struts are the different types
of supporting wires for the pole. Stays are generally used
forangle and terminating poles to prevent the bending of
the pole whereas struts are used where space for stay is
very limited. Fig 11 shows both the stay and the strut.

Fig 11 Do sdla
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STAY TYPE SUPPORT STRUT TYPE SUPPORT

One end of the stay is fixed at the top of the pole and its
other end is grouted in the concrete foundation.

Disc insulators : Disc insulators are made of glazed
porcelain or tough glass and are used as insulators at
dead ends, or on straight lines as suspension type for
voltages 3.3 kV and above. (Figs 12, 13 and 14)

These are available in four designs:

Tongue and clevis type (Fig 12): A round pin with a
cotterpinis used to hold the tongue of one unitin the clevis
of the other.

Fig 12

DISC INSULATOR TONGUE AND CLEVIS TYPE
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Ball and socket type (Fig 13): In this case insulators are
assembled by sliding the ball of one insulator from the
side. A cotter pinis slipped in from the back of the socket
so that the ball cannot slide out. These are used at dead
ends.

Fig 13 @
\
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DISC INSULATOR BALL AND SOCKET TYPE
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Insulators for cold climate (Fig 14): For cold climate the
depth of the lower cap is increased to get creepage
distance which becomes necessary in cold climates. Two
designs known as fog type and anti-fog types are available.

Fig 14
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DISC INSULATOR COLD AND CLIMATE TYPE

Guard wires

These are a set of wires erected as a preventive guard to
falling conductors so that the live conductor after breaking
does not come in touch with the public or moving vehicles.
These are erected in places where the line crosses a
street, road or railway line, OH power or communication
lines and others.

Minimum clearance required between conductors
on the same support :-

a) L.T. lines
i) Vertical configuration of conductors :-

Minimum clearance between earth and live conductorsis
30 cm.

Minimum clearance between live conductors is 20 cm.
i) Horizontal configuration of conductors :-

Minimum clearance between live wires on either side of a
support is 45 cm.

Minimum clearance between live wires on the same side
of support is 30 cm.

Minimum distance between the centre of insulator pin hole
and end of cross-arm is 8cm.

b) H.T. lines
Triangular configuration :-

Minimum distance between the centre of insulator pin hole
and end of cross arm is 10 cm.

The conductors are erected in such a way that they form
an equilateral pattern of side of 1 metre minimum.

Necessity of binding: In overhead transmissionlines, the
line conductors have to be tied to the post type and
shackle type insulators to hold the wire in the correct
position, without allowing for any further change in position
after stretching the wires by wire stretchers with allowable
‘sag’ as required.

Method of binding insulator in overhead lines: The
insulators should be bound with the line conductor with the
help of copper binding wire in case of copper conductors,
galvanised iron binding wire for galvanisediron conductors
and aluminium binding wire tape for aluminium and

aluminium steel reinforced conductors (ACSR). The size
of the binding wire should not be less than 2 sq mm.

After binding of the aluminium cored conductors, the
bindingjointis provided with protective grease. The binding
turns must be very close (without any gap) and must be
very tight enough so that more sparking is avoided.

While binding, only a mallet has to be used for making the
conductor straight and hammer should never be used.

Current carrying capacity of a conductor
Introduction

The current carrying capacity of a insulated conductor or
cable is the maximum current that it can continuously
carry without exceeding its temperature rating it is also
known as ampacity.

While the cables are in operation they suffer electrical
losses which is manifest on heat in the conductor,
insulation and any others metallic components in the
construction.

The current rating will depend on hand this heat in dissipated
through the cable surface and into the surrounding areas.
The temperature rating of the cable is a determining factor
in the current carrying capacity of the cable. The maximum
temperature rating for the cable is essentially determined
by the insulation material.

By choosing an ambient temperature as a base for the
surroundings, a permissible temperature rise is available
from which a maximum cable rating can be calculated for
a particular environment. If the thermal resistivity values
are known for the layers of materials in the cable
construction then the current rating scan be calculated.

The formula for calculating current carrying capacity in
givenan

ol

AB— W, Bn +1(T, + T, +T4)}

| RTy+ R+ )+ Ty +nR(1+ 44 +1,)(T, +T4)+

where
| = Permissible current rating
AB = Conductor temperature rise in (K)

R = AC resistance per unit length of the conductor at
maximum operating temperature (Q/m)
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T, = Dielectric loss per unit length between one conductor
and the sheath (K /W)

T, = Thermal resistance per unit length of the bedding
between sheath and the armour (K_/W)

T, = Thermal resistance per unit length of the external
sheath of the cable (K _/W)

T, = Thermal resistance per unit length between the cable
surface and the surrounding medium (K_/W)

W, = Dielectric loss per unit length for the insulation

surrounding the conductor. (W/m)

n=Number load carrying conductors in the cable
(conductors of equal size and carrying the same load)

A, = Ratio of loses in the metal sheath to total losses in
all conductors in that cable.

A, = Ratio of losses in the armouring to total losses in all
conductors in that cable.

NEC (National Electrical Code)
When selecting a cable it must know its wire ampacity

rating. This rating has been determined by the NEC
(National Electrical Code)
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Electrical

Related Theory for Exercise 4.6.199 & 4.6.200

Electrician - Transmission & Distribution

Overhead lines /poles erection-fastening of insulator

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

« state the power transmission and distribution by O.H lines
« list out the main components and explain each of them

¢ explain the line supports used in transmission lines

« state the types of power lines with respect to the classification of voltage
 state about corona effect, sag and skin effect in O.H lines.

Overhead lines

Electric power, which is generated from generating plant
|/ station to the consumer end is transmitted and
distributed either by means of overhead lines (O.H) or by
under ground cables (U.G. cables).

Electrical power transmission is the bulk movement of
electrical energy from generated power plant to electrical
substation. This inter connected lines are known as
transmission network. The electrical link from
substations to customer is typically referred as electrical
power distribution. The combined transmission and
distribution network is known as the ‘Power Grid’.

Electricity is transmitted at high voltages (11, 33, 66, 230,
400, and 500 Kv) to reduce the energy loss which occurs
in long distance transmission. The power is actually
transmitted through O.H lines (or) underground cables.

The O.H lines are high voltage three phase alternating
current, and also single phase A.C sometimes used in
Railway Electrification system. High voltage Direct-
Current (HVDC) is used for greater efficiency even for very
long distances, used in submarine power cables and to
stabilize large power distribution network.

Main components used in O.H lines

An overhead line may be used to transmit or distribute
electric power. The successful operation of an overhead
line depends to a great extent upon the mechanical design
of the line. While constructing an overhead line, it should
be ensured that mechanical strength of the line is such
so as to provide against the most probable weather
conditions. In general, the main components of an
overhead line are,

i Conductors which carry electric power from the
sending end station to the receiving end station.

i Supports which may be poles or towers and keep the
conductors at a suitable level above the ground.

i Insulators which are attached to supports and insulate
the conductors from the ground.

v Cross arms which provide support to the insulators.
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v Miscellaneous items such as phase plates, danger
plates, lightning arrestors, anti-climbing wires etc.

Conductor materials

The conductor is one of the important items as most of
the capital outlay is invested for it. Therefore, proper choice
of material and size of the conductor is of considerable
importance. The conductor material used for transmission
and distribution of electrical power should have the following
properties.

i High electrical conductivity

i High tensile strength in order to withstand mechanical
stresses.

iii Low cost so that it can be used for long distances.

v Low specific gravity so that weight per unit volume is
small.

Commonly used conductor materials

The most commonly used conductor material for overhead
lines are copper, aluminium, steel reinforced aluminium,
galvanized steel and cadmium copper. The choice of a
particular material will depend upon the cost and the
required electrical and mechanical properties and the local
conditions.

All conductors used for overhead lines are preferably
stranded in order to increase the flexibility. In stranded
conductors, there is generally one central wire and round
this, successive layers of wires containing 6, 12, 18, 24...
wires.

Copper

Copper is an ideal material for overhead lines owing it its
high electrical conductivity and greater tensile strength.
It is always used in the hard drawn form as stranded
conductor. Although hard drawing decreases the electrical
conductivity slightly yet it increases the tensile strength
considerably.

Aluminium

Aluminium is cheap and light as compared to copper but
it has much smaller conductivity and tensile strength.
The relative comparison of the two materials is briefed
below.



The conductivity of aluminium is 60% that of copper. The
smaller conductivity of aluminium means that for any
particular transmission efficiency, the cross sectional area
of conductor must be larger in aluminium than in copper.
For the same resistance, the diameter of aluminium
conductor is about 1.26 times the diameter of copper
conductor.

Steel cored aluminium

In order to increase the tensile strength, the aluminium
conductor is reinforced with a core of galvanized steel
wires. The composite conductor thus obtained is known
as steel cored aluminium and is abbreviated as ACSR
(Aluminium Conductor Steel Reinforced).

Steel-cored aluminium conductor consists of central core
of galvanized steel wires surrounded by a number of
aluminium strands (Fig 1). Usually, diameter of both steel
and aluminium wires is the same.

Fig 1 ALUMINIUM
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STEEL CORED ALUMINIUM CONDUCTOR

Galvanised steel

Steel has a very high tensile strength. Therefore,
galvanized steel conductors can be used for extremely
long-spans, or for short line sections exposed to
abnormally high stresses due to climatic conditions. They
have been found very suitable in rural areas where
cheapness is the main consideration. Due to poor
conductivity and high resistance of steel, such conductors
are not suitable for transmitting large power over a long
distance.

Line Supports

The supporting structures for overhead line conductors
are various types of poles and towers called line supports.
In general, the line supports should have the following
properties:

i High mechanical strength to withstand the weight of
conductors and wind loads etc.

i Lightin weight without the loss of mechanical strength

i Cheap in cost and economical to maintain.

v Longer life

v Easy accessibility of conductors for maintenance

The line supports used for transmission and distribution
of electric power are of various types including wooden,
poles, steel poles, R.C.C poles and lattice steel towers.
The choice of supporting structures for a particular case
depends upon the line span, cross sectional area, line
voltage, cost and local conditions.

Wooden poles

These are made of seasoned wood (sal or ehir) and are
suitable for lines of moderate cross sectional area and of,
relatively shorter spans, say up to 50 metres. Such
supports are cheap, easily available, provide insulating
properties and, therefore are widely used for distribution
purposes in rural areas as an economical proposition. .
Double pole structures of the ‘A’ or ‘H’ type are often
used (see Fig 2) to obtain a higher transverse strength
than could be economically provided by means of single
poles.

The main objections to wooden supports are: (i) tendency
to rot below the ground level (i) comparatively smaller life
(20 — 25 years) (iii) cannot be used for voltage higher than
20 kV (iv) less mechanical strength and (v) require
periodical inspection.

Steel poles

The steel poles are often used as a substitute for wooden
poles. They possess greater mechanical strength, longer
life and permit longer spans to be used. Such poles are
generally used for distribution purposes in the cities. This
type of supports need to be galvanized or painted in order
to prolong its life. The steel poles are of three types viz (i)
rail poles (ii) tubular poles and (iii) rolled steel joints.

RCC Poles

The reinforced cement concrete (RCC) poles have become
very popular as line supports in recent years. They have
greater mechanical strength, longer life and permit longer
spans than steel poles. Moreover, they give good outlook,
require little maintenance and have good insulating
properties. Fig 3 shows R.C.C poles for single and double
circuit. The holes in the poles facilitate the climbing of
poles and at the same time reduce the weight of line
supports.

The main difficulty with the use of these poles is the high
cost of transport owing to their heavy weight. Therefore,
such poles are often manufactured at the site in order to
avoid heavy cost of transportation.

Steel towers

In practice, wooden, steel and reinforced concrete poles
are used for distribution purpose at low voltages, say upto
11 KV. However for long distance transmission at higher
voltage, steel towers are invariably employed. Steel towers
have greater mechanical strength, longer life, can
withstand more severe climatic conditions and permit the
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use of longer spans. The risk of interrupted service due
to broken or punctured insulation is considerably reduced
owing to longer spans. Tower footings are usually
grounded by driving rods into the earth. This minimizes
the lightning troubles as each tower acts as a lightning
conductor.

Fig 4 (a) shows a single circuit tower. However, at a
moderate additional cost, double circuit tower can be
provided as shown in Fig 4(b). The double circuit has the
advantage that it ensures continuity of supply. In case
there is breakdown of one circuit, the continuity of supply
can be maintained by the other circuit.

Fig 2
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Types of power line

Electrical energy is generated, transmitted and distributed
in the form of alternating current as an economical
proposition. The electrical energy produced at the power
station is transmitted at very high voltages by 3-phase, 3-
wire system to step-down sub stations for distribution.
The distribution system consists of two parts viz. primary
distribution and secondary distribution. The primary
distribution circuit is 3-phase, 3-wire and operates at
voltages 3.3 or 6.6. or 11 KV which is somewhat higher
than general utilisation levels. It delivers power to the
secondary distribution circuit through distribution
transformers situated near consumers’ localities. Each
distribution transformer steps down the voltage to 415V
and power is distributed to ultimate consumers by 415/
240V, 3-phase, 4-wire system.

The electric supply is transmitted at different voltages
through over head lines and the types of power lines are
furnished below:

. Low voltage line ( should not exceed 250V)

. High voltage line (should not exceed 33000V (33 KV)

a
b. Medium voltage line ( should not exceed 650V)
c
d. Extra high voltage line (above 33KV)

Voltage standard

The voltage standard of above types have been defined in
| E Rules 2

“Voltage” means the difference of electric potential
measured in volts between any two conductors or between
any part of either conductor and the earth as measured
by a suitable voltmeter and is said to be;
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Low where the voltage does not exceed 250 volts
Medium where the voltage does not exceed 650 volts
High where the voltage does not exceed 33,000 volts
“Extra high” where the voltage exceeds 33,000 volts
The nominal system voltage generally used is given below:
a) 240V

b) 415V

c) 650V

d) 11 kV

e) 33kVv

f) 66 kV

g) 110kV

h) 132 kV

i) 220 kV

j) 400kv

k) 800 kV

Corona

The phenomenon of violet glow, hissing noise and

production of ozone gas around an overhead transmission
line is known as corona.

When an alternating potential difference is applied across
two conductors whose spacing is large as compared to
their diameters, there is no apparent change in the
condition of atmospheric air surrounding the wires if the
applied voltage is low. However, when the applied voltage
exceeds a certain value, called critical disruptive voltage,
the conductors are surrounded by a faint violet glow called
corona.

Factors affecting Corona

The phenomenon of corona is affected by the physical

state of the atmosphere as well as by the conditions of

the line. The following are the factors upon which corona

depends:

1 Atmosphere

2 Conductor size

3 Spacing between conductors

4 Line voltage

Advantages and Disadvantages of Corona

Corona has many advantages and disadvantages.

Advantages

(i) Due to corona formation, the air surrounding the
conductor becomes conducting and hence virtual
diameter of the conductor is increased. The increased

diameter reduces the electrostatic stresses between
the conductors.

(i) Corona reduces the effects of transients produced
by surges.

Disadvantages

(i) Corona is accompanied by a loss of energy. This
affects the transmission efficiency of the line.

(i) Ozone is produced by corona and may cause
corrosion of the conductor due to chemical action.

(iii) The current drawn by the line due to corona is non-
sinusoidal. This may cause inductive interference
with neighbouring communication lines.

(e.g. bigger cross arms and supports) may increase to
a considerable extent.

Sag in Overhead Lines

The difference in level between points of supports and
the lowers point on the conductor is called ‘Sag’.

Fig 5 (a) shows a conductor suspended between two
equal level supports Aand B. The conductor is not fully
stretched but is allowed to have a dip. The lowest point
of the conductor is O and the sag is S. Fig 5(b) shows
unequal level supports.

Fig 5
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Conductor sag and tension

This is an important consideration in the mechanical
design of overhead lines. The conductor sag should be
kept to a minimum in order to reduce the conductor
material required and to avoid extra pole height for sufficient
clearance above ground level.

Classification of Overhead Transmission Lines

The capacitance effect introduces complications in
transmission line calculations. Depending upon the
manner in which capacitance is taken into account, the
overhead transmission lines are classified as:.

(i) Short transmission lines: When the length of an
overhead transmission line is up to about 50 km and
the line voltage is comparatively low (<20 KV), it is
usually considered as a short transmission line. Due
to smaller length and lower voltage, capacitance
effects are small and hence can be neglected.

(ii) Medium transmission lines : When the length of an
over-head transmission line is about 50 — 150 km and
the line voltage is moderately high (20 KV - 100 KV),
it is considered as a medium transmission line. Due
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to sufficient length and voltage of the line, the
capacitance effects are taken into account.

(iii) Long transmission lines: When the length of an
over-head transmission line is more than 150 km and
line voltage is very high (>100 KV), it is considered as
a long transmission line. For the treatment of such a
line, the line constants are considered uniformly
distributed over the whole length of the line.

The two important terms for performance of transmission
lines are

(i) Voltage Regulation
The difference in voltage at the receiving end and sending
end of a transmission line is called Voltage regulation

and is expressed as a percentage of the receiving end
voltage.

Mathematically, %age Voltage regulation =

VS _VR

Vr

x100

V =Sending end voltage

V =Receiving end voltage
R

Obviously, it is desirable that the voltage regulation of a
transmission line should be low i.e. the increase in load
current should make very little difference in the receiving
end voltage.

(ii) Transmission efficiency: The power obtained at the
receiving end of a transmission line is generally less
than the sending end power due to losses in the line
resistance.

The ratio of receiving end power to the sending end power
of a transmission line is known as the transmission
efficiency of the line.i.e.

Percentage of Transmission efficiency =

Receivingend power
Sending endpower

x100

_ Mxloo
~ VglgCoso g

Where, V_I. and cos¢, are the receiving end voltage,
current and power factor while VI and cos¢, are the
corresponding values at the sending end.

Constants of a Transmission Line
A transmission line has resistance, inductance and

capacitance uniformly distributed along the whole length
of the line.

(i) Resistance: Itis the opposition of line conductors to
the current flow. The resistance is distributed uniformly
along the whole length of the line as shown in Fig 6

(i) Inductance: When an alternating current flows
through a conductor, a changing flux is set up which
links the conductor. Due to these flux linkages, the
conductor possesses inductance. Mathematically,
inductance is defined as the flux linkage per ampere
ie.

Inductance, L:%henry

Where 0 = flux linkages in weber-turns

| = currentin amperes.

The inductance is also uniformly distributed along the
length of the line is in Fig 6 (a). Again for the convenience
of analysis, it can be taken to be lumped as in
Fig 6 (b).

Fig 6
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(i) Capacitance. If any two conductors of an overhead
transmission line are separated by air which acts as
an insulation. The capacitance exists between any
two overhead line conductors. The capacitance
between the conductors is the charge per unit potential
differencei.e.

Capacitance,C ~Yarad
v

Where q = charge on the line in coulomb
v = p.d. between the conductors in volts.

The capacitance is uniformly distributed along the whole
length of the line and may be regarded as a number of
capacitors connected between the conductors as in
Fig 7 (a). When an alternating voltage is impressed on a
transmission line, the charge on the conductors at any
point increases and decreases with the increase and
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decrease of the instantaneous value of the voltage between
conductors at the point.

Fig 7
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{b) LUMPED CAPACITANCE

The result is that a current (known as charging current)
flows between the conductors [see Fig 7 (b)]. This
charging current flows in the line even when it is open-
circuited i.e. supplying no load. It affects the voltage
drop along the line as well as the efficiency and power
factor of the line.

Resistive Line

The resistance of transmission line conductors is the most
important cause of power loss in a transmission line. The
resistance R of a line conductor having resistivity p length
/, and area of cross section a is given by

|
R=p—
a

(i) Inasingle phase or 2-wire d.c. line, the total resistance
(known as loop resistance is equal to double the
resistance) of either conductor.

(i) In case of a 3-phase transmission line, resistance per
phase is the resistance of one conductor.

Skin Effect

The tendency of an alternating current to concentrate only
near the surface of a conductor is known as Skin effect.

Due to skin effect, the effective area of cross-section of
the conductor through which current flows is reduced.
Consequently, the resistance of the conductor is slightly
increased when carrying an alternating current.

The skin effect depends upon (Fig 8)

Fig 8
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(i) Nature of material

(il) Diameter of wire — skin effect increases with the
diameter of wire

(iii) Frequency — increases with the increase in frequency

(iv) Shape of wire — less for stranded conductor than for
solid conductor.

It may be noted that skin effect is negligible when the
supply frequency is low (< 50 Hz) and conductor diameter
is small (<1 cm).

Erection of overhead line poles

Length of span

The length of span of line supports will depend upon
various factors like the type of pole and conductors
used, voltage of transmission, environment, ground
clearances for safety etc.

However, following data given in Table 1 may be taken
as a rough guide.

Table 1

Type of poles and permissible span
SI.LNo | Type of pole Span length in m.
1 Wooden poles 40-50
2 Steel tubular poles 50-80
3 RCC poles 60-100
4 Steel tower 100 - 300
5 G.1 pipe (Medium) 30-50

When distribution lines and street lighting fixtures are
erected on the same support, the span should not
exceed 45 metres.

The recommended span for power lines over 11KV is
givenin Table 2.

Table 2
Relation between voltage, circuits and span
Nominal system No. of Span range in m
voltage KV (rms) | circuits
33 (over poles) 1 90-135
2 180- 305
66 1 240- 305
2 240-320
110 1 305-335
2 305 - 365
132 1 305 -365
2 305-380
220 1 320 -380
2 320-380
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Choice of spans : The following factors influence the
choice of spans

i Ease of construction and the cost of the line
ii Ease of maintenance and cost of line maintenance
iii Terrain conditions

The depth of the pit depends upon the soil and height
of the pole: The depth of pit below the ground level should
be about 1/6 of the length of the pole. (ie) a 9 metres long
pole should go down atleast 1.5 metres below the ground
level leaving 7.5 metres above the surface.

The depth of foundation setting is dependent upon the
density of the soil and depth of frost penetration. In addition
to the above we should take into account disturbances to
the structure of the earth as the soil filled up is always
less strong than the natural earth.

Wooden and reinforced concrete : Supports for the
33 KV overhead lines with pin insulators are placed directly
in the earth with no special foundations. Holes for these
supports having a diameter 5 -10 cm greater than that of
the pole to be erected as in Fig 9.

Fig 9
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The poles are also reinforced by log heels placed at the
pole inside the area of excavation bottom as in
Fig 10.

Fig 10 +
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If water is found at a depth of 1.5 to 2 metres, the poles
are generally placed above the underground water level
and reinforced by embankment or special measures are
taken as in Fig 11.

In such locations mass concrete foundations are to be
adopted to avoid collapse of foundation in the black cotton
soil.

Fig 11 ﬂ,
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Method of erection of poles : The poles to be erected
may be brought to the pit location by manual labour or by
improvised carts. Then the pole may be erected in the
pit. Wooden support poles may be utilized to facilitate
lifting of the pole at the pit locations as in Fig 12.

Fig 12

ERECTION OF POLES
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Before the pole is placed into the pit, RCC padding or
alternatively a suitable base plate maybe given below the
pole to increase the surface contact between the pole
and the soil. The padding will distribute the density of the
pressure due to the weight of the pole on the soil.

Having lifted the pole, the same should be keptin a vertical
position with the help of Manila /sisal ropes of 20/25 mm
dia. using the rope as a temporary anchor. As the poles
are being erected, say, from an anchor point to the next
angle point, the alignment of the poles are to be checked
and set right by visual check. The verticality's of the poles
are to be checked with a spirit level on both transverse
and longitudinal directions.

Having satisfied that the vertical and longitudinal alignment
are all right, earth filling is to be done. In some soils the
poles are to be concreted up to ground level of the pit.
After the poles have been set, the temporary anchors
are to be removed.

Use of cross - arms : These are also known as insulator
supports and are made of either wood or angle iron. Cross-
arms are installed at the top of the pole for holding the
insulators on which conductors are fastened. They are
also known according to their relative position on the poles.
If the cross - arm is fixed in the centre of the poles then it
is called a cross - arm (Fig 13a) and if installed on one
side of the pole, then it is termed as side cross -arm
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(Fig 13b) U-shaped cross - arms are specially used for
three phase lines.

Channel iron cross-arms fabricated from channels of size
75 mm x 40 mm x 5.7 kg/m or size 100mm x 50 mm x
7.9 kg/m are used for H.T. lines, and those made from
angle irons of size 50 mm x 50 mm x 6 mm are used for
L.T lines.

Joining of aluminium conductors

PIN INSULATOR

SIDE CROSS ARM

CROSS ARM STRIP

WOODEN POLE

STEEL TABULATOR POLE

(a) (b)
CROSS-ARMS
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Objectives: At the end of this lesson you shall be able to

« state the type of joints

¢ explain the type and use of connectors used to joining conductors

« explain the steps to testing of O.H lines

« state the preliminary safety procedure for OH line erection.

Joining accessories in O.H lines: Normally connectors
are used for joining the O.H. aluminium conductors.
Connectors maybe of several types of which few are
described below.

1 Sleeved joints

2 Straight through connectors/ taps

3 Vice - clamp connectors /taps with parallel grooves
4 Nutand bolt connector

Sleeved joints

Twisted joints: Oval shaped aluminium sleeves are
inserted over the conductors to be joined and then twisted
asin Fig 1. Only one sleeve is sufficient for all aluminium
conductors whereas two concentric sleeves are used for
ACSR conductors. One each for the aluminium and steel
portions. Twisting joints are recommended for conductors
up to 15 mm diameter. Only special wrenches should
be used for twisting the sleeves.

Fig 1

TWISTED JOINTS
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Compression joints : ACSR conductors are joined by
compression joints having two sleeves as in Fig 2. The
larger sleeve is of aluminium , fitting over the entire
conductor, and the smaller one is of steel fitted on the
steel portion of the wire eccentrically. Conductors to be
joined are inserted into the sleeves one after the other
and compressed either by hand or by hydraulic
compressors. Compression joints for all aluminium
conductors consist of aluminium sleeve only .

Straight through connectors / taps : Two types of
connectors are used to join two straight through run of
wires in such locations where mass concrete foundations
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are to be adopted to avoid collapse of foundation in the
black cotton soil.
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Straight sleeve and nut connector: This is in
Fig 3. It has a sleeve (round or oval in section) made of
cadmium plated brass or aluminium. The conductors are
inserted into the sleeve and tightened by the nuts.

Fig 3

STRAIGHT SLEEVE AND NUT

ELN4619933

Compression connector: In this, the conductors are
wrapped at both ends and then compressed with nuts as
in Fig 4.

Fig 4 ally )
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COMPRESSION CONNECTOR

Vice-clamp connectors/taps with parallel grooves
(PG):There are several types as explained below.

Standard P.G. clamps: This clamp as in Fig 5 consists
of two aluminium halves, having two
semi-circular parallel grooves in each half. Afterinserting
the conductors to be joined, the galvanized steel nuts are



tightened. As the grooves are of the same size, itis useful
only when the joining conductors are also of the same
size.

Fig 5
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P.G. VICE CONNECTOR

Universal P.G. clamp: This is in Fig 6. It has grooves of
slightly different shape to accommodate different sizes of
conductors, and has only one bolt. This clamp is not for
heavy duty service butcan be used fortapping connections
from the distribution line to individual consumers through

aluminium conductors.
Fig6 i +
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Bimetallic universal parallel groove clamps (B.M.P.
clamps)

This clamp is in Fig 7. It has a brass body with cadmium
plating. The two halves are tightened by a galvanised bolt.
This is used for connecting copper wire to aluminium
conductors inthe case of consumer service connections.

Fig 7
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U bolt clamps: This is in Fig 8. It uses ‘U’ bolts as these
bolts exert 4 times more pressure than the conventional
straight bolts. Such clamps are suitable for heavy duty
conductors.

Fig 8
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Nut and bolt connectors are of two types
Nut connector
Thisisin Fig 9. It has atransverse hole through which the

conductorstobe joined are inserted and then tightened by
the bolt.

Fig 9
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NUT CONNECTOR

Split bolt connector: This is in Fig 10. It is split at the
stem. The conductors to be joined are to be inserted into
the split and then tightened by the external nut.

Fig 10

SPLIT BOLT CONNECTOR
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Precautions to be followed while using aluminium
conductors: Technical problems involved in electric
connections in connectors for aluminium wire, are quite
differentfromthose encountered, with copper conductors.
There are several ways to approach these problems, but
it is essential that connectors for aluminium must be
specially designed for aluminium.

Several problems arise which must be taken into account
when aluminium is to be connected to copper. All these
technical problems are related to the oxide film on the
surface of aluminium, the contact pressures exerted by
the connector, and the possibility of galvanic corrosion
between dissimilar metals.

Basically, the efficiency of any electrical contactdepends
on the cleanliness of the contacting surfaces, the area of
the contacting surfaces, and the pressure applied. A
joining compound applied just after abrading will protect
the surface from further oxidation and preventthe formation
of an oxide film thick enough to interfere seriously with
most connections.

Toensure complete elimination of the oxide film under the
most extreme service conditions, apply the joining
compound priortoabrading sothatthe oxide film underneath
the compound will be removed. The joining compound
prevents or retards re-formation of the oxide filmand so it
should not be removed before the connection is made.
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A satisfactory connector for aluminium will exert about the
same overall pressure as on satisfactory for copper, but
will provide considerably more contactarea and thus hold
unit stresses to values the aluminium is capable of
withstanding.

If a connector is made of a metal different from that of the
conductors, the difference in the rates of expansion and
contraction of the two metals, with changes in temperature,
will cause contact pressure to vary with the temperature.

Very often, aluminium conductors must be connected to
copper conductors and the possibility of galvanic corrosion
must be forestalled. When two different metals are in
contact with each other in the presence of moisture,
(thereinafter called the electrolyte) a small voltage is
developed between them which causes a flow of electric
current.

This electric current ultimately tends to corrode the
conductor. The possibility of galvanic corrosion is
completely eliminated if connectors used to connect the
aluminium conductors to other aluminium or copper
conductors are made of aluminium.

It is recommended that a good joining compound must
always be used on electrical connections to aluminium
regardless of the metalsinvolved. The joining compound,
when liberally applied, will fill all voids in the contacting
surface and all voids in the vicinity of the contacting
surfaces. By doing so, it excludes the entry of air and
moisture and makes oxidation or corrosion impossible.

There are several good joining compounds in the market,
allof which are grease-type materials. However, the period
oftime ajoining compound will provide protection cannot
be established except by experience, but when liberally
applied, they will last for many years under any service
condition.

Testing of overhead line: Before connecting the services
to the transformer, equipments etc., a pressure voltage
testof appropriate standard shall be carried outon theline,
as desired by the Engineer in-Charge.

Before charging the M.V. lines, the same shall be tested
with a 500V Megger for insulation.

Where pressure testis not done on H.V. lines, it shall be
tested with a 2500V/5000V Megger for insulation, before
charging.

The distribution lines shall be charged only if the pressure/
Megger test is satisfactory.

The lines shall be commissioned in the presence of the
Engineerin-Charge.

Preliminary safety procedures: Before starting any
major work on a pole, carry out the following drill.

— Before working on an overhead line which already
exists, shut down permission should be taken from
competentauthorities.

— Before working on overhead lines which are already
supplying power, the line should be made dead by
opening the concerned switches and the line should be
earthed through earth rods.

— Use a safety belt while working on poles.
— Inspect the structure, Eg. pole etc.

— Decide the best way to approach the job.
— Select the best ladder position.

— Erect the ladder. The ladder must be ‘footed’, that is,
the ladder feet should be prevented from slipping and
the ladder should be held by other workmates until the
ladder head has been secured.
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Electrical

Related Theory for Exercise 4.6.201

Electrician - Transmission & Distribution

Domestic service line - IE rules

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

* explain the domestic service connection with bare and insulated conductors

« state the method of laying the service cable from the pole to the consumer premises
* state the safety precautions to be followed in domestic service connections

* list out the IE rules pertaining to domestic service connections

» explain the methods of taping service connections.

Service connections

The distribution networks ends at consumer premises
either single phase or three phase connections. The
category of connections either single phase or three
phase depends as the maximum load demand by the
consumer and the wiring of the house orthe premises. The
decision of power allocation by the electricity officials after
surveying the wiring and load demand by the consumer.

Once the power requirement finalised and arrived the
connection to the consumer the point from where the
service line to be connected. Itis also decided the drawing
of line from the pole cross arm structure to the consumer
mains panel eitherin over head orthrough UG cable. Ifthe
distance from over head pole terminal to consumer panel
board is more than 50 Mtrs separate pole should be
erected and OH line to be drawn from the distribution pole
cross arm structure.

Service connection with bare conductor: Any of the
following methods shall be adopted as specified.

The bare conductors shall be strung with shackle insulators
fixed to the cross arms on both ends. The feeding end
cross-arms shall be fixed to the supportand the one atthe
receiving end shall be mounted on a G.l. pipe of a
maximum diameter of 5cm. The bare conductors shall be
kept at a height of atleast 2.5 m from the top of the
structure in accordance with Rule 79 of |.E. rules.

The G.I. pipe shall be provided with double bends at the
top. The pipe shall be secured by alteast 2 clamps made
of 50 mm X 6 mm. with M.S. flats fixed firmly to the wall
inthe vertical position. It shallin addition be provided with
a G.l. stay wire of 7/3.15 mm size anchored to the building
with one eye bolt. Service connection shall be given with
weather proof/PVC insulated cable through this G.1. pipe.
Wooden/PVC pushings shall be provided at both ends of
this G.I. pipe.

The bare conductors shall be strung with shackle insulators
as above exceptatthe receiving end where the insulators
shall be fixed to a bracket made of an angle iron, of a size
not less than 50 mm x 50 mm x 6 mm. The ends of the
bracket shall be cut and split and embedded in the wall
with cement mortar. The bare conductor shall be kept

atleast 1.2 m away from the edge of the structure, in
accordance with Rule 79 of |.LE. Rules.

The service connection shall be given with weather proof/
PVC insulated cable through Gl pipe of a minimum
diameter of4 cm. fixed tothe wall. The Gl pipe shall be bent
downwards near the service entry. Wall fitting wooden/
PVC bushes shall be provided at both ends of the G.1. pipe.

Service connection with insulated conductors: Service
connection may be given by weather-proof/PVCinsulated
cable on a Gl bearer wire. The cables shall be supported
by the bearer wire by means of suitable link clips spaced
30 cm apart or by wooden/porcelain cleats 50 cm. apart.
The Gl bearer wire shall be of a minimum 10 SWG size.

Oneendofthe Gl bearer wire shall be attached to a clamp
whichis fastened to the nearest pole carrying distribution
lines from where the service connection is intended to be
given. The otherend of the Gl bearer wire shall be fastened
toa5cm. dia. Gl pipe for a span up to 4.5m which is fixed
to the wall with guy etc.

The Gl pipe shall be fixed to an angle iron of size 40 mm
x40 mm x 6 mm with a suitable guy for high supports and
foraspan exceeding4.5 m. Alternatively when the height
of the structure permits minimum ground clearance, the
otherend of this Gl bearer wire may be fixed to ahook, eye
bolt or bracket embedded with cement mortarin the wall.

The weatherproof/PVC insulated cable shall pass through
a Gl pipe of minimum diameter 5 cm, which is bent
downwards. Wall fittings wooden/PVC bushes shall be
provided at both ends of the Gl pipe.

Method of laying the service cable from the pole to
the consumer main: In practice eitheraglass or porcelain
ring insulator or wooden fibre cleats are used to lay the
overhead service line from the pole to the consumer mains
as in Fig 1.

Safety Precautions to follow while connecting pole
to consumer premises

1 The cable conductor size must be as per the IE rule
standard either single phase or three phase.

2 If the service line crosses public road the clearance
must be as per IE rule.
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3 The conductor slag should not exceed as per the |IE
rules.

4 IfUG cables are providing the depth of cable in ground
should be as per IE rules.

5 Donotkeep much more cable unusedand buried in soil
in the coil form in case of UG cable laying.

6 The excess cable should not be kept by making coil
and kept on the pole cross arm. Use only required
cable for connection.

7 If the cable passing through excess heat producing
areas in near to chimney, kitchen etc; adequate
protection from heat to be provided.

8 Service cable run along with stay wire tightly tied with
stay wire to avoid tension on service cable.

9 Norainwaterflows along with service cable andreach
to consumer main panel. Necessary looping of cable to
be provided either side.

10 The connection to main line is to be made so tight and
clean surface, so that loose contact, sparking and
formation of oxide coating can be avoided.

I.E. Rules pertaining to domestic service connection

Rule 10. Construction, installation, protection,
operation and maintenance of electric supply lines
and apparatus

All electric supply lines and apparatus shall be sufficient
in power and size and of sufficient mechanical strength for
the work they may be required to do, and so far as
practicable, shall be constructed, installed, protected,
worked and maintained in accordance with standards of
the Indian Standards Institution so as to prevent danger.

Rule 30. Service lines and apparatus on consumer’s
premises.

1 The supplier shall ensure that all electric supply lines,
wires, fittings and apparatus belonging to him or under
his control which are on a consumer’s premises are in
a safe condition and in all respects fit for supplying
energy, and the supplier shall take due precautions to
avoid dangerarising in the premises from such supply
lines, wires, fittings and apparatus.

2 The consumer shall also ensure that the installation
under his control is maintained in a safe condition.

Rule 31. Cut-out on consumer’s premises.

The supplier shall provide a suitable cut-out in each
conductor of every line other than an earthed or earthed
neutral conductor, or the earthed external conductor of
concentric cables within a consumer’s premises, in an
accessible position. Such cut-out shall be contained
within adequately enclosed fire-proofreceptacle.

Where more than one consumer is supplied through a
common service line, each such consumer shall be
provided with an independent cut-out at the point of
junction to the common service.

Rule 33. Earthed terminal on consumer’s premises.

The supplier shall provide and maintain onthe consumer’s
premises, for the consumer’s use, a suitable earthed
terminal in an accessible position at or near the point of
commencement of supply as defined under Rule 58.

Provided that in the case of medium, high or extra high
voltage installation the consumer shall, in addition to the
afore-mentioned arrangement provide his own earthing
system with an independent electrode.

Rule 48. Precautions against leakage before
connecting.

1 The supplier shall not connect with his works the
installation or apparatus on the premises of any
applicant for supply unless he is reasonably satisfied
that the connection will not at the time cause a leakage
from the installation or the apparatus exceeding five
thousandth part of the maximum current supplied to
the premises.

2 Ifthe supplier declines to make connection under the
provisions of sub-rule(1) he shall serve upon the
applicant a notice in writing stating his reason for so
declining.

Rule 54. Declared voltage of supply to consumer.

Except with the written consent of the consumer or the
previous sanction of the State Government, a supplier
shall not permitthe voltage at the point of commencement
of supply as defined under Rule 58, to vary from the
declared voltage by more than 5 percentin the case of low
or medium voltage or by more than 12%2 percent in the
case of high or extra high voltage.

Rule 77. Clearances above ground of the lowest
conductor.

1 No conductor of an overhead line, including service
lines erected across a street shall at any part thereof
be at a height less than :-
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a)
b)

b)

for low and medium voltage lines 5.791 m
for high voltage lines 6.096 m.

No conductorofan overhead line including service lines
erected along any street shall at any part thereof be at
a height less than:

for low and medium voltage lines 5.486 m
for high voltage lines 5.791 m.

No conductor of an overhead line including service
lines, erected elsewhere than along or across any
street shall be at a height less than:

for low, medium and high voltage lines upto and
including 11,000 V if bare 4.572 m

for low, medium and high voltage lines upto and
including 11,000 V if insulated 3.963 m.

Rule 79. Clearances from building of low and medium
voltage lines and service lines.

1

a)

Where a low or medium voltage overhead line passes
above or adjacent to or terminates on any building,
the following minimum clearances from any accessible
point, on the basis of maximum sag, shall be observed.

forany flatroof, open balcony, verandah, roofandlean-
to-roof.

Electrical : Electrician (NSQF LEVEL - 5) - Related Theory for Exercise 4.6.201

when the line passes above the building, a vertical
clearance of 2.439 m from the highest point.

when the line passes adjacent to the building, a
horizontal clearance of 1.219 m from the nearest point.

For pitched roof

when the line passes above the building, a vertical
clearance of 1.219 m immediately under these lines.

when the line passes adjacent to the building, a
horizontal clearance of 1.219 m.

Any conductor so situated as to have a clearance less
than that specified in sub-rule (i) shall be adequately
insulated and shall be attached by means of metal
clips atsuitable intervals to abare earthed bearerwire
having a breaking strength of notless than 517.51 kg.

The horizontal clearance shall be measured when the
line is at maximum deflection from the vertical due to
wind pressure.

Tapping service connections: No service connection
line should be tapped from an OH line from any point mid
span, except at the point of support. When a service
connection is taken overhead with a bare conductor, it
should be provided with guard wires.
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Related Theory for Exercise 4.6.202

Electrician - Transmission & Distribution

Bus-bar system - power tariff terms and definitions

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

¢ explain the bus-bar system and the method of installation

« state the advantages of the bus-bar system
¢ determine the rating of the bus-bar

« state the use of plug-in boxes and their construction

« state the method of cable or conduit termination in plug-in boxes.

Inindustrial workshops and factories, anumber of machines
are installed in the shop floor closely but apart from each
other. connecting these machines to electrical supply
through underground cables or overhead wires or cables
may involve cumbersome methods resulting in shock
hazards. Forsuch places, an overhead enclosed bus-bar
system as in Fig 1a and 1b is recommended.

Fig 1
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This bus-bar system is sometimes referred to as bus way
or bus duct.

Bus-bar assembly should be installed at a height of
2.75metre from ground, suspended by M.S. angles orflats
from ceiling/roof or supported by framed structure from
ground as in Fig 2.

Bus coupler

The bus-bars are either of high conductivity, high purity
copper or alloy aluminium having rectangular sections
mounted on insulating supports enclosed in standard
length of metal trunking. The bus-bar sections are
available in standard lengths (3.65metre for 200 ampere
and 2.44metre for400 ampere) which can be connected to
another bus-bar by blowing the respective bus-bar ends
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thus forming a continuous bus-bar along the entire length
of the workshop. Method of coupling two bus-bars is in
Fig 3.

Fig 2
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The standard rating of bus-barare 100, 200, 400, 600, 800,
1200, 1600, 2000, 2400 and 3600 ampere with rated
voltage of 500V. These bus-bars also available forindoor
or outdoor use as point to point feeders or as plug-in take
off points for power. These bus-bars are used in generating
stations, sub stations, in metal industry and textile industry.
These bus-bars are also used in multi storied flats to
facilitate connection to various stories from the mains by



using vertically mounted bus-bars as in Fig 4. These
vertical bus-bars are provided with a fine barrier made up
of high grade fire-resisting material positioned at the top
of each fixed section of the trucking passing through the
floors. This barrieris the collecting points for dirt, dustand
moisture which could be removed at intervals.

Fig 4
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VERTICALLY MOUNTED BUSBAR

Recommended currentdensity for a copper bus-barwhich
is not enclosed should not exceed 165A/sqcm and for
aluminium 118A/sqcm.

Recommended section of aluminium and copper bus-bars
and their respective ratings are in Table.

Earthing continuity is provided by two strips of aluminium
or copper running throughout the bus-bar assembly.
When extending the bus-barlengths, these earthing strips
also to be connected to have earth continuity.

Note:

1 Aboveratingisforrectangularcross-section
of E-91 E-WP grade as per IS : 5082-1969 in
still unconfined air without enclosure,
presuming longer section vertical.

2 Denting factor of 0.88 may be applied for
ambient of 30°C and temperature rise of
35°C. Similarly in outdoor application
denting may be done for 0.85to 0.9. Indoor
well ventilated 0.6 to 0.8 and partly
ventilated areas 0.5 to 0.6.

Bus-barsize Rating at 50Hz AC current at average ambient of 35°C and 40°C maximum and
in mm temperature rise of 50°C.
Aluminium Copper
Single bar Two bars Three bars Four bars Single bar
12.5x 3 — — — — 160
25 x3 — — — — 290
50 x3 335 650 850 950 525
75 x3 475 875 1150 1300 750
100 x 3 600 1075 1400 1600 970
125x4.5 125 260 315 370 205
25 x4.5 225 525 635 750 365
32 x4.5 320 660 800 940 510
50 x4.5 500 970 1270 1425 650
25 x6 350 700 950 1000 430
50 x 6 675 1300 1700 1925 760
75 x6 950 1750 2300 2600 1080
100 x 6 1225 2150 2800 3200 1380
125 x 6 1500 2500 3200 3700 1680
25 x10 — — — — 540
50 x10 85 1500 1950 2250 960
75 x10 1180 2050 2650 3000 1350
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Bus-barsize Rating at 50Hz AC current at average ambient of 35°C and 40°C maximum and
in mm temperature rise of 50°C.

Aluminium Copper
Single bar Two bars Three bars Four bars Single bar
100 x 10 1500 2475 3150 3550 1710
125 x 10 1850 2925 3600 4200 2070
150 x 10 2100 3325 4000 4606 2430
250 x 10 2750 4100 4900 5700 —
25 x12.5 — — — — 650
50 x12.5 — — — — 1120
75 x12.5 1350 2250 800 3200 1570
100 x 12.5 1750 2700 3350 3900 2050
125 x12.5 2100 3100 390 4500 2420
150 x 12.5 2400 3500 4450 5100 2820
200 x12.5 3050 4500 5300 6100 —

Advantages of Bus-bar system

Following are the advantages of bus-bar system

1

Reduced cost: Simple rapidinstallation with complete
elimination of expensive floor chasing (cutting) reduces
cost at the initial period of installation and needs no
expenditure for maintaining the bus-bar system while
in regular use.

Maximum flexibility: As plug-in-points are provided
atintervals of 60.96cm (2 feet) along every length of
bus-bar the connections can be taken for machines
installed on either side. Refer Fig 5.

Fig 5
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Complete safety: As the plug-in-pointare completely
insulated, safety is ensured for operating and
maintenance personnel.

‘Live’ connection: As the plug-in-boxes could be
connectedto ‘live’ bus-bars quickly and safely without
shutdown and the time is saved without disturbing the
normal work of the factory.

Guaranteed protection: As the fuse in the plug-in
boxes of HRC type the circuit is protected positively
and reliably against short circuit.

6 Easily extended for layout modification in the
factory: As the bus-bars can be extended in straight
lengths or at an angle to suit the layout with the help
of standard accessories, the bus-bars can be remounted
or rearranged within a short time.

7 Savingoftime while initial erection: The advantages
of this system are that the trucking and bus-bars can
be erected before the installation of the machinery, and
the latter can be connected up and setto work as soon
as they are installed.

8 Reduction of voltage drop in feeders: By bringing
the heavy main feeders near to the actual loads, the
circuitwiring is reduced to a minimumand voltage drop
is lower than would otherwise be the case.

9 Additionand alterations: Subsequentadditions and
alterations to plantlayout can be easily accomplished,
and where bus-bar sections have to be removed they
can be used again in other positions.

10 Internal grid for welders: The overhead bus-bar
system is especially advantageous where a large
number of electric welders have to be fed with heavy
currents from a step down transformer.

11 Branchingfrom plug-in-boxes for smallloads: Ifa
large number of small machines are to be fed itis usual
to fix a distribution box near the trucking system and
to protect this with a tap-off fitted with HRC fuses of
suitable capacity.

12 Durable and trouble free service: Normally bus-
bars give much durable service than U.G. Cables and
give many years of trouble free service.
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Method of determining the ratings of the bus-bars

In a small factory, ten motors having each of 5 HP ratings
tobeinstalled. The total load is approximately 10x 5i.e.
50 HP Assuming 5 HP motortakes approximately full load
currentat7.5A. Thetotal currentin the factory load will be
75A and has to be supplied through a single bus-bar.
Normally the ratings of bus-bar is 200A or 400A. Hence
a200Arating bus-baris selected for this case as the same
bus-bar also could be used when there is expansion of
loadinthe factoryinfuture. Considering the overload, bus-
bars are manufactured in standard sections of 3.65m
(200A) and 2.44m (400A). We can decide the number of
bus-bars to meet the entire length of machine layout.

Technical Data

Rating Overall dimensions | No.of plug
in mm

200A 3658 x 248 x 76 6

400A 2440 x 248 x 108 4

Bus-barlength can be increased by providing mechanical
coupling and any length atrunin multiples of the standard
length may be thus achieved.

Plug-in-Boxes

Plug-in-boxes (Fig 6) are compact sheet steel boxes with
hinged doors housing the HRC fuse holders, which are
solidly connected to high conductivity copper clip on
contacts reinforced by spring steel strips. These clip on
contacts plug directly to the bus-bars at the plug-in-points.

Power tariff - terms and definitions

Two earth pins are located at the two ends of these boxes
which also serves to mountthe plug-in-boxes on bus-bars.
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Rating of plug in boxes

Plug in Boxes must be able to withstand faults current
capability of bus-bars. There are rated in 16, 32, 63 and
100Amp at415/500V (TPN).

Cables (or) conductors with termination connection to
plug-in-boxes for outgoing supply by using conduit pipe to
conduitglands supplied with plug in boxes either vertically
down or on to either side.

However remember to use oxide inhibiting grease at all
aluminium joint to maintain conductivity.

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

 state the term maximum demand
» explain the concept of average demand
» explain load factor

* state the term of diversity factor and its application

* explain the importance of plant utility factor.

Introduction

The alternators in the power station should run at their
rated capacity for maximum efficiency and on the other
hand, the demands of the consumers have wide variations
from time to time due to uncertain demands of the
consumers. This makes the design of a power station
highly complex. We shall focus our attention on the
problems of variable load on power stations.

Maximum Demand

It is the highest level or greatest electrical demand
monitored in a particular period or a month.

The maximum demand is in between 18 hours and 24
hours in the night during summer as well as in winter
seasons asin Fig 1. All othertimes the maximum demand
falls very low to the connected load. However the maximum
load demand less than the connectedload because all the
consumers do not switch ‘ON’ their connected load of the
system at a time.

The importance of the maximum demand knowledge is
very important as it helps in determining the installed
capacity of the stations, and the station must be capable
of meeting the maximum demand.

The ratio of maximum demand as the power station to its
connected load is known as demand factor; Mathematically
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Fig 1
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Usually italways less than one. The knowledge of demand
factor is vital in determining the capacity of the plant
equipment.

Average demand

Itis the total demand in a month divided by number of days
in that time period.

The average demand in a month taken to find the load
requirementfora certain periodisin Fig 2. Itis evident that
average load requirement is not uniform among all the
months consumption as it depend on the environmental
conditions; such as Winter, Summer, Monsoon seasons.

Fig 2
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Load factor

In electrical engineering the load factor is defined as the
totalload divided by the peak load in specified time period.
It is a measure of the utilization rate, or efficiency of
electrical energy usage; a low load factor indicates that
loadis not putting a strain on the electric system, whereas
consumers or generators that put more of a strain on the
electric distribution will have a high load factor.

Total load or Totalload

1:Load =

Maximumload ingiven time period  Peakload.

An example, using a large commercial electrical bill:
* peak demand =436 KW

+ use =57 200 kWh

* number of days in billing cycle = 30

Hence:

+ load factor = {57 200 kWh/ (30 d x 24 hours per day
x 436 kW) } x 100% = 18.22%

Itcan be derived from the load profile of the specific device
or system. Its value is always less than one because
maximum demand is always higherthan average demand,
since facilities likely never operate at full capacity for the
duration of an entire 24 hours day. A high load factor
means power usage is relatively constant. Low load factor
shows that occasionally a high demand is set. To service
that peak, capacity while remaining idle for long periods,
thereby imposing higher costs on the system. Electrical
rates are designed so that customers with high load factor
are charged less over all per kWh.

The load factor is closely related to and often confused
with demand factor.

Maximum loadin given time period
Maximum possibe load

1:Demand =

The major difference to note is that the denominatorin the
demand factoris fixed depending on the system. Because
ofthiss the demand factor cannot be derived from the load
profile but needs the addition of the full load of the system
in question.

Diversity factor

Diversity factor (Or simultaneity factor K, ) is a measure of
the probability that a particular piece of equipmentwill turn
on coincidentally to another piece of equipment. For
aggregate system it is defined as the ratio of the sum of
the individual non - coincident maximum loads of various
sub divisions of the system to the maximum demand of the
complete system.

Sum of individual max Demands

Diversity factor = -
Maximum Demand

The diversity factoris almost always largerthan 1 since all
components would have be on simultaneously at full load
foritto be one. The aggregate load is time dependent as
well being dependent upon equipment characteristics.
The diversity factorrecognizes that the whole loads does
not equal the sum of its parts due to this time
interdependence (i.e. diverseness). Forexample, we might
have ten air conditioning units that are 20 tons each ata
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facility. We typically assume that the average full load
equivalentoperating hours for the units are 2000 hours per
year. However, since tha units are each thermostatically
controlled, we do notknown exactly when each unitturns
on. If the ten units are substantially bigger than the
facility’s actual peak A/Cload, thenfewerthan allten units
will likely come on at once. Thus, even though each unit
run a total of 2000 hours a year, they do not all come on
at the same time to affect the facility’s peak load. The
diversity factor gives us a correction factor to use, which
results in a lower total kW load for the ten A/C units. If
energy balance we do for this facility comes out within
reasons, but the demand balance shows far to many kW
for the peak load, then we can use the diversity factor to
bring the kW into line with facility’s true peak load. The
diversity factor does not affect the kWh; it only affects the
kW.

Plant utility factor

The utility factor or use factor is the ratio of the time that
a piece of equipment is in use to total time that it could
be in use. If is often averaged over time in the definition
such that the ratio becomes the amount of energy used
divided by the maximum possible to be used. These
definitions are equivalent.

The utility factor, K , is the ratio of the maximum load
which could be drawn to rated capacity of the system. This
is closely related to the concept of load factor. The factor
is the ratio of the load that piece of equipment actually
draws (time averaged) whenitis in operation to the load it
could draw (which we call full load.

Ratio of maximum power
Plant capacity

x100

Utility Factor=

For example, an oversized motor - 15 kW - drives a
constant 12 kW load whenever it is on. The motor load
factoris then 12/15=80%. The motor above may only be
used for eight hours aday, 50 weeks a year, The hours of
operation would then be 2800 hours, and the motor use
factor for a base of 8760 hours per year would be 2800/
8760 = 31.96%. With a base of 2800 hours per year, the
motor use factor would be 100%.

In power plant utility factor various according to the
demand on the plant from the electricity market.
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Electrical

Related Theory for Exercise 4.7.203 & 4.7.204

Electrician - Circuit Breakers and Relays

Line protective relays - types - operation

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

« state the classification of relays
* list the types of relays and their uses

« explain the principle of operation of over current, differential, earth fault, distance and non directional relays

« state the characteristics of relays

« explain the principle of operation of a over voltage end under voltage relay

« state the necessity of time multiplier setting of relay.

Introduction

The relays is the element that senses as abnormal
condition inthe circuitand commands the operation of the
breaker. It interpret the fault quantities ie, CT output
currentand PT output voltage and sending the command
tothe tripping circuits of breaker for operationin accordance
with the characteristic setin the relay and the value of the
time multiplier setting.

Classification of Relays

Relays are classified mainly in three categories; they
are according to:

1 Quantity sensed : Current, Voltage, active power,
reactive power & impedance

2 Tripping: Instantaneous trip, delayed tripinverse time
response and definite time

3 Operating principle: Electro magnetic relays,
Induction relays, Thermal relays and static or digital
relays

Types orrelays : Various types of relays are used as per
the requirement; they are:
1 Overcurrentrelay

2 Overvoltagerelay

Undervoltagerelay
Differential relay
Earth fault relay
Distance relay
Impedance relay

Admittance relay

© 00 N O o0 b~ W

Reactancerelay

Relay is one of the main device used for switch gear
protection networks to protect the transmission lines,
transmission equipments and sub station equipments.
The equipments used for transmission and in substation
for distribution such as transformers, lightening
arrestors,earth switches, isolators, CTs & PTs etc; are
very costly and needs continuous protection from damage.
Replacement or repairs are not easy and to provide an
uninterrupted supply to consumers. So, protection of
these devices/equipments are very essential

Reasons for over current, Over voltage and under voltage
fault:

Many reasons constituted for over current, overand under
voltage or earth faults; type of fault and the cause effectis
listed in Table 1.

Table1
SI No Type of Fault Cause Effect
1 Phase to neutral Insulation failure - Highcurrentflow
short Componentsfailure in line.
Human error - Fire
2 Phase to phase short Tree branches falls on line - Veryhigh
in transmission lines Snakes crossing on currentflows
tower lines and - Fire
Birds falls - Extensive
Strongwinds damage of
Natural calamities equipments
Riots, and human made faults
3 Phase to ground Insulation failure - Highcurrent
fault Componentfailure flowinline
- Fire
- Lowvoltage
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SI No Type of Fault Cause Effect
4 Lightening - Natural calamities - Very high
storm etc; currentflows
- Fire
- High voltage spikes
5 Suddenremovel - Fusefailure - Highvoltage
ofheavyload
6 Increasing - HumanError - Lowvoltage
Loadbeyond in line
theratedlevel - Overloading
the line
Sensors used for Relays
Fig 2

The relay cannot accept the total line voltage or load
current. A small part of the electrical quantity is supplied
to the relay through sensors. A current transformer
popularly known as CT and a potential transformer PT, is
serves the purpose of sensorsin currentrelay and voltage
relay. Various input and output ratios are in practice to
supply the sensing quantity to the relays according to the
load conditions.

Working principle of current relay

The electro magnetic relay widely using in the substation
and transmission lines are serves the protection fromthe
disaster conditions. The latest version of modern static or
digital relays are now a days out dated the conventional
electro magnetic relays, because of their many of
advancements compare to electro magneticrelay. (Fig 1)
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INDUCTION TYPE NON-DIRECTIONAL OVERCURRENT RELAY
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Fig 2 shows the front panel setting of a electric magnetic
relay.

1 Time multiplier setting (TMS)

2 Tripflag

3 Aluminium rotating disc

4 Percentage fault quantity time reference dial
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5 Tap setting plug
6 Inputfault quantity (V

ONI)
7 Contact plug terminals

An induction type over current relay giving inverse time
operation with a definite minimum time characteristicis in
Fig 1. It consists essentially of an ac energy meter
mechanism with slight modification to give required
characteristics. The relay has two electromagnets. The
upper electromagnet has two windings, one of these is
primary and is connected to the secondary of a CT in the
line to be protected and is tapped at intervals.

The tappings are connected to a plug setting bridge by
whichthe number ofturnsin use can be adjusted, thereby
giving the desired current setting. The plug bridge is
usually arranged to give seven sections of tappings to give
over current range from 50% to 200% in steps of 25%. If
the relay is required to response for earth fault the steps
are arranged to give arange from 10% to 70% or 20to 80%
in steps of 10%. The values assigned to each tap are
expressed in terms of percentage of full-load rating of CT
with which the relay is associated and represents the
value above which the disc commences to rotate and
finally closes the trip circuit.

Thus pick-up current equals the rated secondary current
of CT multiplied by current setting. For example suppose
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thatan over currentrelay having a current setting of 150%
is connected to a supply circuit through a CT of 500/5A.
Therated secondary currentof CT is 5 Aand, therefore, the
pick-up value will be 1.5 x 5i.e., 7.5 A. It means that with
above current setting, the relay will actually operate for a
relay current equal to or greater than 7.5 A.

Similarly for current settings of 50, 100 and 200% the relay
will operate for relay currents of 2.5A, 5 A and 10 A
respectively. Adjustment of current setting is made by
inserting a pin between the spring loaded jaws of the bridge
socket at the tap value required. When the pin is
withdrawn for the purpose of changing the setting value
while the relay in service, the relay automatically adopts
higher setting, thus the CT’s secondary is not open-
circuited.

The disc spindle carries a moving contact which bridges
two fixed contacts ( trip circuit contacts) when the dischas
rotated through a presetangle. The angle canbe settoany
value between 0° and 360° and there by giving desired time
setting. This adjustmentis known as time-setting multiplier.
Time multiplier setting is generally in the form of an
adjustable back-stop which decides the arclength through
whichthe disctravels, by reducing the length of travel, the
operating time is reduced.

The time setting multiplieris calibrated from0to 1 in steps
of0.05. These figures do notrepresent the actual operating
times but are multipliers to be used to convert the time
known from the relay name plate curve (time-PSM curve)
into the actual operating time. Thus if time setting is 0.2
and the operating time obtained from the time-PSM curve
oftherelayis 5 seconds, then actual operating time of the
relay will be equal to 0.2 x 5 i.e., 1 second.

Since the time required to rotate the disc through a preset
angle depends uponthe torque which varies as the current
inthe primary circuit, therefore, more the torque lesser will
be the time required. So the relay has inverse-time
characteristic.

Relay Time setting characteristics

1 Instantaneous over current/voltage relay

Definite current/voltage (over or under) relay operate
instantaneously when the fault quantity reaches a
predetermined value. (Fig 3)

Fig 3

TIME

_ - AN

DEFINITE QUNANTITY
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¢ Operatesin adefinite time when fault quantity exceeds
its pick-up valve.

* Its operation criteria is only fault quantity magnitude
¢ Operating time is constant
* No intentional time delay

¢ These are varies with position of the fault occurred
because of the difference in impedance between the
fault and the source

e |tcan operatesin 0.1s or less.
2 Definite time

Two conditions must be satisfied on the fault quantity
continued to be present up to the time setting of the relay.

(Fig4)

Fig 4

DEFINITE TIME
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* Its operating time is constant

¢ Its operation is independent of the magnitude of the
fault quantity

* |t has time dial settings; Time delay can be varied

e Tripping time independent on faultlocation.

3 Inverse time

Operating time is inversely changed fault quantity. So,
high the fault quantity will operate relay faster than lower

ones (Fig5). There are few more settings also in practice,
They are;

Fig 5

TIME
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* Standardinverse
* Veryinverse

* Extremelyinverse
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Discrimination by both time and fault quantity, the relay
operationtimeis inversely proportional to the fault quantity.

Inversetimerelaysalsoreferred as Inverse Definite Minimum
Time (IDMT)relays.

The operating time of relay can be moved up (made slower)
by adjusting the time dial setting. The lowest time dial
setting (fastest operating time) is generally 0.5 seconds
and the slowest is 10s.

Silent features of inverse time settings

* Operates when fault quantity exceeds its pick-up
value.

* Operating time depends on the magnitude of the fault
quantity

* It gives inverse time current characteristics at lower
values of fault quantity and definite time characteristics
athighervalues.

* Aninverse characteristics is obtained if the value of
plug setting multiplier is below 10, for values between
10 and 20 characteristics tends towards definite time
characteristics. Fig 6 shows the differentinverse types.
Based on the inversness ithas three different types of
curves shown in Fig 6.

Fig 6
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Normal Inverse Characteristics

The accuracy of the operating time may range from few
percentage of the nominal operating time. The uncertainty
ofthe operating time and the receiving operating time may
require a grading margin of less than one seconds.

Normal inverse time over current relay is relatively small
change in time/unit of change of current

Very inverse time characteristics
¢ Gives more inverse characteristics than that of IDMT

¢ Usedwhenthereisareductioninfaultquantity, as the
distance from source increases

e Effective with ground faults because of their steep
characteristics

» Suitable where the fault distance from the power
source increase

¢ Particularly suitable if the short circuit fault current
drops rapidly with the distance from the substation

* The grading margin may be reduced to very low time
(0.1 second) in this characteristics

¢ Usedwhen fault quantity is dependent on faultlocation
Extremely inverse time characteristics

¢ |t has more inverse characteristics than that of IDMT
and veryinverse characteristics

» Suitable for protection against over heating

¢ Operative time approximately inversely proportional to
the square of the fault quantity

* It makes possible to use short time delay in spite of
high switching in current

¢ Usedwhen fault quantity is dependent on faultlocation

» Suitable for protection of feeders, with peak currenton
switching (refrigerators, pumps water heaters etc) and
alsofor alternator transformers and expensive cables.

Long time inverse characteristics

This characteristics is used as back up earth fault protection
as the time inversely proportional to the intensity of fault
quantity.

Over voltage and under voltage relays

This electromagnetic relays are working on the same
principle of induction type disc type relays. The sensor
used in this relay inputis from PT (potential transformer)
where output generally kept on 110v AC.

When the fault occurs the PT output produces a voltage
which in turn energise the disc mechanism to rotate. As
the fault continue to represent; and the trip time settled,
the relay disc rotates and make the trip coil to activate in
the trip mechanism in the breakers. The tripping time
settled as per the characteristics selected. The pick up
voltage has to be verified with the plug setting value of fault
voltage which can be selected in differentfault voltages in
both over/ under voltage relay. Time Multiplier Setting
(TMS) shorten the trip time if necessary on the fault
quantity is more as the case may be.
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Time multiplier setting

This setting is helps the relay to shorten the time selected
without change of any other settings made in the relay.
Time multiplier helps the relay to activate fastthe breaker
in case the fault quantity is more than 50% of the fault
quantity selected by the tap setting.

Differential protection relay

Differential protectionis a very reliable method of protecting
generators, transformers, busbar and transmission lines
from the effects of internal faults. In normal operating
conditions the currentthrough the CTsis the same. So the
relay sense no differential current. Thisis also the case for
external faults. Differential protection can be used for
protecting generators from faults to ground. Differential
protection of busbars in substations uses one CT foreach
incoming line. All incoming currents are added up and
compared to the sum of all out going currents.

General schematic diagram of differential protection relay
is in Fig 7.

Fig 7
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Theinstallation of differential relay for protection of power
transformers used in transmission line is in Fig 8.

Distance relays / Admittance relay
The impedance of atransmissionline is proportional to its

length, for distance measurementitis appropriate to use
a relay capable of measuring the impedance of a line up

to a predetermined point (the reach point) Such arelay is
described as a distance relay and is designed to operate
only forfaults occurring between the relay location and the
selected reach point thus giving discrimination for faults
that may occur in different line sections

Fig 8 POWER TRANSFORMER
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\ ?:? | RELAY
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‘ |
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DIFFERENTIAL PROTECTION IN TRANSFORMERS

Reactance relays (or) Shaded pole type non
directional relay

The reactance relay is a straight line characteristic that
responds only to the reactance (X ) of the protected line .
It is non directional and is used to supplement the
admittance relay as a tripping relay to make the overall
protection independent of resistance. It is particularly
useful on short lines where the fault arc resistance is the
same order of magnitude as the line length.

Therelay serves animportant partin switchgear protection.
The electromagneticrelay is the first generation of protective
relays and it has many moving parts and working in the
principles of induction. Electromagnetic relay can carry
onefunctionie., overcurrent, overvoltage orundervoltage
atatime. This draw back is overcome by the use of static
ordigital relay which can use for multi function, as well as
more accurate than electromagnetic relays.
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Electrical

Related Theory for Exercise 4.7.205 & 4.7.206

Electrician - Circuit Breakers and Relays

Circuit breakers - parts - functions- tripping mechanism

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

 state about circuit breaker
* list the various types of circuit breakers
« explain the parts of each circuit breakers

« explain the principle of operation of circuit breaker
« explain the application and uses of circuit breaker.

Circuit breaker

Circuit breakers are the electrical device (or) equipment,
which makes or breaks the electrical circuit. In a 240 volt
single phase system a low rated single pole switch can
use the circuit to break or make. But in this case the
resultant spark at the contacts are negligible and this will
not make any fire, in the circuit or contacts since the
current is very low.

But in the case of heavy loads; say some hundreds, of
ampere are flowing in a circuit the resultant spark at
contact are heavy and this leads to electrical fire. To
overcome this problem the sparks at the contacts are to
be controlled or quenched, when any load makes or
breaks. The equipment or device used to make or break
a circuit under control at the same time it prevents or
quenching the resultant fire is called as a circuit breaker.
The breakers are named after the quenching medium used
to control the fire such (1) air circuit breaker, (2) oil circuit
breaker, (3) vaccum circuit breaker and (4) Sulphur
hexafluoride (SF,) circuit breaker.

Air circuit breaker (ACB)

A circuit breaker which uses the either natural air or blast
air as an Arc quenching medium is termed as Air-circuit
breakers.

ACB is widely used upto 15KV in place of oil circuit
breaker because there is no chance of the fire due to the
quenching oil as in case of OCB.

Air- Circuit breakers are widely used in industries as well
as power system for controlling and protection of different
section ofthe circuitlike, Transformers, Motors, Generators
/ Alternator etc and leads the system stable and reliable.
Other components are also associated with circuit
breakers like fuses, relays, switches etc.
Construction of air - circuit breaker

External lables / parts of ACB in Fig.1

1 OFF button (O)

2 ONbutton(l)

3 Main contact position indicator

4

Energy storage mechanism status indicator

Fig 1

Air Circuit Breaker External Labels
({5

EXTERNAL VIEW OF ACB

Reset button
LED indicators

Controller

0 N OO O

"Connection" "Test" and "isolated" position latching/
locking mechanism

9 User padlock
10 Connection, "Test", and isolated position indication

11 Connection
contacts

test and isolated position indication

12 Name plate

13 Digital displays

14 Energy storage handle

15 Draw out /in hole

16 Rockerrepository

17 Trip resetbutton

Internal construction of air circuit breaker
The internal parts of an ACB in Fig.2

1 Sheet steel supporting structure

2 Currenttransformer for protection trip unit
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Pole group insulating box
Horizontal rare terminals

Plate for fixed main contacts
Plates for fixed arcing contacts
Plate for main moving contacts

Plates for moving arcing contacts

© 00 N OO O b~ W

Arcing chamber

10 Terminal box for fixed version - sliding contacts for
withdrawable version

11 Protection trip unit

12 Circuit breaker closing and opening control
13 Closing springs

14 Springloading arrangement

15 Manualreleasinglever

Principle of operation of air circuit breaker

*  Whenthe circuitbreaker opens the circuit either under
the normal condition or in the fault condition, some Arc
is produced between the main contacts and some
current flows to the load, called transition current
through the arc.

» This Arc and the current should be suppressed /
eliminated especially during the fault condition otherwise
the severity of the faultlevel willbe more and damages
the circuit which leads to the electric fire.

» Duringthe period of Arc some voltage appears across
the main contacts called transition voltage, which
will be more than the rated system / supply voltage.

+ To quench the Arc, this transition voltage should be
reduced or the Arc voltage to be increased. The
minimum voltage required to maintain the arcis called
as Arc voltage. In ACB, the Arc voltage is increased
in the following three ways.

+ Arcvoltage canbeincreased by coolingarc plasma by
air. The temperature of arc plasma is reduced, more
voltage will be required to maintain the arc.

» Bysplitting the arcinto anumber of series in Arc chute
will increases the arc voltage.

* Arc voltage can be increased by lengthening the arc
path. As length of arc path is increased its resistance
of the arc path will increase hence the arc voltage is
increased.

Some ACB contains two pairs of contact . The main pair
carries the currentand the made of copper. An additional
pair of contact (Arc contact) is made of carbon. When the
breaker is opened, the main contact opens first. and the
arc contact remains in touch. The arcing gets initiated
when arc contacts are separated.

Hence transition voltage will be reduced.

Application and uses of air circuit breaker

+ ltis used for protection of plants

 ltisusedfor common protection of electrical machines

« Air circuit breaker is also used in electricity sharing
system upto 15KV

+ Also used in low as well as high voltage and current
applications.

+ Itisusedfor protection of transformers, capacitors and
generators.

Types of air circuit breaker
¢ Plain air circuit breaker
» Air blast circuit breaker

Plain air circuit breaker

In this circuit breaker a chamber is fitted surrounding the
contact. The chamberis known as "arc chute". The arc
chute will help in achieving cooling. Arc chute is made from
some refractory material.

The arc chute is divided into a number of small
compartments by using metallic separation plates called
arc splitters and behave as a mini arc chute asin Fig.3.
Initial arc will split into a series of arcs and make the arc
voltages higher than system voltage. They are preferable
choice in low voltage application.

Fig 3 ARC SPLITTERS
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Air blast circuit breaker

ACB which uses the high pressure (blast) air as an Arc
quenching medium is known as Air-Blast- Circuit-
Breaker(ABCB).

This type of circuit breaker is used for high voltage
applicationand can be further divided into three categories.

» Axial blast air circuit breaker

» Cross blast air circuit breaker

» Radial blast air circuit breaker
Advantages of air - blast circuit breaker

» Air blast circuit breaker is used where the frequent
operation is required because of lesser arc energy.

* The risk of fire due to oil is eliminated in the air blast
circuit breaker

* Arc quenching is much faster

« Airblastcircuitbreakeris smallin size, because of the
fast Arc quenching.

* The duration of the arc is same for all the values of
current.

» Operating speed of circuit breaker is much higher.

+ Stability of operation is high because of speed of
operation.

» ltrequires less maintenance
Disadvantages of air -blast circuit breaker

» Additional air supply plant requires hence require
additional maintenance.

» lItrequire high capacity air compressor.
* Thereis a chance of air pressure leakage.

» Thereischanceofahighrate ofre - striking voltage and
currentchopping.

» Theairhasrelatively lower arc extinguishing properties
than oil.

Oil circuit breakers (OCB)

Circuit breakers which uses the insulating oil (e.g
transformer oil ) as an arc quenching medium s called as
oil circuit breaker. The main contacts of the OCB are
opened under the oil and an arc is struck between them.
The heat of the arc evaporates the surrounding oil and
dissociates itinto gaseous of hydrogen at high pressure.

The hydrogen gas occupies a volume about one thousand
times that of the oil decomposed. The oil is, therefore,
pushed away from the arc and an expanding hydrogen gas
bubble surroundsthe arcregion ofthe contacts. The arc
extinction is completed by two processes. Firstly, the
hydrogen gas has high heat conductivity and cools the
arc, thus aiding the de-ionization of the medium between
the contacts.

Secondly, the gas sets up turbulence in the oil and forces
it into the space between contacts, thus eliminating the
arc as in Fig 4. The result is that arc is extinguished and
circuit current is interrupted.

Fig 4

PARTING CONTACTS

ARC

OlL

CIRCUIT BREAKER

ELN4720514

The advantages of oil as an arc quenching medium

i Itabsorbs the arc energy to decompose the oil into
gases which have excellent cooling properties.

i Itacts as aninsulator and permits smaller clearance
between main contacts.

iii The surrounding oil presents the cooling surface in
close proximity to the arc.

The disadvantages of oil as an arc quenching
medium.

i Itis inflammable and there is a risk of a fire.
i It may form an explosive mixture with air.

iii Thearcing products (e.g. carbon)remaininthe oiland
it deteriorates the quality of insulating oil.

v Periodic checking and replacementofthe insulating oil
is required.

Types of oil circuit breakers

a) Plain break oil circuit breakers

b) Arc control oil circuit breakers.
i Low oil circuit breakers

Plain break oil circuit breakers

In plain- break oil circuit breaker the main contacts are
placed underthe whole oil inthe tank. Thereis no special
system for arc control other than the increase in length of
separation of the contacts. The arc extinction occurs
when a critical gas is reached between the contacts.

The plain - break oil circuit breaker is the oldest type and
has a very simple construction. It consists of fixed and
moving contacts enclosed in a strong weather- tight
earthed tank containing transformer oil upto a certain level
and an air cushion above the oil level.

The air cushion provides sufficient room to arc gases
without the generation of unsafe pressure in the circuit
breaker. It also absorbs the upward oil movement. Fig 5
shows a double break plain oil circuit breaker. Itis called
a double break because it provides two breaks in series.
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Principle of working

Under normal operating conditions, the fixed and moving
contacts remain closed and carries the normal circuit
current. When a fault occurs, the moving contacts are
pulled down by the tripping mechanism and an arc is
produced which vaporizes the oilinto hydrogen gas. The
arc extinction is completed by the following processes.

i The hydrogen gas bubble generated around the arc,
cools the arc.

ii The gas sets up turbulence in the oil and helps in
eliminating the arc.

i Asthearclengthensdue tothe separation of contacts,
the Arc voltage is increased.

The result is at some critical gap, the arc is extinguished

and the circuit current is interrupted.

Disadvantages

i Thereis no special control over the arc other than the
increase in gap length.

i These breakers have long and inconsistent arcing
times.

iii The speed of interruption is less.

Due to these disadvantages, plain - break oil circuit
breakers are used only for low - voltage not exceeding
11 KV applications where high breaking- capacities are
notimportant.

Arc control oil circuit breakers

In plain -break oil circuitbreaker there s very little artificial
controloverthe arc. Therefore long arc length is essential
in order to quench the Arc. If some arc control is
incorporated at still short contact gap than the breakers
are called arc control oil circuit breakers.

They are two types
a Self - blast OCB
b Forced -blast OCB

Low oil circuit breakers

In the bulk oil circuit breaker, only a small percentage of
oil (about 10% of total) is actually used for arc extinction.
But the huge volume of oil used in bulk oil circuit breaker
increases the expenses, tank size, weight of the breaker,
increases the fire risk and maintenance problems.

To over come the above disadvantages the low oil circuit
breaker is developed which employs solid materials for
insulation purposes and uses a small quantity of oil which
is just sufficient for quenching the arc. By using suitable
arc control devices, the arc extinction can be further
simplified in a low oil circuit breaker.

Construction : Fig 6 shows the single phase low oll
circuit breaker. There are two compartments separated
from each other and filled with oil. The upper chamberis
the circuit breaking chamber whereas the lower one is
the supporting chamber. The two chambers are separated
andthe oilfrom one chamberis prevented from mixing with
the other chamber.

Fig 6 TOP CHAMBER
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Thisarrangement has three advantages.

1 Thecircuitbreaking chamber requires a small volume
of oil which is enough for arc extinction.

2 The amount of oil to be replaced is considerably
reduced

3 The oil in the supporting chamber does not get
contaminated by the arc.
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i Supportingchamber: Itis a porcelain chamber filled
with oil which is physically separated from the oilin
the circuit breaking compartment. The oil inside the
supporting chamber and porcelain insulation is
employed forinsualtion purposes only.

i Circuitbreakingchamber: Itisaporcelainenclosure
mounted on the top of the supporting chamber and
filled with oil and has the following parts.

a) Fixed contacts
b) Movingcontacts
c) Turbulator

The moving contact enters top chamber through a fixed
piston. The turbulatoris an arc control device and has both
axial and radial vents. The axial vent for low currents
whereas radial vent for heavy currents rating breakers.

i Topchamber: Itisametal chamber mounted ontop
of the circuit - breaking chamber. It provides space for
the oil expansion in the circuit breaking chamber. The
top chamber also has a gas vent pipe and breather
through which the escaping gas and entering air may
pass through to the circuit breaking chamber during
the breaking of fault current.

Operation : Under normal operating conditions, the
moving contact engages with the fixed contact. When a
fault occurs, the moving contact is pulled down by the
tripping mechanism and an arc is produced. The arc
vaporizes the oil and produces gas to escape through the
gasvent.

This action results the oil to pass through a central hole
of the moving contact and forcing the oil through the
respective vents ofthe turbulator. The arcare successively
quenched by the effect of streams of oil passes through
the vent while gas passes.

Advantages : A low oil circuit breaker has the following

advantages over a bulk oil circuit breaker.

i Itrequires lesser quantity of oil

i Cost of the breaker is less

iii Itrequires smaller space

v The weight of the breaker in less

v There is reduced risk of fire

Vi Maintenance problems and cost are reduced

Disadvantages : Alow oil circuit breaker has the following

disadvantages as compared to a bulk oil circuit breaker

i There is a difficulty of removing the gases from the
contact space.

ii Duetosmallerquantity of oil, the effect of carbonization
is increased.

iii Thedielectric strength ofthe oil deteriorates fastly due
to high degree of carbonization.

Vacuum circuit breaker (VCB)

Circuit breaker which uses vacuum as an arc quenching
medium is called as vacuum circuit breaker.

Vacuum offers the highest insulating strength and have
the superior arc quenching properties than any other
medium. When the contacts of a breaker are opened in
vacuum, the interruption occurs instantly as the dielectric
strength between the contacts are many times higher
than the other circuit breakers.

The technology is only suitable for medium voltage
application. For higher voltage application, the vacuum
technology has been developed.

Principle of vacuum circuit breaker

* When the contacts of the breaker are opened in
vacuum (107 to 10%torr), anarcis produced between the
contacts by the ionisation of metal vapours i.e,
combination of electrons andions of contacts. However,
the arc is quickly extinguished because the metallic
vapours, rapidly cools resulting quick recovery of
dielectric strength.

+ Thesalientfeature of vacuum is, as soon asthe arcis
produced in vacuum, itis quickly extinguished due to
the rapid recovery of dielectric strength of vacuum.

Construction of vacuum circuit breaker

Fig 7 shows the typical parts of vacuum circuit breaker

Fig 7
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» ltconsists of the fixed contact, moving contactand arc
shield mounted inside a vacuum chamber.

+ The movable member is sealed by a stainless steel
bellows, is connected to the control mechanism . This
enables the permanent sealing of the vacuum chamber,
to eliminate the possibility of leak.

+ Aglass vessel or ceramic vessel is used as the outer
insulating body.

» Thearcshield prevents the metallic vapours falling on
the inside surface of the outer insulating cover.
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Working of vacuum circuit breaker

+ When the breaker opens, the moving contact is
separated from the fixed contactand anarcis produced
between the contacts. The production of arc is due to
the ionisation of metal ions and depends upon the
material of contacts.

« The arcis quickly extinguished because the metallic
vapours, are diffused ina shorttime and condensed on
the surfaces of moving and fixed members and arc
shields.

« Sincevacuumhasrapid Arcrecovery rate of dielectric
strength, the arcextinction in a vacuum breaker occurs
with a short separation (say 0.625 cm) of contacts.

Application of VCB

* Vacuum circuit breakers are employed for outdoor
applications ranging from 22KV to 66KV.

» They are suitable for majority of applications in rural
areas.

Sulphur hexafluoride (SF ) circuit breaker

Circuit breakers which uses the sulphurhexafluoride gas
(SF,) asanarc quenching mediumis called as SF circuit
breaker.

The sulphur hexafluoride gas (SF,) is an electronegative
gasand has astrongtendencyto absorbthe free electrons.
When the contacts of the breaker are opened in a high
pressure sulphur hexafluoride (SF,) gas mediumand an
arc is struck between them.

The SF, gas capture the conducting free electrons in the
arc and form immovable negative ions. This loss of
conducting electrons in the arc quickly improve the
insulation strength to extinguish the arc.

The sulphur hexafluoride (SF ) circuit breakers are very
effective for high power and high voltage applications.

Construction of SF6 circuit breaker

A sulphur hexafluoride (SF) circuit breaker consists of
fixed and moving contacts enclosed in a chamber as in
Fig 8. The chamber is called arc interruption chamber
which contains the sulphur hexafluoride (SF,) gas andit is
connected to sulphur hexafluoride (SF,) gas reservoir.

When the contacts of breaker are opened, the valve
mechanism permits a high pressure sulphur hexafluoride
(SF,) gas from the reservoir to flow towards the arc
interruption chamber.

The fixed contactis a hollow cylindrical contact fitted with
anarc horn. The moving contactis also a hollow cylinder
with rectangular holes in the sides. The holes permit the
sulphurhexafluoride gas (SF,) toletoutthrough them after
flowing along and across the arc.

Fig 8
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The tips of fixed contact, moving contact and arcing horn
are coated with copper - tungsten arc resistant material.
Since sulphurhexafluoride gas is costly, itis reconditioned
and reclaimed using suitable auxiliary system after each
operation of breaker.

Working of SF circuit breaker

In the closed position of the breaker, the contacts remain
surrounded by SF, gas ata pressure of about 2.8 kg/cm?.
When the breaker opens, the moving contact is pulled
apart and an arc is struck between the contacts. The
movement of the moving contactis synchronized with the
opening of a valve which permits SF gas at 14kg /cm?
pressure fromthe reservoirto the arcinterruption chamber.

The high pressure flow of SF gas rapidly absorbs the free
electronsinthe arc path to formimmovable negative ions
which are ineffective as charge carriers. The resultis that
the medium between the contacts rapidly improve the
dielectric strength and causes the extinction of the arc.
After the breaker operation (i.e. after arc extinction), the
valve mechanism is closed by a set of springs.

Advantage of SF; circuit breaker

Due to the superior arc quenching properties of SF, gas,
the sulphur hexafluoride gas circuit breakers have many
advantages over oil or air circuit breakers. Some of them
are listed below.

1 Such circuit breakers have very short arcing time.

2 Since the dielectric strength of SF, gasis 2to 3times
more than the air, such breakers can interrupt much
largercurrents.

3 SF, circuit breaker gives noiseless operation due to
its closed gas circuitand no exhaustto the atmosphere
unlike the air blast circuit breaker.
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Tripping mechanism of circuit breakers

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

 State the necessity of tripping mechanism
* state the types of tripping mechanism.

Tripping mechanism of circuit breakers

Trip mechanism : Trip mechanismisincorporatedinthe
circuit breaker to switch off the circuit breaker at faulty
condition either automatically or manually at the desired
time.

Fig 1 shows the arrangement. When the circuit breakeris
closed, the mechanism is locked in position by a system
oflinkages. Thislock can be released by lifting the trip bar.

Fig 1
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Shunt trip coils : The shunttrip coil requires an auxiliary
supply,aC.Tandarelay. Therelay can be setto give time-
graded protection. The relay closes the trip coil circuit
when the load current exceeds the stipulated value. This
relay is in Fig 3.

Fig 3
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Series trip coil: The series trip coil mechanism is in
Fig 4 consists of a series solenoid with a plunger controlled
by a spring. When current in the load become excessive
the plunger rises and trips the mechanism.

Trip bar is attached to the tripping lever which in turn can
be operated manually. The tripping leveris generally kept
locked. When the trip bar is lifted the mechanism opens
the breaker contacts.

Trip coils: When remote operation is desired, trip coils
are used. The trip coils are small solenoids either operated
by AC or DC supplies. Fig 2 shows the general arrangement
of the trip coil mechanism. A plunger moves freely inside
the solenoid. When the solenoid is energised by the trip
switch the plunger moves up and release the lock which
holds the trip bar. Further the trip coils are also actuated
by short circuit /overload and under -voltage relays as
described in the following paragraphs.

Fig 2
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Fig 4
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The currentnecessary to trip the circuit breakeris regulated
by a screw which adjusts the tension of the spring
controlling the plunger. Time-lag can be adjusted by the
position of the dash pot which holds the piston of the
plunger in the oil bath.

Inthree-phase circuit breakers, there are three series trip
coils, three dash pots, three plungers. They can operate
the trip mechanism together or independently.

Under voltage release coils : The under-voltage release
coil is used in installations where detection and isolation
ofabnormally low voltage is required. The construction of
the under-voltage trip coil is in Fig 5 is similar to the trip
coils discussed above except that the plunger is held
away from the pole piece by a coiled spring. Under normal
operating conditions, the solenoid is energised and the
plungeris held down against the force of the spring. When
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the supply voltagefalls, the under - voltage release coil will
not be in a position to hold the plunger down against the
spring tension. Thus the plunger moves up and pushes the
trip bar to trip the circuit breaker.

Fig 5
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Electrical

Related Theory for Exercise 4.7.207

Electrician - Circuit Breakers and Relays

Repair and maintenance of CBs

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

* explain the procedure to carry out maintenance and repair of a OCB
* state the method to adopt checking and maintenance/repair of ACB & VCB
* explain the procedure of the condition of SF, circuit breakers and their repair and maintenance.

Any circuit breaker has the fundamental operation is to
make and break the circuit. The design and operating
procedure depends on the breaking/making load current
in the circuit. Selection of quenching medium (oil, air,
vacuum or gas) and the volume is involved main factors
and proper maintenance is very important to keep the
breaker accurate performance and long life.

Maintenance & repair of oil breaker

It is the first generation of circuit breaker used in the
electrical protection circuit and it is still in use. High
insulated oil is the main quenching medium and the oil
storage maintenance is quite difficult. Frequent
purification, reconditioning, refilling and leak proof storage
etc. keeps the breaker always healthy. Due to this oil
storage, recondition and refilling problem, oil circuit
breakers are replaced by modern vacuum circuit breaker.
Troubleshooting chart at this end will help to carryout
smooth maintenance and repair of OCB.

Maintenance & repair of ACB, & VCB

Air circuit breaker are found in variety of applications such
as very low, low, medium and high current applications.
Natural air with arc chutes in chamber found useful in
very low and low to medium circuit breaker. Very high
voltage to EHT lines the VCB are used very extensively.

Natural air or forced air used for ACBs arc chutes are
common in both ACB chamber, but in high voltage ACB
forced or compressed air blow is used. To produce
compressed air, air chamber, air compressor is necessary
inorder to operate ACB.

Maintenance is also required at fixed and moving contacts
of OCB. Alloy metals are used to make the tips of contacts
part in conductors. But in usage these contacts are
partially melted or damaged or repaired frequently
otherwise quenching time will increase rapidly.

The tension of loading springs and manual operating levers
are to be checked and rectified if any mechanical part is
found defective. The coils, electromagnets and other
electrical parts are to be checked for its effectiveness. A
comprehensive service flow chart is attached for detailed
repair and maintenance.

Maintenance & repair of SF circuit breaker

It is a advanced version and compact to use mainly for
indoor substation. Since the SF gas is poisonous proper
protective gadgets are to be used while handling SF circuit
breaker.

The loading, tripping mechanism almost same as that of
VCB and air blast ACB. The maintenance and repair
mentioned may have to follow in this case also.

The main maintenance requirement in SFcircuit breaker
are handling gas or charging gas. No recondition is possible
the SF, total replacement is required in case of any gas
failure. More cycle of operation will cause the reduction
of gas strength and reducing gas pressure also will be
the reason of SF; circuit breaker failure.

The SF chart illustrate the relevant failure/repair of the
circuit breaker.

Troubleshooting chart - 1

S.No Type of fault Cause Effects/remedy
1 Excesive heatin oll - Poor dielectric strength - Heavy spark inside the tank in
long duration
- Change the oil
2 Oil level diminishing fast - Leakin tank - Arrest the leak
3 Sledge deposit in bottom of tank | - Adultered oil, very old oil filled | - No proper contacts in the
bottom of tank
- Filter the oil
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S.No

Type of fault

Cause

Effects/remedy

4 Spark continuing in the Conductor tip damaged - Increased oil temperature
electrode contact after making No proper contact - Leads to breakage of the tank
circuit Pressure spring defect - Rectify spring (or) contact tip

5 Manual breaking not functioning | - Loading spring defect - No breaking is possible

Loading mechanism defective - Rectify
6 No tripping in fault condition Defective tripping mechanism - Fault condition will continue
Defective tripping coil - Damage the machine
connected in line

7 Very loud noise in ACB Insufficient air flow air pressure | - Continuous vibration once itis

while operation in chamber operated.
- Maintain air pressure
8 Moving contact broken Excessive heat - Moving contact
Excess spring tension fail to make contact with fixed
Miss alignment contact
- Change the contact
9 Melting of electrode tip Excessive current produces - Check the source of excessive
heavy spark current
Substandard alloymetal - Use standard alloymetal
Arc quenching is extended - Maintain arc quenching
beyond the set values medium in good condition
10 Intermittent tripping of breaker Wrong setting in relay - Correct the setting
Deflective or faulty loading - Repair spring and loading
spring mechanism
Faulty moving mechanism

1 Shock in the breaker Earth fault - Do proper earth connection
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Project work

Objectives: At the end of this project, you shall be able to
plan to prepare the project report for selected project

draw circuit diagram/layout diagram

list the specification of the material/component to be procured

list the plan of action to be executed

develop the project report complete and submit it.

Selection of project and its execution

Discuss in details of the project - necessity, marketing
facility, cost involvement, availability of material and
hope of future development and expansion.

Collect all materials and tools required to start the
work.

The project has to be agreed by all the members
involved and get the approval of the concerned
authority.

Prepare an action oriented plan to execute the work
within a stipulated time table which is to be accepted
by all the members and also the approval of instructor
concerned.

Complete the project as per the plan.

Test, calibrate and finish the project as per the plan
and execution.

Keep the project with optimum finish and good
workmanship.

Preparation of project report

Report should start with an introductory information
connected with a known subject and highlight its
importance in present conditions.

A survey to be conducted regarding the marketing and
its commercial applications.

A brief working principle and its operation has to be
illustarted in the report.

Highlight the maintenance, repair and periodic servicing
etcin the report.

Costing should be competitive and affordable to the
concerned without any reservations.

Project should have the flexibility for further expansion
to an advanced version without major changes.

Report should be listed with reference books and
website details.

Complete the report and submit

List of project works

1
2
3
4
5

Battery charger/Emergency light
Control of motor pump with tank level
DC voltage converter using SCRs
Logic control circuits using relays

Alarm/indicator circuits using sensors

Note :

1

Some of the sample project works (indicative only)
are given against each semester.

Instructor may design their own project and also inputs
from local industry may be taken for designing such
new project.

The project should proudly cover maximum skills in
the particular trade and must involve some problem
solving skill. Emphasis should be on Teamwork:
Knowing the power of synergy/collaboration, work to
be assigned in a group (Group of at least 4 trainees).
The group should demonstrate Planning, Execution,
Contribution and Application of Learning. They need
to submit Project report.

If the instructor feels that for execution of specific
project more time is required than he may plan
accordingly to produce components /sub-assemblies
in appropriate time i.e., may be in the previous
semester or during execution of normal trade practical.
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